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Preface 
 
 
In September 1967 Dr. Enno Mandema hosted the first Symposium on Amyloidosis in Groningen, The 

Netherlands. Almost 45 years later, the XIIIth International Symposium on Amyloidosis was held again in 

Groningen, in the University Medical Center, on May 6-10, 2012. In 1967 only 46 participants from 11 countries 

attended the meeting and 41 papers were presented. In 2012 there were 417 participants from 33 countries who 

attended the Symposium and had the opportunity to listen to 90 oral presentations and to visit 197 poster 

presentations. The scientific program included presentations on fibril formation, cell and tissue toxicity, animal 

models, cell culture systems, diagnosis and typing, imaging techniques, AL- , ATTR- , and AA- amyloidosis, 

treatment, design of targeted molecules, and innovative drugs.  

  The Symposium was opened with a short introduction by Dr. Martin van Rijswijk, being one of the first amyloid 

researchers in Groningen, who enthusiastically supported clinical amyloid research by younger investigators for 

many years. Dr. Van Rijswijk specially and warmly welcomed Dr. Luuk Ruinen, one of the organizers of the first 

Symposium in 1967 (Figure 1). Despite serious physical disabilities that precluded him to attend later Symposia, 

Dr. Ruinen remained interested in the field of amyloidosis and was actively involved in the first International 

Course on Amyloidosis that was organized by Dr. Jan Marrink and Dr. Van Rijswijk in Groningen in 1986 (Figure 

2). We felt it a special privilege having Dr. Ruinen with us this meeting. 

 

                              
Figure 1.  Proceedings of the 1st  Symposium.                     Figure 2.  1st Course on Amyloidosis.  

 

The first speaker was Dr. Arminda Magalhaes, who personally experienced the frightening situation of having 

familial ATTR amyloidosis and the need to decide on liver transplantation. She soberly analyzed her current 

situation, now 15 years after liver transplantation, and made it obvious to all of us that much more still needs to 

be done to treat this disease and that finding an effective treatment is the real purpose of our work. The 

Opening Lecture was given by Dr. Bob Kyle, our first President of the Society. Dr. Kyle described the surprising 

history of amyloidosis, starting with the observation made by the Amsterdam doctor Nicolaes Fontijn, who was 
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in his time a well-known poet and writer. It was fascinating to learn from Dr. Kyle how scientific knowledge of 

amyloid and amyloidosis developed and accumulated during almost four centuries. 

  The Keynote Lecture of the Symposium was given by Dr. Jan Münch who described the augmenting role on 

HIV-1 transmission of amyloid formation of prostatic acid phosphatase in semen. Dr. Münch showed that the 

possible role of amyloid formation in other virus infections might have therapeutic consequences. The next day 

Sir Mark Pepys started with the Enno Mandema Memorial Lecture. Sir Mark received his knighthood from 

Queen Elizabeth because of his outstanding scientific work, most of it related to the field of amyloidosis. In his 

lecture he shortly described a couple of developments of the last decennia lively illustrated with some personal 

memories of Dr. Mandema and other key players. 

  The International Society of Amyloidosis formally thanked Dr. Martha Skinner for her dedicated work as 

President of the Society. Dr. Skinner successfully negotiated with the publisher of AMYLOID about contract 

renewal for the next years. Dr. Merrill Benson succeeded Dr. Skinner as President of the Society until the next 

Symposium that will be held in his home town Indianapolis, in April 2014. 

  Before the meeting 24 travel awards were given to young researchers. At the last evening nine awards were 

given to young researchers (<35 years) for the best oral presentation, best poster presentation, and most 

promising research of each of the three days. Thursday afternoon, after closure, Dutch patients suffering from 

systemic amyloidosis met for the first time. Dr. Martha Skinner and Dr. Giampaolo Merlini stayed to attend this 

meeting to give lectures and to address questions. 

  We specially want to thank the members of the International and National Organizing Committees for choosing 

speakers, reviewing abstracts, and their full support of the meeting. It is merely impossible to organize such a 

meeting without such heartwarming support of so many people. In particular Mr. Harry Gubbels and his 

collaborators of the Wenckebach Institute were essential. We also thank the many companies that supported 

the meeting financially, such as Pfizer, our Platinum sponsor. Last, but not least, we want to thank all the 

participants of the symposium (many of them young researchers) who made this symposium a success 

because of their presentations and critical discussions. We hope to meet each other again in Indianapolis! 

 

Bouke P.C. Hazenberg 

Johan Bijzet 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
The editors: Bouke Hazenberg (left) and Johan Bijzet (right). 
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OPENING LECTURE - Amyloidosis:  A Brief History  

 

Robert A. Kyle,  Division of Hematology, Mayo Clinic, Rochester, MN, USA 

 

 

 

 

 

 

In 1639 Nicolaus Fontanus reported the autopsy of a young man with ascites, jaundice, epistaxis and an 

abscess in the liver with a large spleen filled with white stones. This may have been the first description of the 

sago spleen of amyloidosis. Thomas Bartholin, discoverer of the lymphatic system in humans, described in his 

Historiarum Anatomicarum Rariorum the autopsy of a female whose spleen was so hard that it could scarcely 

be cut with a knife.  He stated that incision of the spleen produced a sound like that of the cutting of spongy 

timbers. These two autopsy reports were included among the 3000 collected in Theophili Boneti’s Sepulchretum 

Sive Anatomia Practica which was published in 1679 (1).  (Figure 1)  

 

Figure 1.  Sepulchretum sive Anatomia Practica, Theophili Boneti. 
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Boneti was born in Geneva in 1620 and received his medical degree from the University of Bologna at age 23.  

Deafness forced him to retire from practice at age 55 and he decided to devote the rest of his life to the 

collection of medical knowledge. This resulted in his Sepulchretum which contained 1700 pages and began with 

a dedication, lengthy preface and an impressive list of authors that began with Hippocrates and extended to the 

current time. The cases were categorized on the basis of anatomy, but he made few comments or deductions 

and arrived at no conclusions. He described many cases of pulmonary tuberculosis with accurate clinical 

histories and good postmortem studies. The section on neoplasms emphasized tumors in bones. The 

Sepulchretum contains a large collection of cases but is marred by the lack of judgment in grouping and 

separating lesions and the absence of critical review of the cited author’s opinion. Some feel that a patient 

described by Wainewright in 1722 who had hepatomegaly and swellings in the neck and a “clay-coloured 

pituitous substance” in the liver had amyloid deposition. 

  Antoine Portal described a substance similar to lard in the liver of an elderly person in 1789. He later described 

the markedly enlarged liver of an 8-year-old boy with scrofula and stated that when exposed to heat that it 

hardened like albumin.  

 

Figure 2.  George Budd (1808-1882). 
By courtesy of the Wellcome Trustees 

 

F. V. Raspail (1794-1878) froze tissues for microscopic investigation and used alcohol to firm up the tissues and 

the iodine test for detection of starch. Some feel that Raspail was the founder of histochemistry. Carl Rokitasnky 

noted liver enlargement from infiltration by a grey albuminous, gelatinous substance in patients with tuberculosis 

or syphilis. He believed that the lardarceous or waxy livers were a type of fatty liver. However, George Budd 

analyzed the liver of a patient with lardaceous changes and found that it contained 16% albumin and only 5.75% 

fat (2). (Figure 2). He reported that the infiltration was albuminous and not fatty. He stated that the kidneys of 
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two of his patients showed the same infiltration as in the liver. Both patients had tuberculosis involving bone. 

Gairdner also reported that the fat content of the liver was not increased.   

  The term “amyloid” was coined in 1838 by Matthias Schleiden, a German botanist, to describe a normal 

amylaceous constituent of plants. The term was used by Rudolph Virchow in 1854 because of the peculiar 

reaction of the corpora amylacea of the nervous system with iodine. Virchow preferred the term amyloid to the 

commonly used “lardaceous” or “waxy” changes. Virchow made the statement “only when we have discovered 

the means of isolating the amyloid substance, shall we be able to come to any definite conclusion with regard to 

its nature." He also described cases with involvement of the glomeruli and the afferent arteries of the kidney as 

well as the digestive tract. Johann Meckel emphasized that the lardaceous changes were present not only in the 

liver and kidneys but also in the aorta, arteries and intestinal wall.   

  Samuel Wilks very likely reported the first case of primary amyloidosis in 1856 when he described a 52-year-

old man with lardaceous viscera in whom there was no evidence of syphilis, tuberculosis, osteomyelitis or other 

osseous disease (3). (Figure 3). Albuminuria was found and the patient was felt to have dropsy. The autopsy 

showed hypertrophy of the heart and lardaceous changes in the spleen and kidneys. However, the patient had 

had episodes of dropsy for eight years, which is much longer than one would expect in a patient with nephrotic 

syndrome from primary amyloidosis. Wilks subsequently reported that five of 96 patients with lardaceous 

disease had no evidence of an underlying disease and thus appears to have been AL amyloidosis.   

 

Figure 3.  Samuel Wilks. 
By courtesy of the Wellcome Trustees 
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  The Royal Society of London appointed a Committee to report “on the nature of the so-called lardaceous 

disease and as to the name by which it should be recognized.” The Committee which included Wilks believed 

that the tissue was nitrogenous with 13-14% nitrogen and thus of albuminous origin. Strangely, the Committee 

recommended that the term “lardaceous” could be adopted because it was widely used and well understood. 

  The first case of amyloidosis associated with multiple myeloma was reported by Weber in 1867. Spontaneous 

fractures of the sternum with replacement by a grayish, red substance containing many small nucleated cells 

were seen at autopsy. Hypertrophy of the left ventricle of the heart was noted. A 60-year-old woman with 

lardaceous changes in the heart and spleen and multiple pathologic fractures was reported by Adams in 1872. 

He also noted that the bone marrow was infiltrated with plasma cells and a pink gelatinous material.   

 

AMYLOID STAINS AND FIBRIL FORMATION 

André-Victor Cornil of Paris, Richard Heschl of Vienna and Rudolph Jürgens of Berlin independently reported 

the use of aniline dyes for the recognition of amyloid. William Ackroyd introduced the term “metachromasia” and 

this term was used by Paul Ehrlich to describe the staining reaction of amyloid. Everyone agreed that the 

metachromatic stains, particularly methyl violet, were superior to the iodine sulphuric acid test. Virchow, 

however, rejected the metachromatic stains for amyloid for a decade after their discovery. Congo red eventually 

replaced the metachromatic stains. This is an aniline dye that was used initially for staining textiles. In 1884-

1885, a major diplomatic conference was held in Berlin to mediate trade disputes between several European 

colonial powers concerning the Congo River Basin. This conference coincided with the introduction of a new 

aniline dye. Because Congo was on the tip of every tongue and represented an exotic place to Europeans, it is 

not surprising that the dye was given the name Congo red. However, it was not until 1922 that it was found to 

bind avidly to amyloid. Five years later Divry and Florkin at the University of Liege, Belgium, described the green 

birefringence of amyloid when stained with Congo red and viewed under polarizing light. A non-branching 

fibrillar structure was noted under the electron microscope by Cohen and Calkins in 1959. 

  Amyloid deposits stained with Congo red when viewed under the electron microscope reveal fibrils. The 

amyloid fibrils consist of protein A in patients with secondary amyloidosis, monoclonal kappa or lambda light 

chains in AL amyloidosis, and mutated transthyretin in hereditary amyloidosis. 

 

ORIGIN OF PRIMARY (AL) AMYLOIDOSIS 

In 1931, Magnus-Levy felt that Bence Jones protein was the “mother substance” of amyloidosis (4). He 

subsequently described 31 cases of multiple myeloma in which amyloid was present in the bone marrow and 18 

had amyloid in other organs. He thought that the myeloma cells produced amyloid, but that it could not be 

removed from the area. Consequently, amyloid together with myeloma cells broke through the bone and 

involved the muscles and fatty tissue. He concluded that increased production and decreased metabolism of 

Bence Jones protein was responsible for the accumulation of amyloid in various organs. Magnus-Levy predicted 

that amyloid would be isolated as a pure substance and then its relationship to other proteins would be 

established. Apitz in 1940 emphasized the presence of amyloid in the heart, tongue, periarticular tissues and 

subcutaneous tissue in multiple myeloma in contrast to its presence in the liver, spleen and kidneys in 

secondary amyloidosis. He also believed that there was a chemical difference between the amyloid associated 

with chronic infection and that associated with Bence Jones proteinuria.   



Distinguished Lectures 

7 

  The association of primary amyloidosis with multiple myeloma or a plasma cell proliferative disorder was 

reported by Kyle and Bayrd in 1961 (5). Osserman et al., in 1964 suggested that Bence Jones protein played a 

major role in primary amyloidosis (6). In 1971, Glenner et al., reported that the amino acid sequence of a 

patient’s Bence Jones protein was virtually identical to the sequence of his amyloid protein (7).   

 

HEREDITARY AMYLOIDOSIS 

In 1929, a 52-year-old man was reported with pain and numbness of his extremities, loss of energy and 

diarrhea. Three siblings had died of a similar illness. Masses of a non-nucleated, homogeneous substance were 

found in the peripheral nerves at autopsy. However, familial amyloidosis was not recognized until Andrade’s 

monumental report of 74 patients from multiple families in Portugal was described in 1952 (8). Thirteen years 

later, Rune Andersson of Umea University, Sweden, saw a patient who had had peripheral neuropathy for 15 

years whose cousin was also found to have peripheral neuropathy, vitreous opacities and amyloidosis. 

Systemic amyloidosis was subsequently reported in more than 60 cases from northern Sweden. These patients 

did not develop the disease until the fifth decade of life in contrast to the occurrence in the second or third 

decade in the Portuguese patients. Familial amyloidosis, often in elderly patients, was reported from Kumamoto 

and Nagano prefectures in Japan. The amyloid fibrils of the Portuguese, Swedish and Japanese patients 

consisted of transthyretin with a methionine substituted for valine at position 30. Since then, more than 100 

mutations of transthyretin have been reported. Liver transplantation has been of benefit for many patients with 

familial polyneuropathy but late deposition of wild type transthyretin is a major problem. 

 

OTHER TYPES 

Senile cardiac amyloidosis often presents with congestive heart failure. In these patients the amyloid consists of 

normal transthyretin. These patients usually present with congestive heart failure, but the survival is much 

longer than in patients with AL amyloidosis who present with congestive heart failure.   

 

SECONDARY AMYLOIDOSIS  

Secondary (AA) amyloidosis consists of fibrils composed of protein A. This is a non-immunoglobulin protein that 

is a cleavage product of normal SAA. The most common cause has been chronic infections such as 

tuberculosis, leprosy or chronic osteomyelitis. Familial Mediterranean fever (FMF) is characterized by attacks of 

fever and pain in the abdomen, chest or joints. More than half of patients have more than one affected family 

member. The major features are proteinuria, nephrotic syndrome and renal failure. Colchicine is effective in 

preventing attacks of fever and pain in patients with FMF. 
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KEYNOTE LECTURE - Amyloid in semen boosts HIV-1 tra nsmission 

 

Jan Münch  

 

Institute of Molecular Virology, Ulm University Medical Center, Meyerhofstrasse 1, 89081 Ulm, Germany,  

phone: +49 731 500 65154, fax: +49 731 500 65167, e-mail: jan.muench@uni-ulm.de 

 

 

 

 

 

 

 

IDENTIFICATION OF AN EFFECTIVE HIV ENHANCER IN HUMA N SEMEN 

Since its introduction into the human population in the first half of the 20th century by zoonotic transmission of 

simian immunodeficiency viruses (SIVs) found in chimpanzees, HIV-1 has caused one of the most devastating 

pandemics of modern times. To date, HIV-1 has infected more than 60 million people and caused about 20 

million deaths. The great majority of all HIV-1 transmissions results from unprotected sexual intercourse and 

genital exposure to semen contaminated with HIV-1 accounts for most transmissions worldwide. Thus, semen 

represents the major vector for the dissemination of HIV-1 in the human population. To identify natural agents 

that might play a role in sexual transmission of HIV/AIDS, we generated and screened a complex 

peptide/protein library derived from human semen for novel inhibitors and enhancers of HIV infection. We found 

that fragments of prostatic acidic phosphatase (PAP) drastically enhance HIV infection. The predominant form, 

PAP248-286, is present in pooled semen in concentrations of ≥35 µg/ml, which is within the concentration range 

in which we observed the strongest effects on infectivity enhancement. ThT and Congo Red staining, 

transmission electron microscopy and X-ray powder  diffraction then showed that these peptides form amyloid 

fibrils, which were termed SEVI (Semen derived Enhancer of Viral Infection). In contrast to the inactive 

monomeric peptide, SEVI fibrils capture HIV-1 particles and strongly enhance the number of productively 

infected cells by promoting virion-cell attachment and fusion (Fig. 1) (1). Further tests revealed that semen also 

enhances the infectivity of HIV-1, HIV-2, and SIVs independently of the viral genotype and coreceptor tropism 

as well as the virus producer and target cell type (2). Semen-mediated enhancement of HIV-1 infection was also 

observed under acidic pH conditions which occur in the female’s genital tract, and in the presence of vaginal 

fluid (2). Interestingly, we found that the potency of semen in boosting HIV-1 infection is to some extent donor 

dependent and correlates with the levels of SEVI in the individual semen samples (2). Thus, semen, the main 

vehicle for HIV-1 transmission contains factors which increase the infectivity of the virus. Inhibition of this 

enhancing activity may substantially reduce the rates of sexual transmission of HIV/AIDS. 

 

MECHANISM OF SEVI MEDIATED INFECTIVITY ENHANCEMENT 

Only SEVI fibrils but not the monomeric peptides enhance HIV-1 infection (1). We found that the SEVI fibrils 

display a positive surface charge (3, 4) which facilitates the interaction with negatively charged membranes of 
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virions and cells. A mutant form of SEVI in which lysines and arginines were replaced with alanines retains the 

ability to form amyloid fibrils but is largely defective in binding virions and enhancing infection (3). In addition, 

the interaction of wild-type SEVI with virions and the ability of these fibrils to increase infection are abrogated in 

the presence of various polyanionic compounds. Anionic polymers also decrease the enhancement of HIV 

infection mediated by semen. These findings suggest that SEVI and other amyloid fibrils identified in semen 

enhance viral infection by serving as a polycationic bridge that neutralizes the negative charge repulsion that 

exists between the viral and host cell membranes.  

 

 

Figure 1. SEVI fibrils capture viral particles and increase virion attachment. Confocal microscopy image 

showing SEVI fibrils (white), viral particles (red) and one target cell (blue). Note that all virions are bound to 

fibrils which in turn bind to the membrane of the target cell thereby increasing viral attachment and infection 

rates. Kindly provided by Walther Mothes, Yale University. 

 

SEMEN CONTAINS DIFFERENT AMYLOIDOGENIC PEPTIDES ENH ANCING HIV INFECTION 

In our initial screen of a semen-derived peptide library which resulted in the identification of SEVI (1), we also 

identified a second independent fraction with HIV-1 enhancing activity (4). Surprisingly, this fraction contained 

an N-proximal fragment of PAP (PAP85-120). Similar to PAP248-286, this peptide forms positively charged 

amyloid fibrils which increase virion attachment to cells. These results provide a first example for amyloid 
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formation by fragments of distinct regions of the same precursor protein (4). Another type of fibril was identified 

by depleting amyloid from semen using the conformation-dependent antibodies WO1 and WO2 and subsequent 

mass spectrometry analysis (5). The depleted peptides mainly consisted out of a subset of semenogelin I and II 

fragments. Again, the synthesized peptides formed amyloid fibrils with cationic surface charge that boost HIV-1 

infection. Whereas semen samples from healthy individuals greatly enhance HIV infection, semenogelin-

deficient semen samples from patients with ejaculatory duct obstruction are completely deficient in boosting 

virus infection (5). Semen thus harbors distinct amyloidogenic peptides derived from different precursor proteins 

that promote HIV infection and thus most contribute to the spread of the AIDS pandemic. 

 

COUNTERACTING SEMEN’S ABILITY TO ENHANCE HIV INFECT ION  

Compounds that inhibit amyloid formation in semen or block the ability of fibrils to promote virus infection may 

represent a novel class of agents inhibiting sexual HIV-1 transmission (1). Indeed, we and others identified and 

developed first "SEVI amyloid inhibitors" with different mechanisms of action that also abrogate semen 

mediated infectivity enhancement (6-12). For example, a structure-based design approach using the atomic 

structures of segments of amyloid as templates resulted in the generation of a non-natural amino-acid inhibitor 

which blocked the formation of SEVI (6). Another compound shown to counteract SEVI-mediated enhancement 

of HIV infection is the green tea polyphenol epigallocatechin-3-gallate which binds to and precipitates SEVI 

fibrils (7, 8). However, its use as microbicide seems to be limited because of its variable activity against semen-

mediated infectivity enhancement (9).  The aminoquinoline “surfen” (10) and certain Thioflavin derivatives (11, 

12) bind SEVI fibrils and prevent their interaction with the membranes of virions and/or cells thus abrogating 

SEVI’s and also semen`s ability to increase HIV infection. In conclusion, microbicides incorporating inhibitors 

against naturally occurring amyloidogenic viral enhancement factors in semen may prove useful in limiting the 

spread of HIV-1 in the human population. 

 

SUMMARY AND PERSPECTIVES 

We and others have shown that human semen contains multiple amyloidogenic peptides derived from abundant 

proteins which greatly increase HIV-1 infection and most likely promote sexual transmission of the virus. First 

inhibitors of amyloid- and semen-mediated infectivity enhancement have been identified and represent a 

promising novel class of microbicides. However, we are still just at the beginning to understand why these fibrils 

form, what the endogenous amyloids look like and – most importantly – which physiological role they may have. 

Further research in this field is highly warranted because we may not only gain new insights into the mechanism 

of virus transmission but also in reproduction – which is the real purpose of semen.   
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Figure 1.  Professor Enno Mandema MD (1921-2010). 

 

It is a pleasure and a privilege to commemorate Professor Enno Mandema, especially at this International 

Symposium on Amyloidosis in his academic home of Groningen. Enno Mandema was a wonderfully charming, 

intelligent and friendly colleague, a pioneering figure in the field internationally and the founder of the modern 

study of amyloidosis in the Netherlands. He undertook his medical studies in Groningen between 1939 and 

1948, becoming a specialist internist in 1954 and graduating PhD summa cum laude in 1956. He was a visiting 

post-doctoral researcher with Professor Robert M Kark in Chicago in 1959 and in 1963, together with Nienhuis, 

Mandema discovered the so-called anti-perinuclear factor, the important autoantibody now known as anti-CCP.  

Mandema’s distinguished career as an internist and a world leader in amyloidosis was widely recognised.  In 

1975 he became an Honorary Fellow of the American College of Physicians and in 1979 a member of the Royal 
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Netherlands Academy of Arts & Sciences. An outstanding international meeting on amyloidosis was held in 

Groningen on his retirement in 1986 and from 1986-1993 he was the first President of the Dutch Council for 

Health Research. The honour of Knighthood in the Nederlanse Leeuw was conferred on him by Queen Beatrix 

and she made him the Queen’s Chamberlain for Groningen Province. In 2009 the University Medical Centre of 

Groningen created a prestigious post-doctoral fellowship, the ‘Mandema Stipendium’, in his honour. 

  Enno Mandema’s contributions to amyloidosis comprised both his enormous enthusiasm for the subject, he 

participated in all the significant meetings in the field throughout his senior career, and his invaluable legacy of 

Dutch amyloidologists. He created the specialty in the Netherlands by inspiring his own students and they in 

turn inspiring theirs. All have made seminal contributions to knowledge of the disease and patient care.  

Mandema’s ‘personnel legacy’ comprises Martin van Rijswijk, Jan Marrink, Sijtze Meijer, Sven Janssen, Piet 

Limburg, Bouke Hazenberg, Johan Bijzet and  Miek van Leeuwen (Groningen); and, Erik Gruys, Paul Hol, 

Adriaan Andel, Theo Niewold, Yves Goffin, Wil Landman, Bereket Zekarias, Narin Upgarin, Jaime Rofina, S 

Alsemgeest and Mathilda Toussaint (Utrecht). 

  I first met Enno Mandema and his charming wife Atie at the International Amyloidosis Symposium in Póvoa de 

Varzim and we continued to meet at many large and small amyloid gatherings thereafter. He was always 

exceptionally friendly, well informed and a thoroughly delightful colleague with whom those of us in the field 

shared not only exciting science and medicine but also entertaining social activities. 

 

 

Figure 2. European Society of Internal Medicine, Vienna 1984.  Left to right: Martin van Rijswijk, Gunnar Husby, 

Mark Pepys, Enno Mandema, Otto Wegelius, Hans Falck, Christina Wegelius, Atie Mandema, Ragnhilde 

Husby. 
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IAS PÓVOA DE VARZIM 1979 AND BEFORE 

I first saw amyloid as a rare histological finding during my pre-clinical pathology studies at Cambridge in 1963 

and then as a rare, obscure differential diagnosis during clinical studies in 1965-8. The field was transformed in 

1968-71 by Osserman’s elegant association of amyloidosis with the plasma cell dyscrasias and then by 

Glenner’s seminal identification of monoclonal immunoglobulin light chains as amyloid fibril proteins. In 1974 I 

started to work on C-reactive protein and discovered the close relationship with serum amyloid P component 

(SAP), leading in 1979 to the demonstration with Cohen & Skinner of the calcium dependent binding of SAP to 

all amyloid fibrils. I first attended an amyloidosis meeting at Póvoa de Varzim that year, where the crucial 

scientific breakthrough was Costa’s discovery of transthyretin as the amyloid fibril protein in familial amyloid 

polyneuropathy, but most of the meeting comprised clinical and histopathological descriptions. The only 

therapies were prednisone, melphelan and colchicine and the prognosis of amyloidosis was terrible.  However 

the rational nomenclature based on the fibril protein type was created, which has since made a massive 

contribution to understanding and managing amyloidosis patients. The nomenclature focus at the Portugal 

meeting inspired Keith McAdam and I to establish a humorous ‘Alternative Nomenclature Committee’ which 

reported regularly at several subsequent IAS Symposia. 

 

IAS GRONINGEN 2012 

33 years later there has been enormous progress. The clinical phenotypes and natural history are known for 

almost all forms of amyloidosis. National centres of excellence in amyloidosis and international networks for 

instant communication and sharing of expertise have been established.  In conjunction with rapidly advancing 

diagnostics and monitoring, and novel pharmaceutical and other interventions, current management provides 

greatly improved survival for many patients. However many AL patients still die soon after diagnosis, there is no 

effective therapy for much hereditary amyloidosis, and systemic amyloidosis remains fatal in most cases. Key 

advances include identification of fibril proteins and other amyloid constituents, understanding instability, 

misfolding and aggregation in amyloidogenicity, precursor product relationships and their clinical significance in 

AA and AL amyloidosis especially with serial free light chain (FLC) and SAA assays, and recognition of the 

variety and prevalence of hereditary amyloidosis. Diagnosis and monitoring have been and are being 

revolutionised by SAP scintigraphy including CT-SPECT, cardiac MRI including new modalities such as 

EQ-MRI, DPD scintigraphy, advanced immunohistochemistry, laser capture proteomic analysis and new 

biomarkers of organ dysfunction such as NT pro-BNP and troponin. Therapy of AA and AL amyloidosis has 

been rationalized and transformed by serial SAA and FLC monitoring, the potent biological anti-inflammatories 

and improved cytotoxic chemotherapy, including the new generation of myeloma drugs. Organ transplantation 

can be curative in AFib but complicated by early renal recurrence, in contrast to long graft survival in AapoAI, 

while progressive cardiac amyloidosis has been disappointing after the early promise of liver transplantation for 

ATTR. On the other hand elucidation of the genetics and molecular pathogenesis of the auto-inflammatory 

diseases (FMF, CAPS) has led to remarkable, rational specific anti-cytokine therapy which abolishes all 

symptoms and completely prevents amyloidosis. 
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THE FUTURE, 2012……. 

Despite all these advances, critical fundamental questions remain, the www of amyloidosis: Who? Where? 

When?  Little or nothing is yet known about the mechanisms of individual susceptibility, anatomical localisation 

or the timing of amyloid initiation, progression and regression, nor indeed about exactly how amyloid deposition 

causes disease. Nevertheless the therapeutic goals for the future are clear: early diagnosis; 

maintenance/replacement of organ function; reduction of fibril precursor protein abundance and/or 

fibrillogenesis; and, crucially, elimination of existing deposits. Encouragingly there is now greater interest and 

much more therapeutic R&D activity in amyloidosis then ever before with many exciting and promising 

approaches, including: stabilisers of amyloidogenic precursors; competition with proteoglycans/GAGs; siRNA 

and ASO inhibition of precursor production; depletion of SAP and fibril proteins precursors; and antibody 

therapies. Our own strategy, administration of anti-SAP antibodies after depletion of circulating SAP by CPHPC, 

safely eliminates visceral amyloid deposits in mice (1) and will shortly be tested in patients. A single ‘magic 

bullet’ therapy for all types of amyloidosis is very unlikely but nonetheless the future is bright and there are 

genuine grounds for cautious optimism. At the same time the complexity and enormous variety of the disease 

means that we should not be overconfident. 
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STATE OF THE ART 

Structure of amyloid fibrils: For more than 50 years it is now known that amyloid tissue deposits primarily consist 

of fibrils. These fibrils can be viewed by electron microscopy (1) and X-ray diffraction additionally revealed that 

they encompass a characteristic β-sheet structure that is termed cross-β (2). This β-sheet conformation forms 

the structural spine of amyloid protofilaments, while one or several of these protofilaments together shape up a 

mature fibril (3). Mature fibrils are usually long and straight particles that are characteristically twisted and give 

rise to discernible crossovers in electron micrographs. Atomic force microscopy or transmission electron 

microscopy coupled with metal side shadowing demonstrated that this twist is for most, but not all, amyloid-like 

fibrils left-handed (4). In vitro prepared fibrils typically show considerable heterogeneity regarding the individual 

fibril morphologies present in this sample (4). Different fibril polymorphs can arise from differences in the 

number or shape of the underlying protofilaments or in their relative orientation (5). Atomic views of cross-β 

structures could be provided with X-ray crystallography of peptide microcrystals (6, 7). This research revealed 

an assembly of two cross-β sheets with closely interdigitating side chains. This arrangement was termed a steric 

zipper (6), and analysis of different peptide microcrystals revealed steric zipper structures, which varied in β-

sheet architecture (parallel or anti-parallel β-sheet) and relative packing of the two cross-β sheets (7). Electron 

cryo microscopy and three-dimensional image reconstruction enabled insights how the cross-β structure 

composes the protofilament core (8), but it has not so far enabled analysis of residue-specific details. To obtain 

such information and to identify the amino acid residues forming the fibril β-strand structure, hydrogen exchange 

coupled with solution state nuclear magnetic resonance (NMR) spectroscopy (9) as well as solid-state NMR can 

be used (10, 11). The latter technique even provided atomic structures (10, 11). The most detailed biophysical 

data is currently available on fibrils that were formed inside the test tube. Further research will be necessary to 

clarify whether fibrils occurring in diseased tissues share all the properties that could so far be clarified for these 

in vitro fibrils. 
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Mechanism of fibril formation: When fibril formation is monitored with light scattering or thioflavin T fluorescence 

two phases become evident, termed lag phase and growth phase (12). This biphasic behavior was initially 

identified to occur with fibrils forming from pure peptides inside the test tube, but more recent evidence reports 

similar growth kinetics for the formation of single amyloid plaques in a cell culture model (13). The observation 

of biphasic growth was initially explained with a nucleation-polymerization mechanism, where monomers initially 

assembly to form a fibrillation nucleus (lag phase). This nucleus then sparks of the rapid formation of large 

quantities of fibrils (growth phase) (12). Indeed, addition of preformed fibrils to monomeric peptide was shown to 

be able to seed the formation of fibrils and to eliminate any observable lag phase (12). Careful biophysical 

analysis of fibril growth reactions carried out under systematically varied growth conditions revealed that 

nucleation and growth do not suffice in explaining the observable data and that secondary events, such as fibril 

fragmentation reactions or branching events must be involved (14). The extension of fibrils from such seeds 

could be visualized at a single particle level and in real time with fluorescence microscopy (15). Atomic force 

microscopy and other techniques additionally revealed the morphology of structural intermediates preceding 

mature fibrils, such as oligomers and protofibrils (16). Recently, even atomic resolution data of toxic oligomers 

prepared from a peptide fragment from αB crystallin could be provided, revealing a β-barrel architecture (17).  

 

PERSPECTIVES 

In the recent years, several laboratories, all around the world were intensively occupied in identifying folding and 

misfolding intermediate that prime the formation of fibrils. The theory that assigns to folding instability a key 

pathogenic role in many amyloid diseases is largely confirmed. This paradigm is strengthen by results obtained 

by innovative real time spectroscopy that, in some cases, can reveal structural details of the partially folded 

state of a globular protein in amyloidogenic conformation (18). Many efforts are now focused in providing, for a 

large variety of amyloidogenic proteins, conditions of fibrillogenesis compatible with the physiologic 

environment. However so far a deep gap still exists between a detailed knowledge of the molecular events 

occurring in vitro in non-physiological conditions under the relatively short time frame of hours and days and 

what happen in vivo, in the interstitial space of the target organs, where the amyloid proteins make the amyloid 

deposits on a time frame of a few decades. An important link between the theory that assigns a pathogenic role 

to folding instability and the mechanism of the disease in vivo could be provided by the identification of the 

forces capable to perturbate in vivo the folding state of protein and overcome the energetic barrier normally 

protecting the protein native state from its dragging into the fibrillogenic pathway. Conditions of fibrillogenesis 

requiring a very high temperature, a very low pH of the presence of organic solvents are probably too far from 

the physiologic conditions, but a source of energy sufficient to locally break the native conformation could be 

derived by the combination of the shear forces of the fluid dynamics in the interstitial space and the denaturing 

forces at the interface of hydrophobic and hydrophilic surfaces. The efficacy of the combination of shear forces 

and hydrophobic interactions in promoting structural perturbation and consequently priming the amyloid 

conversion is well demonstrated in the case of the new amyloidogenic variant of β2-m D76N (19). In other cases 

it has been shown that shear forces compatible with in vivo environment can significantly accelerate the amyloid 

fibrils formation (20). In the near future we expect and intensive work in reproducing in vitro a certain level of 

complexity of the architecture and fluid dynamics of the interstitial space where amyloidogenesis occurs in vivo. 

The formation of amyloid fibrils in vivo is most likely in equilibrium with oligomeric conformers whose formation 

is a prerequisite for fibrils formation. We have hypothesized that once the fibrils are formed in the interstitial 
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space, the amyloid material can favour the oligomerization of soluble amyloidogenic protein precursors (21). In 

fact the occupancy of the interstitial space by the net of the amyloid fibres could dramatically modify the 

architecture, the composition and the parameters of the fluid dynamics typical of the normal interstitial space. In 

particular, the increased molecular crowding can affect the colloidal stability of the amyloid precursors and can 

increase the area occupied by hydrophobic surfaces and finally could increase the turbulence and shear forces 

of the fluid. Such a concatenation of events and the strict interconnection between amyloid fibrils and pre-fibrillar 

species could provide reconciliation between theories assigning a prevalent pathogenic role to the amyloid fibrils 

or to the oligomeric pre-fibrillar species. The hypothesis that important pathologic aspects of disease are based 

on the catastrophic interplay between different protein conformers urgently needs an experimental validation. 

We can be cautiously optimistic on our possibility to shed light on this crucial issue of the molecular mechanism 

of the disease. This heterogeneous scientific community has already proved the peculiar capacity of successful 

multidisciplinary approach in which different disciplines provide basic analytical tools, consistent biological 

models of the disease and essential clinical and molecular information on the patients. 
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ABSTRACT 

Electron-cryo microscopy (cryo EM) represents a powerful tool to investigate the structure of Aβ fibrils. Based 

on this methodology, we have achieved structural resolutions of 1-2 nm for several Aβ fibril morphologies. In a 

few cases, even sub-nm resolution was possible. Our analysis illuminated the shape of the Aβ protofilament and 

the way how it is assembled from amyloid cross-β sheets. This assembly was also found to be conserved within 

a range of different Aβ fibril morphologies, which were derived from either Aβ(1-40) or Aβ(1-42) peptides. Their 

comparison provided new information on the structural basis of amyloid fibril polymorphism. 

 

INTRODUCTION 

Fibril formation from Aβ peptide is thought to act as the key trigger of Alzheimer`s disease (AD) [1]. It involves 

the formation of many different peptide assemblies [2] with mature fibrils representing the terminal end products 

of the reaction. These fibrils can occur in multiple fibril morphologies, but for none the atomic structure could so 

far be provided [3]. Different biophysical methodologies produced different structural models, often assuming a 

U-shaped conformation of the peptide [4].  

  To further analyze the structure of mature Aβ fibrils, we have used cryo EM combined with three-dimensional 

(3D) image reconstruction. This methodology combination involves the freezing of particles into a thin layer of 

ice to retain the native fibril 3D shape. Previous work where cryo EM was used to analyze highly symmetrical 

viral capsids yielded spatial resolutions of close to 0.3 nm [5]. In the case of amyloid-like fibrils derived from 

insulin and SH3 domain the principle feasibility of the technique was demonstrated and first 3D reconstructions 

could be provided [6,7]. During the past 10 years, we have obtained improved methods of helical particle 

reconstruction to investigate the global fibril structure of Aβ(1-40) fibrils as well as Aβ(1-42) filaments. This 

article provides an overview on the most important results obtained throughout this work. 
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METHODS 

To obtain a 3D density map from amyloid fibril micrographs we used an improved helical reconstruction based 

on single particle methods [8]. For this reconstruction the fibrils were divided into segments and each was 

treated as independent single particle. Derived from the helical amyloid fibril structure additional constraints for 

each segment were applied. This improved the alignment of the segments by controlling the degrees of 

freedom. Further improvement was achieved by correcting for the contrast transfer function of the electron 

microscope (amplitude and phase correction), and by optimizing the helical symmetrization of the particle.  

 

RESULTS 

Cryo-EM was used to reconstruct the 3D architecture of different Aβ(1-40) fibril polymorphs. We found that most 

analyzed fibrils (11 out of 12) display two-fold symmetry [9]. Only one of these fibrils was not compatible with a 

two-fold symmetry and had to be reconstructed without symmetry assumption. All reconstructed fibrils varied 

considerably in their crossover distances, widths and cross-sectional shapes. The fibrils could not be readily 

clustered into a few well-resolvable morphology types. Instead, they represented an almost continuous 

spectrum of many different fibril morphologies.  

  These data were obtained by reconstructing individual fibrils, limiting the resolution to 2 nm or lower. To 

improve resolution, we averaged over a large number of morphologically similar filaments, resulting in a 

structural resolution of better than 1 nm. The feasibility of this approach was first demonstrated for a sample of 

Aβ(1-40) fibrils [10, 11]. The examined fibril morphology consisted of two equally shaped protofilaments, while 

each protofilament was constructed from two sandwiched cross-β sheets. The cross-sectional dimensions of the 

protofilament sandwich were ~2.5 x 9 nm [11], incompatible with previous models of Aβ fibril structures, which 

assumed a U-shaped peptide fold.  

  The basic substructure of this Aβ protofilament is conserved for different Aβ fibril morphologies, suggesting 

that they arose from different combinations of similarly structured protofilaments [12]. Therefore, different fibril 

morphologies may either differ in the number, relative orientation or substructure of the underlying 

protofilaments. This notion was supported by data showing that structurally analogous protofilaments occur with 

fibrils formed from either Aβ(1-40) and Aβ(1-42) peptide [13]. Hence, the C-terminal extension of Aβ peptide by 

two residues has only small effects on the protofilament assembly. Cryo-EM finally enabled analysis of the 

nanoscale flexibility parameters of Aβ fibrils [14]. This analysis revealed the significant bending rigidity of Aβ 

fibrils, which might be important in diseased tissues, where the deposition of rigid fibrils impairs naturally flexible 

and elastic tissue functions. 

 

CONCLUSIONS 

The structure of Aβ fibrils is more complex than anticipated from previous studies, and our analyses clearly 

reveal a structural assembly that differs from earlier proposals. However, further work will be required to 

establish the structural details of this assembly and whether Aβ peptide might not be able to adopt 

fundamentally different fibril types.  
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The unifying structural feature of amyloid fibrils is the cross-β conformation, differentiating this structure from 

natively folded polypeptide chains. While diagnosis of amyloid diseases and development of therapeutic 

strategies critically rely on the recognition of this conformation with specific molecules such as Congo red, the 

molecular basis by which amyloid fibrils are recognized is only partially understood. This is specifically the case 

for the recently emerging group of conformation-specific antibodies. 

  Here, we address this question by biophysical analysis of the B10 antibody fragment, which was recently 

shown by dot blotting to recognize a large panel of different amyloid and amyloid-like fibrils in a conformation-

specific manner. Hence, it differentiates Aβ fibrils from soluble Aβ oligomers or disaggregated Aβ peptide. 

 

 

 

 

Figure 1.  a) B10 sequence. Blue: positive charge, yellow: uncharged, underlined: not visible in crystal structure. 

b) Alanine scanning mutagenesis of B10. Apparent KD values of single B10 mutants to to Aβ(1-40) fibrils were 

determined with surface plasmon resonance. Gray region: apparent KD value of unmodified B10. 
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BASIC B10-CDR RESIDUES INTERACT WITH ACIDIC RESIDUE S IN FIBRILS 

Analyzing the complementarity determining regions (CDRs) of B10 we assumed that this conformational 

specificity depends on positively charged residue within the B10 antigen binding site. Alanine scanning 

mutagenesis of these positively charged amino acids results in significant increase of the apparent KD value 

measured by surface plasmon resonance (SPR) whereas mutation of uncharged residues has no influence (Fig. 

1). 

  To confirm the influence of electrostatic interactions on amyloid fibril binding by B10 we measured SPR under 

different running buffer conditions. Additives inhibiting ionic interactions had the strongest effect compared to 2 

M urea or 20% ethanol. Moreover, we carboxyl-modified or amino-modified different fibrils. Measuring the 

B10AP binding by dot blot we find that masking of negatively charged groups in amyloid fibrils strongly abrogate 

B10-fibril interaction. Due to these findings we assume that ionic interactions between positively charged 

residues of B10 and negatively charged residues of amyloid fibrils are crucial. 

 

B10 SHOWS CLOSE PROPERTIES TO A PATTERN RECOGNITION  RECEPTOR 

Furthermore B10 also recognizes the highly regular and polyanionic biopolymers heparin and DNA. This 

specificity is also conserved in natural amyloid receptors from the innate immune system, the pattern 

recognition receptors. Such a receptor is the receptor for advanced glycation end products (RAGE). Therefore 

we mapped out the extent of similarity between B10 and RAGE. 

  Using SPR analysis we measured strong binding affinity of RAGE-VC1 fragment to Aβ(1-40) fibrils whereas no 

interaction occurs with disaggregated Aβ(1-40) peptide (Fig. 2a). Dot blot experiments with RAGE-VC1 show 

binding to all B10-positive fibrils, while B10-negative fibrils were not detected by RAGE-VC1. RAGE further 

relates to B10, as it binds its ligands through basic residues and displays also a strongly positive electrostatic 

surface potential, closely matching that of B10 (Fig. 2b). Moreover binding of the RAGE-VC1 fragment to Aβ(1–

40) amyloid fibrils can compete with B10AP. These data establish that the binding mechanism of B10 is 

effectively the same as the one that is characteristic of a typical and naturally occurring pattern recognition 

receptor. 

  These data imply that the antigen specificity of B10 is based on a pattern recognition mechanism. This 

mechanism involves the binding of a highly regular and anionic surface pattern which is presented by many but 

not all amyloid fibrils and reflects the highly ordered and regular structure of these biopolymers. These results 

enable a broad range of further studies on the molecular mechanism of amyloid fibril formation, their structure 

and the targeting of amyloid fibrils by conformation sensitive antibodies. 

 

PROPOSED MODEL OF B10 BINDING TO AMYLOID FIBRILS 

B10 binding depends on a pattern recognition mechanism, that involves specific electrostatic interactions with a 

highly ordered and regular arrangement of negatively charged chemical groups on the surface of amyloid fibrils. 

Such an anionic pattern characterizes the surface of some, though not all, amyloid fibrils and is a consequence 

of the specific conformational architecture of these proteinaceous filaments. 
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Figure 2.  a) Surface plasmon resonance curves of RAGE-VC1 and B10AP binding to Aβ(1-40) peptide (black) 

or Aβ(1-40) fibrils (green-yellow). b) Electrostatic surface representation of B10 and RAGE-VC1. Blue: positive 

charge, red: negative charge. 
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BACKGROUND 

Biomolecules, cells and tissues are complex structures, built from chemically different subunits. Biological 

structures are not regular, and they are not inherently birefringent. Thus, biologically complex structures have a 

weak or latent optical anisotropy (birefringence) in the native or fixed unstained state. To investigate their 

ultrastructure, various topo-optical staining reactions can intensify the weak birefringence of ordered subunits of 

complex biological structures. On the other hand insoluble fibrillar deposits in different tissues are thought to be 

a final consequence of systemic amyloidosis. The unstable monoclonal immunoglobulin light chains are 

responsible for the primary amyloidosis. To examine the complex fibrillar structure of amyloid in human brain, 

bacterial cellulose, chitosan and alginic acid polysaccharide materials were selected and comparative 

investigated. 

 

MATERIAL AND METHODS  

Three samples polysaccharides (microbial cellulose, chitosan and alginic acid) were chosen as well-

characterized control for structural components of amyloid fibrils. The specimens were subjected to the following 

topo-optical staining reactions: staining with the toluidine blue with post precipitation (Romhányi 1963), 1,9 

dimethyl methylene blue staining reaction acc. Módis 1974 (Makovitzky 1984). The aldehyde-bisulfite toluidine 

blue (ABT-)reaction (Romhányi et al., 1975) or, aldehyde-bisulfite-dimethyl-methylene blue eaction (ABD-r, 

Makovitzky 1984, Makovitzky  and Richter 2009)  are a specific reaction for the linear ordered OH groups of the 

sugar molecules. Also in its glycosaminoglycan (GAG)-specific variant “chemically intensified basophilic 

reaction”, the two steps anisotropic PAS-reaction (CIBR, Módis 1991), is specific for linearly ordered vicinal OH 

groups in the C2 and C3 position of uronic acid. The “critical electrolyte concentration” method is selective 

(CEC) for acidic groups like carboxyl and sulphate in GAGs (Módis 1991, Richter 2005). Congo red and Rivanol 

staining reaction has been applied acc. to Romhányi (1). 
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RESULTS 

The 3 unstained samples of bacterial cellulose, chitosan and alginic acid in water or gum Arabic medium gave 

low anisotropic effect and the sign of the birefringence respect to the length is linear positive. 

 

Table 1 summarizes the signs of topo-optical reactions in stained form and in native, unstained form.   

sample  Topo-optical staining reactions 

 Unstained  ABT-r ABD-r Congo red Rivanol 

 Sign of birefringence / linear positive + or linear negative - 

Bacterial 

cellulose 

+ - - + No staining 

Chitosan + - - + + 

Alginic acid + - - + + 

Table 1 . Differences between bacterial cellulose, chitosan and alginic acid with topooptical staining reactions. 

 

  
Bacterial cellulose ABT staining reaction Bacterial cellulose ABD staining 

reaction at pH 1.2 

 

The bacterial cellulose, chitosan and alginic acid (from brown algae) give with ABT/ABD- reaction an inversive 

topo-optical reaction.(Csóka et al., 2012).  

  Human amyloid deposits, which were thought to have a similar structure and staining behavior as cellulose, 

also have a positive ABT-or ABD- reaction based on examination (Makovitzky 2003; Richter 2005; Appel et al., 

2003, 2005). The amyloid fibrils are not homogeneous but heterogeneous, and have a highly ordered structure 

in oriented fashion: the center is formed by a glycoprotein core (AP), helical structures of chrondroitin and 

heparin sulphate surround this core and a filament network of protein (AA or AL and others) constitute the 
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surface of the fibril (Inoue et al. 2002, Makovitzky, 2005). Prolonged methylation of amyloid fibrils causes 

conversion of hydroxyl radicals to methyl ether and thus these OH groups are responsible for the toluidine blue 

binding in orthochromatic staining. Hydroxyl groups of carbohydrates bound to protein and glycoproteins of 

amyloid fibrils.  

  Since chitin is a highly insoluble molecule (chitosan is soluble) and a substrate for glycan-protein interactions, 

chitin-like polysaccharides within the Alzheimer disease (AD) brain could provide a scaffolding for amyloid-β 

deposition. As such, glucosamine, which is part of the structure of the polysaccharides chitosan and chitin, may 

facilitate the process of amyloidosis, and/or provide neuroprotection in the AD brain (Castellani et al. 2007; 

Sotgiu 2008). 

 

CONCLUSIONS 

These data indicate that the presented polysaccharide complexes, glycosaminoglycans and sulphate groups by 

histochemical methods can be used for further amyloid research on in vitro fibrils prepared with and without 

GAGs and on ex vivo fibrils. Glucosamine, which is part of the structure of the selected polysaccharides 

chitosan and chitin, may facilitate the process of amyloidosis, and/or provide neuroprotection in the Alzheimer 

disease brain. 
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BACKGROUND 

Former results on post mortem tissue-isolated human amyloid fibrils showed a protein fibril co-localised with 

strong acidic groups, interpreted as chondroitine and/or heparan sulphate attached to the amyloid fibrils (1, 2). 

  In the three dimensional amyloid model of Inoue et al. (2002), amyloid has a highly ordered structure in an 

oriented fashion: the center is formed by a glycoprotein core (AP), helically structures of chondroitin and 

heparan sulfate surround this core, a filament network of protein (AL or others) constitutes the surface of the 

fibril (cited in 3, 4, 5, 6). 

  The aim of this study was to compare the occurrence of different chemical components in a variety of animal 

amyloid deposits: derived from dog, cat, cow, mouse, goose, chicken and marten.  

 

METHODS  

Tissue samples from seven different species were fixed with 4% formalin in PBS pH 7.4 and paraffin-

embedded. Sections (2-5 µm) of the following amyloidotic tissues were investigated: dog - kidney, spleen, liver; 

cat – pancreas; marten - kidney, spleen; cow – kidney; mouse - liver, intestine, spleen, heart, lung (AA and 

AapoA II); goose – liver, intestine (7). 

  We have demonstrated sugar moieties in all amyloid deposits selectively with the ABT-reaction (8). Sialic acid 

and O-acyl sialic acid were demonstrated with a specific reaction (9). The glycosaminoglycan components have 

been visualized in the amyloid deposits by the chemically intensified basophilic reaction (CIBR, 10, 5) and by 

the critical electrolyte concentration (CEC) method (10). The protein core was demonstrated with 0.1% aqueous 

solution of Congo red, Thiazin red, Eosin, Pinacyanol, Pinacyanol chloride, N,N´-Diethylspeudoisocyanine-

chloride (PSI), Toluidine blue, 1,9-Dimethyl-methylene blue and Rivanol. 
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RESULTS 

The unstained amyloid deposits show – embedded in water or in gum Arabic – an anisotropy,the sign is linear 

positive to the length.  

  After Congo red, Thiazin red, Eosin, Pinacyanol, Pinacyanol chloride and N,N´-Diethylspeudoisocyanine 

chloride (PSI) we registered an additive topo-optical staining reaction, i.e. the original sign is not changed but 

the intensity increased. The dyestuff molecules are oriented parallel to the surface. After Toluidine blue, 1,9-

Dimethyl methylene blue and Rivanol staining, the sign of the anisotropy becomes linear negative, the dye 

molecules are oriented perpendicular to the surface. The latter is an inversive topo-optical staining reaction.  

  In the mammalian amyloid of cat (AIAPP), cattle (AL), dog (AA), marten (fibrinogen) and mouse (AA and 

AapoAII) we found strong acidic groups in linear order, but only weak acidic groups in avian amyloid (both AA). 

Our observation differs from those of Peperkamp (1997), who demonstrated highly sulphated GAGs 

(heparin/heparan sulphate) in joint amyloid fibrils of chicken with the Alcian blue CEC method (11). 

  Furthermore, we observed a gradation of the topo-optical reaction intensity in murine and canine amyloid with 

changing polarization colour from strong red orange at 0.1 M MgCl2 to hardly noticeable pink at 1.0 and 1.8 M 

MgCl2. However, the topo-optical staining reaction appeared with stable strong positive results in the cases of 

cat, marten and cow, as well as in the above mentioned human amyloid (Kroeger et al., 2006). 

  After diegestion with hyaluronidase, chondroitinase AC and B we found an optimally oriented Congo red 

binding and more intensity compared to the controls (12). 

  The amyloid deposits from AA type (dog, mouse, goose and chicken) are sensitive to potassium 

permanganate or performiate treatment followed by pronase or trypsin (4-8 h), the Congo red, Thiazin red and 

Eosin induced anisotropy is abolished. However, the cat, cattle, marten and mouse (AapoAII) amyloid is 

resistent to this treatment. 

 

         

Picture 1. Mouse jejunum Amyloid  staining: Eosin. a) light microscopic picture 80X, b) polarization optical 

picture 80X 
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Picture 2.  Goose jejunum amyloid after KMnO4 -Trypsin digestion 8 h, staining with Congo red. a) light 

microscopic picture 80X, b) polarization optical picture 80X 

 
 

Table 1.  Results of KMnO4/trypsin or HCOOOH/trypsin pretreatment followed by Congo red staining 

animal amyloid type KMnO4/trypsin HCOOOH/trypsin 
Cow AL resistant resistant 
Dog AA sensitive sensitive 
Cat AIAPP resistant resistant 
Marten Afibrinogen resistant resistant 
Mouse 
 

AA 
AapoAII 

sensitive 
resistant 

sensitive 
resistant 

Goose AA sensitive sensitive 
Chicken AA sensitive sensitive 
 

  In the amyloid deposits of all cases the linearly ordered OH groups of the sugar and sialic acid / or O-acyl sialic 

acid molecules are perpendicularly ordered to the surface of the amyloid fibrils. The sugar chains are oriented 

parallel to the surface. 

  With the CIBR we found similar positive topo-optical reactions in all species including human, with intensive 

violet metachromasy in light optic. The linear negative sign of anisotropy indicates a perpendicular orientation of 

the toluidine blue or 1,9-Dimethyl methylene blue dye molecules. 

 

CONCLUSIONS 

There are differences in quality and quantity of linearly ordered acidic groups which are interpreted as GAG 

components: heparan and keratan sulphate (strong acidic group SO4
2-) are missing in goose and chicken 

amyloid. Mouse and dog exhibit all four components but with less intensity than cow, marten, cat and human 

amyloid.   
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  The polysaccharide chains are orientated parallel to the length of the amyloid fibrils, their vicinal OH groups 

are orientated perpendicularly to the length of the fibril. In all species sialic acid and O-acyl sialic acid are 

detectable with a perpendicular orientation of their vicinal OH groups. 

  The sensitivity of AA amyloid for KMnO4 oxidation, and/or performiate oxidation combined with trypsin or 

pronase digestion varies between species. In order to identify secondary AA amyloidosis by sensitivity to 

pretreatment, the most reliable method is performiate trypsin or performiate pronase digestion. 
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BACKGROUND 

Former results on post mortem tissue-isolated human amyloid fibrils and on human amyloid deposits showed a 

protein fibril co-localised with strong acidic groups, interpreted as chondroitine and/or heparan sulphate 

attached to the amyloid fibrils (1,2,3). 

  In the three dimensional amyloid model of Inoue et al. (2002), amyloid has a highly ordered structure in an 

oriented fashion: the center is formed by a glycoprotein core (AP), helically structures of chondroitin- and 

heparan sulfate surround this core, a filament network of protein (AA, AL or others) constitutes the surface of 

the fibril ( 4, 5, 6, 7). 

 

AIM 

Our aim was to evaluate whether the fibril constituents discussed above can be demonstrated in brain amyloid 

deposits in Alzheimer`s, Creutzfeldt-Jakob diseases and Down syndrome. Furthermore, we were interested 

whether additional topo-optical reactions provide more information or not. 

 

METHODS 

Formalin-fixed (4% formaldehyde in PBS pH 7.4) and paraffin-embedded brain sections (2-5 µm) of Alzheimer, 

Morbus Down and Creutzfeld-Jakob were investigated with various topo-optical staining reactions. Synthetic 

amyloid ß (1-40 and 1-42) fibrils served as control. Our topo-optical staining reactions are an indicative method 

of linearly ordered functional groups. The aldehyde bisulfite toluidine blue reaction (ABT-r acc. Romhányi et al., 

1975) is specific for linearly ordered vicinal OH groups in carbohydrates. Also its glycosaminoglycan (GAG)-

specific variant “chemically intensified basophilic reaction”, the two step anisotropic PAS-reaction (CIBR, Módis 

1991), is specific for linearly ordered vicinal OH groups in the C2 and C3 position of uronic acid. The sialic acid 
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specific reaction indicates sialic acid (Makovitzky 1984) and the “critical electrolyte concentration” method (CEC) 

denotes acidic groups like carboxyl and sulphate in GAGs (Módis 1991, Richter 2005).  

   

RESULTS 

The sign of the anisotropy on unstained sections with amyloid (amyloid deposits, amyloid plaques and blood 

vessels affected by amyloid angiopathy) in water or  gum arabicum is linear positive to the length. 

  The stained brain sections showed amyloid fibrils (deposits), Aβ amyloid plaques and blood vessels affected 

by amyloid angiopathy. Brain sections and controls were stained with Congo red, Thiazine red, N,N´-diethyl 

pseudoisocyanine chloride (PSI), pinacyanol, pinacyanol chloride, toluidine blue, 1,9-dimethyl methylene blue 

and rivanol for protein core. All samples including controls were positive in all cases. Depending on whether the 

dye molecules aggregated parallel or perpendicular to the longitudinal axis, the angle of the polarised light was 

affected positively (Congo red, PSI, pinacyanol, pinacyanol chloride) or negatively (toluidine blue, 1,9-dimethyl 

methylene blue and rivanol). 

  The sugar-specific ABT and sialic acid reactions were positive for amyloid plaques and blood vessels. Based 

on our analysis the linearly ordered OH–groups were perpendicularly oriented to the longitudinal fibril axis. 

  The CEC and CIBR reactions were positive on amyloid plaques and blood vessels at all ionic strengths 

pointing to strong acidic groups like sulphate or phosphate. Synthetic Aβ fibrils (control) were negative. 

  All amyloid fibrils, amyloid plaques (primitive and diffuse) and blood vessels affected by amyloid angiopathy 

were resistant to potassium permanganate/trypsin, permanganate/pronase, performic acid/trypsin and performic 

acid/pronase digestion (24-48 hours). 

 

Table 1.  Results of anisotropic (topo-optical) staining reactions 

 linearly 
ordered 
protein 
 
(Congo red 
and others) 

Linearly 
ordered sugars 
/ vicinal OH-
groups 
(ABT-reaction 
i.e. anisotropic 
PAS) 

linearly ordered 
vicinal OH-
groups in C2-C3 
position of 
uronic acid  
(CIBR i.e. for 
GAGs) 

linearly 
ordered OH-
groups of 
sialic acid 
 
(sialic acid 
specific 
reaction) 

linearly ordered 
acidic groups 
(Critical electrolyte 
concentration,CEC, 
0.1M, 0.5M, 1M, 
1.8M) 

Amyloid plaques + + + + + 
Amyloid fibrils  + - + - + 
Blood vessel by  
Amyloid 
angiopathy 

+ + + + + 

 

  In amyloid plaques the CEC and CIBR induced birefringence disappeared after 6-8 h digestion with heparinase 

I, II, III and/or hyaluronidase, chondroitinase AC and B. Only the birefringence of the protein core remained 

behind showing a linear positive sign after CEC reaction embedded in gum arabic or water. After enzyme 

digestions and staining with Congo red, the intensity of birefringence increased, and the measured retardation 

differences were increased, too. 

 



XIIIth International Symposium on Amyloidosis 

38 

DISCUSSION 

Allsop et al. investigated isolated senile amyloid plaques with Congo red and observed birefringence, moreover 

amino acid compositions of isolated plaque cores were assigned (10). Wisniewski et al. described the 

morphological spectrum of amyloid deposits in Alzheimer’s disease (11). Amyloid fibrils were found as large 

areas of diffuse depositions in the neuropil, ribbon-like infiltration in the subpial layer of the cerebral cortex, 

furthermore, as granular deposits in the white matter, as diffuse deposits in the molecular layer of the 

cerebellum and the basal ganglia and as star-shaped deposits in the cerebellar Purkinje cell layer. In our 

investigations hippocampus tissue was used. 

  In their investigations Yamada et al., Snow et al., Castillo et al. and McLaurin et al. unambiguously proved that 

in Alzheimer type amyloid deposits the protein core is surrounded by GAGs and the GAGs have an important 

role in amyloid synthesis (12-16). Snow reported the presence of GAGs by alcian blue CEC reaction (13). We 

think that the CEC reaction from Módis, Appel et al. and Richter is a more selective method to investigate GaG 

components, since by polarisation the CEC reaction gives information about the linearly ordered structure of 

GAGs (8,1,5). 

  Our results with toluidine blue and 1,9 dimethyl methylene blue under light microscopy show metachromasy. At 

pH 7.4 the sign of birefringence is linear negative to the length, an inversive topo-optical reaction. At pH 3.6 the 

sign of birefringence is linear positive, which is an additive type topo-optial reaction. Congo red, Thiazine red, 

PSI, pinacyanol and pinacyanol chloride stained amyloid with linear positive sign of birefringence; the binding 

dye molecules are parallel oriented to the surface. Toluidine blue, 1,9 dimethyl methylene blue and rivanol 

stained amyloid with linear negative sign of birefringence, the binding dye molecules are oriented perpendicular 

to the surface. 

  The pretreatments (potassium permanganate or performic acid) of trypsin and pronase digestion show no 

effect in Alzheimer brain samples. This indicates that the amyloid deposits are solid and structurally highly 

ordered. The resistance to oxidative pretreatment is common to all “primary” amyloid deposits that do not 

contain serum amyloid A protein (17). Snow suggested that brain Aβ amyloid was resistant to potassium 

permanganat/performiate trypsin/pronase digestion because of the stabilizing effect of GAGs (18). 

  Our results show that after Heparinase, Hyaluronidase and Chondroitinase digestions the CEC and CIBR 

induced anisotropy disappeared. We only found the original protein’s core birefringence. The sign is linear 

positive to the length, which is the same as in synthetic pure Aβ fibrils. A similar phenomenon was observed on 

collagen and described by Németh - after enzymatic removal of GAG components from collagen fibers (19). 

According to his assumption, GAG components possess a stabilizing effect on collagen fibers. Bruinsma et al. 

characterized the pathological lesions as Aβ plaques consisting mainly of aggregated Aβ protein, whose 

aggregation is affected by heparin sulphate proteoglycans (20). 

    Ariga et al. emphasised the role of proteoglycans and GAGs in Alzheimer disease and in other similar clinical 

cases (21). According to Ariga et al. the Aβ protein binds to many biomolecules, including lipids, proteins and 

proteoglycans. Proteoglycans play an important role in amyloid formation, increasing the neurotoxicity of Aβ 

protein. The proteoglycan binding site in the 13-16 amino-acid region (His-His-Gln-Lys) of amyloid ß represents 

a unique target for inhibition of amyloid fibril formation. GAG binding accelerates fibril formation and maintains 

the fibril stability. 
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  The results of our various reactions are in accordance with the amyloid model of Snow et al. (13,18). 

Zschiesche and Jakob reported the PAS positivity of amyloid plaques in the brain of various animals (22). We 

have shown the sialic acid positivity of human brain Aβ plaques. Asn-linked carbohydrates (sialic acid specific 

reaction) were demonstrated in brain amyloid plaques and blood vessels with amyloid angiopathy, but not in 

synthetic amyloid β fibrils. This is somehow surprising, since Aß should not be glycosylated. It shows that brain 

amyloid deposits are composed of multiple constituents, not restricted to Aβ only. 
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ABSTRACT 

We have previously shown that amyloid fibrils in ATTRVal30Met amyloidosis can have either of two 

compositions, with or without truncated ATTR, and that the fibril composition type seems to be intra-individual 

consistent. We have also demonstrated that the fibril types are correlated to phenotypic differences found 

among these patients. We have now investigated the fibril composition in patients with other mutations than 

Val30Met in the TTR gene. The fibril type was determined by western blot for 56 patients having one of 26 

different mutations. All patients, except two with TTRY114C, had fibrils with fragments. We thereby show that 

ATTR amyloid fibrils containing fragmented ATTR species are very common, and probably even the rule, while 

fibrils composed of only full-length ATTR likely is an exception. More studies focusing on the fragments and 

their possible role in pathogenesis are therefore needed. 

 

INTRODUCTION 

Familial ATTR amyloidosis is caused by a mutation in the transthyretin (TTR) gene. So far over a hundred 

different TTR mutations have been reported, and most of these render the protein more amyloidogenic [1]. The 

main tissue sites affected are the sensorimotor and autonomic nervous system as well as the heart, but 

dysfunction of other organs, like kidneys and eyes may also occur [2]. The clinical phenotype varies depending 

on the specific mutation, but interestingly, large variations are also found between patients carrying the same 

mutation [1, 3]. 
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 For most mutations, only one or a few patients or families are known, and they are scattered around the world. 

In contrast, relatively large amount of patients carrying the Val30Met mutation are known, and many of these 

patients, but not all, are found in endemic areas in Japan, Portugal and Sweden. Thus, most studies on familial 

ATTR amyloidosis has been carried out on this group of patients. 

  It has been noted that the Val30Met patients can roughly be divided into two phenotypic groups [3]. In the 

endemic areas in Portugal and Japan, most patients have an early onset, while many of the patients in the 

endemic area in Sweden, as well as patients found outside the endemic areas, have a late onset. Detailed 

clinicopathological investigations of the two groups have shown numerous differences in amyloid deposition 

sites as well as symptoms. The late onset group is for example characterized by massive myocardial amyloid 

deposition, leading to increased ventricular wall thickness and restrictive cardiomyopathy, while the cardiac 

deposits in the early onset group mainly are limited to the subendocardial layer, thereby causing conduction 

disturbances. 

  We have earlier shown that two different compositions are seen for amyloid fibrils in ATTRVal30Met 

amyloidosis patients; in some individuals the tissue contained large amounts of N-terminally truncated  ATTR in 

addition to the full-length protein (denominated fibril type A) while in others only full-length ATTR were found 

(denominated fibril type B) (Figure 1A) [4]. From our study, as well as a recent report from Japan [T. Oshima, 

unpublished], it seems likely that the fibril type is intra-individual, so that the same fibril type is consistently found 

in different organs for each patient. We have also shown that the presence of two fibril compositions offers an 

explanation for the two phenotypic groups, as they are strongly correlated, with fibril type A found in patients 

with late onset and cardiac enlargement and fibril type B found in early onset patients without cardiac 

enlargement (Figure 1B) [5]. The fibril types also seem to differ in propensity to incorporate wtTTR, which likely 

is important for the outcome after liver transplantation [6, 7]. 

  We have now continued by investigating the fibril composition in patients suffering from ATTR amyloidosis 

caused by other mutations than the Val30Met mutation. 

 

 

 

Figure 1.  A) The two fibril composition types shown by western blot analysis. Left lane shows a fibril 

composition of type A, right lane shows type B.  B) Correlation between fibril composition and age of onset (left 

graph) and thickness of the interventricular septum of the heart (right graph) in Val30Met patients. 
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METHODS 

Fifty-six patients carrying one of 26 different mutations in the TTR gene were included. Fibril composition was 

determined by western blot using an in-house produced antiserum that detects C-terminal fragments. Adipose 

or cardiac tissue was used for the analysis.  

 

RESULTS 

All patients had a fibril composition with fragmented ATTR, except two patients, both of whom carried the 

TTRTyr114Cys mutation. 

 

DISCUSSION 

The fact that fragmented ATTR species can be found in large amounts in, and even be the main constituent of,  

amyloid fibrils in both sporadic and familial ATTR amyloidosis have been known for many years [8, 9]. 

Nevertheless, in most studies of today, the fragments are not considered. This is especially evident for in vitro 

studies, where almost all studies are investigating only full-length TTR. This situation is probably a consequence 

of a combination of two factors. Firstly, the most commonly used commercial antibodies do not recognize the 

fragmented ATTR species in western blot [5]. Secondly, as mentioned above, the by far most studied group of 

patients are those carrying the Val30Met mutation and living in endemic areas, and these patients do indeed 

have fibrils composed of only full-length ATTR. 

  From the present study, it can be concluded that a fibril composition consisting of not only full-length but also 

fragmented ATTR is very commonly occurring and may even be the general rule in familial ATTR amyloidosis. 

In a previous study, we have also shown that amyloid fibrils from patients with senile systemic amyloidosis (in 

which wild-type TTR is forming the deposits), have a composition with fragmented ATTR [4]. Therefore, it 

seems as if most studies on ATTR amyloidosis have been carried out on a patient group that may not be very 

representative of ATTR amyloidosis in general. It is now time to start paying attention to the fragmented 

species. Even though we do not know yet if they are part of the pathogenesis, we do know that they have 

diagnostic value, as they are correlated to clinical phenotype. 
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Recently, the relationship between various amyloidoses and chaperones is gathering attention.  In patients with 

dialysis-related amyloidosis, α2-macroglobulin (α2M), an extracellular chaperone found in β2-microglobulin (β2-

m) amyloid deposits, forms a complex with β2-m in the blood, but the molecular mechanisms and biological 

implications of the complex formation remain unclear. Here, we found that α2M inhibited the β2-m fibril 

formation at a neutral pH in the presence of sodium dodecyl sulfate (SDS), a model for anionic lipids.  

Intriguingly, SDS dissociated tetrameric α2M into dimers with increased surface hydrophobicity and both 

tetrameric and dimeric α2M interacted with SDS-denatured β2-m. At a physiologically relevant acidic pH and in 

the presence of heparin, α2M was also dissociated into dimers, and both tetrameric and dimeric α2M interacted 

with β2-m, resulting in the fibril growth inhibition. These results suggest that both tetrameric and dimeric α2M 

may play an important role in controlling β2-m amyloid fibril formation. 

 

INTRODUCTION 

We previously developed the thioflavine-T (ThT) method (1) and established a nucleation-dependent 

polymerization model of amyloid fibril formation (2). β2-m is a major component of amyloid fibrils deposited in 

dialysis-related amyloidosis. The β2-m amyloid fibril formation is thought to be induced by partial unfolding of 

β2-m.  We found that β2-m amyloid fibrils are formed at a neutral pH in the presence of SDS (3). Moreover, we 

proposed that in β2-m-related amyloidosis, many amyloid-associated molecules including glycosaminoglycans, 

proteoglycans and lipids partially unfold β2-m, catalyze its subsequent nucleus formation and stabilize the β2-m 

fibrils formed (2). Although many groups have proposed the mechanisms by which β2-m amyloid fibrils are 

formed under physiological conditions, the biological machineries to inhibit the β2-m amyloid fibril formation are 

poorly understood. 

  α2M is an abundantly secreted glycoprotein present in human plasma and is a homotetramer that is formed by 

non-covalent association of two disulfide-bonded dimers. α2M has been found to be associated with 

extracellular amyloid deposits in various amyloidoses (4). Recently, α2M has been shown to inhibit the amyloid 

fibril formation and amorphous aggregation of various proteins and has been described as an extracellular 

chaperone (5). In patients with dialysis-related amyloidosis, α2M is identified in the amyloid deposits (6) and 

forms a complex with β2-m in the blood (7). However, it is unclear whether α2M affects the β2-m amyloid fibril 
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formation.  In this study, we first examined the effect of α2M on the formation of β2-m amyloid fibrils. We next 

assessed the interaction of α2M with β2-m. Our results provide new insights into the effect of α2M on β2-m 

amyloid fibril formation and the mechanism of α2M-β2-m interaction. 

 

METHODS 

Seed β2-m amyloid fibrils used for the growth reaction were prepared from the patient-derived β2-m amyloid 

fibrils by the repeated growth reaction at pH 7.5 with recombinant human β2-m. Seeds were prepared by 

sonication of the amyloid fibrils. The seed-dependent growth reaction mixture containing 30 µg/ml seeds, 25 µM 

β2-m, 0-25 µM α2M or bovine serum albumin, 50 mM phosphate buffer (pH 6.3 or 7.5), 100 mM NaCl, 0.5 mM 

SDS or 100 µg/ml heparin, and 0.05% NaN3 was incubated at 37 °C with or without agitation. Amyloid fibril 

formation was monitored by ThT method and transmission electron microscopy (8). α2M-β2-m interaction was 

monitored by enzyme-linked immunosorbent assay, analytical ultracentrifugation and Western blotting (8). 

 

RESULTS 

First, we examined the effect of α2M on the seed-dependent growth of β2-m amyloid fibrils at pH 7.5 monitored 

by ThT fluorescence assay (Figure 1).  In the absence of α2M, ThT fluorescence increased without a lag phase. 

In the presence of α2M at molar ratios of 1:200-1:20 to β2-m, a concentration-dependent inhibitory effect was 

observed. Next, to assess quantitatively the binding of β2-m to α2M, we performed enzyme-linked 

immunosorbent assay. The binding affinity between α2M and β2-m in the presence of SDS was higher than that 

without SDS. Analytical ultracentrifugation and Western blotting revealed that SDS dissociated tetrameric α2M 

into dimers with increased surface hydrophobicity and both tetrameric and dimeric α2M interacted with SDS-

denatured β2-m. At a physiologically relevant acidic pH and in the presence of heparin, α2M was also 

dissociated into dimers, and both tetrameric and dimeric α2M interacted with β2-m, resulting in the fibril growth 

inhibition. 

 

Figure 1.  Effect of α2M on the seed-dependent growth of β2-m amyloid fibrils. 

 

DISCUSSION 

We revealed that α2M inhibits the β2-m amyloid fibril formation. Moreover, we demonstrated that tetrameric and 

dimeric α2M interact with SDS-denatured β2-m. Under conditions where native β2-m is denatured, tetrameric 

α2M is converted to dimers to favor the hydrophobic interaction with denatured β2-m with exposed hydrophobic 
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surfaces. These results suggest that α2M plays an important role in controlling the abnormal aggregation of 

unfolded proteins in the extracellular space (Figure 2). Further understanding of the function of α2M may help 

the development of the therapeutics and prophylaxis of dialysis-related amyloidosis and other protein deposition 

diseases. 

 

 

Figure 2.  A model for the molecular mechanism of β2-m amyloid fibril formation in vivo. 
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Atomic-level structural investigation of the key conformational intermediates of amyloidogenesis remains a 

challenge. Here we demonstrate the utility of nanobodies to trap and characterize intermediates of β2-

microglobulin (β2m) amyloidogenesis by X-ray crystallography. For this purpose, we selected five single domain 

antibodies that block the fibrillogenesis of a proteolytic amyloidogenic fragment of β2m (∆N6β2m). The crystal 

structure of ∆N6β2m in complex with one of these nanobodies (Nb24) identifies domain swapping as a plausible 

mechanism of self-association of this amyloidogenic protein. In the swapped dimer, two extended hinge loops – 

corresponding to the heptapeptide NHVTLSQ that forms amyloid in isolation – are unmasked and fold into a 

new two-stranded antiparallel β-sheet. The β-strands of this sheet are prone to self-associate and stack 

perpendicular to the direction of the strands to build large intermolecular β-sheets that run parallel to the axis of 

growing oligomers, providing an elongation mechanism by self-templated growth. 

 

INTRODUCTION  

The autoaggregation process of amyloidogenic proteins may be described as a dynamic equilibrium between 

diverse structural species that occurs in very uneven amounts and time frames. Fibril formation in vivo usually 

takes several years, and the intermediate species are short living and highly unstable. The identification and 

characterization of oligomers preceding the formation of fibrils is of particular interest because of an increasing 

awareness that these species are likely to play a critical role in the pathogenesis of protein deposition diseases 

(1). Here we demonstrate the utility of camelid heavy chain antibodies (nanobodies/Nb) consisting of a single 

domain  for the structural investigation of prefibrillar intermediates of β2-microglobulin (β2m) amyloidosis (2). In 

patients suffering from renal failure, the β2m concentration increases up to 60-fold leading to the formation of 
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insoluble amyloid fibrils causing dialysis-related amyloidosis (DRA) (3). In amyloid deposits extracted from DRA 

patients, up to 25–30% of the constituting β2m corresponds to a truncated isoform lacking the six N-terminal 

amino acids (∆N6β2m). This isoform has a higher tendency to self-associate in vitro than the intact protein, and 

unlike wild-type β2m, is able to form amyloid fibrils at physiological pH.(4).. In this study, we selected 

nanobodies that block the fibrillogenesis of ∆N6β2m. We found that one nanobody  traps a domain-swapped 

dimer of ∆N6β2m in the crystal, that shows several properties ascribable to prefibrillar intermediates of β2m 

fibrillogenesis, providing previously undescribed insights in this process with implications for DRA. 

 

RESULTS 

NANOBODIES EFFICIENTLY BLOCK  β2m FIBRILLOGENESIS. 

Camel and llamas immunized with β2m and ∆N6β2m in order to generate antibodies able to stabilize early 

intermediates along the pathway of β2m fibrillogenesis. We have then selected eight nanobodies with KD in the 

nanomolar to micromolar range for β2m and ∆N6β2m variants. Nbs were tested as inhibitors of ∆N6β2m 

fibrillogenesis by incubating ∆N6β2m in the presence or absence of an equimolar amount of each nanobody. 

Fibrillogenesis was monitored by measuring the increase of the thioflavin T (ThT) fluorescence, by Electron 

Microscopy (EM) imaging, and by SDS-PAGE (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of Nbs on ∆N6ß2m fibrillogenesis . (A):  Fibril growth kinetics were monitored by 

measuring the increase in ThT fluorescence. Nb108 is a β2m-unrelated nanobody used as negative control. (B): 

To visualize remaining soluble protein, samples were centrifuged and their supernatant was analyzed by SDS-

PAGE. (C): EM images of the samples after 124 hours of incubation. (D): Affinities of nanobodies for β2m and 

∆N6β2m as measured by Surface Plasmon Resonance.(5) 
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CHAPERONE-ASSISTED CRYSTALLIZATION OF ∆N6β2m  

Five nanobodies, able to inhibit β2m fibrillogenesis, were tested as cocrystallization chaperones of prefibrillar 

intermediates. Despite extensive screening, diffracting crystals were obtained only from ∆N6β2m-Nb24 complex 

with the hanging drop vapor diffusion method. Low temperature X-ray diffraction data of the crystallized 

∆N6β2m-Nb24 complex extended to 2.2Å resolution. The coordinates of full-length monomeric β2m (1BMG) 

were used as a search model to solve the crystal structure of ∆N6β2m by molecular replacement. The crystal 

structure of ∆N6β2m-Nb24 complex reveals that ∆N6β2m exchanged identical subdomains between two 

monomers to form a 3D swapped dimer (Fig 2A). Each domain is composed of six β-strands contributed by one 

subunit and one swapped C-terminal β-strand (strand G: residues 91–94, β2m numbering) contributed by the 

other (Fig. 2B). The short NHVTLSQ peptide (residues 83–89) serves as the hinge loop. In the monomer, the 

closed conformation of the hinge loop connects strands F and G. In the domain-swapped dimer the hinge 

adopts an extended conformation, lengthening the F strand by four amino acids (Fig. 2B). 

 

 

 

 

 

 

 

 

 

 

Figure 2.  (A) Focus on the domain-swapped dimer of ∆N6β2m. (B) Sequences and topology diagrams of β2m 

and domain-swapped ∆N6β2m. The hinge loop is included in dashed boxes.(5) 

 

DISCUSSION  

In this study we have trapped and characterized the structure of the amyloidogenic β2m variant ∆N6β2m. Its 

crystal structure in complex with Nb24 identifies a swapped dimer as a plausible structural nucleus that may 

serve as a mold for the self-templated growth of β2m fibrils. We speculate that the self-association of two β2m 

monomers by domain swapping generates a dimeric intermediate with an exposed stacking prone antiparallel β-

sheet. The domain-swapped dimer serves as a structural nucleus for intermolecular β-sheets that run parallel to 

the axis of the growing oligomer. Within the oligomer, a transition from stacked dimers to a runaway domain-

swapped oligomer can lead to open ended protofibrils that grow by binding open monomers.  

  Our data demonstrate that Nbs are powerful tools able to inhibit the fibrillogenesis process and stabilize highly 

unstable protein like ∆N6β2m. These Nbs can be used as a medicament or in the prevention and/or treatment 

of DRA and result in being precious tools for the study of protein aggregation pathways (5). 
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ABSTRACT 

We proposed that the abnormally high propensity of the λ6 light chains to aggregate as amyloid fibrils is driven 

by sequence elements that can be identified by their capacity to form amyloid-like fibril autonomously. To test 

this hypothesis we used limited proteolysis/MALDI-TOF analysis combined with site-directed mutagenesis and 

identified four fibril-forming fragments in the λ6 recombinant variable domain 6aJL2. The fibrillogenic fragments 

are located in CDR-1 and also in a number of β strands that are structural related to this loop in the native 

folding. Based on these data we propose a possible mechanism of fibrillogenesis for the variable domain of the 

light chains. 

 

INTRODUCTION 

Light chain derived (AL) amyloidosis is a misfolding disease characterized by the extracellular deposition of a 

monoclonal free light chain in form of insoluble fibrillar aggregates. Due to its systemic nature, the clinical 

picture of AL amyloidosis is dominated by the signs and symptoms of dysfunction of the organs targeted by the 

deposits, being the heart, kidneys, liver, digestive tract, and peripheral nervous system the most frequently 

affected. Despite the substantial advances in diagnosis and therapeutic management made during the last 

decade, AL amyloidosis remains as an incurable disease with a poor prognosis. Changing this tendency will 

require the development of more effective therapies based on new principles, a goal that will be greatly 

facilitated by deciphering the structural factors driving the mechanism of amyloidogenesis of the light chains. [1] 

The particular structural features that render λ6 light chains highly amyloidogenic remain unknown. We propose 

that the abnormally high propensity of this family of immunoglobulins to aggregate as amyloid is driven by 

discrete regions of the variable domain that can be recognized by their ability to aggregate as amyloid-like fibrils 

autonomously. To test this hypothesis we used limited proteolysis/MALDI-TOF analysis and site-directed 

mutagenesis to identify fibril-forming fragments of the recombinant protein 6aJL2, a recombinant λ6 variable 

domain with the germline sequence of the gene segments 6a and jl2. 
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METHODS 

Six pint mutants to Asp of 6aJL2 at positions A31, S31a, N31b, Y32, V33 and Q34 were generated by 

conventional PCR, using mutagenic synthetic oligonucleotides. The DNA segments encoding 6aJL2 proteins 

and the six point-mutants were cloned in pET27b vector (Novagen, Merck-Millipore) and expressed in E. coli 

BL21(DE3). Bacterial expression and purification of the recombinant proteins 6aJL2, 6aJL2-R25G and the 

above mentioned single mutants were performed as describe elsewhere. [2] Proteolysis was performed with 

Sequencing Grade Modified Trypsin (Promega, Madinson, WI) that was added to the protein solution (3.0 mg/ml 

in Tris-HCl 100mM pH 8.0) with a final trypsin:protein ratio at 1:200 (w/w). The sample was incubated overnight 

at 37 0C without shaking. After completion of proteolysis, the mixture was subsequently incubation at 37 °C w ith 

constant shaking (500 rpm-Thermomixer Eppendorf Confort). After completion of fibrillogenesis, the aggregates 

were examined under electron microscope (E.M.) and spectroscopically characterized (ThT fluorescence, 

intrinsic fluorescence, and circular dichroism). The aggregates were harvested by centrifugation, washed twice 

in PBS and resolubilized in GdnHCl 6.0 M.  The fibrillogenic peptides were purified by reverse phase high-

performance liquid chromatographic (RF-HPLC) using a Vydac 218TP54 C18 analytical column. The fractions 

were collected manually and the identity of each peptide fragment was determined by mass spectrometry 

(MALDI-TOF).  

  Cross-seeding experiments were performed by co-incubating 6aJL2 fibrils fragmented by sonication (seed) 

with soluble monomers of the six point-mutants to Asp mentioned above. The monomer to seed w/w ration was 

10:1. The experiment was performed according was describe previously. [3] Computational analysis of the 

6aJL2 sequence to predict fibril forming segments was performed with the structure-based algorithm ZipperDB 

(http://services.mbi.ucla.edu/zipperdb/). [4] 

 

RESULTS AND DISCUSSION 

Proteolysis of 6aJL2 with trypsin and the subsequent overnight incubation at 37 °C with constant shaki ng ended 

up with the formation of aggregates having both, fibrillar morphology under the electron microscopy, and the 

spectroscopic characteristics of amyloids. Four fragments were isolated and identified from the aggregates. 

(Fig. 1) One of them was composed of two peptides -Thr18-Arg25 and Thr80-Lys103- linked by the disulfide 

bridge Cys23-Cys88. The other three components were peptides Ser26-Arg39, Ser26-Arg54 and Phe62-Lys79. 

Kinetic experiments revealed that the fastest aggregating components were peptides Ser26-Arg39 and Ser26-

Arg54. Fragment Thr18-Arg25-C23-C88-Thr80-Lys103 readily formed fibrils when incubated alone, but not if 

previously reduced with dithiothreitol. None of the two peptides composing this fragment aggregated as fibrils 

when incubated separately. Peptides Ser26-Arg39 and Phe62-Lys79 did not form fibrils when incubated 

independently, but did aggregate as fibrils when co-incubated.  
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Figure 1. The extensive proteolysis of 6aJL2 protein with trypsin and the subsequent overnight incubation at 37 

°C with constant shaking ended in fibrillar aggrega tes formation with the characteristics of amyloid.  A) Reverse-

Phase High Performance Liquid Chromatographic (RF-HPLC) analysis of the aggregates collected at different 

times of incubation. The inset represents the time course of: 1) ThT fluorescence intensity variation of the 

experimental sample [solid circles in blue color]  and 2) AU216 nm variation of the component  with sequence 

26SSGSIASNYVQWYQQR39 [solid squares in black color]. B) Electron micrograph showing the fibrillar 

morphology of the aggregates collected at the end of the incubation. Panels C-E.  Spatial location of the 

fibrillogenic fragments in the crystallographic structure of 6aJL2 (PDB ID 2W0K). 

 

  Proteolysis with trypsin of mutant 6aJL2-R25G –where Arg25 is substituted by Gly- and the subsequent 

incubation of the product in the conditions described above led to formation of fibrillar aggregates composed by 

three fragments. One of them was composed of two peptides -Thr18-Arg39 and Thr80-Lys103- linked by the 

disulfide bridge Cys23-Cys88. The second fragment represents a variant of the former, in which peptide Thr18-

Arg54, instead of Thr18-Arg39, was the component disulfide bridged to peptide Thr80-Lys103. The third 

component was peptide Phe62-Lys79. When the same experiment was performed in the presence of 10 mM 

dithiothreitol, fibrillar aggregates with ThT-binding capacity were also recovered from the sample, being the 

peptides Thr18-Arg39, Thr18-Arg54 and Phe62-Lys79 the most abundant components of the aggregates.  Co-

incubation of the six single mutants to Asp with wild-type seed resulted in fibrillar aggregates formation, but in a 

quantity that varied depending of the mutated position. Proteins 6a-A31D and 6a-N31bD produced aggregates 

in a quantity equal to 30% and 40%, respectively, of that produced by the self-seeding of the wild-type 

(reference). Proteins 6a-S31aD and 6a-Q34D elongated the wild-type fibril seeds more efficiently, producing 
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60% and 70%, respectively, of the aggregates of the reference. Protein 6a-Y32D elongated the wild type fibril 

seeds as efficiently as the wild-type monomers, indicating that the Asp residue introduced at position 32 didn´t 

modify its fibril elongation capacity. Mutation V33D seems to have been highly destabilizing in 6aJL2, as it is 

suggested by the almost null bacterial expression of the mutant. The results of cross-seeding experiments 

suggest that some amino acids of the segment spanning from A31 to Q34 are part of the core of the 6aJL2 

fibrils, or at least are structurally related to it. 

  The structure-based algorithm ZipperDB identified several small stretches of six amino acids in length with the 

suitable pattern to form steric zipper-type structures. The stretches overlap in such a way that give rise to three 

long hot spots. One of them spans along of edge strand B. A second hot-spot spans along the CDR-1 and the 

edge strand C. The third hot-spot spans from the beta strand E to the beta strand D, including the loop 

connecting both strands. A number of individual stretches are located dispersed along the beta strand F, CDR-3 

and edge strand G. 

 

CONCLUSION 

We conclude that the lambda 6 light chains have discrete segments with the ability to form amyloid-like fibril 

aggregates in vitro autonomously. The experimental and theoretical data suggest the existence of at least two 

amyloidogenic hot-spots in the region comprising the beta strand B, the CDR1 loop and the beta strand C. 

Based on these data, we posit that the structural core of the AL fibril in formed mainly by the above mentioned 

regions of the variable domain, although other regions, as the β strand D and E could be also involved. Besides, 

we postulate that structural rearrangements of the N-terminal segment and the loop comprising the region 

Pro40-Asp60, with the subsequent solvent exposition of the amyloidogenic hot-spots identified in this study, are 

a key step of the mechanism of amyloid aggregation of the light chain variable domain. [3] 
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ABSTRACT 

ApoA-I is the major protein of high-density lipoproteins (HDL) that remove excess cell cholesterol and prevent 

atherosclerosis. In hereditary amyloidosis, mutations in apoA-I residue segments 26-107 and 154-178 cause 

deposition of the 9-11 kDa N-terminal proteolytic fragments as fibrils in vital organs. The 2.2Å resolution X-ray 

crystal structure of the C-terminal-truncated human ∆(185-243)apoA-I suggests a novel mechanism for 

amyloidogenesis. All 19 known amyloidogenic mutations occupy key positions within the largely helical four-

segment bundle (residues 1-120, 144-184). All mutations probably destabilize the bundle structure in free apoA-I, 

enhancing its proteolysis. Many mutations place a hydrophilic or Pro group in the hydrophobic lipid-binding α-

helical face, promoting apoA-I dissociation and proteolysis. Importantly, segment L44-S55 adopts an extended β-

strand-like conformation whose exposure upon bundle destabilization probably initiates α-helix-to-β-sheet 

conversion in amyloid. Hence, the amyloidogenic mutations probably destabilize lipid-free and HDL-bound apoA-

I promoting its proteolysis, with segment L44-S55 forming a template for the cross-β-sheet conformation. 

 

INTRODUCTION 

HDL, a.k.a. “Good Cholesterol”, are nanoparticles comprised of lipids and specific proteins, mainly apolipo-

protein A-I (apoA-I, 243 a. a.). HDL remove cholesterol from peripheral cells to the liver for excretion via the 

reverse cholesterol transport (RCT) pathway. Over 90% of plasma apoA-I circulates on HDL, yet ~5% is present 

in a transient monomeric lipid-poor / lipid-free form. Dissociation of lipid-poor / free apoA-I from HDL promotes 

HDL biogenesis and benefits RCT, yet overproduction of this labile species increases apoA-I cata-bolism. 

Moreover, dissociated apoA-I can misfold in amyloidosis. Hereditary apoA-I amyloidosis (AApoA-I) is an 

autosomal dominant disorder in which mutant apoA-I is cleaved between residues 80-110 and the N-terminal 9-

11 kDa proteolytic fragments deposit as fibrils in vital organs (kidney, liver) causing organ failure (1). Little is 

known about the pathogenic pathway of apoA-I misfolding, from native ~80% α-helical to highly β-sheet 

structure in amyloid. Despite low levels of plasma HDL and apoA-I, AApoA-I patients show no increase in 

atherosclerosis. This suggests that: a) apoA-I and HDL remove cholesterol more efficiently in these patients 

which, we posit, results from HDL destabilization by apoA-I mutation; b) amyloid deposition is not due to protein 



Mechanisms of Fibril and Amyloid formation 

57 

overproduction but results from the destabilization of the solution structure of mutant apoA-I (2). We take 

advantage of the 2.2Å resolution crystal structure of the C-terminal-truncated protein, ∆(185-243)apoA-I (3), to 

postulate a novel molecular mechanism of protein destabilization and misfolding in AApoA-I (4). 

 

RESULTS AND DISCUSSION 

All 19 AApoA-I mutations found in humans are clustered in two residue segments, 26-107 (inside the deposited 

9-11 kDa fragment) and 154-178 (outside this fragment) (1, 2). The ∆(185-243)apoA-I crystal structure contains 

all 19 sites of these mutations, providing an excellent model for elucidating the structural basis for AApoA-I. By 

mapping the AApoA-I mutations on the crystal structure, we showed that they correspond to key positions within 

the four-segment bundle that was observed in the crystallographic dimer of ∆(185-243)apoA-I (Figure 1).  

  Each of the AApoA-I mutations disrupts the bundle packing and hence, is expected to destabilize lipid-free 

apoA-I monomer. Moreover, most mutations place a hydrophilic or Pro group in the hydrophobic lipid-binding 

face of the amphipathic α-helices in apoA-I; this is expected to destabilize HDL and shift the population 

distribution, from HDL-bound to lipid-poor / lipid-free apoA-I that is labile to proteolysis. The resulting 9-11 kDa 

N-terminal proteolytic fragments are unfolded in solution (5) since they lack at least 1.5 segments from the 4-

segment bundle (Figure 2C). The unfolding of the bundle increases solvent exposure of L44-S55 groups. In the 

crystal structure, these groups adopt an extended β-strand-like conformation (Figure 1B, C), which is unique in 

this highly α-helical protein. We postulate that increased solvent exposure of L44-S55 upon destabilization of 

the four-segment bundle initiates α-helix to β-sheet conversion in amyloid (Figure 2C, D). This idea is further 

supported by the amino acid sequence analysis showing that L44-S55 is the only segment in apoA-I with high 

amyloidogenic propensity (http://services.mbi.ucla.edu/zipperdb/protein/21449, courtesy of Dr. Donald 

Puppione, UCLA) and by the recently demonstrated ability of the tryptic fragment apoA-I(46-59) to form amyloid 

fibrils (5). 

 

 

 

Figure 1 . Crystal structure of the N-terminal-truncated human apoA-I (residues 1-184) (3) showing locations of 

19 know amyloidogenic mutations (A) and L44-S55 extended segment with a β-strand-like geometry (B, C). (A) 

Amyloidogenic mutations (yellow spheres) mapped on the structure of the crystallographic dimer of ∆(185-

243)apoA-I. The mutations cluster in two regions of the four-segment bundle (green circles): bottom cluster 
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(L60R; L64R; L60-F71 del/ 60V-61T ins; E70-W72 del; F71Y; N74K frame shift (fs); L75P; L90P; K107 del; 

L170P; R173P; L174S; A174S; L178H) and middle / top cluster (G26R; E34K; W50R; A145 fs; H155M fs). 

Based on the biochemical character and location in the structure, each mutation is expected to destabilize the 

four-segment bundle and thereby increase the solvent exposure of the L44-S55 segment. We postulate that a 

similar four-segment bundle is formed by monomeric lipid-free apoA-I in solution (B) via the domain swapping 

around the central repeat 5 (arrow) (3). L44-S55 (red) is the only extended segment in the crystal structure that 

adopts a non-helical conformation; its main chain φ / ψ angles are consistent with the β-strand-like geometry, as 

shown in the Ramachandran plot (C). 

 

 

Figure 2.  Hypothetical amyloidogenic and degradative pathways for in vivo processing of mutant apoA-I.     A: 

Mutation reduces the apoA-I affinity for lipid and thereby shifts the population distribution from HDL-bound to 

lipid-poor / free apoA-I monomer. B: In the amyloidogenic pathway, the four-segment bundle in apoA-I in 

solution is destabilized by the mutation that disrupts the packing of repeats 2-4, including residues 81-120 

(purple), rendering them labile to proteolysis. C: The resulting ~10 kDa proteolytic fragment is missing 

approximately 1.5 helical segments from the four-segment bundle and hence, is unfolded in solution (6); this 

increases solvent exposure of the extended strand L44-S55 (red) that is primed for the β-sheet formation. D: 

L44-S55 strands initiate intermolecular cross-β-sheet conformation in amyloid. E: In the degradative pathway, 

larger (~18 kDa) proteolytic fragment is probably at least partially folded in a bundle, which renders protection to 

the segment L44-S55 and thereby favors degradation (F) over intermolecular β-sheet formation. 
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Amyloid-beta peptide (Aβ) is the major constituent of Alzheimer’s disease plaques, which deposit in the brain 

extracellularly resulting in neuronal loss. The studies of Aβ interaction with different amphiphile molecules are 

important to better understand the alterations and aggregation process of the peptide. They will also contribute 

to screen for molecules that can inhibit amyloid fibril formation. Fluoroorganic compounds are of big interest in 

medical applications due to the unique properties of the fluorine atom. In this study, Aβ(1-42) was incubated with 

micelles of perfluorooctanoic acid (PFOA), an anionic fluorinated amphiphile. The results were compared with 

the study of Aβ(1-42) aggregation in the presence of anionic micelles and non-ionic micelles, sodium dodecyl 

sulfate (SDS) and octyl β-D-glucopyranoside (OG), respectively. The results demonstrated that the charge of 

the micelles can significantly influence the aggregation of Aβ(1-42). 

 

INTRODUCTION  

Aβ peptide forms a large amount of extracellular deposits and several scientists believe that the aggregation of 

this peptide is the primary cause driving Alzheimer’s disease (1). The most abundant forms of the peptide have 

40 and 42 amino acids (2). The sequence of 42 amino acids is the major component of amyloid plaque core 

deposits. The aggregation of Aβ can be affected by various factors as for example solvent hydrophobicity, pH, 

peptide concentration, temperature, ionic strength, metal ions and type of micelle interactions. Physiological Aβ 

in monomeric form is benign, but its aggregated forms, particularly the oligomeric species, are neurotoxic (3). 

The studies of Aβ interaction with different amphiphile molecules are important to better understand the 

aggregation process of Aβ. In this work, the interaction of the anionic fluorinated surfactant PFOA with Aβ(1-42) is 

described. This surfactant was chosen because fluoroorganic compounds have unique properties that make 

them suitable for biomedical applications. Fluor increases the chemical stability and the bioavailability of 

molecules, and modulates their physicochemical properties such as lipophilicity or basicity (4). Few fluorinated 

compounds have already been studied in regard to protein misfolding and organofluorine compounds were 

established as effective inhibitors of Aβ(1-40) fibrillogenesis (5). 

 

METHODS 

Aβ42 (amyloid-β peptide 1-42, purity > 95%, MW 4514.14, Selleck Chemicals) was dissolved in HFIP 
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(1,1,1,3,3,3-hexafluoro-2-propanol, ≥ 99.8%, Sigma-Aldrich) at 1 mg/mL. The solvent was then evaporated and 

the peptide film was dissolved in DMSO (dimethyl sulfoxide for molecular biology, 99,9%, Sigma-Aldrich) at 9 

mg/mL. PFOA (perfluorooctanoic acid, 96%, Sigma-Aldrich), SDS (sodium dodecyl sulfate, ≥ 98.5%, Sigma-

Aldrich) and OG (octyl β-D-glucopyranoside, ≥ 98%, Sigma-Aldrich) were prepared in Hepes buffer  

10 mM, pH 7.4 (HEPES hemisodium salt, ≥ 99%, Sigma-Aldrich). Aβ peptide (100 µM) was incubated at 37ºC 

with PFOA, SDS and OG for 6 days and the samples were analyzed by transmission electron microscopy 

(TEM), using uranyl acetate (2%) as negative staining, and by thioflavin T (ThT) binding assay. An aliquot of 25 

µL of each sample was mixed with 175 µL of filtered ThT 50 µM solution and the fluorescence was measured 

using a Perkin Elmer LS 50B fluorescence spectrometer. 

 

RESULTS 

The aggregation of Aβ(1-42) was studied in the presence of PFOA above its critical micelle concentration (CMC). 

The CMC of PFOA in 10 mM Hepes buffer is 12.2 mM (6). TEM analysis demonstrated that Aβ(1-42) aggregates 

into amyloid fibrils in the presence of 18.8 mM of PFOA, similarly to what is observed for the peptide incubated 

alone (Figure 1).  

 

    

Figure 1.  TEM images of Aβ(1–42) incubated at 37ºC. A) Aβ(1–42) alone at 0 hours; B) Aβ(1–42) alone after 6 days; C) 

Aβ(1–42) with PFOA (18.8 mM) after 6 days. The scale bar corresponds to 200 nm. 

 

A significant binding to ThT is observed for Aβ(1-42) incubated alone at 37ºC for 6 days (Figure 2). The mixture of 

Aβ(1-42) and PFOA shows an increase of the ThT fluorescence intensity. This means that the presence of PFOA 

micelles accelerates the Aβ(1-42) aggregation (Figure 2). 

 

 
Figure 2.  Effect of PFOA micelles on Aβ(1–42) fibril content as monitored by ThT fluorescence at 37ºC. 
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For comparison, the aggregation of Aβ(1-42) was also studied in solutions of other anionic micelles (SDS) and 

non-ionic micelles (OG). TEM analysis demonstrated that SDS retards or even inhibits the aggregation of the 

peptide. OG, on the other hand, leads to the formation of Aβ(1-42) amyloid fibrils (Figure 3).  

  

Figure 3.  TEM images of Aβ(1–42) incubated with micelles at 37ºC for 6 days. A) Aβ(1–42) with SDS (14.0 mM); B) 

Aβ(1–42) with OG (28.8 mM). The scale bar corresponds to 200 nm. 

 

DISCUSSION 

Anionic SDS micelles inhibit the aggregation of Aβ(1–42) peptide. The surfactant micelles interact with Aβ(1-42) 

through electrostatic interactions and the surrounding micelles induce an electrostatic repulsion between the 

peptide molecules. OG and PFOA are not able of inhibiting the structural changes and aggregation of the 

peptide. Uncharged micelles cannot prevent the peptide-peptide ion-pairing interactions. In the case of the 

fluorinated anionic micelles, these interactions could also not be prevented, as PFOA is a weak acid. As in this 

study, a previous work with Aβ(1-28) and charged surfactants demonstrated that the inhibition of amyloid fibril 

formation is highly dependent on the surface charge of micelles (7). 
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ABSTRACT 

Amyloidosis is a protein misfolding disease characterised by the extracellular deposition of insoluble fibres. 

Serum amyloid P component (SAP) is a disc shaped plasma protein universally associated with amyloid 

deposits; it has a potent molecular chaperone activity and has been reported to both inhibit and promote 

fibrillogenesis depending upon its oligomeric state. In vivo – in the presence of calcium ions – SAP exists as a 

pentamer, but in the absence of calcium ions it forms a stable decamer. Here we report the X-ray structure of 

the SAP decamer which shows that the two pentamers stack B-face to B-face. This suggests that these two 

activities reside on opposing faces of the structure. Using an insulin fibrillation assay we have confirmed the 

previous observations that the SAP decamer inhibits fibrillogenesis and that the SAP pentamer promotes it.  

 

INTRODUCTION 

All amyloid deposits contain significant quantities of serum amyloid P-component (SAP); it stabilises amyloid 

fibres in vitro and contributes to amyloidogenesis in vivo (1). SAP is a homo-pentameric protein with five Mr 

25,462 protomers assembled non-covalently with cyclic symmetry in a disc with two planar faces (2). The B 

(binding) face carries a double calcium binding-site on each subunit through which SAP interacts with amyloid 

fibres. The opposite, A-face, bears five prominent α-helices. 

  In the absence of calcium, human SAP forms stable decamers composed of pairs of SAP pentamers.  This is 

not the in vivo form, but calcium-free SAP has often been used in in vitro experiments to circumvent the auto-

aggregation of SAP that occurs in vitro in the presence of calcium ions. Janciauskiene demonstrated that 

calcium-free SAP could prevent the Alzheimer's peptide Aβ 1-42 forming fibers (3), whereas Hamazaki 

demonstrated that in the presence of calcium SAP promotes Aβ aggregation (4).  

  We have previously reported that SAP has molecular chaperone activity in vitro; enhancing the regain of 

enzymatic activity of chemically denatured LDH on dilution of the denaturant and protecting the native enzyme 

from agitation-induced denaturation (5). These effects were observed in both the presence and absence of 

calcium and were not inhibited by small molecule ligands for SAP that block the amyloid recognition site.  
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METHODS 

SAP was purified by previously published procedures (6) and concentrated to 10mg/ml in 10mMTris/HCl buffer 

containing 140mM sodium chloride and 5mM EDTA. Crystals were grown at 4oC by the hanging drop method in 

50mM MES pH5.5, 12% PEG 4000 and 6% isopropyl alcohol. Crystals were vitrified by transfer to a 50:50 

mixture of Paratone-N and paraffin oil prior to rapid immersion in liquid ethane. X-ray data was collected at the 

ESRF. The data were indexed, integrated and scaled with XDS and XSCALE (7). Structure determination was 

carried out using the CCP4 suite of programmes (8). 

  Insulin fibrillogenesis was initiated by continual inversion of zinc free insulin (1 mg/ml) solutions on a revolving 

tube mixer. Thioflavin-T fluorescence spectra were measured (excitation wavelength 442 nm) after six days to 

quantify the relative amounts of cross-β fibres according to published methods (9). Fibrillogenesis experiments 

in calcium free conditions were conducted in 20mM TRIS pH 8,150mM NaCl, 0.1% NaN3. Fibrillogenesis 

experiments with calcium ions were conducted in 20mM TRIS pH 8, 600mM NaCl, 2mM CaCl2, 0.1% NaN3, in 

order to avoid auto-aggregation of SAP (0.2 mg/ml).  

 

RESULTS 

  The crystal structure shows a decamer with two pentameric rings stacked B-face to B-face (figure 1.). No 

calcium ions are present and a loop comprising of residues 134-150, which is normally stabilised by calcium 

ions, is displaced and binds in the grove between two subunits on the opposite ring, stabilising the decamer. 

 
Figure 1.  The calcium free SAP decamer viewed from the side to show the stacking of the two pentamers. The 

upper pentamer is shown as a cartoon illustrating the secondary structure elements; the molecular surface of 

the lower pentamer is shown in white.  Residues 134-151 of each subunit (coloured yellow) are displaced from 

the B-face and bind in a grove between two subunits on the opposite ring. The inset shows the detail of the loop 

movement. The position of the loop in the native pentamer is shown in blue and its position in the calcium free 

decamer is shown in green. Curved black lines are drawn between equivalent residues in each loop. 

Electron density for this loop is complete in four of the ten subunits and the two rings are slightly tilted with 

respect to each other, suggesting a high degree of conformational flexibility. 
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  In the light of the decamer structure we have revisited the effect of SAP on amyloidogenesis. We used an 

insulin fibrillation assay that we have developed and monitored the quantity of fibres formed using Thioflavin-T 

fluorescence. In the presence of calcium, SAP pentamers increased fibrillation by 52%, but in the absence of 

calcium ions, the SAP decamer reduced fibrillation by 55% 

 

DISCUSSION  

The calcium-free SAP decamer was previously assumed to be an A-face to A-face decamer (10). This caused 

difficulty in the interpretation of our observation that the chaperone activity of SAP is independent of calcium. 

The crystal structure of calcium-free SAP presented here shows a B-face-to-B-face decamer with the protease 

sensitive loops from the calcium-binding site extended to clasp the opposite pentamer.  

  Although the calcium-free decamer is not physiological, it allows us to separate the chaperone activity from the 

pro-fibrillation and fibril binding activity on the B-face – which is obscured in the decamer. In its native 

pentameric form both activities will be present. SAP is therefore an extracellular chaperone with two distinct 

chaperone activities; the chaperone activity seen in the decamer and a pro-fibrillation activity associated with 

the calcium binding site. 
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HOW DOES AMYLOID CAUSE CELL INJURY? 

To date two fundamental mechanisms have been proposed, and there may be others to be discovered in the 

future. One is based on the gross and microscopic appearance of amyloid as described at organ and tissue 

levels respectively [1]. The other is based on more recent work stemming primarily from observations in tissue 

culture. 

  Organs infiltrated with substantial quantities of amyloid, regardless of type, become firm and lose their flexibility 

which may affect their physiological function. An example is the heart whose ability to fill and propel blood may 

be significantly impaired by the rigidity imposed by the presence of amyloid. At a histological level amyloid is 

generally deposited along the stromal architecture in the extra-cellular matrix between blood vessels and 

parenchymal cells [1]. This may impair the transfer of nutrients to, and of metabolic and functional products 

from, these parenchymal cells affecting their physiological function. An example is adrenal insufficiency in cases 

of severe systemic AA amyloidosis. Histological observations also suggest that amyloid deposits surround 

parenchymal cells and constrict the space about these cells [1]. These ways by which amyloid potentially alters 

cell viability and function were first suggested many decades ago, long before we obtained some understanding 

of the fibrillary nature of amyloid and the potential mechanisms by which such fibrils are generated. Although 

these older perspectives are no longer in fashion there is little experimental evidence that rules them out. 

  Alternative proposals have arisen in the last 20 years based on tissue culture data. Attempts to determine 

whether large amyloid deposits, as seen histologically, had toxic properties vis a vis cells in cell culture proved 

disappointing. In contrast oligomeric units (small aggregates, not necessarily fibrillar) of amyloidogenic proteins 

did adversely influence cell viability [2,3]. It was therefore proposed that it was small fibrils/oligomers, rather 

than the large amyloid aggregates formed in vivo that were responsible for cell toxicity and altered cell viability 

and physiology in vivo. This conclusion is only partly true, and the exclusion of the effects of large deposits is 

premature. The anatomic relationship of large aggregates to cells in culture is in no way analogous to amyloid 

seen in the extra-cellular matrix between cells, and between cells and capillaries, in vivo. Nevertheless, there is 

ample evidence that oligomers do have an effect on cell viability in culture and in vivo. An interesting example is 

impaired cardiac function in AL amyloid and its positive correlation with the plasma level of free amyloidogenic 

light chains rather than the amyloid load in the heart [4]. When treatment reduces this free light chain load 

cardiac function tends to improve. More recent studies have revealed that amyloidogenic monomers can form 
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beta barrels and they, as well as oligomers, can insert themselves into cell membranes (plasma membranes 

and intracellularly) altering cell permeability, or creating membrane pores, and impairing mitochondrial and 

endoplasmic reticulum function with devastating consequences [2,3]. It may well be that both oligomers as well 

as large deposits are operative in vivo but only one can be demonstrated in culture. The in vivo roles of large 

deposits and oligomers are not mutually exclusive. 

 

HOW DOES AMYLOID GET TO THE RELEVANT TISSUES AND CE LLS?   

Deposition of amyloid may occur at, or close to, the site where the amyloidogenic precursor is synthesized, or at 

a site remote from its site of synthesis.  

  1) At the site of synthesis fibrillogenesis may occur within the cell or extra-cellularly. Examples of the former 

are fibrils found within the light chain synthesizing cells in multiple myeloma, phosphorylated tau fibrils found in 

neurons containing neurofibrillary tangles and amyloid-like fibrils seen in various species of yeast. In all these 

situations the oligomers can adversely influence the cells as described above. Examples of the latter are AIAAP 

amyloid deposits found in the islets of Langerhans in type 2 diabetes and Aβ deposits in the central nervous 

system in Alzheimer’s disease. The IAPP form of amyloid is also instructive for several additional reasons. IAPP 

fibrils may also be found in the β-cells of the islets [5], their site of synthesis, and throughout the islets though 

not beyond its confines. If the iapp protein, or its initial fibrils, can diffuse beyond its cell of origin in the islets why 

does it not also diffuse to and involve the immediately adjacent exocrine portions of the pancreas? What are the 

factors that restrict its deposition to the islets? This question also recurs in “extracellular amyloid deposition 

remote from the site of synthesis” but in a somewhat different but more important context.  

  2) Extracellular amyloid deposition remote from the site of synthesis of the protein precursors occurs in many 

forms of systemic amyloidoses such as AA, AL, ATTR and AApoAI. Though there are many examples that can 

be discussed only AA and ATTR will be considered, as together they identify a series of questions that are not 

being addressed in studies of in vitro fibril formation. Furthermore these questions raise concerns about some of 

the conclusions reached by such in vitro studies. 

  The precursor to AA amyloid, serum amyloid A (SAA), is synthesized primarily in the liver and during an 

inflammatory reaction its plasma concentration may increase 1000 fold. However, the deposition of SAA as AA 

amyloid occurs first in the spleen and specifically the perifollicular zone within this organ. This is the filtering 

zone within the spleen and one can argue that high concentrations of SAA may lead to the formation of 

oligomers in the plasma which are then cleared by the spleen. If it is true that oligomer formation is the common 

pathway of amyloid precursors to amyloid deposits then other amyloid precursors which exist in plasma should 

also follow this deposition pattern and be found in the perifollicular zone in the spleen. This however is not the 

case. Transthyretin (TTR), the precursor to ATTR, is also made primarily in the liver but its anatomic distribution 

as amyloid appears to be a related to particular mutations, or lack of mutations, involved. Wild-type TTR is seen 

mainly in the heart later in life, the peripheral nervous system is the preference of one mutation and in another it 

is the leptomeninges. The spleen is rarely involved in ATTR. If oligomers play the role proposed from in vitro 

studies they must then be generated not in the plasma but in the micro-locale where they are deposited. We 

know very little about these micro-environmental factors and how they may determine which organ is targeted 

by the different amyloidogenic proteins and in particular why single amino acid substitutions in a specific 

amyloidogenic protein changes the organs targeted. 
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POTENTIAL FACTORS INFLUENCING TISSUE TARGETING 

The fact that single amino acid substitutions can change the tissue site of amyloid deposition suggests that 

some of the information determining this deposition resides in the amyloid protein itself. But, with what does the 

amyloidogenic protein interact? Though possible, it is unlikely that the ionic composition of interstitial fluid in the 

tissue stroma varies significantly from one anatomic locale to another which suggests that our attention should 

focus on larger molecular entities with which the amyloidogenic may interact. At least two possibilities come to 

mind. 1) Protein:Protein interactions in a ligand:receptor nature as one may see in antigen:antibody   binding, 

and 2) Protein:Glycosaminoglycan, particularly heparan sulphate (HS) interactions for which there is a 

substantial literature in amyloid research [6]. Though HS has a common repeating disaccharide backbone there 

is ample variation in its pattern of sulphation and epimerization to account for differences between tissues. 

Furthermore, these structural variations also change with age and physiological states. Precisely how proteins 

bind/interact with HS and where the specificities lie awaits additional research. 

 

TISSUE TARGETING AND THE MECHANISM OF AMYLOID FORMA TION AND CELL INJURY 

A consideration of the general determinants that govern which tissues are targeted by which amyloidogenic 

proteins is an aspect that, at present, is not being, or cannot be, assessed in vitro. Just as “large deposits” when 

assessed in culture lose their relationship to cells, capillaries and stroma as seen in vivo, the behaviour of 

oligomers in vitro do not necessarily indicate how and where these are formed in vivo. They are not likely to be 

formed in the blood stream as, being particulate, they would then all have a similar tissue distribution, which 

they do not. This suggests that oligomers are formed locally and are therefore subject to the same factors that 

determine specific tissue distribution of amyloids. If so is the process really different than the formation of large 

deposits, or are they just different stages of the same process? 
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ABSTRACT 

Responses of cells to newly synthesized misfolded proteins have been extensively studied in bacteria, yeast 

and mammalian cells. Cellular self-protection from the toxic effects of protein aggregates is an ancient process 

and has evolved to meet the needs of metazoans. It is easy to understand how extreme degrees of protein 

misfolding can exceed the cell’s capacity for self-defense and result in cell damage and disease. With the 

acquisition of specialized systems for secretion and compartmentalization of cellular functions the mechanisms 

have become more differentiated. We now recognize cytoplasmic chaperones, chaperones of the endoplasmic 

reticulum and specific mitochondrial.chaperones. Yet in the systemic amyloidoses proteins that have the 

capacity to misfold and aggregate transit the synthesizing cell, circulate and do their damage at a distant tissue 

site. For TTR we propose that successful chaperoning in the synthesizing hepatocyte by an active unfolded 

protein response reduces the occurrence of deposition in the heart.  

 

INTRODUCTION 

Diseases associated with protein misfolding may be manifested by loss of normal function or a gain of toxic 

function.  The loss of function states may be related to distortion of an active site or the inability of the misfolded 

molecule to transit the cell to reach its normal functional compartment or both.  In contrast the amyloidoses are 

disorders characterized by a gain of toxic function, which may or may not be accompanied by actual diminished 

function of the substrate protein. In neurodegenerative disorders such as Parkinson’s and Huntington’s diseases 

the aggregated synuclein or huntingtin are visible as cellular inclusions, which makes sense since the proteins 

misfold and aggregate intracellularly presumably very close to the time of synthesis. It is possible to accelerate 

experimental models of these disorders by making elements of the intracellular chaperone system defective. 

The pathologic phenotype can be ameliorated by decreasing the abundance of aggregates by transfecting the 

synthesizing cells with genes encoding known chaperones (1;2). In the systemic amyloidoses, notably those 

related to TTR deposition, intracellular inclusions are never seen in the synthesizing hepatocytes (although that 

may not be true for choroid plexus epithelial cells), and the variants are secreted, circulate and deposit at a 

distance from the liver in the heart, gastrointestinal tract, peripheral nerves and connective tissue.  It has been 
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shown in tissue culture studies, that the most unstable variants, TTR D18G, for example, are not secreted (3).  

However, patients producing D18G protein do not have hepatic inclusions (4). The tissue culture studies 

strongly indicate that much of the protein is degraded by endoplasmic reticulum associated degradation 

(ERAD). All  these patients have a characteristic oculo-leptomeningeal clinical picture related to the in situ 

deposition of the mutant TTR in the leptomeninges where it is synthesized by choroid plexus epithelium and 

leptomeningeal cells of the same cell type (5). However some of these patients have peripheral deposits in the 

skin, kidneys, ovaries, heart, spinal ganglia and cutaneous lymphatics, suggesting either that the mutant 

proteins are synthesized and secreted locally (by kidney, skin or Schwann cells) or by the liver and reach the 

site of deposition through the circulation (4;6). The latter is consistent with studies showing that cultured 

hepatoma cells are more capable of secreting D18G than cultured BHK cells or choroid plexus epithelium in the 

absence of thyroxine (T4) (3). These studies illustrate that the mechanisms engaged in defense against the 

toxicity of aggregated proteins may vary both qualitatively and quantitatively among various cell types. 

  We have previously described a mouse strain that is transgenic for 90 copies of the wild type human TTR gene 

that develops age dependent human TTR deposition in the heart and kidneys beginning at about one year of 

age (7). We have used the model to explore some aspects of the pathogenesis of human TTR deposition and 

performed the current studies in an attempt to determine if there is a significant hepatic protein homeostatic 

response to the extreme overproduction of an amyloidogenic protein and whether the response had any impact 

on the distal deposition of the TTR aggregates. We also wished to analyze the molecular response of a bona 

fide deposition target tissue for changes that enabled deposition or were associated with resistance to the 

process. 

  

METHODS 

We performed microarray transcriptional analyses of RNA pools from livers and hearts of male mice transgenic 

for approximately 90 copies of the wild type TTR gene that were 3 and 24 months old (8). Pools contained equal 

amounts of RNA for each experimental condition. Comparisons were made with age and gender matched 

control mice as well as between transgenic mice with and without histologically documented cardiac deposition 

of human TTR. 

 

RESULTS 

None of the mice had cardiac deposition at three months of age. At 24 months about half the animals showed 

cardiac TTR deposition. In most instances the deposition was non-fibrillar but some animals showed classic 

Congophilic deposits with the characteristic birefringence under polarized light. 

  

HEPATIC TRANSCRIPTION  

Livers from 3 month old transgenic mice showed almost 400 genes that were more highly transcribed than in 

the non-transgenic mice and 258 genes that were in lower abundance. Thirty-two genes involved in some 

aspect of inflammation were increased, while ten were decreased. There was no evidence of a specific antibody 

or T-cell response. Genes encoding an anti-oxidant response as well as genes encoding mitochondrial proteins 

were increased. There was a small increase in genes involved in apoptosis but a considerable increase in 

genes encoding matrix proteins such as extracellular matrix protein 1, biglycan, secreted acidic cysteine rich 
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protein and procollagen XIV, alpha 1 among others. Several p38 associated Map kinases were also more highly 

expressed including ERK1. Most interesting from our perspective was the increased transcription of genes 

regulated by Xbp1s, the initiator of the unfolded protein response. These included Derlins 1 and 2 and the 

secretory transporters SEC24c, SSr2 and Spcs2. In addition the HSP40 homolog Dnajb1, the cytoplasmic 

chaperone Cct3 and a number of components of the proteasome-ubiquitin system. 

  More striking were the differences in liver transcript abundance between mice in which there were documented 

cardiac deposits and those in which such deposits could not be detected. In the mice showing cardiac 

deposition there was almost no evidence of activation of any of the elements of protein homeostasis, except for 

an increase in Tribbles 3 a protein thought to be a negative feedback inhibitor of the ATF4 pathway. There was 

a small relative increase in the number of inflammatory genes transcribed all of which appeared to be interferon 

driven. In the livers of the mice without cardiac deposition there was increased expression of Xbp1, which on 

qtPCR analysis was the spliced form, there were increases in cytoplasm chaperone associated molecules 

including Dnajb1 and Dnaja4, AHA1 a co-chaperone of HSP90. Interestingly the mice without cardiac deposition 

also had lower levels of both human and murine TTR mRNA, lower levels of hepatic transcription in general and 

lower serum TTR levels, all of which have been reported in the context of the unfolded protein response in 

simpler experimental systems. 

 

CARDIAC TRANSCRIPTION  

In the hearts of the young transgenics approximately 250 genes were increased and 300 were decreased 

relative to the age matched wild type mice. The most striking difference was in the number of inflammation 

associated genes showing an increase relative to the non-transgenic mice (40 increased, 4 decreased).  In 

contrast to the liver there was a suggestion of a specific immune response in these mice with increases in both 

Ig and some T-cell receptor genes. There were decreases in genes encoding mitochondrial proteins, cardiac 

structural genes and surprisingly genes encoding proteasome components and three genes involved in 

autophagy LC3, Rab1b and cathepsin D. 

  In the hearts of the two year old mice there were striking differences between the transcripts in the presence of 

TTR deposits and those transgenics in which there was no cardiac deposition. In the hearts with deposition 

more than 500 transcripts were increased relative to the hearts without deposition while only one hundred and 

thirty were decreased. In the hearts without deposition only 140 genes showed a relative increase but 60 of 

them were inflammation associated with no evidence for specificity of the response. There was no evidence of a 

stress or anti-oxidant response in those hearts.  In the hearts with deposition there was a profound oxidative 

stress response with increases in cytosolic chaperones, proteins regulated by HSF1, ER-associated FK506 

binding proteins, peptidylprolyl isomerases, proteasome element encoding genes, many elements of the 

ubiquitin system and some autophagy related proteins. Genes involved in apoptosis were increased as were a 

set of genes involved in glutathione metabolism. Twenty three genes involved in inflammation were more highly 

expressed in these hearts including genes encoding Ig heavy chains, light chain and J-chain, suggesting an 

adaptive immune response perhaps diminished from that seen in the hearts from the younger transgenics prior 

to deposition. Ribosomal and mitochondrial gene transcripts were highly increased with substantial 

representation of genes involved in fatty acid metabolism and energy generation. There was also a collection of 

transcripts that are related to the response to hypoxia including Hif2 alpha, and Vegf A. 
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DISCUSSION 

The experiments reported here represent a concerted attempt to systematically apply molecular techniques to 

an organismal model of systemic amyloidosis. Prior studies have examined the expression of particular proteins 

as either amyloid precursors or responders to the process of amyloidogenesis in vivo (9;10). More detailed 

studies have generally been performed in isolated cell culture systems, which are easier to manipulate but may 

not be entirely relevant to what takes place in vivo.  We have been able to examine the systems biology of both 

the TTR synthesizing tissue and that of the major target tissue for TTR deposition. While our analyses may be 

compromised by the fact that we have examined mixed cell populations the experimental design and the 

strength of the signals obtain allow us to draw some tentative conclusions. We must express the additional 

caveat that it is not clear that the response to over-expression of the relatively stable wild type TTR molecule is 

necessarily the same as that seen in the presence of an unstable mutant TTR, particularly as unstable molecule 

as TTR D18G, which has been studied by two groups and shown to be subject to ERAD activity in cultured BHK 

and CHO cells (3;11). Importantly the prior studies clearly showed differences in the proteostatic capacity of 

cells of different origins. 

  That being said we believe that our experiments reveal several interesting features of the response to over-

expression of a protein that has a tendency to dissociate to yield an amyloidogenic subunit. Prior to the time 

there is any tissue deposition the synthesizing cells display transcriptional evidence of an inflammatory and anti-

oxidant response, increased transcription of extracellular matrix genes and clear evidence of activation of genes 

involved in the unfolded protein response. With aging maintenance of the UPR, as defined by increased 

abundance of Xbp1s, decreased transcription and lower serum TTR concentration, appears to be associated 

with the absence of cardiac TTR deposition. The mice with cardiac TTR deposition show no evidence of a 

sustained UPR or ERAD response, transcription of a set of interferon responsive genes and some evidence of 

an anti-oxidant response. It is not clear if the apparent lack of response represents active suppression (via 

Tribbles 3) or a diminished capacity to maintain an effective UPR because of the effects of aging or oxidative 

damage secondary to lifelong exposure to over-production of a potentially amyloidogenic protein.   

  The cardiac response to the over-expressed TTR transgene is manifested early by a robust inflammatory 

response, which is largely non-specific. In the mice that do not develop deposition the inflammatory 

transcriptome persists however in the presence of TTR deposits the nature of the inflammatory response is 

narrowed with more evidence of specificity. There is evidence of an HSF1 driven stress responses with 

increases in both cytoplasmic and ER-associated chaperones. Xbp1 transcription is increased but there is no 

apparent increase in the spliced form that drives the UPR. Mitochondrial gene transcriptional activity is 

increased reflecting increased energy demands associated with in increase in transcription of genes associated 

with the response to hypoxia. 

  In summary we believe that “chaperoning at a distance” in which the quality control system of the liver prevents 

the secretion of the misfolded or potentially misfolded TTR is at least partially responsible for protecting the 

heart from TTR deposition. While we cannot discern what determine which livers will be able to perform the 

function throughout life we can detect the response. However that does not appear to be the only factor 

involved.  It is clear that the transcription pattern of the hearts of the young transgenics differs from that of mice 

not expressing the transgene in a very profound way. Surprisingly the response is inflammatory and reflects 

either an intrinsic anti-inflammatory capacity of the cardiac transcriptome or a population of inflammatory cells 

that is either resident in or traversing the heart. In any case it must be a response to something in the circulation 
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most likely some form of TTR in a partially misfolded state or complexed to some other molecule. We have not 

yet identified the entity. It is possible that a similar molecule circulates in humans with TTR tissue deposition.  
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ABSTRACT 

Transthyretin (TTR) is an amyloidogenic protein involved in senile systemic amyloidosis. The interaction 

between heparan sulfate proteoglycan (HSPG) and TTR is a key-phase for the development of amyloid 

deposits. A novel biochromatographic approach was developed to measure the thermodynamical data for the 

binding of a commercial TTR (TTRc) and a senile TTR (TTRs) to HSPG in a wide temperature range and at 

different pH of the medium. The TTRc (or TTRs)-HSPG binding was enthalpically driven. The negative values of 

thermodynamic data showed that van der Walls and hydrogen bonds were preponderant in the association 

mechanism. At pH= 6, the strongest value obtained for TTRs (∆HTTRc= - 11.9 kJ.mol-1, ∆HTTRs= -8.1 kJ.mol-1) 

suggested a conformational change between TTRc and TTRs in the binding mechanism. This conformational 

change may enhance more favorable electrostatic interactions between the sulfate groups of HSPG and the 

basic amino acids of TTRs. 

 

INTRODUCTION 

Human transthyretins (TTR) is a plasmatic protein transports the thyroxin (T4) and the retinol binding protein 

carrier. TTR is a tetrameric β-sheeted structure and TTR misfolding and aggregation is known to be associated 

with amyloid diseases (ATTR) [1] as senile systemic amyloidosis (SSA). SSA is constituted by insoluble fibrils 

made of proteins and other constituents as heparan sulfate proteoglycan (HSPG). HSPG is a major component 

of extracellular matrices and interacts with a multitude of proteins. HSPG has been found in almost all amyloid 

deposits [2] and is known to accelerate fibril formation in vitro. Little is known about the in vivo TTR-HSPG 

interactions. In order to better understand the association mechanism TTR-HSPG, a novel biochromatographic 

column was developed to evaluate the thermodynamlc data of this binding. 
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METHODS 

A novel stationary phase based on HSPG was developed for HPLC. HSPG was immobilized on NH2-silica 

spherical particles (3 µm) into a 50 mm*4,6mm column. The mobile phase consisted of a phosphate buffer 

pH=7.4 (0.01 M) [3, 4]. TTRs was obtained by extraction from cardiac tissue [5] provided by an American patient 

with senile cardiac amyloid. TTRc was provided by Sigma Aldrich France. The phosphate buffer was prepared 

by mixing equimolar solutions of mono- and dibasic sodium phosphate to produce the desired eluent pH 

adjusted to values equal to 7.4, 7, 6.5, 6 and 5.5. The experiments were carried out over the temperature range 

5-35°C and at 214 nm detection wavelength. For each  pH value, 20 µL of TTR in PBS pH 7.4 was injected and 

the retention factors k’ were determined.  

 

RESULTS  

The association constant TTR-HSPG represented by the retention factor k’ (Figure 1.) was calculated. The 

corresponding Van’t Hoff plots were all linear suggesting no temperature dependence in the association 

mechanism. The TTRc (or TTRs)-HSPG binding was enthalpy driven. The negative values of the 

thermodynamic data (Table 1.) demonstrated that van der Walls and hydrogen bonds were preponderant in the 

association mechanism. At pH= 6, the highest value for TTRs (∆HTTRc= - 11.9 kJ.mol-1, ∆HTTRs= -8.1 

kJ.mol-1) suggested a conformational change between TTRc and TTRs. This difference was explained by more 

favorable electrostatic interactions due to protonation of a histidine residue (pKa = 6.04) which interacted with 

the sulfate groups of HSPG. 

 

 

 

Figure 1.  Temperature dependence of the ln k’ values of TTR (a: TTRc, b: TTRs) at pH=7.4 

 

DISCUSSION AND CONCLUSION 

This biochromatographIc approach allowed us to study interactions between heparan sulfate proteoglycan and 

transthyretin. Van der Waals and hydrogen bonds governed this association mechanism. Differences observed 

between TTRs and TTRc at pH= 6 were due to a histidine residue protonation which enhanced more favorable 

electrostatic interactions for TTRs.  
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Table 1.  Thermodynamic parameters for the binding of TTRs or TTRc to HSPG (∆H° ( kJ/mol); ∆S°* (no unit))  

pH ∆H°(TTRs) ∆S°*(TTRs) ∆H°(TTRc) ∆S°*(TTRc) 

7.4 -9 -2.4 -13.5 -5.1 

7 -11.2 -3.5 -13 -4.6 

6.5 -12.4 -4 -12.3 -4 

6 -8.2 -2.5 -11.9 -3.4 

5.5 -9.7 -2.5 -9 -1.7 
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ABSTRACT 

The majority of the mutations in the transthyretin (TTR) gene associated with hereditary TTR amyloidosis result 

in cardiac and peripheral nervous system involvement. About a dozen TTR gene mutations, however, result in 

amyloid deposition in the leptomeninges. Plasma TTR synthesized by the liver is the source for cardiac and 

peripheral nerve TTR amyloid, and TTR synthesized by the choroid plexus is the source for leptomeningeal 

amyloid. Amyloid protein was isolated from the leptomeninges of heterozygous Val30Gly, Gly53Arg, and 

Tyr114Cys TTR patients and biochemically characterized to determine if differences exist in the leptomeningeal 

TTR deposits compared to other organs.  In all three cases, essentially all of the leptomeningeal amyloid TTR 

was derived from variant TTR. In contrast, cardiac and peripheral nerve TTR amyloid usually contain 50-70% 

variant and 30-50% wild-type TTR. These results suggest that differences may exist in the processing pathway 

of TTR to amyloid deposits in heart and leptomeninges. 

 

INTRODUCTION 

Over 100 mutations in the transthyretin (TTR) gene are associated with hereditary TTR amyloidosis (1).  The 

majority result in peripheral nervous system and cardiac involvement. However, about a dozen TTR gene 

mutations are characterized by amyloid deposition in the leptomeninges with little, if any, deposition in visceral 

organs. What determines the differences in organ targeting by the various TTR mutations is unknown. TTR is 

synthesized by the liver, choroid plexus, and retinal pigment epithelium. Plasma TTR synthesized by the liver is 

the source for peripheral nerve and cardiac amyloid. TTR synthesized by the choroid plexus is the source for 

leptomeningeal amyloid. To elucidate whether differences exist in the leptomeningeal TTR amyloid deposits 

compared to other organs such as nerve and heart, we have biochemically characterized the amyloid protein in 

the leptomeninges of TTR patients. 
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METHODS 

Isolation of Amyloid Protein: Brain tissues were obtained at autopsy from three patients heterozygous for the 

Val30Gly, Gly53Arg, or Tyr114Cys TTR mutation and stored at -80° C. Amyloid protein was isolated as 

previously described (2). Leptomeninges were dissected from brain tissue, and amyloid fibrils were isolated by 

repeated homogenization in 0.1 M sodium citrate, 0.15 M sodium chloride and centrifugation. Isolated fibrils 

were solubilized in 6 M or 8 M guanidine hydrochloride, 0.5 M Tris, pH 8.3 containing 1 mg EDTA/ml and 10 mg 

dithiothreitol/ml, alkylated with iodoacetic acid, and centrifuged. The supernatant was fractionated on a 

Sepharose CL6B column equilibrated and eluted with 4 M guanidine hydrochloride, 25 mM Tris pH 8.3.  Pooled 

fractions were exhaustively dialyzed against water and lyophilized. 

  Characterization of Amyloid Protein: Sepharose CL6B pools were analyzed by SDS-PAGE using a Tris-Tricine 

system, and were electrophoretically transferred to polyvinylidene difluoride membrane (3). Samples were 

digested with trypsin in 0.1 M ammonium bicarbonate, and the resulting peptides were fractionated by reverse-

phase HPLC on a Synchropak RP8 column eluted with an acetonitrile gradient in 0.1% trifluoroacetic acid in 

water. Samples were analyzed by Edman degradation analysis on an Applied Biosystems Procise 491 cLC 

protein sequencer using the manufacturer's standard cycles. 

 

RESULTS 

SDS-PAGE analysis of the Sepharose CL6B pools of the amyloid protein from the Val30Gly and Gly53Arg 

leptomeninges showed several prominent bands in the 7-12 kDa region and a weak band at 15 kDa 

corresponding to intact TTR. Edman analysis of the 7-12 kDa bands after transfer to PVDF indicated major 

sequences starting with residues 49 and 52 of TTR suggesting that the amyloid TTR was highly proteolyzed 

around the residue 49 region. Edman analysis of the 15 kDa band indicated sequences starting with residues 1, 

3, and 5 of TTR. SDS-PAGE analysis of the pools from the Tyr114Cys leptomeninges showed a prominent 

band at 15 kDa and weak bands in the 8-11 kDa area. Edman analysis of the 15 kDa band showed sequence 

starting with residues 1,3, and 5 of TTR, while the 8-11 kDa bands showed major sequences starting with 

residues 49 and 52 of TTR. These results indicate that the Tyr114Cys leptomeningeal amyloid is composed 

mainly of intact TTR with minor amounts of proteolysis in the residue 49 region. 

  The relative amount of wild-type and variant TTR in the leptomeningeal amyloid was estimated from the 

recovery of tryptic peptides containing residues 22-34 of TTR with wild-type Val30 or variant Gly30 from trypsin 

digests of the pools from the Val30Gly TTR patient, from the recovery of tryptic peptides containing residues 

104-127 of TTR with wild-type Tyr114 or variant Cys114 from trypsin digests of the pools from the Tyr114Cys 

TTR patient, and from the recovery of tryptic peptides containing residues 49-70 of TTR with wild-type Gly53 or 

variant Arg53 from trypsin digests of the pools from the Gly53Arg TTR patient. For the Val30Gly and Tyr114Cys 

TTR patients, no tryptic peptides containing the wild-type residue were found, only peptides with the variant 

residue. For the Gly53Arg patient a very minor amount of peptide with wild-type Gly53 was found besides the 

peptides with variant Arg53 (≤ 3% wild-type Gly53 and ≥ 97% variant Arg53). These results indicate that the 

leptomeningeal TTR amyloid in these three patients was derived exclusively or almost exclusively from variant 

TTR. 
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DISCUSSION 

Leptomeningeal amyloidosis is a rare central nervous system manifestation of hereditary TTR amyloidosis.  

Clinical manifestations include ataxia, spasticity, seizures, dementia, subarachnoid hemorrhage, and impaired 

consciousness. TTR mutations in exons 2, 3, and 4 have been reported associated with leptomeningeal 

amyloid. Our previous studies of cardiac and peripheral nerve tissues from hereditary TTR amyloid patients 

heterozygous for the TTR mutation have shown that the amyloid TTR is significantly proteolyzed in the area 

around residue 49 in both tissues (4-6). The Val30Gly and Gly53Arg TTR amyloid in the leptomeninges showed 

similar extensive proteolysis in this region while the Tyr114Cys TTR amyloid showed minor proteolysis. Cardiac 

TTR amyloid contained both wild-type and variant TTR with the variant predominating, 50-70% variant and 30-

50% wild-type TTR (4,5). Similarly nerve TTR amyloid contained both wild-type and variant TTR with the variant 

predominating, 60-65% variant and 35-40% wild-type TTR (6). In contrast, the leptomeningeal amyloid was 

composed entirely or almost entirely of variant TTR, 97-100% variant and 0-3% wild-type TTR. These results 

suggest that differences may exist in the processing pathway of TTR synthesized by the liver to cardiac and 

peripheral nerve amyloid deposits, and of TTR synthesized by the choroid plexus to leptomeningeal amyloid 

deposits. 
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ABSTRACT 

To evaluate the pathological circumstances among various tissues of familial amyloidotic polyneuropathy (FAP) 

patients with liver transplantation (LT), we investigated histopathological features and wild-type (WT) 

transthyretin (TTR) proportions of amyloid deposition in various tissues of 11 autopsied FAP ATTR V30M 

patients (4 patients died over 10 years after LT and 7 without LT). Patients with LT showed severe amyloid 

deposition in heart and tongue and WT TTR ratios of amyloid deposition were over 90% in most tissue sites. 

WT TTR ratios of amyloid in heart and tongue were higher than those in other tissue sites of the patients without 

LT. Pathological features of FAP after LT may be different from those of the patients without LT.  

 

INTRODUCTION 

It has been widely accepted that liver transplantation (LT) halts the symptoms of familial amyloidotic 

polyneuropathy (FAP) patients who had been carefully selected for LT (1, 2), while in some FAP patients, LT 

reportedly failed to prevent progression of cardiac amyloidosis (2). However, pathological features of FAP 

patients with LT are still unknown (3). In this study, to evaluate the pathological features of FAP patients with 

LT, we investigated histopathological features and amyloid components in autopsied FAP patients with and 

without LT. 

 

METHODS 

We evaluated 4 autopsied FAP ATTR V30M patients who had survived more than 10 years after LT.  The other 

33 patients who had undergone LT were still living.  We also studied 7 non-LT FAP ATTR V30M patients who 

were autopsied at Kumamoto University Hospital (4, 5). Tissue samples were embedded in paraffin, serially 

sectioned at a thickness of 4 µm, and placed on microscope slides. Amyloid deposition was assessed by 
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alkaline Congo-red staining, and examined under polarized light to detect the presence of green birefringence. 

In addition, we examined amyloid fibrils in heart by electron microscopy. Post-morten heart samples were fixed 

with 4% paraformaldehyde and 1% glutaraldehyde solution, and then fixed with 1% OsO4 and embedded in 

Epon. Ultrathin sections were stained with 4% uranyl acetate and lead citrate, and examined with transmission 

election microscope.  

Transthyretin (TTR) composition of amyloid deposits (ratio of WT to mutated TTR) was examined in frozen 

tissue specimens. In order to remove soluble component from frozen specimens (100 mg wet weight), we 

homogenized the tissues in phosphate-buffered saline (PBS) and centrifuged at 14,000 g for 10 min repeatedly. 

This process was repeated until the supernatant value of A280 by optical density method was 0.2 or less. 

Remaining pellet and 20% acetonitrile containing 0.1% trifluoroacetic acid incubated for 5 hours at room 

temperature and centrifuged. Supernatants were lyophilized. Lyophilized proteins were analyzed by 12.5% 

polyacrylamide gel and stained by silver staining method. A band at 15 kDa (TTR monomer) was cut from gels 

and digested with trypsin. The peptides were examined by surface-enhanced laser desorption/ionization time-of-

flight mass spectrometry. The relative amounts of WT and mutated TTR were estimated from the height of 

peaks derived from tryptic peptides of amino acid residue 22-34, which contained the mutated amino acid 

position 30. 

 

Table 1.  Information of 11 autopsied FAP ATTRV30M patients 

     M: male, F: female, NA: not available.   

 

RESULTS 

Patients with LT showed severe amyloid deposition in several tissue sites, such as heart, tongue and spinal 

code, while, less amyloid deposition was observed in other tissue sites, such as thyroid gland, glomerulus of 

kidney, peripheral nerve and gastrointestinal tract. On the other hand, amyloid deposits were severe in most 

tissue sites of the patients without LT. Electron microscopic examination revealed differences in morphology of 

cardiac amyloid fibrils in greater detail: long, straight fibrils were arranged in parallel in the patients without LT, 

whereas short, rigid fibrils were haphazardly arranged in the patients with LT. 

 Patient 
1 

Patient 
2 

Patient 
3 

Patient 
4 

Average of  
7 patients 

 With LT Without LT 
Sex M M F M M (4 patients)/ 

F (3 patients) 
Age of onset  
(years old) 

26 27 41 47 42 

Duration from onset to 
LT (years) 

3 1 6 2 NA 

Age of death 
(years old) 

42 44 57 59 52 

Duration from LT 
 to death (years) 
From onset to death 
(years) 

13 
 

16 

16 
 

17 

10 
 

16 

10 
 

12 

NA 
 

10 

Main causes of death Arrhythmia, 
alcohol-induced 

malnutrition 
and electrolyte 

abnormality 

Hepatic 
failure 

(rejection), 
Sepsis 

Cardiac 
failure 

Cardiac 
failure 
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WT TTR ratios of amyloid deposition were over 90% in most of tissue sites of the patients with LT, except for 

the spinal cord (below 25%), while WT TTR ratios of amyloid deposition were below 50% in the patients without 

LT.  

 

DISCUSSION 

Histopathological and morphological features of amyloid deposits in the FAP patients long after LT were 

different from those in the patients without LT, and were similar to senile systemic amyloidosis (SSA) (6). Mass 

spectrometric analyses revealed that the patients long after LT suffer from amyloid deposits mostly derived from 

WT TTR, which was secreted from the normal liver graft, in systemic tissue sites except for the spinal cord.  

Those results agree with several other studies (7, 8). 

  Amyloid formation in FAP patients with LT might differ from those in the patients without LT. Although FAP 

patients without LT develop amyloid deposits are mainly derived from mutated TTR, amyloid deposits in the 

patients after LT are mainly derived from WT TTR. This amyloid formation pathway may be similar to SSA and 

may also associate with old mutated TTR amyloid deposits before LT.  
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Hereditary amyloidosis are rare and lethal disorders mostly caused by mutations in transthyretin (TTR), a 

plasma protein associated with an autosomal dominant neurodegenerative disorder called Familial Amyloidotic 

Polyneuropathy (FAP).The aim of this study was to develop a yeast model of TTR expression in conditions of 

impaired endoplasmic reticulum (ER) stress response. Although expression of TTR variants in a wild type yeast 

strain did not affect cell growth, expression of TTR L12P in ∆hac1 and ∆ire1knock-out strains caused total 

growth arrest. To validate the sensitivity of ∆hac1 and ∆ire1 to ER stress response, a reporter vector expressing 

GFP under the control of the yeast ER stress promoter KAR2 was used. GFP signal was decreased in these 

two strains as compared to the wild type strain, indicating that ER stress response machinery is impaired. This 

yeast model provides the basis of a screening tool for the identification of compounds able to modulate ER 

stress response pathway in FAP. 

 

INTRODUCTION 

Amyloidosis are a group of diseases caused by the deposition of insoluble and toxic proteins in tissues (1). 

Hereditary amyloidosis are mostly caused by the extracellular accumulation of a mutated plasma protein, TTR 

that causes deposits specially in peripheral nervous system (PNS), being FAP the most common disease (2). The 

Portuguese form of FAP is associated with the mutation Val30Met. It has been reported that extracellular 

accumulation of nonfibrillar TTR aggregates resulting in cell dysfunction and death triggers calcium homeostasis, 

inflammatory and apoptotic pathways and ER stress. These molecular mechanisms appear to be involved in 

various neurodegenerative diseases including FAP (3). ER stress is generally caused by the expression and 

accumulation of misfolded proteins in the ER lumen and this process is termed ER quality control. In order to 

respond to the ER stress caused by the accumulation of misfolded proteins, cells activate a mechanism known as 

unfolded protein response (UPR). It is known that TTR can pass the quality control of the ER; however the 

molecular mechanism involved remains to be elucidated (4). In this work yeast was used as a model organism, 

which has been already validated for neurodegenerative diseases such as Alzheimer’s and Parkinson’s. 

Moreover, BIOALVO detains a patented technology based on yeast named GPS D2 platform (5). In yeast, the 

IRE1 pathway is the only UPR mechanism. Focusing on ER stress molecular mechanisms and IRE1 pathway 

genes, knock-out (KO) deletion strains for ER stress associated genes were selected (∆ire1, ∆hac1, ∆gcn2and 

∆mnl1) to express TTR (WT, Val30Met and Leu12Pro) and were used to evaluate their potential to become a 
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yeast-based platform for the screening of compounds that modulate TTR toxicity with therapeutic application in 

FAP disease, the main goal of this work. 

 

METHODS 

The TTR Leu12Pro and TTR Thr119Met cDNA were kindly provided by Prof. Maria João Saraiva. These two 

TTR mutants together with three other TTR variants (wild type, Val30Met and Leu55Pro) were cloned in an 

episomal yeast vector under the control of galactose promoter. All variants were cloned without the signal 

peptide in order to keep the protein inside the cell. To evaluate the toxic effect caused by the expression of TTR 

variants in an ER stress response impaired system, ER stress associated genes in yeast cells were selected 

through the Saccharomyces Genome Database (SGD). These selected genes were: HAC1, IRE1, GCN2 and 

MNL1. The wild type BY4741 strain and the ER stress response KO strains were transformed with the TTR 

variants. All strains were grown overnight in synthetic complete media (SC) supplemented with necessary 

carbon sources and until the OD600 nm reached the mid-log exponential phase. The media used included 

rafinose, glucose or galactose, depending on the experiments. Yeast cell viability assays in solid and liquid 

media were performed. Growth and fluorescence were monitored for 40h, measuring the OD and GFP signal 

every 4 hours on Victor 3V microplate reader (Perkin Elmer). Protein extraction was performed using a SDS 

sample buffer. TTR protein was detected by immunoblotting with anti-pre albumin antibody (DAKO) and GAPDH 

antibody was used as loading control. 

 

RESULTS 

In order to study the yeast growth effect caused by the expression of different TTR variants, cell viability assays 

in solid and liquid media were performed. The results obtained showed that expression of all TTR variants in the 

wild type yeast strain BY4741 did not affect cell growth; however TTR Leu12Pro expression in ∆hac1 and ∆ire1 

deleted strains caused total growth impairment, both in solid and liquid media (Figure 1). Interestingly, 

immunoblotting analysis revealed that this TTR variant was the least expressed, suggesting a toxic effect of the 

TTR Leu12Pro even at low protein levels. 

 

 
 

Figure 1. Expression of TTR Leu12Pro causes growth impairment in ∆Ire1 and ∆Hac1deleted strains. 

Immunoblotting result showed that this TTR variant is the least expressed in both yeast strains. 

 
The ER stress response sensitivity in the yeast strains deleted for ER stress genes was then evaluated. KO 

strains were transformed with an ER stress-responsive vector containing an EGFP reporter gene under the 

control of KAR2 promoter, inducible by tunicamycin, a compound that prompts ER stress. Cell viability assays 
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in liquid media revealed that the wild type BY4741 and deleted (∆ire1, ∆hac1, ∆gcn2 and ∆mnl1) yeast strains 

have the same growth in media without tunicamycin. However, in the presence of tunicamycin the deleted strains 

∆ire1 and ∆hac1 show minimal growth when compared with the wild type. The normalized GFP curves showed 

that BY4741 strain responds to tunicamycin, as the GFP level increased compared to the basal level GPDH 

 (without tunicamycin). Conversely, for the deleted strains ∆ire1 and ∆hac1 the basal level of normalized GFP is 

much lower than the basal level of wild type strain. Moreover, both deleted strains show that the presence of 

tunicamycin does not affect the normalized GFP level. 

 

DISCUSSION 

The choice of evaluating ER stress mechanism upon expression of TTR in yeast cells is based on strong 

evidence showing that this mechanism underlies the neurotoxicity observed in FAP (3). This work describes a 

cellular model based on Saccharomyces cerevisiae for screening compounds that modulate TTR toxicity in an 

ER stress response impaired system. We started by expressing all TTR variants (WT, Val30Met, Leu55Pro, 

Leu12Pro and Thr119Met) in wild type BY4741 yeast strain and evaluating the resulting phenotype by cell 

viability assays. TTR expression of all variants did not affect cell growth and immunoblotting results showed 

that all variants are detected at different protein levels. Focusing on ER stress molecular mechanisms, knock-

out deletion strains for ER stress associated genes were selected (∆ire1, ∆hac1, ∆gcn2and ∆mnl1) to express 

TTR (WT, Val30Met and Leu12Pro) and cell viability in solid and liquid media were evaluated in these strains. 

TTR expression in ∆gcn2 and ∆mnl1 KO strains induced no growth alterations, but TTR Leu12Pro expression 

in ∆ire1 and ∆hac1 KO strains caused total growth arrest (Figure 1). As observed for the wild type BY4741 

strain, all TTR variants were expressed at different levels in the four KO strains, being Leu12Pro the least 

expressed variant, suggesting a toxic effect even at low protein levels. To validate the ER stress sensitivity of 

these strains, an ER stress vector containing a GFP reporter gene under the control of the yeast ER stress 

promoter KAR2 was used. In the ∆ire1 and ∆hac1 KO strains the presence of the ER stress inducer 

tunicamycin did not affect the normalized GFP level compared to the wild type strain, suggesting that both 

deleted strains are ER stress response impaired. These ∆ire1 and ∆hac1 yeast strains expressing TTR 

Leu12Pro will be used as a screening tool for the identification of compounds that modulate ER stress 

response pathway in FAP disease. 
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In Familial Amyloidotic Polyneuropathy, the amyloid deposition of mutant transthyretin TTR V30M can lead to 

renal complications. An unexplored mechanism is the toxicity of oligomeric TTR aggregates. A subset of renal 

progenitor cells (RPC) in the adult human kidney can induce regeneration of podocytes and tubular structures of 

the nephron, which can be critical for preventing irreversible renal failure. We assessed whether RPC are 

vulnerable, in vitro, to TTRV30M oligomers. RPC proliferation was reduced by 16.3±9.7% and 32.6±6.3% after 

48 and 72 hours, respectively, in the presence of the oligomers. However, oligomers did not induce apoptosis or 

alterations in cell cycle to any significant extent, and did not influence RPC differentiation into podocytes. From 

this first attempt, we can say that TTRV30M oligomers inhibit RPC proliferation but do not influence their 

capacity to differentiate into mature podocytes, and thus should not compromise tissue regeneration. 

 

INTRODUCTION 

Familial Amyloidotic Polyneuropathy Type I (FAP-I) is an autosomal dominant disease characterized by 

systemic extracellular amyloid deposition of a mutant transthyretin, TTR V30M [1], affecting particularly the 

peripheral nervous system. Renal complications can also occur, including nephrotic syndrome and end-stage 

kidney failure [2]. An unexplored mechanism is the toxicity of early oligomeric TTR aggregates [3]. 

  A subset of renal progenitor cells (RPC) with self-renewal and multidifferentiation potential exist at the urinary 

pole of Bowman’s capsule in the adult human kidney [4]. These resident progenitor cells can induce 

regeneration of podocytes and tubular structures of different portions of the nephron, which can be critical for 

preventing irreversible renal failure, and could be useful in cell therapies.  

  We intend to evaluate the influence of oligomeric TTRV30M aggregates on proliferation and differentiation of 

RPC in order to understand if their regenerative potential could be compromised.   

 



Cell Toxicity and Amyloid Tissue Targeting 

91 

METHODS 

Recombinant human TTRV30M was produced using an E. coli expression system and purified by affinity, ion 

exchange and gel filtration chromatographies. Oligomerization was induced as described by Lindgren et al, and 

assessed by chemical cross-linking and thioflavin T assay.  

  Viability and proliferation of RPC were evaluated by MTT assay. RPC were treated with soluble and oligomeric 

TTRV30M for 24, 48 and 72 hours. The results were represented as the ratio: (ODsample – 

ODblank)/(ODcontrol –Odblank). Average values and SD were calculated from triplicate determinations. 

  Fluorescence-activated cell sorting (FACS) analysis of annexin V and propidium iodide was used to assess 

induction of apoptosis. Staining with propidium iodide was used for cell cycle analysis. RPC were tretated with 3 

µM of oligomeric TTRV30M for 48 and 72 hours.  

  RPC differentiation into podocytes in vitro was induced with VRAD medium: DMEM-F12, 0,5% FBS, vitamin 

D3 and all-trans retinoic acid. For the non differentiation controls, cells were treated with EBM 0,5% FBS. The 

oligomeric TTRV30M was diluted in the correspondent media at a final concentration of 3 µM. Cells were 

stimulated for 24 and 48 h. Relative expression levels of the nephrin gene were measured by real time pcr. 

 

RESULTS 

The proliferation of RPC treated with oligomeric and soluble TTRV30M for 24 hours was not significantly 

affected, except for the highest protein concentration (Figure 1A). The treatment with 3 µM oligomeric TTRV30M 

for 48 and 72 hours reduced RPC proliferation, respectively, 10 and 33%, when compared to the controls. 

Soluble TTRV30M reduced 25% the proliferation of RPC after 72 hours, what may reflect the natural instability 

of the tetramer caused by the V30M mutation. 

  RPC from different patients were treated with 3 µM TTRV30M. On average, the oligomeric TTR reduced RPC 

proliferation, respectively, 16.3±9.7% and 32.6±6.3% after 48 and 72 h (Figure 1B). 

 

 
 

Figure 1.  Viability of RPC exposed to TTRV30M, measured by MTT assay. A - RPC treated with 0,5 µM, 1,5 

µM and 3 µM TTRV30M for 24, 48 and 72h; B - RPC treated with 3 µM TTRV30M for 24, 48 and 72h; results 

are shown as mean with indicated standard deviation of triplicate samples from three independent assays. 

 

  FACS analysis showed no significant differences between the control and the cells exposed to the TTRV30M 

oligomers, either for apoptosis or cell cycle progression, either at 48 and 72h (data not shown). 
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  Relative expression levels of the nephrin and the housekeeping gene GAPDH were measured by real time pcr. 

The results varied between experiments, but on average we obtained similar results between the controls and 

the cells exposed to TTRV30M aggregates (Figure 2).  

 

 

 

Figure 2.  Differentiation of renal progenitor cells into podocytes. Assessment by quantitative RT-PCR of fold 

increase mRNA levels for the podocyte marker nephrin and the housekeeping gene GAPDH. 

 

DISCUSSION 

The mutant TTRV30M reduced proliferation and metabolic viability of renal progenitor cells. However, the FACS 

analysis of annexin V and propidium iodide did not show induction of apoptosis or necrosis to any significant 

extent. Also, cell cycle progression was not significantly influenced by the oligomers. The expression level of the 

nephrin gene, a marker for podocytes, showed no alterations relatively to controls, so the inherent capacity of 

these progenitor cells to differentiate into podocytes was apparently not affected by the oligomers.  

  Further studies are needed to elucidate the mechanisms of toxicity in the kidney, particularly the role of 

oxidative stress. From this first attempt, we can say that TTRV30M oligomers inhibit the proliferation of renal 

progenitor cells but do not influence their capacity to differentiate into functionally mature podocytes, and thus 

should not compromise tissue regeneration. 
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ABSTRACT 

Pre-fibrillar, oligomeric forms of transthyretin (TTR) may be important in TTR cardiac amyloid pathology. We 

investigated the response of cardiac cells to TTR oligomers and the effect of doxycycline on observed changes. 

Rat cardiomyocyte (H9C2) cells were treated with native and oligomeric TTR; wild-type and mutant forms (TTR-

V30A, -L55P, or -V122I) associated with amyloidotic cardiomyopathy were tested. To generate oligomeric TTR, 

proteins were incubated at 80 °C for 4 hours. Cell viability, assessed after 48 h treatment, was significantly 

decreased in cells treated with aggregated (4 hours) forms of TTR-V30A and -L55P. Cells treated with mutant 

TTR heated for 4 hours in the presence of doxycycline at 50:1(dox:TTR) showed significantly increased viability 

compared to cells treated with oligomers/no drug. These data suggest that aggregated forms of TTR-L55P and -

V30A have a potent effect on cardiac cell viability and provide evidence that doxycycline may inhibit formation of 

amyloidogenic TTR oligomers.  

 

INTRODUCTION 

Aggregation of transthyretin (TTR) can lead to amyloid fibril formation and deposition, which frequently occurs in 

the myocardium. Pre-fibrilllar, oligomeric forms of TTR may be important in TTR cardiac amyloid pathology. It 

has previously been shown that doxycycline disrupts TTR amyloid fibrils in an FAP mouse model (1,2). 

Furthermore, Ward et al. have recently reported that doxycycline blocks immunoglobulin light chain (LC) 

amyloid formation in vitro, disrupts the structure of ex vivo LC fibrils, and inhibits amyloid deposition in vivo in a 

transgenic mouse model of AL amyloidosis (3). Based on this evidence, we investigated the ability of 

doxycycline to modulate cardiotoxicity in cells treated with cardiac-associated, amyloidogenic forms of TTR 

including wild-type, L55P, V30A, and V122I. 

 

METHODS 

Oligomer formation assay. Recombinant TTR (rTTR) proteins were solubilized in PBS at 0.4 mg/mL and 

incubated in presence or absence of doxycycline (1:50 molar excess). Mixtures were incubated at 80 °C for 4 

hours. Aliquots were removed at timed intervals (0 - 4 hours) for cell studies and electrophoretic analysis. 
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Congo red binding analysis. Solutions of 0.4 mg/mL rTTR in PBS were incubated at 80 °C for 1 week. Following 

incubation, samples were centrifuged at 25000 x g for 10 minutes. Each pellet was reconstituted in 10 µM 

Congo red. Absorbance was monitored in a wavelength scan from 350 to 700 nm. 

  Electrophoretic analysis. Oligomer formation samples were cross-linked with 25% glutaraldehyde and 

electrophoresed on 10% SDS-PAGE reducing gels and stained with GelCode Blue Stain (Pierce). 

  Cell culture studies. Rat cardiomyocyte (H9C2) cells were treated with native and oligomeric forms of rTTR. 

TTR proteins tested included wild-type, L55P, V30A, and V122I. The rTTR solution (0.2 mg/mL) was heated for 

0 or 4 hours in the presence or absence of doxycycline at 50 molar excess of drug. Cell viability was assessed 

after 48 hour treatment using an ApoToxGlo kit (Promega). Data was analyzed using ANOVA and unpaired two-

tailed t-test; statistical significance was p < 0.05. 

 

 

Figure 1.  (A) Cells treated with TTR-L55P oligomers from 4 hours (t=4) at 80 °C have significantly decreased 

viability (p<0.01), which is recovered when doxycycline is present (p<0.01) (B) No significant decrease in 

viability in cells treated with wild-type TTR (C) Cells treated with TTR-V30A heated for 4 hours at 80 °C (t=4) 

were significantly less viable (p<0.05) than cells treated with native (t=0) TTR; this effect was significantly 

recovered when doxycycline was present (D) Cell viability was not significantly decreased with the TTR-V122I 

mutant.  Viability was increased (p<0.01) in the heated sample when doxycycline was present.  

 

RESULTS 

As is shown in Figure 1, cardiac cell viability was significantly lowered when cells were treated with TTR-L55P 

and -V30A oligomers (t=4 hours). TTR-V122I and wild-type showed minimal effects. Moreover, cells treated with 

TTR-L55P, -V30A, or -V122I samples heated in the presence of doxycycline showed significantly increased cell 

viability compared to those treated with TTR oligomers (p<0.01). As is shown in figure 2, SDS-PAGE analysis 

revealed that doxycycline inhibited TTR oligomer formation in the heat-mediated amyloid oligomer formation 

assay. A decreased presence of TTR high molecular weight species, as well as, an increased amount of 

monomeric TTR was noted in the presence of doxycycline. Moreover, we showed by surface plasmon 
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resonance (SPR) that there is a concentration-dependent interaction between doxycycline and wild-type, as well 

as L55P-TTR (data not shown). 

 

Figure 2. SDS-PAGE analysis of the TTR samples. Compared to 0 hour timepoints (left lane), after 4 hours at 

80 ⁰C (middle lane), there are HMW (H) species present in the (A) TTR-L55P, (B) -wt, (C) –V30A and (D) –

V122I samples; these species are much less abundant when TTR proteins are heated in the presence of 

doxycycline (right lane). In addition, an increased amount of monomeric forms (M) of TTR is observed when 

doxycycline was present in –L55P and –wt samples, as well decreased tetrameric (T) and dimeric (D) forms of 

the TTR-V30A and -V122I 
 
DISCUSSION 

These results provide evidence that TTR oligomers generated by thermal denaturation are toxic to 

cardiomyocytes and cause a decrease in viability. Interestingly, the aggregated forms showing the strongest 

effect on viability were the mutants with earlier disease onsets in the patient population (L55P and V30A). In 

addition, our data suggests that doxycycline prevents the formation of amyloidogenic, pre-fibrillar forms of TTR.  

It is possible that doxycycline promotes the formation of amorphous TTR aggregates or dissociation of 

aggregated forms of TTR, driving the equilibrium back toward monomeric forms. Alternatively, the drug may act 

by directly preventing monomeric forms to self-associate into TTR oligomeric species.  
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ABSTRACT 

In AL amyloidosis, cardiac involvement is common and is the leading cause of death (1). Using the nematode 

Caenorhabditis elegans, whose pharynx is considered an orthologous of the vertebrate heart (2), we developed 

a behavioral test to assess the cardiotoxic potential of amyloidogenic LC. This test was based on the evaluation 

of the ability of LC to reduce the muscular pumping contractility of the nematode’s pharynx. Results indicate that 

the pumping rate was significantly impaired only in nematodes fed with cardiotoxic amyloidogenic LC, whereas 

LC with different organ tropism had no effect. The C. elegans was here used, for the first time, as a model to 

investigate the tissue-specific toxicity of LC. 

 

INTRODUCTION 

Systemic amyloidoses are protein misfolding diseases characterized by the widespread interstitial deposition of 

proteins as amyloid fibrils, which leads to alteration of organ architecture and cellular toxicity. Cardiac 

involvement is common and is the leading cause of death (1). In vitro evidence indicate that soluble, prefibrillar 

amyloidogenic LC, rather than fibrils themselves, may be directly cardiotoxic (3-5). In order to investigate the 

tissue-specific toxicity of LC, we designed a new in vivo assay in the model organism Caenorhabditis elegans. 

The pharynx of this invertebrate nematode is considered to be evolutionarily related to the vertebrate heart 

because its muscles cells have autonomous contractile activity reminiscent of cardiac myocytes. Besides, both 

organs rhythmically and continuously contract for all the life of the organism and their contraction relies on 

similar electrical circuitry which can continue in the absence of neuronal input (2,6). 

  Our Caenorhabditis elegans-based behavioural test evaluates the cardiotoxic potential of amyloidogenic LC, 

on the basis of their ability to reduce the muscular pumping motions of the nematode’s pharynx. 
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METHODS 

Monoclonal LC were isolated from patients’ 24 hours urine collection. In parallel to cardiotoxic amyloidogenic 

LC, non-cardiotoxic amyloidogenic LC and non-amyloidogenic LC were purified, as controls. The cardiotoxicity 

of LC was assessed in each patient from clinical, biochemical and instrumental parameters (7). Urine proteins 

were purified by ion-exchange chromatography, the homogeneity of the isolated species was assessed by SDS-

PAGE and immunoblotting. N2 ancestral nematodes were fed with soluble LC (100 µg/mL) for 2 hours, 

transferred onto fresh NGM agar seeded with E. coli and the pharyngeal motion was measured (in terms of 

beats per minute) 20 hours after exposition.  

 

Table 1. Clinical and laboratory characteristics of patients with AL amyloidosis and controls included in the 

study. MM1 and MM2 patients were affected by multiple myeloma without amyloidosis. Subcutaneous 

abdominal fat biopsy was performed in all cases; negativity to Congo red staining was assessed only in MM1 

and MM2 patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The pumping rate measured in N2 worms after exposure to the different light chains. Values are the 

means±s.d., n=10. **p<0.01 vs control, Student’s T-test. 

 

       **    **   **   ** 
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RESULTS 

Eight different LC with different organ tropism were tested (Table 1). 

The pumping rate was significantly impaired of 15-20% (p<0.05, Student’s t-test) only in nematodes fed with the 

cardiotoxic amyloidogenic LC, whereas solutions containing non-cardiotoxic amyloidogenic LC and non-

amyloidogenic LC had no effect (Figure 1).  

 

CONCLUSIONS 

The C. elegans was here used, for the first time, to investigate the tissue-specific toxicity of LC. This nematode-

based assay is a promising surrogate model for investigating the heart-specific toxicity of amyloidogenic light 

chains, and could be used for assessing the mechanisms of disease and for a rapid screening of the biological 

effects of LC. 
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ABSTRACT 

Several human neurodegenerative diseases are associated to the expansion over a defined threshold of a 

polyglutamine (poly Q) encoding triplet in the relative genes. Affected individuals have repeats in the 36-180 

range, while normal individuals have between 6 to 39 glutamine repeats. Aggregates of the proteins with 

expanded poly(Q) display amyloid-like morphological and biophysical properties. Actually, early oligomers have 

been identified as the primary species responsible for the events associated to deregulation of biochemical 

homeostasis and in particular to the damage arising from abnormal neuronal Ca2+ signaling. We studied the 

correlation between the Ca2+signaling, due to the interaction between neurons and aggregates and the 

properties of the aggregates. So we investigated the changes in the intracellular Ca2+ levels produced by 

oligomers formed by variants of Ataxin 3 in cerebellar granule cells. We used two expanded forms of ataxin 3: a 

pathological protein variant, a non pathological protein and a truncated variant to compare the effects produced 

by aggregates with different morphological features, 

 

INTRODUCTION 

Ataxin 3 (ATX3) is a 43 kD cytosolic protein containing an N-terminal Josephin domain (JD) and a poly(Q) 

expansion in the C-terminal region. In the present work we used a non-pathological ATX3 form (ATXQ26), a 

pathological expanded form (ATXQ55), and a variant truncated at residue 291 lacking the poly(Q) expansion 

(ATX/291∆). While all these forms aggregate into soluble amyloid assemblies which persist under aggregating 

conditions at 37 °C, only ATXQ55 aggregates into bu ndles of elongated mature fibrils after 48 h of incubation 

(1).  

  In this work we analyzed the relation between the morphological properties of  ATX aggregates containing 

normal or pathological poly(Q) expansions and the abnormal Ca2+signaling resulting from the interaction of 

these aggregates with neuronal cells. In particular, we investigated the changes in the intracellular Ca2+ levels 

following their interaction with rat cerebellar granule cells. Morphologically different aggregates of ATXQ55 were 

characterized at various incubation times by AFM analysis, whereas ATXQ26 and ATX/291∆ aggregates 

displayed a similar morphology over the entire aggregation time. The reported results suggest that ATXQ26, 
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ATXQ55 and ATX/291∆  oligomers elicited qualitatively similar time-dependent intracellular Ca2+ responses, 

however with dissimilar“efficacy”, the latter being remarkably reduced in cells exposed to ATXQ26. At longer 

times of ATXQ55 aggregation preceding full fibril presence a quite different time-dependent response was 

observed. Furthermore, while cell interaction with ATXQ55, ATXQ26 and ATX/291∆ oligomers involved  both 

glutamatergic receptors and GM1 monosialoganglioside-rich membrane domains, the interaction with ATXQ55 

pre-fibrillar aggregates resulted in membrane disassembly by a mechanism involving only the GM1 ganglioside. 

Interestingly, we found that neural cell apoptosis resulted from cell exposure  to ATXQ55 and ATX/291∆ 

aggregates while ATXQ26 was substantially harmless to the cells. The importance of GM1 for ATX aggregate 

toxicity was confirmed by cell protection against ATXQ55 and ATX/291∆ toxicity upon ganglioside depletion. 

 

METHODS 

Full length ATX(Q55), ATX(Q26) and the truncated form. ATX /291∆ were purified as described previously (1) 

provided by the group of prof Paolo Tortora, University of Milano-Bicocca. togliere 

  Cell culture. Cerebellar granule neurons were prepared from 8-days-old Sprague-Dawley rats following the 

procedure of Levi and collaborators (2) In particular, the cells were studied from the 6th to the 10th day in vitro. 

By contrast, in the experiments on immature neurons, the granules were used after the 1st or the 2nd day. 

  Fluorescence Measurements. The neuronal cells were incubated with Oregon Green AM ester (Molecular 

Probes, Eugene, OR) observed with a Nikon Eclipse TE300 inverted microscope. The fluorescence signal, 

including real time changes of the internal calcium concentration in cells exposed to protein aggregates, was 

detected using a Hamamatsu digital CCD camera with appropriate filters (Nikon Italia, Florence, Italy). The 

images were acquired with the Simple PCI software (Compix Imaging Systems, Hamamatsu Corp., Sewickley, 

PA). Measurements in the presence of antagonists of glutamatergic receptors were performed using CNQX  

and APV (Sigma Chemical Co., St Louis, MO, USA). 

  Sialic acid cleavage from membrane GM1. Cerebellar granule cells were starved by incubation with DMEM 

serum-free media for 3.0 h at 37 °C. Then cells wer e left for 2.0 h in the presence of a mixture composed of V. 

cholera (11,7 mU, Sigma Aldrich) and C. perfringens (100mU, Sigma Aldrich) neuraminidase. 

  Atomic force microscopy. ATX was aggregated at a 1.0 mg/ml-concentration in PBS at 37 °C. Samples for 

AFM inspection were prepared as described previously (1). Tapping mode AFM images were acquired as 

described in (3). 

 

RESULTS 

Isolated globular particles, identified as protein oligomers, were imaged using tapping mode atomic force 

microscopy at early stages of ATXQ55 aggregation, whereas the first bundles of fibrils appeared after 24 h and 

became very abundant after 48 h. A different behavior was found  for ATXQ26 and ATX291∆, which did not 

form fibrils at  our experimental aggregation times.  

  A fast increase, followed by a slower decrease, of the fluorescence intensity of cerebellar granule cells loaded 

with Oregon Green upon exposure to ATXQ55 oligomers was recorded, indicating a sudden rise, followed by a 

slower drop, of the intracellular free Ca2+ . The mean time associated to the fluorescence signal was 61±8 s and 

the signal reached its maximal value after about 20 s (Figure 1).  

 



Cell Toxicity and Amyloid Tissue Targeting 

103 

 

 

 

 

 

 

 

 

Figure 1 

 

Figure 1a and 1b show a representative image of neuronal cells exposed to ATXQ55 oligomers aged 4 h and a 

typical time course of the average fluorescence intensity of the same exposed cells, respectively. We have 

indicated this behavior as type 1 response. The lower part of Figure 1b shows three time-dependent 

fluorescence images of granule cells loaded with Oregon Green.  

 

 

 

 

 

 

Figure 2 

 

  Beside type 1 response, we recorded another type of fluorescence response in the same cells exposed to 

ATQ55 aggregated for longer times (14, 24 or 48 h); in these cases, we also noticed a much shorter spike-like 

response (type 2 response) characterized by a mean time of 13 ± 1 s (Figure 2a). The occurrence of either 

response was dependent on the morphology of differently aged aggregates. In fact, after 14 h,  AFM inspection 

showed a complex morphology of the aggregates: in addition to isolated globular oligomers, coalesced 

oligomers (Fig. 2b) and large clusters of aggregates (inset)were also found. Fig. 2c shows the fibrillar structures 

found after 48 h, while the inset shows the insoluble fibrillar fraction recovered by sample treatment with SDS 

and centrifugation. To check whether the type 2 fluorescence response was related to the presence of fibrils or 

to pre-fibrillar assemblies like those shown in Fig.2b, we separated the soluble and insoluble fraction of 24 h-

aged aggregates by centrifugation. The results indicated that while the soluble fraction still elicited both type one 

and type two responses, the insoluble fraction, composed mainly by fibrillar aggregates, was completely 

inactive. This suggests that the soluble aggregates of ATXQ55 display a significant correlation between 

aggregate structure (oligomeric or pre-fibrillar) and the fluorescence signal.  

  To better elucidate the contribution of the poly(Q) tract to the modification of the membrane permeability to 

Ca2+ in aggregate-exposed cells, we also investigated the fluorescence response of neuronal cells exposed to 

ATXQ26 and to ATX/291∆, aggregated at 37 °C for different lengths of time . Normal ATXQ26 and ATX/291∆ 

aggregates produced only type 1 response. These results suggest that type 2 response is related to the 

presence of pre-fibrillar assemblies representing a later aggregation stage than that of isolated oligomers. 
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  We repeated the fluorescence experiments by exposing the cells to ATXQ55 aggregates in the presence of 10 

µM CNQX, which hinders membrane depolarization thus maintaining the NMDA-R block by the Mg2+ ions. 

When the cells were exposed to 24 h aged ATXQ55 aggregates in the presence of CNQX, the efficacy of cell 

response W(F) value (defined as the product of % of responding cells and the relative intensity of the 

fluorescence response) decreased by about 80%. A minor decrease of W(F) (about 30%), was recorded in the 

presence of APV (an NMDA-R competitive antagonist). Effects qualitatively similar to type 1 response were 

obtained by exposing the cells to ATX/291∆ or ATXQ26 aggregates in the presence of APV or CNQX. No 

significant changes of W(F) were detected when the cells were exposed to ATX Q55 variants aged 24 h in the 

presence of Cd2+ , a Ca2+voltage dependent (VDCCs) channel blocker, while an effect was observed when the 

cells were exposed to ATXQ55 aged 6h or to ATXQ26 aged 24h.These results are summarized in Table 1. In 

contrast with these results, no significant changes of type 2 response were detected in the presence of CNQX, 

APV or Cd2+ , suggesting that this response, due to pre-fibrillar aggregates, is not related to any interaction of 

ATXQ55  pre-fibrillar structures with glutamatergic receptors or VDCCs. 

  To further elucidate the mechanism of interaction of ATX aggregates with the cell membrane, we treated  

mature granule cells, with a mixture of neuraminidases to specifically cleave the GM1sialic acid component. We 

found that in neuraminidase-treated cells the aggregate-driven Ca2+ influx was noticeably reduced and type 2 

response elicited by the pre-fibrillar ATXQ55aggregates was completely abolished (Table 1).  

 

Table 1 

  

 

DISCUSSION 

The results show that the ”efficacy” W(F) was almost independent of the aggregation time in the case of 

ATXQ26 and ATX/291∆ aggregates, in agreement with the persistence of the oligomeric aggregates of these 

variants over the investigated aggregation times. In contrast, ATXQ55 showed a more complex behavior, due to 

the the changes of aggregate morphology at different aggregation times. When large oligomeric assemblies 

were widespread in the sample the highest values of Ca2+ influx was observed, whereas when oligomers, 

prefibrillar and fibrillar structures co-existed with a parallel decrease of oligomer abundance, W(F) value 

declined. As the isolated fibrillar fraction did not produce any fluorescence response, the type 2 response is due 

to cell interaction with individual prefibrillar structures, imaged at longer aggregation times.  

  It is likely that the presence of the expanded poly(Q) tract of 55 consecutive glutamine residues dramatically 

favors irreversible aggregation and fibril growth.  
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  Increasing evidence has shown that lipid rafts play a crucial role in amyloid associated neurodegenerative 

diseases (reviewed in 9). Our results indicate that GM1depletion significantly reduced type 1 response in cells 

exposed to ATX oligomers. Therefore, we conclude that interaction of amyloid oligomers with glutamatergic 

receptors  requires that membrane rafts are integer. In  particular, we confirm that GM1, and its sialic acid 

moiety are required for most favorable  interaction of the cell membrane with amyloid oligomers, as previously 

reported for oligomers of other peptides/proteins.  
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Animal models have long been used to study amyloid pathogenesis, and cell culture systems are being used 

with increasing frequency. AA amyloidosis can be induced in laboratory animals via establishment of chronic 

inflammation and mimicked in macrophage cultures by providing cells with either SAA-enriched HDL or lipid-free 

recombinant SAA. Transthyretin amyloidosis (ATTR), however, does not occur naturally in species other than 

man and cannot be experimentally induced. Therefore, transgenic mice carrying human TTR genes, either wild-

type or variant, have been developed and are actively being used in studies of ATTR. In addition to AA and 

ATTR amyloidoses, other types including AL and Aβ2M as reported in this session,  are now being studied using 

a diversity of models, e.g., pluripotent stem cells, Drosophila melanogaster, and C. elegans. The State of the Art 

and Perspectives talks for this session focus on TTR and AA amyloidoses, respectively, as these two types 

have been the most extensively investigated in animal models and cell culture systems.       

 

ANIMAL MODELS AND CELL CULTURE SYSTEMS OF ATTR AMYL OIDOSIS  

Mice models: Transgenic TTR rodent models for human mutant TTR have been useful to address different   

questions related to: (i) formation and resolution of deposits; (ii) molecular mechanisms of pathogenesis; (iii) “in 

vivo” modulating factors which allow the development of novel therapies.  

  To study age related TTR deposition in the heart, a feature of senile systemic amyloidosis,  transgenic mice 

was generated over- expressing human wild type TTR. Most animals older than 18 months presented TTR 

amyloid deposits in the heart and kidney. At early ages animals had diffuse non-fibrillar deposits in the same 

organs (1).  

  Several groups produced transgenic mice carrying the human ttr V30M gene with and without  the 

endogenouse mouse TTR as models for familial amyloidotic polyneuropathy (FAP). Generally, amyloid was 

observed starting at age 6 months; at 24 months the pattern of amyloid was similar to that observed in human 

autopsy cases of FAP, with exception of amyloid presence in the choroid plexus and in peripheral and 

autonomic nervous systems (2). Other transgenic animals with constructs for different TTR mutants, such as 

TTR L55P (3) or I84S (4) were also generated. The L55P model presented early non-fibrillar TTR deposition 

starting at age 1-3 months, and  later, at age 4-8 months; mice presented fibrillar deposits in the gastrointestinal 
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(GI) track and skin; however, no evidence for TTR deposits in the peripheral and autonomic nervous system 

was found.  

  In 2010, a new FAP mouse model (hTTR HSF1) was generated, carrying the human TTR V30M in a heat 

shock transcription factor 1 (HSF1) knock- out background (5). hTTR HSF1 transgenic mice presented early 

and extensive TTR deposition and for the first time non-fibrillar deposits were observed in the autonomic and 

peripheral nervous system. The TTR/HSF-1 model allows different studies not possible with previous models. 

Sural-nerve biopsies, on which most of the pathological analyses in FAP have been performed, represent a 

restricted portion of the peripheral nervous system, and it is clearly possible that TTR deposits in ganglia, or 

more proximally in nerve trunks could be responsible for distal nerve fiber loss. The possibility to analyze dorsal 

root ganglia (DRG) with deposition in the TTR/HSF-1 mouse model is invaluable, and permits a close evaluation 

of events occurring in sensory and autonomic neurons responsible for neurodegeneration and in the 

assessment of therapies. For instance, increased inflammatory stress in DRG and nerve, as studied by 

expression of interleukin 1- Beta   and a reduction in unmyelinated nerve fibers were observed, as in human 

patients, indicating that HSF-1-regulated genes are involved in FAP, modulating TTR tissue deposition. MMP9 

apparently is a good biomarker for the presence of TTR amyloid as suggested by gene arrays of amyloid ladden 

FAP tissues. Data from studies on TTR transgenic mice recapitulate the human situation as only mice with 

amyloid deposits displayed increased levels and activity of MMP-9 as compared to younger animals without 

fibrillar deposits (6).   

  Inhibition of aggregate formation and/or disruption of pre-formed TTR deposits has been sucessfuly 

approached in the V30M TTR transgenic mice. Thus, it was recently shown (7) that combined cyclic drug 

administration of doxycycline and taurodexocolic acid TUDCA, resulted in significant reduction in TTR 

deposition and associated tissue markers in the TTR V30M transgenic mouse model. The observed synergistic 

effect of doxycycline/TUDCA within the range of human-tolerable quantities prompted their application in FAP, 

particularly in the early stages of disease.  

  The above described mice models have not yet addressed how  do organs/systems function, namely liver, 

heart, kidney, GI tract and the peripheral and autonomic nervous systems. Thus, there are some limitations to 

their use. Besides, intra and interspecies (with humans) variability occurs due to (i) differences in tissue 

composition, architecture and barriers; (ii) ligands, endogenous counterparts and metabolism; (iii) environment; 

(iv) genetic background; (v) diet.  

  Alternative models include Insects, Nematodes and cell culture methodologies, which have on their own 

important limitations, such as (i) the use of synthetic material; (ii) up-regulation/suppression of genes under 

culture conditions; (iii) intra vs extracellular aggregation; (iv) absence of normal ligands; (v) absence or primitive  

extracellular matrix; (vi) absence or significant differences of specialized systems as the immune and nervous 

systems (e.g., myelin).  

  Drosophila model: Transgenic flies, expressing the clinical amyloidogenic L55P TTR variant and the 

engineered variant TTR-A (TTRV14N/V16E) as well as the wild-type protein, were generated,  all in secreted 

form. Within a few weeks, both mutants but not the wild-type TTR demonstrated a time-dependent aggregation 

of misfolded molecules. This was associated with neurodegeneration, change in wing posture, attenuation of 

locomotor activity including compromised flying ability and shortened life span. In contrast, expression of wild-

type TTR had no discernible effect on either longevity or behavior (8). The TTR flies are amenable for drug 

screening purposes.   
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  Cellular systems: A cellular system was created using transfected cells expressing L55P TTR, precluding 

isolation of the target protein and representing a more physiological in vitro approach to study inhibitors of 

amyloidogenesis (9). Aggregated L55P accumulates in conditioned media and is retained in a filter; 

quantification of the retained material is indicative of the anti-amyloidogenic properties of the drugs under study.  

 

ANIMAL MODELS AND CELL CULTURE SYSTEMS OF AA AMYLOI DOSIS 

Animal models: AA amyloidosis occurs naturally in many species and can be experimentally induced by 

establishing chronic inflammation via injection of such agents as casein, LPS, Freund’s adjuvant, and silver 

nitrate plus amyloid-enhancing factor (AEF). Animals used for amyloid induction include rabbits, hamsters, mink, 

and most commonly mice. In addition, transgenic mice overexpressing IL-6 spontaneously develop AA 

amyloidosis, and transgenic mice in which mouse SAA1.1 production is controlled by doxycycline develop AA 

amyloidosis in the absence of predisposing inflammation. Amyloid pathogenesis in all of the animal models 

closely mimics the natural history of the human disease. Animals very reproducibly show amyloid deposition 

sequentially in spleen, liver, intestine, and kidneys. These models, especially the casein (classic) and silver 

nitrate plus AEF (accelerated) models, have contributed invaluably to our understanding of both AA amyloidosis 

and serum amyloid A (SAA), the precursor protein of AA fibrils. Seminal findings discovered and/or verified in 

the mouse model include: AA amyloidosis develops secondary to inflammation; SAA is the precursor to and 

constituent of AA fibrils; SAA is a hepatically-derived plasma protein carried on HDL; SAA production is 

stimulated by inflammatory cytokines TNF, IL-1, and IL-6; AA amyloid deposition is nucleation-dependent; and 

glycosaminoglycans (GAGs), heparan sulfate in particular, co-deposit with AA fibrils. The mouse model 

continues to serve as the gold standard in which to test new compounds for efficacy against amyloid 

development and progression.   

 

Table 1. Cell culture systems in use for AA amyloid research 

 Cell type SAA AEF  Reference 

Mouse peritoneal mφ, primary Mouse rSAA1.1 +/− 11 

Human fibroblast, primary Mouse rSAA1.1 + 12 

Mouse mφ, J774 cell line Mouse SAA-HDL + 13 

Human PBMC Mouse rSAA1.1 +/− 14 

Human PBMC Human rSAA1  − This meeting 

Human fibroblast, primary Human rSAA1 − This meeting 

 

 

  Cell culture systems: Cell culture systems offer an alternative approach for studying amyloid pathogenesis.  

Over ten years ago, Shirahama and colleagues showed that peritoneal macrophages from amyloidotic mice 

cultured in acute phase (SAA-rich) serum developed amyloid-like deposits associated with macrophage clusters 

(10). Since then, amyloid formation has been demonstrated in several types of cell culture systems maintained 

in SAA-supplemented medium (Table 1). Neither the addition of SAA to cultures nor the process of AA 
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amyloidogenesis is cytotoxic. The amount of amyloid, identified as Congo red-stained, green birefringent 

material, is directly proportional to SAA concentration and duration of incubation with SAA and is accelerated 

and augmented by AEF. The insoluble material extracted from cultures comprises both full-length SAA and N-

terminally intact, C-terminally processed SAA fragments. Amyloid formation in cell cultures is accompanied by 

increased GAG production. Furthermore, SAA interaction with GAGs, heparan sulfate in particular, has been 

shown to be a critical step in amyloidogenesis (13). Until now, all culture systems have utilized highly 

amyloidogenic mouse SAA1.1. In this session, an all human cell culture system is presented for the first time. 

Conversion of human SAA 1.1, 1.3, and 1.5 into amyloid is demonstrated in human PBMC cultures maintained 

in serum-free medium without the use of AEF.        
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Drosophila offers an attractive model for drug development which can reduce the use of vertebrates and cut 

costs. In addition, the wealth of genetic information and tools available for the fruit fly are highly conducive for 

such endeavors. Our recent work on developing inhibitors of amyloid assembly exemplifies the power of using 

Drosophila. Recently, we and others have identified a key role of aromatic residues in the molecular recognition 

and self-assembly of various amyloidogenic proteins [1]. The interaction between molecules containing aromatic 

residues, referred to as aromatic (π–π) stacking, involves attractive non-covalent interactions, including 

electrostatic, hydrophobic and Van der Waals interactions between planar aromatic rings, which are believed to 

provide selectivity as well as stability to the interacting molecules. This notion has gained direct evidence from 

high-resolution structural studies and is supported by theoretical studies and molecular dynamics simulations. 

Indeed, the amyloidogenic potential of aromatic residues is significantly higher than that of aliphatic amino acids 

[2].  

  The concept of aromatic stacking suggested to us a new approach to control the self assembly of 

amyloidogenic proteins for therapeutic purposes. Specifically, novel small molecules could be designed to 

contain an aromatic core that would target and bind the aromatic residues in the amyloidogenic monomer, and a 

moiety that would confer steric hindrance and thus prevent, or suppress, the very early steps of the molecular 

recognition required for the assembly of the monomers into pathogenic amyloid species. To that end we 

rationally designed a library of small aromatic aggregation inhibitor molecules, based on naphthoquinon-

tryptophan hybrids. Quinones were chosen as a steric hindrance motif, since previous work has shown their 

potential as anti-cancer, anti-viral and anti-amyloid agents. They are small, easy to synthesize and related 

compounds can cross the blood-brain barrier. Tryptophan was chosen as an aromatic recognition motif since, 

among the aromatic moieties it was ranked as the residue with highest amyloidogenic potential [2]. Our work has 

supported this conclusion via an un-biased analysis, using peptide array technology, that has clearly indicated a 

significantly higher affinity of tryptophan-modified recognition module in the molecular association of the islet 

amyloid polypeptide [3]. 

  Two of the compounds from the library, 1,4-naphthoquinon-2-yl-L-tryptophan (hereafter termed NQTrp) and Cl-

1,4-naphthoquinon-2-yl-L-tryptophan, hereafter termed Cl-NQTrp (MW 360-400; see [4]) were found to be most 
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effective using in vitro, ex-vivo and in vivo assays in their ability to inhibit the assembly of Aβ into oligomers and 

fibrils. The compounds inhibited efficiently, in a dose dependent manner, the assembly of synthetic Aβ1-42 

monomers into either toxic oligomers Aβ species, even at a molar ratio as low as 5:1 of Aβ:inhibitor (IC50 = 

50nM), or into fibrils, even at very low concentration of 1.25 µM [4]. Their affinity towards the smaller Aβ 

assemblies, measured by fluorescence anisotropy, was ca. 90 nM.  It is noteworthy that this IC50 value is 

markedly lower than those for other aromatic Aβ inhibitors reported in the literature. NMR studies, CD 

spectroscopy and molecular modeling confirmed that the compounds bind the aromatic residues in Aβ [4, 5]. As 

an initial functional assay we showed that they protected cultured neuronal cells from the cytotoxic effect of Aβ 

oligomers, while having no toxic effect on these cells on their own [5].  

  To examine the effect of the compound in the intact organism we first tested it in transgenic Drosophila 

expressing Aβ throughout their nervous system, which serve as a canonical model for AD [6]. Feeding these 

transgenic flies with either compound in their culture medium throughout their life cycle resulted in a dramatic 

rectification of their behavioral defects (i.e. abnormal locomotion) and their reduced longevity, both of which have 

been amply shown to correlate well with other AD symptoms of these flies. This restoration was accompanied by 

a marked reduction in the level of Aβ assemblies in extracts and in histological preparations of their brains. The 

compounds had no effect on control normal flies nor did they have other adverse effects [4].  

  The encouraging results in flies, obtained in a relatively short period of time, provided an impetus for studies in 

mammals. In preparation for testing the compounds in rodents we examined their ability to cross the blood-brain-

barrier (BBB). We employed an established ex-vivo model of BBB based on a co-culture of primary cultures of 

porcine brain endothelial cell in contact with rat brain glial cells. Passage of the compounds (measured by 

HPLC) was 3.3 times higher than that of the standard used - FITC-labeled dextran [5].  

  We next examined the effect of the compounds on an acute transgenic AD mouse model, carrying five familial 

AD mutations (5XFAD), which displays early plaque formation (at 2 months of age), impaired cognition and 

neuronal death as in human AD patients [8]. Two months old 5XFAD mice were injected, every other day, 

intraperitoneally, with 50 mg/kg by weight of either compound in PBS, or with PBS alone for a period of 4 

months, after which their behavior and brain Aβ load were examined. Cognitive tests (New Object Recognition, 

Fear Conditioning) showed marked amelioration of their memory [5]. This was accompanied by 91% reduction of 

the toxic Aβ species (56*) in their brain extracts compared to vehicle-treated 5XFAD mice. A 40 % reduction of 

total non-soluble Aβ was also seen. Immunostaining of frontal hippocampus from these mice corroborated these 

results, showing a significant reduction in both β-sheet-specific Congo-Red staining (45% reduction) and in 

staining with an Aβ-specific, 6E10 antibody (39% reduction) of compound-treated vs. vehicle treated 5XFAD 

mice [5]. Formal toxicity assays remain to be done. Yet, casual inspection of the treated flies and mice indicated 

no adverse effects; Rotarod tests showed no decline in locomotion among treated mice compared to control. 

Initial toxicological studies showed that even at a dose of 350 mg/Kg, injected subcutaneous, every other day to 

2-months old wild type mice for a period of four weeks had no harmful influence on their weight or mobility 

(manuscript in preparation). 

  We have further demonstrated that NQTrp and Cl-NQTrp have a more general anti-amyloid effect. Specifically, 

they are able to efficiently inhibit the in vitro aggregation of other amyloidogenic proteins including α-synuclein, 

islet amyloid polypeptide, lysozyme, calcitonin, and insulin [8]. We have begun to test them in Drosophila models 

available for some of these proteins. 
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Drosophila has also been useful for us for examining natural substances as candidate inhibitors of Aβ assembly.  

We identifed a natural substance, based on cinnamon extract (CEppt), which markedly inhibited the formation of 

toxic Aβ oligomers and prevented the toxicity of Aβ towards neuronal PC12 cells. When administered to AD 

model flies, the cinnamon extract rectified their reduced longevity, fully recovered their locomotion defects and 

totally abolished tetrameric species of Aβ in their brain. Based on these encouraging results we administered 

CEppt orally to the 5XFAD mice. This treatment resulted in marked decrease in 56 kDa Aβ oligomers, reduction 

of plaques and improvement in cognitive behavior [9].  

  Drosophila proved to be useful also for studying peptidomimetics as anti-amyloid agents. Our work on α-

synuclein in Parkinson’s disease (PD) exemplifies this [10]. Using unbiased systematic peptide array analysis, 

we identified molecular interaction domains within the β-synuclein polypeptide that specifically binds α-synuclein. 

When we added such peptide fragments to α-synuclein significantly reduced both amyloid fibrils and soluble 

oligomer formation in vitro. We next designed a retro-inverso analogue of the best peptide inhibitor with the goal 

of developing it into candidate drug. We found that this peptide shows indistinguishable activity as compared to 

the native peptide, yet, in contrast to the native peptide, it is stable in mouse serum and penetrates α-synuclein 

over-expressing cells. The interaction interface between the D-amino acid peptide and α-synuclein was mapped 

by Nuclear Magnetic Resonance spectroscopy. As a test in the intact organism we administered the retro-

inverso peptide to an established Drosophila model of PD, expressing mutant A53T α-synuclein in the nervous 

system. This resulted in a significant recovery of the behavioral abnormalities of the treated flies and in a 

significant reduction in α-synuclein accumulation in the brains of the flies [10]. This paves now the way for testing 

this peptidomimetic in rodent models of PD.  

  Taken together, these studies and comparable reports by other labs call for expanding the use of Drosophila as 

a model for drug development, in particular for amyloid diseases. 
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Recent studies stress the involvement of heparan sulfate as a modulator of transthyretin (TTR) 

amyloidogenesis. To study in vivo the role of glycosaminoglycans in TTR deposition, we created a novel local 

delivery system into mice sciatic nerve using heparin/chitosan (CH) nanoparticles. To address drug release and 

diffusion throughout nerve tissue, fluorescently labeled CH and heparin were used. Our results show maximal 

absorption throughout the nerve extracellular matrix (ECM) and minor inflammatory reaction. Using this system, 

heparin/CH nanoparticles were locally applied into sciatic nerve of TTR V30M transgenic mice, heterozygous for 

the heat shock factor 1 (HSF1). Fifteen days after nanoparticle application, both heparan sulfate and TTR 

deposition were significantly increased in treated nerves, indicating that proteoglycan enhanced TTR deposition.  

 

INTRODUCTION 

Familial amyloidotic polyneuropathy (FAP) is a human autosomal dominant neurodegenerative disorder 

characterized by extracellular deposition of mutant TTR aggregates and amyloid fibrils, particularly in the 

peripheral nervous system. It is well known that ECM remodeling contribute to the progress of this disease; 

some ECM-related genes are upregulated in human nerve biopsies of FAP patients carrying the most prevalent 

TTR mutation V30M [1]; and in tissues from FAP transgenic mice models [2]. One of those is biglycan that was 

found overexpressed at early stages before amyloid deposition, as compared to normal nerves [1,2]. Neutrophil 

gelatinase-associated lipocalin (NGAL), chondroitin sulfate and matrix metalloproteinase-9 (MMP-9) are 

upregulated only when TTR fibrils are already present, all colocalizing in later stages with amyloid deposits [1,2]. 

  Heparan sulfate proteoglycans were identified as components of amyloid deposits in amyloid-related disorders 

[3], indicating that ECM remodeling occurs continuously until the later stages of disease. Moreover recent in 

vitro studies and in vivo studies in a Drosophila model indicate the potential involvement of heparin and heparan 

sulfate proteoglycans as enhancers of the amyloidogenic cascade, prompting TTR fibrillogenesis [4,5]. 

Therefore, in the present work we evaluate in vivo how changes in glycosaminoglycans type and distribution 

could alter the tissue metabolism promoting TTR fibrillogenesis and deposition in a mouse model, through the 

development of a novel local nanoparticle delivery system, based on CH. 
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METHODS 

Heparin/CH nanoparticles were generated as previously described [6]. Nanoparticles characterization regarding 

size, polydispersity index and ζ potential was carried out using dynamic light scattering and its morphology 

assessed by transmission electron microscopy (TEM).   

  Fourteen months-old TTR V30M transgenic mice used lacked endogenous TTR and were heterozygous for the 

HSF1 [7]. Wild-type animals were also used to optimize the delivery system. Mice were anesthetized with a 

premixed solution containing ketamine and medetomidine and surgeries performed in aseptic conditions. Briefly, 

the sciatic nerve was exposed in the mid-thigh and dissected free from the surrounding tissue. Heparin/CH 

nanoparticles were applied under the left nerve and the right nerve served as the sham nerve, receiving 

uncoupled CH nanoparticles. Mice were sacrificed at different time points (5, 10, 15, 30, 45 days) and tissues 

were analyzed by confocal scanning microscopy, using fluorescein-labeled heparin and rhodamine-labeled CH 

(CHROX). Immunofluorescence was performed with frozen sciatic nerve sections, for collagen IV, PGP 9.5 and 

S-100. Immunohistochemistry to detect TTR deposition in nerve tissue, heparan sulfate levels and inflammatory 

mediators, such as activated macrophages, TNF-α and IL-1β, was performed using paraffin sections. 

 

RESULTS 

Heparin/CH nanoparticles characterization and release in time 

Heparin/CH nanoparticles had in average 198 nm in size, a monomodal population was obtained and with a 

positive net charge of 28.7 mv. They were spherical in shape, as determined by TEM.  

  To study the release kinetics of heparin from CH we used CHROX mixed with fluorescein-labeled heparin and 

analyzed the unprocessed nerve with confocal scanning microscopy. Ten and 15 days after nanoparticles 

application, we found regions of heparin staining without CHROX colocalization suggesting continuous heparin 

release (Fig.1). Fifteen days after surgery was chosen for subsequent analysis since maximal intensity of 

fluorescence was detected. After 30 days only weak green staining was visible, while at day 45 no signal was 

identified.  

 

 

 

 

 

 

 
Figure 1. Heparin release to the ECM, as a function of time. Regions of heparin staining without colocalization 

with CH are shown by the arrows. Sham nerve received uncoupled CH. Scale bar 50 µm. 

 

Heparin localization into the tissue and inflammatory response 

Using fluorescein-labeled heparin and markers for nerve components, such as for ECM (collagen IV), axons 

(PGP 9.5) and Schwann cells (S-100), colocalization was found between heparin and collagen IV. This result 

indicates that heparin has been released to the ECM.  
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  The inflammatory response was assessed by immunohistochemistry for proinflammatory markers, such as 

activated macrophages, TNF-α and IL-1β. Only a minor inflammatory reaction was detected and decreased with 

time, most likely related to CH, since it was also present in sham nerves. 

 
Effect of heparin on TTR deposition 

Heparin/CH nanoparticles were applied into the sciatic nerve of TTR transgenic mice to study the effect of 

heparin on TTR deposition, in vivo. After 15 days nerves were analyzed by immunohistochemistry and the 

levels of heparan sulfate and TTR were both significantly increased in heparin treated nerves as compared with 

sham (Fig.2). 

 
 
 

 

 

 

 

 

 

Figure 2. Heparin/CH nanoparticles application to sciatic nerve of TTR transgenic mice, increased TTR 

deposition. 

 

DISCUSSION 

Highly sulfated GAGs have been implicated as TTR fibrillogenesis promoters in some in vitro studies [4,5]. To 

evaluate the in vivo influence of heparin/heparan sulfate on TTR deposition, a novel local delivery system to the 

nerve tissue was developed. Some technical challenges must be satisfied as heparin needs to be efficiently 

absorbed by the tissue, the procedure must be minimally invasive and the release sustained in time. Therefore, 

a nanoparticle delivery system based on CH, as the vehicle material, was optimized. Heparin, due to its high 

negative charge, interacts strongly with CH forming stable nanoparticles by polyelectrolyte complexation, with 

slow release properties. Smaller size and positive zeta potential allows higher penetration into the tissues 

escaping from cellular barriers and increasing the resistance to degradation.  

  So, this optimized local delivery system allows the release of drugs that could prompt nerve regeneration, as 

previously described [6], can be a therapeutic strategy regarding neurodegeneration allowing the functional 

evaluation of the animals with tests for nociception, electrophysiology or walking tract analysis, and finally 

permits the delivery of components prompting or inhibiting TTR fibrillogenesis to animal models of disease. 

Moreover, this work demonstrates that changes in proteoglycan type and distribution could possibly account for 

alteration of the physical properties of tissues, increasing TTR deposition in vivo. This new and versatile 

nanoparticle delivery system opens novel avenues in the field of neuropathology, in the design of suitable 

animal models and therapeutic strategies targeting directly the nerve tissue. 
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ABSTRACT  

In mouse senile amyloidosis, apolipoprotein A-II (apoA-II) forms extracellular amyloid fibril deposits (AApoAII) 

throughout the entire body, excluding the brain. Heavy amyloid deposition in the heart is a characteristic feature 

of this disease. Heat shock factor 1 (HSF1) is known to regulate the expression of a set of heat shock proteins 

(Hsps) that suppress the formation of protein aggregates. We induced amyloidosis through injection of AApoAII 

fibrils. We found that extracellular deposition of AApoAII induces expression of Hsps, and HSF1 deficiency 

results in the insufficient induction of Hsps expression in the heart. Compared with wild-type mice, the degree of 

AApoAII amyloid deposition was significantly increased in the heart of HSF1-deficient mice. During the 

accelerated progression of cardiac amyloidosis, Hsf1 deficiency caused the deteriorating loss of the cytoskeletal 

protein α-actin, as well as cardiac contractile dysfunction associated with hypertrophic changes. Over-

expression of human HSF1 reduced amyloid deposition in the heart. 

 

INTRODUCTION 

There are two evolutionarily conserved pathways, the heat shock response (HSR) and unfolded protein 

response in the endoplasmic reticulum, that maintain the protein-folding homeostasis or proteostasis. The HSR 

is characterized by induction of heat shock proteins (Hsps), which are known as molecular chaperones and play 

an important role in protein folding and degradation. Heat shock factor 1 (HSF1), which binds to DNA at a 

specific site of the Hsp gene promoter region called the heat shock element (HSE), is a major determinant in 

this pathway. This pathway is required for acquisition of thermotolerance and protection of cells from various 

pathological diseases, such as neurodegenerative and other degenerative diseases. We hypothesized that (1) 

extracellular deposition of amyloid fibrils might induce HSR; (2) defective HSF1 might accelerate the 
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extracellular fibril deposition by inhibiting the expressions of Hsps; and (3) enhancing HSR might decelerate 

amyloid deposition. 

 

MATERIALS AND METHODS  

To test this hypothesis, we crossed mice lacking the Hsf1 gene (Hsf1-/-)1 or transgenic mice expressing an 

activated form of human HSF1 (hHSF1∆RDTg) with R1.P1-Apoa2c mice with amyloidogenic Apoa2c for the 

present study2. AApoAII fibrils were isolated from the liver of an R1.P1-Apoa2c mouse with severe amyloidosis 

induced by injection of AApoAII fibrils, using Pras’ method with some modifications3. A single dose of 1 µg of 

sonicated AApoAII fibrils were injected into the tail veins of 2-month-old mice. After 2 or 4 months, the treated 

mice were sacrificed. Half of each tissue from the whole body was fixed in 10% neutral buffered formalin and 

the other half was stored at –80 °C for future use.  Amyloid deposition was identified in Congo red-stained 

sections under polarizing microscopy and immunohistochemically with antiserum against AApoAII. The intensity 

of the amyloid deposition was determined semi-quantitatively using the amyloid index (AI) as a parameter3. 

Amyloid fibrils in cardiac tissue were identified by transmission and immunolabeled electron microscopy.  

Cardiac function was assessed with echocardiography (GE Yokogawa Medical System, Tokyo, Japan) as 

previously described4. Hearts were viewed at the level of the papillary muscles in the short axis. In M-mode 

tracings, the average of three consecutive beats was used to measure the following parameters: interventricular 

septum thickness, left ventricular end-diastolic dimension (LVEDd), end-systolic dimension (LVESd) and 

fractional shortening (LVFS), which was calculated as follows: (LVEDd - LVESd)/LVEDd x 100%. 

 

RESULTS 

We induced amyloidosis through injection of AApoAII amyloid fibrils. After 2 and 4 months, we found that 

extracellular deposition of amyloid fibrils induces expression of Hsps (Hsp70, Hsp40 and Hsp27), and HSF1 

deficiency results in the insufficient induction of Hsps expression, especially in the heart. Compared with wild-

type mice, the degree of AApoAII amyloid deposition was significantly increased in the heart of HSF1-deficient 

mice (Figure1).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of amyloid deposition in Hsf1-/- and Hsf1+/+ mice. 
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Bundles of amyloid fibrils deposited in the endomysiums and capillaries of cardiac muscles were observed in 

transmission electron micrographs. Abundant gold particles labeling AApoAII fibrils were seen at endomysiums 

of cardiac muscles by immuno-electronmicroscopy. Two-month-old Hsf1-/- (n=6) and wild-type (n=6) mice were 

injected with 1 µg AApoAII fibrils and euthanized at 2 months after injection. The grade of amyloid deposition 

was determined in 7 major organs (heart, liver, spleen, tongue, stomach, intestine, skin) and AI was 

determined3. 

  During the accelerated progression of cardiac amyloidosis, Hsf1 deficiency caused the deteriorating loss of the 

cytoskeletal protein α-actin in the heart, as well as cardiac contractile dysfunction associated with hypertrophic 

changes (Table 1). Transgenic mice express an active form of human HSF1 (hHSF1∆RD) only in the heart.  

There was a significant difference in the degree of amyloid deposition in the heart between the transgenic mice 

and the wild-type mice. 

 

Table 1 . Echocardiographic analysis in Hsf1+/+ and Hsf1-/- mice with/without AApoAII-injection 

Mouse Strain Hsf1-/- (n=8) Hsf1-/- (n=8) Hsf1+/+ (n=8) Hsf1+/+(n=7) 
AApoAII injection - + - + 

IVS (mm) 0.73 ± 0.05 a, c 0.95 ± 0.09 b 0.75 ± 0.02 d 0.75 ± 0.04 
LVEDd (mm) 2.8 ± 0.1 e, g 2.5 ± 0.1 f 3.4 ± 0.2 h 3.3 ± 0.1 

LVFS (%) 45 ± 2 i, k 32 ± 3 j 49 ± 1 l 47 ± 1 
Each value represents the mean ± S.E. IVS, interventricular septum; LVEDD, left ventricular end-diastolic 
dimension; LVFS, left ventricular fractional shortening 
a vs. b, p< 0.01; c vs. d, p< 0.01; e vs. f, p< 0.05; g vs. , p< 0.001; i vs. j, p< 0.001; k vs. l, p< 0.001. 
 

DISCUSSION 

Many studies have pointed out the importance of Hsps and HSF1 as protective effectors during 

neurodegenerative or other degenerative diseases with intracellular accumulation of misfolded proteins. Here, 

we studied the role of Hsf1 and Hsps in protection against deposition of systemic and extracellular amyloid 

fibrils using mouse AApoAII amyloidosis, in which heavy amyloid deposition in the heart is characteristic5. We 

can induce constant amyloidosis in a relatively short period in mice by “transmission” caused by injection of 

exogenous amyloid fibrils6. We show that absence of HSF1 induces severe extracellular cardiac AApoAII 

deposition and results in cardiomyocyte damage and cardiac dysfunction. But it is unclear how to activate HSF1 

to stimulate the expression of Hsps or HSR by extracellular amyloid deposition. Our results demonstrate that 

HSF1 is a potential pharmacological target in amyloidosis, and its activation may be viewed as a novel 

therapeutic strategy for a variety of cardiac amyloidoses. 
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In murine senile amyloidosis, misfolded serum apolipoprotein A-II (apoA-II) deposits as amyloid fibrils in a 

process associated with aging, and type C apoA-II (APOA2C) is known as an amyloidogenic protein. Previously, 

we showed that N- and C-terminal sequences of apoA-II are critical for polymerization into amyloid fibrils. Here, 

we demonstrated that congenic mouse strains carrying type F apoA-II (APOA2F), which contains 4 amino acid 

substitutions in the amyloidogenic regions of APOA2C, were absolutely resistant to amyloidosis, and that N- and 

C-terminal peptides of APOA2F did not polymerize into amyloid fibrils in vitro. Thus, we have succeeded in 

suppressing amyloid deposition in amyloid-susceptible mice by treatment with the APOA2F C-terminal peptide. 

APOA2F C-terminal peptide might inhibit the conformational changes required for polymerization of 

amyloidogenic N- and C-terminal apoA-II sequences into amyloid fibrils. We provide a new model system for 

investigating inhibitory mechanisms against amyloidosis in vivo and in vitro. 

 

INTRODUCTION 

Apolipoprotein A-II (ApoA-II) is the most important protein associated with murine senile amyloidosis, as it is the 

precursor of amyloid fibrils (AApoAII) (1-3). Seven alleles of the apoA-II gene have been found among inbred 

strains of mice (4), each inbred laboratory mouse strain has a single type apoA-II protein and the pathological 

findings of senile amyloidosis in strains with type A, B, or C apoA-II (APOA2A, APOA2B, and APOA2C) have 

been investigated (2, 5-8). For example, C57BL/6J strain has APOA2A and exhibits a moderate incidence of 

mild amyloid deposition with aging, and BALB/c strain has APOA2B and exhibits a low incidence of slight 

amyloid deposition. In contrast, the SAMP1 strain has APOA2C and spontaneously exhibits a high incidence of 

severe systemic amyloid deposition with aging. We previously reported a unique mechanism in which N- and C-

terminal peptides of apoA-II associated into amyloid fibrils in vitro (9). The N-terminal sequence from positions 6 

to 16 of apoA-II is critical for polymerization into amyloid fibrils. The C-terminal sequence from positions 48 to 65 
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of ApoA-II is also necessary for nucleation, but not for the extension phase. Interestingly, both sequences are 

common and there is no substitution in them among APOA2A, APOA2B and APOA2C. 

  We hypothesized that some amino acid substitutions in these amyloidogenic sequences of apoA-II might 

inhibit the polymerization of apoA-II into amyloid fibrils. Type F apoA-II (APOA2F) contains 4 substitutions in the 

N- and C-terminal peptides relative to APOA2C (4). So, we evaluated the incidence of amyloidosis in mice 

having APOA2F, and compared it with those in mice having APOA2A or APOA2C in vivo. We analyzed the 

ability of N- and C-terminal peptides of APOA2F to polymerize into amyloid fibrils in vitro. Then, we investigated 

whether the C-terminal sequence of APOA2F had inhibitory effects on senile amyloidosis in vivo. 

 

METHODS 

Experiment 1 - We developed two strains of congenic mice that have type F apoA-II originating from Mus 

Spretus in the genetic backgrounds of C57BL/6J and R1.P1-Apoa2c using standard procedures. Two-month-old 

mice were injected intravenously with 100 µg of sonicated AApoAII prepared by using methods described 

previously (3). The mice were sacrificed at arbitrary intervals until 11-month-old. Several organs were collected 

from these mice and used to detect amyloid deposition. Plasma was collected from 2-month-old mice that had 

fasted for 12-16 h and was used the levels of apoA-I and apoA-II in HDL, HDL particle size, and total- and HDL-

cholesterol levels (3, 8). 

  Experiment 2 - We investigated that the polymerization of synthetic partial peptides of APOA2F into amyloid 

fibrils using methods described previously (9). The reaction mixtures, which contained 50 µM peptides, 100 mM 

NaCl in 50 mM buffer (pH 2.5), were incubated with agitation at 300 rpm at 37˚C, and were used for several 

analyses as ThT binding assay, microscopic analyses using TEM and LM, CD analysis, and LC-MS/MS. For CD 

analysis, the solvent for peptides used hexafluoroisopropanol instead of DMSO. 

  Experiment 3 - We used Apoa2c transgenic mice, which were developed as an amyloidosis-susceptible strain 

in our laboratory (8). The C-terminal peptide in 5% DMSO (1 mM) or 5% DMSO were filled in sterile osmotic 

pumps. Two-month-old transgenic mice were anesthetized and were implanted osmotic pumps into their 

abdominal cavities. One day after the implantation, mice were injected intravenously with 5 µg of sonicated 

AApoAII fibrils. After 27 days, several organs were collected and used to detect amyloid deposition. 

  Ethics statement - All in vivo experiments were carried out in accordance with the Regulations for Animal 

Experimentation of Shinshu University. 

  Statistical analysis - The Mann-Whitney U-test was used to analyze the amyloid index for AApoAII deposition. 

The Tukey-Kramer method for a multiple comparison was performed to test for any significant differences in 

various pair-wise comparisons in blood biochemical parameters. 

 

RESULTS AND DISCUSSION 

We detected amyloid depositions in mice with the either Apoa2a or Apoa2c alleles, but none of the homozygous 

Apoa2f/f mice showed amyloid depositions anywhere in the body (Figure 1 ). In addition, none of the 

homozygous Apoa2f/f mice showed spontaneous amyloid deposition until 13 month-old, even though 

heterozygous Apoa2c/f mice had amyloid deposition in several organs at the same period and homozygous 

Apoa2c/c mice had severe amyloid deposition. From those findings, we found that mice with homozygous 
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Apoa2f/f were absolutely amyloidosis-resistant. And, the APOA2F did not affect the contents of apoA-I and 

apoA-II proteins and the plasma lipid profiles. 

  We examined the polymerization of APOA2F into amyloid fibrils by using partial synthetic peptides in vitro. 

APOA2F peptides could not polymerize into amyloid fibrils, and C-terminal peptide of APOA2F was a strong 

inhibitor against the polymerization of amyloidogenic APOA2C peptides. And, the single amino acid substitution 

at position 62 of APOA2C (c48/65(N62K)) did not polymerize into amyloid fibrils. From those findings, we 

hypothesized that APOA2F C-terminal peptide might inhibit the onset of amyloidosis on mice. Interestingly, 

amyloidosis-susceptible mice treated with the c48/65(N62K) showed the onset of amyloidosis, but their amyloid 

depositions were lower than those in mice treated with the others (Figure 2 ). We cannot explain the molecular 

inhibitory mechanism in detail, but C-terminal peptides of APOA2F might inhibit the conformational changes 

required for polymerization into amyloid fibrils from our CD-spectra data using several partial peptides of apoA-

II. 

  We provide a new model system for investigating inhibitory mechanisms against amyloidosis in vivo and in 

vitro, and believe that this system will be useful for the development of novel therapies. 

 

 

Figure 1. Mice with homozygous Apoa2f/f were absolutely amyloidosis-resistant. Each bar shows the mean. 

Numbers in parentheses represent amyloid positive mice/total mice examined. 

 

 

Figure 2. A single substitution C-terminal peptide of APOA2C (c48/65(N62K)) suppressed amyloid deposition in 

vivo. 
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ABSTRACT 

Avian amyloidosis is a type of systemic amyloid-A (AA) amyloidosis, and occurs most frequently in waterfowl 

such as Pekin ducks. In chickens, AA amyloidosis is observed in relatively older birds. However, outbreaks of 

systemic amyloidosis in flocks of young layers are known to be induced by repeated inflammatory stimulations, 

such as those resulting from multiple vaccinations with oil-emulsified bacterins. We found irregular fatal disease 

outbreaks of AA amyloidosis in growing white hens in a large scale poultry farm. The outbreak in the farm was 

observed within three weeks after vaccination. Therefore, we histologically examined the many young white 

hens with AA amyloidosis in the poultry farm and characterized etiological factors of chicken AA amyloidosis. 

Outbreak of chicken AA amyloidosis in the poultry farm seems to be potentially associated with administration of 

multiple vaccines.  

 

INTRODUCTION 

Avian amyloidosis, also referred to as systemic AA amyloidosis, is observed in older birds, where the condition 

develops secondarily to inflammatory disorders such as tuberculosis. Avian amyloidosis occurs most frequently 

in waterfowl, particularly Pekin ducks. A similar condition in chickens, where the disease is known as amyloid 

arthropathy, is associated with infection by Enterococcus faecalis. Several reports suggest that outbreaks of 

systemic amyloidosis in young layer flocks are induced by repeated inflammatory stimulations, such as 

injections with casein or vaccinations with oil-emulsified bacterins. 

We encountered irregular outbreaks of fatal disease in growing hens in a large-scale poultry farm. 

Postmortem examinations revealed the presence of AA amyloidosis in the carcasses of these young chickens. 

AA outbreaks in this farm occurred after administration of a combined vaccine. Therefore, we investigated the 

possible relationship between avian AA amyloidosis and the vaccination program, including characterizing 

etiological factors of the disease and possible treatments, the use of antibiotics, and/or varying the vaccine 

components.  
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CASE HISTORY & METHODS 

The poultry farm T is a large-scale farm, which raises a total of about 200,000 white growing hens per year. In 

each farming term, 44,000 chickens were farmed. Chickens were introduced in farm T at the age of about 70 

days, subcutaneously or intramuscularly inoculated with the multiple vaccines in pectoral muscle at 90-days and 

shipped to an egg-laying farm at about 130 days. From February 2010, the mortality of chickens increased in 

farm T (about 2.0%). The chickens deceased from February 2010 to June 2011 were examined in the following 

ways. 

� Historical analysis in farm T 

� Analysis of pathological condition of chicken amyloidosis 

� Verification of the treatment effect of antibiotics 

 

RESULTS 

Chicken amyloidosis was observed within 20 to 30 days after one-time co-administration of vaccines. In group 

No.7, the total number of deceased animals was 711 out of 44,000 chickens (1.6%). Of these deceased 

animals, 130 carcasses were examined macroscopically, histologically, and immunohistochemically. Treatment 

with antibiotics reduced the number of chicken deaths. 

 

Table 1. Surveillance of mortality, vaccine inoculation, and experimental treatment at poultry farm T 

Group 
No. 

Nos.      
of 
chickens 

Month-year 
starting of farming 

Medication 
by antibiotic 

Overall mortality  
in a group 

Incidence of chickens with 
amyloidosis in dissected group 

1 32,000 Feb. 2010 - 1.1 - 

2 32,000 Apr. 2010 - 1.2 - 

3 32,000 Jun. 2010 - 2.0 - 

4 32,000 Aug. 2010 - 1.7 - 

5 32,000 Aug. 2010 - 1.4 - 

6 44,000 Dec. 2010 - 1.8 - 

7 44,000 Feb. 2011 - 1.6 22/25 (88%) 

8 44,000 Apr. 2011 + 0.7 3/40 (7.5%) 
 

To estimate the relationship between occurrence of chicken amyloidosis and vaccination, 25 chickens were 

inoculated with the vaccines according to vaccination program as the monitoring group, while 5 chickens were 

kept as the control group without vaccination. The histopathological observation revealed the development of 

AA amyloidosis in 22 of the 25 animals inoculated with vaccines, while AA amyloidosis was not observed in 5 

control chickens. In 22 chickens with AA amyloidosis, inflammatory lesions in the pectoral muscles were more 

severe than those seen in chickens without amyloidosis 

 

DISCUSSION 

Outbreaks of chicken amyloidosis previously have been reported primarily in colored chickens. However, in this 

study, the outbreak developed in growing hens of the Julia-Lite (white) breed. Furthermore, these chickens 

developed AA amyloidosis within 20 days after a single vaccine injection, even though young Sonia and Boris-
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Brown (colored) hens raised at the same poultry farm didn’t develop AA amyloidosis (data not shown). In most 

previous reports, AA amyloidosis was observed in chickens or other animals over a month after the 

administration of multiple (repeated) inflammatory stimulations. Our results suggest that the Julia-Lite breed 

may have greater susceptibility to AA amyloidosis following inflammatory stimulation. 

Chickens administered antibiotics exhibited decreased mortality, suggesting that prophylactic administration 

of antibiotics after vaccination is effective in reducing mortality due to AA amyloidosis. Generally, amyloidosis is 

a disease caused by chronic inflammation, as seen in rheumatoid arthritis and various bacterial infections. In 

this study, chicken amyloidosis presumably was enhanced by inflammation from purulent myositis with bacterial 

infection at the pectoral muscle site of injection. Administration of antibiotics is assumed to have reduced 

bacterial infection and thereby weakened inflammatory stimulation, leading to a reduction in the incidence of 

amyloidosis.  

In the monitoring group, three of 40 chickens (7.5%) exhibited AA amyloidosis. This percentage is higher than 

mean mortality in group No. 8. The result suggests that some of the chickens that survived to harvest (i.e., were 

not found dead) may have been harboring AA amyloidosis. Furthermore, in the three necropsied chickens that 

exhibited amyloidosis, amyloid deposits were observed in each lesion-containing pectoral muscle. These 

observations suggest that chickens with systemic amyloid deposits may have been shipped to egg farms as 

layers. Given recent reports of cross-species transmission of AA amyloidosis (by ingestion of amyloid in edible 

meat), further surveys of chicken AA amyloidosis in laying hens are recommended. 
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Serum amyloid A (SAA) is an acute-phase reactant associated with high-density lipoproteins (HDLs) in plasma 

(1). SAA is produced by the liver where its synthesis is under the control of inflammatory cytokines, including 

interleukin-1, interleukin 6 and tumor necrosis factor. During episodes of inflammation the SAA levels become 

substantially elevated due to an increased hepatic production (0.001 – 1mg/ml), thus increasing the SAA 

content of HDL (HDL-SAA) (2). The amount of other protein constituents of HDL, such as apolipoprotein A-I 

(ApoA-I), is concomitantly reduced. This altered, but physiological relevant lipoprotein, has an increased binding 

affinity for macrophages that is dependent on heparan sulfate (HS), a sulfate polysaccharide expressed on cell 

surfaces and in the extracellular matrix (3).   

  During longstanding inflammatory conditions, SAA can accumulate and deposits in organs, primarily in the 

spleen, liver and kidneys, causing AA-amyloidosis (4). The development of the disease is a progressive 

process, often associated with persistent or reoccurring acute inflammation such as rheumatoid arthritis and 

familial Mediterranean fever (5). AA-amyloidosis is relatively rare compared to other types of amyloid disorders, 

but often severe due to functional failure of affected organs. Although a sustained increase in circulating SAA is 

a prerequisite for the disease, only a proportion of the patients with persistent inflammatory conditions develop 

this form of amyloidosis. Thus, factors other than circulating SAA concentration must be critical for the 

generation of AA-amyloid. 

  AA-amyloidosis can be induced in mice by intravenous injection of amyloid fibrils (also known as amyloid 

enhancing factor, AEF) in combination with an inflammatory stimulation by subcutaneous injection of silver 

nitrate. This causes AA-amyloid within 24 hours in affected organs (6). Experiments with this model have 

revealed an intimate structural and temporal relationship between AA-amyloid and HS in situ, suggesting a role 

for HS in the pathogenic process (7).  

  Our lab previously showed that transgenic mice overexpressing heparanase, an HS degrading enzyme, are 

resistant to experimental induction of AA-amyloid. Organs of the transgenic mice with high heparanase 

expression selectively escaped amyloid deposition, demonstrating a decisive role for HS in the pathogenic 

process. Gel chromatographic analysis of isolated HS revealed a pronounced reduction in the average chain 
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length of the heparanase-overexpressing organs (i.e. liver and kidney) (8). Taken together, this study indicates 

that the HS chain-length is critical for the aggregation of SAA and its subsequent deposition as AA-amyloid. The 

present study aimed to investigate the molecular basis of this finding.  

 

THE POLYSACCHARIDE LENGTH IS CRITICAL FOR THE BINDI NG ACTIVITY TO ACUTE-PHASE HDL 

HDL particles were isolated from normal (HDL) and inflamed mouse plasma (HDL-SAA) by sequential density 

flotation. The apolipoprotein content in respective HDLs was analyzed with SDS-Urea PAGE and, as expected, 

the HDL-SAA contained high amount of SAA whereas it was essentially absent in regular HDL. We found that 

heparin (a commonly used analogue of HS) efficiently promoted the formation of amyloid fibrils when incubated 

with HDL-SAA at mildly acidic conditions; an effect that is likely exerted through a pH-sensitive motif on SAA (9). 

This conversion of SAA, from a lipid-associated protein to an amyloid structure, is considered to be a central 

issue in the pathogenesis of AA-amyloidosis.  

  To examine the binding of HS/heparin to HDL-SAA we employed surface plasmon resonance (SPR) 

spectroscopy. HDL-SAA was immobilized onto a Biacore CM5 sensor chip and heparin was injected over the 

surface at different pH-conditions. As observed for the aggregation experiment, the heparin and HDL-SAA 

interaction required mild acidic condition (pH 5.0). Unexpectedly, the heparin binding generated a negative cure, 

which is rarely observed in SPR-analysis. Characterization of the interaction revealed that the polysaccharide 

influenced the stability of HDL-SAA, and that the negative binding curve represented a direct dissociation of 

SAA from the lipoprotein.  

  To further investigate the molecular basis of this finding, we examined the binding of short heparin fragments 

(e.g. 6-mers) with HDL-SAA. Shorter heparin fragments interacted transiently with the lipoprotein and did not 

induce SAA dissociation. Further, injection of oligosaccharides with different chain-lengths revealed that only 

structures exceeding 12-14 sugar units in length were capable of inducing SAA dissociation. This size-

dependent effect was further illustrated by examination of HDL-SAA aggregation; heparin efficiently promoted 

aggregation, while 6-mers failed to induce aggregation.     

 

HS INDUCED DISSOCIATION LIKELY INVOLVES TWO BINDING  SITES ON ACUTE-PHASE HDL 

Inspection of the SPR-data suggested that an additional HDL-associated component, to which HS/heparin 

binds, is involved in the SAA dissociation process. Since ApoA-I is the other major protein constituent of HDL-

SAA, we considered whether simultaneous binding of HS/heparin to ApoA-I and SAA would be required for SAA 

dissociation. Accordingly, HS was found to bind normal HDL abundant in ApoA-I. This interaction was only 

observed at mild acidic pH, consistent with the condition at which HS/heparin-mediated SAA displacement 

occurred. Furthermore, molecular modeling revealed that the putative binding motifs of SAA and ApoA-I each 

correspond to that of a heparin 6-mer (31.8 Å). Thus, a heparin structure of 12-14-mer provides two such sites, 

enabling simultaneous binding to the two HDL-SAA components. In comparison, a fragment of 6-mers can only 

accommodate one motif. Notably our study does not exclude the possibility that the HS/heparin-mediated 

displacement of SAA occurs through co-binding of HS/heparin to SAA and other HDL-associated 

apolipoproteins (e.g. ApoE, ApoC). Such an interpretation warrants consideration since HS/heparin binding sites 

have been identified on ApoE. 
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  Taken together, this study suggests that HS structures that exceeding a certain minimal length induces 

separation of SAA from the lipoprotein. Our results point to a novel role of HS in AA-amyloidosis, in which an 

optimal chain length of the polysaccharide is required for separation of SAA from HDL-SAA. This concept is 

consistent with earlier in vivo findings (8) and introduces a novel mechanistic concept in inflammatory (AA) 

amyloidosis.  
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ABSTRACT 

It remains to be fully elucidated how transthyretin (TTR) makes amyloid in tissues and causes organ damage. 

The aim of this study is to investigate TTR deposition on cell morphology and viability. Recombinant TTR were 

expressed in E. coli and purified. TTR aggregates were formed in vitro by pretreating TTR in 100 mM acetate 

buffer, pH 4.0. Aggregate preparations were centrifuged to generate pellet and supernatant fractions or used 

without fractionation. Smooth muscle cells were cultured with the various TTR preparations. TTR aggregates in 

non-fractionated pretreated preparations, as well as resuspended pelleted material, deposited on the surface of 

cells. The deposits stained weakly with Congo red but were not birefringent. Western analyses of cell lysates 

revealed that both non-treated TTR and TTR pretreated at pH 4.0 bound to cells. No decrease in viability was 

noted for cells incubated with nontreated and treated TTR.   

 

INTRODUCTION 

Background. Mutant (MT) forms of transthyretin (TTR) cause autosomal dominant hereditary systemic 

amyloidosis.1,2  In addition, wild-type (WT) TTR causes senile systemic amyloidosis, a sporadic disease seen in 

the elderly.3 Although destabilization of TTR tetramers is widely believed to be a critical step in TTR amyloid 

formation, it remains to be fully elucidated how TTR makes amyloid in tissues and causes organ damage. The 

aim of the study is to investigate TTR deposition in cell culture and examine effects of deposition on cell 

morphology and viability.       

 

METHODS 

Recombinant wild-type and mutant (Val30Met) TTR were expressed in E. coli and purified by ammonium sulfate 

precipitation and DEAE and Sephacryl S-100 chromatography. TTR aggregates were formed in vitro by 

pretreating TTR in 100 mM acetate buffer, pH 4.0, for 30 min. Aggregate preparations were centrifuged to 

generate pellet and supernatant fractions or used without fractionation (Figure 1). Cultures of smooth muscle 

cells (glomotel cells) were incubated with the various TTR preparations for 6 days. Congo red staining and 



Animal models and cell culture systems 

137 

immnohistochemical staining using an anti-TTR antibody (DAKO, Glostrup, Denmark) were performed. Cell 

lysates were examined by western analysis using the anti-TTR antibody. Cell viability was measured by MTS 

assay.    

 

 

Figure 1.  Preparations of TTR for cell culture studies.   

 

RESULTS   

TTR aggregates in non-fractionated pretreated preparations, as well as resuspended pelleted material, 

deposited on the surface of cells (Figure 2A). The deposits stained weakly with Congo red (Figure 2B) but were 

not birefringent (Figure 2C). Western analyses of cell lysates revealed that both non-treated TTR and TTR 

pretreated at pH 4.0 for 30 min bound to cells.   

MTS assay revealed that viability of cells cultured with pretreated TTR was almost same as cells cultured with 

non-treated TTR in both wild-type and Val30Met TTR.   

 
Figure 2.  Congo red staining and immnohistochemical staining 

(A) Immunohistochemical staining using the anti-TTR antibody in glomotel cells cultured with the pretreated TTR 

Val30Met.  (B) Congo red staining in glomotel cells cultured with the pretreated TTR Val30Met.  (C) Congo-red 

staining under polarized light.   
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DISCUSSION   

TTR pretreated with acidic buffer in a test tube made deposits of TTR aggregates on the cells, while it is still 

unclear how TTR binds to cell surface. Those aggregates did not show birefringent under polarized light. This 

result suggests that TTR aggregates on the cells are different from amyloid deposits in the patients. To 

determine how TTR makes amyloid on the cells, further investigations should be performed.   
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ABSTRACT 

Induced pluripotent stem cells (iPSCs) provide an unprecedented opportunity to model and to develop therapies 

for human genetic diseases in the genetic context of the patient. We have generated iPSC lines from a 

hereditary transthyretin amyloidosis (ATTR) patient heterozygous for the leucine-55-proline mutation. We 

demonstrate the successful modeling of this multi-systemic disease through the directed differentiation of ATTR-

iPSC into both disease effector cells (hepatocytes) and peripheral target cells (cardiomyocytes, neurons). 

ATTR-iPSC derived target cells display oxidative stress and increased apoptosis when exposed to aberrant 

TTR protein produced by ATTR-iPSC hepatocytes, thus recapitulating aspects of the disease in vitro. 

Furthermore, the deleterious effects of ATTR hepatic supernatants were negated in the presence of known 

small molecule stabilizers of TTR such as diflunisal, thus validating the iPSC-based system as a suitable 

platform for small molecule drug testing. 

 

INTRODUCTION 

Induced pluripotent stem cell (iPSC) technology was first discovered in 2006 by the group of Shinya Yamanaka, 

who elucidated the combination of four factors, Oct4, Sox2, Klf4 and C-Myc whose overexpression was 

sufficient to reprogram somatic cells to pluripotency [1]. The generation of iPSC from patients with inherited 

diseases provides an unprecedented opportunity to study the effects of genetic abnormalities and disease 

progression. The derivation of unlimited quantities of the genetically relevant cell types targeted and affected in 

patients allows investigation of the cellular, molecular, and epigenetic events involved in multi-systemic genetic 

disease such as hereditary TTR amyloidosis (ATTR). Although most cases of ATTR are due to the autosomal 

dominant presence of a single base-pair mutation in hepatic serum protein transthyretin [2], the damage is seen 

extrinsically in the peripheral nervous system and heart [3], highlighting the need for a model that can 

recapitulate the multi-system complexity of the disease.  
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  We have generated ATTR patient-specific iPSCs and used directed differentiation protocols to generate cells 

of hepatic, neuronal and cardiac lineages, modeling the three major tissue types involved in this lethal disease. 

Our data recapitulate clinical trial findings that certain small molecule TTR stabilizers can inhibit TTR fibril 

formation in vivo, validating this system as a platform for the testing of therapeutics. 

 

RESULTS 

Creation of disease-specific iPSCs; A lentiviral vector containing the four genes in a single “stem cell 

cassette” -known as STEMCCA- has been created and characterized by our group [4,5], and has been shown 

to be able to be highly efficient at generating “fully reprogrammed” iPSCs from transduced patient skin 

fibroblasts and peripheral blood cells. Using the STEMCCA system, we have generated multiple iPSC lines from 

an ATTR patient dermal fibroblast sample heterozygous for the L55P mutation, the most clinically aggressive 

disease-causing variant of the TTR gene [6] which targets the heart and the peripheral nerves in addition to 

other tissues. 

  The resultant ATTR-iPSCs were karyotypically normal and expressed a panel of associated pluripotency 

markers including Oct4, SSEA-4, Tra1-60 and Tra1-81. Importantly, the ATTR-iPSC clones were able to give 

rise to tissue derivatives of all three germ layers in teratoma formation assays in immunocompromised mice, 

indicating that the cells were functionally pluripotent. 

  Directed differentiation of ATTR-iPSCs to cellula r lineages affected in ATTR; Using growth factor 

dependent, directed differentiation methodologies, ATTR-iPSCs were pushed towards the hepatic, cardiac and 

neuronal cell lineages for utilization in downstream disease modeling experiments.  

  Hepatic-lineage cells derived from ATTR-iPSCs were capable of glycogen storage, a property of bona fide 

hepatic cells, and they expressed a panel of hepatic markers such as alpha-fetoprotein, albumin and also the 

disease-affected gene transthyretin. Importantly, for the use of these cells in downstream experiments, western 

blot analysis of hepatic supernatants revealed that these cells produced and secreted TTR protein.  

  Cardiac and neuronal lineage cells derived from the ATTR-iPSCs also displayed hallmarks of their respective 

lineages as assessed by immunofluorescence and gene expression analysis, displaying upregulation of genes 

such as Tbx5 and cardiac troponin for the cardiac cells and neuronal class III β-Tubulin (Tuj1) and homeobox 

protein HB9 for neuronal cells. Functionally, ATTR-iPSC derived cardiac cells were capable of spontaneous 

contraction while neuronal cells were capable of labeled TTR uptake, a property of neuronal cells in vivo [7]. 

  Assessment of damage to ATTR-target tissues; Having successfully derived the cellular lineages involved 

in ATTR, we then focused on the modeling of the disease in an in vitro setting, by dosing the “ATTR target” cells 

with supernatants from iPSC-derived hepatic cells (both control and ATTR). Flow cytometry of viability dye-

stained cells revealed that compared to control, both neuronal and cardiac cells reacted adversely to ATTR 

hepatic supernatants (ATTR-hs), with an overall decrease in the number of live cells. Preliminary gene 

expression analysis of dosed ATTR-neuronal cells also revealed that cells exposed to ATTR-hs had 

comparatively higher levels of genes typically upregulated in response to aberrant protein folding and cellular 

stress, such as heat-shock 70 family proteins and heme oxygenase 1.  

  Amelioration of damage with TTR stabilizing molec ules;  Having ascertained that hepatic supernatants 

containing the L55P variant of TTR had a deleterious effect on cell survival, we next investigated whether it was 

possible to rescue this effect through the addition of known small molecule stabilisers of aberrant tetrameric 

TTR; diflunisal and flufenamic acid [8,9]. The addition of either of these compounds to ATTR-hs had a protective 
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effect on both neuronal and cardiac cell survival compared to cells exposed to ATTR-hs alone, indicating that 

the stabilization of aberrant TTR in the supernatant was sufficient to prevent the toxic effects observed with 

ATTR-hs. 

 

DISCUSSION 

Pluripotent stem cells are a useful tool for disease modeling as it is possible, through directed differentiation, to 

study the lineages of interest in vitro. iPSCs, which are derived from patient-specific cells, further this by 

allowing the study of genetic diseases in the context of the genetic background of the patients. For a disease 

such as ATTR, in which a degree of clinical variability has been observed in patients with the same genetic 

variants in the TTR gene, it may provide insights into the underlying causes of disease manifestation. Using our 

versatile iPSC system, we have recapitulated aspects of ATTR in vitro through the exposure of directed-

differentiated tissues to hepatic supernatants containing aberrant TTR. We have also demonstrated that known 

small molecule stabilizers of the TTR tetrameric structure can overcome the deleterious effects of aberrant TTR 

in this system, therefore validating this system as a potential platform in which to study the effects of novel 

therapeutics for the disease.  

 

 

REFERENCES 

1. Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast 

cultures by defined factors. Cell. 2006 Aug 25;126(4):663–76.  

2. Connors LH, Lim A, Prokaeva T, Roskens VA, Costello CE. Tabulation of human transthyretin (TTR) 

variants, 2003. Amyloid. 2003 Sep;10(3):160–84.  

3. Falk RH, Comenzo RL, Skinner M. The systemic amyloidoses. N. Engl. J. Med. 1997 Sep 25;337(13):898–

909.  

4. Sommer CA, Stadtfeld M, Murphy GJ, Hochedlinger K, Kotton DN, Mostoslavsky G. Induced pluripotent 

stem cell generation using a single lentiviral stem cell cassette. Stem Cells. 2009 Mar;27(3):543–9.  

5. Somers A, Jean J-C, Sommer CA, Omari A, Ford CC, Mills JA, et al. Generation of transgene-free lung 

disease-specific human induced pluripotent stem cells using a single excisable lentiviral stem cell cassette. 

Stem Cells. 2010 Oct;28(10):1728–40.  

6. Jacobson DR, McFarlin DE, Kane I, Buxbaum JN. Transthyretin Pro55, a variant associated with early-

onset, aggressive, diffuse amyloidosis with cardiac and neurologic involvement. Hum. Genet. 1992 

May;89(3):353–6.  

7. Fleming CE, Mar FM, Franquinho F, Saraiva MJ, Sousa MM. Transthyretin internalization by sensory 

neurons is megalin mediated and necessary for its neuritogenic activity. J. Neurosci. 2009 Mar 

11;29(10):3220–32.  

8. Peterson SA, Klabunde T, Lashuel HA, Purkey H, Sacchettini JC, Kelly JW. Inhibiting transthyretin 

conformational changes that lead to amyloid fibril formation. Proc. Natl. Acad. Sci. U.S.A. 1998 Oct 

27;95(22):12956–60.  

9. Miller SR, Sekijima Y, Kelly JW. Native state stabilization by NSAIDs inhibits transthyretin amyloidogenesis 

from the most common familial disease variants. Lab. Invest. 2004 May;84(5):545–52.  



XIIIth International Symposium on Amyloidosis 

142 

 

 



 

 

 

 

SECTION IV 

 

DIAGNOSIS, TYPING AND IMAGING 



 

 

 



Diagnosis, typing and imaging 

145 

STATE OF THE ART: Diagnosis and typing of amyloid i n the Amyloid Registry Kiel 

 

C. Röcken 

 

Department of Pathology, Christian-Albrechts-University, Kiel, Germany. 

 

 

 

 

 

 

 

Amyloid is a pathologic fibrillar aggregation of polypeptides in a cross-β-sheet conformation. Amyloidoses are 

caused by the deposition of amyloid and may occur as cerebal and extracerebral diseases. More than 29 

different amyloid proteins have been identified. Inspection of a Congo red-stained tissue section by polarization 

microscopy is the gold standard for diagnosing amyloid. Subsequent classification of the amyloid is mandatory 

and is increasingly supported by molecular biological analyses. This led to the discovery of several hereditary 

amyloid diseases in Germany. The correct classification of amyloid is of paramount importance. This helps to 

assess the prognosis and tailors patient treatment.  

 

DIAGNOSING AMYLOID HISTOLOGICALLY 

Amyloid can only be diagnosed by the inspection of a tissue specimen either by light microscopy or electron 

microscopy. Even 150 years after the first description of amyloid by Rudolf Virchow, no clinical, laboratory or 

imaging technology has replaced the analysis of a tissue sample, putting the histopathologist in a central 

position for recognizing and diagnosing amyloid. While amyloid is defined by the presence of proteinaceous 

deposits with specific tinctorial properties, amyloidosis denotes the disease state caused by the deposition of 

amyloid. Amyloid can be unapparent without clinical and/or histological evidence of a resulting disease.  

  On an H&E-stained tissue specimen, amyloid appears as a homogeneous eosinophilic mass. Following Congo 

red staining, amyloid shows a typical apple green birefringence when viewed in polarized light between crossed 

polars. Electron microscopically, amyloid consists of non-branching linear fibrils with an average diameter of 10 

nm. Several alterations in human tissue can mimic amyloid, including various forms of scaring, which are far 

more common than amyloid in the routine surgical pathology service. Thus, prior to diagnosing amyloid, it is 

necessary to consider this differential diagnosis, and I strongly recommend to constantly remind clinicians and 

surgical pathologists of this orphan disease. 

  When amyloid is suspected, Congo red staining in conjunction with polarization microscopy is the gold 

standard. The light source of the microscope has to be set at maximum power and the crossed polarization 

filters should darken the field almost completely. Amyloid then shows the characteristic and diagnostic apple 

green birefringence. However, there is ample evidence that the intensity of the birefringence varies between 

different types of amyloid, commonly being weaker in AL and certain forms of ATTR amyloid. In these settings, 

amyloid can be missed when the Congo red staining and polarization microscopy are not properly applied. 



XIIIth International Symposium on Amyloidosis 

146 

Recognizing tiny deposits can be difficult at times and are prone to sampling errors. Application of step sections 

and/or fluorescence microscopy to the Congo red-stained sections may increase the sensitivity. 

 

CLASSIFICATION OF AMYLOID IMMUNOHISTOLOGICALLY 

Once a diagnosis has been reached, amyloid has to be classified. The vast majority of tissue specimens studied 

in surgical pathology have been fixed in formalin and embedded in paraffin (FFPE). Thus, classification 

technologies should be applicable to these specimens. Immunohistochemistry is a standard technique, which, in 

general, can be applied robustly to FFPE-tissue specimens (1). It is available in almost any Department of 

Pathology (University Hospital, Community Hospital, Private Practice) and as such has the broadest distribution. 

However, while immunodetection of common cellular and tissue antigens, such as cytokeratin or vimentin, is 

straight forward, classification of amyloid is more sophisticated for the following reasons: 

1) Many amyloid proteins have undergone conformational and post-translational modifications. Therefore, 

antibodies raised with the cognate native, physiologically folded precursor proteins may not yield 

antibodies suitable for the recognition of amyloid proteins. 

2) All amyloid proteins derive from physiological, autologous precursor proteins, which may still be present in 

the test tissue bearing the risk of “false positive”, although specific, immmunolabeling not identical with the 

amyloid protein. 

3) Amyloid is deposited loosely in the tissue and serum proteins regularly diffuse into the amyloid deposits 

further corroborating immunohistochemical classification. 

4) Amyloid is a rare disease of diverse origin and classification requires a large battery of different antibodies 

(Table 1), which will only be used rarely making classification of amyloid in a routine diagnostic laboratory 

uneconomical. 

Thus, advanced immunohistochemical classification of amyloid should be carried out in specialized units, which 

have special expertise with the classification of amyloid and are able to make classification economical (1). This 

also applies to more advanced proteomics based classification systems of amyloid (see A. Dogan, this 

Proceedings book). 

 

THE AMYLOID REGISTRY KIEL 

The Amyloid Registry Kiel is a central pathology service unit for the diagnosis and classification of amyloid in 

Germany. We receive samples from clinicians and referring surgical pathologists from all over Germany. Mostly 

FFPE-tissue samples are submitted to the registry after the referring surgical pathologist has diagnosed 

amyloid. On a routine basis, we apply nine different antibodies to every specimen using serial sections of which 

one is stained with Congo red. Immunolabelling is done with fully automated immunostainers using also on slide 

positive and negative controls (Figure 1). In addition to that many more mostly non-commercially available 

antibodies are kept on stock and are applied to the tissue specimens depending on the origin and type of 

amyloid to be considered (Table 1). The Amyloid Registry Kiel now houses more than 2000 cases of amyloid 

with an annual increment of about 450 new cases. This unique collection has enabled a new sort of systematic 

studies investigating the prevalence and histoanatomical distribution of the diverse types of amyloid in tissue 

biopsies. This ultimately improves recognition and classification of amyloid, since the deposition patterns vary 

among the different types of amyloid improving significantly clinico-pathological diagnosis. 



Diagnosis, typing and imaging 

147 

 

Table 1 . Antibodies used by the Amyloid Registry Kiel for the classification of amyloid  

Antibody Commercial /  
non commercial mono- / polyclonal Manufacturer / peptide sequence 

used for immunisation 
Amyloid-P Komponent C P DakoCytomation, Glostrup, Denmark 
AA-Amyloid C M (clone mc1) DakoCytomation, Glostrup, Denmark 
Aβ-Amyloid C M (clone 6F/3D) DakoCytomation, Glostrup, Denmark 

β2-Mikroglobulin 
C P Novocastra, Newcastle upon Tyne, 

England 
Calcitonin C M (clone SP17) Thermo Fisher Scientific, U.S.A. 
hDYSF5a (Dysferlin) C P NH2-CTTPRKLPSRPPPHY-CONH2 
hDYSF-5b (Dysferlin) C P NH2-CRKRSAPTSRKLLSDK-CONH2 
hDYSF-6 (Dysferlin) C P NH2-AGQTKRTRIHKGNSC-CONH2 
Gelsolin C M (clone GS-2C4) Sigma-Aldirch, Deisenhofen 
Insulin C M  (HB125) BioGenex, U.S.A. 
Lactoferrin C P DakoCytomation, Glostrup, Denmark 
λ-Leichtkette C P DakoCytomation, Glostrup, Denmark 
AL1 (λ-Leichtkette) N P Native ALVλVI Amyloidproteine (10)  

AL3 (λ-Leichtkette) 

N 

P 

NH2-ISCSGSSSNIGSNTV-CONH2 
and  
NH2-QRPSGVPDRFSGSKSGTS-
CONH2 (11) 

AL7 (λ-Leichtkette) 
N P NH2 – CLFPPSSEELQANKATLV – 

CONH2  
κ-Leichtkette C P DakoCytomation, Glostrup, Denmark 

AK1 + AK2 (κ-light chain) 
N P NH2-CQMTQSPSSLSASVGD-

CONH2 
AK3 + AK4 (κ-light chain) N P NH2-CFIFPPSDEQLKSGTA-CONH2 
Fibrinogen C P DakoCytomation, Glostrup, Denmark 
Fib1 (Fibrinogen) N P NH2-EKVTSGSTTTTRRSC-CONH2 

Fib2 (Fibrinogen) N P NH2-CQNLASSQIQRNPVLIT-
CONH2 

Fib3 (Fibrinogen) 
N 

P 
NH2-EKVTSGSTTTTRRSC-CONH2 
and NH2-CQNLASSQIQRNPVLIT-
CONH2 

Apolipoprotein A-I 

N 

P 

NH2-DEPPQSPWDRVKDLAC-
CONH2 and NH2-
CVLKDSGRDYVSQFEG-CONH2 
(12)  

Apolipoprotein A-II C P Biodesign International, U.S.A. 
Transthyretin C P DakoCytomation, Glostrup, Denmark 

Transthyretin (TTR3) N P NH2-FHEHAEVVFTANDSGPRRYT-
CONH2 

Lysozyme C P DakoCytomation, Glostrup, Denmark 
C: commercial;  N: non commercial; P: polyclonal; M: monoclonal 

 

HEREDITARY AND RARE LOCAL AMYLOIDOSES IN GERMANY 

Although the first medical report on hereditary amyloidosis by Ostertag stems from Germany (2), most types of 

hereditary amylodoses were subsequently identified in Japan, North America, Portugal, Sweden and the United 

Kingdom. Except for hereditary ATTR amyloidosis, other forms of extracerebral hereditary amyloidoses did not 

seem to occur in Germany. Therefore we carried out a systematic search for hereditary type amyloidoses in 

Germany and since then discovered hereditary forms of amyloid caused by mutations of the apolipoprotein AI- 

(3), dysferlin- (4), fibrinogen- (5), lysyozme- (6), and oncostatin M receptor-gene (7). We also studied the 
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prevalence of TTR-gene mutations in a consecutive series of surgical pathology specimens (8). The central 

collection and classification of amyloid also led to the re-discovery of the local AIns amyloid caused by the 

injection of recombinant insulin in insulin-dependent diabetics (9), which was thought to have disappeared. 

These studies elegantly demonstrate the fundamental problem of orphan diseases in our health care systems: 

These rare diseases need to be specifically sought by specialized health care professionals, otherwise they will 

be missed. 

   

 
Figure 1.  Renal AA amyloidosis (note the on slide positive control in the left upper corner consisting of a tissue 

micro array with AA-, AL-, and ATTR amyloid, and liver without amyloid). 

 

AMYLOID IN ORGAN BIOPSIES 

The Amyloid Registry Kiel and its predecessor at the Charité Berlin (2006-2009) allowed the systematic 

investigation of the prevalence of amyloid types in different organ biopsies. While these studies do not reflect 

the true prevalence of the diverse amyloidoses and their respective organ distributions, it mirrors the clinico-

pathological background in which amyloid is diagnosed. This is influenced by the clinical presentation of the 

disease and the subsequent diagnostic procedures undertaken to reach a diagnosis. Amyloid is often not the 

first differential diagnosis considered by either the general practitioner or the specialized physician. We explored 

systematically the prevalence of the diverse types of amyloid in large patient series of kidney biopsies (233 

patients) (13), liver biopsies (46 patients) (14), heart biopsies (283 patients) (15) and in biopsies of the 

respiratory tract (144 patients). Interestingly and as expected, the pattern of amyloid types varies among the 

different organ biopsies. In kidney biopsies, AL and AA amyloidosis are most prevalent and in addition to that 

almost any systemic hereditary type of amyloidosis affects in the kidney. In liver biopsies almost 90% of the 

cases harbor AL amyloidosis, whilst cardiac biopsies obtained from the ventricles enclose either AL (53%) or 

ATTR (45%) type. Biopsies obtained from the airways and lung show AL amyloid in 78% of the cases (Figure 

2). 
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Figure 2 . Prevalence of amyloid types in biopsy specimens 

 

SUMMARY (BULLET POINTS) 

• Amyloid is a rare disease and considering it in the differential is half way. 

• Novel detection technologies for amyloid should be broadly applicable without necessitating specific 

technology.  

• Combination of clinical information, histology, immunhistochemical classification and molecular typing 

is mandatory and state of the art. 

• Protein biochemistry (mass spectrometry) is evolving and will improve diagnosis. 
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Amyloid has an amorphous, eosinophilic appearance on Hematoxylin-eosin and Congo-red is the gold standard 

for diagnosis. In this study, we searched the potential power of digitalized Hematoxylin-eosin slides to detect 

amyloid depositions. Ninety-one upper gastrointestinal endoscopic biopsy specimens of 75 patients with 

amyloidosis and 20 consecutive control cases without gastric amyloidosis were reevaluated blindly using 
Olympus BX51 polarising microscope equipped with DP21 camera with stand alone system. Depositions which 

show green birefringence on HE with digitalized microscopy were considered as positive and results were 

confirmed using Congo-red. The sensitivity, specificity, positive and negative predictive values were estimated 

as 85%, 96%, 99% and 65%, respectively. We concluded that digitalized HE sections can be used as a fast 

search method for diagnosis of amyloidosis. Further investigation is needed on this matter. However, as the 

technique improves, it may predict the positivity of Congo-red. 

 

INTRODUCTION 

Various stains have been used for detection of amyloid fibrils in histologic specimens to date and Congo red has 

been established as the gold standard for diagnosis (1, 2). Currently, Hematoxylin-eosin (HE) is the most widely 

used stain in pathology practice and amyloid has an amorphous, eosinophilic appearance on HE, giving the 

pathologist the first clue to suspect amyloidosis. We recently realized that the Toluidine-blue stained amyloid 

deposits show birefringence in digitally photographed (digitally reinforced) sections. In this study, we searched 

the potential power of this technique to detect amyloid depositions in HE stained slides.  

 

METHODS 

Ninety-one upper GI endoscopic biopsy specimens of 75 patients (41 male and 34 female) with amyloidosis and 

20 control cases without gastric amyloidosis were reevaluated blindly using Olympus BX51 polarising 

microscope equipped with DP21 camera with stand alone system. Average age was 47.5 ± 14, 8 (range 10-79 

years-old). Depositions which show green birefringence on HE with digitalized microscopy were considered as 

positive and results were correlated with Congo-red staining results and distribution of amyloid deposition by 

nonparametric tests. 
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RESULTS 

Amyloid deposition was seen on HE in 67 specimens (Figures 1 and 2) and confirmed by Congo red except for 

one “false positive” case. In 12 cases no depositions were distinguished on HE although they were visible in 

Congo red stained sections (False negative). Ten biopsies were excluded as they were unqualified for 

evaluation of amyloidosis. A total of 22 specimens including the control group did not show birefringence either 

on HE or Congo red (true negative). The sensitivity, specificity, positive and negative predictive values were 

estimated as 85%, 96%, 99% and 65%, respectively.  

  Amyloid deposition was most frequently encountered in vasculary walls (73,6%) followed by muscularis 

mucosa (65,3%) and lamina propria (41,3%).Thirty cases (40%), 36.6% of which also had renal involvement, 

showed extensive vascular, muscular and stromal amyloid deposition. Four patients had rheumatoid arthritis, 

seven had ankylosing spondylitis, five had familial Mediterranean fever (FMF), one had Behcet’s disease and 

one patient had Reiter syndrome. Stromal involvement was only seen in widely distributed cases.  

 

 

Figure 1. Amyloid depositions in duodenum  

A) Ordinary Hematoxylin-eosin section (x10), B) digitally reinforced polarized Hematoxylin-eosin. 

 

           

Figure 2. Vascular amyloid depositions. A) Ordinary Hematoxylin-eosin section, B) digitally reinforced 

polarized hematoxylin-eosin  
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DISCUSSION 

Various stains have been used to detect amyloid in tissues however, detection of Congo red stained deposits 

that show green birefringence under polarized light has become the gold standard for diagnosis of amyloidosis 

(1, 2). But, staining method may change the sensitivity and specificity of Congo red staining (3) and pathologists 

may require ancillary studies such as histochemistry and immunohistochemistry for definitive diagnosis and 

histotyping of amyloidosis. However HE stained section maintains its value as the first step of evaluation and 

amorphous, eosinophilic appearance of amyloid must be differentiated from other changes as sclerosis or 

hyalinization. It has been reported that unstained amyloid fibrils may show birefringence (4). We realized that 

HE stained deposits show the very same green birefringence under polarized light (5). The camera system 

attached to the polarizing microscope allows more powerful polarization, providing a polarization degree that 

one could not see through binoculars but only on the monitor. It is also noteworthy that collagen and smooth 

muscle fibers displayed birefringence of white yellow tint that is different from amyloid depositions in some 

cases which is of help in evaluating especially muscular deposits. This technique gives the pathologists the 

opportunity to confirm their preliminary diagnosis to preserve tissue and reduce the laboratory workload by 

eliminating the need for additional sectioning  

  In conclusion, digitalized HE sections can be used as a fast search method for diagnosis of amyloidosis. To 

our knowledge, there is no other study reported in the literature on HE polarization of amyloid fibrils but further 

investigation is needed to prove its value in prediction of Congo-red positivity.  
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Gastrointestinal (GI) amyloidosis is not infrequent however; GI endoscopic biopsies can be too small for 

additional stains such as Congo red. In our center, a metachromatic dye, Toluidine-blue, is used as a reflex 

stain for H.pylori detection. We searched its potential value in detection of amyloidosis, applying a recently 

introduced technique “Digitally reinforced polarization” for visualization of amyloid deposits. Ninety-one upper GI 

biopsy specimens of 75 patients were blind-reviewed by using polarising microscope equipped with a digital 

camera. Of the 91 biopsies, 70 showed typical birefringence with Toluidine-blue in digital images. One case was 

considered as false positive and the number of false negative cases was 8. The sensitivity, specificity, positive 

and negative predictive values were estimated as 90%, 96%, 99% and 74%, respectively. We concluded that 

digitally reinforced Toluidine-blue can be used safely in diagnosis of amyloidosis, particularly in laboratories 

which use Toluidine-blue routinely. 

 

INTRODUCTION 

The term amyloidosis refers to a heterogeneous group of diseases characterized by the deposits of amyloid 

protein fibrils and Congo red is required for definitive diagnosis. Gastrointestinal (GI) amyloidosis is a universal 

finding in systemic amyloidosis and characterised by extracellular deposition of amyloid proteins in the mucosa, 

submucosa, and muscularis propria. However, GI endoscopic biopsies can be too small in size for additional 

stains. In our center, Toluidine-blue, is used as a routine reflex stain for H.pylori detection. Toluidine blue is a 

metachromatic dye producing orthochromatic blue staining of most amyloid deposits and stained amyloid 

deposits also show a specific birefringence (1).  

  In this study, we evaluated Toluidine-blue stained amyloid deposits showing birefringence in digitally 

photographed (digitally reinforced) sections in addition to expected metachromasia and we searched its 

potential value in detecting amyloid depositions in upper GI biopsies.  

 

METHODS 

Ninety-one upper GI (oesophagus, stomach and duodenum) endoscopic biopsy specimens of 75 patients with 

known amyloidosis, proven by Congo red stain and twenty consecutive patients without gastric amyloidosis 

(control group) were included the study. All Toluidine-blue stained sections were evaluated and photographed 
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by using Olympus BX51 polarising microscope equipped with DP21 camera with stand alone system and blind-

reviewed. Details of the digital photography and evaluation technique were described elsewhere (2). 

Depositions which show magenta-red green birefringence with Toluidine blue were considered as amyloid 

positive (Figure 1). Results were confirmed using Congo red staining according to Pucthler (3) with evaluation in 

polarized light (Figure 2). 

 

RESULTS 

Seventy of the 91 biopsies showed metachromasia and green birefringence with Toluidine blue. Ten Toluidine 

blue sections were unqualified for diagnosis of amyloid deposits. Collagen and smooth muscle fibers also 

displayed birefringence, however they showed yellow white tint, which was different from amyloid depositions.  

  One biopsy was considered as false positive and the number of false negative biopsies was 8. No positivity 

was found in the control group. The sensitivity, specificity, positive and negative predictive values were 

estimated as 90%, 96%, 99% and 74%, respectively. 

.  A  B 

Figure 1.  A: Ordinary bright field illumination of Toluidine Blue stained sections. Amyloid depositions shows 

metachromasia (pale violet - blue in colour) (x10). B: Polarized view of the same section. When polariser was 

rotated until the background gets dark, amyloid deposited places showed magenta-red-green tint ion 

(anomalous colours) while other parts were dark (x10). 

 

DISCUSSION  

Most pathologists identify amyloid depositions with Congo red and make the definitive diagnosis based on green 

birefringence with anomalous color changes (4). Although Congo red is the golden standard for visualization of 

amyloid deposits it can be affected from the type of fixative, fixation time, section thickness, age of the patients’ 

slides or even age of amyloid deposits (5). Amyloid can also be demonstrated by metachromatic or 

polychromatic dyes. However these extra stains require serial sections and have the risk of losing area of 

interest especially in small biopsies as we have seen in some cases of our series. Recently we showed that 

Hematoxylin-eosin and/or other metachromatic stains may also show amyloid depositions under polarized light 

(2, 6). This polarization can efficiently be reinforced by a digitalized camera and easily be detected in those 

captured images. Anomalous color changes with Toluidine-blue polarization exhibit a wide spectrum between 

red and green which is different from collagen and smooth muscles polarization tint. In this study, we evaluated 
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reflex Toluidine-blue stained sections for H.Pylori detection to reveal amyloidosis. High values of sensitivity, 

specificity, positive and negative predictive were found, suggesting that it may predict amyloidosis when Congo 

red cannot be performed.  

 

CONCLUSION 

We concluded that digitally reinforced Toluidine-blue can be used safely in diagnosis of amyloidosis, particularly 

in laboratories which use Toluidine-blue routinely, by eliminating the need for extra Congo red stain, thus 

providing opportunity to conserve tissue samples. 

   

A B C 

Figure 2 : Comparison of digitally reinforced polarized amyloid depositions, A) Hematoxylin eosin, B) Toluidine 

blue, C) Congo red X10  

 

Table 1 . Patients’ characteristics in the upper gastrointestinal tract amyloidosis 

Type of Amyloidosis Number of 
cases Antecedent disease  

AA (secondary) Amyloidosis 56   
  Chronic Rheumatic Disease 23 
  FMF and periodic fever 16 
  Inflammatory bowel disease (Crohn’s disease.) 2 
  Chronic Infection 5 
  Malignancy 1 
  Undefined 9 
AL Amyloidosis 6   
  Multiple Myeloma 5 
  Plasma Cell Dyscrasia  1 
Hereditary Amyloidosis 1   
Unknown 12   
Total  75   
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Amyloidosis is perceived as being rarely seen in surgical pathology and there is a paucity of data                                              

regarding its diagnosis on frozen sections. 

  This report presents 7 patients with unsuspected amyloidosis who were diagnosed at the time of frozen 

section. There were 4 females and 3 males, with ages ranging from 52 to 72. Two patients presented with 

laryngeal mass, one with ocular mass, two other patients with hematuria and two patients with intractable 

gastrointestinal bleeding. Four patients underwent surgical exploration with frozen section evaluation and 

planned immediate staging procedure based on frozen section diagnosis; three patients underwent a biopsy 

evaluated with frozen section for sample adequacy. Frozen sections demonstrated acellular deposits of 

amorphous material. Congo red stain performed on frozen and paraffin sections confirmed the presence of 

amyloid. Subsequent studies demonstrated localized amyloid in 5 patients and systemic amyloidosis (AL x 1 

and senile ATTR x 1) in 2 patients. 

 

 

Figure 1.   Laryngeal localized amyloid, H&E stained section; Congo red stained section confirmed the presence 

of amyloid (not shown). Subsequent abdominal fat biopsy was negative for amyloid and bone marrow biopsy 

was negative for plasma cell dyscrasia; serum free light chains levels and the ratio were within normal limits. 

There was no evidence of systemic amyloidosis and there was no recurrence after local treatment (follow-up 12 

months). 
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Figure 2.  Ocular localized amyloid (AL-lambda). H & E stained section (upper figure) and Congo red stained 

section viewed under polarized light (lower figure). Subsequent abdominal fat biopsy was negative for amyloid 

and there was no evidence of systemic amyloidosis. There was no evidence of plasma cell dyscrasia in bone 

marrow biopsy and serum free light chain levels and ratio were within normal limits. 
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Figure 3.  Urinary bladder biopsy with amyloid in the lamina propria (H&E stained section, upper figure). Lower 

panel - Congo red stained slide viewed under polarized light (left) and Congo red stain under fluorescence light 

(Texas red filter, right).  Amyloid typing demonstrated AL-lambda (not shown). There was a local recurrence 14 

months after initial local treatment. There was no evidence of systemic amyloidosis. 

 

CONCLUSION 

Diagnosis of amyloid at the time of frozen section evaluation allowed the avoidance of unnecessary extended 

surgery and, hence, had a significant impact on patient management. 

 

 

REFERENCES 

1. Picken MM.  Amyloidoses of the kidney and genitourinary tract.  In: Amyloid and related disorders.  

Surgical pathology and clinical correlations.  Ed: MM Picken, A Dogan, GA Herrera, Springer 2012, 

pp.305-318. 



Diagnosis, typing and imaging 

161 

Diagnosis of amyloid in urine cytology specimens 

 

Maria M. Picken 

 

Department of Pathology, Loyola University Medical Center, Chicago, USA.. 

 

 

 

 

 

 

 

Amyloidosis is perceived as being rarely seen in surgical pathology and there is a paucity of data regarding its 

diagnosis in cytology preparations. This report presents the detection of unsuspected amyloid in cytology 

specimens. 

  Patient 1. A 51 year old male presented with hematuria and underwent cystoscopy with bladder barbotage for 

cytology and a bladder biopsy. Thinprep cytology slides demonstrated benign urothelial cells and small clumps 

of amorphous material, which was subsequently shown to be amyloid by Congo red stain. Subsequently-

available biopsy slides confirmed the presence of vascular and interstitial amyloid in the lamina propria; no 

amyloid was seen in the deep muscle. Amyloid typing demonstrated the presence of amyloid derived from the 

lambda light chain – AL-lambda. There was no evidence of systemic amyloidosis or underlying plasma cell 

dyscrasia. Figure 1 below demonstrates a pauci-cellular specimen with Congo red positive and birefringent 

material diagnostic of amyloid. 

 

 

Figure 1.   Amyloid seen in urine cytology.  Thinprep, Congo red stain viewed under polarized light. 



XIIIth International Symposium on Amyloidosis 

162 

 

  Patient 2. A 54 year old female with systemic AL-lambda amyloidosis presented with difficulty voiding and 

urine retention. Urine cytology and a urinary bladder biopsy were submitted to Surgical Pathology. Urine 

cytology showed a pauci-cellular specimen and small clumps of amorphous material, which was subsequently 

shown to be amyloid by Congo red stain. Urinary bladder biopsy showed amyloid deposits in the lamina propria 

and in the deep muscle. Amyloid typing of the bladder biopsy confirmed the deposits to be of the AL-lambda 

type. 

 

CONCLUSION 

This report illustrates the feasibility of amyloid detection in cytology thinprep preparations. 
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Diagnosing amyloid needs the expertise of special l aboratories  since amyloidosis is not a single disease. It 

has been separated into approximately 30 different classes based on the different proteins deposited in patients 

in diverse varieties of the amyloidoses. Among each of the amyloid classes identified by the presence of a 

single amyloidotic protein a large variety of clinical pictures and genetic variants can occur. These additional 

clinical variants within one amyloid class lead to a total of by far more than 500 different amyloid diseases with 

many clinical overlaps between the classes (1). Due to the heterogeneity of this amyloid complex, diagnosing of 

amyloid is not of minor importance. Since each amyloid class needs a different therapy, precise amyloid 

classification is indispensible for therapeutic reasons. In addition, diagnosis and classification has to be 

performed very early in the course of the diseases since the majority of the amyloidoses follow a relentless, 

progressive course without intervention. Therefore, the full diagnosis of amyloidosis should be made only in an 

expert laboratory. Here, some of the major facts for achieving a reliable diagnosis and routine classification of 

amyloid will be reviewed shortly. This article is restricted to immunohistochemical (IHC) classification applying 

appropriate antibodies (2, 3), although mass spectrometry (MS) in two variants is also in use (4, 5). The first 

results of a blinded comparison of the two methods (IHC versus MS) have been published (3).  

 

The very early full diagnosis of amyloidosis  is the most important factor in many amyloid diseases for 

initiating and achieving a most successful therapy (6). The full diagnosis includes the detecting of amyloid, its 

typing and staging. As the first step the awareness of an experienced clinician is crucial. The second step 

represents the performance of appropriate biopsies very early during the onset of the disease. The third step for 

succeeding in diagnosing early amyloid includes the very careful microscopic examination of Congo red stained 

(Puchtler et al., cited in 1) tissue sections in an expert laboratory experienced in the diagnosis of amyloid. This 

evaluation includes the microscopic inspection in bright light, in polarized light and in fluorescent light, the latter 

operates with increased sensitivity using Congo red as a fluorochrome. Congo red fluorescence is mandatory 

when no amyloid had been detected by the classical Congo red staining method (1). Since the case of 

negativity for amyloid in a single tissue section does not exclude the presence of amyloidosis in the patient, a 

fourth step is needed. It will include the examination of 10 – 20 more sections cut from the same tissue block 
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and examined likewise in order to exclude or minimize the sampling error (1) When amyloid has been detected, 

the fifth step includes routine amyloid typing using IHC employing amyloid antibodies (2-4) which have been 

proven to be appropriate for this purpose (www.amymed.net). In case of unclear results, in a sixth step, the 

double staining with the Congo red pre-staining followed by an immunohistochemical overlay is the method of 

choice. For evaluation and recognition of the diagnostic reaction on such double stained sections, the switching 

of the light source between bright and fluorescent light is crucial for recognition of the precise congruence of the 

fluorescent and the immunohistochemical marker stain at the same site (1-3).  

 

The time lag between the clinical awareness and the bio ptic proof is still a major drawback for initiating a 

timely therapy. The delay of bioptic diagnoses by missing the microscopic identification, in spite of the clinician’s 

suspicion, has been documented and can indeed become serious. In AA amyloidoses the lag between the 

awareness of the clinician and the morphologic proof of amyloid on tissue sections was measured in retrospect 

on eight patients with an average of 2.9 years delay in retrieved tissue blocks from children with juvenile 

rheumatoid arthritis and related juvenile inflammatory diseases. As a consequence of this delay most of the 

young patients developed a fatal disease (Michels and Linke, cited in 6). Today, AA-amyloidosis in rheumatoid 

arthritis has almost vanished due to cytostatics (7) and the very efficient modern anti-inflammatory therapeutics. 

In AL amyloidosis, this gap between suspicion by the clinician and the morphologic proof was reported as being 

1.5 years (9) and, in ATTR amyloidoses  (with point mutation), this gap was reported as being on the average of 

3.5 years (9). However, in our own experience, this gap can sometimes double in cases without point mutations 

(unpublished). We also diagnosed by IHC a non-amyloidotic immunoglobulin deposit disease in a patient that 

had progressed over the past 5 years, since no diagnosis could be made in spite of many tests in different 

medical specialities and no treatment was therefore indicated until our final bioptic diagnosis (unpublished). 

 

The bioptic amyloid diagnosis is indispensible  for all amyloid types. Other markers such as blood 

constituents, preceding diseases or genetic traits can be regarded as risk factors. While they can indicate that a 

special amyloid type is more or less likely, they can never be a substitute for a full diagnosis. This full diagnosis 

can only be obtained from a biopsy since whether a risk factor had caused a given amyloidosis or not can only 

be identified by the amyloidotic protein deposited in tissures of the patient (1).  

 

Classification of amyloidosis in order to identify the chemical nature of the amyloidotic protein causing the 

given amyloid disease is most often performed by way of IHC (8). However, this method demands some 

considerations concerning the antibodies used and some practical experience in order to provide a reliable 

diagnosis. For this achievement, some decisive  points need to be considered for getting a reliable IHC 

diagnosis. 

  The first point relates to reliability of an available antibody which must detect all members of a given amyloid 

class. A “cross-over” to other amyloid classes must be minimal. Antibodies of this quality have been published 

(1-3) and are available (www.amymed.net).  

  The second point is that amyloid is never a clean substance in chemical terms, since, as an extracellular 

substance, it is perfused by the extracellular fluid containing various constituents which can stick to the amyloid 

and obscure the true nature of the underlying amyloidotic protein (10). This fact haunts all routine methods by 

which amyloid is being classified today including in particular also MS as derived in our Ringstudies I and II (3). 
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Therefore, amyloid has been called “Schlammfang” (meaning sewage trap) in the old German literature. 

Extracting the amyloid fibrils first circumvents largely these impurities but is too laborious as a routine method in 

most laboratories. Very helpful for suppressing unspecificity in IHC was the discovery that epitopes of 

amyloidogenic proteins are resistant towards formalin-fixation while the epitopes of the adsorbed proteins are 

much less resistant (3). This blockage of unspecificiy is even more pronounced by plastic embedding used for 

immunoelectron microscopy and has lead to the term “differential fixation” (3).  

  The third point relates to the optimal ratio of the signal-to-background staining  as defined by the optimal 

dilution of the first antibody and the of the secondary amplification system. Every antibody used for amyloid 

typing needs to be tested  separately on its respective prototype tissue section before it can be employed for 

typing of amyloid. (This standardization has already been performed on the available set of 10 individual 

standard antibodies which are included in the “amY-kit” of amYmed.)   

  The fourth point relates to the validation of immunohistochemical results when the IHC typing of amyloid had 

been performed correctly. One should be aware of the fact that amyloid is not a clean substance (see above) 

and that various reactivities of the background can show up. With a single antibody it is difficult to proof the 

correct amyloid type as the diagnostic one since the reactivity can also be related to an impurity. In order to 

evaluate the reactivity as the diagnostic one, one needs to compare the different reactivities in order to be able 

to distinguish the diagnostic from the unspecific one (2, 3).  

  The fifth point is experience. This is a decisive point for success since there is not always a single reactivity. 

With time and practice the distinction between the diagnostic reactivity and the unspecific one will become clear 

and published illustrations in reference 3 (Fig. 1-16) may assist. To start with IHC, prototype amyloids are useful 

in order to adjust the particular IHC system in an institution. In case of any question, one could ask experienced 

laboratories for assistance (10).  

 

Comparison of IHC and MS  during  an international blinded study (Ringstudy I) has shown that both methods 

used for typing of amyloid today have a similar specificity but that IHC has a significantly higher sensitivity (3, 

see Linke, Westermark, Solomon in this issue) and that both methods have to be used for precise typing of 

amyloid in tissue sections. To overcome some unreactivities of IHC, MS can be applied. To overcome the 

insensitivity of MS (when a tissue sample is described as “inappropriate for MS”), IHC can be used. The 

insensitivity of MS is found particularly in biopsies prone to sampling error, i.e. those involving small biopsies or 

biopsies with very little amyloid. Such biopsies are also taken during the initial phases of amyloidosis with the 

clinician’s first awareness. These biopsies with marginal amounts of amyloid can get an immediate full diagnosis 

by IHC. Other differences between the two methods IHC and MS will be presented elsewhere.   

 

TAKE HOME LESSONS 

1. Amyloid detection demands an expert examiner for arriving at the correct conclusions when problems arise, 

since lack of experience is the most severe pitfall (10). 

2. The Congo red staining method is not an easy one. Its execution and evaluation requires training in an expert 

laboratory. In any case, a tissue section with amyloid should be stained in parallel to demonstrate the validity of 

the test. 

3. A negative amyloid diagnosis derived from one tissue section is always inconclusive. The sampling error has 

to be considered and it needs to be made unlikely or even excluded by examining more tissue sections (1). 
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4. The green anisotropy (green polarization color) of amyloid is only a special case. In thicker sections the 

amyloid can turn yellow, orange or even red and, in thinner sections, the color can become light bluish. All of 

these different colors between bluish and red are “specific for amyloid” (J.H. Cooper, cited in 1).  

5. The Congo red fluorescence is more sensitive than the classical Congo red staining and needs to be used in 

cases with very little amyloid.  

6. The IHC amyloid typing is easy, fast, very sensitive and precise when performed in an expert laboratory. It 

requires a series of positive controls in order to validate the performance of the antibodies applied.   

7. The IHC amyloid typing needs an appropriate set of special antibodies. 

8. The evaluation needs some training since one amyloid – one antibody is insufficient for a precise diagnosis 

because IHC typing includes the diagnostic reaction which reveals the amyloid type and the exclusion of all 

other amyloids. This “dual proof” is unique to IHC, it increases the precision considerably, and identifies amyloid 

double types.  

9. The antibody set “amY-kit” of amYmed does not only recognize the amyloid type, but it can also stain non-

amyloidotic constituents and can diagnose non-amyloidotic protein storage diseases.  

10. An unclear IHC reactivity can be overcome by a double staining with Congo red first followed an IHC 

overlay. The congruence between the Congo red signal and strong IHC signal defines the diagnostic reactivity 

when reactivities against the other amyloids are unreactive or inconsistently reactive.  

11. The blinded comparisons with MS have reliably proven the precision of the cited IHC method for amyloid 

typing (1-3).  
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BACKGROUND 

Detection of Congo red positive amyloid deposits in tissue is still the gold standard to detect amyloidosis in the 

routine setting. However, it heavily depends on quality of staining, the microscope, and experience of observers. 

Quantification of ATTR in fat tissue may be diagnostic for detection of ATTR amyloidosis similar to AA 

amyloidosis [1, 2]. Besides the diagnostiv value, the tissue concentration of ATTR amyloid may also be useful 

as a measurent of  the amyloid load of fat tissue, in this way possibly  reflecting the severity of amyloid 

deposition during the course of the disease in a patient with systemic ATTR amyloidosis. 

  The diagnostic performance was studied of an indirect transthyretin (TTR) ELISA for detection and 

characterization of transthyretin-derived (ATTR) amyloid in subcutaneous fat tissue. 

 

METHODS 

Fat tissue specimens were analyzed of 49 consecutive patients (29 men and 20 women) with ATTR 

amyloidosis, 204 controls (21 AA, 46 AL, 22 localized amyloidosis, and 115 non-amyloidosis controls), and 20 

carriers of 6 TTR mutations (M30V, G47E, V71A, C114T, V94A, and E89K). 

  The amount of amyloid was graded semi-quantitatively in Congo red-stained specimens (0-4+) [2]. A minimum 

of 30 mg fat tissue was used for the quantification of amyloid. Fat tissue was washed 3x with PBS and amyloid 

was extracted from tissue in 1 ml TRIS pH 8 + 6 M guanidine overnight at room temperature. The solution was 

centrifuged at 10,000 g for 10 min, and the supernatant was collected. 

  The TTR concentration was measured using a newly developed indirect TTR-ELISA. In short: Microtitre plates 

(Corning) were coated with samples, diluted 1:100 – 1:6400. Rabbit anti-human TTR antibodies (Dako, 1:4000) 

were used in combination with goat anti-rabbit Ig-HRP (SBT, 1:4000), followed by a color reaction with TMB.  

 

RESULTS 

Intra-assay variability coefficient was 4.1% and the interassay variability coefficient 7.7%. The lowest level of 

detection was 0.01 ng/mg. The mean TTR concentration in controls was 0.10 ng/mg fat tissue with a 98% 
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interval (mean ± 2.33 SD) ranging from 0.01 to 4.0 ng/mg fat tissue. The TTR concentration of patients with 

ATTR amyloidosis (mean 16.2 ng/mg fat tissue; 95% interval 0.04 - 7180 ng/mg fat tissue) was higher than 

controls (p <0.0001). See Figure 1. The TTR concentration of 4.38 ng/mg fat tissue was chosen as cut-off value 

(upper limit of 99% of the controls) and 36 of all 49 ATTR patients were identified resulting in overall sensitivity 

for finding patients with ATTR amyloidosis of 73% (95% CI, 59-85%). If the six ATTR patients without any 

amyloid detected by Congo red staining in fat aspirates were excluded, 36 of 43 ATTR patients having amyloid 

in fat tissue were identified resulting in sensitivity for this Congo red positive group of 84% (95% CI, 69-93%). 

See Figure 2. All but one of the 204 controls had TTR values below the cut-off value resulting in specificity 99% 

(95% CI, 97-100%). All 20 carriers had values below the cut-off value. ANOVA showed a linear trend between 

TTR and amyloid grades (Figure 3). All ATTR patients with grade 3+ and 4+ were identified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. TTR concentrations in fat tissue of patients with ATTR amyloidosis, of carriers of a TTR mutation,of 

controls with AA, AL, and localized amyloidosis, of disease controls (neuropathy and cardiomyopathy), of 

patients with chronic polyarthritis (cpa) and of patients with other diseases (unk). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  ROC curve of the TTR ELISA with the cut-off value of 4.0 ng/mg fat tissue and AUC 0.91. 
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Figure 3. TTR concentration in fat tissue of controls and of patients with ATTR amyloidosis, subdivided by the 

severity of amyloid deposition in fat tissue as recognized in the Congo red stain. 

 

CONCLUSIONS 

Measuring the TTR concentration in fat tissue appears to be useful for detecting ATTR patients. In patients with 

3+ or 4+ amyloid in fat tissue, the TTR concentration of fat tissue is a highly sensitive method for characterizing 

the amyloid as ATTR-type. 

 

 

REFERENCES 

1. Hazenberg BP, Limburg PC, Bijzet J, van Rijswijk MH. A quantitative method for detecting deposits of 

amyloid A protein in aspirated fat tissue of patients with arthritis. Ann Rheum Dis 1999; 58:96-102. 

2. Hazenberg BP, Bijzet J, Limburg PC, et al. Diagnostic performance of amyloid A protein quantification in 

fat tissue of patients with clinical AA amyloidosis. Amyloid 2007; 14:133-40. 

 



Diagnosis, typing and imaging 

171 

AA Protein in AL amyloidosis  

 

F. Barros 1, J. Frazão 1, I.Tavares 1, P. Salamanca 2, C. Paulo3, M. Alvelos3, R. Neto1, R. Vaz 1, M. Pestana1 

 
1Department of Nephrology, Hospital São João, Porto, Portugal , 2Department of Medical Oncology, Instituto 

Português de Oncologia, Porto, Portugal, 3Department of Internal Medicine, Hospital São João, Porto,  

 

 

 

 

 

 

 

INTRODUCTION 

Renal amyloidosis is a detrimental disease caused by the deposition of amyloid fibrils, in which renal impairment 

may follow. Clinically evident renal involvement occurs mainly in AL, AA and some hereditary amyloidosis. It 

presents usually as proteinuria or nephrotic syndrome and renal failure. We report a case of a patient whose 

kidney biopsy disclosed the coexistence of protein AA and immunoglobulin light-chain derived protein in amyloid 

deposits. 

 

CASE REPORT 

A 73-year-old male, sculptor, complaining of asthenia, peripheral oedema, decreased urine output and foamy 

urine was admitted to our hospital. Previous history of hypertension, dyslipidemia, arrhythmia and hyperuricemia 

was present. Twenty years ago he was treated for boutonneuse fever (Rickettsia conorii) and was 

asymptomatic thereafter. He denied past medical history of rheumatoid disease, inflammatory bowel disease or 

chronic infections like tuberculosis. On admission he had nephrotic syndrome and severe renal failure, 

beginning of haemodialysis on admission. Analytical evaluation disclosed hypoalbuminemia 1.6 g/dL, 

proteinuria 20.19 g/24h, negative VDRL, TPPA reactive, β2-microglobulin 42908 mcg/L (1090-2530), increased 

free light chain lambda 157 mg/dL (0.57-2.63), serum ratio free kappa / free lambda <0.01 (N 0.26-1.65) and 

immunoelectrophoresis with incomplete lambda monoclonal gammopathy. Renal ultrasound showed preserved 

renal size and morphology, with a diffuse slight increase of parenchymal echogenicity bilaterally. Chest X-ray 

had no significant changes. Echocardiography had no signs compatible with infiltrative miocardiopathy Bone 

marrow biopsy revealed interstitial marrow infiltration by plasmacytoma / multiple myeloma, without amyloid 

infiltration. Immunophenotyping showed 1.3% plasma cells. Kidney biopsy was performed. Green birefringence 

was observed with Congo red staining under polarized light. The immunohistochemistry staining was 

extensively positive for lambda immunoglobulin light chains in glomerular and intersticial regions, and in some 

points, also for AA amyloid (minor expression in glomeruli and intersticium). The patient was treated with 4 

cycles of chemotherapy (bortezomib and dexamethasone), with normalization of serum free light chains. There 

was no recovery of renal function despite treatment. Eight months after diagnosis he is alive and there’s no 

evidence of progression of monoclonal gammopathy, in periodic surveillance.  
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DISCUSSION 

In the present case we report the finding of AA amyloid as a minor constituent of amyloid deposits in a patient 

with AL amyloidosis. One possible explanation is that AA amyloid deposition was already present before the 

development of plasma cell disease, but we didn’t depict a cause although we can’t exclude professional 

exposure or a previous treated infectious disease. As far as we know, the significance of protein AA in AL 

amyloidosis is unknown. In 1983 Falck and Westermark reported protein AA in kidney sections from five out of 

14 cases of primary and myeloma associated amyloidosis, all having an immunoglobulin light chain derived 

protein as a major subunit(1). They discussed that there might be some common pathogenetic mechanism 

working in both AL and AA type of systemic amyloidosis(1).  

 

 

 

Figure 1.  Glomerulus from renal biopsy stained with congo red showing orange red amyloid in the glomeruli (A). 

The characteristic "apple-green" birefringence of amyloid is apparent when examined by polarization 

microscopy (B). 

 

 

Figure 2.  Immunohistochemistry staining showing positivity for lambda immunoglobulin light chains in 

glomerular and interstitial regions (A). Immunohistochemistry staining showing positivity for AA amyloid  (minor 

expression in glomeruli and intersticium) (B). 
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ABSTRACT 

In order to specifically detect the AA amyloid, antibodies specific to AA76, the common species of AAs, were 

developed. Two established monoclonal antibodies reacted with AA6 solely, not with intact SAA. In 

immunohistochemistry, the antibodies stained AA deposits well, not with SAA leaked from vessels. Reactivity of 

the antibodies to AA fibrils were reduced largely by degenerative treatments, suggested that the antibodies 

might react with a fibril-specific structure. The antibodies should seek usefulness for diagnosis and investigative 

studies. 

 

INTRODUCTION 

AA amyloidosis occurs in patients with chronic inflammatory disease such as rheumatoid arthritis. In this 

disorder, the degradation products of SAA, a representative acute phase reactant, deposits in several organs. 

Degradation take place in plenty sites of SAA molecule. The most common site is between 76 and 77 residue of 

SAA1. The carboxyl-terminal part disappears and the remaining amino-terminal part, named AA76, constitutes 

the amyloid fibrils. Detection of this specific peptide would be useful for both investigative and clinical 

examinations for AA amyloidosis. In this study, we established the monoclonal antibodies specifically 

recognizing AA76. 

 

METHODS 

Rat was immunized with the peptide corresponding to carboxyl terminus of AA76 and lymphocytes from the rat 

were fused with mouse myeloma cell line. Hybridoma was grown in the selective medium and clones producing 

designated monoclonal antibodies were established. Designated reactivity of monoclonal antibodies was 

positive for the immunized peptide and negative for peptides shorter or longer than the immunized one. The 

obtained antibodies were compared in immunohistochemistry mainly with already established antibody, SAA30, 

which reacts with intact SAA2.  

 

RESULTS 

Two clones were obtained by the initial screening. Basically, the characteristics of both was not different. The 

new antibodies reacted with AA amyloid deposits in tissues from AA amyloid patients well, not with SAA leaked 
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from vessels (Fig.1). Reactivity of the new antibodies to AA fibrils were reduced largely by degenerative 

treatments, those were, SDS, urea, guanidine. One of the new antibodies lost reactivity by trypsin treatment of 

specimens.  

 

 
 

Figure 1.  Gastric mucosa, which was denied AA amyloidosis, from patients with rheumatoid arthritis was 

immunohistochemically stained with the clone SAA30 (left) and the new antibody (right). The new antibody did 

not react with SAA leaked from the vessels. 

 

DISCUSSION 

The new antibodies may recognize the structures specific to fibril formation. Anyway, AA76 may be a species 

appeared specifically during amyloidogenesis. The present new antibodies can specifically detect, though in the 

limited, AA76. The antibodies should seek usefulness for diagnosis and investigative studies. 
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ABSTRACT 

Amyloid deposits are heterogeneous matrices composed principally of protein fibrils, amyloid P component, and 

heparan sulfate proteoglycans (HSPG).  We have identified a series of heparin-binding, polybasic peptides that 

specifically co-localize with amyloid deposits in tissue sections and in vivo using the murine models of AA and 

ApoA2c amyloidosis.  We originally hypothesized that amyloid binding was mediated by the amyloid-associated 

HSPG, but now we have demonstrated that certain of these peptides bound synthetic amyloid fibrils in the 

absence of HSPG.  

  Our data demonstrate that the peptides bound to synthetic fibrils via ionic interactions of the lysine or arginine 

side chains.  Furthermore, the avidity of the reactivity was dependent on the fibril type suggesting that each fibril 

might possess a distinct “electrostatic fingerprint”. This fingerprint is defined by the density and juxtaposition of 

electronegative side chains exposed on the fibril surface. 

 

INTRODUCTION 

Small (31-mer) heparin-reactive peptides, such as p5 and p5R, have been shown to bind specifically to murine 

AA amyloid deposits in vivo by using single photon emission computed tomographic (SPECT) imaging and 

micro-autoradiography (1) presumably due to the presence of bio- or electrochemically distinct heparan sulfate 

proteoglycans associated with the amyloid (2). In contrast, the peptides did not bind to healthy tissues or organs 

that were devoid of amyloid. Other reagents such as the camelid antibody, B10, have been shown to bind to 

synthetic amyloid fibrils via electrostatic interactions in the absence of HSPG (3). We, therefore, hypothesized 

that the polybasic peptides p5 and p5R might bind synthetic fibrils in a similar fashion. This would likely require 

a linear array of acidic side chains spaced favorably along the length of the fibril, similar to the pattern of charge 

distribution seen in heparin. Based on these requirements and the fact that different fibrils have different 

structures and thus charge signatures, we posited that certain fibrils would possess optimal binding 

characteristics for the p5 peptides and others would be less favorable. Thus, binding of the peptides defines an 

amyloid-specific phenotypic characteristic represented as a distinct “electrostatic fingerprint” associated with 

each fibril. 
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METHODS 

Synthetic biotinylated polybasic peptides designated p5 and p5R, Aβ(1-40) and islet amyloid polypeptide were 

synthesized by FMOC chemistry (Yale School of Medicine). The λ6Wil light chain variable domain (V) was 

prepared as a recombinant protein and purified as previously described (4). 

Peptide p5 –  GGGYS KAQKA QAKQA KQAQK AQKAQ AKQAK Q 

Peptide p5R –  GGGYS RAQRA QARQA RQAQR AQRAQ ARQAR Q 

  The sequence integrity of the peptides was confirmed by mass spectrometry. Peptides p5 and p5R were also 

purchased with a biotinylated-glycine residue at position 1. The secondary structure of peptide p5 was predicted 

using the web-based prediction algorithm iTASSER (5) 

  Binding to tissue amyloid was assessed using formalin-fixed, paraffin-embedded (FFPE) tissue sections 

obtained at autopsy (with informed consent) from patients with light chain (AL) amyloidosis. Biotinylated peptide 

was added to the tissue at ~10 µg/mL and visualized by addition of streptavidin-conjugated horseradish 

peroxidase and diaminobenzidene. Synthetic fibrils were prepared from Aβ(1-40), IAPP or Vλ6Wil proteins as 

previously described (1). Reactivity of the biotinylated p5R with synthetic fibrils was assessed by using 

increasing concentrations (100 µL of peptide at 1 µM – 0.1 nM) of peptide. Binding was measured by the 

addition of europium-conjugated streptavidin followed by enhancing solution and measuring time-resolved 

fluorescence emission (Wallac) 

 

RESULTS 

The secondary structure of peptide p5 (and p5R) was predicted to be α-helical with the 8 basic lysine side 

chains arranged linearly in 2 discrete “rows” along the length of the peptide (Fig. 1A). The mean charge spacing 

of lysine residues at positions 6, 9, 16, 23, and 30 was found to be 11 Å which is less than the linear spacing of 

sulfate moieties in the crystal structure of heparin (~ 17 Å; PDB# 1HPN). 

  The biotinylated peptides p5 and p5R were found to bind specifically to many forms of tissue amyloid in FFPE 

tissue samples including the most common visceral forms of amyloid diseases – TTR, AA, and AL (e.g. Fig. 1B). 

 

  Based on these data, we assessed the reactivity of p5R with a panel of synthetic fibrils composed of Aβ(1-40), 

IAPP or λ6Wil. The p5R bound with relatively high affinity to each of the synthetic fibrils with estimated 

concentration at 50% binding (EC50) of 50 nM, ~125 nM and ~190 nM for the Aβ(1-40), λ6Wil and IAPP fibrils, 

respectively (Fig. 2). 

A B
 

Figure 1.  The heparin-binding peptide p5 adopts an α-helical configuration and binds tissue amyloid. (A) 
The secondary structure of p5 was predicted to be α-helical with 2 linear arrays of charged lysine 

residues (blue). (B) Histochemical detection of ALλ amyloid in FFPE using biotinyl-p5. 
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  In contrast, p5 peptides in which the basic arginine or lysine residues had been substituted with glycine or 

leucine were completely unreactive with the synthetic fibrils and tissue amyloid (data not shown).  

 

DISCUSSION 

The poly-basic peptides p5 and p5R bound certain synthetic amyloid fibrils due to the presence of an 

electronegative “fingerprint” on the fibril. It has been shown that the reactivity of the camelid mAb B10 with some 

fibrils (but notably not AL) resulted mainly from electrostatic interactions. We posit that many ligands with an 

appropriate poly-basic motif will bind amyloid fibrils and that there may be an optimal charge distribution for 

each fibril type of ligand-fibril interaction. Custom peptides could be optimized for fibril reactivity based on the 

aforementioned determinants. 
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Figure 2 . Biotinylated peptide p5R binds synthetic amyloid fibrils with varying relative affinity. 
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ABSTRACT 

The alkaline Congo red staining method has, for almost half a century, been the gold standard of amyloid 

diagnosis. Unfortunately, the method is both laborious and requires great skill to achieve proper diagnosis. In 

this study we are presenting an alternative method that is compatible with immunofluorescence typing. We used 

a novel dye, h-FTAA, designed and synthesized by us. The dye belongs to the novel class of conformation 

sensitive dyes known as Luminescent conjugated oligothiophenes (LCOs). We examined 37 different cases of 

systemic amyloidoses from various tissues. It was found that h-FTAA binds to amyloid with higher sensitivity 

and greater selectivity than Congo red, as was determined by both fluorescence- and light polarization 

microscopy. Due to the methods ease of use and performance compared to Congo red, it is concluded that h-

FTAA is a better first choice for screening of systemic amyloidoses.  

 

 

 

Figure 1.  Fluorescence intensity comparison of h-FTAA and Congo red. The immense intensity of h-FTAA 

compared to Congo red allows for usage of cheaper optical components in the microscope setup. 

 

INTRODUCTION 

Presently Congo red staining is the gold standard for screening and diagnosis of amyloidoses. Under ideal 

conditions amyloid stained with Congo red, viewed with linearly polarized light between crossed polarizers, will 
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display a green (anomalous) color. However due to inherent drawbacks of both the dye and the microscope 

technique – a laborious staining process and following microscopy diagnosis of the amyloid calls for a highly 

skilled and experienced pathologist (1). 

  Previously the luminescent conjugated polythiophenes/oligothiophenes (LCPs/LCOs) PTAA and p-FTAA have 

successfully been utilized for the detection and typing of systemic amyloidoses as well as the localized 

amyloidoses and prion proteinopathies, both ex vivo and in vivo (2-4). The LCOs constitute a novel set of 

fluorophores that selectively binds to amyloidotic deposits and upon doing so changes its spectral signature, 

hence the color of the dye (5)  

 

METHODS 

In this study we have limited ourselves to a simple setup of equipment common to most histolabs. We employed 

wide-field fluorescence and bright-field polarization microscopy for detection of amyloid deposits in 

immunohistochemically confirmed systemic amyloidoses cases. 37 cases in total, comprising ATTR, AA, AL-λ, 

AL-κ systemic amyloidoses from various tissues were used to benchmark the LCO dye h-FTAA against Congo 

red using only 5x and 10x objective lenses. After deparaffinization and rehydration of FFPE-sections; 

consecutive sections were stained with either Congo red according to the modified Puchtler method (1); or h-

FTAA (2mg/L solution in PBS for 30 min). Also the compatibility of h-FTAA to concomitant immunofluorescence 

labeling was assed. 

 

RESULTS 

Wide-field fluorescence imaging of systemic amyloidosis deposits stained with h-FTAA and Congo red showed 

that h-FTAA was immensely brighter than Congo red even though stained at 1000-fold lower concentration 

(Figure 1). In contrast to Congo red whose sensitivity in fluorescence mode is compromised by the lack of 

selectivity, h-FTAA showed unrivalled selectivity and sensitivity towards amyloidotic deposits. Also, due to the 

conformation sensitive properties of the dye, different morphologies of the amyloid deposits could be uncovered 

(Figure 2.a) AA–Spleen). However Congo red staining of amyloid can achieve acceptable selectivity if 

polarization microscopy is used, usually at the price of reduced sensitivity. Polarization microscopy examination 

of ATTR diagnosed heart tissue stained with either Congo red or h-FTAA confirmed once again that h-FTAA 

was the more sensitive of the two as well as having similar or better selectivity. It was also found that h-FTAA is 

compatible with immunofluorescence allowing immuno sub-typing as diagnostic tool. 

 

DISCUSSION 

There is a great need of a novel class of amyloid specific ligands that can address both fundamental scientific 

as well as clinical diagnostic needs. The unique properties and versatility of the LCOs has allowed them 

entering the correlative multimodal domain of biomedical imaging, such as the intrinsic LCO-fluorescence 

(Intensity, Hyperspectral, and Lifetime) in conjunction with LCO-PET, -MRI, -EPR and -EM ligands.  

  However, the aforementioned techniques require access to well equipped core facilities and is thus not easily 

available. Therefore, with the limitation of a standard fluorescence and light polarization microscope, we wanted 

to investigate whether the new LCO dye, h-FTAA, could be used as an alternative to Congo red – the present, 

but cumbersome, standard for amyloid diagnosis. In this study we have demonstrated that the very easy to use 
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dye, h-FTAA, can detect amyloid deposits with outmost sensitivity and selectivity. It is our belief that h-FTAA is a 

better first screen alternative for suspected cases of amyloidosis than Congo red. 

 

 

 

Figure 2.  a) Fluorescence comparison of h-FTAA and Congo red selectivity and sensitivity toward systemic 

amyloid deposits, revealing favorable outcome for h-FTAA. Also due to the conformational sensitive properties 

of h-FTAA, the dye reports on the underlying structural heterogeneity of the amyloid deposits. b) Polarization 

light micrographs of h-FTAA bound to ATTR in heart tissue. Partial uncrossing of the polarizer & analyzer yields 

characteristic colors.  
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ABSTRACT 

There are many types of amyloid, which are classified according to the protein precursor from which the fibrils 

are derived. Accurate identification of amyloid type is critical in every case since therapy is type-specific. At the 

UK National Amyloidosis Centre (NAC), all biopsy specimens containing amyloid, the vast majority of which are 

formalin fixed, are routinely stained with a panel of 11 antibodies to determine the amyloid fibril protein. In ~20-

25% cases however, immunohistochemistry (IHC) fails to prove the amyloid type and further tests are required.  

Laser capture microdissection and mass spectrometry (LDMS) is a powerful tool for identifying proteins from 

formalin-fixed, paraffin embedded tissues. We undertook a blinded comparison of IHC (NAC) and LDMS (Mayo 

Clinic) in 142 consecutive biopsy specimens from 38 different tissue types.   

 

INTRODUCTION 

When a patient is referred to the NAC their diagnostic tissue block is re-stained with Congo red and a panel of 

antibodies to confirm amyloid and determine the fibril type before the patients attends clinic. Histology and 

immunohistochemistry is widely available for determining the amyloid type. It is fairly quick and is the preferred 

method in clinical practice.1 However it has variable sensitivity and specificity (figure 1). Other methods for 

identifying the amyloid fibril protein include electron microscopy (EM) with immunogold and proteomic analysis. 

EM and Immunogold, although used in some centres, is not widely available in the UK and is a specialised 

technique requiring expert knowledge and equipment. Using proteomic analysis (LDMS) the amyloid fibril 

protein can be identified in only a small quantity of formalin fixed tissue, making it an attractive diagnostic tool.2  

However, it is relatively novel and until now, has been used mainly as a research tool.   

 Our aim was to compare IHC carried out at the NAC and LDMS performed at Mayo Clinic to evaluate the 

potential role of LDMS in routine clinical practice. 
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METHODS 

One hundred and forty two consecutive formalin fixed paraffin wax embedded biopsies received as part of 

routine clinical practice at the NAC were processed in the usual way but, in addition, an extra 10 µm section was 

cut onto a Director Slide™ and sent to the Mayo Clinic without any associated clinical information. The standard 

protocol at the NAC consists of cutting 22 serial sections from a single block, of both 2µm and 6µm thickness, 

for Congo red and IHC staining.  IHC was performed with a panel of 11 antibodies (table 1) using the Shandon 

Sequenza™ system, without antigen retrieval, the exception being 6M Guanidine for TTR staining. Primary 

antibodies were incubated overnight at 4°C, identif ied with IMMPRESS™ (Vector Laboratories) polymer 

detection kit and metal enhanced DAB. Interpretation was carried out initially without any clincial information by 

two people idnependently. Data obtained from proteomic analysis at the Mayo Clinic was compared with IHC 

from the NAC. 

 

Table 1 . Antibodies used routinely at the NAC 

Antibody Raised in  Dilution Cat No  Source Absorbe d by 
P- component Rabbit 1:200  A0302 DAKO Human SAP 
AA ( REU 86.2) Mouse 1:100 2232MREU Euro Diagnostica Human SAA 
Kappa Rabbit 1:20000 A0191 DAKO human serum 
Lambda Rabbit 1:20000 A0193 DAKO human serum 
Lyzozyme Rabbit 1:1000 A099 DAKO Pure antigen  
Fibrinogenα chain Sheep 1:300 CA1023 Cambiochem human plasma 
TTR  Rabbit 1:4000 A002 DAKO Pre-albumin  
Insulin Mouse 1:20 NCL-insulin Novocastra   
apoA1 Goat 1:4000 PBA0313 Genzyme HD Lipo-Protein 
β 2 Microglobulin Rabbit 1:500 A0072 Dako  
Lect2 Goat 1:600 AF722 R&D Systems  
All human serum is from a normal pool 

 

RESULTS 

Thirty-eight different tissues were biopsied, most commonly kidney (30%). There was 100% concordance 

between IHC and LDMS with respect to identification of the amyloid fibril protein among 108 biopsies in which 

there was diagnostic IHC staining. Thirty-four of 142 (24%) cases did not stain immunospecifically such that the 

amyloid type was not confirmed by IHC alone. LDMS was diagnostic in 25 of these 34 cases (74%), confirming 

AL (lambda) and AL (kappa) type amyloid in 7 and 10 cases respectively. The amyloid fibril protein was heavy 

chain (AH) in 3 cases, apolipoprotein A4 in 3 cases and atrial natriuretic factor (ANF) in 2 cases. Reasons for 

failure to identify the amyloid fibril protein in 9 cases were s follows: insufficient amyloid remaining in the 

specimen (2 cases), technical failure (1 case), and interpretation not conclusive (6 cases; although fibril protein 

‘suggested’ in 3).   

 

DISCUSSION 

IHC is available in any laboratory, it is easy to adapt, can be performed on the bench without any specialist 

housing and is relatively low cost but expertise is required for interpretation. In this study we found that when 

IHC was definitive, there was 100% concordance with LDMS findings. However, only 76% of cases gave 

definitive results by IHC. LDMS requires specialist accommodation for two large pieces of equipment, both 
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purchase and running costs are high, and availability is limited to specialist centres. As with IHC, expertise is 

required to analyse and interpret the data. In this study we found that running both IHC and LDMS 

simultaneously resulted in positive identification of the amyloid fibril protein in 94% of biopsies compared to 76% 

by IHC alone (18% additional pick-up rate).   

 Although LDMS is labour intensive and expensive, it is an excellent diagnostic tool which should be considered 

whenever the IHC is not conclusive.  

    

 

Figure 1.  An example of non diagnostic IHC. 

Showing Congo red staining, green birefringence and weak patchy IHC staining with AA and lambda. 
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ABSTRACT 

Amyloid typing can be achieved in different ways. The two leading procedures for routine typing of amyloidosis 

are immunohistochemistry (IHC) using amyloid antibodies and mass spectroscopy (MS).These two methods 

have been compared here in a blinded fashion (Ringstudy I). The largely unselected fixed paraffin sections from 

three laboratories were coded. This study encompassed 14 rounds of exchanges during the years 2002-2009. 

The codes were broken at stages when a block of these studies had been concluded until the final code was 

broken in 2009. A total of 145 samples were exchanged, including repetitions. The overall comparison of IHC 

versus MS reveals a definitely higher sensitivity of IHC with approximately 90% versus MS with approximately 

50%, but a similar specificity. This study documents the strength and the failures of both methods and reveals 

that both methods are needed for classifying amyloidosis correctly.      

 

INTRODUCTION 

The amyloid diseases are pathogenically very diverse among the different patients. This variety is based mainly 

on the different chemical nature of the amyloidogenic proteins deposited. Therefore, every individual 

amyloidosis which has been identified first using Congo red needs to be classified using tissue sections in order 

to provide reliable information to the clinician concerning the chemical amyloid type as a solid fundament for 

therapeutic decisions (1).  Amyloid typing can be performed in different ways, including immunochemistry (IHC), 

amino acid sequence or by mass spectrometric (MS/MS) analysis (2). For routine immunohistochemical amyloid 

typing on formalin-fixed paraffin tissue sections, commercial and in house-made anti-amyloid antibodies are 

used (3). Since an independent comparison of IHC and MS/MS has never been done, scientists at three 

institutions have agreed in 2002 to perform such a comparison: the origins of samples are abbreviated here with 

the first letter of the authors' names (L, W, S, see Table 1). Here, we describe the procedure and the first 

results. An abstract had been presented in Kumamoto in 2011 (4).  
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MATERIAL AND METHODS 

In the early agreement: Two authors (S and L) meeting at the FASEB-Conference on Protein Folding in 

Snowmass/CO in 2002 agreed to compare the immunohistochemical method using homologous antibodies 

directed against amyloidogenic proteins (5-7) with the (at this time) newly published method using MS (2). In 

order to conduct such a collaboration sufficient amyloid prototype samples were needed and W, who also 

attended the same conference, could be interested in joining this collaboration and later could provide needed 

amyloid prototypes. At this conference this project was initiated by defining the mode of exchange, the blinding 

of the study and the distribution of work which needed to be carried out.    

  Exchange of samples: The samples were not selected by any criterion such as the kind of preceding disease, 

amyloid type, size, type of organ, biopsy or autopsy. From autoptic paraffin blocks 4 mm broad rims or 6 mm 

broad triangles were sawed using a small hand saw with a fine blade as shown in Figure 1. Other samples were 

large autoptic samples or small standard biopsies. The contributions of samples were as follows: W contributed 

43 samples (all were amino acid sequenced), S contributed 11 samples (the typing was performed using amino 

acid sequencing and/or MS/MS), and L contributed 48 samples (some were amino acid sequenced, others 

typed after micro-extraction and immunochemical identification, and others using immunohistochemistry 

followed by genetic analysis and/or clinical evaluation (see prototypes in 7) as summarized in Table 1.  

  Processing of coded samples and typing: All sample fragments from W (see Fig. 1) were re-imbedded in 

paraffin. Paraffin sections were prepared of all samples on charged glass slides. For IHC, approximately 4 µm 

thick sections were prepared. The sections for MS were of approximately 8-10 µm thickness. The number of 

paraffin sections per patient for MS was dependent on the size of the tissue. So, from autoptic samples usually 

10 paraffin sections per paraffin block were prepared for MS while from tissue fragments and from routine 

biopsies 15-30 sections were provided. The number of sections for IHC amyloid typing was 11 sections per 

patient, whereby one section was used for the diagnosis of amyloid using Congo red and the other 10 sections 

for classifying the amyloid by a panel of 10 commercial standard antibodies (“amY-kit”, www. amymed.net).  

The two methods for typing the various amyloids used for comparison have been described in detail before that 

is IHC (3, 5-7, including the review 7) and MS/MS (2).  

 

Figure 1.  The procedure by which tissue fragments have been 

generated from larger tissue blocks, schematically. Black (A, B), 

formalin-fixed and paraffin-embedded tissues. Small black dots 

indicate the primary direction of motion of the sawing blade with 

the result of generating two kinds of fragments with dimensions of 

approximately 6x6/2 mm2 (A) and 4x4mm2 (B). The arrows 

indicate the subsequent processing of the tissue fragments up to 

the final tissue sections as shown in A’/A’’ and B’/B’’.  

 

 

  Breaking the code: Decoding of the blinded samples after the typing had been executed on three different 

occasions that was the time when a block of experiments had been completed. We used two varieties of 

breaking the code that is by crossing the data either in person (twice) or by letter. The first decoding was done 

at the Xth International Symposium on amyloidosis in Tours/France in 2004 in person by crossing a closed 
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envelope containing the data obtained by either of the two partners (L and S) in the presence of a trusted 

witness. The last decoding was performed by letter in the fall of 2009 by sending each of the closed envelopes 

with the data for being crossed to a person trusted by the examiners in this study.  

 

FIRST RESULTS AND DISCUSSION 

Evaluation of the results: For a summary of the samples employed, see Table 1. The first step was to diagnose 

amyloid using Bennhold’s Congo red method as modified by Puchtler et al. (cited in 1). When no amyloid could 

be microscopically detected including the green birefringence in polarized light (in some samples of S or W), 

more sections (5-20) were examined likewise in order to exclude the sampling error. When no amyloid could be 

found in a larger number of sections a new specimen of the same patient was requested from the supplier and, 

in some cases, amyloid could be detected. Therefore, more than one specimen was examined for some 

patients. The second step represented the typing of amyloid by either of the two methods followed by a 

comparison of the data. The results of this study were placed schematically into two categories: a: data “as 

expected” from the known amyloid type; b: data “different from the expected ones” including a variety of 

statements which will be not discussed here. These inconsistent data and statements will not fulfil clinical 

standards for a specific therapy anyway. The third step was the comparison of the two methods IHC and MS. In 

some cases more than one amyloid was present while each amyloid was counted separately.  

 

Table 1.  Typing of amyloid: Samples exchanged in Ringstudy I by S, Solomon; W, Westermark; and  L, Linke 

 
* Methods of amyloid typing: MS, mass spectrometry; IHC, immunohistochemistry using appropriate antibodies 

 

  The 38 prototype samples with amyloid of W were typed in agreement with the known chemical type in 14 

cases (36.8%) by MS and in 34 cases (89.5%) by IHC. Laboratory S provided 10 samples with amyloid which 

were typed in line with the known amyloid type in 9 cases (90%) by IHC. Laboratory L provided 48 samples 

containing 53 amyloids which had been typed in all (100%) by IHC in agreement with in part chemical and/or 

clinical data (5-7), and the amyloids were typed as expected in 29 cases (54%) by MS. In general, most failing 

MS examinations did not produce any definitive data thus indicating a lower sensitivity. The overall specificity 

between of the two methods is statistical not different. This will be discussed in detail elsewhere since the 

severity of the unexpected amyloid types is of a different calibre between the methods IHC and MS. It should be 

noted, however, that the MS studies were performed without prior laser dissection, known to increase the 

sensitivity (8). In summary: The advantage of IHC in these series is not only the ease of its performance, but 

Project Provider Examiner-Method* Number of samples** Number of samples with 
amyloid 

A L S   -   MS 48 48 

B S L   -   IHC 11 10 

C W L   -   IHC 43 38 

D W S   -   MS 43 38 

Total               145                   134 
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mainly its higher sensitivity and the utilization of the crucial morphologic dimension (7, 9), which allows the 

identification of the different amyloidogenic proteins in situ directly and by this avoiding very severe 

misdiagnoses. The advantage of MS is the presentation of amyloidogenic proteins as a guide for their 

identification which cannot be typed by IHC since antibodies may not be available yet. So, during this Ringstudy 

I, MS was crucial in the discovery of Semenogelin I amyloid (10). Therefore, both methods seem to be 

indispensible and can complete one another for amyloid typing, with IHC for the known amyloids and those 

which cannot be typed by MS, and MS for the novel amyloids and those which cannot be typed by IHC (4).   
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Correct determination of amyloid type is crucial for diagnosis, treatment and prognosis of amyloid disease. 

Current antibody-based amyloid typing methods have restricted capability to check a long list of different 

amyloid proteins. In this respect, proteomic identification of amyloid proteins by mass spectrometry seems to be 

promising. However, this approach is used in a few amyloid research centers, partially due to complex and time-

consuming sample preparation procedures. In this study we present a new, simple procedure for proteomic-

based amyloid typing. In contrast to the previously reported amyloid recovery from tissue methods, amyloid 

proteins were extracted using volatile solvent which might be easily removed by lyophilization, thus allowing 

efficient concentration of the extracted material. The extracted proteins were separated using one-dimensional 

SDS-electrophoresis and identified by mass spectrometry. The applied methodology allowed a successful 

determination of amyloid type, shown here in five tested biopsy samples. 

 

INTRODUCTION 

The well recognized drawbacks of antibody-based amyloid typing techniques prompted the development of new 

antibody-free chemical methods. During the last decade several proteomic approaches involving protein 

identification by mass spectrometry were developed and found to be promising for the unbiased classification of 

amyloid proteins in biopsy specimens. In these techniques, selection of an appropriate sample preparation 

mode is critical. Some reports describe amyloid protein extraction and purification using HPLC (1) or two-

dimensional electrophoresis (2). Of special interest is a capture of amyloid deposits from tissue by a laser 

microdissection technique with a following mass spectrometry-based proteomic analysis (3). At present this 

method is considered as a gold standard for amyloid typing. These methods, however, are complex and 

expensive and still not available for clinical laboratories. The aim of our study was the development and 

application of a more simple and available procedure for amyloid typing by using proteomic technologies.  
 

METHODS 

Amyloid protein containing tissue components were extracted from a few milligrams of fresh-frozen biopsy 

specimens with 20% acetonitrile - 0.1% trifluoroacetic acid solution (4). The extracted proteins were lyophilized 

and run on 10-20% polyacrylamide gels.The electrophoretically separated proteins were electroblotted onto 
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PVDF membranes and stained with Commassie Blue. Alternatively, gels were directly stained with Coomassie 

blue. Since all major amyloid subunits are proteins smaller than 30 kDa, the revealed protein bands of the 

MW<30 kDa were excised for further analysis.  

  The proteins in each gel/membrane slice were reduced with 2.8 mM DTT (60ºC for 30 min), modified with  8.8 

mM iodoacetamide in 100 mM ammonium bicarbonate (in the dark, room temperature for  30 min) and digested 

in 10% acetonitrile and 10 mM ammonium bicarbonate with modified trypsin (Promega) overnight at 37oC. The 

resulting tryptic peptides were resolved by reverse-phase chromatography on 0.075 X 200-mm fused silica 

capillaries (J&W Scientific, USA) packed with Reprosil reversed phase material (Dr Maisch GmbH, Germany). 

The peptides were eluted with linear 95 minutes gradients of 7 to 40% and 8 minutes at 95% acetonitrile with 

0.1% formic acid in water at flow rates of 0.25 µl/min. Mass spectrometry was performed by an ion-trap mass 

spectrometer (Orbitrap, Thermo) in a positive mode using repetitively full MS scan followed by collision induced 

dissociation (CID) of the 7 most dominant ion selected from the first MS scan. The mass spectrometry data was 

analyzed using the Sequest 3.31 software (J. Eng and J.Yates, University of Washington and Finnigan, San 

Jose) searching against the human section Uniprot database. 

 

RESULTS 

Figure 1 demonstrates the typical electrophoretic profiles of the amyloid-containing tissue extracts. The 

prominent protein bands of MW<30kDa (indicated by arrows) were excised for protein identification by mass 

spectrometry. The identified sequences belonged not only to amyloid proteins, but also to other tissue 

components and contaminating serum substances of a similar molecular weight. Proteins identified in the 

excised band were checked for the presence of sequences matching the particular amyloid protein type and its 

characteristic molecular weight. The amyloidogenic sequences detected in 5 patients with amyloidosis (samples 

#1 - 5) are shown in Box 1. The identified sequences indicated to AA amyloidosis in the samples #1 and #2, AL-

lambda amyloidosis (#3), AL-kappa amyloidosis (#4), and transthyretin amyloidosis (#5). These results were in 

concordance with the previous typing of the same cases using Western blotting and N-terminal 

microsequencing (5).  

 

 
 

Figure 1. Electrophoretic profiles of amyloid-containing tissue extracts (patients ## 1, 3, 5) 
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Box 1. Samples #1 – 5: amyloidogenic sequences  
 
Sample #1, 8 kDa (liver): Human Serum amyloid A pro tein (SAA1)  
EANYIGSDK 
EANYIGSDK 
EANYIGSDKYFHAR 
GPGGVWAAEAISDAR 
RGPGGVWAAEAISDAR 
GPGGVWAAEAISDAR 
 
Sample #2, 8 kDa (thyroid): Human Serum amyloid A p rotein (SAA1)  
EANYIGSDK 
EANYIGSDKYFHAR 
GPGGVWAAEAISDAR 
SFFSFLGEAFDGAR 
 
Sample #3, 14 kDa (spleen): Human Immunoglobin lamb da-like 
polypeptide 5  
VTVLGQPK 
 
Sample #4, 15 kDa (fat): Human Immunoglobulin kappa  light chains  
SGTASVVC(+57.021)LLNNFYPR 
DSTYSLSSYLTLSK 
VDNALQSGNSQESVTEQDSKDST 
TVAAPSVFIFPPSDEQLESGTASV 
ASQIGSYLNWYQQEPGKAPK 
LLIYAASNLLSGVPSR 
DIQM(+15.996)AQSPSSLSASVGD 
ASQIGSYLNWYQQEPGK 
FSGSGSGTDFTLTISSLQPEDFAT 
 
Sample #5, 14 kDa (heart): Human Transthyretin  
AADDTWEPFASGK 
TSESGELHGLTTEEEFVEGIYK 

 
 

DISCUSSION 

In this study, we have demonstrated the utility of a new procedure for typing of amyloid proteins by proteomic 

approach. In contrast to the previously reported amyloid extraction methods (1, 2), we employed volatile 

extraction solvent which might be easily removed by lyophilization, thus allowing efficient concentration of the 

extracted material. For separation and purification of the extracted proteins, we applied a widely used SDS-

electrophoresis technique, while the reported amyloid protein purification methods were more complex and 

included HLPC (1) or 2-dimensional electrophoresis (2).  

  The procedure we have used to extract and separate the amyloid proteins, is also applicable for amyloid typing 

by Western blotting and N-terminal sequence analysis, which enables the amyloid typing by different 

biochemical techniques. Such comprehensive examination of biopsy specimens may be particularly useful when 

solving “difficult” cases.  

  In conclusion, we present here a new proteomic-based amyloid typing method by employing a simple and 

inexpensive sample preparation procedure applicable in most clinical laboratories.  
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ABSTRACT 

Correct identification of the protein that is causing amyloidosis is crucial for clinical management. We assessed 

combining specific sampling of amyloid deposits by LCM and analysis of tryptic digests by tandem MS 

proteomic analysis in 23 cases of amyloid deposition. LCM was performed on 10µm sections of formalin-fixed 

paraffin embedded tissue stained with Congo Red. Proteins were digested with trypsin and peptides were 

analysed using a Chip CUBE-QTOF. Database searching utilized the NCBInr human protein database. The 

amyloid subtype was able to be determined in all 23 cases. Proteins identified included immunoglobulin light 

chain (localised amyloid n=3, systemic AL n=8), transthyretin (senile amyloid n=5, hereditary ATTR n=2), serum 

amyloid A2 (AA n=2), fibrinogen alpha chain (AFib n=1), TGFβ (corneal lattice amyloid n=1) and semenogelin 

(seminal vesicle amyloid n=1). In conclusion, LCM and tandem MS allows correct typing of amyloid deposits in 

clinical biopsy samples. 

 

INTRODUCTION 

Amyloid deposits comprise extracellular aggregates of amyloid fibrils embedded in a matrix containing other 

proteins such as serum amyloid P protein and other proteoglycans and apolipoproteins. Over 20 amyloidogenic 

precursor proteins have been identified and correct identification of the amyloidogenic protein is crucial for 

clinical management. Amyloid subtyping by immunohistochemistry is limited outside of centres of expertise.  

Immunohistochemistry can suffer from both low sensitivity and specificity, but perhaps the greatest factor is lack 

of pathologist expertise with the various immunostains due to the rarity of this disease.   

  Direct chemical identification of the protein composition of the amyloid deposits has previously been limited 

due to limited protein biochemistry sequencing methods, complex protein extraction, contaminating proteins 

from surrounding normal tissues and limited informatics and databases. Many of these limitations have now 

been overcome with tandem mass spectrometric techniques. We aimed to improve the diagnosis of amyloidosis 

subtype by combining specific sampling of amyloid deposits by LCM and analysis of tryptic digests by tandem 

MS proteomic analysis.  
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METHODS 

Ten micron sections were cut from formalin fixed paraffin embedded tissue onto Arcturus PEN membrane glass 

slides.  Tissue sections were deparaffinised and stained with Congo red. The stained sections were rinsed and 

thoroughly air-dried.  Congo red positive areas were dissected using an Arcturus LCM system. 

  Amyloid regions were processed according to the Stratagene FFPE protein extraction protocol.  Briefly, LCM 

samples were incubated with FFPE solution, at 90oC for 10mins, followed by 60oC for 120mins and alkylation 

with 200mM of IAA for 30mins. Samples were diluted 10 times with 50mM ammonium bicarbonate and 10% 

acetonitrile for overnight digestion with 0.1ug/ul trypsin at 37oC. Trypsin inactivation was achieved by acidifying 

samples with 0.1% formic acid.   

  Amyloidogenic peptides were analysed with HPLC coupled Chip-cube 6250 QTOF (Agilent). Samples were 

desalted on the enrichment column of G4240-62010 HPLC chip for 12sec prior to a 20 minute gradient from 5% 

to 50%B. Solvent A composition was 0.1% formic acid, solvent B was 0.1% formic acid, 90% acetonitrile.  HPLC 

loading pump was set to 2.5% B, flow rate of 3ul/min while analytical pump was set to 5%B and flow rate of 

0.3ul/min. Mass spectrometer was programmed to acquire 8 MS and 4MS/MS spectra/sec with dynamic 

exclusion after 2 MS/MS and released after 0.2 min.   

  Mass spec data was analysed using Spectrum Mill search engine against NCBInr human database with 

carbamidomethylation cysteine as fixed modification, and oxidized methionine, pyroglutamic acid N-term, and 

deamidated asparagine as variable modifications. Protein identification cut-offs were protein score > 11, peptide 

score > 10 and % scored peak intensity >60.    

 

RESULTS 

Twenty-three clinical biopsy samples were analysed. Nineteen cases had a well characterised amyloid subtype 

and in 4 cases the diagnosis was not definitive. Biopsy sites included gastrointestinal tract (n=6), heart (n=5), 

renal (n=3), liver (n=1), bladder (n=1) and various other sites (foot, breast, tongue, mesentery, orbit, cornea, 

seminal vesicle). While LCM was successful in all cases, use of an ultraviolet laser and mounting of tissue on 

membrane coated slides provided the cleanest and most consistent capture of targeted tissue. The amyloid 

subtype was able to be determined in all cases. An example of the tandem MS readout is given in Table 1 

(senile cardiac amyloidosis) and the various amyloid fibrils identified are listed in Table 2. 

 

Table 1 . Example of tandem mass spectrometry readout 

Sample Size Protein score % coverage Species Databa se Entry name 
Heart 600000 49.59 20 Human NCBInr transthyretin 
Heart 600000 38.99 8 Human NCBInr vitronectin 
Heart 600000 29.59 8 Human NCBInr pre-SAP component 
Heart 600000 15.05 2 Human NCBInr apolipoprotein A-IV 
Heart 600000 12.51 2 Human NCBInr apolipoprotein E 
Heart 600000 11.78 5 Human NCBInr beta-globin 

 

  Various other proteins are identified by tandem MS in amyloid extracts. Of particular interest is the presence of 

proteins typically known to be co-located in amyloid deposits which helps confirm that the microdissected tissue 

is amyloid. Typical amyloid-associated proteins were identified in the following number of cases: SAP (n=14), 
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apolipoprotein A4 (n=13), vitronectin (n=16), apolipoprotein E (n=14) and clusterin (n=11). Various types of 

collagen were frequently present (n=12) and various, presumably contaminating, keratins were identified (n=15).   

 

Table 2 . Amyloid fibril type identified by LAM and tandem MS 

Amyloid type Protein identified N 
AL immunoglobulin light chain 11 

Systemic  (8) 
Localised  (3) 

AA SAA 2 
ATTR transthyretin 7 

Senile  (5) 
Hereditary  (2) 

AFib fibrinogen alpha chain 1 
Corneal TGFb 1 
Seminal vesicle semenogelin 1 

 

  One of the diagnostically challenging cases had: extensive gastrointestinal amyloidosis and no evidence of 

clonal light chain disease; negative kappa, lambda, SAA and transthyretin immunohistochemistry; and negative 

genetic studies. Tandem MS revealed immunoglobulin lambda light chain type. The second diagnostically 

challenging case had: isolated renal amyloidosis with a positive SAA stain, an IgG kappa paraprotein and kappa 

restricted serum free light chains. Tandem MS revealed serum amyloid A2 protein but no immunoglobulin. The 

third case had: cardiac, neurological and gastrointestinal involvement; and equivocal immunohistochemistry. 

Tandem MS demonstrated transthyretin and genetic studies showed an A97S ATTR mutation. The final case of 

interest had: isolated renal amyloidosis and no evidence of clonal light chain disease; negative kappa, lambda 

and SAA immunohistochemistry. Tandem MS demonstrated fibrinogen alpha chain and genetic studies showed 

a Val526 mutation.     

 

DISCUSSION 

This study illustrates the usefulness of tandem MS based approaches for subtyping of amyloid deposits. Our 

series adds to the pioneering work of the Mayo Clinic pathology department where nearly all cases of 

amyloidosis can be correctly classified by a combination of laser microdissection and mass spectrometry–based 

proteomic analysis (1). Other groups have successfully examined amyloid typing without LCM, either through 

proteomic analysis of subcutaneous adipose tissue (2) or via novel sample preparative techniques (3). We plan 

to pursue further method optimisation including improved definition of co-locating proteins in amyloid deposits, 

additional database and bioinformatic interrogation and defining formal analysis and reporting methodology. 

  In conclusion, we have demonstrated that LCM and tandem MS can successfully identify the fibril composition 

of amyloid deposits in clinical biopsy samples. Tandem MS based analysis is likely to become the new gold 

standard in the diagnosis of amyloid subtype. 
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ABSTRACT 

Recently, it has been shown that some of amyloid associated molecules are co-localized with transthyretin 

(TTR) amyloid deposit and may play important roles in TTR amyloidosis. However, the role of these molecules 

is still largely unknown. In this study, we attempted to identify key molecules in TTR amyloid-laden tissues by 

using liquid chromatography tandem mass spectrometry (LC-MS/ MS). 

 Congo red-positive areas in autopsy tissue specimens from familial amyloid polyneuropathy (FAP) patients 

were analyzed by LC-MS/ MS. In addition, serum samples of FAP patients were also analyzed to determine the 

existence of identified molecules. 

LC-MS/ MS analysis revealed that clusterin was co-localized with TTR amyloid deposit. Moreover, serum 

clusterin levels of FAP patients was significantly higher than that of healthy volunteers. In present study, LC-MS/ 

MS analysis identified clusterin as an amyloid associated molecule in FAP, and it was shown that clusterin may 

play important roles in the pathogenesis of FAP. 

 

INTRODUCTION 

Familial amyloidotic polyneuropathy (FAP) induced by amyloidotic transthyretin (TTR), is characterized by 

systemic accumulation of amyloid fibrils [1]. Despite a number of in vitro studies of TTR-related amyloidosis, 

many questions, including where and how amyloid fibrils form in vivo and what is the impact of amyloid 

deposition on tissues, remain unanswered. Recently, it has been shown that some of amyloid associated 

molecules, such as serum amyloid P component, apolipoprotein E, and proteoglycans, are co-localized with 

TTR amyloid fibrils and may play important roles in TTR amyloid fibril formation [2]. However, the role of those 

co-localized molecules with TTR amyloid deposition is still largely unknown. In this study, we focused on the 

amyloid associated molecules and attempted to identify key molecules in TTR amyloid-laden tissues from FAP 

patients by using liquid chromatography tandem mass spectrometry (LC-MS/ MS) [3]. 
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MATERIALS AND METHODS 

Autopsy tissue specimens from FAP patients were analyzed in this study. Four micro-meters formalin-fixed 

paraffin embedded (FFPE) sections were deparaffinized and stained by Congo red. Positive areas were 

collected by needle dissection and digested with Liquid Tissue (Expression Pathology, Inc., Gaithersburg, MD, 

USA) and trypsin. The digests were analyzed by LC-MS/ MS (LCQ DECA XP plus; Thermo Fisher scientific, 

Sunnyvale, CA 94085, USA) [3]. To evaluate the existence of molecules co-localized with TTR amyloid deposits 

in heart, lung, stomach, tongue, kidney and bladder from FAP patients, immunohistochemical staining was 

performed with anti clusterin antibody.  

  Serum samples of 25 FAP patients (18 of early onset cases and 7 of late onset cases; 16 males and 9 

females) were collected. We measured serum clusterin levels in each sample by enzyme-linked immunosorbent 

assay kit (Biovendor Laboratory Medicine Inc), and the mean levels was compared with those of 32 healthy 

volunteers. Moreover, we assessed the correlation between each serum clustetrin level and the clinical indices, 

such as age of the onset, duration of the disease, and the severity of sensory and autonomic neuropathies. 

 

RESULTS  

As the result of LC-MS/ MS analysis of the site positive for Congo red in peripheral nerves collected from FFPE 

sections, various proteins were identified. These protein lists showed that only known amyloid associated 

molecules, including apolipoprotein E, apolipoprotein A-IV, but also many unknown amyloid associated 

molecules. In those amyloid associated molecules, we focused on clusterin. 

  First, in heart, lung, stomach, tongue, kidney and bladder from FAP patients, Congo red-positive site, the 

staining site of TTR and the staining site of clusterin were clearly matched. 

  Next, we evaluated serum clusterin concentrations in FAP patients, carriers and healthy volunteers. Mean 

serum clusterin level of all 25 FAP patients was significantly higher than that of 32 healthy volunteers (P<0.05). 

Whereas, serum clusterin concentrations did not correlate with sex or age. 

Furthermore, no significant correllation was found between clusterin concentrations and duration of the 

disease, however, lower serum level of clusterin tended to be associated with more severe autonomic 

dysfunction in FAP patients.  

 

DISCUSSION 

In this study, we have demonstrated that clusterin was co-localized with TTR amyloid deposition. Clusterin is 

extracellular molecular chaperone, and recently reported that clusterin related to amyloid fibril formation and 

increased plasma clusterin concentrations are associated with severity of Alzheimer’s disease [4,5]. Therefore, 

clusterin also may associate with TTR amyloidosis.  

To test this possibility, we investigated localization of clusterin in various targeted tissues and serum clusterin 

concentrations in FAP. Clusterin was co-localized with TTR amyloid deposits in systemic organs of FAP 

patients. 

LC-MS/ MS analysis identified clusterin as an amyloid associated molecule in FAP. Clusterin may play 

important roles in the pathogenesis of FAP. Therefore, LC-MS/ MS may be a useful system to identify novel 

amyloid associated molecules.  
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ABSTRACT 

Diagnosis and subtyping of amyloidosis are critical for prognostic and treatment. Subtyping has been recently 

demonstrated combining laser capture microdissection (LCM) and mass spectrometry. Here we show that 

ultrasonic treatment could help for the completion of enzymatic proteolysis followed by mass spectrometry 

analysis which is an emerging proteomic technique, directly on raw biopsy samples even without LCM and to 

get closer to the clinical routine application for amyloidosis. 

 

INTRODUCTION 

Amyloidosis is a disease where insoluble deposits of specific proteins occur in tissues. Different classes of 

amyloidosis have been reported and their diagnostic relies on the identification of the associated proteins: up to 10 

proteins can be targeted using histochemical approaches. Currently, Congo red staining is the golden standard for 

the diagnosis of amyloidosis based on apple-green birefringence follow-up by subtyping using antibodies. However 

they can be inconclusive on certain cases due to the competence of the pathologist and the quality and availability 

of the dye, antibody and microscopy, leading to a lack of information about the underlying etiology. Subtyping has 

been recently demonstrated combining laser capture microdissection (LCM) and mass spectrometry (1). However, 

the LCM is not available in every clinical department, requires a specialist and can be time-consuming. Here we 

report a new sample treatment directly on paraformaldehydefixed slices using an ultrasonic probe to complete the 

enzymatic proteolysis in 60s instead of 15 hours incubation (2). Ultrasonic treatment combined to our data 

processing allows performing diagnosis and subtyping of different type of tissues: kidney, accessory gland salivary, 

lung, testicle, spleen. 

 

METHOD 

Paraformaldehyde-immobilized tissues (Bouin/AFA) from patients and controls were directly proteolyzed with an 

ultrasonic probe. Proteolytic peptide mixtures were analyzed by nanoLC-MS/MS (LTQ-FT Ultra, ThermoFisher 

equipped with TriVersa NanoMate chip-based nanosource, Advion) after nanoLC optimization (U3000 Dionex). 
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RESULTS 

Ultrasonic tryptic treatment on fixed raw tissues allowed performing subtyping of amyloidosis. The results were 

compared with data obtained with immunohistopathology using the whole series of antibodies for amyloidosis 

diagnosis. 

  It is a non targeted approach. Abundance of the protein were evaluated according to (3) taking into account the 

area of the three most intense peptides. Only biopsies containing Apolipoprotein E (named ApoE) and Serum 

amyloid P component (named SAMP) which are common to all amyloid deposits, were considered as potential 

amyloid candidate. Finally amyloidosis were classified according to the relative intensity of amyloidogen protein. 

Some significant examples from kidney tissues illustrate our results. The results are visualized with sector 

diagrams representing the relative intensities of amyloid proteins. 

 

 
Figure 1. Biopsies of (A) negative controls, (A) AA amyloid patient. 

 

 
Figure 2. Biopsy of amyloid AL (A) raw tissue (50% amyloid), (B) Laser Capture Microdissected LCM tissue 

(95% amyloid) 

 

No pure negative controls could be assayed because biopies come always from patients and are aimed to identify 

a pathology. Non amyloid diseased kidney does not present SAMP and ApoE (fibrils biomarkers), even if 

amyloidogen protein could be detected (Igκ and LysC) (1A). Their presence could be explained by inflammatory 

phenomenon or tissue dammage (eg. minor glomerular lesions). The controls are non amyloid pathologies. As 

shown in this example when amyloid deposits represents more than 80% of the tissue the diagnostic and the 

classification are clear (Figure 1B). When the percentage goes below 50%, amyloid diagnostic is clear but 

classification lacks some robustness (Figures 2A) even if the amyloid type is correct: here we analyzed a raw 
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biopsy without focalising on amyloid fibrils and without slicing. On the opposite LCM treatment on the same 

sample could offer preparation above 95% where the classification is unambiguous (Figure 2B). 

 

DISCUSSION 

This strategy opens the way for a rapid and accurate amyloidosis subtyping directly from raw clinical samples and 

allows to avoid at the most the laser capture microdissection step which is highly time-consuming. This is of 

particular interest for classes that could not be distinguished by the classical histochemical analysis. Our next step 

will be to validate our approach to different amyloidoses and tissues with clinicians. 

  The whole analysis lasts 1 day for enzymatic treatment and roughly 10 slices are required and lasts 1 day for 

triplicate LC-MS/MS and roughly 1 slice of 10µm is required. In order to increase cohorts for a realistic clinical 

application we intend to automatize the first step. Miniaturization is required to decrease sample consumption of 

the first treatment (only 10% of the sample is actually analyzed). 

  We want to characterize specificaly the isofoms of protein involved. One example is ATTR addressed either by 

bottom-up (4) or top-down (5) strategies, where the transthyretin isoform can discriminate between senile 

systemic amyloidosis and familial thranthyretin amyloidosis. 
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Amyloidosis affecting lymph nodes is uncommon. Lymph node involvement with amyloid may occur in the 

setting of systemic amyloidosis or as a condition localized to the lymph nodes. Why some amyloid remains 

localized is yet unknown. We speculated that the composition of the amyloid with these two presentations may 

differ.  Therefore, we undertook this study to detect differences in the lymph node amyloid proteome in localized 

and systemic amyloidosis using a mass spectrometric-based proteomic analysis. We identified all patients with 

lymph node biopsy proven amyloidosis seen at the Mayo Clinic, Rochester between May 1971 and October 

2011. Clinical and laboratory data of these patients was abstracted. Using laser microdissection/tandem mass 

spectrometry, we analyzed the composition of amyloid in lymph nodes where the block was available. Fourty 

four patients with lymph node biopsy proven amyloidosis were identified. Table 1 shows the clinical and 

laboratory features of these patients. We were able to obtain mass spectrometric analysis in 30 of the 44 

patients. Preliminary analysis demonstrated the presence of heavy chain amyloid (AH) in all localized cases 

where as only 9 of the systemic cases had AH deposits (p 0.004). Other significant differences were also seen 

in vimentin and clusterin deposits although this did not meet statistical significance. Mass spectrometry has 

made a definitive discrimination between amyloid precursor proteins possible. Further exploration of the amyloid 

proteome may allow for differentiation between localized and systemic presentations with important clinical 

implications. 

 

INTRODUCTION 

Amyloidosis involving lymph nodes (LN) is uncommon but may be seen in association with IgM monoclonal 

protein1,2 and low grade lymphoproliferative disease, especially lymphoplasmacytic lymphoma and extranodal 

marginal zone lymphoma.3-5 The clinical pattern in LN immunoglobulin-derived amyloidosis (AID) may be 

restricted to LN alone (site of amyloid production) or may be disseminated to cause classic amyloid syndromes, 

or systemic amyloidosis.6 Why some amyloid remains localized to the site of production where as others 

disseminate is yet unknown. We speculated that differences in the amyloid proteome between these two forms 

and attempted to find these using mass spectrometry (MS)-based proteomic analysis. 
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METHODS 

44 cases of LN amyloidosis were identified using the Dysproteinemia database. Each case was defined as 

follows; Localized- amyloidosis restricted to LN, single or multiple groups; Systemic- LN amyloid with associated 

classic amyloid syndromes, or involvement of organs or bone marrow. 

  The methods for MS have been previously published.7 Laser microdissection was performed in Congo-red 

areas of formalin-fixed paraffin-embedded lymph node blocks. Two samples were analyzed per case. The 

dissected tissue was digested into tryptic peptides and analyzed using nano-flow liquid chromatography 

electrospray tandem mass spectrometer. The results were queried using the Swiss-Protein database and 

assigned peptide and protein probability scores in Scaffold (Proteome Software, Portland, OR).  

  Protein identifications were accepted if they could be established with a ≥90% probability, at a 90% confidence 

interval. The spectral count indicates the total number of spectra assigned to each protein and may be utilized 

as an indicator of relative abundance.  A spectral count greater than 8 was considered clinically significant. 

 

RESULTS 

Figure 1 shows a representative scaffold overview of the 30 cases where mass spectrometric analysis was 

available. 

 

Tables 1 and 2 show the clinical and laboratory features of the 44 cases of lymph node amyloidosis. Forty ones 

cases had immunoglobulin-derived amyloidosis (AID) with 1 each of AA, ACalcitonin and ATTR. One patient 

had AID + ATTR (Systemic #1). 

 

Localized AID; 1 had AH (localized #4, fig 1) and 5 had AH/AL Systemic AID; 11/22 had AL, 11/22 had AH/AL. 

 

Finding AH deposits was significantly associated with localized AID (6/6) versus systemic AID (11/22); p-value 

0.03. 

 

Patients with localized AID had better clinical outcomes with less treatment, including observation (fig 2).  
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Table 1 . Features of Lymph node amyloidosis 

  Localized , N=14 Systemic, N=27 p-value 

Gender, male (%) 10 (71) 14 (52) 0.2 

Age at diagnosis, years 63 62 0.8 

Fatigue (%) 2 (14) 18 (67) 0.002 

Weight loss (%) 2 (14) 11 (41) 0.08 

Lower extremity edema (%) 1 (7) 8 (30) 0.1 

Paresthesia (%) 2 (14) 8 (30) 0.3 

Dyspnea on exertion (%) 3 (21) 14 (52) 0.06 

Hemoglobin, g/dl  14.2  12.6 0.1 

Creatinine, mg/dl 1 1 0.8 

Albumin, g/dl 3.7 3 0.004 

Beta2 microglobulin, mcg/ml 1.9 2 0.3 

Circulating monoclonal protein N=8 (of 13) N=24  0.04 

Urine protein, g/24h 0.09 (0.005-0.4) 0.2 (0.04-8.7) 0.01 

Treatment 

None 

Surgery 

Chemotherapy 

Autologous stem cell transplant 

 

6 

2 

6 

0 

 

6 

1 

16 

4 

NS 

Number dead at last follow up 5 16 0.02 

Median overall survival, years 10.6 4.3 0.04 

 

Table 2. 

# of cases where protein found Protein 

Localized, N=6 (%) Systemic, N=22(%) 

Apolipoprotein A1 6 (100) 20 (91) 

Apolipoprotein A4 6 (100) 21 (95) 

Apolipoprotein E 6 (100) 22 (100) 

Serum Amyloid P 6 (100) 21 (95) 

Ig light chain 

κ 

λ 

 

3 (50) 

4 (66) 

 

7 (32) 

17 (77) 

Ig heavy chain 

α 

γ 

µ 

 

2 (33) 

5 (83) 

3 (50) 

 

2 (9) 

10 (45) 

4 (18) 

Clusterin 4 (66) 16 (73) 

Vimentin 2 (33) 16 (73) 

Vitronectin 6 (100) 22 (100) 
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Figure 1. Scaffold overview of 30 cases of lymph node amyloidosis 

localized

systemic

p-value 0.04

 

Figure 2. Kaplan-Meier analysis of the localized and systemic LN amyloidosis 
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CONCLUSIONS 

We found that 61% of lymph node immunoglobulin-derived amyloidosis involving lymph nodes have AH amyloid 

deposits. Localized cases with lymph node AID appear to have higher quantities of AH amyloid. 

  Other proteins such as the apolipoproteins A-I, A-IV, E, serum amyloid P, clusterin, vimentin and vitronectin 

are also consistently seen in cases of lymph node AID. Further exploration of patients with AH and AH/AL 

amyloidosis in terms of their natural history and prognosis is warranted. 
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ABSTRACT 

Tandem MS methods, including LTQ-CID, LTQ-HCD-Orbitrap and TOF/TOF, provide information on both the 

amino acid sequences and the post-translational modifications (PTMs) of proteins extracted from small amounts 

of human fat tissues. In this report, we present our analyses of a fat sample from a patient with AL amyloidois 

demonstrating immunoglobulin light chain (LC) proteins with extensive C-terminal truncation. Even without 

access to the cDNA-derived sequence of Ig LCs, it was still possible to perform de novo sequencing and PTM 

analysis with TOF/TOF MS/MS and with HCD fragmentation followed by detection in the Orbitrap. 

 

INTRODUCTION 

For the systemic amyloidoses of immunoglobulin (Ig) light chains (LCs), we have found that deposited LCs are 

extensively processed, especially at the C-terminus, leading to fragment patterns that differ from patient to 

patient (1, 2). We are presently using high performance primary mass spectrometry (MS) and tandem (MS/MS) 

methods to compare LC fragments in amyloid deposits from fat biopsies. 

 

METHODS 

The fat biopsy described herein (F10-118) was obtained from a 59-year old male and showed extensive 

deposition of Ig lambda (λ) LC by Congo red staining. No amyloidogenic LC gene sequence information was 

available. 

  Protein extraction from the fat tissue was performed according to published protocols (1). Extracted proteins 

were subjected to 2D-gel electrophoresis. Isoelectric focusing (IEF) was performed on 17-cm strips in the pH 

range from 3 to 10. Finally, the PAGE gel was stained with GelCode® Blue (Pierce). Immunoblot analysis with 

anti-human Ig λLC antibodies was used to detect LC proteins and protein fragments that retained the constant 

region. In-gel digestion of immunoreactive gel spots was performed with trypsin Promega Gold (Promega) (3). 

Dried peptides were sequentially analyzed with 1) a Reflex IVTM MALDI-TOF MS (Bruker Daltonics) operated in 
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the positive ion, reflectron mode, 2) a MALDI-TOF/TOF ultrafleXtremeTM MS (Bruker Daltonics) and 3) 

LC/MS/MS (both CID and HCD) in an LTQ-OrbitrapTM MS (Thermo Fisher Scientific) with a TriVersa 

NanoMateTM system (Advion Biosciences). The MS/MS data was deconvoluted using XtractTM. Data sets were 

analyzed with MASCOTTM and the results were checked manually. 

 

RESULTS 

The fat biopsy obtained from a 59-year-old male showed extensive amyloid deposition (3+ score by Congo red 

staining) and Ig λLC proteins by immunohistochemistry. In patients with AL amyloidosis, each amyloid LC 

protein sequence is unique, especially in the variable region; lack of the LC gene and deduced protein 

sequences presented a significant obstacle in this work. Mass fingerprinting search on the MALDI-TOF MS data 

(Fig. 1) of a gel spot 18 (observed at 30 kDa) indicated a strong score for Ig λLC constant region. LC/MS/MS 

and MALDI-TOF/TOF MS data confirmed the peak assignments. Sequences for some variable region peptides 

were also assigned and aligned with germline gene IGLV1-51. MALDI-TOF/TOF MS revealed the oxidation of 

Trp (W) to kynurenine and N-formylkynurenine (1, 4). 

 

 

 

Figure 1.  MALDI-TOF MS characterization of Ig LC species in AL fat sample 
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DISCUSSION 

Spots 18 (observed at 30 kD), 13 (at 27 kD) and 22 (at 23 kD) were detected by immunoblot assay against Ig 

λLC; spots 8 and 11 were not. Full-length LC protein usually has MW ca. 25 kD.  Considering PTMs and the 

unique primary sequence of this full-length LC, spot 18 appears to be the full-length amyloid deposited LC 

protein. 

  As the MW decreased, the abundances of the peaks for constant region (C) peptides, e.g., C 4-22 m/z 

1985.91, diminished. The serially truncated products from this peptide appear at m/z 1431.73 [4-17], 1544.79 [4-

18], 1672.87 [4-19], 1743.87 [4-20] and 1858.05 [4-21], in the spectra of spots 8 and 11. These assignments 

were confirmed by tandem MS data.  

  HCD dissociation in the LTQ-Orbitrap of spot 11 provided sequence assignments for some variable region 

peptides found at, e.g. m/z 841.42, 1813.99 and 2338.23.  

  Unassigned peaks may originate from the variable region, or may be constant region peptides that have PTMs, 

including truncations. Digestion with additional proteases and/or acquisition of more tandem MS data should 

facilitate their analysis. 
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ABSTRACT 

Cardiac amyloidosis is rare and may lead to potentially life-threatening restrictive cardiomyopathy. Amyloid 

depositions impair the function of sympathetic nerve endings. Iodine-123 metaiodobenzylguanidine (123I-MIBG) 

can detect innervation changes. Sixty one patients with biopsy proven amyloidosis underwent general work-up, 

echocardiography and 123I-MIBG scintigraphy. Early (15 min) and late (4 hrs) heart-to-mediastinum ratio (HMR) 

and wash-out rate were determined. Mean late HMR of all patients was 2.3 ± 0.75, mean wash-out rate was 8.6 

± 14%,. Late HMR was lower (2.0 ± 0.70 versus 2.8 ± 0.58, p<0.001) and wash-out rates were higher (-3.3 ± 

9.9% vs 17 ± 10%, p<0.001) in patients with echocardiographic parameters for amyloidosis. In ATTR patients 

without echocardiographic parameters of amyloidosis, HMR was lower than in other types (2.0 ± 0.59 vs 2.9 ± 

0.50, p=0.007). So, MIBG and echocardiography are complementary. Also, 123I-MIBG scintigraphy can detect 

cardiac denervation in ATTR patients before echocardiographic parameters are present. 

 

INTRODUCTION  

Cardiac involvement of amyloidosis eventually leads to a type of cardiomyopathy in which ventricular filling is 

restricted, resulting in symptoms and signs of heart failure. Amyloidosis is the most common cause of this co-

called ‘restrictive cardiomyopathy’ (1). Transthoracic echocardiography plays an important role in the evaluation 

of cardiac manifestation of amyloidosis. Nowadays it is the modality of choice for the evaluation of amyloid 

deposition in the heart (2). However, with this technique, the diagnosis of cardiac amyloidosis is often 

established at a late time point. Disturbance of myocardial sympathetic innervation may play an important role in 

this remodelling process, and may even lead to sudden death due to fatal arrhythmia (2). Amyloid deposits 

impair the function of myocardial sympathetic nerve endings. 

  A scintigraphic imaging modality using iodine-123 labelled metaiodobenzylguanidine (123I-MIBG) is a validated 

method to evaluate sympathetic innervation in the heart and has also been used in patients with amyloidosis (3-

5). 123I-MIBG, an analogue of norepinephrine (NE), enters the sympathetic nerve terminals through a specific 
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“uptake-1 mechanism”. Unlike NE, 123I-MIBG is stored in granules in the nerve terminals and not catabolised. 

So, 123I-MIBG indirectly visualises the effect of amyloid deposition in the myocardium (6).  

  The purpose of this study was to evaluate if 123I-MIBG scintigraphy is able to identify cardiac sympathetic 

denervation in patients with different types of early stage amyloidosis.  

 

METHODS 

A total of 61 consecutive patients (30 women, 31 men) with systemic amyloidosis underwent 123I-MIBG 

scintigraphy between June 2007 and August 2011. Diagnosis of amyloidosis was based on detection of amyloid 

in a biopsy site typically involved in systemic amyloidosis, such as the abdominal fat tissue, kidney or nerve. 

History and physical examination were used to determine the presence of polyneuropathy. All patients 

underwent the usual tests including 12-lead electrocardiogram (ECG), dynamic electrocardiogram (Holter 

investigation), radionuclide multiple gated acquisition (MUGA) for left ventricular ejection fraction (LVEF), 

autonomic function testing using bedside manoeuvres, heart rate variability analysis, echocardiographic 

examination before the 123I-MIBG scintigraphy. At 15 min (early image) and 4 h (late image) after administration 

of 185 MBq 123I-MIBG, a 10-min static acquisition was performed in anterior view of the chest. Heart-to-

mediastinum activity ratio (HMR) was measured three times, and the average of measurements was taken into 

account. Cardiac 123I-MIBG wash-out rate was defined as percentage change in activity from the early to the late 

images within the LV ROI as follows: ((Hearly-Hlate)/Hearly) x 100%. 

  For 123I-MIBG imaging, 9 age-matched consecutive normal volunteers were scanned to form a healthy control 

database. All subjects were in good health and did not take medication, especially no tricyclic antidepressants 

or other sympathicomimetics that can interfere with 123I-MIBG uptake. 

 

RESULTS 

The mean age of all patients was 62 ± 8.8 years. For the 9 healthy controls (6 women and 3 men), the age was 

not significantly different: 52 ± 17 years. Of all 61 patients, 39 were diagnosed with AL type amyloidosis, 11 with 

AA type, and 11 with ATTR type. Table 1 summarizes the results of the 123I-MIBG scans in the different patient 

subgroups and the healthy control subjects. In all patients the late HMR was significantly lower (mean 2.3 ± 0.75 

versus 2.9 ± 0.58, p<0.005) and the wash-out rate was significantly higher (mean 8.6 ± 14% vs. -2.1 ± 10%, 

p<0.05) than in healthy controls. The HMR was significantly lower in patients with ATTR type amyloidosis (1.7 ± 

0.52) than in the other subgroups ((2.5 ± 0.75 in AL and 2.4 ± 0.75 in AA, p< 0.05). In ATTR patients the HMR 

was significantly lower than in healthy controls (p< 0.001).  

  The late HMR was significantly different between patients with (2.0 ± 0.70) and without (2.8 ± 0.58) 

echocardiographic parameters for amyloidosis, defined as sparkling and LV wall thickness > 11 mm, p<0.001. 

Also, the wash-out rate was significantly higher in these patients, -3.3 ± 9.9% versus 17 ± 10% p<0.001.  

  In ATTR patients without echocardiographic parameters of amyloidosis, HMR was lower than those patients 

with other types (2.0 ± 0.59 vs 2.9 ± 0.50, p=0.007). Furthermore, wash-out rates were higher in these patients: 

11 ± 1.4% vs -4.6 ± 9.3%, p=0.03  
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Table 1 . 123I-MIBG findings  

 Frequency, mean ± SD 
 Healthy controls AL AA ATTR 
Late HMR 2.9 ± 0.58 2.5 ± 0.75 2.4 ± 0.75 1.7 ± 0.52 
Wash-out rate -2.1 ± 10 7.0 ± 14 5.9 ± 14 18 ± 8.3 
Wash-out rate > 20% (n) 0 7 2 6 

 

DISCUSSION 

The current study shows that the sympathetic denervation, determined by diminished late 123I-MIBG uptake in 

HMR and elevated wash-out rate, is prominent in patients with echocardiographic parameters for amyloidosis. 

Furthermore, this study shows that HMR is lower and wash-out rates are higher in patients with amyloidosis 

compared to healthy control subjects. In ATTR patients cardiac denervation can be found even before 

echocardiographic parameters are present. So, 123I-MIBG scintigraphy and echocardiography should be 

performed in a routinely matter.  

  The use of 123I-MIBG is studied most intensively in patients with FAP. The 123I-MIBG results in this study are 

generally less aberrant than those in prior studies (3-5, 7). Not only do the healthy controls have higher HMR 

than those in previous studies, our amyloidosis patients also show higher 123I-MIBG uptake and less wash-out. 

The most important explanation of the large difference lies in the use of collimator type. The prior studies all 

used low-energy collimators (LE), whereas in this protocol a medium-energy collimator (ME) was used.  

  A point of interest is the role of 123I-MIBG scintography in the predictive potential for sudden cardiac death in 

patients with heart failure and even the predictive value of appropriate implantable cardioverter-defibrillator 

(ICD) therapy. 
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ABSTRACT 

Cardiac involvement is a major clinical feature and determinant of outcome in AL and ATTR amyloidosis, for 

which better diagnostic methods are required. We report 99mTc-3,3-Diphosphono-1,2-Propanodicarboxylic Acid  

(99mTc DPD) scintigraphy in 171 patients with suspected cardiac amyloidosis. Patients received 700 MBq 99mTc 

DPD, and planar whole body images were acquired after 5 minutes and 3 hours, along with cardiac SPECT-CT.  

Myocardial uptake was scored as grade 0-3 based on the amount of cardiac uptake and proportionate reduction 

in bone signal. Cardiac uptake occurred in all 76 patients with ATTR amyloidosis who fulfilled consensus criteria 

for cardiac involvement, but in only 16 (55%) of those with AL (p<0.0001); myocardial uptake was also present 

in eight other ATTR patients who did not meet the consensus criteria. This study confirms the utility of 99mTc 

DPD scintigraphy in cardiac amyloid imaging, most specifically for amyloid of ATTR type. 

 

INTRODUCTION  

Diagnosis of cardiac amyloidosis has been defined by the international amyloidosis consensus criteria (1) and 

typically relies on echocardiography demonstrating increased wall thickness in the absence of another cause.  

Echocardiographic diagnosis of amyloidosis is characteristic in advanced disease but can be difficult in early 

stages and is unable to differentiate between the AL and TTR type (2). 

  Uptake of diphosphonate compounds by the heart in cardiac amyloidosis has been recognised anecdotally for 

over 30 years and has been confirmed by small studies using technetium-99m (99mTc) labelled phosphate 

derivatives including pyrophosphate (PYP), methylene diphosphonate (MDP) and hydroxy diphosphonate 

(HDP) (3-5). More recently, 99mTc labelled 3,3-diphosphono-1,2-propanodicarboxylic acid (DPD) has been 

reported to have a much greater and more reliable affinity for cardiac amyloid. In 2002 Puille et al (6) reported 

cardiac uptake of 99mTc-DPD in 8 patients with ATTR-FAP whilst more recently Rapezzi et al in 2011 (7) looked 

at 45 patients with TTR and 34 with AL related amyloid cardiomyopathy. Myocardial uptake was seen in all TTR 

patients but in only 11 (32%) of the AL patients. The aim of this study was to further evaluate the role of 99mTc-

DPD scintigraphy in imaging TTR vs AL cardiac amyloidosis as well as other amyloid types. 
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METHODS 

700 MBq of 99mTc-DPD was given to 171 patients with suspected cardiac amyloid involvement between June 

2010 and December 2011. Whole body (WB) sweeps were performed at 5 minutes and 3 hours post injection 

followed by either a gated or non-gated single photon emission computed tomography (SPECT)-CT of the heart. 

The delayed 3 hour WB sweep images were scored as grade as 0-3 using a modified version of the grading 

system as described by Perugini et al (8) whereby grade 0 indicated no cardiac tracer uptake on planar or 

SPECT-CT, grade 1 was mild cardiac uptake (less intense than bone), grade 2 was moderate cardiac uptake 

(with some bone attenuation) and grade 3 was strong cardiac uptake (with little or no bone signal). Figure 1 

illustrates the grading system used. Planar (heart/whole body ratio) and SPECT-CT (total heart counts /average 

sternum counts per voxel) quantitation was also performed. Final diagnosis of amyloidosis was supported where 

possible by biopsy histology, proteomics, SAP scintigraphy, cardiac MRI, and DNA analysis.   

 

 

Figure 1. Demonstrating (a) grading system for cardiac tracer uptake on delayed whole body scans, (b) short 

axis view showing distribution of 99mTc-DPD within the myocardium and a (c) fused SPECT-CT image of the 

thorax confirming localisation of the tracer to the heart. 

 

RESULTS   

One hundred and seventy one patients were included in this study. The amyloid types were: TTR – 90 (53%), 

AL - 34 (20%), Apolipoprotein A1 - 4 (2%), AA – 3 (2%), Fibrinogen Aα-chain (Glu526Val) - 2 (1%), Lysozyme 

(Asp67His) - 1 (0.5%) and Gelsolin (Asp214Asn) – 1 (0.5%). Amyloid type could not be confirmed in 5 (3%) 

cases and 31 (18%) patients were subsequently found not to have systemic amyloidosis. Of the 90 patients with 

TTR amyloidosis, 38 (42%) patients had senile TTR amyloidosis and 52 (58%) had familial TTR amyloid. 

   ATTR mutations were as follows: Val122Ile (n=16), Thr60Ala (n=11), Val30Met (n=10), Gly47Val (n=4), 
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Glu54Gly (n=3), Ser77Tyr (n=2), Gly47Arg (n=1), Glu89Lys (n=1), Ile84Ser (n=1), Ile107Phe (n=1), Phe33Val 

(n=1) and Ser77Phe (n=1). Of the 4 Apolipoprotein A1 patients, mutations in Leu60Arg and Arg173Pro were 

present in 2 patients respectively. 

  Table 1 summarises the main 99mTc-DPD scintigraphic findings.  Of those TTR (ATTR plus STTR) patients with 

a positive scan, 88% were grade 2 or above whilst 94% of positive AL patients were only grade 1. All patients 

(n=76) with TTR related cardiac involvement by consensus criteria had cardiac uptake of 99mTc-DPD compared 

to only 16/29 (55%) of AL patients (p<0.0001). Eight patients (one wild-type) with no cardiac involvement by 

current consensus criteria had cardiac uptake of 99mTc-DPD. One patient with cardiac AA and 3 with cardiac 

apolipoprotein AI amyloidosis had myocardial DPD uptake. Amyloidosis was ultimately excluded in 31 patients, 

all of whom had normal 99mTc-DPD scans. Abnormal 99mTc-DPD uptake into the liver and spleen each occurred 

in only 4% of cases, in contrast to the high frequency of visceral amyloidosis demonstrated on SAP 

scintigraphy. Using SPECT-CT imaging confirmed cardiac uptake that was not evident on planar scans in 6 

patients. 

  Myocardial DPD uptake according to grade 1/2/3 was associated with median LV wall thickness of 14/16.5/17 

mm, LV ejection fraction of 56/49.5/46%, and NT pro-BNP of 295/295/354 pMol/L respectively. Differentiation 

between AL and TTR types using SPECT-CT was better than the planar method mainly due to the fact that 

regions of interest drawn over the heart on whole body images will include counts from overlying structures such 

as the sternum, ribs and spine.   

 

Table 1. 

Grade of cardiac uptake (n)  Amyloid type  n 
(%)  

0  1  2  3  

Cardiac uptake / 
in pts with  

cardiac 
involvement *  

Cardiac uptake / 
in pts without  

cardiac 
involvement *  

TTR (FAP + Wild 
Type) 

90 
(53)  

6  10  59  15  76 / 76 
(100%)  

8 / 14 
(57%)  

AL 34 
(20)  

18  15  1  0  16 / 29 
(55%)  

0 / 5  

Apolipoprotein  AI 4 (2)  1  3  0  0  3 / 3 
(100%)  

0 / 1  

AA 3 (2)  2  1  0  0  1 / 1 
(100%)  

0 / 2  

Others 
(AFib, ALys, AGel)   

4 (2)  0  0  0  0  0 / 0  0 / 4  

Unknown 5 (3)  2  1  2  0  3 / 4 
(75%)  

0 / 1  

No Amyloid  31 
(18)  

31  0  0  0  0 / 0  0 / 31  

* As defined by International Consensus Criteria (Gertz et al 2005, Am. J. Hematol. 79: 319-328)  
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DISCUSSION 

In our experience, 99mTc-DPD scintigraphy has 100% sensitivity for TTR cardiac amyloidosis of both senile and 

hereditary types compared to just 55% for AL cardiac amyloid thus confirming the utility of this imaging method. 

  The intensity of tracer uptake in the heart and soft tissue pattern can both support the diagnosis of TTR versus 

AL cardiac amyloidosis. Imaging using SPECT-CT not only allows for more accurate quantitation by eliminating 

counts from overlying bony structures but also demonstrated cardiac tracer uptake in 6 patients which was not 

evident on the planar scan. Myocardial uptake of 99mTc-DPD was also seen in one patient with cardiac AA and 

three with apolipoprotein AI amyloidosis which is a novel finding. 

  It would appear that 99mTc-DPD scintigraphy is the most sensitive method for detecting TTR cardiac amyloid 

and therefore we see its future role as a screening tool for both senile cardiac amyloidosis in the elderly and for 

asymptomatic carriers of TTR mutations.  
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ABSTRACT 

Cardiac involvement predicts outcome in systemic AL amyloidosis and influences therapeutic options. Current 

methods of cardiac assessment do not quantify myocardial amyloid burden.  We used Equilibrium Contrast 

Cardiovascular Magnetic Resonance (EQ-CMR) to quantify the cardiac interstitial compartment, measured as 

Extracellular Contrast Volume (ECV), hypothesising it would reflect amyloid burden.  

  Sixty patients with systemic AL amyloidosis  (65% male, median age 65 years) underwent conventional clinical 

CMR including late enhancement, EQ-CMR, and clinical cardiac evaluation including ECG, echocardiography, 

assays of NT-proBNP and Troponin T, and functional assessment comprising the 6 minute walk test (6MWT) in 

ambulant individuals. Cardiac involvement in the amyloidosis patients was categorised as definite, probable or 

none suspected by conventional criteria. Findings were compared to 82 healthy controls. 

  ECV was significantly greater in patients than healthy controls (0.25 vs 0.40, P < 0.001), and correlated with 

conventional criteria for characterizing the presence of cardiac involvement, the categories of none, probable, 

definite corresponding to ECV of 0.276 vs 0.342 vs 0.488 respectively (P<0.005), ECV correlated with cardiac 

parameters by echocardiography (e.g. TDI S-wave R2 0.27, P<0.001) and conventional CMR (e.g. indexed LV 

mass R2 0.31, P<0.001). There was also significant correlations with NT-proBNP (R2 0.47, P<0.001) and 

Troponin T (R2 0.28, P=0.006). ECV was associated with smaller QRS voltages (R2 0.33, P<0.001), and 

correlated with poorer performance in the 6MWT (R2 0.13, P=0.03). 

  Myocardial ECV measurement appears to be the first non-invasive test to quantify cardiac amyloid burden. 

 

INTRODUCTION 

Cardiac involvement is frequent, a principal driver of prognosis, and can be the presenting feature of the 

disease [1]. Whilst a constellation of ECG, echocardiographic and biomarker findings becomes increasingly 

diagnostic and prognostic as cardiac amyloidosis progresses, evaluation of early stage cardiac involvement can 

be challenging.  Confounding features are often present, commonly including left ventricular hypertrophy (LVH) 

and abnormal diastolic function associated with renal failure, diabetes or hypertension [2,3]. Definitive diagnosis 
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of cardiac amyloidosis, which has critical implications for choice of chemotherapy and management generally, 

requires cardiac biopsy which is invasive and prone to sampling error. There are currently no non-invasive tests 

that can quantify cardiac amyloid deposits. New imaging modalities such as DPD and CMR scans are showing 

promise but neither is quantitative. We have lately developed a new quantitative technique, Equilibrium Contrast 

Cardiovascular Magnetic Resonance (EQ-CMR) that measures the myocardial extracellular volume fraction i.e. 

the interstitial space within the heart. Here, we hypothesise that the technique would also be an effective 

method for quantifying cardiac amyloid burden, the proteotypic interstitial protein deposition disorder [4].  

 

METHODS 

EQ-CMR involves three steps: 1) a standard gadolinium bolus followed by constant infusion to eliminate 

contrast kinetic effects and achieve an equilibrium contrast state throughout the body; 2) signal intensity (T1) 

measurement pre and post contrast equilibrium using CMR; and 3) a direct measure of blood volume of contrast 

distribution, by taking a complete blood count, equating the blood volume of contrast distribution to one minus 

the hematocrit. The volume of distribution in the myocardium, also known as the extracellular volume, ECV, is 

then calculated as: ECV =  (1-Hematocrit) x (∆R1myocardium / ∆R1blood) where ∆R1 is (1/T1 pre contrast -  1/T1 post 

contrast). EQ-CMR was performed on a 1.5T magnet (Avanto, Siemens, 16 channel coils) with T1 assessment 

as previously described [5].  

  Sixty consecutive consenting patients with systemic (primary) AL amyloidosis who were assessed between 

2010-11 at the National Amyloidosis Centre (Royal Free Hospital, London UK) and in whom there no exclusions 

to CMR (GFR<30mls/minute; presence of non MR compatible devices, known atrial fibrillation) were recruited. 

Four patients who were found to have atrial fibrillation/flutter after they had consented were not excluded. The 

probability of cardiac involvement was categorised into definite or no cardiac involvement based on international 

consensus criteria published by Gertz et al [6]. An additional category of possible involvement was created for 

patients with cardiac abnormalities in whom there were confounding features. 

  Healthy subjects (n=82) were recruited through advertising in hospital, University and general practitioner 

surgeries. All had no history or symptoms of cardiovascular disease or diabetes, a normal 12-lead ECG and 

normal clinical CMR scan. All patients and healthy controls underwent 12 lead ECG.  Patients additionally 

underwent assays of cardiac biomarkers (NT-proBNP and Troponin T), echocardiography, SAP scintigraphy 

including measurement of total body amyloid load, and a 6-minute walk test, although this was not possible in 

some patients(n=23, 38%) mainly due to other comorbid factors (e.g. arthritis, postural hypotension, peripheral 

neuropathy) and patient choice. NYHA class and ECOG status were also assessed using a standard 

questionnaire. 

  

RESULTS 

The mean ECV in patients with systemic amyloidosis was significantly elevated compared to healthy controls 

0.400 (range 0.200-0.609) vs 0.254 (range 0.161-0.323), P<0.001. Mean ECV increased between groups from 

healthy controls to AL with no suspected cardiac involvement (ECV 0.276 (range 0.200-0.345), P<0.005), 

possible cardiac involvement (0.342 (range 0.239-0.479), P<0.005) and definite cardiac involvement (0.488 

(range 0.423-0.609), P<0.005). There was no increase in ECV with age in the healthy controls. Other results are 

summarized in table 1.  
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Table 1. ECV correlations with cardiac structure and function, biomarkers and ECG changes  

ECV compared against: R 2 P-value 
LV Structure   

LV mass 0.27 P<0.001 
Indexed LV mass 0.31 P<0.001 
Septal thickness 0.31 P<0.001 
LA area 0.16 P=0.002 
Indexed LA area 0.24 P<0.001 

LV systolic Function   
Ejection Fraction 0.34 P<0.001 
MAPSE 0.34 P<0.001 
LV end-systolic volume 0.27 P<0.001 
Indexed LV end-systolic volume 0.31 P<0.001 
TDI-S wave 0.27 P<0.001 

LV Diastolic Function   
E:E’  0.22 P<0.001 
IVRT 0.13 P=0.03 
E-Deceleration time 0.23 P<0.001 

RV Structure & Function   
RV end-systolic thickness 0.16 P=0.005 
TAPSE 0.25 P<0.001 

Functional Assessment   
6-minute walk test 0.13 P=0.03 

Biomarkers    
Serum NT-pro BNP (logBNP) 0.47 P<0.001 
Troponin T 0.28 P=0.006 

ECG   
ECG Limb Lead mean voltage 0.33 P<0.001 
ECG chest lead mean voltage 0.09 P=0.02 

 
 

DISCUSSION 

Amyloidosis is the exemplar of an interstitial disease, the quantity of amyloid in the extracellular space 

amounting to kilograms in some patients. Cardiac involvement is a major cause of morbidity and mortality, 

particularly in AL type, but there are currently no non-invasive methods to quantify it. Here, the extracellular 

volume (ECV) was measured using EQ-CMR in systemic AL amyloidosis. ECV was massively elevated in the 

patients with definite cardiac involvement but also significantly higher in patients where conventional clinical 

testing suggested no cardiac involvement, and was significantly elevated in a quarter of patients with no LGE.  

ECV tracked a wide variety of markers of disease activity such as cardiac function and blood biomarkers, linked 

to patient’s functional performance, and strongly correlated with limb lead ECG complex sizes. These data 

suggest that ECV measurement is picking up infiltration earlier than conventional testing and is a direct measure 

of the amyloid burden with potential utility in early diagnosis, disease monitoring, and, potentially, as a much 

needed cardiac surrogate endpoint for the various promising new therapies for amyloidosis currently in 

preclinical development and early phase clinical trials.  
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Heretofore, there has been no radiographic means in the USA to visualize AL amyloid deposits. In this regard, 

we have reported that our amyloidolytic fibril-specific mAb, 11-1F4, when labeled with I-124, could image by 

PET/CT hepatic, splenic, nodal, or bone marrow deposits in 11 of 18 subjects (1). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 . Left: MIP (maximum intensity projection) showing liver, spleen, and bone marrow (arrow) uptake of 
124I-11-1F4; Right: immunohistochemical analysis of amyloid-containing bone marrow from same patient using 

11-1F4 as the primary reagent (ABC technique, original magnification, ×200) 

 

 

METHODS 

On the basis of these results, an additional 19 individuals, all of whom were tested and found to be HAMA 

negative, were placed on study (HAMA also was performed 30 and 60 days post imaging). Patients were pre-

medicated with a saturated solution of potassium chloride (SSKI) 48 hrs prior to administration of the 

radiopharmaceutical and then, for another 8 days. Whole body PET/CT imaging was obtained 2 and 5 days post 
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124I-11-1F4 infusion of 1 mg mAb 11-1F4 labeled with 2 mCi (74 MBq) 124I using a Siemens mCT scanner (5 min 

per bed position) with low dose CT for attenuation correction. To increase the sensitivity of true count detection, 

the time of PET acquisition in the last 15 individuals was extended by 35 min for the kidneys and, additionally, a 

dedicated 35 min cardiac-gated acquisition was obtained. Organ–specific uptake was defined as that greater 

than mediastinal blood pool on day 5 and results were correlated with clinical evidence of organ involvement, as 

well as with Congo-red staining and immunohistochemical studies using mAb 11-1F4 of available biopsy 

materials (Figure 1) or fat aspirates.  

 

Table 1 . Results of Radioimmunoimaging using 124I-mAb 11-1F4/PET/CT and Immunohistochemistry (IHC) with  

11-1F4 as the Primary Reagent in Patients with AL Amyloidosis 

Light 

Chain 

Isotype 

Organ 

Affected* 

PET/   

CT* 
IHC* 

Light 

Chain 

Isotype 

Organ 

Affected* 

PET/    

CT* 
IHC* 

κ K 0 NT λ H,L,S S,LN,ST + (Lu) 

λ LN LN + (Lu) λ I 0 0 (I) 

λ K 0 + (BM) λ H,L,S 0 + (BM) 

λ Lu 0 + (Lu) κ I,L,S,H L,S,I,BM,A + (I) 

λ K 0 0 (K) λ H,L,K,BM,I L,S,BM,A + (BM) 

λ F 0 NT λ H,K S NT 

κ H I + (F) λ T,H,I 0 + (T) 

λ K 0 + (K) λ L,K,H S 0 (K) 

κ H,I,L,S L,S NT λ K,H H 0 (K) 

λ T,L,S 0 0 (T) λ K,H,S H,S 0 (K) 

λ L,K,BM L,S,BM + (BM) λ K,H,S 0 NT 

κ H,L,S L,S + (GB) κ SC,PV,S ST + (ST) 

λ K L,S 0 (K) λ LN 0 + (LN) 

λ K,L,LN L,S,BM 0 (K) κ H,T,SC,I K 0 (BM) 

λ H,K,L,S S + (K) λ H,I,L L,S,LN + (I) 

λ I 0 0 (I) λ H,K K,S + (L,S) 

λ K S,BM + (BM) λ H,S S,I 0 (H) 

λ H,BM I + (BM) λ H,K 0 NT 

λ K 0 0 (K)     

*NT, no tissue; BM, bone marrow; F, fat; GB, gall bladder; heart; I, intestine; K, kidney; L, liver; Lu, lung;       

LN, lymph node; PV, perivascular; S, spleen; SC, subcutaneous; ST, soft tissue; T, tongue 

 

 

RESULTS 

Of the 37 patients who have taken part in the study, organ- or tissue-specific uptake occurred in 22 (60%).  In 

these cases, the spleen was visualized in 16 instances, the liver in 8, bone marrow in 5, lymph node in 3, 
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adrenals in 2, soft tissue in 2, intestine in 4, kidneys in 2, and heart in 2 (multiple positive sites were present in 

13 subjects).  A summary of the radioimmunoimaging results, light chain isotype, sites of organ involvement (as 

determined clinically), and immunohistochemical results are provided in Table 1. As shown, 14 subjects 

demonstrated radiotracer uptake in the same clinically-involved organ or tissue. Further, of the 16 patients with 

splenic uptake, none had evidence of hypersplenism (thrombocytopenia) and only 3 had splenomegaly in the 

absence of right heart failure, thus suggesting detection of subclinical amyloid involvement of the spleen.  No 

liver uptake was seen in 8 of these 16.   

  Imaging results also were compared to immunohistochemical studies of Congo-red positive, amyloid-

containing tissue biopsies or fat aspirates (when available) using the 11-1F4 mAb (Table 1). In 13 subjects, 

there was correlation between positive visualization and immunohistochemistry (in 6 instances, in the same 

organ [e.g., intestine, soft tissue, bone marrow, and spleen]). One patient, who had focal splenic uptake more 

intense than that seen in the liver, died 6 mo post-imaging. In this case, post-mortem quantification of 

congophilic material present in the spleen and liver revealed the former to contain 8.9% amyloid compared to 

7.0% in hepatic tissue, findings that correlated proportionally with the degree of radiotracer uptake seen in these 

organs in the imaging studies.     

  Amyloid-containing kidney biopsy specimens were available for immunohistochemical analyses in 9 of the 18 

patients with renal amyloid deposits (as demonstrated by biopsy or clinically by the presence of significant 

proteinuria). These studies revealed that in only 2 instances did 11-1F4 react with the pathologic material 

present in the biopsy tissue. Interestingly, in 5 of the remaining 7 that were negative using this methodology, 

organs other than kidney (i.e., liver, spleen, bone marrow, heart) were visualized by 124I-11-1F4 PET/CT. We 

posit that the lack of the antibody’s reactivity in the kidney resulted from proteolysis or inaccessibility of the 

antibody’s N-terminal epitope or, possibly, that its concentration was too low for immunodetection.  

  Fifteen subjects, 12 of whom had clinical evidence of cardiac involvement, had 35 min cardiac-gated 

acquisitions. Visualization of the myocardium by PET/CT was demonstrated in 2 cases and in 1 of these, 

positive uptake of the antibody corresponded to areas of abnormal late gadolinium enhancement seen in the left 

vertricular wall on cardiac MRI.  

  Using the earlier described protocol, 3 individuals underwent repeat 124I-11-1F4 PET/CT imaging after an 

interval of at least 12 mo.  Semi-quantitative analyses using Siemen’s software were performed whereby liver 

and spleen contours were defined and organ volume, as well as mean radiotracer activity in the organ of 

interest, calculated, thus leading to determination of total amyloid burden. One patient exhibited, respectively, 

20% and 58% increases in splenic and hepatic amyloid loads (13 mo post initial study with treatment limited to 

only 2 mo during this time due to drug intolerance), a finding that correlated with clinical evidence of disease 

progression.  In the second subject, 50% decreases in both hepatic and splenic amyloid loads were seen (26 

mo post initial study), during which time the patient had excellent clinical response to bortezomib therapy with 

normalization of the free light-chain ratio and improvement in severity of congestive heart failure symptoms. As 

for the third individual, who (after the initial study) had undergone cardiac transplant with high dose melphalan 

therapy, followed by stem cell transplant resulting in a sustained and complete 13 mo serologic and bone 

marrow response, an 80% reduction in hepatic and splenic amyloid was seen on repeat imaging (33 mo post 

initial study). Interesting, in the follow-up study, there additionally was radiotracer uptake in the testes and 

kidneys.  We posit that during the first imaging, the majority of 124I-11-1F4 bound to the significant amount of 

amyloid present in the liver.    
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CONCLUSION 

Our trial suggests that AL deposits, which are not yet evident clinically, may be identified using this sensitive 

technology. Further, amyloid burden may be assessed via visual and semi-quantitative methods and this 

information used to indicate therapeutic response. Most importantly, because this antibody can effect 

amyloidoysis, positive imaging results could be utilized to identify AL patients as candidates for passive 

immunotherapy using the chimeric version of 11-1F4, now under production for a Phase 1 clinical trial. 
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ABSTRACT  

Amyloid deposition in visceral organs contributes to the progression of clinical manifestations in a variety of 

diseases.  We have developed a probe, designated p5, for non-invasive molecular imaging to monitor the organ 

distribution and extent of amyloid deposits. The purpose of this study was to determine the pharmacokinetics of 

radioiodinated-p5 in a murine model of AA amyloidosis. Dynamic PET/CT imaging with time activity data and 

static SPECT/CT scans were used to show the distribution, clearance and stability of p5 in diseased and healthy 

animals.  Image analysis suggested that radioiodinated-p5 localized rapidly with amyloid-laden tissue and could 

be imaged for up to 72 hours. In healthy individuals, where the peptide did not encounter amyloid, the 

radiotracer was taken up in the kidney within 7 minutes of injection and was dehalogenated, freeing radioactive 

iodide to the circulation. The specific binding of amyloid and the accelerated loss of radioiodide from unbound 

peptide contribute to make p5 an excellent imaging agent for amyloidosis. 

 

INTRODUCTION 

Early detection of amyloid deposits can assist with prognostication and add value to the determination of each 

individual’s course of treatment. Other than Congo red staining of biopsy-derived tissues, there is no method in 

the US to determine the distribution of amyloid in vivo. Since biopsies sample only localized areas, the extent of 

whole body amyloid burden generally remains undetermined. Molecular imaging has the potential to determine 

whole body distribution non-invasively. 

  To this end, we have developed a polybasic, synthetic peptide, designated p5 that specifically binds amyloid 

deposits in vitro and in vivo (1). We radiolabeled p5 with 124I or 125I and used the products in PET/CT or 

SPECT/CT studies. The gold standard for imaging amyloid deposition is planar scintigraphic imaging of 123I-SAP 

(2). This method accurately visualizes the distribution of amyloid in many, but not all, visceral organs; however, 

it is not available to patients in the US. Herein, we use dynamic PET/CT scans to describe the uptake, 

distribution and dehalogenation of radioiodinated-p5 in a murine model of systemic AA amyloidosis and in 

healthy (WT) mice. The data suggest that p5 could be a valuable tool for imaging amyloidosis and monitoring 

response to therapy in patients. 
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METHODS 

Animals: Three female H2-Ld-huIL-6 Tg BALB/c mice (AA) and 3 healthy (WT) female BALB/c mice were used 

for dynamic PET imaging, and 3 AA and 3 WT mice were also used at each time point in the extended SPECT 

study.  AA was induced by iv injection of amyloid enhancement factor (100 µg) at 6 wk of age, and mice were 

imaged at 6-8 weeks post induction (3). This protocol was approved by the University of Tennessee Institutional 

Animal Care and Use Committee. 

  Procedure: The p5 peptide was radiolabeled with 124I or 125I and purified as previously described (1).  Doses 

were formulated such that each mouse received a total volume of 200 µL (5 – 10 µg peptide; 200 µCi) iv in the 

tail vein.  Dynamic PET imaging was performed using mice under isoflurane anesthesia, injected with 124I-p5 iv 5 

sec after the start of image acquisition to ensure that the initial uptake time points were captured.  SPECT/CT 

scans on mice injected with 125I p5 were acquired post mortem at various time points (2 h, 4 h, 8 h, 24 h, 48 h 

and 72 h) post injection. After acquiring images, organs were harvested for biodistribution measurements.  

  Analysis: Image analysis was performed on the 2D Inveon Research Workplace software (Siemens).  Regions 

of interest (ROI) encompassing multiple slices of the CT image were drawn over the vena cava, heart, liver, 

spleen, kidneys, stomach and thyroid  each mouse . Time activity curves were generated for each organ to 

show the uptake and clearance of 124I-p5. 

 

RESULTS 

The dynamic behavior of 124I-p5 was depicted via image analysis of PET/CT data acquired over a 2 h period. 

The time activity curves indicated that the radioiodinated peptide was quickly lost from the blood pool in both 

diseased and healthy mice. In diseased mice, 124I-p5 bound rapidly to amyloid-laden organs, namely the liver 

and the spleen. In WT mice, the peptide was taken up by the kidneys (peak time ~ 7 min) and rapidly 

dehalogenated.  The liberated radioiodide entered the blood stream and was sequestered by the thyroid and 

stomach (Fig. 1).  Note that the blood pool is cleared rapidly for both diseased and healthy mice. It is also 

evident that the peptide accumulated in the amyloid-laden liver tissue and not in healthy liver tissue. 

Dehalogenation of the peptide in the WT animals was indicated by the rapid loss of activity from the kidney after 

~7 min. The lack of renal uptake in the AA mice suggests that the peptide has been sequestered in organs 

afflicted with amyloid prior to its dehalogenation. 

 

 

 

Figure 1. Time activity curves for both AA and WT mice. These representative curves demonstrate the blood 

pool clearance (heart), accumulation (liver) and dehalogenation (kidney) of 124I-p5 in vivo. 

   

  Summed frames of the dynamic PET/CT scans through 120 min show the liberated radioiodide in only the 

stomach (St) and the thyroid (T) of WT mice (Figs. 2A and 2B). In contrast, the 124I-p5 in AA mice was observed 
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mainly in the liver (L) and spleen (Sp). SPECT/CT imaging and biodistribution was used to determine longer 

term pharmacokinetics. The125I-p5 remained bound to amyloid deposits in vivo for up to 72 h post-injection (Fig. 

2C). Micro-autoradiographs were acquired to ensure that 125I-p5 was localized to amyloid deposits, and the 

presence of peptide correlated with Congophilic regions within the tissue samples (data not shown). These data 

indicate that the radioiodinated p5 remained stably bound to amyloid deposits which is an advantageous 

property for an imaging agent. 

 

 

Figure 2.  Representative images of p5 distribution in mice.  (A & B) PET/CT images of 124I-p5 at 30 and 120 min 

in AA and WT mice, respectively. (C) Static SPECT/CT images of 125I-p5 indicate that there is preferential 

binding of 125I-p5 to amyloid-laden liver and spleen at more than 72 h post injection. 

 

DISCUSSION 

In vivo dynamic molecular imaging studies indicate that p5 binds rapidly and stably to amyloid deposits. Kinetic 

analyses revealed that the peak renal uptake time of 124I-p5 in WT mice was 7 min, where it was dehalogenated 

quickly. In contrast, the peptide bound to amyloid deposits in diseased mice was not significantly dehalogenated 

and was detectable for up to 72 h. The long target resident time is an advantage for the peptide as an imaging 

agent because it allows for clearance of free radiotracer from the blood pool before a scan is acquired. With less 

background activity, the presence of amyloid deposition can be detected more easily, and the level of certainty 

to the distribution of the radiotracer will be enhanced. These studies add value to peptide p5 as an imaging 

agent for the non-invasive detection of amyloidosis in vivo. 
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BIOLOGY OF THE CLONE 

Light chain amyloidosis (AL) is caused by a small or modest, relatively indolent, plasma cell clone synthesizing 

misfolded light chains. These abnormal light chains display a pathologic conformation prone to aggregation and 

become toxic for cells and tissues, producing devastating systemic damage. Serum free light chains can be now 

measured also using a novel commercial nephelometry assay (1). Lambda light chains are more prone to 

misfold than are κ light chains, and certain subgroups have been reported to be preferentially associated with 

specific organ targeting (eg, IGVL1-44 with heart involvement). Several lines of evidence indicate that amyloid 

light chains can be directly cardiotoxic, although amyloid deposits may compress the microvasculature reducing 

the myocardial blood flow and coronary vasodilator reserve (2). Cytogenetic aberrations of the plasma cell clone 

and CCND1 overexpression may influence prognosis, or predict response to different chemotherapies. The 

analysis of the major cytogenetic aberrations in AL amyloidosis patients treated with melphalan-dexamethasone 

as first-line therapy showed that gain 1q21 is an independent predictor of poor survival (3). AL amyloidosis 

clone has fewer chromosomal aberrations compared with multiple myeloma, and the clone may be more 

manageable by chemotherapy. Increased sensitivity to proteasome inhibitors of amyloidogenic plasma cells 

compared to myeloma plasma cells has been reported (4) and may account for the high response rates 

observed with bortezomib-based regimens. 

 

THE IMPORTANCE OF EARLY DIAGNOSIS 

Early diagnosis is essential in AL amyloidosis in order to anticipate irreversible organ damage and restore the 

organ function, thus improving quality of life and extending survival. Heart involvement is the main determinant 

of survival. When heart failure becomes symptomatic the degree of the myocardial damage is already advanced 

and irreversible in more than half of the patients and the survival is restricted to less than 6 months (median). 

Advanced heart involvement at diagnosis is responsible for the persistently poor prognosis in a substantial 

proportion of patients enrolled in two prospective studies from UK and Italy reported at this Symposium (5, 6). It 

is therefore very important to exploit early “red flags” that may allow a timely detection of amyloid organ damage 

and to start chemotherapy promptly. Table 1 lists the most common early red flags that may direct the clinician 

toward the correct diagnosis. The cardiac biomarker, natriuretic peptide type B, is very sensitive to amyloid 
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heart damage, and the elevation of its serum levels can anticipate by several months the echocardiographic 

signs and clinical manifestations. This biomarker should be measured also during the follow-up of individuals 

with MGUS in order to detect early the development of AL amyloidosis cardiomyopathy. In patients who 

presents with advanced cardiac damage, cardiac transplantation may provide prolonged survival when 

performed in patients without other severe organ involvement, and when hematological response is obtained 

before or after cardiac transplantation, as reported by a French study reporting the outcome of 17 AL patients 

who underwent cardiac transplantation (7). 

 

Table 1 . Early “red flags” for suspecting AL amyloidosis 

Organ or syndrome  Present in  Early “red flags”  

Heart  70%  NT-proBNP >332 ng/L (100% sensitivity)  
BNP >73 ng/L (89% sensitivity)  

Kidney  70%  Urinary alb./creat. >300 mg/g 
eGFR <50 mL/min per 1.73 m2  

Liver  22%  Elevation of ALP or γGT 

PNS 
 
ANS  

14%  Neuropathic pain and loss of sensitivity to temperature 
Erectile dysfunction 

Soft tissues  13%  Carpal tunnel syndrome  

 

 

PROGNOSIS 

One should ask why refined measures of prognosis in light chain amyloidosis are needed.  The amyloid 

community owes it to our patients that we are able to counsel realistic expectations of outcome. The 

amyloidosis community owes it to themselves since it is impossible to compare outcomes across phase II trials 

because of the heterogeneity of patients being entered at different centers. In amyloidosis phase III trials are 

expensive and difficult to complete. The majority of therapeutic trials have been single-arm phase II; and 

investigators still are unable to weigh the relative merits of the most commonly used regimens including:  

melphalan-dexamethasone, cyclophosphamide-thalidomide-dexamethasone, melphalan-dexamethasone-

lenalidomide, cyclophosphamide-bortezomib-dexamethasone, bortezomib-dexamethasone, and stem cell 

transplantation. It would be important to identify those patients who are destined to do poorly and would be 

expected to fail all forms of therapy. These patients should be excluded from clinical trials because they have 

the potential to obscure a therapeutic signal associated with an active regimen. Survival for 40% of patients has 

not improved since 1960, with one-third dying within 6 months of diagnosis. Appropriately designed clinical trials 

would do well to exclude such patients.  

  The most common cause of death in amyloidosis is cardiac failure or sudden death. Predictors that refine the 

extent of cardiac involvement are quite useful. Cardiac biomarkers in the last 5 years have rapidly become the 

prognostic measures of choice for monitoring amyloidosis. Independent predictors of death include gender, 

BNP, troponin T, the presence of pleural effusion, E/A ratio, RV systolic pressure, and RV strain rate of the 

middle segment. At the Groningen Symposium, mid-wall fractional shortening was shown to be prognostically 

important. In a multivariable model, mid-wall fractional shortening and NT-proBNP were the only factors that 
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predicted survival. Currently, the NT-proBNP and the troponin T referred to as the Mayo staging system 

separates patients into three independent groups based on troponin T > 0.035 and NT-proBNP > 332.   

   t(11;14) is an adverse prognostic factor in light chain amyloidosis patients. Patients who had a gain 1q21 

(22% of patients) had a median overall survival of 9 months; t(11;14) and hyperdiploidy were mutually exclusive 

findings.  Gains of 1q21 favored hyperdiploidy. A three-point staging system based on whether the dFLC was > 

or < 18 mg/dL, the troponin T was > or < 0.025, and the NT-proBNP was > or < 1800 has been developed. The 

4 stages had median survivals of 94, 40, 14 and 6 mos. Systolic blood pressure is a powerful measure of early 

mortality in amyloidosis and patients can be further subdivided by their systolic blood pressure. BNP levels rise 

with renal failure; and when the BNP is elevated due to kidney failure, it no longer appears to be prognostic in 

predicting survival. One must separate those patients whose BNP is elevated due to cardiac failure from those 

in whom the level is elevated because of a decreased creatinine clearance. In this study, the median overall 

survival was 7.1 months; but patients without echocardiographic evidence of involvement with an elevated BNP 

had a 2-year overall survival of 80%. An NT-proBNP >8000 with a systolic blood pressure of <100 constituted 

high-risk disease and they separated Mayo stage 3 patients into 3 groups with median survivals of 25, 6, and 3 

months, respectively. Using an NT-proBNP of >10,000 with an involved free light chain level of >50 mg/dL, 

predicted treatment-related mortality for non-transplanted patients.   

  In conclusion, a consensus does not yet exist as to the next-generation staging system for amyloidosis.  

Fluorescent in situ hybridization, free light chain assay, new echocardiographic parameters, systolic blood 

pressure, uric acid, extreme elevations of the NT-proBNP are all capable of refining the currently existing Mayo 

staging system. Further discussions among investigators to help refine our prognostic measures are warranted. 

It is possible that a multiple stepwise classification based on NT-proBNP rather than a single cutoff will need to 

be explored.         
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ABSTRACT 

The acquired form of cutis laxa has been associated to various conditions. We focused on the association 

between cutis laxa and plasma cell dyscrasias. We describe in details the case of a 39 years old woman who 

recently afferred to our Department and we review 31 cases described in the literature. From our experience 

and from the literature it’s evident that being aware of this association is helpful either for the treatment of this 

devastating skin disease and for an earlier diagnosis and treatment of the underlying plasma cell disorder.  

 

INTRODUCTION 

Cutis laxa is a group of rare diseases all characterized by: 

 - clinically widespread laxity of the skin resulting in premature ageing appearance; 

 - histologically decreased number and/or absence of elastic fibers in the dermis. 

It is usually a diffuse disease, the skin laxity begins on the face and neck and progresses in a cephalo-caudal 

direction. In rare cases it can be localized at the acral sites (fingers), at the eyelid (dermatochalasis) or as 

isolated plaques (anetoderma). 

  Cutis laxa can be inherited or acquired. Acquired cutis laxa has been associated to several medical conditions 

and medications. Half of the cases are associated with an inflammatory dermatosis. The association with 

plasma cell dyscrasias/B cells lymphomas producing monoclonal protein is frequently reported. 

  Two main hypothesis have been proposed to explain cutis laxa in these diseases: 

 1) monoclonal proteins deposition on elastic fibers may induce an inflammatory and macrophagic reaction that 

destroy elastic fibers; 

 2) structurated deposits of monoclonal component (amyloid, heavy and ligth chains deposits, fibrils) per sé may 

induce elastic fibers’ destruction.  

  In regards to this hypothesis, it is interesting what has been observed in gelsolin-amyloidosis induced cutis 

laxa. Cutis laxa is a principal clinical manifestation of gelsolin amyloidosis and is dramatic in elderly. In  this form 

it has been demonstrated that amyloid P protein associated to elastic fibres (as a microfibrillar sheath-

associated protein) plays an important role as a matrix for amyloid deposition and elastic fibres distruction. This 
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pathogenetic mechanism could be shared by cutis laxa associated to other types of amyloidosis such as AL 

amyloidosis. 

 

CASE REPORT 

A 39 years old woman with a two years history of urticaria and angioedema (treated with different drug 

association) and one year history of cutis laxa (mainly involving face, neck, axillae, upper arms, groins and 

thighs) was admitted with nephrotic syndrome and rapidly progressive uremia. Monoclonal component was 

detected in serum and urine (SIFE: IgAκ; UIFE: κ; sFLCκ 1576 mg/l; κ/λ ratio 44.6). A renal biopsy revealed 

LCDD and cast nephropathy with segmental crescents and fibrinoid focal necrosis in > 50 % of  the glomeruli. A 

bone marrow biopsy revealed 7% of monoclonal plasma cell with κ restriction. A skeleton X-ray did not reveal 

osteolytic lesions. 

  Histology of the involved skin showed normal epidermis and cutaneous appendages, a superficial perivascular 

lymphocytic infiltrate with histiocytes and foreign body giant cells. Orceina stain for elastic fibers demonstrated 

the lost of fine elastic fibers in the papillary dermis, fragmentation, shortening and a marked reduction in elastic 

fiber number in the reticular dermis. There was also prominent elastophagocytosis by histiocytes. These 

histologic findings were consistent with the diagnosis of cutis laxa. Immunohistochemistry studies were 

performed for κ, λ, IgG, IgM, IgD, and IgA. There was deposition of IgA, with slight deposition of IgM, around the 

elastic fibers in the reticular dermis. Stains for IgG, IgD, kappa, and lambda were negative. 

  After haematology treatment (PEX, BDex, and  two subsequent  HDM/SCT) the patient achieved complete 

haematologic remission; she partially recovered renal function (last  eGFR 25 cc/m’) and achieved complete 

remission of urticaria and angioedema  and stabilization of cutis laxa lesions. 

 

 

 
Figure 1 : the 39 years old patient before (A), at time of the diagnosis (B) and after the end of the 

haematological treatment. 
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Figure 2 : A: elastophagocytosis (Hematoxylin-Eosin stain); B: immunohistochemistry: deposition of IgA 

around the elastic fibers in the reticular dermis. 

 

REVIEW OF THE LITERATURE 

Since 1976, 31 cases of acquired cutis laxa associated with monoclonal gammopathy have been reported. 

Associated plasma cell disorders were multiple myeloma (12 pts), AL amyloidosis (6 pts), LCDD (1 pt), HCDD 

(3 pts), MGUS (4 pts), lymphocytic lymphoma (2 pts) and cutaneous lymphoplasmacytoid lymphoma (1 pt). 

Glomerulonephritis recently recognized as possibly associated with monoclonal gammopathy were present in 2 

pts. 

  In 17 patients the M-protein was IgG, in 3 pts IgA, in 2 pts IgM (both with lymphocytic lymphoma), free κ in 1 pt 

and free λ in 2 pts. The M-protein light chain was κ in 12 pts and λ in 12 pts. In 7 pts urticaria/angioedema 

preceded or accompained cutis laxa. 25 pts underwent biopsies of the acquired cutis laxa involved areas: in 6 

cases, all in AL amyloidosis group, biopsy revealed the presence of amyloid deposition. 

  In 14 cases skin histology revealed the presence of immunoglobulin of the same Ig class of the M-protein 

found in the serum. 

 

CONCLUSION 

Acquired cutis laxa should be considered one of the cutaneous manifestations of plasma cell dyscrasia and we 

suggest searching a possible underlying plasma cell dyscrasia in all the new cases of acquired cutis laxa. 

Elastic fibers destruction in these patients could be induced directly by the M-protein, through the induction of an 

inflammatory and macrophagic reaction, or by AL amyloid or other monoclonal protein structured deposits. 

It is important to be awared of this association in order to achieve two important goals:  

1) to recognize and treat earlier the haematologic disease (cutis laxa may precede even of years the 

diagnosis of hematological disease); 

2) to stop the progression of cutis laxa lesions through the treatment of the haematologic disease. 
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Table 1 .  

Authors, year pt clinical diagnosis of 
hematological disease 

Monoclonal 
component 

Skin biopsy 
features in 
addiction to 

diminution and 
fragmentation of 

elastic fibers 
 

preciding 
urticaria/ 

angioedema 

Hashimoto K et al, Arch 
Dermat, 1975  multiple myeloma IgG   

Scott  et al, Arch Dermat, 
1976 

F, 44 multiple myeloma IgGκ IF: negative yes 

Cho SY et al, Cutis, 1980 F, 46 multiple myeloma IgG IF: IgG on elastic 
fibers 

yes 

Hu H et al, Arch Dermat, 
1984 2 pts lymphocytic 

lymphoma IgM λ; IgM κ IF: negative  

Ting HC et al, Br J 
dermatol, 1984 

F, 45 multiple myeloma free λ IF: negative  

Voigtlander V et al, Ann 
Dermatol Venereol, 1985 

 amyloidosis IgGκ amyloid  

Newton JA et al, Clin Exp 
Derm, 1986 M,31 amyloidosis IgG in 1974 not 

confirmed later amyloid yes 

Hunziker T et al, Hautarzt, 
1986 

M, 41 ?; Gn with nephrotic 
syndrome 

MC   

Gonnering RS et al, 
Ophthalmic Surg, 1987 

M, 65 AL amyloidosis IgGκ  no 

Tsuji T et al, Arch Dermat, 
1987 

F, 41 low C3 MPGN    

Yoneda k et al, Arch 
Dermat, 1990 

M,71; 
M,62 

multiple myeloma IgGκ; IgGλ amyloid  

Niemi KM et al, Arch 
Dermat, 1993 M, 55 MGUS IgGκ immunotactoid  

Machet MC, 1995 M, 44 
cutaneous 

lymphoplasmacytoid 
lymphoma 

  yes 

McCarty MJ, Cutis, 1996 M, 62 multiple myeloma IgGκ IF: negative  
Krajnc I et al, Hautarzt, 
1996 M, 49 MGUS IgGλ IF: IgGλ+C1q+C3 

on elastic fibers  

Nikko A, Am J 
Dermatopathol, 1996 

M, 40 MGUS IgGλ IF: IgG on elastic 
fibers 

 

Gupta A et al, Cutis, 2002 F, 62 multiple myeloma    
Dicker T et al, Austral Journ 
Dermat, 2002 

F, 59 localized amyloidosis 
(tongue) 

IgGκ amyloid  

Tan S et al, J Cutan Med 
Surg, 2003 M,50 HCDD IgGλ+λ IF: IgG on elastic 

fibers no 

Fremont G et al, Ann 
Dermatol Venereol, 2007 

F, 59 multiple myeloma IgGλ EM: elastho-
phagocytosis 

no 

Appiah YE et al, J Am Acad 
Dermatol, 2008 

F, 64 AL amyloidosis free κ amyloid  

Harrington C et al, J Am 
Acad Dermatol, 2008 F, 38 HCDD negative 

IF: IgG on elastic 
fibers; elastho-
phagocytosis 

yes 

Fernandez de Larrea C et 
al, Eur J Haematol, 2009 

M, 52 MGUS; Fibrillar 
Glomerulopathy 

IgGλ IF: IgG on elastic 
fibers 

 

Turner RB, J Am Acad 
Dermatol, 2009 M, 29 multiple myeloma, 

MPGN IgAλ 

leukocytoclastic 
vasculitis of small 

vessel in the 
superficial dermis 

yes 
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Ferrandiz-Pulido C et al, 
Arch Dermat, 2010 

M, 63 AL amyloidosis free λ AL amyloidosis+λ 
light chain 

 

Maruani A et ali, Acta Derm 
Venereol, 2010 

M, 34 MGUS, LCDD IgGλ 
Immunogold: Ab 
anti-λ on elastic 

fibers 
no 

New HD et al, Arch Dermat, 
2011 M, 48 multiple myeloma IgGλ and IgAκ elastho-

phagocytosis  

Kim DP, Dermatol Online J, 
2011 

F, 55 multiple 
myeloma,MIDD 

IgGκ interstitial foamy 
cells 

no 

Alexander MP, Am J 
Kidney Dis, 2011 

F, 29 multiple 
myeloma,HCDD 

IgAκ α heavy chain on 
elastic fibers 

yes 
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ABSTRACT / INTRODUCTION 

No previous research has been undertaken in Australia into how AL amyloidosis patients gain information about 

their disease and treatment. This qualitative study was designed to identify: How patients and carers gained 

information at diagnosis and six months later. How useful that information was, how this information was used to 

make decisions about treatment. What information would have been useful at diagnosis? Suggestions from 

patients and carers about the most useful ways of delivering information.  

 

PATIENTS AND METHODS  

Patients and carers were recruited from participants on the Australasian Leukaemia and Lymphoma Group 

(ALLG) MM8 study (a prospective clinical trial of risk-adapted melphalan in patients with AL amyloidosis).  

  Patients and carers were offered the opportunity to take part separately in a 45-minute recorded interview by 

phone or in person at diagnosis and 6 months later. 11 patients (6 male and 5 female, aged 48 to 75) and 7 

carers consented to be interviewed. 3 patients had no carers. 1 carer declined.   

  At 6 months 5 patients had died. 1 had dropped out of the trial, 5 patients and 5 carers were re-interviewed. In 

all 22 interviews were conducted. Because of the poor quality of 5 recordings these were not used making. 17 

recordings were transcribed. 

  Longitudinal qualitative methodology using semi-structured interviews was used. Interview audio recordings 

were transcribed and analysed by SATURATE Qualitative Computer Aided Analysis software. Transcript coding 

was developed, driven by the exact words of the participants. 
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RESULTS 

All patients and carers expressed feelings of relief at receiving a diagnosis but quickly gave way to feelings of 

shock, confusion, fear, bewilderment and loneliness on learning that they or their loved one was suffering from a 

very serious disease. Patients words at diagnosis, “Doctor did not give hope of a cure”, ”Decision to undergo 

treatment simplified to choosing life or death”. ”Living now with a lifetime illness”, “Not initially aware that I might 

go into remission”. “I did not want to know about the disease hoping I did not have it”.  

  Was the initial communication between you and your doctor useful?  Majority of comments were favourable. 

Most doctors conveyed information verbally, occasionally accompanied by drawings or written notes and 

downloads from the web. Patients comments; “Information from haematologists useful”,  “The doctor’s advice 

was down to earth and in layman’s terms”, ”Haematologist very direct and honest about seriousness of my 

disease”, “Specialist explained the disease could not be cured but could be managed”. “Doctor downloaded 

information from the web”, “The specialist drew a diagram so I could understand”, “Downloads from the Mayo 

Clinic and London were given to me”, “Information given was timely and incremental 

  Negative communication; The over worked doctor didn’t look up from the desk”, “Heart specialist was vague 

and not receptive to questions”, “I had trouble reading all the written materiel about the trial and Amyloidosis”, 

“Not given hope of a cure”, “Each member of the medical team communicated differently”.  Carers made similar 

comments.  

  Where did patients gain information from other than their doctors? From various sources: other health 

professionals, The Web, Other patients, Support groups, Published information. Participant’s comments 

“Education from nursing staff more cancer orientated”, “Nurses administering chemotherapy offered information 

about Amyloidosis” “Hospital staff very good at explaining the procedures such as the Stem cell transplant”, 

"Some staff compared amyloidosis with myeloma". 

   Was Information from the web used? All participants used information from the web. Participants comments 

“ Amyloidosis web sites very useful especially for communicating with patients in the USA and UK”, “Used 

information from the web to ask questions”, “Family and friends learnt from the internet”, “Internet information 

provided hope that treatments had improved”, “Good for researching treatments”, ”I received my first information 

from downloads my daughter got from the web”, ”The only information given by the doctor were downloads of 

information from London and the Mayo”, “The web sites did not give hope”, ”Information from the web only 

general and not particularly helpful”, “Have to sort the good from the bad”. 

Information from pamphlets, written Information and support Groups. Participants comments; “At diagnosis I 

was not told about support groups”, “Not given any pamphlets on Amyloidosis”,” “No pamphlets seen around the 

hospitals”. Six months after diagnosis some patients were receiving the Leukaemia Foundation’s Amyloidosis 

News, other written information and attending support groups. Patient’s comments“,  “Amyloidosis News useful 

as it was purely about Amyloidosis”, “Amyloidosis News offered hope”, ”I needed positive stories”, ”Became 

better informed by reading Amyloidosis News and attending Leukaemia Foundation Amyloidosis support 

groups” 

How useful was information in assisting participants to make decisions about treatment at diagnosis? Patients 

found it was difficult to use information because of lack of information about their, shock and sometimes 

because they felt too unwell to read information. 
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Patient and carer comments “Treatment happened so quickly I had no time to dwell on illness”, “Many tests prior 

to staring the trail were tiring”, “ Some confusion with the trial materiel”, “Given information about the trial but 

nothing about Amyloidosis”, ”Information confusing”, “Printed information at hospital inadequate”. 

 By 6 months patients and carers had gained information from the web site, their doctors and other sources and 

were understanding their disease and treatment much better... 

  Patients comments. ”I have spoken to other patients and compared notes”, ”Relationship with the specialist 

had developed”, ”I learnt on the job by asking questions”, “Leukaemia Foundations Amyloidosis News was 

useful in explaining amyloidosis to others", "Information on the web useful post diagnosis”.  

   What did the participants feel was the most effective way of being offered information and receiving 

information? Patient and carer comments “Verbal communication with doctors should be accompanied by 

written notes about their own treatment”, “Great need for an Australian booklet giving general information about 

amyloidosis that can be read again and again”, “The need for honest information written with hope”, “Doctors 

need to encourage patients and carers to ask questions”. ”Talking with team of doctors together and not 

individually very beneficial”, “Patients need to be informed of support groups, information on ways of dealing 

with emotional problems”, “Loneliness and depression should be recognised and support or treatment offered.  

 

CONCLUSION 

This study provides the first systematic assessment of the information needs of Australian AL Amyloidosis 

Patients and their carers at diagnosis and 6 months later. It shows that the participants knew nothing about 

Amyloidosis at diagnosis in fact they had never heard the word. All patients felt shocked and frightened and 

were often feeling ill or exhausted because of the many tests and the emotional upset. Therefore any input into 

decision-making at diagnosis was difficult. Patients and carers felt that information about the their disease and 

treatment needed to delivered verbally accompanied by hand written notes and diagrams. They expressed the 

need for Australian booklets and videos about Amyloidosis written in simple language giving hope.  Participants 

recommended that the emotional effects of diagnosis and treatment should be acknowledged and information 

on support services offered. By six months patients and their carers had obtained much more information 

allowing them to feel more in partnership with the treating team.  

 

The Leukaemia Foundation Australia has used information from this study to produce the booklet 

Understanding Amyloidosis launched in December 2010.  
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ABSTRACT 

We have been proposing that excessive fibrinolysis as a hallmark of AL amyloidosis. To elucidate mechnisms 

underlining fibrinolysis, expression of uPA was investigated in primary samples.  

  uPA was more abundantly expressed in organs in AL amyloidosis than those in familial amyloidosis 30 to 100 

times. Moreover, uPA receptor (uPAR) expression was found more than 100 times in organs from AL 

amyloidosis comparing to familial amyloidosis. Expression of u-PA was induced by addition of amyloid fibrils in 

HepG2 cells. Abundant expression of uPA and uPAR at organs in AL amyloidosis cases suggests conversion of 

plasminogen to plasmin occurs at amyloid lesion. Induction of u-PA gene by amyloid fibrils may lead to vicious 

cycle leading to production of plasmin which may disrupt extracellular matrix at amyloid lesion thus possibly 

enhancing organ damage. Further analysis of fibrinolysis should elucidate unknown mechanisms regulating 

progression of amyloidosis and lead to development of unique therapeutic approach. 

 

INTRODUCTION 

Fibrinolysis is a phenomenon identified as degradation of fibrin clot subsequently happens from coagulation. 

Usually, fibrinolysis takes place after fibrin clot formation by conversion of plasminogen to plasmin which was 

followed by up-regulation of plasminogen activator. However, there have been some report showing excessive 

fibrinolysis in primary amyloidosis (1, 2). We also found that excessive fibrinolysis underwent in AL amyloidosis 

although no extensive coagulation was observed (Fig. 1) (3).  

  To understand the mechanisms regulating excessive fibrinolysis, we looked at expression of urokinase type 

plasminogen activator.   
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Figure 1. Concentration of PIC (plasmin/plasmin inhibitor complex) was elevated in AL amyloidosis comparing 

to myeloma cases without AL amyloidosis. 

METHODS 

Plasma cells were purified by using anti-CD138 antibody-coated immunomagnetic beads from bone marrow 

samples. Gene expressions were analyzed by real time PCR. In some experiments, mRNA was extracted from 

fresh frozen organs from amyloidosis cases. Paraffin embedded samples were utilized for immunostaining of 

uPA. Amyloid fibrils were extracted from tongue of AL amyloidosis case. Induction of uPA or uPAR was 

analyzed by incubating HepG2 cells with amyloid fibrils. 

 

RESULTS 

Expression of uPA was detected at low levels in plasma cells from both MGUS and Amyloid cases. 

Interestingly, uPA was more abundantly expressed in organs in AL amyloidosis than those in familial 

amyloidosis at 30 to 100 times. Moreover, uPAR-expression was found more than 100 times in organs from AL 

amyloidosis comparing to familial amyloidosis (Fig. 2). Expression of u-PA was slightly induced by addition of 

amyloid fibrils in HepG2 cells (approximately 1.5 tumes). 

 

Figure 2.  Expression of uPA and uPA-receptor (PLAUR) was higher in organs from AL amyloidosis comparing 

to FAP cases. 
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DISCUSSION 

Abundant expression of uPA and uPAR at organs in AL amyloidosis cases suggests conversion of plasminogen 

to plasmin occurs at amyloid lesion. Induction of u-PA gene by amyloid fibrils may lead to vicious cycle leading 

to production of plasmin which may disrupt extracellular matrix at amyloid lesion thus possibly enhancing organ 

damage. Further analysis of fibrinolysis should elucidate unknown mechanisms regulating progression of 

amyloidosis and lead to development of unique therapeutic approach. 
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ABSTRACT 

The presence of a monoclonal immunoglobulin (M-Ig) in the serum is a common occurrence in AL amyloidosis 

patients. Standard serum protein electrophoresis (SPE) remains the gold-standard technique for detecting and 

measuring M-Ig. However, quantification of low level M-Ig (e.g., ≤2g/L) is inaccurate by SPE, making the 

technique unsuitable for serial monitoring. Specific immunoassays have been produced that quantify Ig’κ/Ig’λ 

(heavy/light chain, HLC) in serum. Here we report the use of the HLC assays as an aid in identifying and 

quantifying monoclonal proteins in AL amyloidosis patients.  

 

INTRODUCTION 

Patients with AL amyloidosis usually have subtle underlying clonal plasma cell dyscrasias that result in the 

presence of a monoclonal immunoglobulin (M-Ig) in the serum. The identification and quantification of 

monoclonal proteins is important for the diagnosis and monitoring of the disease. Standard electrophoresis 

techniques have traditionally been used for identifying and measuring monoclonal proteins. However, the 

expressed monoclonal proteins can be difficult to detect by SPE in up to 20% of AL amyloidosis patients 

because of low expression levels of the paraprotein (1). Immunofixation electrophoresis (IFE) is more sensitive 

than SPE but it is a non-quantitative approach and therefore not valid for measuring paraprotein levels.  

  Alternatively, new antibodies recognising epitopes spanning the junctional regions between bound kappa or 

lambda light chains and their respective heavy chain partner (HLC) allow accurate and specific quantification of 

serum IgGκ and IgGλ, IgAκ and IgAλ, and IgMκ and IgMλ. Furthermore, these molecules can be grouped in 

pairs (i.e., IgGκ/IgGλ, IgAκ/IgAλ and IgMκ/IgMλ) to calculate HLC ratios that provide indication of monoclonality 

(2).  
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METHODS 

The study included 151 patients with AL amyloidosis in whom a serum M-Ig was detectable by SPE and/or IFE 

at time of diagnosis, as assessed at the UK National Amyloidosis Centre. HLC (IgG/IgA/IgM) ratios were 

measured retrospectively on a BNTMII System nephelometer (Siemens, Munich, Germany) using stored sera 

from the above patients. HLC IgGκ/λ normal range: 0.98-2.75; IgAκ/λ normal range: 0.80-2.04; and IgMκ/λ 

normal range: 0.96-2.30. For sensitivity and specificity studies, all 151 AL amyloidosis patients were compared 

to 20 healthy control samples. Receiver operator characteristic (ROC) analysis was performed using SPSS 19.0 

software for Windows. 

 

Table 1. (A) Comparison of SPE and HLC measurements for the detection and quantification of monoclonal 

immunoglobulins (M-Ig). HLC ratio identified correctly the same number of IgG, and more IgA and IgM patients, 

than SPE. Further, in all three IgG, IgA and IgM monoclonalites, more patients had an abnormal HLC ratio than 

could be quantified by SPE densitometry. (B) Comparison of SPE and HLC sensitivity for the quantification of 

M-Ig in 151 AL amyloid patients. 

 

Number of 

Patients

Abnormal 

HLC ratio

SPE 

positive

Quantifiable

by SPE
HLC ratio

Total

All 151 136 (90%) 129 (85%) 103 (70%) Normal Abnormal

IgG 101 91 (90%) 91 (90%) 71 (70%)

SPE

Non-

quantitative
13 35 48

IgA 32 29 (91%) 23 (72%) 17 (53%) Quantitative 2 101 103

IgM 18 16 (89%) 15 (83%) 15 (83%) Total 15 136 151

A B

 

RESULTS 

The median age of patients was 70 years (range, 35-85 years) with 95 (63%) males. IFE analyses to 

characterise the serum M-Ig band showed that 101 patients displayed a monoclonal IgG, 32 patients had a 

monoclonal IgA, and in 18 patients the monoclonality was due to elevated IgM. Of the 101 IgG patients, 91 

(90%) had an abnormal HLC ratio and positive band by SPE, but this was quantifiable by SPE densitometry in 

only 71 (70%) cases. Of the 32 IgA patients, 29 (91%) presented an abnormal HLC ratio and 23 (72%) had a 

positive band by SPE, which could be quantified in 17 (53%) patients. Of the 18 IgM patients, 16 (89%) had an 

abnormal HLC ratio, and 15 (83%) had a positive band by SPE that in all cases could be quantified using 

densitometry. Overall, 136/151 (90%) patients had an abnormal HLC ratio compared to 129/151 (85%) in whom 

monoclonal bands were detected by SPE (Table 1A), thus demonstrating the increased sensitivity of HLC 

versus SPE for the detection of monoclonal gammopathies in AL amyloidosis. 

   Next, we compared SPE and HLC sensitivities for the quantification of M-Ig in AL amyloid patients. 

136/151(90%) patients had abnormal HLC ratios compared to 103/151 (70%) patients with quantifiable SPE. 

Cross-tabulation of normal and abnormal HLC ratios versus quantitative and non-quantitative SPE showed that 

out of 151 patients, 101 were correctly identified by both methods whereas 13 patients were missed by the two 

approaches. Importantly, 35 patients were identifiable by HLC alone and 2 patients were identifiable by SPE 

alone. The 2 patients detected by SPE and missed by HLC assays were: 1) an IgGλ patient with 3.6 g/L M-Ig. 
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Red: HLC ratio (AUC=0.95)
Blue : QSPE (AUC=0.84)
Black : Reference line

Total IgG levels were 6.1 g/L, HLC IgGκ levels were 3.7 g/L and HLC IgGλ levels were 2.6 g/L; and 2) an IgGλ 

patient with 1 g/L M-Ig. Total IgA levels were not available, HLC IgAκ levels were 0.11 g/L and HLC IgAλ levels 

were 0.13 g/L. 

  The improved sensitivity of HLC measurements relative to SPE was further confirmed when both variables 

were compared using bioinformatics. Receiver operator characteristic (ROC) analysis including all 151 patients 

and 20 healthy controls showed that HLC ratios had a greater sensitivity than SPE for the detection and 

quantification of intact immunoglobulin in AL amyloidosis (area under curve (AUC): HLC ratio = 0.95 v 

quantifiable SPE=0.84) (Figure 1).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Receiver operator characteristic (ROC) analysis comparing the sensitivity and specificity of HLC ratios 

and quantifiable SPE (QSPE). Area under curve (AUC): HLC ratio = 0.95 v quantifiable SPE (QSPE) = 0.84. 

 

DISCUSSION 

The presence of a monoclonal protein in the serum and urine of patients is a common feature in the initial 

screening for AL amyloidosis patients. However, the underlying monoclonality can be missed in up to 20% of 

cases when assessed with standard electrophoretic methods, particularly when the protein is present al low 

concentrations. The introduction of the free light chain (FLC, Freelite™) assay has greatly improved the 

management of patients with AL amyloidosis, as recognised by its inclusion in international guidelines for 

monitoring the disease (3). However, patients with low levels of M-Ig and normal FLC cannot be properly 

monitored thus hindering assessment of treatment responses and preventing their inclusion in clinical trials (3, 

4).  

  Our results demonstrate that HLC measurements have a greater than/equal to sensitivity for the detection and 

a greater sensitivity for the quantification of M-Ig’s in AL amyloid patients compared to SPE / SPE densitometry. 

In all, 90% of patients were identified that had an abnormal HLC ratio versus 85% with a detectable monoclonal 

band by SPE, which was quantifiable in 70% of patients. Furthermore, while 35 patients with an abnormal HLC 

ratio were non-quantifiable by SPE densitometry, only 2 patients with quantifiable SPE displayed normal FLC 

ratios. These were an IgGλ patient with a below-normal IgGκ value by HLC, and an IgAλ patient with 1 g/L M-Ig 

as determined by SPE densitometry (i.e. expression below level of confidence necessary for accurate detection) 
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and below-normal IgAκ and IgAλ values that rendered a borderline normal ratio, which would undoubtedly have 

raised suspicion among clinicians. 

  In summary, HLC assays have greater sensitivity and quantitative potential than SPE in AL amyloidosis. 

Management of patients with AL amyloidosis relies on accurate assessment of patients’ clonal disease 

responses to treatment. SPE is a relatively insensitive tool in this patient group and HLC may provide a more 

sensitive alternative. Further longitudinal studies are needed to determine the role of HLC analysis for this 

purpose.  
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ABSTRACT 

Here we report on the prognostic utility of heavy/light chain (HLC, measured using Hevylite™) measurements in 

AL amyloidosis patients with and without abnormal free light chain ratios (FLC, measured using the Freelite™ 

nephelometric assay). Normal FLC and HLC ratios were associated with improved overall survival (OS) 

compared to patients with an abnormal FLC or HLC ratios. Furthermore, patients with both an abnormal FLC 

and HLC ratio had the poorest outcome. We conclude that HLC measurements provide additional prognostic 

information in AL amyloidosis and may be useful in the design of strategies for patient management.   

 

INTRODUCTION 

Newly diagnosed AL amyloidosis patients usually present with abnormal serum FLC concentrations which have 

been shown to be predictive of survival outcome (1, 2). FLC measurements have been instrumental in 

improving detection and monitoring of AL amyloidosis patients, which has contributed to improvements in 

survival rates (3, 4). However, approximately 5-20% of patients present with normal FLC ratio. We have recently 

shown that novel nephelometric assays that are specific to junctional epitopes between the light chain (κ and λ) 

and their heavy partners (heavy/light chain; HLC) are of prognostic value in patients with normal FLC ratios (5). 

Here, we report a risk stratification model utilising HLC and FLC, and demonstrate this can be used to stratify 

patients in two independent populations.   

 

METHODS 

HLC (IgG, IgA and IgM) were measured in two series of patients with AL amyloidosis, population A: 147 

unselected patients, and population B: 146 patients selected such that a higher-than-average percentage of 

patients within the population had normal FLC ratios (normal FLC / total number patients; population A: 46/147 

(31%), population B: 105/146 (72%)). HLC ratios were measured on a BNTMII System nephelometer (Siemens, 
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Munich, Germany) using stored sera from the above patients. HLC IgGκ/λ normal range: 0.98-2.75; IgAκ/λ 

normal range: 0.80-2.04; and IgMκ/λ normal range: 0.96-2.30. Statistical analyses were performed using SPSS 

v19.0 software for Windows. 

 

RESULTS 

In both populations, abnormal FLC ratios were associated with poorer overall survival (OS) at 36 months 

(population A: Hazard Ratio (HR)=2.2, p=0.037; population B: HR=2.1, p=0.006) (Figure 1). Individually, IgG, 

IgA or IgM HLC ratios were not associated with OS in either population. However, a model based on combining 

presence (or not) of abnormal HLC and FLC ratios as a risk factor (0=both normal, 1=either one abnormal and 

2=both abnormal) showed significant discriminatory power.  Population A: patients with no risk factors (normal 

FLC and HLC ratios, n=23) had significantly better OS than patients with 1 or 2 risk factors (abnormal FLC 

and/or HLC ratios, n=123, p=0.04).  At 36 months, mortality was only 9% in patients with no risk factors 

compared to 47% in patients with 1 or 2 risk factors (Figure 2A). Population B: patients with no risk or 1 risk 

factor (n=127) had significantly better OS than those with both abnormal FLC and HLC ratios (n=21, p=0.007). 

At 36 months, the mortality was 34% in patients with 0 or 1 risk factors and 67% mortality in patients with 2 risk 

factors (Figure 2B). 

 

HR=2.2; p=0.037

A

Population  A

Green normal FLC ratios

Red abnormal FLC ratios

Population  B

Green normal FLC ratios

Red abnormal FLC ratios

HR=2.1; p=0.006

B

 
 

Figure 1. Cox regression survival analysis of (A) population A and (B) population B. FLC ratios 

were measured in presentation sera and overall survival (OS) of patients with normal FLC ratios 

(green lines) were compared to those with abnormal FLC ratios (red lines; A and B).  Abnormal 

FLC ratios were significantly associated with shorter OS in both populations (population A, 

HR=2.2, p=0.037 and population B, HR=2.1, p=0.006). 

 
 
DISCUSSION 

Both baseline absolute FLC levels and abnormal FLC ratios are prognostic of overall long-term survival in AL 

amyloidosis patients (1, 2). Survival may be dependent on a number of factors such as type of treatment and 
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Population  B

Green normal FLC and/or HLC ratios

Red abnormal FLC and HLC ratios

HR=2.3; p=0.007

B

Population  A

Green normal FLC and HLC ratios

Red abnormal FLC and/or HLC ratios

HR=4.2; p=0.04

A

amount of dose, as well as the baseline FLC characteristics of the specific population under study (1, 6). Here, 

we have confirmed that an abnormal FLC ratio at presentation is predictive of a poorer outcome in two different 

cohorts, an unselected population of AL amyloidosis patients and a second, selected population with a higher-

than-average percentage of patients with normal FLC ratios. Our results validate the importance of FLC 

measurements in newly diagnosed AL amyloidosis patients and demonstrate the robustness of FLC 

measurements as prognosticators of survival across heterogeneous populations of patients.  

  We also show that HLC ratios in combination with FLC measurements strengthen the evaluation of patients by 

allowing their better risk stratification. The observation that baseline HLC ratios are prognostic is novel. Whether 

its absolute levels also are, as demonstrated for FLCs, remains to be tested. However, when considering that 

the prognosis of the disease is currently determined by the levels of cardiac biomarkers and FLCs, and that over 

30% of AL amyloidosis patients die within one year of diagnosis (7), the prognostic value of HLC measurements 

at presentation, as reported here, could represent an important additional tool to better predict survival 

outcomes in the AL amyloidosis population and, consequently, aid clinicians in adopting personalised treatment 

strategies.   

  In conclusion, a combination of HLC and FLC ratios provide useful prognostic information in patients with AL 

amyloidosis; those with both normal HLC and FLC ratios have excellent outcomes. The clinical utility of this 

model needs to be confirmed in larger unselected AL amyloidosis populations. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2. Risk stratification model based on abnormal free light chain (FLC) and heavy/light 

chain (HLC, Ig’κ/Ig’λ) ratios.  (A) In a population of 147 unselected AL amyloidosis patients 

(population A), the patients with no risk factor (both FLC and HLC ratios normal, green line) had 

significantly longer overall survival (OS) compared to patients with 1 or 2 risk factors (abnormal 

FLC and/or HLC ratios, red line) (HR=4.2, p=0.04). (B) In population B, the patients with no risk 

or 1 risk factor (normal FLC and/or HLC ratios, green line) had significantly longer OS compared 

to patients with 2 risk factors (abnormal FLC and HLC ratios, red line) (HR=2.3, p=0.007). 
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ABSTRACT 

Traditionally serum free light chain (FLC, Freelite™), serum protein electrophoresis (SPEP) and urinary 

electrophoresis (UPEP) with confirmation by immunofixation (IFE) have been used to identify monoclonal 

immunoglobulin (M-Ig) production in patients with AL amyloidosis. Here we report on the utility of Ig’κ/Ig’λ (HLC) 

assays for the detection of M-Ig in AL amyloidosis patients.  

 

INTRODUCTION 

International guidelines for the detection of monoclonal immunoglobulin (M-Ig) recommend a simple algorithm 

utilising serum protein electrophoresis (SPEP) and serum free light chains (FLC) quantified using the Freelite™ 

nephelometric immunoassay. Whilst this algorithm is sensitive enough to detect almost all monoclonal 

gammopathies, where AL amyloidosis is suspected 24hr urine analysis is required (1); highlighting the difficulty 

associated with the detection of clonality in this disease (2). In this study we evaluate the potential of novel 

nephelometric assays measuring intact immunoglobulin heavy and light chains in serum and their associated 

ratios as tools to identify monoclonal immuoglobulins alongside the Freelite assay (3).    

 

METHODS  

Serum from 92 AL amyloidosis patients (4 FLCκ, 15 FLCλ, 3 IgAκ, 8 IgAλ, 7 IgGκ, 21 IgGλ, 2 IgMκ, 2 IgMλ, 30 

non-detectable M-Ig, 62/92 serum positive, 71/92 urine positive) were retrospectively analysed using IgGκ/IgGλ, 

IgAκ/IgAλ and IgMκ/IgMλ immunoassays. Results were compared to historic SPEP, immunofixation (IFE), 

Freelite and urine electrophoresis (UPEP) results.  
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RESULTS  

Results for individual assays and various assay combinations are presented in table 1. M-Ig was identifiable by 

IFE in 62/92 patients (28 IgG, 11 IgA, 4 IgM, 19 FLC, and 30 patients with negative IFE), by FLC in 77/92 

patients (23/28 IgG, 8/11 IgA, 2/4 IgM, 19/19 FLC, and 25/30 IFE negative patients), by HLC in 57/92 patients 

(25/28 IgG, 9/11 IgA, 4/4 IgM, 10/19 FLC, and 9/30 IFE negative patients), and by UPEP in 71/92 patients 

(26/28 IgG, 10/11 IgA, 2/4 IgM, 16/19 FLC, and 17/30 IFE negative patients). Of the 7 IgAλ patients positive by 

UPEP, 2 patients were positive for intact IgAλ and negative for BJP. Similarly 2/7 IgGκ and 3/19 IgGλ patients 

with positive UPEP, had intact IgGκ and IgGλ respectively and were negative for BJP (table 1).  

  A screening panel of UPEP and IFE identified 79/92 (86%) patients (28/28 IgG, 11/11 IgA, 4/4 IgM, 19/19 FLC, 

and 17/30 IFE negative patients). In comparison, UPEP, IFE and FLC detected 89/92 (97%) patients (28/28 

IgG, 11/11 IgA, 4/4 IgM, 19/19 FLC, and 27/30 IFE negative patients). Similarly, a screening panel of UPEP, 

FLC and HLC identified 89/92 (97%) patients (27/28 IgG, 11/11 IgA, 4/4 IgM, 19/19 FLC, and 28/30 IFE 

negative patients) (table 1). Importantly, this analysis shows that HLC was able to assigned clonality in an IFE-

negative sample that was missed by all other assays.  

 

Table 1.  Sensitivity of UPEP, FLC, HLC, and IFE screening panels for detection of M-Ig in 92 AL amyloidosis 

patients. An algorithm using the traditional and recommended tests (UPEP, FLC, and IFE) and a screening 

panel incorporating the newly developed immunoassays  for the quantification of serum Ig’κ/Ig’λ (UPEP, FLC, 

and HLC) both identified 89/92 patients. There was concordance for 7/7 IgGκ, 3/3 IgAκ, 8/8 IgAλ, 2/2 IgMκ , 2/2 

IgMλ, 4/4 FLCκ, and 15/15 FLCλ patients. UPEP, FLC, and IFE identified an additional IgGλ patient (highlighted 

with a green box), while UPEP, FLC, and HLC identified clonality in an IFE negative patient (highlighted with a 

red box). 

 

IFE-Assigned 
Clonality

n FLC HLC UPEP IFE FLC+IFE UPEP+IFE FLC+HLC UPEP+FLC+IFE UPE P+FLC+HLC

FLCκ 4 4 3 4 4 4 4 4 4 4

FLCλ 15 15 7 12 15 15 15 15 15 15

IgAκ 3 2 2 3 3 3 3 3 3 3

IgAλ 8 6 7 7a 8 8 8 8 8 8

IgGκ 7 5 6 7b 7 7 7 7d 7 7

IgGλ 21 18 19 19c 21 21 21 19e 21 20

IgMκ 2 1 2 1 2 2 2 2 2 2

IgMλ 2 1 2 1 2 2 2 2 2 2

IFE Negative 30 25 9 17 0 27 17 27 27 28

Total 92 77 57 71 62 89 79 87 89 89

a 2/7 positive for IgA λ and negative for BJP
b 2/7 positive for IgG κ and negative for BJP
c 3/19 positive for IgG λ and negative for BJP
d IFE identified IgG κ; FLC and UPEP identified a λ-clone, highlighting the difficulty in interpreting  IFE when dealing with subtle clones
e Biclonal patient (IgG λ/IgAκ); IFE missed IgA κ clone; HLC identified both clones
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DISCUSSION  

SPEP and IFE are highly skilled techniques and require time and interpretation to determine clonality; this is 

particularly the case in diseases of subtle expression such as AL amyloidosis. A rapid automated addition to 

electrophoresis techniques would be a valuable tool and would obviate the need for interpretation. Here we 

report on a screening algorithm using automated nephelometric assays for the identification of intact 

immunoglobulin clones. The HLC measurements and the inferred ratios can identify and quantify low level M 

production in patients with AL amyloidosis, including those with multiple clones. Additionally, abnormal HLC 

ratio identified 1 patient in whom no clonal abnormality was detectable by traditional tests. An algorithm utilizing 

HLC, FLC, and UPEP achieved the same sensitivity as the traditional tests and may be a quantitative 

alternative. Further work is required to assess the utility of HLC assays compared to bone marrow assessments 

and in patient monitoring.  

 

 

REFERENCES 

1. Dispenzieri, A., Kyle, R., Merlini, G., Miguel, J.S., Ludwig, H., Hajek, R., et al. International Myeloma 

Working Groups guidelines for serum-free light chain analysis in multiple myeloma and related disorders. 

Leukemia, 2009;23:215-224. 

2. Basic-Jukic, N., Kes, P., and Labar, B. Myeloma kidney: Pathogenesis and treatment. Acta Med Croatica, 

2001;55:169-175. 

3. Bradwell, A.R., Harding, S.J., Fourrier, N.J., Wallis, G.L., Drayson, M.T., Carr-Smith, H.D., and Mead, G.P. 

Assessment of monoclonal gammopathies by nephelometric measurement of individual immunoglobulin 

kappa/lambda ratios. Clin Chem, 2009;55:1646-1655.  



AL amyloidosis 

259 

Identification of factors contributing to poor outc omes in patients with AL amyloidosis with 

high serum free light chain concentration at diagno sis  

 

C.D. Gunasekera, T.A. Ariyanayagam, J.D. Gillmore, S.D.J. Gibbs, J.H. Pinney, C.P. Venner, D. Foard, L. 

Rannigan, T. Lane, C.J. Whelan, H.J. Lachmann, P.N. Hawkins and A.D. Wechalekar 

 

Centre for Amyloidosis and Acute Phase Proteins, University College London Medical School, London, UK 

 

 

 

 

 

 

 

BACKGROUND 

Systemic AL amyloidosis is caused by deposition of misfolded free immunoglobulin light chains.  Most patients 

have an underlying plasma cell dyscrasia.  Risk stratification of AL amyloidosis is difficult.  Cardiac biomarkers, 

N-terminal fragment of brain natriuretic peptide (NT-proBNP) and cardiac troponin-T, form a valuable staging 

system for AL amyloidosis.  Serum free light chain level at presentation is also an independent prognostic 

marker and the Mayo group have recently proposed a revised staging system which incorporates free light 

chains along with cardiac biomarkers.   In patients with myeloma, the light chain level correlates, to a degree, 

with the plasma cell burden and in monoclonal gammopathy of uncertain significance, with a higher risk of 

disease transformation.  In patients with systemic AL amyloidosis, although the free light chains are an 

independent prognostic marker, the mechanism by which the light chain burden contributes to the poor 

prognosis – rapid disease progression or poor response to therapy or other mechanisms – remains unclear.   

  We report the outcomes of patients with systemic AL amyloidosis presenting with high serum free light chains 

at the UK National Amyloidosis Centre.   

 

PATIENTS AND METHODS 

This retrospective study was done at the National Amyloidosis Centre (NAC), London, UK. It included all 

patients in the NAC database seen between July 2007 and December 2011 who had presenting involved serum 

free light chain (iFLC) > 500 mg/L. The presence of systemic amyloidosis was confirmed by characteristic 

Congo red staining and birefringence in a tissue biopsy. Amyloid of AL type was confirmed by 

immunohistochemistry with staining by appropriate antibodies and absence of mutation in genes for hereditary 

amyloidosis. The organ involvement was defined according to the 2005 amyloidosis consensus criteria, with the 

additional use of 123I-labeled serum amyloid P component (SAP) scintigraphy. Responses were defined as per 

2010 revised consensus criteria. Patients were seen at the NAC for initial diagnostic evaluation and at then 

followed up at 6 monthly intervals. The treatment was given at the referring hospitals at the discretion of the 

referring haematologist.  
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RESULTS 

A total of 95 patients were included in this study. 

The median age of the patients at diagnosis was 65 years (range 59–90). The organ involvement was: cardiac 

in 61 (64.2%), renal in 68 (71.6%), and liver in 21 (22.1%). 20 out of 42 (47%) patients with baseline bone 

marrow data had >10% plasma cell infiltration. Baseline Mayo staging was: stage 1 – 7%, stage 2 – 35% and 

stage 3 - 58%, compared with stages 1/2/3 of 18%, 42% and 40% respectively in the ALchemy prospective 

cohort of patients with all levels of iFLC included. 

 

Table 1 . Organ Involvement 

Organ Involved Cardiac Kidney Liver 
    
N (%) 61 (64.2%) 68 (71.6%) 21 (22.1%) 
    

 

At diagnosis, the median NT-proBNP was 715 pMol/L (range 13 - 12945) and the median creatinine was 115 

µmol/L (range 35 - 1124).    

 

Table 2 . Mayo Stage (1) 

Mayo Stage 1 2 3 
Current High iFLC Cohort 7% 35% 58% 
Alchemy Cohort (2) 18% 42% 40% 

 

81 patients were included in an intention to treat analysis, of whom 5 died or became too ill to proceed. On an 

intention to treat basis, 28 out of 81 (34%) patients achieved haematological response – 16 out of 81 (20%) with 

very good partial response (VGPR) or complete response (CR). This overall response rate and CR/VGPR rate 

was much less than we reported in our unselected Alchemy cohort where the overall response rate was 57% 

and VGPR/CR of 33%. 

 

 
 

Figure 1.  Haematological response to chemotherapy. 
 

Patients with high presenting FLC have a double hit - greater abundance of the amyloid fibril precursor protein 

and inferior treatment responses – possibly contributing to poor outcomes in this group of patients. The median 

overall survival for all patients in our study group was 18 months (Figure 2A). Patients with cardiac involvement 
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had significantly worse outcomes (Figure 2B); the median survival time for patients with cardiac involvement 

was 12 months, and for patients without cardiac involvement, the median was not reached (Figure 2C). The two 

year survival for cardiac involvement and without cardiac involvement was 39% and 68% respectively 

(p=0.011). The median survival for patients who showed a haematological response to chemotherapy was 33 

months, whereas non-responders had a median survival of 4.5 months (p<0.0001) (Figure 2D).  Median survival 

for Mayo stage 1 and 2 versus Mayo stage 3 was 25 months and 8 months respectively (p=0.002) 

 
 

Figure 2.  Survival Curves 
 

CONCLUSION 

A high proportion of patients presenting with iFLC >500 mg/L have stage 3 disease and higher bone marrow 

plasma cell burden.  Compared to serial unselected AL patients, there is a 20% increase in stage III disease in 

those high iFLC and very few such patients present in early stage disease.  The abundant precursor may lead 

to rapid amyloid accumulation accounting for quick progression to advanced disease. The higher clonal burden 

may be associated with resistance to treatment with only a third of the patients achieving a clonal response.   
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ABSTRACT 

We developed guidelines for patient selection for SCT in AL. Patients were reviewed in 2 cohorts: those who 

underwent transplantation before and after July 1, 2009. A second comparison was undertaken among patients 

who died before day 100. There were 410 in the earlier group and 89 in the later group. After July 1, 2009, fewer 

transplant recipients had Mayo stage III cardiac involvement. Mortality through day 100 was 10.5% (43/410) in 

the earlier group and 1.1% (1/89) in the later group. One-quarter of patients with NT-proBNP > 5,000 pg/mL, 

died by 10.3 months. When the serum troponin T level was > 0.06 ng/mL, 25% died at 3.7 months. Mayo 

staging is predictive for survival but not useful for selecting transplant recipients. Patients with serum troponin T 

levels > 0.06 ng/mL or NT-proBNP levels > 5,000 pg/mL (not on dialysis) should not be considered acceptable 

candidates for stem cell transplantation. 

 

INTRODUCTION 

Immunoglobulin light chain amyloidosis results from the deposition of immunoglobulin fragments in visceral 

organs. The deposition of amyloid fibrils leads to dysfunction of the organs and the death of the patients. When 

stem cell transplantation was introduced, few effective alternative treatments were available. At that time, 

combination therapy with melphalan and prednisone was the primary non transplant option, with median 

survival of only 18 months. In the single prospective randomized study, stem cell transplantation was not 

superior to conventional therapy with melphalan and dexamethasone. However, this study had serious patient 

selection issues insofar as the treatment-related mortality associated with transplant was 24%. A high mortality 

rate with stem cell transplantation is no longer acceptable because lower-risk alternatives, including 

lenalidomide-based and bortezomib-based therapies, have been introduced. Any attempt to advance the field of 

stem cell transplantation requires highly refined selection criteria so that patients can be offered stem cell 

transplantation safely. The purpose of this study was to determine the appropriate criteria for transplant centers 
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that see small numbers of these patients to identify those patients who can receive transplants without 

excessive risk.  
 

PATIENTS & METHODS 

The study performed 2 patient comparisons. Patients who received transplants between March 8, 1996, and 

June 30, 2009, were compared with those who received transplants between July 1, 2009, and December 31, 

2011, to determine differences between the 2 groups. The second study compared all transplant recipients who 

died from any cause before posttransplant day 100 with those who survived beyond day 100 to determine 

features predictive of early death. The standard baseline evaluation of patients included immunofixation of 

serum and urine. An echocardiogram was performed in all. All transplant recipients received at least 1.98×106 

CD34 cells/kg. Apheresis was performed by standard techniques. Patients were conditioned, infused, and 

monitored on an outpatient basis. Hospitalization occurred only in the event of a fever that could not be 

controlled with outpatient antibiotics, mucositis, or dehydration. Supportive care was standard for transplant 

after myeloablative. Growth factors were not administered after stem cell infusion. The criteria for hematologic 

and organ responses have been previously published. NT-proBNP and troponin levels were incorporated into 

organ response criteria, as defined by consensus, for patients for whom these values were available. 

Differences between groups were analyzed using the Kruskal-Wallis rank sum test for continuous variables and 

the Fisher exact test for discrete variables. All probabilities reported are 2-tailed. Significance was defined as 

P<.05. Survival was based on the Kaplan-Meier method. 

 

RESULTS 

Before July 1, 2009, 410 patients underwent autologous SCT. Forty-three of these patients died before 

posttransplant day 100 (10.5%). After July 1, 2009, 89 patients underwent transplantation, with 1 death before 

day 100 (1.1%). After July 1, 2009, there was a significant reduction in patients with Mayo stage III cardiac 

involvement, a slightly lower serum creatinine level, and a slightly lower pretreatment involved free light chain 

level. In the earlier group, the NT-proBNP level in the highest decile was > 6,537 pg/mL, whereas in the later 

group, the highest decile had an NT-proBNP level > 4,023 pg/mL, reflecting the increased reluctance of our 

group to perform transplants on patients with extreme elevations of NT-proBNP.  

  During this 30-month period, 6 patients with an NT-proBNP level higher than 5,000 pg/mL received 

transplants. Two of these patients, however, were on dialysis, which can have a profound effect on the level of 

NT-proBNP, and 1 of these 2 was not believed to have cardiac amyloidosis. Four of the 6 are alive, 1 having 

died 9.6 months after transplant of a severe upper gastrointestinal tract hemorrhage following dialysis, related to 

heparin administration. 43 patients who received their transplants before July 1, 2009, died before 

posttransplant day 100. These patients were compared with longer-term. The comparison revealed significant 

differences between the 2 groups in Mayo stage, clinically defined cardiac involvement, septal thickness, and 

levels of creatinine, troponin T, free light chain, albumin, and BNP. The NT-proBNP level was > 5,000 pg/mL in 

41 patients. Their median survival was 27 months, but 10 (25%) of them had died by 10.3 months. 

  We reviewed the transplant recipients whose serum creatinine level was higher than 1.8 mg/dL and who were 

not on chronic stable dialysis at the time of transplantation. Thirty-four patients were identified, 5 of whom died 
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before posttransplant day 100. However, 21 of these patients are still alive. The median survival for the entire 

group has not been reached, and 60% were alive at 72 months, the longest now at 170 months.  

  Thirty-seven had troponin T levels higher than 0.06 ng/mL. Nine had died at 3.7 months, and at the time of this 

writing, 24 of 37 have died. The median survival of these patients with high troponin was 26.1 months. We 

identified 72 Mayo stage III patients in this study, and 31 (43%) survive at 5 years 

 

DISCUSSION 

The value of stem cell transplantation for the treatment of amyloidosis remains controversial. Its use is more 

common in the United States than in Great Britain, where only 1% of amyloidosis patients receive transplants. 

Investigators reviewed 421 patients and demonstrated a significant decline in treatment-related mortality over 

time. Mortality among 297 patients who received transplants between 1994 and 2003 was 13.8%. A similar 

group of 124 patients who received transplants from 2004 through 2008 had treatment-related mortality of 5.6%. 

This declining mortality is in accord with what we are currently seeing. They also noted that BNP levels were 

predictive of mortality at 100 days. To justify stem cell transplantation, criteria need to be established so that 

centers that see only a few of these patients annually can select those who can receive transplants. We believe 

that the criterion that would lead to exclusion of patients destined not to tolerate high-dose therapy is a serum 

troponin T level higher than 0.06 ng/mL. However, we now add the criterion of an NT-proBNP level higher than 

5,000 pg/mL. We believe the mortality rates seen with an NT-proBNP level higher than 5,000 pg/mL make stem 

cell transplantation unacceptable. We do not believe the serum creatinine is a clear criterion for exclusion. The 

Mayo staging system is useful in predicting survival both in patients who receive high-dose therapy as well as 

standard-dose therapy at diagnosis. However, the cutoffs for the stages are serum troponin less than 0.035 

ng/mL and NT-proBNP less than 332 pg/mL. Although these criteria clearly separate patients into 3 groups with 

very significant differences in survival, this does not mean that the Mayo amyloidosis staging system is a useful 

tool to select patients for stem cell transplantation. Patients with advanced cardiac amyloidosis are destined to 

do poorly. The early mortality rate for patients with amyloidosis seen at Mayo Clinic has not improved in nearly 

40 years. Excluding patients with Mayo stage III from participation in clinical trial protocols or stem cell 

transplantation appears to be too stringent, and many patients who have moderate cardiac involvement may 

benefit stem cell transplantation. In this study, we identified 72 Mayo stage III patients, and 31 (43%) survive at 

5 years. Clearly, the majority of patients that we would exclude from transplant selection would be Mayo stage 

III, but the converse is not true. The majority of patients with Mayo stage III disease can have a very good 

outcome after stem cell transplantation. Ten patients (11%) with Mayo stage III disease received transplants 

after July 1, 2009. Although the follow-up is short, the 1-year survival is 80% (8/10).  

  In conclusion, we believe the most rational approach is to exclude patients from transplantation based on their 

cardiac biomarker status, eliminating those patients whose troponin T is higher than 0.06 ng/mL or NT-proBNP 

level higher than 5,000 pg/mL. These patients should be considered for less toxic therapy. 
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INTRODUCTION 

Light chain amyloidosis is the commonest form of amyloidosis in the western world. Most patients with AL 

amyloidosis have an underlying clonal plasma cell dyscrasia. AL amyloidosis associated with IgM paraprotein is 

rare (5%) and is usually associated with Waldenström’s macroglobulinaemia (WM) or low grade non-Hodgkin 

lymphoma (NHL) and only rarely with a plasma cell dyscrasia. 

  Response to alkylating agents is poor and there is no established standard of treatment. We report here the 

treatment and outcome of 150 patients with IgM-associated AL amyloidosis. 

 

METHODS 

This retrospective study was done at the National Amyloidosis Centre (NAC), London, UK. It included all 

patients in the NAC database who had a detectable IgM paraprotein.  The presence of systemic amyloidosis 

was confirmed by characteristic Congo red staining and birefringence in a tissue biopsy. The organ involvement 

was defined according to the amyloidosis consensus criteria (1) with the additional use of 123I-labeled serum 

amyloid P component (SAP) scintigraphy (2). Responses were defined as per 2010 revised consensus criteria 

including dFLC response. 

  Patients were seen at the NAC for initial diagnostic evaluation and at then followed up at 6 monthly intervals. 

The treatment was given at the referring hospitals at the discretion of the referring haematologist.  

 

RESULTS 

A total of 150 consecutive patients were evaluated between 1988 and 2011, accounting for nearly 6 % of all 

patients with confirmed AL amyloidosis on the NAC database. There were 98 males and 52 females with a 

median age 66 yrs (range 46-89). The median number of organs involved was 2 (range 1-6). Amyloid was 

localized only to lymph nodes in 7 (5%) patients. Systemic AL amyloidosis requiring therapy was present in 137 

(91%) patients. Underlying diseases and organ involvement are resumed in figure and table 1, respectively. 
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Figure 1.  Underlying disorders 

 

In the treated patients’ cohort, all except 1 were evaluable for survival and 125 had available frontline regimen 

data. Six patients did not have time to receive any treatment. More than 90% were evaluable for haematological 

response. sFLC ratio was abnormal in 83/119 evaluable patients with baseline dFLC>50 in 66 (48%) cases. A 

variety of frontline chemotherapy regimen were used: oral Chlorambucil/Melphalan in 57 patients (46%), 

Rituximab-based chemotherapy in 28 (22%) including R-CVP in 9, FCR in 7, RCD in 5, R-CHOP in 3, Purine 

Analogs- based chemotherapy in 9 (7%) including Fludarabine in 5, FC in 4, CTD in 8 (6%), VAD in 8 (6%), 

CHOP or CVP in 5 (4%), High Dose Melphalan (HDM) with ASCT in 2 (2%) and CVD (bortezomib) in 2 (2%). 

Only 44 (35%) patients achieved hematologic response (≥PR); 41 (33%) had a PR, 1 (<1%) had a VGPR and 2 

(<2%) had a CR. The 2 patients with CR were treated with CVD. Median time to next treatment was 10 months 

with a better outcome for frontline HDM. 

 

 

Table 1. Organ involvement (%) 

Renal 59 

Heart 31 

Liver (on SAP) 41 

Lymph nodes 27% 

Lung 5% 

 

Considering all lines of therapy (>2 regimens in 60 patients), 47 patients received at some stage during their 

disease course Rituximab (R, R-CHOP, RCVP, RFC, RCD), 36 Purine Analogs (FC, RFC), 6 Bortezomib (CVD) 

and 5 HDM. 39 patients were mainly exposed to Multiple Myeloma (MM) like regimen (oral or IV Melphalan, 

CTD, VAD). Main treatment regimen exposure were:  MM like chemotherapy in 39 patients (29%), R-CHOP or 

R-CVP in 23 (17%), FC in 16 (12%), FCR in 15 (11%), oral chlorambucil in 10 (7%), CVD (Bortezomib) in 6 

(4%), HDM/ASCT in 5 (4%), and CHOP or CVP in 3 (2%). 
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  Regarding response rates, 45 % of patients achieved hematologic and dFLC >PR including CR in 3 patients 

(2%; 2 CVD, 1 HDM), dFLC-VGPR in 6 (4%), PR in 48 (38%), and dFLC-PR in 27 (22%). Median follow-up from 

date of referral was 24 months.  

Median OS ( for the 150 patients) was 37 months (Fig. 2) with a survival advantage for patients receiving HDM, 

CVD (median OS not reached) and FCR (78 mo) compared to (R)CHOP/CVP, FC or MM like regimens (median 

OS 42, 31 and 32 months, respectively). The responders had a better survival with a median OS of 69 vs. 21 

months for non responders (Fig. 3). There were too few patients in each chemotherapy group to further 

subgroup analysis.   

 
Figure 2.  Overall survival 

 

 
Figure 3.  Overall Survival according to response 
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SUMMARY AND CONCLUSIONS  

The presenting features of IgM associated amyloidosis are similar to amyloidosis with non-IgM paraprotein, 

though lymph node and lung involvement are more common. The response to “conventional” treatment used to 

be poor. There is no consensus about the best chemotherapy regimen, though patients treated at some stage 

during the disease course with bortezomib, HDM and FCR appear to have a survival advantage. New and novel 

combinations need to be studied into prospective studies to improve responses and survival.  
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INTRODUCTION 

AL amyloidosis is caused by misfolding and deposition of particular monoclonal immunoglobulin (Ig) light chains 

as extracellular insoluble fibrillar deposits. The most common involved organs are the kidney, liver, heart and 

nervous system (1).  AL amyloidosis is usually associated with clonal B-cell disorders (2). Many patients with AL 

have only a lambda light chain in the serum (27%). When a whole serum monoclonal component can be 

identified, it is much more commonly either IgG or IgA than IgM or IgD (3). Indeed, remarkably few patients with 

AL amyloidosis consequent on serum IgD paraprotein have been reported. Only 53 such patients were 

identified among the very large experience of AL amyloidosis at the Mayo Clinic over a 41-year period (4). In 

their series, IgD AL amyloidosis patients seem to have a distinct disease phenotype, with lower incidence of 

cardiac and renal involvement.  Their overall survival does not appear to be different from other AL amyloidosis 

patients. The purpose of this review is to corroborate, within our experience, this particular phenotype. 

 

METHODS 

This retrospective study was done at the National Amyloidosis Centre (NAC), London, UK. It included all 

patients in the NAC database who had a detectable IgD paraprotein by electrophoresis and immunofixation. 

Although the recognition of IgD monoclonal component may be challenging, it is roughly a systematic assay, in 

our institution, in case of isolated FLC on immunofixation. The organ involvement was defined according to the 

amyloidosis consensus criteria (5) and Cardiac Mayo Clinic staging (6) with the additional use of 123I-labeled 

serum amyloid P component (SAP) scintigraphy (7).  Responses were defined as per new amyloidosis criteria 

with dFLC evaluation. dFLC-VGPR was defined as a reduction of involved dFLC from baseline greater than 

90%. Patients were seen at the NAC for initial evaluation and then followed up at 6 monthly intervals for 

evaluation of clonal disease and organ responses whenever possible. 

 

RESULTS 

Among 2861 patients with AL amyloidosis seen between 2000 and 2012, serum IgD monoclonal protein was 

isolated in 20 (0.7 %) patients with a majority of IgD lambda isotype (90%). There were 11 males and 9 females 
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with a median age of 64 years (51-84).  Nine patients (45%) had underlying multiple myeloma of who 2 required 

specific therapy. Disease characteristics and laboratory findings are described in table 1.  

  A variety of frontline chemotherapy regimen were used: CTD in 7 patients (35%), VAD in 4 (20%), oral /IV 

melphalan in 3 (15%), high dose melphalan followed by ASCT in 3 (15%), and CVD (bortezomib) in 1 (5%). 

Four patients (20%) did not receive any treatment. 

  Overall haematological response rate was 56% in the 16 patients who received treatment with complete (CR) 

and partial (PR) responses reported in 5 (31%) and 4 (25%) patients, respectively.  

  Overall dFLC response rate was 63% including dFLC-CR in 3 (19%) patients and dFLC-VGPR in 4 (25%) 

patients. Six (32%) patients needed further therapies for progressive disease. 

 

Table 1.  Disease characteristics and laboratory findings 

ORGAN INVOLVEMENT n, (%) 
Renal 15, (75) 
Heart 12, (60) 

Mayo stage II/III 5/4, (25/20) 
Liver (on SAP) 4, (20) 
Peripheral Nerve 4, (20) 
Autonomic Nerve 3, (15) 
LABORATORY FINDINGS Median, (range) 
Serum IgD levels 1.5 g/L (1-3.5) 
Serum lambda light chains levels 540 mg/L (53-6000) 
Serum kappa light chains levels 387 mg/L (122-651) 
24-hour proteinuria 2.8 g (0.5-14.8) 
Albumin levels 33 g/L (19-47) 
NT-proBNP levels 405 pMol/L (131-3558) 
Troponin T levels 0.04 µg/l (0.01-0.19) 
ALP levels 110 UI/L (44-203) 
 

At data cut-off (10/01/2012), 14 over 20 (70%) patients are dead, of whom 7 (35%) died within 12 months of 

diagnosis. Median follow-up from referral was 22 months (2-93).  

  Although the estimated median overall survival (OS) was not significantly different between IgD and non-IgD 

patients (see Figure 1), the OS at 2 years was 39%, and 26% at 4 years for IgD patients compared to 46% and 

37%, respectively for all non-IgD patients seen over the same time period.  

  Of note, 3 patients died at 30, 56 and 67 months from diagnosis, respectively, because of multiple myeloma 

progression for 2 of them and prostatic cancer for 1.  

 

SUMMARY AND CONCLUSIONS  

IgD associated AL amyloidosis is a rare occurrence, predominantly of the lambda subtype, that causes the 

typical amyloidosis disease. Compared to the Mayo Clinic cohort, higher proportion of patients presented with 

renal and cardiac involvement which, in our experience, is similar to non-IgD associated AL amyloidosis.   

The haematological responses appear similar to non-IgD patients (8).  

  Early survival of IgD patients appears similar to that of non-IgD patients, probably related to the light chain, and 

not the complete M-protein, driving both the disease and prognosis as previously reported in AL amyloidosis (9).  

 



XIIIth International Symposium on Amyloidosis 

272 

  
Figure 1.  Overall survival 
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ABSTRACT 

Autologous stem cell transplantation (ASCT) in AL amyloidosis leads to both complete and durable responses. 

We report our experience with patients seen at the UK National Amyloidosis Centre who underwent 

transplantation after modern risks stratification. Median OS from time of ASCT was not reached. Median PFS 

was 27.6m. By intention-to-treat hematologic response rate was 80% (CR=28% and dFLC-VGPR=54%). CR 

and dFLC-VGPR correlated with superior PFS and OS. TRM was 6.8% (non-nephrotic patients=3.7%, nephrotic 

patients=12%). 2 patients become dialysis dependent both of whom had nephrotic syndrome. In patients whose 

baseline GFR was >45mL/min 11% had a post-ASCT GFR<45mL/min, one of whom required dialysis. One 

patient (13%) with baseline GFR<45mL/min required dialysis. ASCT remains an effective treatment option in AL 

amyloidosis. TRM has improved with more stringent patient selection. Depth of response positively impacts 

survival. Kidney injury remains a source of morbidity and should be considered when discussing high-dose 

therapy.   
 

INTRODUCTION 

Autologus stem cell transplantation (ASCT) is an effective treatment of AL amyloidosis leading to both complete 

and durable responses. Updated series have shown that a substantial proportion of patients may survive 

relapse free for greater than 8 years (1). Importantly, a significant improvement in transplant related mortality 

(TRM) has been observed with the advent of more stringent selection criteria and a better understanding of the 

intricacies involved in transplanting patients with amyloidosis. In properly selected patients who undergo the 

procedure at an experienced centre the TRM may be as low as 5-10%. Transplant related morbidity remains an 

area of concern. Of particular interest is the incidence of clinically significant renal impairment post-ASCT. 

Patients with amyloid, especially those with renal involvement are thought to possibly be at greater risk of renal 

injury both due to the organ involvement and increased sensitivity to the transplant procedure (2). Here we 
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report our experience with a cohort of patients with AL amyloidosis seen at the UK National Amyloidosis Centre 

who underwent risks stratification and transplantation in the modern era. 

 

METHODS 

We defined the modern era of transplantation from 2003-present and identified 88 patients who had undergone 

ASCT. > 2 organ involvement, ECOG > 1, eGFR ≤ 45mL/min, significant cardiac involvement, autonomic 

neuropathy, gastrointestinal involvement and TnT ≥ 0.05 ng/mL were considered relative contraindications to 

transplant. Organ involvement was as per the 2005 criteria (3). 24% had cardiac involvement by echo criteria 

(mean ejection fraction = 61%). 93% of patients were ≤ Mayo stage II (4). 70% had renal involvement (10% pre-

ASCT GFR<45mL/min) with 39% having nephrotic range proteinuria. 38% underwent transplantation upfront. 

  We aimed to assess the maximal response by 6 months (m). Haematologic and organ responses were defined 

as per the 2005 consensus criteria (3). The dFLC response (difference between the involved and uninvolved 

free light chain)  was defined as the percent difference in the dFLC at the start of therapy and at response 

assessment and was considered assessable if the baseline dFLC was >50mg/L. A dFLC of 50-90% defined a 

partial response, and a dFLC of >90% defined a VGPR(5). Renal outcome as defined by the eGFR (by MDRD) 

at 12 m was also examined. Progression free survival (PFS) was determined from the date of ASCT. Overall 

survival (OS) was calculated from both diagnosis and time of ASCT. TRM was defined as death within 100 days 

of transplant. Statistical analysis was performed using SPSS version 19. Approval for analysis and publication 

was obtained from the institutional review board at the University College London, and written consent was 

obtained from all patients. 

 
 
 
 

 

 
 

 
 
 
 
 
 
 
 

A.                                                                         B. 
 
A.                     B. 
 

Figure 1. Overall and event free survival in patients post-ASCT based on response. OS is shown in (A) and 

PFS in (B). Curves are separated based on CR (solid line), dFLC-VGPR (dashed line) and ≤ PR (grey line). 

 

RESULTS 

Median follow-up was 31.8 months (m). Median OS from time of ASCT was not reached and was 131.5m from 

diagnosis. Median PFS was 27.6m. There was no significant difference in PFS between upfront transplants and 

P < 0.001 P = 0.02 
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those done at relapse (40.0m vs 27.6m respectively, p = 0.9). By intention-to-treat the overall hematologic 

response rate was 80% (CR=28% and dFLC-VGPR=54%). CR and dFLC-VGPR correlated with superior PFS 

and OS (figure 1). TRM was 6.8% (non-nephrotic patients=3.7%, nephrotic patients=12%). Renal responses 

were observed in 30%. 2 patients become dialysis dependent both of whom had nephrotic syndrome. In 

patients whose baseline GFR was >45mL/min 11% had a post-ASCT GFR<45mL/min, one of whom required 

dialysis. One patient (13%) with baseline GFR<45mL/min required dialysis. 

 

DISCUSSION 

ASCT remains an effective treatment option in AL amyloidosis. TRM has improved with more stringent patient 

selection. The response rates were comparable to what has been described previously and depth of response 

correlated with improved survival outcomes. In this highly selected group of patients the TRM was < 10%. Only 

7 % of patients in this series would be classified as having Mayo stage III disease. There is a suggestion that 

pre-ASCT nephrotic syndrome and GFR < 45 ml/min may predispose patients to worse outcomes. These 

factors may decrease a patients reserve in dealing with known transplant related complications. That said the 

number of these patients in our series is small and thus these results should be interpreted with caution. 

However, given the more stringent patient selection criteria at most centres the likelihood of a large serried of 

such patients being compiled in the future is low.  Irrespective, given the improved TRM, discussions regarding 

treatment related morbidity should be incorporated into the decision making process surrounding ASCT. Further 

trials are needed to assess the role of high-dose therapy in the modern era.  
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ABSTRACT 

To determine characteristics distinguishing the ten-year survivor group in patients with light chain amyloidosis 

(AL) who underwent autologous transplantation. The study group included all 74 AL patients who underwent 

high dose melphalan supported by autologous stem cell transplantation prior to August 2001. 32 (44%) patients 

survived for longer than 10 years.  Statistically significant baseline differences in the ten-year survivor group 

include: (1) Number of Organs Involved, (2) Septal Thickness, (3) Total cholesterol, and (4) Urine total protein. 

The numbers of organs involved is the only predictor in multivariable analysis. Depth of the response to therapy, 

as measured by the lowest post-transplant serum free light chain, is the most significant indicator of durability of 

response. Autologous stem cell transplantation can offer durable benefit for AL patients.  The number of organs 

involved offers the greatest pre-treatment prognostic value; lowest post-transplant serum free light chain offers 

the best post-treatment prognostic value. 

 

INTRODUCTION 

Systemic immunoglobulin (Ig) light chain (AL) amyloidosis is a plasma cell dyscrasia in which monoclonal light 

chain protein aggregates and deposits in tissue as amyloid fibrils. Only a relatively small proportion of 

immunoglobulin light chains are amyloidogenic, as is evidenced by the fact that amyloidosis occurs only in 

about 6 to 15% of patients with multiple myeloma 

  Treatments for amyloidosis have been targeted at reducing the concentration of the amyloidogenic light chain 

and have paralleled those used for multiple myeloma. Patients with amyloidosis differ from patients with other 

hematological malignancies in that they have impaired organ function with relatively normal bone marrow, which 

tends to be the reverse of what is found in patients with other hematological malignancies. This has implications 

in terms of the therapeutic window of many interventions. Since 1994 high-dose intravenous melphalan and 

autologous stem cell transplantation have joined the armamentarium in the treatment of amyloidosis1. The role 

of autologous stem cell transplants in the management of the Ig light chain amyloidosis remains controversial in 

part because of the fragility of the patient population. The objective of the current study is to highlight (a) the 
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validity of the transplant selection criteria and (b) the durability and long-term results of treatment. 
. 

MATERIALS & METHODS 

All patients with AL amyloidosis who underwent autologous stem cell transplantation at the Mayo Clinic over the 

five-year interval from the beginning of our transplant program in July 1996 to July  2001 were included in this 

study (n=74). All patients underwent baseline evaluation, which included bone marrow biopsy, serum and urine 

electrophoresis and immunofixation, and serum light chain measurement. Amyloidosis was identified in biopsy 

specimens by positive Congo red staining. Eligibility criteria for autologous SCT were: (1) “physiological” age 70 

years or younger; (2) ECOG performance score of 2 or less; (3) creatinine clearance of 30 mL/min or greater 

(unless on chronic dialysis); and (4) New York Heart Association classes I or II (unless on chronic dialysis).  

Prior to 2001 cardiac biomarkers were not routinely available as part of the eligibility criteria, but were performed 

on frozen sera when available2. 

  Stem cell mobilization was accomplished with Sargramostim (GM-CSF) or Filgrastim (G-CSF). Apheresis was 

performed until a minimum of 2 × 10(6) CD34+ cells/kg were collected. All patients underwent conditioning with 

high-dose melphalan prior to the autologous stem cell transplant. Hematological response to therapy was 

assessed by criteria from the consensus opinion of the 10th International symposium on Amyloid and 

Amyloidosis3. Statistical analyses were carried out with the R (version 2.13.0) and S-Plus (version 6.2) statistical 

software packages. The characteristics of the long-term survivor (LTS) and non-long-term survivor (NLTS) 

groups were compared using the Wilcoxon rank sum test. All probabilities reported are two-tailed; p-values < 

0.05 were considered significant. 

 

RESULTS 

A total of 74 patients with AL who underwent autologous stem cell transplantation were included in the study. 

Forty-one patients (55%) were men; thirty-three patients (45%) were women. Patients were retrospectively 

divided into two groups: those surviving longer than 10 years, termed the long-term survivor (LTS) group (n=32); 

and those who did not, termed the non-long-term survivor (NLTS) group (n=42). The median (range) ages in the 

LTS and NLTS groups were 52.8 (37.4, 67.4) years and 55.2 (31.0, 69.9) years, respectively.  

  Four baseline characteristics were determined to be statistically different between the LTS and NLTS groups: 

(1) number of organs involved, (2) interventricular septal thickness, (3) total cholesterol, and (4) urine total 

protein. 

  Table 2 demonstrates the post-therapy characteristics of the study population. Only one characteristic was 

determined to be statistically different between the LTS and NLTS groups: the lowest post-SCT free light chain. 

To assess the importance of the four characteristics on survival, we fit the survival data to Cox proportional 

hazards models. On the basis of the criteria described in the methods section, the best fit to the survival data 

was found to be a Cox proportional hazards model with number of organs involved as the single covariate 

(predictor).  

  We computed the hazard ratios in the multivariate Cox proportional hazards model for all four characteristics. 

In the over-fit model, only the number of organs involved rises to the level of statistical significance. 
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DISCUSSION 

This study demonstrates that response can be durable for AL patients who undergo HDM/SCT. Of the 74 

patients who underwent HDM/SCT, 32 (44%) survived longer than 10 years. 

  Kidneys were the most commonly involved organs in AL patients who underwent SCT; renal involvement was 

present in 24 (67%) patients of the LTS group and 42 (62%) of patients of the NTLS group. The median serum 

cholesterol levels of the LTS group (329 mg/dL) were higher than those of the NLTS group (213 mg/dL), as were 

the total urine protein levels: 6.24 g/dL for the LTS group versus 3.07 g/dL for the NLTS group.   

  Cardiac involvement was the second most common organ involvement in AL, present in 9 (32%) patients of 

the LTS group and 11 (28%) patients of the NLTS group. The extent of cardiac infiltration as measured by septal 

thickness was lower in the LTS group (median 10 mm) relative to the NLTS group (median 13 mm). Systolic 

function is preserved in AL at least in the early stages of the disease. The median (range) number of organs 

involved in the LTS and NLTS groups were 1 and 2 , respectively. 

  In this study we have identified 4 baseline characteristics with statistically significant differences between the 

LTS and NLTS groups (ordered by statistical significance): (1) Number of Organs Involved, (2) Septal Thickness, 

(3) Total cholesterol, and (4) Urine total protein. The numbers of organ systems involved is the key prognostic 

characteristic: the median number of organ systems involved in the LTS group was 1, while that in the NLTS 

group was 2. Cardiac involvement, as assessed by septal thickness, possesses significant prognostic value that 

is however subordinate to numbers of organ systems involved. It should be noted that three of the patients in 

this study underwent kidney transplantation; two of these ended up as members of the LTS group; one patient 

ended up in the NLTS groups and was the recipient of both a cardiac and a renal transplant. 

  Depth of the response to therapy, as measured by the lowest post-transplant free light chain is the most 

significant leading indicator of durability of treatment. Unfortunately, since this cannot be assessed before 

therapy it has no predictive value in terms of selecting patients. It should be noted that NT pro BNP was 

available only in 34 of the 74 patients and therefore could not be systematically assessed for impact in this 

model even though the medians for the LTS and NLTS groups appear to be quite different. 

  The impact of serum and urine M proteins to survival was examined; no statistically significant differences were 

found. 
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ABSTRACT 

Bortezomib combinations have shown great promise in the treatment of AL amyloidosis. Here we present an 

updated series of patients from the UK National Amyloidosis Centre treated with CVD in the upfront setting. The 

primary cohort comprises 30 patients referred between 2006-2011. Overall and progression free survival were 

examined as were haematologic, dFLC and organ responses.  Overall hematologic response rate was 87% (CR 

= 63% and dFLC-VGPR = 68%).  BNP responses were seen 38%. 3 deaths have been reported all in Mayo 

stage III patients. The estimated 1-year OS and PFS were 90% and 79% respectively. The 1-year PFS and OS 

for the Mayo stage III patients was 75% and 82% respectively. Attaining both a CR and dFLC-VGPR correlated 

with a improved PFS and OS. Upfront CVD is an effective treatment in AL amyloidosis.  

 

INTRODUCTION 

Bortezomib combinations have shown great promise in the treatment of AL amyloidosis. Prospective phase I/II 

data in relapsed patients has demonstrated high rates of response with or without dexamethasone(1). A number 

of retrospective series have shown unprecedented response rates with the addition of alkylating agents 

especially when the combination is used on the upfront setting(2, 3). Here we present an updated series of 

patients from the UK National Amyloidosis Centre treated with CVD as upfront therapy. We present data for 

response as well as progression free and overall survival.  

 

METHODS 

The primary cohort is a series of 30 patients referred to the National Amyloidosis Centre in London from 

January 2006 to March 2011. Organ involvement, hematologic and organ responses were defined as per the 

2005 consensus criteria(4). The dFLC response was also examined as described previously(5). Median number 

of organs involved was 2.4 (1-6). 73% of patients had cardiac involvement by echo criteria. 77% had renal 
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involvement. Complete information for staging by the Mayo clinic criteria was available in 28 patients of which 

57% were stage III.  

  The recommended CVD regimen was as follows: bortezomib 1.0 mg/m2 IV days 1, 4, 8, 11 (increase to 1.3 

mg/m2 if well tolerated) cyclophosphamide 350 mg/m2 po days 1, 8, 15 dexamethasone 20 mg po days 1, 4, 8, 

11 (increase to 40 mg if well tolerated) with an aim to deliver 6 cycles of treatment. Dose modifications were at 

the discretion of the treating haematologist. We examined maximal response by 6 months (m).  

 

RESULTS 

Median follow-up was 12.2m. Median number of cycles given was 4.5 (1-8). All 30 patients were assessable by 

haematologic response criteria, 28 of whom were assessable for dFLC response. The time to maximal response 

was 3.5m. Overall hematologic response rate (RR) was 87% (CR = 63% and dFLC-VGPR = 68%).  23 patients 

were assessable for a BNP response based on a pre-treatment NT-proBNP > 660 ng/L. BNP responses were 

seen in 16 patients (38%). Organ responses were seen in 46% of patients (12% - cardiac, 41% - renal and 50 - 

liver).  

  3 deaths were reported. All had Mayo stage III disease and the deaths occurred within 6 months. The 

estimated 1-year OS was 90%. The median PFS has not been reached.  The estimated 1-year PFS was 79%. 

Median PFS has not been reached. The estimated 1-year PFS was 79%. Attaining both a CR and dFLC-VGPR 

correlated with a significant improvement in PFS and OS (figure 1). The 1-year PFS and OS for the Mayo stage 

III patients was 75% and 82% respectively.   

 

 

 

 

 

 

 

 

 

 

 

 

 

    A.                     B. 

 

Figure 1.  Overall and event free survival post-upfront CVD based on response. OS is shown in (A) and PFS in 

(B). Curves are seperated based on CR (black solid line) vs non-CR (black dashed line), dFLC-VGPR (grey 

solid line) vs non-dFLC-VGPR (grey dashed line). 

 

P < 0.02 P < 0.02 
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DISCUSSION 

This retrospective series lends further support to the use of bortezomib containing regimens in the treatment of 

AL amyloidosis, especially in the upfront setting. CVD is a safe and effective treatment option supporting 

previous findings presented by our own group as well as others. In addition, it emphasizes the importance of 

attaining deep clonal responses to maximize outcome. Larger phase III studies are warranted and are 

underway.  

 

 

REFERENCES 

1. Reece DE, Sanchorawala V, Hegenbart U, Merlini G, Palladini G, Fermand JP, et al. Weekly and twice-

weekly bortezomib in patients with systemic AL amyloidosis: results of a phase 1 dose-escalation study. 

Blood. 2009;114(8):1489-97. 

2. Mikhael JR, Schuster SR, Jimenez-Zepeda VH, Bello N, Spong J, Reeder CB, et al. Cyclophosphamide-

bortezomib-dexamethasone (CyBorD) produces rapid and complete hematologic response in patients with 

AL amyloidosis. Blood. 2012;119(19):4391-4. 

3. Venner CP, Lane T, Foard D, Rannigan L, Gibbs SD, Pinney JH, et al. Cyclophosphamide, bortezomib, 

and dexamethasone therapy in AL amyloidosis is associated with high clonal response rates and 

prolonged progression-free survival. Blood. 2012;119(19):4387-90. 

4. Gertz MA, Comenzo R, Falk RH, Fermand JP, Hazenberg BP, Hawkins PN, et al. Definition of organ 

involvement and treatment response in immunoglobulin light chain amyloidosis (AL): a consensus opinion 

from the 10th International Symposium on Amyloid and Amyloidosis, Tours, France, 18-22 April 2004. 

American journal of hematology. 2005;79(4):319-28. 

5. Pinney JH, Lachmann HJ, Bansi L, Wechalekar AD, Gilbertson JA, Rowczenio D, et al. Outcome in renal 

Al amyloidosis after chemotherapy. Journal of clinical oncology : official journal of the American Society of 

Clinical Oncology. 2011;29(6):674-81. 

 



XIIIth International Symposium on Amyloidosis 

282 

Lenalidomide-dexamethasone in patients with relapse d light chain amyloidosis: previous 

high-dose chemotherapy does not impair response and  survival  

 

S. Dietrich, U. Hegenbart, T. Bochtler, AV. Kristen, H. Goldschmidt, AD. Ho, S. Schönland 

 

University Hospital Heidelberg, Amyloidosis Centre, Heidelberg, Germany 

 

 

 

 

 

 

 

Light chain amyloidosis (AL) is a lethal disorder that is caused by widespread deposition of amyloid fibrils 

derived from a malignant plasma cell clone. Survival of untreated patients is poor but could be successfully 

prolonged during recent years by conventional therapies such melphalan and Dexamethasone (M-Dex) and 

high dose melphalan (HDM) followed by autologous stem cell transplantation for eligible patients.(1-3) However, 

no plateaus of event free survival (EFS) and overall survival (OS) curves could be observed suggesting that 

relapses occur consciously. 

  The immunmodulatory drugs Thalidomide and its derivative Lenalidomide have been used with great success 

in multiple myeloma and were consequently evaluated in AL and have proven activity. However, tolerance of 

thalidomide in AL patients was inferior to that seen in patients with multiple myeloma (MM). Grade III–IV toxicity 

occurred in half of the AL patients and therapy with thalidomide could therefore not continued in more than 25% 

of patients.(4,5) Lenalidomide was evaluated with and without high dose dexamethsone.(6,7) In a first phase 2 

trial lenalidomide was given at a dose of 25 mg/d, which was poorly tolerated.(7) The dose of lenalidomide was 

therefore reduced to 15 mg/d. Hematologic responses (HemeResp) were achieved in 67% of patients including 

38% of patients with complete remission (CR). 

  We report a retrospective single center study of 62 patients who had relapsed after prior therapy and were 

therefore uniformly treated with lenalidomide and dexamethasone (LD). 

 

PATIENT’S CHARACTERISTICS 

The median age of 62 included patients was 61 (range 42-67) years. 14 patients were on hemodialysis at start 

of LD and 47 patients had heart involvement. Median Mayo Stage was 2. Twenty-nine patients had received 

previous high dose melphalan (HDM) and the number of previous therapy lines was 2 (range: 1-5).  

 

TREATMENT  

Lenalidomide treatment was initiated with 15 mg/d for 21 days of a 28-day cycle. The lenalidomide dose had to 

be reduced in 16 patients. Dosing of dexamethasone was determined by the treating physician based upon age 

and upon prior tolerance of dexamethasone (rage: 8 – 40 mg). Response was evaluated every 3 months. 

Therapy was stopped upon progressive disease. In total patients received a median of 5 cycles (range, 1-15). 
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RESULTS  

Median overall survival (OS) for the entire group was 31 months (Figure 1) and median follow up was 39 

months. Overall, 13 of 47 (27%) patients. responded already after 3 cycles and 18 of 36 (50%) responded after 

6 cycles of LD leading to a significantly prolonged OS (p=0.04, HR 0.3).  

 

0 10 20 30 40 50 60
0

20

40

60

80

100

Time (months)

S
ur

vi
va

l p
ro

ba
b

ili
ty

 (
%

)

 

Figure 1.  Overall survival 

 

A multivariable logistic regression analysis for HR including the covariates: age, deltaFLC, previous HDM, 

number of previous therapy lines and creatinine clearance revealed by backward selection only dFLC as a 

borderline significant predictor for HR (p=0.13, OR 1.2). Therefore, previous HDM or number of previous 

therapy lines did not impair HR. Multivariable cox regression analysis revealed elevated NT-ProBNP levels, 

Karnofsky Index (KI), advanced age and high dFLC levels as significant predictors for OS (Table 1). In line with 

the results obtained for HR previous HDM as well number of previous therapy lines did not impact on OS.  

 
Table 1.  Multivaribale cox regression analysis for OS (n=56) 
 

Covariates P HR 95% CI of HR 
NT-ProBNP (>4400 ng/dl) 0.0048 4.2005 1.5583 to 11. 3223 
CreaCl (ml/min) 0.3193 0.9937 0.9815 to 1.0061 
Age (years) 0.0008 1.107 1.0491 to 1.2955 
Previous HDM 0.9169 0.9498 0.3627 to 2.4872 
Number of previuos regimens (<2) 0.2573 0.5518 0.1983 to 1.5356 
KI (increase of 10%) 0.0010 0.9274 0.8871 to 0.9696  
deltaFLC (decrease of 100) 0.0046 0.9120 0.9007 to 0.9852 
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Figure 2.  Responding patients have an improved OS (p=0.04, HR 0.3) 

 

We observed that NT-ProBNP levels rose during therapy with LD (p=0.01). Among patients who received at 

least 3 cycles of LD an increase of NT-ProBNP was associated with a significantly reduced OS (p=0.03, HR 

1.9).  

 

SUMMARY 

We could confirm that LD induces responses in a significant number of AL patients. Previous HDM seems not to 

impair response and survival after LD. 
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INTRODUCTION 

Monoclonal immunoglobulin deposition diseases (MIDD) is a relatively new definition recently introduced in 

literature to collect , in the setting of the diseases related to monoclonal components, those that are caused by 

the deposition of monoclonal immunoglobulin in basement membranes. MIDD can be differentiated from AL 

amyloidosis, by  the Congo negative and non-fibrillary  nature of the deposits. MIDD include three subtypes, the 

light chain deposition disease ( LCDD),the light and heavy chain deposition disease (LHCDD) and the heavy 

chain deposition (HCDD); LCDD is the most common subtype (1-6). 

  Renal involvement is almost always present in all the MIDD. Patients present with proteinuria (very often in 

nephrotic range), hematuria, hypertension (sometimes severe and difficult to treat) and renal insufficiency, often 

with a rapidly progressive course. Renal presentation strongly mimics primary glomerulonephritis. The high risk 

that MIDD rapidly lead to ESRD, if not rapidly recognized and treated, explains why the renal involvement 

should be considered the dominant factor in the prognosis of this group of diseases (1-6). 

 

AIM, PATIENTS AND METHODS 

Retrospective analysis of 15 cases of LCDD diagnosed and treated in our Center between August 2004 and 

December 2011: evaluation of renal survival in relation to the severity of renal involvement at the diagnosis and 

at the beginning of the treatment. 

 

RESULTS 

The study includes 15 pts (7 male; 8 female); the median age was 61.8 years (range 39.4-76.7 years). Four 

patients had severe extrarenal involvement: heart (3 patients, one of them with AL amyloidosis), liver (1 patient), 

skin (1 patient with cutis laxa). Three patients received a hematology diagnosis of multiple myeloma; only one 

had a symptomatic MM. All the 15 patients had a detectable monoclonal gammopathy (11 k, 4 λ).  

  Serum electrophoresis (SPEP) alone failed in revealing M-protein spike in 5/15 patients, urine electrophoresis 

(UPEP) alone in 8/15 patients, SPEP combined with UPEP did not reveal monoclonal component in 4/15 

patients. Serum immunofissation (SIFE) failed in detecting monoclonal component in 3/15 patients, urine 
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immunofissatione (UIFE) in 1/15 patients, SIFE combined with UIFE in 1 patient. Serum free light chain assay, 

always performed since it was available, revealed a pathologic k/λ ratio in all the cases. A bone marrow biopsy 

was obtained in 13/15 patients: in two cases there was no evidence of monoclonal plasma cells.   

  At presentation all the patients had renal failure (median s-Creatinine 3.68 mg/dl; range 1.04-9.8 mg/dl) and 

proteinuria (median 4.15 g/24h; range 0.37-10 g/24h), 14 patients had significant microhematuria and 10 

patients severe hypertension (HTA) (Table 1). A kidney biopsy was obtained in 14/15 cases (1 patient was 

diagnosed by a liver biopsy).  

 

Table 1.  General features of all the patients at presentation. 

N° Diagnosis  Sex Age at 
the 

diagnosis 

Time from 
urine 

analysis 
alterations 

and 
diagnosis 
(months) 

Cr/ClCr 
(mg/dl;ml/min) 

Proteinuria 
(g/die) 

Urine 
analysis 

HTA 

1 LCDD λ ♀ 52,15 50,0 1,28/54 3,10 GR >20 yes 

2 LCDD k ♀ 61,30 1,9 5,4/ -- 2,10 GR 5-10 yes 

3 LCDD k ♀ 40,49 2,0 1,4/42 3,80 10-20 GR yes 

4 LCDD k ♂ 75,03 13,5 1,05/47 0,40 neg yes 
5 LCDD k ♂ 76,72 12,2 3,9/14 10,00 GR rari no 

6 LCDD k ♀ 61,97 1,8 1,14/-- 6,00 GR rari no 

7 LCDD λ ♀ 72,24 2,5 2,4/37 0,37 GR 10-20 no 

8 cutis laxa+ 
LCDD λ 

♀ 39,44 0,8 9,8/5 4,09 GR>20 yes 

9 LCDD k ♂ 58,99 4,6 1,99/39 8,30 GR >20 yes 

10 LCDD λ ♂ 70,39 31,4 6,7/15 4,00 GR 5-10 yes 

11 LCDD k ♂ 63,58 1,2 5,9/10 0,80 GR 10-20 yes 

12 AL+LCDD k ♂ 57,16 4,6 1,04/88 8,60 GR>20 no 

13 symptomatic 
MM+ LCDDk 

♀ 52,11 5,1 1,7/--  rare GR no 

14 asymptomatic 
MM+LCDD k 

♀ 70,24 2,8 4,2/10 6,00 5-10GR, 
rare GB 

yes 

15 asymptomatic 
MM+ LCDD k 

♂ 74,68 4,2 7,34/-- 0,48 >20GR,  
5-10 GB 

yes 

 

  Thirteen patients received hematology treatment (CyBorDex, MDex, Dex, VDex, VMDex, BDex, VAD, 

plasmapheresis); 4/13 patients underwent HDM/SCT. No patients experienced severe treatment related 

toxicities (Table 2). 

  Serum Creatinine at the diagnosis was <5 mg/dl (median 2.01; range 1.04-4.2 mg/dl) in 10/15 pts; nine of 

these patients received hematology treatment. Two patients died early as a consequence of severe extrarenal 

involvement, 1 patient achieved complete hematology response (CR) but renal disease progressed to ESRD, 6 

patients improved or stabilized renal function (at the last follow-up visit median s-Creatinine 1.98 mg/dl; range 1-

4.7 mg/dl) with normalization of urinalysis.  
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Serum Creatinine at the diagnosis was > 5 mg/dl (median 7.03; range 5.4-9.8) in 5/15 patients. Only one of the 

4 treated patients recovered renal function and is off-dialysis. The other patients rapidly progressed to ESRD. 

Figure 1 shows the renal survival in patients with serum Creatinine > or < 5 mg/dl at presentation. 

 

Table 2.  Bone Marrow features at presentation, hematology treatment and relative response; follow-up features. 

N°  BMB biopsy 
at the 

diagnosis 

hematologic 
therapy 

HDM/
SCT 

hematologic 
response 

            Follow-up  

      months live 
yes/no 

ESRD 
yes/no 

1 LCDD λ 10-12% PC;  
λ restriction 

CyBorDex  
(8 cycles) 

 PR 22,7 yes no 

2 LCDD k 8-10% PC; 
 k restriction 

MDex  
(6 cycles) 

 CR 51,9 yes yes 

3 LCDD k 15-20% PC  Dex  
(2 cycles) 

yes 
(2) 

CR 50,9 yes no 

4 LCDD k 5% PC; no 
restriction 

Not done 
(severe 

comorbidity) 

 
 

stable 9,7 no no 

5 LCDD k 3% PC;  
k restriction 

MDex  
(3 cycles) 

 CR 44,7 yes yes 

6 LCDD k nd Dex  not 
evaluable* 

0,0 no no 

7 LCDD λ 10% PC;  
λ restriction 

VMD  
(8  cycles) 

 CR 17,5 yes no 

8 cutis laxa+LCDD λ 6-7% PC;  
k restriction 

PF+VDex  
(4 cycles) 

yes 
(2) 

CR 17,5 yes no 

9 LCDD k 25% PC;  
k restriction 

VDex  
(4 cycles) 

yes   CR 21,0 yes no 

10 LCDD λ 2-3% PC; 
no 

restriction 

none  not 
evaluable* 

67,3 yes yes 

11 LCDD k 15-20% PC;  
k restriction 

VDex  
(8  cycles) 

 relapse 21,2 yes yes 

12 AL+LCDD k 35-40% PC;  
λ restriction 

yes  not 
evaluable* 

8,1 no no 

13 symptomatic MM+ 
LCDD k 

>80% PC;  
k restriction 

VAD  
(3 cycles)+ 

MDex  
(8 cycles) + 

VDex  
(8 cycles) 

yes 
(2) 

CR 89,4 yes no 

14 asymptomatic MM+ 
LCDD k 

35-40% PC; 
K restriction 

VDex  
(6 cycles) 

 PR 8,7 yes no 

15 asymptomatic MM+ 
LCDD k 

nd (bone 
frailty). 

Myelocente
sis:31%PC 

VDex  
(0,5 cycles) 

 not 
evaluable* 

4,6 no yes 
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Figure 1.  Renal survival in relation to serum Creatinine value at the 

diagnosis (red line: s-Cr > 5 mg/dl; black line: s-Cr < 5 mg/dl). 

 

COMMENTS AND CONCLUSIONS  

In LCDD patients serum Creatinine value at the diagnosis and immediately before the hematology treatment, is 

the main determinant of renal survival. In order to prevent ESRD, diagnosis should be done in the early phases 

of renal involvement. Therefore, because of the clinical presentation very similar in MIDD and in the primary 

glomerulonephritis, the extensive use of all the diagnostic test available to detect monoclonal component is 

recommended in the evaluation of all the patients with nephropathy. Hematology treatment should be started 

immediately; in our experience it has been effective free of major related toxicities.  

 

 

REFERENCES 

1. Bridoux F, Delbes S, Sirac C. et al. Renal disorders associated with monoclonal gammopathies: diagnostic 

and therapeutic progress. Presse Med. 2012 Mar;41(3 Pt 1):276-89.  

2. Korbet SM, Schwartz MM, Lewis EJ. Immuotactoid glomerulopathy (fibrillary glomerulonephritis). Clin J Am 

Soc Nephrol. 2006 Nov;1(6):1351-6.  

3. Nasr SH, Valeri AM, Cornell LD et al. Renal monoclonal immunoglobulin deposition disease: a report of 64 

patients from a single institution. Clin J Am Soc Nephrol. 2012 Feb;7(2):231-9.  

4. De Sanctis L, Sestigiani B, Sgarlato V., et al. Il coinvolgimento renale nelle gammopatie monoclonali e nel 

mieloma. G Ital Nefrol 2010; 27 (S50): 19-33.  

5. Merlini G, Pozzi C. Mechanisms of renal damage in plasma cell dyscrasias: an overview. Contrib Nephrol 

2007; 153: 66-86.  

6. Jourde-Chiche N, Dussol B, Daniel L. Kidney involvement in hematologic malignancies. Diagnostic 

approach. Rev Med Interne. 2010 Oct;31(10):685-96. 

 



XIIIth International Symposium on Amyloidosis 

290 

Resolution of AL hepatic amyloidosis 

 

R. Abonour1, M.D. Benson2 

 
1Department of Medicine HEM/Oncology, Indiana University School of Medicine, Indianapolis, IN USA 
2Department of Pathology and Laboratory Medicine, Indiana University School of Medicine, Indianapolis, IN 

USA 

 

 

 

 

 

 

 

ABSTRACT 

Background:  Treatment of AL amyloidosis is targeted to control of the offending plasma cell dyscrasia so that 

progression of amyloid deposition is stopped. Whether tissue amyloid can then be reduced and organ function 

restored is a question posed for each individual patient. 

Objective:  We report five patients who presented with massive hepatomegally and AL amyloid proven by liver 

biopsy. Patients were monitored from four to 27 years to evaluate response to chemotherapy aimed at control of 

the plasma cell dyscrasia. 

Methods:  Ages of subjects at time of diagnosis ranged from 45 – 67 years. All were male. Three patients also 

had renal involvement with nephrotic syndrome, one with advanced renal insufficiency. Four were treated with 

melphalan and corticosteroid, two oral medications, two IV melphalan with stem cell rescue.   

Results:  Liver size in each patient returned to normal in 24 – 36 months and repeat liver histology for three 

patients demonstrated decrease in amyloid, one with complete resolution. Survival was four to 27 years without 

recurrence of amyloid. 

Discussion:  Massive hepatomegally from AL amyloid deposition is associated with a grave prognosis.  

Unfortunately progressive enlargement of the liver is ignored or unappreciated by many patients. This results in 

delayed diagnosis and, therefore, seriously impacts treatment options. Even so, favorable response may be 

obtained in the patients with a plasma cell clone that is responsive to chemotherapy. Resolution of hepatic 

amyloid may be related to the high level of metabolic activity of this vascular organ. 

Conclusion:  These cases demonstrate that hepatic amyloid, even with massive hepatomegally, can resolve 

and normal liver function restored if the plasma cell clone responds to therapy. 

 

INTRODUCTION 

Massive hepatomegaly is a relatively uncommon presentation for immunoglobulin light chain (AL) amyloidosis. 

While as high as 35 percent of AL patients have hepatomegaly at time of diagnosis only 12 – 15 percent will 

have enlarged liver as chief reason for seeking medical evaluation. In these patients the diagnosis is almost 

always made by liver biopsy since the correct diagnosis is not entertained prior to histologic documentation. 
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  Prognosis for the patient with massive hepatic amyloid is usually guarded despite the fact that liver function 

remains relatively normal until late stages of the disease. The amyloid is progressive and response to therapy is 

unpredictable. Even so, some patients may have favorable response to therapy targeted to control or ablate the 

offending plasma cell clone which produces the amyloid fibril precursor protein. 

 

CASE STUDIES 

Clinical data for 5 patients who presented with massive hepatic amyloidosis and had favorable response to 

chemotherapy are listed in Table 1.   

 

Table 1. 

 
 
 
RESULTS AND DISCUSSION  

Initial diagnosis of amyloidosis for each subject was made by liver biopsy.  In none was the correct diagnosis 

contemplated prior to the biopsy. This lapse in differential diagnostic access may be a result of specialty care 

where the physician fails to consider other organ dysfunction. Four of the 5 subjects in Table 1 had large 

amounts of proteinuria. Only case 1 had isolated hepatic disease. Combination of hepatomegaly, nephrotic 

syndrome with or without heart failure should raise a suspicion of AL amyloidosis. 

  Each of the subject responded to chemotherapy and liver size returned to normal limits. Decrease in amyloid 

infiltration was documented in 3 patients by repeat percutaneous biopsy and one patient had complete absence 

of hepatic amyloid 4 years after initial diagnosis. This patient died with acute leukemia most likely related to 

treatment with alkylating agent. The nephrotic syndrome remitted within 12 months of treatment and liver size 

was normal by 24 months. 
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  Case 1 with isolated hepatic amyloid is of special interest. He had elevated serum free κ-light chains at time of 

diagnosis and 27 years later, while having no evidence of amyloidosis, still has moderately elevated serum free 

κ-light chains. 

  All subjects in this series received melphalan and prednisone/dexamethosone in some format. Some also 

received other therapeutic agents as thought clinically indicates. None was a subject of prospective during trial. 

 

 

Figure 1.   Case 4 – Liver scan at time of diagnosis (Left).  Repeated after therapy (Right). 
 

 

 
 

Figure 2.   Case 3 – Liver biopsy at time of diagnosis (Left). 19 months later (Right). 
 

 

CONCLUSIONS 

1. Massive hepatic amyloidosis usually is associated with multisystem pathology. 

2. While not predictable, treatment with chemotherapeutic agents may result in prolonged longevity. 

3. Hepatic amyloid may completely resolve if therapeutic response is obtained. 

4. Favorable response is probably related to unique drug sensitivity of offending plasma cell clone. 
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ABSTRACT  

Systemic AL amyloidosis IgM manifesting with  a generalized lymphadenopathy it is considered to have some 

clinical aspects similar to Waldenström macroglobulinemia (WM). However it is still a matter of debate whether 

these patients should receive or not the same chemotherapy regimens. We describe a long free survival of  a 

patient with AL amyloidosis M-protein IgM unusually unresponsive to a prolonged chemotherapy and 

radiotherapy  and discuss the possible cause. 

 

INTRODUCTION 

We performed a clinical review of some patients of our database with biopsy-proven AL amyloidosis, in order to 

evaluate the survival outcome 1-2, focusing upon the therapeutic strategy for the patients unresponsive to 

therapy 3-4.  

  Among these patients, we found a “cold case” of 15 years ago: a patient with IgM κ M-protein associated AL 

amyloidosis and a systemic lymphoadenopathy. The patient, nevertheless unusually unresponsive to a 

prolonged chemotherapy and radiotherapy, showed a favourable outcome, continuing to feel well during four 

years of follow up. For this reason we discussed the possible causes of his resistence to therapy.  

 

METHODS 

A 63-year-old man presented in 1990 an asymptomatic serum M-protein IgM κ. Four years later (1994) a 

palpable mass appeared in the laterocervical region. A CT scan showed very extensive  lymphadenopathy 

(supraclavicular, axillary, mediastinal, thoracic, mesentheric, iliac, retroperitoneal, inguinal nodes) without 

predominance of any particular anatomical sites. There were no overt signs of organomegaly, macroglossia, 

neuropathy or nephropathy. Neither ECG nor echocardiography revelead any findings suggestive of amyloid 

heart disease. Bone marrow biopsy showed some aggregates of lymphoplasmacytoid cells and plasma cells 

(6%), without evidence of either leukemia, myeloma or WM. On a biopsy lymph node specimen (left 

laterocervical region), massive deposition of AL amyloid fibrils, positive for AL κ on immunohistochemistry, 
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subversiving lymph node structure (figure 1) was observed. Considering the M-protein present in serum and the 

finding of the small clonal cell expansion in the bone marrow, probably producing the precursor of 

immunoglobulin, the diagnosis was considered to be classificable as AL amyloidosis manifesting primarly as 

systemic lymphadenopathy.  

  The therapeutic approach, starting on 1994, consisted in a long-lasting chemotherapy for one year (cycles of 

Chlorambucil plus Prednisone, commonly employed in WM during past years) followed (1995-96) by a mantle 

field-radiotherapy (on the mediastinum and laterocervical, axillary lymph nodes) and on the inguinal lymph 

nodes. Clinical and instrumental controls were annually performed during the following four years from the 

diagnosis to evaluate the results of the therapy. 

 

RESULTS 

The patient showed a favourable outcome, continuing to feel well during four years of follow up, nevertheless 

unusually unresponsive to a prolonged chemotherapy and radiotherapy. The clinical and instrumental controls 

indicated no progression of disease, while CT imaging showed persistence of the systemic diffuse 

lymphadenopathy, unchanged nevertheless the radiotherapy. What would be the cause? 

 

DISCUSSION 

Amyloid fibrils deposition in AL amyloidosis, arising from immunoglobulin light chains usually occurs in visceral 

organs such as the heart and kidneys, while AL amyloidosis rarely shows lymphadenopathy as an initial and 

isolate manifestation 8-10 (in a frequency ranging from 17 to 37%). 

The high rate of lymph-node involvement in small subgroup of patients with IgM-associated AL amyloidosis 

probably indicate that the light chains produced by the IgM clone of the plasma cells present a still 

undetermined biological peculiar tendency to deposit locally in the lymphatic system. These patients have 

characteristic clinical and laboratory features but it is no clear if that type of AL amyloidosis (IgM-associated) 

may be considered a distinct clinical entity, different from other AL type. 

It has been proposed that, similarly to that observed in non-IgM patients with AL amyloidosis, these patients 

should be treated with the same chemotherapy regimens commonly used for other AL Amyloidosis or WM 6. 

The retrospective studies of the hematologic response to chemotherapy regimens commonly applied in these 

patients indicate moreover a greatly improved survival 7. 

In our patient, the CT control, during the following four years, irrespectively of the persistence of the M-protein, 

showed no obvious change in the size of lymph nodes, with clinical conditions persistently good and lab 

analyses in the normal range (table 1). There was not any therapeutic response on the extensive systemic 

lymph node involvement, after 12 cycles of chemotherapy and a intensive radiotherapy.  

Our hypothesis is that this result could have been probably related to the diffuse and quick lymph nodes amyloid 

structural subversiving, instead of a refractory hematologic response. 

 

CONCLUSIONS 

Systemic amyloidosis can occur rarely as multiple masses with replacement of lymph nodes, causing 

lymphadenopathy, so all the retrospective studies on IgM associated AL amyloidosis are limited by the low 

number of patients 8-10.  
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This particular type of AL amyloidosis, presenting with M-protein IgM and systemic lymphadenopathy appear to 

have a better prognosis compared to WM. This feature could be partially explained with the extensive deposition 

of the fibrils in the lymph nodes, obviously not responding to traditional chemo/radiotherapy which could appear 

to be poorly efficacious or even sometimes useless.  

  We therefore suggest that between the prognostic factors of the AL amyloid patients with systemic 

lymphadenopathy should be carefully considered also the histological entity or grading of fibrillar amyloid lymph 

nodal deposition explaining the “lymph node unresponsiveness” to the therapy. Only an appropriate work-up in 

the follow up procedure should be undertaken to minimize the risk of a potential pitfall about the best therapeutic 

choice, and in the better interpretation of the data for the overall survival studies. 

1993 Jul 1994 Apr 1996 Mar 1996 Nov 1997 Nov 1998 Apr

Tot. proteins g/dl 7,7 7,7 7,4 6,8 6,5 6,4

Albumin
g/dl 4,08 3,69 3,72 3,64 3,64 3,59

γγγγ -globulin g/dl 2,69 2,59 1,79 1,53 1,44 1,37

CM g/dl 2,05 1,5 1,4
IgG mg/dl 1148 864 850 932 870
IgA mg/dl 139 135 105 115 120
IgM mg/dl 2807 2236 1770 1743 1801
VES mm/h 110 76 70
Creatinine < 1.3 mg/dl 0,9 0,9 0,9 0,9 0,90 1,0

Glucose 60-110 mg/dl 70 91 82 88 85 85
Uric acid 3.4 -7 mg/dl 5,7 5,2 4,3 5,6
W.B.C x mm

3 6200 8100 10500 5000 6200 6100

Hb g/dl 12,6 12,1 12,5 12,1 11,3 11,8

Platelet x mm
3

209000 191000 227000 244000 135000 149000

ALT 10-50 U/l 14 14 17 13 25

Alkaline Ph. 56-270U/l 136 138 147 56

γγγγ GT 10-66 U/l 6 9 7 15

Lactate DH 240-480 U/l 330 307 247 263 316 426

Calcium 8.8-10.2 mg/dl 8,8 8,8 9,0 8,0

Table 1   Laboratory data
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Plasma cell dyscrasia may be associated with amyloidosis and other related disorders, including light chain 

deposition disease, light chain proximal tubulopathy and crystal storing histiocytosis. In a subset of patients, the 

tumor load may be very small such that the question may arise whether treatment of the underlying plasma cell 

proliferation should be considered. We report here on a patient who initially developed renal failure of unclear 

etiology. Light chain proximal tubulopathy (LCPT) was subsequently diagnosed in the renal transplant after a 

slow decline in allograft function(1). 

  A 58-year-old woman underwent living, related, kidney transplantation in 1997. In January 2002, worsening 

kidney function led to kidney biopsy, which identified the LCPT. Bone marrow aspirate and biopsy did not 

identify any B cell clonal process and plasma cells were less than 1%. Serum immunofixation identified a small 

IgG kappa monoclonal protein, and urine immunofixation showed kappa free light chains. Therapy was initiated 

with pulses of dexamethasone, and with relatively stable renal function. 
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Serum free light chain assays were used for tracking her disease, beginning in 2004. In March 2005, she was 

switched to a bortezomib-based therapy because of increased free light chains. This was further adjusted to 

cyclophosphamide, bortezomib, and dexamethasone in April 2006. In late 2006, she developed fevers and 

sepsis of unclear etiology and therapy was halted temporarily with worsening of her renal function. 

  In December 2006, after resolution of her acute illness, lenalidomide therapy was instigated. Apart from some 

muscle cramping, she tolerated this therapy quite well. She showed a slow, steady improvement of her kappa 

free light chains and achieved complete hematologic remission with slow improvement of renal function. 

 

CONCLUSION 

Treatment of small clones is feasible and can lead to improvement of target organ function in at least some 

patients using immune modulatory drugs (IMIDs) such as lenalidomide(1,2). 
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A 58 year-old-woman, who was a lifetime nonsmoker with no prior cardiac history, presented with 

decompensated heart failure. Symptoms were present for several months. 

  On initial presentation, BUN was 28 with creatinine of 1. Troponin-I was 160pg/ml and BNP was1336pg/ml. 

Twenty-four-hour urine protein was 761mg/24h. Initial chest X-ray showed large right and smaller left pleural 

effusions. Initial echocardiogram demonstrated an 18mm interventricular septal wall thickness. Serum free 

lambda light chains were 350 mg/L and abdominal fat pad biopsy was positive for AL-lambda amyloid. Bone 

marrow biopsy demonstrated a lambda monoclonal plasma cell population with 5% plasma cells. The patient 

was treated with bortezomib and dexamethasone and quickly achieved a sustained reduction in her lambda light 

chains (Figure 1). However, the cardiac markers remained persistently elevated, suggesting that the damage 

from AL light chains was irreversible. Ultimately, the patient continued to have recurrent pleural effusions 

despite therapeutic thoracenteses and heart failure management, and ultimately, she died from 

cardiopulmonary arrest. 

 
 

Figure 1 
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The poor prognosis of patients with advanced cardiac amyloid is well-established(1). The reported median 

survival of patients with cardiac AL amyloidosis with heart failure is 5 months(2). In this patient, progressive and 

irreversible organ dysfunction continued despite a complete hematological response of the abnormal light 

chains. Although criteria exist for initial cardiac transplantation evaluation, our patient was not considered to be 

a candidate for this procedure due to her unstable heart failure, and probable renal/possible pulmonary 

involvement by amyloidosis (3).   

 

CONCLUSION  

Late diagnosis of cardiac AL amyloidosis continues to be a major factor in poor survival, despite successful 

management of the underlying plasma cell dyscrasia. 
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INTRODUCTION   

This clinical case presents the unfortunate fate of a patient diagnosed with systemic AL amyloidosis who 

ultimately died from cardio-respiratory arrest. Interestingly, autopsy findings revealed a constellation of cerebral 

involvement, which included cortical neuritic amyloid plaque counts in a range consistent with a diagnosis of 

Alzheimer’s disease. 

 

CASE 

 A 58 year-old-woman, a lifetime nonsmoker with no prior cardiac history, presented with decompensated heart 

failure. Ultimately, her fat pad biopsy was positive for AL amyloidosis. Treatment was initiated with bortezomib 

and hematologic remission was obtained. However, despite hematologic response, her cardiac function 

deteriorated.  Interestingly, over the course of disease progression, the patient’s mental status changed with the 

onset of hallucinations and paranoia. She became withdrawn and depressed. The patient was seen by 

psychiatry and treated with antidepressants without improvement. 

  Ultimately, the patient died from cardio-respiratory failure. Post-mortem histological assessment determined 

the presence of AL-Amyloid deposition in the heart (the interventricular septum measured 2cm), kidneys, lungs, 

and adipose tissue that clearly persisted despite hematologic remission which was maintained for months. 

  Autopsy also reported cortical neuritic amyloid plaques counts that were in a range considered diagnostic of 

possible Alzheimer’s disease(1). There was also amyloid in the vessels in the dura and choroid plexus. While 

neuritic plaques are associated with the deposition of βeta-amyloid protein, the involvement of the dura and 

choroid plexus most likely represented light chain deposition from the systemic amyloidosis, given that these 

areas do not contain a blood-brain barrier.   

 

SUMMARY 

Little is known about whether there is an increased incidence of Alzheimer’s disease in AL amyloid patients.  

Whether the finding of cerebral parenchymal and systemic amyloidosis, in our relatively young patient, is 
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incidental or related, is an open question. It is feasible that an amyloidogenic-specific environment can exist 

within both the brain parenchyma and systemically, in particular in the heart. 

 

 

REFERENCES 

1. Mirra, S. et al.  The Consortium to Establish a Registry for Alzheimer’s Disease I (CERAD): Part II 

Standardization of the Neuropathologic Assessment of Alzheimer’s Disease (1991) Neurology 41: 479-

486. 

 

 



 

 

 

 

 

SECTION VI 

 

ATTR AMYLOIDOSIS 



 

 

 



ATTR amyloidosis 

305 

STATE OF THE ART: Biology, clinic and prognosis in ATTR amyloidosis 

 

Shu-ichi Ikeda 

 

Department of Medicine (Neurology and Rheumatology), Shinshu University School of Medicine, Matsumoto 

390-8621, Japan 

 

 

 

 

 

 

 

ABSTRACT   

Systemic amyloidosis is a heterogenous disease group, in which amyloidogenic precursor proteins accumulate 

as insoluble fine fibrils on several vital organs, ultimately leading to fatal multi-organ failure. Among them 

immunoglobulin light chain (AL)-derived amyloidosis is the most common and the next is transthyretin (ATTR)-

related amyloidosis. I here review the recent advance in the extensive studies of ATTR amyloidosis.    

 

INTRODUCTION  

Transthyretin (TTR) is an amyloidogenic protein and produces two different forms of systemic amyloidosis: one 

is familial amyloidosis including familial amyloid polyneuropathy (FAP)1 and the other is senile systemic 

amyloidosis (SSA)2, which was previously called senile cardiac amyloidosis. In the former, an amyloid precursor 

protein is a variant type of TTR with one amino acid substitution, whereas in the latter it is wild-type TTR. TTR-

related systemic amyloidosis is more prevalent disorder than previously recognized.  

 

FAMILIAL ATTR AMYLOIDOSIS  

This disorder can be classified into FAP and familial amyloid cardiopathy (FAC) and more than 100 variants of 

TTR have been identified as a causative amyloid precursor in this disease. FAP was once considered to be a 

disease peculiar to endemic areas, but FAP patients are now known to exist in many nations worldwide. 

  The clinical phenotypes of FAP have been shown to vary in different kindreds or individuals with diverse TTR 

gene mutations. Among many TTR variants the substitution of methionine for valine at position 30 (ATTR 

Val30Met) is the most common and even in FAP with ATTR Val30Met the clinical picture is considerably 

different between patients originated from endemic foci and those with non-endemic origins: in the former group 

the patients show an early onset, an autosomal dominant trait with a high penetration, equal sex distribution, 

polyneuropathy starting in the legs and prominent dysautonomia, while in the latter they show a late onset, male 

predominance and obscure family history. Additionally, apparent dissociated sensory loss and serious 

autonomic dysfunctions are not usually seen in the patients with a late onset, and in some patients upper limb 

symptoms preceded lower limb symptoms. In FAP with ATTR non-Val30Met clinical manifestations of 

polyneuropathy and autonomic dysfunction closely resembled to those of ATTR Val30Met FAP patients with 
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non-endemic origins. Among them serious cardiac amyloidosis is commonly seen and in some patients the 

disease starts as a carpal tunnel syndrome. A few rare forms of ATTR non-Val30Met selectively cause amyloid 

deposition on the leptomeninges and subarachnoid vessels in the central nervous system, where amyloid-

induced thickened leptomeninges compressed the spinal cord and subarachnoidal and/or subcortical 

hemorrhages recurrently developed. This unique clinicopathologic finding is called as familial 

oculoleptomeningeal amyloidosis or familial meningocerebrovascular amyloidosis. 

  FAC is one form of hereditary ATTR amyloidosis showing a predominant clinical manifestation of cardiac 

amyloidosis and more than 30 variants of TTR are known to produce severe amyloid heart disease. Most 

patients with FAC had a later age of onset and usually lacked an apparent family history. Thus, they frequently 

seemed to be sporadic and the common initial mis-diagnosis for them was primary systemic AL amyloidosis.  

 

SSA  

SSA mainly affects the heart in the elderly and the prevalence of the disease was reported to be 22-25% based 

on examination of cardiac specimens obtained from autopsied individuals over 80 years old 3. Most patients 

with SSA were diagnosed on postmortem studies, but recent advance of diagnostic technology that include 

immunohistochemical demonstration of TTR-related amyloid deposits with no mutation of TTR gene enables us 

to make a correct clinical diagnosis of the patients with this disease 4. Thus, the number of SSA patients is now 

increasing.   

   SSA usually develops in individuals over 80 years of age, males being predominantly affected. However, 

recently several patients with SSA who were younger than 70 years at the time of antemortem diagnosis have 

been reported. The clinical manifestations consist of congestive heart failure, arrhythmia and/or conduction 

blocks and atrial fibrillation might be an initial sign of this cardiac disorder. Rarely SSA-related cardiac 

amyloidosis with impaired left ventricular wall motion and thickened endocardium causes systemic embolism, 

resulting in cerebral infarction 5. Another notable manifestation is carpal tunnel syndrome (CTS). Amyloid 

deposits are occasionally seen in biopsied tissue specimens obtained from carpal tunnel release and more than 

half of them are TTR immunoreactive. Among 33 patients with proven tenosynovial TTR amyloid deposition two 

of them were reported to develop systemic amyloidosis more than 9 years after the initial appearance of CTS. 

We also described two SSA cases whose initial manifestations were bilateral CTS. It is, therefore, very likely 

that in SSA CTS seems to precede cardiac manifestations several years.  

 

IMPORTANCE OF WILD-TYPE TTR  

Wild-type TTR is inherently an amyloidogenic protein and is well known to be an amyloid precursor protein in 

SAA. Additionally, the contribution of wild-type TTR to amyloid fibril formation in FAP been recently noted. 

Ongoing deposition of wild-type TTR-derived amyloid was first noted in the hearts of ATTR non-Val30Met FAP 

patients treated with liver transplantation, but it is now recognized that similar deposition of wild-type TTR-

derived amyloid can also occur in other organs: postoperative changes in composition ratio between variant 

type and wild-type TTR were demonstrated in the renal amyloid of a FAP patient with ATTR Val30Met. An 

unexpectedly high ratio of wild-type TTR was found in the sciatic nerve amyloid (75% composition of its amyloid 

fibril protein was derived from wild-type TTR) obtained from an autopsied FAP patient with ATTR Thr60Ala who 

died 5 years after combined liver and heart transplantation. Moreover it has been shown that the amyloid fibrils 
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in abdominal fat tissues in non-transplanted FAP patients with ATTR Val30Met are composed of not only variant 

but also wild-type TTR and that the composition ratio of wild-type TTR in patients older than 50 years are 

significantly higher than those in patients younger than 50. This suggests that aging plays an important role in 

wild-type TTR-derived amyloid fibril formation in FAP patients. 

 

DIAGNOSIS OF SYSTEMIC ATTR AMYLOIDOSIS  

Cardiac amyloidosis, amyloid-related polyneuropathy and/or CTS are caused mainly by three different form of 

systemic amyloidosis including AL, hereditary TTR amyloidosis and SSA. It is, therefore, necessary to 

differentiate ATTR amylodiosis from AL amyloidosis. Histological and immunohistochemical analysis of tissue 

amyloid is an initial step for the diagnosis of this disease. After immunohistochemical demonstration of TTR-

related amyloid deposits in biopsied tissues molecular analysis of TTR is required. A matrix-assisted laser 

desorption ionization/time-of-flight (MALDI/TOF) mass spectrometry system is easy and sensitive to detect 

variant forms of TTR in sera of patients and thus, immunoprecipitated serum TTR molecules of the patient is 

initially screened by this technique. Finally, direct DNA sequencing is necessary to demonstrate the mutations of 

TTR gene.  

 

TREATMENT 

As serum TTR is mainly produced in the liver, liver transplantation can abolish the hepatic source of variant TTR 

and this therapeutic strategy has been widely accepted for the treatment of FAP patients: long-term observation 

of the transplanted patients has clearly shown that early liver transplantation can improve FAP patients’ survival 

and quality of life with histopathological regression of amyloid deposits in these patients. The prognosis of 

cardiac amyloidosis is generally poor. For patients with AL amyloidosis, the median survival is 4-6 months after 

the appearance of congestive heart failure, while that of patients with SSA is 5 years. Concerning organ 

dysfunction affected by amyloid deposition, soluble oligomers of amyloidogenic precursor proteins seem to 

produce the cytotoxic effects to the involved organs. Monoclonal immunoglobulin light chain is surmised to be 

more harmful to myocardium than amyloidogenic TTR molecule. Cardiac amyloidosis in SSA usually does not 

follow a rapidly progressive course and some patients with this disease have survived after heart 

transplantation. For the pathogenesis of TTR-related amyloidosis including variable hereditary forms it has been 

clearly shown that TTR tetramer dissociation, misfolding and misassembly are required for the process of 

amyloid fibril formation. Preferential stabilization of the native TTR tetramer over the dissociative transition state 

can be achieved by orally administered non-steroidal anti-inflammatory drugs (NSAIDs) and a clinical trial of this 

drug for the patients with ATTR-type familial amyloid polyneuropathy has been now ongoing. 
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ABSTRACT 

It has been widely accepted that liver transplantation can halt the clinical manifestations of transthyretin (TTR) 

related familial amyloidotic polyneuropathy (FAP). However, the therapy has given rise to several problems. As 

the essential therapy for FAP, several different approaches have been investigated as an essential therapy for 

FAP: (1) reduction of variant TTR levels in plasma, (2) down-regulation of variant TTR gene mRNA, (3) 

inhibition of amyloid deposition, (4) stabilization of the tetrameric TTR structure and (5) replacement of the 

variant TTR gene with the normal TTR gene. We introduce those research strategies and trials and discuss the 

possibility of the optimal treatment for FAP. 

 

INTRODUCTION 

Because patients with FAP show various serious systemic symptoms, many trials have attempted to treat them. 

Although liver transplantation has become a well-established treatment for halting the progression of FAP-

related clinical symptoms, no truly effective therapy has been designed, and several problems related to its use 

have arisen.  We cannot use liver transplantation for these patients as long-term therapy. To overcome all these 

problems, we must develop a new noninvasive effective treatment. 

  The following methods can be considered potential FAP treatment strategies (Table 1): (1) reduction of variant 

TTR levels in plasma; (2) down-regulation of the variant TTR gene mRNA; (3) inhibition of amyloid deposition; 

(4) stabilization of the tetrameric TTR structure; and (5) replacement of the variant TTR gene with the normal 

TTR gene (which can be achieved by liver transplantation or by gene therapy) (Figure 1).   

  Here, we describe new therapeutic approaches for FAP that our group has recently investigated.   

 

1. RETINAL LASER PHOTOCOAGULATION   

The occurrence of ocular complications increases with time, even after liver transplantation, which leads to a 

halt in the progression of systemic neurologic complications. We investigated a new strategy to prevent ocular 

involvements.  We used panretinal laser photocoagulation for 18 patinets, which damages the retinal pigment 

epithelium, the main location for synthesis of amyloidogenic transthyretin in ocular tissues, to treat 1 eye of each 

patient. After laser photocoagulation, we performed general ophthalmic examinations every 3 months for 3 

years.  Panretinal laser photocoagulation clearly prevented progression of amyloid deposition in the vitreous 

and on the retinal surface in both cases during 3 years of follow-up. No serious complications occurred.  
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Panretinal laser photocoagulation is a safe and well-known procedure that offers a new treatment option to 

mitigate ocular manifestations in FAP patients (1). 

 

2. ANTIBODY THERAPY AGAINST MISFOLDED TTR 

An anti-serum against β-strand H (a peptide TTR115-124, which constitutes the monomer-to-monomer 

interaction areas in the dimer, reacted only with ATTR in amyloid fibrils but not with normal plasma TTR (2).  

Those results suggested that there was an altered configuration of TTR within amyloid fibrils when compared 

with plasma TTR.  The antiserum to TTR115-124, which so far has turned out to be amyloid specific, may serve 

as a valuable probe and may be useful in antibody therapies. 

  We produced a polyclonal antibody for TTR115-124 and injected it to transgenic rats which develop amyloid 

deposition in the large intestine at 12 -18 months after the birth.  The antibody effectively prevented TTR 

deposition in the rats. 

 

3.  GENE SILENCING TOOLS 

Ribozymes, antisense methods and small interfering RNAs (siRNAs) are effective gene silencing tools.  

Ribozymes are based on catalytic RNA originally found in the protozoan tetrahymena and can cleave a targeted 

RNA sequence or reverse the mRNA to generate correct sequences. The antisense oligonucleotides were 

recognized as the therapeutic tool in the 1970s and cause enzymatic degradation of mRNA by activating 

ribonuclease H1.  RNA interference (RNAi) was first discovered in Caenorhabditis elegans as a phenomenon of 

sequence-specific post-transcriptional gene silencing. The inhibition of specific gene expression by RNAi has 

also been achieved in mammalian cells by passing the Dicer step and directly introducing synthesized small 

interfering RNAs (siRNAs). These technologies are expected to be a powerful tool for gene therapy. In fact, 

siRNA TTR supplied by Alnylam markedly reduced the TTR mRNA expression in ARPE-19 cells derived from 

retinal pigmental cells. Next, we injected rat and human TTR siRNA to the vitreous body of the transgenic rats 

which expressed mRNA TTR in the retina. Both type of siRNA suppressed rat and human variant TTR 

expression.   

  Propsting et al. reported specific cleavage of ATTR Val30Met mRNA in a cell culture system by using 

hammerhead ribozymes. They showed that chemically modified nuclease-stable Inosine(15.1)-Hammerhead 

ribozymes can target ATTR Val30Met mRNA with high specificity at the RNA level.  Tanaka et al. reported that 

another ribozyme targeting a variant TTR (E61K) degraded the variant mRNA but not the wild-type mRNA. 

These ribozymes also reduced the amounts of TTR mRNA and protein in HepG2 cells and COS-1 cells 

transfected with TTR-E61K cDNA. Benson et al. demonstrated suppression of hepatic TTR mRNA levels and 

serum TTR levels by as much as 80% in mice transgenic for the human Ile84Ser TTR mutant gene by antisense 

oligonucleotides. Kurosawa et al. reported that an siRNA selectively silenced the mutant Val30Met TTR allele in 

cells expressing both wild type and Val30Met alleles. This project is now in on going phase study.  Soon this 

therapy may become an essential therapy for FAP. 

  The strategy of using single-stranded oligonucleotides (SSOs) for gene therapy grew from studies that 

attempted to characterize and improve chimeraplasty.  SSOs containing three phosphorothioate bonds at the 3' 

and 5' termini were more effective than the chimeraplasts in gene repair assays conducted with cell-free 



XIIIth International Symposium on Amyloidosis 

310 

extracts and a yeast system. SSOs are significantly less expensive than chimeraplasts and far simpler to 

synthesize and purify, so they may be an invaluable resource for treating a variety of genetic diseases. 

To test the feasibility of gene therapy for FAP, via chimeraplasts and SSOs, that would halt production of variant 

TTR in the liver and retina, Nakamura et al. first applied chimeraplasts and SSOs to HepG2 cells secreting 

human wild-type TTR.  They then demonstrated gene conversion by SSOs in rabbit eye expressing rabbit wild-

type TTR and transgenic murine liver in which the intrinsic wild-type TTR gene was replaced by a TTR Val30Met 

gene.  We are performing the experiments to produce hepatocytes with no variant TTR gene combining iPS 

cells from FAP patients and this gene conversion method. 

 

 
 

Figure 1.  Amyloid formation mechanism in FAP and points of intervention for our treatments. Based on the 

pathogenesis of FAP, various therapeutic approaches can be considered as potential FAP treatment strategies 

 

4. UNIQUE COMPOUND SUPPRESSING TTR MISFOLDING 

TTR (transthyretin), a β-sheet-rich protein, is the precursor protein of familial amyloidotic polyneuropathy and 

senile systemic amyloidosis. Although it has been widely accepted that protein misfolding of the monomeric 

form of TTR is a rate-limiting step for amyloid formation, no effective therapy targeting this misfolding step is 

available. In the present study, we focused on CyDs (cyclodextrins), cyclic oligosaccharides composed of 
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glucose units, and reported the inhibitory effect of CyDs on TTR amyloid formation. Of various branched β-

CyDs, GUG-β-CyD [6-O-α-(4-O-α-D-glucuronyl)-D-glucosyl-β-CyD] showed potent inhibition of TTR amyloid 

formation. Far-UV CD spectra analysis showed that GUG-β-CyD reduced the conformational change of TTR in 

the process of amyloid formation. In addition, tryptophan fluorescence and 1H-NMR spectroscopy analyses 

indicated that GUG-β-CyD stabilized the TTR conformation via interaction with the hydrophobic amino acids of 

TTR, especially tryptophan. Moreover, GUG-β-CyD exerted its inhibitory effect by reducing TTR deposition in 

transgenic rats possessing a human variant TTR gene in vivo. Collectively, these results indicate that GUG-β-

CyD may inhibit TTR misfolding by stabilizing its conformation, which, in turn, suppresses TTR amyloid 

formation (3). 
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INTRODUCTION 

ATTR represents a relatively simple form of the systemic diseases known as amyloidoses. The simplicity is due 

to the fact that the disease is caused by single point mutations in a single gene, resulting in the ultimate 

deposition of TTR as amyloid fibrils. This is contrasted with AL amyloidosis, in which a vast variety of different 

light chain proteins are involved.  Further, circulating TTR is produced predominantly by a single organ, the liver, 

as opposed to AL in which plasma cells scattered throughout the bone marrow are responsible for production of 

the pathogenic light chain. Studies have shown that outcomes in AL are impacted by multiple factors, including 

specific genetic events in the clonal plasma cells themselves, further complicating the treatment and prognosis 

in AL. No such factors have been reported for outcomes in ATTR, in which the only genetic event is the 

mutation within the TTR gene itself. 

  The pathway to organ damage in ATTR is also relatively simple, with TTR produced in the liver, circulating in 

the plasma and ultimately depositing as amyloid fibrils in various end-organs (Figure 1). These steps in the 

pathogenesis of ATTR have provided logical targets for therapeutic intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Pathway of disease pathogenesis in ATTR. 
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TTR PRODUCTION 

The production of TTR by the liver is the first step in the pathway and the first to be exploited for therapeutic 

benefit. Since the liver is the predominant source of circulating TTR, it is logical that replacing the patient’s liver 

that is producing the variant TTR with one from a healthy donor can effectively remove the source of the 

amyloid precursor protein. The first liver transplant for ATTR was performed in Sweden in 1990, in a patient with 

the V30M mutation common in that country. [1]  Since the original report, over 1900 liver transplants have been 

performed worldwide according to the FAP World Transplant Registry. This approach would seem to be 

curative, since the source of the precursor protein is completely removed at the time of transplant. This principle 

is supported by long-term data that shows excellent outcomes for ATTR patients undergoing liver transplant, 

with 77% survival at 5 years post-transplant. [2]  More recent data from Sweden and Japan have shown a clear 

survival advantage for V30M patients undergoing liver transplant. [3, 4] 

  Despite the initial optimism, it has become clear that not all ATTR patients benefit from liver transplantation 

and in some cases they may actually fare worse after transplant. [5, 6] This appears to be particularly relevant 

for patients with mutations other than V30M and those that have evidence of cardiac involvement at the time of 

transplant. The demonstration that amyloid deposits contain increased amounts of wild-type TTR following 

transplant suggests that the donor liver continues to contribute to progressive amyloid deposition in some 

cases. 

  Newer approaches to attack TTR production have begun to be tested in early clinical trials, using gene-

silencing technology to block all TTR production by the liver. This approach has several advantages over liver 

transplant, including avoiding the significant morbidity and mortality related to the surgery itself. In addition, this 

approach blocks production of the wild-type TTR as well as the variant, which should avoid the formation of new 

amyloid deposits entirely.  Importantly, patients with senile systemic amyloidosis, who develop amyloid deposits 

from the wild-type protein alone, may benefit from this approach as well. The results of clinical trials of gene 

silencing in ATTR are eagerly awaited. 

 

CIRCULATION  

The second step in the pathway to ATTR is the circulation of TTR in the plasma as it travels from the site of 

production to the ultimate site of deposition as amyloid fibrils. Compelling data have emerged suggesting that 

the point mutations in the TTR gene result in instability of the TTR tetramer, which is the native circulating form 

of TTR in the plasma. [7]  This instability leads to increased dissociation of the tetramer to individual TTR 

monomers, which can undergo misfolding to amyloidogenic intermediates. This critical step in the pathogenesis 

of ATTR is a logical place to intervene. Several small molecules that bind to and stabilize the tetramer have 

been employed in clinical trials. 

  This approach has shown promise in a recent Phase III clinical trial in V30M patients with peripheral 

neuropathy. [8]A similar Phase III study of diflunisal is ongoing in patients with non-V30M mutations. These 

trials represent the first targeted therapeutic approach to any form of systemic amyloidosis. Additional studies to 

confirm the benefit of this approach in non-V30M patients and those with non-neurologic symptoms are needed. 
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DEPOSITION 

The final step in the pathogenesis of ATTR is the ultimate deposition of amyloid fibrils in various end-organs.  

This portion of the pathway is the most recent to be exploited in clinical studies. Doxycycline has been shown to 

disrupt TTR amyloid fibrils in mouse models of ATTR and is currently being investigated in conjunction with 

tauroursodeoxycholic acid, which shows synergistic activity on TTR amyloid deposits. [9, 10] 

  A more generalized approach to attacking systemic amyloidosis has been the depletion of serum amyloid P 

(SAP) component from existing deposits. While depletion of circulating SAP did not appear to have a significant 

clinical effect, it appears that the subsequent delivery of an anti-SAP antibody may be helpful in clearing existing 

deposits. [11] This approach has the advantage of being applicable to all forms of amyloidosis, as SAP is a 

ubiquitous component of all amyloid deposits. 

 

FUTURE THERAPIES 

This is an exciting time for in the treatment of ATTR, with new therapies attacking different steps of the amyloid 

formation pathway being tested in clinical trials at multiple centers. One area which is currently not being 

adequately addressed is the link between amyloid fibril deposition and cell toxicity. Many groups are working to 

unravel the link between organ damage and amyloid deposition, but thus far the exact nature of the toxic 

process has remained elusive. Uncoupling the process of amyloid formation and organ damage has far-

reaching potential for the treatment of patients with these devastating diseases. 

  With the growing number of therapies emerging in the treatment of ATTR, it seems likely that patients will 

benefit from some or all of these approaches. The current paradigm of treatment for ATTR with liver transplant 

as the only option is likely to change significantly in the years to come. While some patients may still benefit 

from liver transplant, a combination of approaches will likely be needed in most cases. By blocking multiple 

steps in the pathogenesis of ATTR, we are likely to see improved outcomes for all patients. Much like AIDS was 

once considered incurable, we may be able to achieve long-lasting benefit from employing multiple therapies 

over the course of the patient’s life. 
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Transthyretin (TTR) amyloidosis (ATTR) is a rare, systemic condition with two main forms: hereditary 

(associated with >100 identified genetic mutations) and wild-type (WT) (associated with advanced age). ATTR 

patients  present with polyneuropathic, cardiac (cardiomyopathy or conduction disturbances), or mixed 

phenotypes, which can vary by genotype and geographic region. This analysis describes baseline demographic 

and disease characteristics of subjects in the Transthyretin Amyloidosis Outcomes Survey (THAOS), a global, 

multicenter, longitudinal, observational survey, as of September 1, 2011. Data are available for 975 subjects, 

including 688 symptomatic patients with WT (n=77) or variant (n=611) ATTR, and 274 asymptomatic carriers. 

Nineteen countries of origin and 43 TTR mutations are represented. ATTR phenotypes differed according to 

mutation. Quality of life for symptomatic patients with hereditary ATTR was comparable to or worse than that of 

age-matched patients with other serious diseases. THAOS demonstrates the value of an international registry to 

better understand presentations of ATTR. 

 

INTRODUCTION 

Transthyretin (TTR) amyloidosis (ATTR) is a rare, systemic condition with two main forms: hereditary and wild-

type (WT) (1,2). ATTR is an autosomal dominant disease in which single site mutations in the TTR gene 

destabilize the native tetrameric structure of TTR, resulting in tetramer dissociation and extracellular deposition 

of insoluble protein fibrils primarily in nerves and heart. Patients with ATTR present with polyneuropathic, 

cardiac, or mixed phenotypes, which can vary by genotype and geographic region. Val30Met (p.Val50Met) is 

the most common TTR gene mutation associated with a predominantly polyneuropathic phenotype and is 

endemic in Portugal, Sweden, and Japan. Polyneuropathic ATTR most commonly presents in the third to sixth 

decade of life as a progressive sensory-motor neuropathy with autonomic manifestations. While penetrance is 

variable, the disease is fatal within 10–13 years of symptom onset. 

  Established in 2007, the Transthyretin Amyloidosis Outcomes Survey (THAOS) is a global, multicenter, 

longitudinal, observational survey that collects data on the natural history of ATTR and aims to document the 

efficacy and safety of treatment modalities. 
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METHODS 

The present analysis describes baseline demographic and disease characteristics, as well as quality of life 

(QOL), of subjects in the THAOS registry as of September 1, 2011 (ClinicalTrials.gov: NCT00628745). 

Symptomatic individuals with confirmed WT or variant ATTR, and asymptomatic carriers of variant TTR, are 

eligible for enrollment. Data obtained during clinical evaluations are entered into the THAOS registry using a 

secure, interactive, Web-based system. Patient information collected includes cardiac and neurologic findings, 

renal function assessments, QOL assessments, hospitalizations, medications, and transplant history. 

Standardized methods as endorsed by national or international societies are recommended for all data 

collection assessments. There are currently 46 active sites in 19 countries represented in THAOS. 

 

RESULTS 

At the time of this analysis, data were available for 975 subjects, including 688 symptomatic patients with either 

WT (77 patients) or variant (611 patients) ATTR; there were 274 asymptomatic carriers of variant ATTR. Most 

patients enrolled in THAOS reside in Portugal (n=453), the United States (n=138), Japan (n=68), Italy (n=73), 

and Brazil (n=65). In total, 40 TTR mutations were detected across the THAOS population. Although patients 

with some TTR mutations presented with predominantly neuropathic (e.g., Val30Met) or predominantly cardiac 

(e.g., Val122Ile) symptoms, all TTR mutations were associated with multisystem involvement (Table 1). 

Val30Met was the most common TTR mutation reported in THAOS (n=649). The majority of symptomatic and 

asymptomatic Val30Met patients (67.6%, n=439) were from Portugal.  

 

Table 1.  Frequency of symptoms reported by genotype at time of enrollment in THAOS 

TTR Genotype  

Motor 
Neuropathy  

(%) 

Sensory 
Neuropathy  

(%) 

Gastro-
Intestinal  

(%) 

Autonomic 
Neuropathy  

(%) 

 
Cardiac  

(%) 

 
Other  

(%) 
Val30Met (N=437)  35.9 90.8 73.7 56.8 33.6 43 
Val122ILe (N=32)  15.6 56.3 21.9 25 96.9 50 
Leu111Met (N=10)  0 10 10 10 70 50 
Glu89Gln (N=13)  30.8 84.6 46.2 30.8 53.8 46.2 
ILe68Leu (N=10)  40 70 20 30 80 50 
Phe64Leu (N=12)  41.7 91.7 41.7 25 33.3 16.7 
Ser77Tyr (N=13)  46.2 100 75.9 38.5 53.8 76.9 
Thr60Ala (N=12)  33.3 83.3 41.7 50 83.3 58.3 
Wild-Type (N=77)  14.3 32.5 11.7 23.4 94.8 31.2 

 

For all symptomatic patients with TTR mutations, the median age of symptom onset was 39.0 years (range, 

25.9–64.5 years); the median duration of ATTR-related symptoms was 3.99 years (range, 0.80–12.08 years). 

For the large Val30Met subgroup, the median age of onset and the duration of ATTR-related symptoms were 

33.9 years (range, 25.2–59.8 years) and 3.96 years (range, 0.78–12.83 years), respectively. By contrast, the 

median age of symptom onset for non-Val30Met patients with TTR mutations was much older—54.5 years of 

age (range, 36.5–71.9 years) and the duration of symptoms was 4.19 years (range, 0.90–10.96 years). 

Symptom profiles in Val30Met patients varied according to whether age of onset was early (<50 years) or late 

(≥50 years of age) and according to country of birth. 

  Symptomatic patients with a TTR mutation reported significantly worse QOL (EQ-5D assessments) compared 

to the general US population (Table 2; P ≤ 0.0002) (3). QOL tended to decline with age (data not shown here).  
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The QOL of WT symptomatic patients, all of whom were ≥50 years of age, did not differ from that of the general 

US population in those age ranges (data not shown). EQ-5D scores seen in symptomatic ATTR patients with 

TTR mutations were comparable to, or lower than, EQ-5D scores in patients with other serious diseases (Table 

2) (3). 

 

Table 2.  Comparison of EQ-5D index scores reported in other diseasesa 

Disease  Age (years)  EQ-5D Index Score  
THAOS symptomatic patients with TTR 
mutations in comparative age group (N=77) 50–64b 0.61 
Diabetes (N=2,854) 60 0.758 
Stroke (N=995)  67 0.694 
Emphysema (N=597) 66 0.680 
Breast cancer (N=236) 64 0.810 
Rheumatoid arthritis (N=235) 59 0.661 
General US population (N=8,375) 50–64b 0.84 

aNon-THAOS data from Sullivan et al. (3) 
bAge range of population studied, years. 
 

CONCLUSION 

The symptomatic ATTR patient population in THAOS presented with multisystem involvement regardless of the 

underlying TTR mutation. The most common TTR mutation observed in THAOS was Val30Met, and nearly two-

thirds of these patients resided in Portugal. Val30Met patients tended to show phenotypic differences in ATTR-

related symptoms according to age of onset and endemic region. Symptomatic patients with hereditary ATTR 

displayed a worse QOL than age-matched populations of healthy subjects. QOL was comparable to or worse 

than that of patients with other serious diseases. THAOS demonstrates the value of an international registry to 

better understand the diverse presentations of ATTR.  
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ABSTRACT 

Transthyretin-related familial amyloidotic polyneuropathy (TTR-FAP) is a systemic amyloidosis caused by 

mutations in the transthyretin gene. The first identified cause of FAP—the TTR Val30Met mutation—is still the 

most common of more than 100 amyloidogenic point mutations identified worldwide and it is transmitted as an 

autosomal dominant trait. The penetrance and age at onset of FAP among people carrying the same mutation 

vary between countries. 

  We evaluate the clinical, pathological and genetic features in patients of the Galician community with the 

progressive type of FAP. Probands suffered sensorial defects in the limbs. Electrophysiology, cardiac 

examinations, sural nerve biopsies and a post-mortem study were realized. Exon 2 of TTR gene was 

sequenced. Sural biopies showed variable loss of nerve fibers. Congo red and thioflavin T affinity confirmed 

endoneural and vascular amyloid deposits, positive for TTR. Ultrastructural examination demonstrated amyloid 

fibrils Postmortem studies revealed multi-organ involvement. 

 

INTRODUCTION 

Transthyretin-related familial amyloidotic polyneuropathy (FAP) is a fatal inherited autosomal dominant disease 

resulting from mutations in the transthyretin (TTR) gene.   

  This condition is characterized by systemic extracellular deposition of TTR amyloid fibrils, which originate from 

mutated transthyretin (mTTR). TTR amyloid  preferentially accumulates in peripheral nerves, autonomic nervous 

system tissues, heart, kidneys, eyes, and gastrointestinal tract. Originally described by C. Andrade in Portugal, 

FAP was subsequently identified throughout the world. In Spain, several clusters of patients have been 

identified especially in Baleares, Huelva, Catalonia and Galicia.  

  Our objective was to evaluate the clinical, pathological and genetic features in patients of the gallician 

community with the progressive type of FAP. 

 

METHODS 

Probands were 15 adults from 34 to 70 years presenting with discomfort, numbness, painful disestesias and 

other sensorial defects in distal limbs. Exhaustive clinical, biochemical, electrophysiological and cardiac 

examinations were performed. Sural nerve biopsies were obtained and amyloid deposits were characterized by 
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their Congo red affinity, birefringence under polarized light and immunofluorescense analysis with thioflavin T. 

Immunohistochemical analyses included polyclonal antibodies against lambda and kappa light chains, amyloid 

A, substance P and transthyretin (TTR). Post-mortem studies were realized in one patient. Genealogic trees 

were elaborated and exon 2 of TTR gene was sequenced in probands and relatives who asked for 

presymptomatic molecular diagnosis.  

 

 

Figure 1. Endoneurial distribution of amyloid  in sural nerve samples. a: Subperineurialand endoneural amyloid 

deposits were common. b: Note amyloid deposits surrounding endoneurial blood vessels and invading the 

vessel walls. c: Immunohistochemical studies detected TTR in the amyloid deposits. d: Electron micrograph 

showing amyloid fibrils surrounding myelinated and unmyelinated nerve fibers. 

 

RESULTS 

Significant variability of age at onset and clinical severity was observed. Pain, paresthesias and numbness of 

hands and feet with distal to proximal progression were the most common initial complaints. Patients in more 

advanced stages of the disease had walking difficulty or weakness. Autonomic manifestations included 

diarrhoea, constipation and orthostatic hypotension. Extra-neurological manifestations included weight loss and 

plantar ulcers in long-term cases. Most patients reported familial history of wheelchair-bound members. Sural 

nerve biopsies of all patients revealed eosinophilic amorphous deposits (Fig.1a-b), positive for Congo Red, 

thioflavin T, substance P and TTR (Fig.1c). Amyloid was characteristically found in the subperineurial space, 
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endoneurium, around blood vessels or within the vessel walls, causing occlusion of the lumen in severely 

affected patients. Nerve fibre density was markedly reduced and in advanced cases myelinated axons had 

almost disappeared. Endoneurial blood vessels were frequently surrounded and invaded by amyloid. 

Ultrastructural examination demonstrated straight non-ramified amyloid fibrils of 7-10 nm (Fig.1d). Systemic 

amyloid deposition was demonstrated by post-mortem examination in one case. Genetic analysis revealed an 

amino acid substitution of Val 30 for Met in exon 2 of TTR gene in probands and several relatives.  

 

 
 

Figure 2.  Genealogic trees demonstrated positive familial history and autossomal dominant transmission in 

most of the cases. 

 

DISCUSSION  

14 families were diagnosed, with variable age at onset and illness duration. Ninety per cent of patients referred 

familial history. Cardiac and autonomic involvement was detected in some patients. Our results are consistent 

with the Portuguese form of FAP first reported by C. Andrade in 1952.  

In conclusion: 

� TTR-FAP has a high prevalence in the Galician community, probably due to its geographic vicinity to 

Portugal, as all of the patients harbour the Val30Met mutation. 

� FAP must be considered in all patients with distal painful sensory-motor polyneuropathy of unclear 

cause.  

� This rare dominantly inherited disorder can present as an isolated and nonfamilial form, particularly in 

late-onset cases.  

� Sural nerve biopsy provides definite diagnosis in order to elaborate a treatment plan and assure a 

better prognosis and hope for extended life, improving organ function.  

� Minute deposits can be difficult to identify as amyloid, so biopsy specimens must be carefully studied 

by a pathologist familiar with nerve pathology. Serial sections of the whole specimen are advisable if 

deposits are not found in preliminary sections.  

� Molecular analysis should be offered to symptomatic and asymptomatic members of the families to 

get a conclusive diagnosis and to perform an adequate genetic counselling.  
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Studies on familial dynamics, attachment and psychopathology in Familial Amyloidotic Polyneuropathy (FAP) 

are few. In 31 FAP patients and a control group (n=30) were applied: socio-demographic and familial description 

questionnaire, Adult Attachment Scale (AAS) and Brief Symptoms Inventory (BSI). Most of patients were 

females, married, had one child, were retired and 35,5% had lost one of parents at childhood/adolescence. 

Patients mean age was 42,4y (control group 36,8y). Statistically significant differences were found between 

groups for AAS dimensions (Closeness and Dependence, p<0,001). Female patients presented higher Anxiety 

(p<0,001). Also were found statistically significant differences between groups for all BSI dimensions (p<0,05) 

(except for Paranoid Ideation). Female patients had higher values for Depression, Anxiety and Obsessive-

Compulsive dimensions (p<0,05). These imply that FAP patients are a special group with particular familial 

characteristics, with difficulties in attachment that may be responsible for psychopathology patterns. Females 

represent the more problematic group. 

 

INTRODUCTION 

Studies on familial dynamics and attachment in Familial Amyloidotic Polyneuropathy (FAP) patients are few. 

There isn’t much information about psychopathology in these patients. 

  For a long time, patients with FAP lived with a disease that had no treatment, had to face a chronic and 

catastrophic evolution that most of them knew very well, since they had experienced it in other members of their 

families (parents, siblings and even other members of their communities). FAP has a great impact on mental 

and relational patients life (psychosocial and familial)1,2. 

  The hereditary characteristics with variable adulthood age of onset and the variable symptomatic expression 

provokes uncertainty and anxiety; chronic and devastating evolution full of repulsive aspects of the body may 

decrease self esteem, evoke feelings of rejection, loneliness and depression. These patients live with a disease 

that imposes a strong psychological burden to them and their families3. Liver transplantation and most recently a 

new specific medication (tafamidis) have brought some hope for these patients but also a new source of anxiety 

(to be or not to be included, whether for transplantation or for medication)4. 
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It is known that chronic diseases cause an important impact in families. In the area of other genetic late onset 

diseases a few studies have made relevant how these families may be more problematic (cohesion, emotions 

expression) and attachment issues have been also addressed5,6. 

  Studies on families with FAP, concerning the psychosocial impact of disease on family structure are relevant to 

develop therapeutic strategies that may fit these population problems. 

  With this study we wanted to know if families with FAP do organize in a different way of families with no such 

problems, and if their members have particular attachment patterns and psychopathology? 

 

METHODOLOGY 

This is a preliminary, transversal and quantitative study. The sample was composed by two groups, one with 

patients consecutive attending consultation in Familial Amyloidotic Unit, Centro Hospitalar do Porto (n=31), and 

the other, control group (n=30), with subjects without known genetic or chronic disease. All of participants were 

more than 21 and less than 66 years old. 

  The following instruments were used: Socio Demographic Questionnaire, Familial Description Questionnaire, 

Adult Attachment Scale (AAS) and Brief Symptom Inventory (BSI). 

  AAS has 18 items for evaluation of 3 dimensions: Closeness (comfort in making relationships), Dependence 

(feelings of depending on others) and Anxiety (concerns about being abandoned or rejected by others)7. BSI 

has 53 items that evaluate 9 psychopathological dimensions (Somatization, Obsessive/Compulsive, 

Interpersonal Sensivity, Depression, Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation and Psychoticism) and 

3 global indexes (Global Severity Index, Positive Symptom Distress Index and Positive Symptom Total)8: In this 

study, besides the nine dimensions, we only consider the Global Severity Index which helps to measure the 

overall psychological distress level. 

  For statistical analysis was used the Student t test for independent samples. When was not verified the 

assumption of normality, was used the Mann-Whitney test. All analysis were performed using the SPSS version 

17.0 and was considered the significance level p=0,05. 

 

RESULTS 

Most patients were waiting for liver transplantation (64,5%); 25,8% were in advanced stage and 9,7% have 

been transplanted; 64,5% were female and 67,7% were married (50% in the control group). Mean age of 

patients was 42,4y (SD=10,0) and 36,8y (SD=11,7) in control group. Most of patients had 1 child (44,8%) or 

none (24,1%); in control group, 56,7% had no children and 16,7% had one child. Most of patients had less than 

9 years of school level and most of control group had more than 12 years of school level. Most of patients 

belonged to the working class and had no professional qualifications. 61,3% are retired and 89,5% of these, 

because of FAP. Only 3,6% are retired in the control group. 

  Results from Familial Description Questionnaire: the sick parent was in 58,6% the mother and all sick parents 

were deceased; parents age of beginning of sickness was 39,8 yrs (SD=10,8 yrs, Min=28 yrs, Max= 61 yrs) and 

the mean age of patients at that  time was 13,3 yrs (SD=9,5 yrs, Min=1 yr, Max=30 yrs). At date of decease, the 

mean age of parents was 51,7 yrs (SD=11,4 yrs, Min=32 yrs, Max=77 yrs) and the mean age of patients was 

23,7 yrs (SD=10,5 yrs, Min=5 yrs , Max=46 yrs). 

  Most of patients (80%) referred they had no separations or significant life changes after sick parents death. 
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  Results from AAS: were found statistically significant differences between the two groups for dimensions 

Closeness and Dependence (p<0,001). Considering only the FAP group, were verified that women presented a 

higher score in Anxiety (p<0,001) and that there were no differences regarding the marital status (p>0,05 in all 

dimensions) or loss of progenitor in childhood/adolescence (p>0,05 in all dimensions).  

  Results from BSI: were found statistically significant differences between the two groups for all BSI dimensions 

(p<0,05) (except for Paranoid Ideation). FAP group had a higher median score for all BSI dimensions and, 

considering the results of this group regarding the gender, were verified that women had higher values and 

presented statistically significant differences for Obsessive-Compulsive (p=0,031), Depression (p=0,033), 

Phobic Anxiety (p=0,044) and Paranoid Ideation (p=0,041) dimensions. 

 

DISCUSSION AND CONCLUSIONS  

Patients had higher scores in almost all psychopathologic indexes than control group, which could define FAP 

patients as a vulnerable group with higher risks for emotional/psychiatric breakdowns. Depression and anxiety 

were the most common problems in these patients. Patients had also more difficulties with adult attachment. 

This means that FAP patients may be more vulnerable to problems of depending on others and closeness. This 

may have as consequence difficulties in adult relationships and intimacy.  

  When we considered the variable gender, we found that women with FAP are at higher risk for several 

psychopathological problems namely depression and anxiety. 

  In patients there were a very high percentage of sick or deceased parents during childhood and/or 

adolescence. Although we empirically know that those events may provoke significant life changes, in this 

sample such did not occur. Also no changes were found whether in psychopathology or attachment issues, 

related to these variables which according to literature of other domains, could be expected. 

    The study limitations namely the sample size and the fact that only few of studied patients had significant life 

changes after sick parent’s sickness or death could explain that such implications were not relevant.  

Emotional and psychopathological problems are common and relevant, so these patients should have available 

psychosocial support in multidisciplinary teams. 

  This is a preliminary study and although these results may be limited they represent certainly the need to 

obtain more rigorous knowledge about psychopathology, emotional problems and familial issues in FAP 

patients. 
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ABSTRACT 

Little is known about the prevalence of cardiac arrhythmias in patients with ATTR cardiac amyloidosis. 

Furthermore, there is little known about the prognostic importance of ventricular arrhythmias in this population. 

We sought to characterize cardiac arrhythmias in ATTR cardiac amyloidosis patients. We analyzed 24 hour 

Holter data from 34 patients with ATTR cardiac amyloidosis in order to determine the prevalence of arrhythmias 

in this population. Sixteen patients (45.7%) were taking a beta-blocker, eight (22.9%) were taking amiodarone, 

and two (5.7%) were taking another anti-arrhythmic medication. Non-sustained ventricular tachycardia (NSVT) 

was present in 20 patients (58.8%). No patients had sustained ventricular tachycardia. There was no difference 

in overall survival between those with and without NSVT on the 24 hour Holter monitor. In this sample, 

malignant ventricular arrhythmias were present in the majority of patients with ATTR cardiac amyloidosis, 

though the presence of NSVT on Holter monitor did not confer a worse survival. 

 

INTRODUCTION 

Survival in the amyloidoses is dependent upon the extent of cardiac involvement. Moreover, cardiac 

complications are major predictors of morbidity and mortality in patients with ATTR amyloidosis following 

orthotopic liver transplant (OLT).1 Most studies identifying prognostic markers in cardiac amyloid have either 

focused solely on patients with AL amyloid or have included only a minority of patients with ATTR; much less is 

known about predictors of survival in the latter population. 

  Non-sustained ventricular tachycardia (NSVT) is prognostically important in several types of cardiomyopathies. 

In AL amyloid, the presence of ventricular arrhythmias on 24 hour ambulatory Holter monitoring was an 

independent predictor of survival2 and may be a predictor of sudden death.3 Relatively little is known about 

ventricular tachyarrhythmias in the ATTR population. The aim of the current study is to characterize the 

prevalence and significance of ventricular arrhythmias during 24 hour ambulatory Holter monitoring in patients 

with ATTR cardiac amyloidosis. 

 

METHODS 

The data analyzed were collected as part of NCT00694161, an open label, multicenter, single-treatment study 

examining the efficacy and safety of Tafamadis in patients with ATTR amyloid cardiomyopathy. Subjects were 
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eligible if they were age forty or older and had ATTR amyloid cardiomyopathy, either due to V122I mutation or 

wtATTR. After obtaining informed consent according to the institutional review board of participating centers, 

baseline data were obtained from 34 patients. All subjects underwent 24 hour ambulatory Holter monitoring. The 

primary end-point for the present analysis was all cause mortality. Baseline demographic, clinical, and 

echocardiographic data were compared for those with and those without non-sustained ventricular tachycardia 

using the Fisher exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. 

Time-to-event analysis was conducted by Kaplan-Meier estimate curves for the presence or absence of NSVT 

on 24-hour Holter monitor. A p-value < 0.05 was considered significant. 

 

RESULTS 

Thirty-four patients were enrolled. Table 1 details the demographic information of patients divided into those 

with and without NSVT. There were no significant differences between the population of patients with NSVT and 

that without NSVT. NSVT (<30 beats) was observed in 58.8% of the study population.  

 

Table 1.  Patient Demographics 
 All (N=34) With NSVT (N=20) Without NSVT(N=13)* 
Gender (% Female) 8.8 15.0 0 
Age (years) 76±4.6 75±4.4 76±5.1 
LVEF (%) 46+14 46+16 46.5+11 
Wild Type (%) 88.2 85.0 92.3 
NYHA class (%)    
          I 11.8 20.0 0 
          II 82.4 75.0 92.3 
          III 5.9 5.0 7.7 
          IV 0 0 0 
Anti-arrhythmics (%):    
          Beta-blocker 44.1 40.0 46.1 
          Amiodarone 35.3 25.0 46.1 
          Other  8.8 10.0 7.7 
IV Septal Thickness (mm) 20.8+3.6 21.2+3.8 20.4+3.5 
NT pro-BNP (pg/ml) 4950±4159 3758±2493 6914±5691 
Troponin I (ng/ml) 0.14±0.08 0.14±0.07 0.14±0.10 
Troponin T (ng/ml 0.05±0.04 0.05±0.03 0.05±0.04 
Defibrillator (%) 20.6 10.0 30.8 
Permanent Pacemaker (%) 38.2 30.0 46.1 
*All p-values comparing values for patients with NSVT and without NSVT > 0.05 
 

  Six patients met the primary end-point of death from any cause. The presence of NSVT did not correlate with 

mortality (Figure 1). 
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Figure 1.  Kaplan-Meier survival estimates stratified by presence or absence of NSVT on baseline Holter 

 

DISCUSSION 

Ventricular arrhythmias are common in this patient population with more than 50% of patients exhibiting NSVT 

on Holter monitor. The prognostic value of NSVT has been examined in numerous populations of 

cardiomyopathy patients, including those with ischemic and hypertrophic cardiomyopathies. However, unlike in 

these populations of patients, NSVT did not confer a worse prognosis in our cohort of patients with ATTR 

cardiac amyloidosis. 
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Transthyretin amyloidosis (ATTR) is a rare hereditary disorder presenting primarily as polyneuropathy and 

cardiomyopathy. A relationship between age at symptom onset and development of cardiomyopathy has been 

suggested. In symptomatic ATTR patients enrolled in THAOS (Transthyretin Amyloid Outcomes Survey), the 

association of echocardiographic measures of left ventricular (LV) wall thickness with age of symptom onset, 

gender, mutation, blood pressure, and liver transplant history was evaluated. In ATTR, cardiac manifestations 

are more pronounced in patients with late symptom onset. Late symptom onset (≥50 years) was also associated 

with greater LV wall thickness than early onset (<50 years, P<0.01) in both V30M and non-V30M patients. Age 

at echocardiographic measurement is independent of gender as a predictor of cardiac involvement in ATTR (as 

determined by LV wall thickness) across TTR mutations. Thus, more severe cardiac manifestations in ATTR are 

more pronounced in patients with late symptom onset regardless of the specific mutation(s) studied. 

 

BACKGROUND AND OBJECTIVES 

Transthyretin (TTR) amyloidosis (ATTR) is an autosomal dominant or acquired disorder in which the native 

tetrameric structure of TTR is destabilized, resulting in extracellular deposition of insoluble protein fibrils 

primarily in nerves and the heart (1). ATTR has been associated with wild-type (WT) TTR and more than 100 

identified TTR mutations that promote the misfolding and aggregation of TTR into amyloid. ATTR is 

phenotypically heterogeneous; presenting symptoms include polyneuropathy and/or cardiomyopathy (2,3). 

Cardiac symptoms are more pronounced in some genotypes (e.g., Val122Ile, Leu111Met, Thr60Ala, Ile68Leu, 

and WT TTR) than in others (e.g., Val30Met). A relationship between age at symptom onset, gender, and 

development of cardiac manifestations (e.g., interventricular septum thickness) has been suggested (4). This 

analysis utilizes data from symptomatic patients enrolled in the Transthyretin Amyloidosis Outcomes Survey 

(THAOS) to evaluate variables associated with cardiac involvement in ATTR.  

 

METHODS 

THAOS is a global, multicenter, longitudinal, observational survey that collects data on the natural history of 

ATTR. The association of left ventricular (LV) wall thickness with gender, age at symptom onset, and age at 
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echocardiographic testing was assessed in the THAOS population. The Wilcoxon rank-sum test was used to 

compare mean differences in LV wall thickness between 2 genotype subgroups. Multivariate regression analysis 

was conducted using LV wall thickness divided by height as the dependent variable and using gender and age 

at echocardiographic testing as independent variables. 

 

RESULTS 

Patients from the THAOS population included in this study represented 28 TTR variants (Table 1). 

 

Table 1.  Baseline Characteristics: Symptomatic THAOS Patients with LV Wall Thickness Measures 

Characteristic  Symptomatic THAOS Population (N=227)  
Age at symptom onset, years  
 Mean ± SD 
 Median 
 Range  

 
53 ± 18 

55 
18–87 

Age at echocardiography, years  
 Mean ± SD 
 Median 
 Range  

 
58 ± 17 

61 
26–89 

Gender, n (%)  
 Male 
 Female  

 
169 (74.4) 
58 (25.6) 

Ethnicity, n (%) 
 Caucasian 
 Asian 
 African descent  
 Latino 
 Other 
 Missing 

 
165 (72.7) 
27 (11.9) 
22 (9.7) 
7 (3.1) 
4 (1.8) 
2 (0.9) 

TTR genotype, n (%) 
 Ala97Ser 
 Glu89Gln 
 His88Arg 
 Ile107Val 
 Ile68Leu 
 Leu111Met 
 Phe64Leu 
 Ser50Arg 
 Ser77Tyr 
 Thr49Ala 
 Thr59Lys 
 Thr60Ala 
 Val122Ile 
 Val20Ile 
 Val30Met 
 Wild-type 
 Other 

 
2 (0.9) 
7 (3.1) 
2 (0.9) 
4 (1.8) 
4 (1.8) 
5 (2.2) 
3 (1.3) 
3 (1.3) 
4 (1.8) 
2 (0.9) 
2 (0.9) 
5 (2.2) 
21 (9.3) 
3 (1.3) 

86 (37.9) 
51 (22.5) 
23 (10.1) 

 

  LV wall thickness was significantly greater in men (P<0.0001), in patients with later symptom onset (≥50 years, 

P<0.0001) and in those ≥50 years of age at the time of measurement (P<0.0001) across all mutation groups. LV 

wall thickness was significantly greater in patients with cardiac TTR mutations (Val122Ile, Leu111Met, Thr60Ala, 

and Ile68Leu) and in WT patients, compared with those with the V30M mutation (P<0.0001 for both measures). 

There was no difference between the WT and cardiac mutation groups. Age at symptom onset coincided with 
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age at echocardiographic testing for the 3 subgroups (Figure 1A). LV wall thickness increased with age at 

measurement across subgroups (Figure 1B). 

 

 

Figure 1.  Age and Genotype. (A) Age at Symptom Onset and Age at Echocardiographic Testing by Genotype. 

(B) LV Wall Thickness by Age at Echocardiographic Testing and Genotype. 

 

  While both gender and age at echocardiographic testing were independent predictors of LV wall thickness in 

symptomatic patients, only age at echocardiographic testing was a significant predictor of LV wall thickness in 

patients with cardiac TTR mutations and patients with V30M mutations.  

 

CONCLUSION 

In ATTR, cardiac manifestations were more pronounced in patients with late symptom onset and in older 

patients. Furthermore, age (at echocardiographic testing) was an independent determinant of severity of cardiac 

involvement as determined by LV wall thickness. 
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ABSTRACT 

Severe restrictive cardiomyopathy is not commonly observed in Portuguese patients with familial amyloid 

polyneuropathy caused by Val30Met mutation (FAP ATTRV30M). We report a case of a 47-years-old man who 

presented with congestive heart failure along with minimal neuropathic symptoms as the first clinical 

manifestation of FAP ATTRV30M.  

 

INTRODUCTION 

Familial amyloid polyneuropathies are a group of multisystemic hereditary diseases most commonly caused by 

mutations in transthyretin. The Val30Met mutation (FAP ATTRV30M) is particularly common in Portugal and it is 

clinically characterized by a length-dependent polyneuropathy with autonomic dysfunction. Heart involvement is 

frequent in Portuguese patients; conduction disturbances represent the most common cardiac manifestations in 

FAP ATTRV30M patients (1). Among the cardiac manifestations, cardiomyopathy is uncommon in Portuguese 

patients. We report a patient with TTR Val30Met mutation in whom the clinical presentation was a severe 

restrictive cardiomyopathy. 

 

METHODS 

Case report and literature review. 

 

RESULTS 

A 47-years-old man, with diabetes and no known family history of cardiac or neurological disease, presented 

with one year of fatigue, exertional dyspnea, periorbital and lower limbs edema; on admission he had a heart 

failure class III on NYHA classification. He also reported erectile dysfunction, minor feet paresthesias, and more 

recently, reduced left visual acuity. Neurological signs including orthostatic hypotension were absent; there was 

no macroglossia. Echocardiography and cardiac magnetic ressonance imaging revealed an infiltrative 

cardiomyopathy suggestive of amyloidosis. Endomyocardial biopsy was therefore performed, showing no 
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staining with Congo red; salivary gland biopsy was also negative. Electromyography revealed bilateral carpal 

tunnel syndrome. Serum and urine immunofixation electrophoresis were negative; other causes of restrictive 

cardiomyopathy like sarcoidosis and hemochromatosis were excluded. DNA analysis of the TTR gene was 

performed and a Val30Met mutation was detected. After the genetic diagnosis, left eye vitrectomy was 

performed, with detection of amyloid in the vitreous.  

 

DISCUSSION 

The patient presented with a severe restrictive cardiomyopathy, associated with minor sensory and autonomic 

symptoms, raising the suspicion of AL amyloidosis, which was not confirmed either by biopsy or 

immunoelectrophoresis. Although it was not possible to detect amyloid on the examined tissues, TTR 

amyloidosis was suspected and unpredictably a Val30Met mutation was found (2). Heart failure due to 

restrictive cardiomyopathy is an atypical clinical presentation of FAP ATTRV30M. Our case report also 

highlights the need to consider FAP in the differential diagnosis of cardiac amyloidosis. 
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ABSTRACT 

The detection and prognosis of nephropathy in ATTR V30M depends on albuminuria and renal function. Urinary 

levels of alpha-1 microglobulin (A1M) and beta-2 microglobulin (B2M) reflect tubular dysfunction, urinary alpha-2 

macroglobulin (A2M) implies glomerular damage. Measurements in 30 patients and 11 asymptomatic carriers: 

urinary A1M, B2M, A2M, albumin and creatinine; serum creatinine and cystatin C. Patients: 49.4±12.6 years; 

pathological urinary A1M was detected in 17, A2M in 5; 5 had albuminuria (mg/g creatinine) 30-300 and in 20 

>300. Asymptomatic: 41.4±15 years; urinary A1M in 1, no A2M, albuminuria >30 in 1. The excretion rates of 

A1M and B2M were positively correlated with albuminuria (P<0.001), serum creatinine (P<0.05) and cystatin C 

(P<0.001). Urinary A2M was almost exclusively found in the presence of albuminuria, although their levels do 

not correlate. Urinary biomarkers emerge as a potential approach to detect renal disease. Unexpectedly, urinary 

A2M was not a marker of severity of albuminuria. 

 

INTRODUCTION 

The amyloidoses associated with transthyretin (ATTR) are autosomal-dominant diseases due to at least 100 

different transthyretin (TTR) mutations, being the single amino-acid substitution of methionine for valine at 

position 30 the most common. Although this disorder was initially thought to follow a benign course concerning 

the kidney, it was recognized that progression to end-stage renal disease (ESRD) occurs in up to 10 percent of 

patients in the pre-transplant era. The detection and prognosis of ATTR nephropathy depend on the presence of 

albuminuria and/or an elevated serum creatinine concentration. Both are correlated with heavy amyloid 

deposition in the glomeruli, arterioles, and medium vessels, but not with deposition in medullary tissues (1).  

Ideally, we should have early markers of nephropathy in initial stages of ATTR, even before neurological 

manifestations. 

  In past decades, several urinary proteins have been identified as early prognostic markers in different kidney 

diseases (2). Here, we report the value of urinary alpha 1-microglobulin (A1M), beta-2 microglobulin (B2M) and 
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alpha-2 macroglobulin (A2M) as predictors of outcome of nephropathy in a cohort of 41 subjects with TTR V30M 

mutation.  

 

PATIENTS AND METHODS 

Thirty patients and 11 asymptomatic gene carriers were randomly selected. Information about patient 

demographics and clinical characteristics was collected. 

  On the day of the urine sample collection, the following key laboratory measures were assayed: urinary 

creatinine, albumin, B2M, A1M and A2M and serum creatinine.  The glomerular filtration rate (GFR) was 

estimated by serum cystatin C. The amount of albuminuria was estimated by the albumin to creatinine ratio 

(mg/g). Albuminuria <30 mg/g was considered normal. Urinary values of A1M >12 mg/L, A2M > 9.4 mg/L and 

B2M > 300 ng/mL were considered abnormal.  

  Correlations were assessed by Spearman correlation coefficient test. P<0.05 was selected as the level of 

significance. Values are expressed as mean ± standard deviation. 

 

RESULTS 

The patients, 18 females and 12 males, had 49.4±12.6 years of age and an evolution of neuropathy of 5.0 ± 4.4 

years. Asymptomatic gene carriers, 9 females and 2 males, had 41.4 ± 15 years of age. 

  The laboratory data are summarized in Table 1. Eleven patients showed overt renal failure, with 5 of them 

progressing to dialysis. 

 

Table 1.  Study population laboratory parameters 

 Patients (n = 30) Asymptomatic gene carriers (n = 11) 
uAlb (mg/g) 1663.9 ± 2019.9 11.5 ± 14.1 
sCr (mg/dl) 1.71 ± 2.17 0.72  ± 0.14 
sCys (mg/dl) 1.54 ± 1.15 0.66  ±  0.12 
GFR (ml/min) 76.9 ± 52.6 137.4  ±  32.5 
uAlb: albuminuria; sCr: serum creatinine; sCys: serum cystatine 

 

Pathological urinary A1M, B2M and A2M levels were detected in patients, not in asymptomatic gene carriers 

(Table 2). The A1M biomarker was present more often in patients and it was the single detected in the absence 

of neuropathy. None of the patients showed glycosuria. 

 

Table 2.  Pathological excretion of urinary biomarkers in the subjects 

A1M A2M B2M  
n (%) level n (%) level n (%) level 

Patients 17 (56.7) 45.2 ± 41.3 5 (16.7) 28.6  ± 34.3 6 (20) 22592.8  ± 27047.6 
Asymptomatic 1 (9.1) 12.1 0 absent absent absent 
A1M: alpha 1-microglobulin, B2M: beta-2 microglobulin; A2M: alpha-2 macroglobulin  

 

Six patients had albuminuria <30 mg/g, 4 between 30 and 300 mg/g and 20 >300 mg/g. Among 

normoalbuminuric we found 1 patient with urinary pathological levels of A2M and A1M and another with 

abnormal B2M. 
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  The excretion rates of A1M and B2M were positively correlated with albuminuria (P<0.001), serum creatinine 

(P<0.05), cystatin C (P<0.001) and GFR (P<0.001) Excretion of A2M was almost exclusively found in the 

presence of albuminuria >30 mg/g, although their levels do not correlate with the severity of albuminuria. Among 

14 patients who evolved to ESRD, 5 presented simultaneous detection of A1M and A2M. 

 

DISCUSSION 

Definite diagnosis of ATTR nephropathy is based on renal biopsy findings. In our experience, however, the 

diagnosis can be reliably made in patients with microalbuminuria in the unequivocal presence of neuropathy. 

Conversely, we face two constraints; microalbuminuria is not a marker of tubulointerstitial damage and in 10 

percent of patients who progress to ESRD this marker was absent. 

  Thus, improved methods for detect onset of kidney amyloid deposits, even before clinical disease, are needed 

to allow earlier treatment. We used a urine analysis approach to identify non-invasive and cost-effective 

markers. 

  One third of our patients presented a clear glomerular proteinuria, although significant tubular component was 

also seen. Urinary excretion of low-molecular proteins A1M and B2M, which are reliable indicators of tubular 

impairment, was present in 60 percent of patients.  To explain the occurrence of low molecular weight 

proteinuria despite the absence of typical tubular syndrome we must regard that megalin, a multiligand receptor 

expressed on the renal proximal tubules, functions as a specialized chaperone protein for internalization and 

degradation of a number of proteins, including A1M and B2M (3). We speculate that the mechanism for low 

molecular weight proteinuria is not tubular damage but actually a saturation of the megalin-mediated 

endocytosis. So, the protein overload present in the lumen of the proximal tubule results in a combined low and 

high molecular weight proteinuria. We suppose that urinary excretion of tubular proteins is related with severity 

of kidney injury and it is not a precocious marker. 

  The progressive dysfunction of the glomerular barrier leads to nonselective waste of high molecular weight 

proteins. It would be expected that excretion of A2M was related with the severity of albuminuria. Unexpectedly, 

this correlation was not found. However, the combined excretion of low and high molecular weight proteins was 

exclusively found in patients who progressed to ESRD.  

  It is likely that a combination of biomarkers will be required for assessing disease detection and future 

response to a treatment. A1M, B2M and A2M were good markers to estimate injury severity and define 

prognostic information. We recommend the use of urinary low and high molecular weight proteins for definition 

and monitoring the progression of renal lesion in ATTR V30M. 
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ABSTRACT 

Transthyretin (TTR) amyloid deposition is often detected in ligaments and tendons in the field of orthopedics, 

especially in elderly people. However, detailed incidence and clinical significance of TTR amyloid deposition in 

ligaments and tendons remains largely unknown. In this study, we analyzed TTR-related amyloidosis in the field 

of orthopedics. We studied 126 specimens from patients with carpal tunnel syndrome, rotator cuff tears, and 

lumbar spinal canal stenosis. We identified 61 amyloid-positive samples, 46 of which contained TTR-derived 

amyloid. Although correlation between the serum TTR levels and amount of amyloid deposition was not 

observed, age-dependent increase of the affinity between wild type TTR-related amyloid and ligamentum flavum 

was observed in patients with lumbar spinal canal stenosis. These results suggest that relationship between this 

phenomenon and senile systemic amyloidosis may be present. 

 

INTRODUCTION 

Transthyretin (TTR) has a β-sheet-rich structure and is highly amyloidogenic protein [1, 2] that causes two types 

of amyloid diseases: familial amyloid polyneuropathy (FAP), caused by mutant TTR [3, 4], and senile systemic 

amyloidosis (SSA), caused by wild-type (WT) TTR [3, 4]. Recently, it has been well documented that TTR-

related amyloid shows high affinity for ligaments and tendons, especially in elderly people [5]. However, detailed 

incidence of amyloid deposition or relationship between amyloid deposition in these tissues and serum levels of 

TTR in amyloid deposited subjects has not been well understood. 

  In this report, we examined whether TTR-related amyloid deposition detected in ligaments and tendons lead to 

SSA. 

 

MATERIALS AND METHODS - PATIENTS 

We studied 126 specimens obtained from patients (66 men and 60 women) with carpal tunnel syndrome: CTS 

(54 specimens), rotator cuff tears: RCT (21 specimens), or lumbar spinal canal stenosis: LSCS (51 specimens). 
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These patients were diagnosed at the Department of Orthopaedic Surgery in Kumamoto University Hospital and 

its associated hospitals based on clinical findings and radiological examinations from 2008 to 2011. At the time 

of surgery, the patients were between 46 and 83 years old (mean: 71 years old). 

 

CONGO RED STAINING 

Tissue samples were fixed with 10% formalin, embedded in paraffin, serially sectioned at a thickness of 4 µm, 

and placed on microscope slides. After sections were stained with hematoxylin-eosin and alkaline Congo red, 

amyloid deposition were examined under polarized light for the presence of green birefringence. 

 

IMMUNOHISTOCHEMICAL STAINING 

To identify precursor proteins of amyloid, we performed immunohistochemical staining using antibodies that 

react with TTR. For immunohistochemistry with rabbit polyclonal anti-human TTR IgG (DAKO, Glostrup, 

Denmark), the same tissues as those examined by means of Congo red staining were deparaffinized, 

dehydrated in a modified alcohol series, and incubated in blocking buffer (1% BSA and 4% horse serum in PBS) 

for 30 minutes at 37°C in a moist chamber. Overnigh t incubation with the appropriately diluted primary antibody 

in blocking buffer was then performed at 4°C. Rabbit  polyclonal anti-human TTR IgG served as the primary 

antibody. Reactivity was visualized via the DAB Liquid System (DAKO), as described by the manufacturer. For 

parallel control sections, blocking buffer replaced the primary antibody. 

 

MEASUREMENT OF SERUM TTR CONCENTRATIONS 

For measuring TTR concentrations, 7 serum samples of TTR deposition cases (73.7 ± 2.8 years old) and 8 

serum samples of non-TTR deposition cases (68.3 ± 5.4 years old) were employed.  Serum TTR concentrations 

were measured by nephelometry. 

 

MASS SPECTROMETRY OF TTR IN SERUM 

To confirm the patients who did not have variant TTR in serum, we performed Mass spectrometry using surface-

enhanced laser desorption/ ionization time-of-flight mass spectrometry (SELDI-TOF MS) [6]. 

 

ETHICS 

The study protocol was approved by the institutional review board of Kumamoto University, and a signed 

consent form was obtained from all patients or their family member. All family members of patients gave 

informed consent for performance of biopsies. 

 

RESULTS 

Congo red staining revealed 61 (48.4%) amyloid-positive specimens obtained from 126 patients with carpal 

tunnel syndrome, rotator cuff tears, or lumbar spinal canal stenosis. Anti-TTR antibody reacted with 46 (75.4%) 

specimens with amyloid deposition: 18 samples of tenosynovium, 5 samples of rotator cuff tendon, and 23 

samples of ligamentum flavum. The occurrence of TTR amyloid deposition was increased with age (<40’s: 0%, 

50’s: 12.1, 60’: 33.3, 70’s: 59.5, >80’s: 83.3). In 15 samples, none antibodies reacted with lesions in which 
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Congo red staining was positive. The mean age in TTR depositon cases was higher compared to that of non-

TTR cases in tenosynovium and ligamentum flavum (71.1 ± 9.3 vs.58.8 ± 9.6 years old, p<0.001, 72.4 ± 6.5 

vs.66.7 ± 6.6 years old, p<0.01, respectively), but not significantly in rotator cuff tendons (65.4 ± 6.2 vs.63.9 ± 

7.4 years old, p=0.69). 

In LSCS cases, a significant and moderate positive correlation between amount of TTR amyloid deposition in 

ligamentum flavum and age was observed. The mean serum TTR levels of TTR deposition cases did not 

significantly change compared with those of non-TTR cases (22.9 ± 5.9 vs.23.9 ± 5.6 mg/ dl, p=0.74). SELDI/ 

TOF MS revealed that all patients of TTR cases did not have any mutated TTR. 

 

DISCUSSION 

In this study we demonstrated that not only the occurrence but also the amount of WT TTR amyloid deposition 

was increased with age. The occurrence of SSA in elderly Japanese cases (>80 years old) was found to be 

about 12% based on examination of autopsy-derived cardiac specimens [7]. Because the occurrence of TTR 

amyloidosis in ligaments and tendons (>80 years old) was above 80%, this was much higher than that of SSA. 

These findings suggest that most of TTR amyloidosis in ligaments and tendons may be a localized form. On the 

other hand, the mean age of TTR amyloidosis TTR amyloidosis in ligaments and tendons was much younger 

than that of SSA (71 vs. 83 years old). And 13% of the SSA patients showed symptoms of CTS [8], in addition, 

several case reports indicated that some patients with CTS developed SSA [8, 9, 10]. These findings suggest 

that some of TTR amyloidosis in ligaments and tendons may develop SSA. 

  We should carefully follow the clinical course of the patients with WT TTR amyloid deposition in ligaments and 

tendons in the field of orthopedics, because a part of those patients could develop SSA. 
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INTRODUCTION 

ATTR amyloidosis is usually characterized by neuropathy and cardiomyopathy. Arthropathy is not a typical 

feature although carpal tunnel syndrome may be seen sometimes. We describe a patient with cardiomyopathy 

caused by ATTR-Val122Ile amyloidosis who had aso prominent arthropathy of the shoulders and knees.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Left picture: Right shoulder with the typical ‘shoulder pad sign’. Right picture: MRI scan of the 

shoulder showing swelling of the bursa subacromialis and glenohumeral joint. 

 

CASE 

A 66-year-old Afro-Caribbean woman was referred to our tertiary centre because of possible amyloid 

cardiomyopathy suspected by cardiac ultrasound because of right-sided cardiac failure and thickened 

ventricular walls. She had a history of hay fever, hypothyroidism, and recent surgery for a left-sided carpal 

tunnel syndrome. About one year she complained about shortness of breath and edema of both ankles that 
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responded well to diuretics. She had lost about 15 kg weight and complained about anorexia and palpitations. 

Her right knee was thickened for about eight years, but did not hurt at all. Her right shoulder was also swollen 

for about one year and also painless. She had numbness, tingling and pain in both hands (especially left side) 

that had improved considerably after CTS surgery. Some family members suffered from thyroid disease and 

one sister was known with unspecified heart disease. 

  Physical examination disclosed prominent arthropathy of both shoulders (typical “shoulder pads”, see Figure 

1), swelling of both knees, and a peritendinous swelling of the dorsal part of both hands. No tongue 

enlargement, organomegaly, or bruising was present. There were no signs of peripheral or autonomic 

neuropathy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Congo red-stained subcutaneous fat tissue specimen (upper two pictures) and shoulder joint fluid 

sediment (lower two pictures). The left two pictures show the red-stained amyloid deposits in bright light, 

whereas the right two pictures show the characteristic apple green birefringence in polarized light.  

 

Laboratory investigation showed a marginally elevated free kappa immunoglobulin-light chain (27.7 mg/L, N < 

20 mg/L) while no other signs of a plasma cell dyscrasia were found in blood and urine. Serum CRP and uric 

acid were normal and anti-CCP, ANA and rheumatoid factor were absent. Serum levels of NT-proBNP and 

troponines were clearly elevated. Bone marrow biopsy did not show amyloid and less than 5% plasma cells 

were seen without any clonal restriction. Aspiration of abdominal subcutaneous fat tissue aspirate and synovial 
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fluid of both shoulders and right knee revealed Congo red-positive material with apple green birefringence in 

polarized light that was characteristic of amyloid (Figure 2). A few leukocytes and no crystals were found in the 

joint fluid. 

  Echocardiography showed a thickened left ventricular posterior wall (16 mm), intraventricular septum (19 mm), 

and right ventricular wall (6 mm) as well as diastolic dysfunction and decreased left ventricular ejection fraction 

(30%). Supraventricular and ventricular tachyarrhythmias were observed during 24h Holter registration.  

  Plain radiographs of shoulders and knees only showed soft tissue swelling without erosions. MRI scan of the 

right shoulder showed swelling of the subacromial burse and glenohumeral joint with deposits of amorph 

material that was visualized after injection of gadolinium (Figure 1). Serum amyloid P component (SAP) 

scintigraphy showed increased uptake only in shoulders, wrists, and knees (Figure 3). Bisphosphonate bone 

scintigraphy showed uptake in shoulders, wrists, and knees and in the heart and diffusely in soft tissue instead 

of bones (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Left picture: Serum amyloid P component (SAP) scintigraphy shows specific uptake of shoulders, 

wrists and knees. Also visible is some non-specific uptake in the blood pool (heart and liver) and stomach. Right 

picture: Bisphosphonate bone scintigraphy shows uptake in shoulders, wrists, and knees and in heart and 

diffusely in soft tissue instead of bones. 

 

DISCUSSION 

Because of the clinical picture of amyloid cardiomyopathy and amyloid arthropathy our thoughts initially went to 

the possibility of AL amyloidosis. However, we did not find an increased free light chain production in serum and 

urine, nor did we find a clonal plasma cell dyscrasia in the bone marrow. Because of cardiomyopathy we looked 

for a TTR gene mutation and learned that our patient was homozygous for the TTR-Val122Ile mutation. The 

semi-quantitative amount of amyloid in the fat aspirate was 4+, whereas precursor quantification in this fat 

aspirate showed a TTR concentration of 936 ng/mg fat tissue (N < 4.4 ng/mg fat tissue) with normal 
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concentrations of amyloid A and kappa and lambda light chains. Amyloid was present in the synovial fluid 

whereas no other cause of the arthropathy was found. We therefore concluded that this patient suffered from 

ATTR-Val122Ile amyloidosis characterized by cardiomyopathy and arthropathy. 

  The ‘shoulder pad sign’ is virtually pathognomonic for AL amyloidosis [1]. Soft tissues (muscles, synovial and 

peri-articular tissue) are infiltrated by amyloid. Shoulders, wrists and knees are most frequently affected. 

Analysis of the synovial fluid is a hardly invasive and most straightforward approach, but skill and experience 

are necessary for a reliable result [2]. Therefore, a synovial biopsy is the best approach in daily practice. Our 

patient, however, did not suffer from AL amyloidosis but from ATTR amyloidosis. Amyloid arthropathy has been 

described in only a few cases with ATTR amyloidosis [3, 4]. Contrary to our patient neuropathy is a prominent 

sign in these cases giving rise to a Charcot-like arthropathy. 

  The abdominal subcutaneous fat aspiration is a simple and extremely useful way to detect systemic 

amyloidosis [5]. The TTR Val122Ile mutation is present in about 3% of the Afro-American population younger 

than 60 years. This percentage increases to 10% in the Afro-American population with cardiac failure older than 

60 years [6]. The presentation with clinical cardiomyopathy is most frequent in the sixth decade. The mortality of 

patients with the TTR Val122Ile mutation is slightly higher than in the general population [7]. 

 

CONCLUSIONS 

Typical amyloid arthropathy of shoulders as disease manifestation of ATTR amyloidosis to our knowledge has 

not been described before and can thus be added to the clinical manifestations of this disease. This case shows 

the benefits of performing two minimally invasive procedures, i.e. a subcutaneous abdominal fat tissue 

aspiration and joint fluid aspiration, for both detection and typing of amyloid. 
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ABSTRACT   

In the present study, we investigated clinical and laboratory features in leptomeningeal (LM) type of TTR 

amyloidosis patients (Gly30, Arg53, Ser64, His69, and Cys114). In most of those patients, the initial symptom 

was transient stroke-like symptom or seizure. In the same patients, vitreous opacities were the first 

manifestation. Brain MRI showed diffuse abnormal leptomeningeal enhancement without focal parenchymal 

mass lesion. In most of the patients, symptoms and laboratory findings in other organs than central nervous 

system and eyes were not observed or very mild, and amyloid deposition was not observed in the skin and 

rectal biopsy specimens. In an autopsy case with TTR Gly30, severe leptomeningeal amyloid deposits were 

observed. However, no amyloid deposition was observed in other tissue sites. To make an accurate and timely 

diagnosis of the disease, we should be aware that tissue biopsies (skin, gastrointestinal, fat, cardiac) may be of 

limited value for detecting amyloid deposits.   

 

INTRODUCTION 

To date, over 112 transthyretin (TTR) mutations have been identified as the cause of hereditary systemic 

amyloidosis.1,2 It has been reported that TTR amyloidosis can be classified into several clinical phenotypes, 

such as peripheral neuropathy (PN) type, cardiomyopathy type, and leptomeningeal (LM) type, which correlate 

with types of TTR mutations.1,2 Thirteen TTR mutations (Pro12, Gly18, Thr25, Gly30, Pro36, Pro49, Glu53, 

Ala53, Arg53, Arg55, Ser64, His69, and Cys114) reportedly cause LM type amyloidosis.1-6 Some familial 

amyloidotic polyneuropathy (FAP) patients having TTR Met30 mutation, which was the first to be identified and 

is the best known mutation found throughout the world,7 also develop LM amyloidosis in addition to the other 

systemic symptoms such as PN.8   

 

METHODS 

In the present study, we investigated clinical and laboratory features, such as cerebrospinal fluid tests, MRI, 

biopsies, and systemic symptoms based on blood tests, nerve conduction velocity test, and echocardiography in 

LM type of TTR amyloidosis patients (seven of Gly30, one of Arg53, one of Ser64, three of His69, and one of 

Cys114) (Table 1). We also analyzed an autopsy case with TTR Gly30.   
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Table 1.  Clinical findings of LM amyloidosis patients.   

No. TTR 
mutation 

Age 
of 
onset 

Sex CNS 
symptoms 

Eye 
symptoms 

Brain MRI Other 
symptoms 

Biopsies 

1 Gly30 41 F S, HA, TA, 
TL, BH 

VO LE None R (-), S (-) 

2 Gly30 38 M TL, D, HA, 
S 

VO NE None NE 

3 Gly30 50 M TL, TDC, 
TA 

VO NE GI NE 

4 Gly30 45 F S, TA VO, G NE None S (+) 
5 Gly30 37 F TL, S, HI VO LE None NE 
6 Gly30 34 F TL, TA, 

HA, TDC 
VO Normal GI S (-) 

7 Gly30 28 F HA, D None NE None S (-), R (-) 
8 Arg53 48 F TL, S, 

HC,CI 
NA NA None B (+) 

9 Ser64 28 M HA, HI VO NE N, U NE 
10 His69 48 M S, TA, TL, 

CI 
VO LE None S (+), H (+) 

11 His69 50 F S, TL, CI VO Normal None NE 
12 His69 37 F None None Normal N (?) S (-) 
13 Cys114 30 M D, CI, BH VO LE N, GI, U R (+) 

Sex: F, female; M, male.  CNS symptoms: BH, brain hemorrhage; CI, cognitive impairment; D, dizziness; HA, 

headache; HC, hydrocrphalus; HI, hearing impairment; S, seizure; TA, transient aphasia; TDC, transient 

disturbance of consciousness; TL, TIA-like symptoms.  Eye symptoms: G, glaucoma; VO, vitreous opacity.  

Brain MRI: LE, leptomeningeal enhancement.  Other symptoms: GI, gastrointestinal symptoms; N, neuropathy; 

U, urinary disturbance.  Biopsy: B, brain biopsy; H, heart biopsy; R, rectal biopsy; S, skin biopsy.  NE, not 

examined; NA, not available.   

 

 
Figure 1.  MRI and histopathological findings of a patient with TTR Gly30 (Case No. 1).   

(A, B) T1-weighted MRI shows gadolimium enhancement of leptomeninges.  Sagittal view (A), and horizontal 

view (B).  (C) Brain specimen stained with Congo-red.   

 

RESULTS 

In most of those patients, the initial symptom was transient stroke-like symptom or seizure. They also had 

dizziness, headache, cerebral hemorrhage, transient disturbance of consciousness, amnesia, and blurred 

vision. In the same patients, vitreous opacities were the first manifestation. Several patients had hydrocephalus 
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and underwent a shunt operation, which could delay progression of symptoms such as seizure. Brain MRI 

showed diffuse abnormal leptomeningeal enhancement without focal parenchymal mass lesion (Figure 1A and 

B). Protein concentrations in cerebrospinal fluid of those patients were over 100 mg/dl. Serum TTR 

concentrations in LM amyloidosis patients were about half of those in healthy volunteers. In most of those 

patients, except for a patient with TTR Cys114, symptoms and laboratory findings in other organs than central 

nervous system and eyes were not observed or very mild, and amyloid deposition was not observed in the skin 

and rectal biopsy specimens. In an autopsy case with TTR Gly30, severe leptomeningeal amyloid deposits were 

observed (Figure 1C). However, no amyloid deposition was observed in other tissue sites.  

 

DISCUSSION 

The patients having those five kinds of TTR mutations showed CNS symptoms with severe amyloid deposits. 

These findings are congruent with the previous studies.4-6  It is generally believed that LM TTR amyloid deposits 

are derived from TTR produced by the choroid plexus of the brain. The reason why those TTR mutations cause 

LM amyloidosis remains unclear.   

FAP is usually diagnosed on the basis of biopsies of several tissue sites, such as subcutaneous adipose 

tissue of the abdominal wall, and gastrointestinal (GI) tract. However, most of the patients of LM type 

amyloidosis did not show amyloid deposits in those tissue sites. To make an accurate and timely diagnosis of 

the disease, we should be aware that tissue biopsies (skin, fat, and GI) may be of limited value for detecting 

amyloid deposits.   
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Patients with hereditary cerebral amyloid angiopathy (CAA) associated with amyloidogenic transthyretin (ATTR) 

Tyr114Cys present with rapidly progressive dementia and fatal lobar hemorrhage. However, cerebral 

microbleeds (CMBs) have not been well elucidated in the patients. This study investigated whether the patients 

developed CMBs using susceptibility-weighted imaging (SWI). Patient 1 underwent liver transplantation at the 

age of 39, and developed slowly progressive cognitive impairment subsequently. Patient 2 underwent liver 

transplantation at the age of 34, and developed slowly progressive cognitive impairment at the age of 39. SWI 

demonstrated CMBs in the cerebellum, bilateral subcortical white matter, and the thalamus. In this study, we 

demonstrated that CAA ATTR Tyr114Cys patients developed CMBs. Liver transplantation for this disease 

prevented fatal lobar hemorrhage caused by CAA removing ATTR in the circulating blood. However, 

transplanted patients could show cognitive impairment and CMBs because of ATTR in the cerebrospinal fluid 

produced by the choroid plexus.  

 

INTRODUCTION  

Amyloidogenic transthyretin (ATTR)-related amyloidosis is the most common type of hereditary systemic 

amyloidosis in the world.1 According to the Familial Amyloidotic Polyneuropathy World Transplant Registry, 

more than 1900 liver transplantations have been performed for this fatal disorder in attempts to remove ATTR, 

which had been synthesized by the original liver, from the plasma.2,3 

  Patients with ATTR Tyr114Cys develop amyloid deposits in cerebral blood vessels and fatal lobular intracranial 

hemorrhage presenting CAA in addition to rapidly progressive dementia, fluctuating consciousness, convulsion, 

visual hallucination, transient focal neurological symptoms and signs (TFNSS), cardiopathy, vitreous opacity, 

mild amyloid polyneuropathy.4,5,6,7 Liver transplantation decreases the mortality, occurrence of cerebral 

hemorrhage, and the volume of cerebral hemorrhage.8 

  Cerebral microbleeds (CMBs) are a potential risk factor for intracranial hemorrhage with recent increased 

attention on amyloid beta-related CAA.9 However, CMBs have not been well elucidated in CAA with ATTR 
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Tyr114Cys. Susceptibility-weighted imaging (SWI) is a newer technique that is more sensitive than conventional 

T2* gradient echo imaging in detecting CMBs.  

  This study investigated whether CAA with ATTR Tyr114Cys patients developed CMBs using SWI.   

 

PATIENTS AND METHODS 

A 49-year-old man (patient 1) and a 47-year-old woman (patient 2) with ATTR Tyr114Cys mutation were 

examined neuroradiologicaly using SWI at 3.0 tesla.  

  Patient 1 developed vitreous opacity at the age of 30, underwent liver transplantation at the age of 39, and 

showed slowly progressive cognitive impairment subsequently. On admission, neurological examination 

revealed visual hallucination (Charles Bonnet Syndrome), loss of visual acuity, loss of light reflexes, distal 

dominant muscle weakness and atrophy, and absent Achilles tendon reflexes. The patient complained of 

thermohypoesthesia under knees, hypalgesia under knees. The patient exhibited dysuria, and could not stand 

up and walk.  

  Patient 2 developed vitreous opacity at the age of 31, underwent liver transplantation at the age of 34, and 

showed slowly progressive cognitive impairment at the age of 39. On admission, neurological examination 

revealed visual hallucination (Charles Bonnet Syndrome), loss of visual acuity, loss of light reflexes, diffuse 

muscle weakness and atrophy, and absent all tendon reflexes. The patient complained of thermoanesthesia 

under ankles, hypalgesia under ankles, hypesthesia under ankles, decreased vibration sense, and decreased 

position sense. The patient exhibited dysuria and could walk.  

  We studied SWI of the brain in the 2 CAA ATTR Tyr114Cys patients.  

  The Institutional Review Board of Faculty of Life Sciences, Kumamoto University approved the performance of 

this study (No. 1172).  

 

RESULTS 

Axial 2-mm-thick SWI at the level of the cerebellum revealed hypointense signals in the right hemisphere of 

patient 1. SWI at the level of the basal ganglia demonstrated bilateral hypointense foci in subcortical white 

matter and thalamus.  

 

DISCUSSION 

In this study, we demonstrated that CAA ATTR Tyr114Cys patients developed CMBs. To our knowledge, the 

present results provide the first evidence of CMBs in patients with ATTR-related CAA. SWI was effective to 

detect CMBs in CAA ATTR Tyr114Cys. Amyloid beta-related CAA is typically associated with CMBs in the 

lobular brain lesions, whereas hypertensive vasculopathy is associated with CMBs in the basal ganglia, 

thalamus, brainstem, and cerebellum.9 In contrast, CMBs of CAA ATTR Tyr114Cys patients were detected in 

the cerebellum, subcortical white matter, and thalamus. CMBs may affect CNS manifestation in CAA CAA ATTR 

Tyr114Cys. 

  Liver transplantation for this disease prevented fatal lobar hemorrhage caused by CAA removing ATTR in the 

circulating blood. 8.10 However, transplanted patients could show slowly progressive cognitive impairment and 

CMBs, because of pre-existing deposits of amyloid or continuing amyloid fibril formation from circulating wild-

type TTR produced by the transplanted liver or form ATTR in the cerebrospinal fluid produced by the choroid 
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plexus. In addition to liver transplantation, disease modifying therapy such as tetramer stabilizers are needed for 

CAA ATTR Tyr114Cys.  
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ABSTRACT   

Senile systemic amyloidosis (SSA) usually develops as intractable heart failure with arrhythmia in elderly 

individuals and neurological manifestations have not been noted yet. We here report that carpal tunnel 

syndrome and cerebral infarction might precede the cardiac manifestations in this disease.    

 

INTRODUCTION 

Senile systemic amyloidosis (SSA), which was previously called senile cardiac amyloidosis, is known to be a 

disorder selectively affecting the heart in the elderly individuals1 and is caused by the deposition of wild-type 

transthyretin (TTR)-derived amyloid fibrils2. Most patients with this disease were diagnosed on postmortem 

studies. However, current advance of diagnostic technology that includes immunohistochemical demonstration 

of TTR-related amyloid deposits with no mutation of TTR gene enables us to make a correct clinical diagnosis of 

the patients with SSA3. Although main clinical picture of SSA is intractable heart failure with arrhythmia, our 

previous reports have suggested that carpal tunnel syndrome (CTS) might precede the cardiac manifestations 

in this disease4,5. In this study we tried to clarify the natural course of SSA with a special attention to the 

neurological manifestations, showing that CTS and cerebral embolism are frequent initial symptoms of this 

disease.  

 

MATERIALS AND METHODS  

During past 5 years 20 patients who were supposed to be suffering from SSA were referred to us: they had a 

history of congestive heart failure. Chest X-ray showed an enlarged cardiac shadow (cardiothoracic ratio≧50%) 

and electrocardiographic findings consisted of low voltage in the standard limb leads and QS pattern in the right 

precordial leads with or without conduction blocks6. Echocardiography showed marked symmetrical thickening 

of ventricular walls and ventricular septum with hyperrefractile myocardial echoes (the so called granular 

sparkling appearance). Myocardial technetium-99m pyrophosphate (Tc-99m-PYP) scintigraphy revealed a 

positive shadow and high serum level of BNP (brain natriuretic peptide) was referred.  
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MOLECULAR ANALYSIS OF TTR 

Serum samples obtained from the patients were immunoprecipitated and TTR molecules were analyzed by 

matrix-assisted laser desorption ionization/time-of-flight (MALDI/TOF) mass spectrometry, showing that wild 

type of TTR had two major ion peaks (wild type TTR and that with a cystein residue). In the sera of FAP patients 

with ATTR Val30Met two additional peaks that indicate the presence of a variant form of TTR are seen. To 

confirm these findings, direct DNA sequencing of all 4 exons of the TTR gene was also carried out.  

 

HISTOPATHOLOGICAL STUDY 

Surgical biopsy of abdominal skin was carried out for all patients: this biopsy sample was about 1.5cm wide and 

the same size depth including a deep subcutaneous fat tissue layer. Endomyocardial biopsy from right ventricle 

and/or gastroduodenal mucosal biopsy under endoscopic control were also performed for some of the patients 

with SSA. Formalin-fixed and paraffin-embedded sections were stained with H&E and phenol Congo red10, and 

amyloid deposits were identified as characteristic apple green birefringence under a polarized microscopy. 

Immunostaining was carried out using a Ventana XT automated immunohistochemistry system (Ventana 

Medical Systems, AZ) and the primary antibodies used were anti-Aλ, Aκ, AA, TTR11. For TTR immunostaining 

all sections were pre-treated with 98% formic acid for 5 minutes.   

 

RESULTS 

The patients consisted of 14 males and 6 female and their ages ranged from 60 to 97 years. Among them 13 

showed carpal tunnel syndrome and 4 suffered from cerebral infarctions. The vast majority of them neurological 

manifestations preceded congestive heart failure (Table 1). 
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DISCUSSION 

Wild-type TTR is inherently an amyloidogenic protein and is well known to be an amyloid precursor protein in 

SAA. The clinical manifestations of this disease consist of congestive heart failure, arrhythmia and/or conduction 

blocks and atrial fibrillation might be an initial sign of this cardiac disorder. Rarely SSA-related cardiac 

amyloidosis with impaired left ventricular wall motion and thickened endocardium causes systemic embolism, 

resulting in cerebral infarction6,7. Another notable manifestation is carpal tunnel syndrome (CTS)8. Amyloid 

deposits are occasionally seen in biopsied tissue specimens obtained from carpal tunnel release and more than 

half of them are TTR immunoreactive. Among 33 patients with proven tenosynovial TTR amyloid deposition two 

of them were reported to develop systemic amyloidosis more than 9 years after the initial appearance of CTS. 

We also described two SSA cases whose initial manifestations were bilateral CTS. It is, therefore, very likely 

that in SSA CTS seems to precede cardiac manifestations several years. A possible natural course of SSA can 

be supposed as follows: CTS appears between 50 to 60 years old and next atrial fibrillation adds, occasionally 

leading to the complication of cerebral embolism. Finally congestive heart failure develops. TTR-related 

amyloidosis seems to be treatable: TTR tetramer dissociation, misfolding and misassembly are required for the 

process of amyloid fibril formation. Preferential stabilization of the native TTR tetramer over the dissociative 

transition state can be achieved by orally administered non-steroidal anti-inflammatory drugs (NSAIDs)9,10. 
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INTRODUCTION 

Transthyretin (TTR) amyloidosis is the most prevalent type of hereditary systemic amyloidosis that results from 

a series of  dominant mutation in the TTR gene.  

  To date over 100 such alterations have been described and now we wish to report yet another variation 

detected in two unrelated Romanian individuals with TTR amyloidosis.  

 

PATIENTS AND METHODS 

Case 1 

The first patient (Gre) is a 54-year-old man with a progressive peripheral sensory motor polyneuropathy, 

autonomic dysfunction, and a restrictive cardiomyopathy. At 45, he had the onset of orthostatic hypotension, 

paresthesias of the lower extremities, dysphagia, and chronic diarrhea. Subsequently, there was rapidly 

progressive cardiac dysfunction, heart failure and pulmonary hypertension. Notably, his father was diagnosed 

with idiopathic cardiomyopathy at age 50 and died a few years latter.  

 

Case 2 

The second patient (Del) is a 46-year-old woman who presented with restrictive cardiomyopathy and a bilateral 

carpal tunnel syndrome. At age 40 she developed symptoms of heart disease and also had a carpal tunnel 

syndrome  treated surgically. Her father died at  age 50 after a long standing history of cardiomyopathy  and 

severe sensori-motor neuropathy. 

 

Samples of subcutaneous fat  aspirate and rectal biopsy were stained with Congo-red and examined in 

polarized light. In both cases, all the investigations performed excluded light chain  amyloidosis. Genomic DNA 

was extracted from peripheral blood. PCR amplification of  TTR exons 2, 3, and 4 was ran  using the following 

primers (1) :          

TTREX2-F: 5’- CCAGGGCACCGGTGAATCC-3’;   

TTREX2-R: 5’- CCAAGTGAGGGGCAAACGGG-3’ 
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TTREX3-F: 5’-TGTGTGTTAGTTGGTGGGGGTGT-3’;  

TTREX3-R: 5’- TGGGGAGATGCCAAGTGCCT-3’;  

TTREX4-F: 5'- GGTCAGTCATGTGTGTCATCTG-3‘;  

TTREX4-R: 5’- TTAGTAAAAATGGAATACTCTTGG-3‘ 

Direct genomic sequencing of the amplified products  was performed using the ABI 3100 Avant  sequencer 

(Applied Biosystems). TTR was isolated from serum by immunoprecipitation for ESI-MS (2). 

 

RESULTS  

In both cases, biopsies of abdominal  subcutaneous fat and rectum showed birefringent deposits after Congo 

red staining. 

 

Ser 52    Gly 53        Glu 54      Leu 55      His 56 
T   C   T   G  G   A  G    A   G   C  T   G   C   A  T 

 
C    A   G 

Gln 54  

                                                                                                       Gre  

 

                                                                                     Del  

 
Figure 1.  Direct DNA sequencing of exon 3 of the TTR gene 

 

Direct DNA sequencing of exon 3 of the TTR gene (for  Gre and Del) demonstrates  heterozygosity  at the first  

base position in codon 54 where both G and C are observed. Glutamic Acid (GAG) and Glutamine (CAG) are 

both predicted to be expressed by these  patients (fig 1). 
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         Figure 2.  PCR-RFLP analysis of exon 3.  

Enzymatic digestion with PVU II on unrelated  normal control samples (lanes 3, 5) was compared to the patient 

Gre (lane 2) and patient Del (lane 4). Fragments at positions corresponding  to 109 bp and 96 bp in length were 

noted in addition to the intact PCR product at 205 bp in the control samples. This indicated the creation of a 

restriction enzymes site in the patients confirming the presence of a heterozygous G to C purine transition 

mutation in exon 3. Lane 1 contains a standard marker of sequentially increasing 100 base pair bands (fig 2). 

 

 
 

Figure 3.   MS studies. 

54 Q 
Gre  
 

E54 
Wild type 
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Molecular analysis  of TTR imunoprecipitants from serum samples obtained from the patient Gre and control. 

The critical peptide masses are shifted by one unit (fig 3). However, currently available MS methods are not 

sufficient to resolve this E54Q  misense  mutation definitively. Future  MS resolution of such E to Q substitution 

will rely on use of newer methodologies such as energy-resolved MS.    

 

CONCLUSION  

To the best of our knowledge these are the first reported cases of E54Q –associated TTR amyloidosis. 
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ABSTRACT  

We examined whether a relationship exists between the incidence of autoantibodies against ATTR and the 

phenotype of FAP ATTR V30M. Three of 25 Japanese and 5 of 6 Swedish patients have high levels of 

autoantibodies against ATTR, and these 8 patients were all late onset cases. In addition, ratio of ATTR V30M to 

wild-type TTR in serum of the high autoantibody group was lower than those of low autoantibody group. 

Moreover, our ELISA data suggested that there were some epitopes at positions 24-35 or 105-115 of ATTR 

V30M in these patients, and significant positive correlation between the levels of the autoantibody which the 

epitope was at position 24-35 and the age of onset was observed in these patients. Age-dependent increase in 

the incidence of autoantibodies was observed in patients with FAP ATTR V30M. This phenomenon may 

influence the clinicopathological differences between both early and late onset cases of the disease. 

 

INTRODUCTION 

It has been well documented that conformational changes via instability of tetrameric form TTR occurs during 

the process of amyloid formation in FAP 1). Some criptic epitopes expose on amyloidogenic TTR (ATTR) 

molecule surface during the process in sera of FAP patients 2 - 8). There is a possibility that de novo antibodies 

responded to criptic epitopes of ATTR may be synthesized in serum of FAP patients. In this study, we examined 

whether a relationship exists between the incidence of autoantibodies against ATTR and the phenotype of FAP 

ATTR V30M. 

 

METHODS 

Serum samples were collected from 25 Japanese (13 females and 12 males; 28-32 years old) and 8 Swedish (5 

females and 3 males; 67-81 years old) FAP ATTR V30M patients, 4 Japanese gene carriers of ATTR V30M (3 

females and 1 male; 21-27 years old), and 24 Japanese healthy controls which had no genetic mutations of 

TTR (12 females and 12 males; 26-36 years old). To detect the presence or levels of autoantibodies against 

ATTR in these serum samples, enzyme-linked immunosorbent assay (ELISA) using recombinant ATTR V30M 
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protein was immobilized on a polystyrene microtiter plates. Ratio of wild-type TTR to ATTR V30M in these 

serum samples was also determined by means of SELDI-TOF MS 4). In addition, to detect the conformational 

epitopes binding to the autoantibodies, we tried ELISA immobilized some recombinant ATTR V30M fragment 

peptides on polystyrene microtiter plates. Moreover, correlation between the data of the ELISA and age of the 

subjects or duration of FAP was investigated. 

 

RESULTS 

Three of 25 Japanese and 5 of 6 Swedish FAP ATTR V30M patients have high levels of autoantibodies against 

ATTR, and these 8 patients were all late onset cases. In addition, ratio of ATTR V30M to wild-type TTR in 

serum of the high autoantibody group was lower than those of low autoantibody group (Figure 1).  

 

High autoantibody group

WT V30M

Pt  No.8

Low autoantibody group

Pt  No.9

WT V30M

 

 

Figure 1.  A sample of the ratio of wild-type TTR to ATTR V30M in serum. 

 

Moreover, our ELISA data suggested that there were some epitopes at positions 24-35 or 105-115 of ATTR 

V30M in these patients, and significant positive correlation between the levels of the autoantibody which the 

epitope was at position 24-35 and the age of onset was observed in these patients (r=0.833, p<0.05, Figure 2). 

 

 

 

Figure 2.  Correlation with the data of ELISA in all FAP ATTR V30M patients and age of onset. 
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DISCUSSION 

Age-dependent increase in the incidence of autoantibodies was observed in patients with FAP ATTR V30M. 

This phenomenon may influence the clinicopathological differences between both early (<50 years old) and late 

(more than 50 years old) onset cases of the disease.  
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THAOS is a worldwide registry of patients with transthyretin (TTR) amyloidosis. Of 975 subjects enrolled, we 

analyzed 84 patients who were receiving tafamidis, including those with polyneuropathy (TTR-FAP) or 

cardiomyopathy (TTR-CM). At the time of enrollment, symptom duration was 6.0±5.4 years (mean±SD) and 

length of treatment was 2.4±0.8 years. 67 patients had TTR-FAP-associated mutations (V30M, I107V, F64L, 

S77F, and S77Y) with a mean age of 43.4±14.1 years, symptom onset at 37.4±14.6 years; symptoms included 

sensory neuropathy (98.5%), gastrointestinal disturbances (80.0%), and autonomic neuropathy (56.9%). 

Neurological assessments revealed deterioration consistent with length-dependent axonal degeneration. 

Seventeen patients with TTR-CM-associated phenotypes (wild-type, V122I, L58H, and T60A) were older 

(74.6±6.8 years) and reported later symptom onset (68.7±9.5 years), including cardiac problems (88.2%) and 

sensory neuropathy (64.7%). These patients had abnormal electrocardiograms. Follow-up data for all patients 

are currently being recorded, with the goal of demonstrating disease progression and disease-modifying effects 

of any treatment.   

 

BACKGROUND AND OBJECTIVES 

Liver transplantation is the current standard of care for transthyretin (TTR) amyloidosis (1), and while it 

demonstrates clear benefits, there are many patients who do not undergo this procedure for various reasons 

and may benefit from one of a number of promising new pharmacotherapies being developed (2). One such 

therapy, tafamidis, is a novel, specific stabilizer of TTR (3) that has demonstrated a clinical benefit for patients 

with V30M TTR amyloidosis in a phase 2/3 trial (4). Tafamidis recently gained approval for use in the European 

Union, and is the first pharmacologic agent specifically approved for the treatment of early stage TTR 

amyloidosis (5). 

  The Transthyretin Amyloidosis Outcomes Survey (THAOS) is a global, multicenter, longitudinal, observational 

survey established in 2007 that collects data on the natural history and treatment of TTR amyloidosis. As of 

September 2011, the registry included 975 patients in 46 sites and 19 countries. A number of these patients are 

being actively treated with pharmacotherapy in clinical trials. Here we describe the patient population in THAOS 

who have received treatment with tafamidis. 
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METHODS 

Baseline data as of September 1, 2011, were analyzed for 84 patients receiving tafamidis treatment, separated 

by genotype according to its associated predominant phenotype – polyneuropathy (TTR-FAP) or 

cardiomyopathy (TTR-CM). 

 

RESULTS 

Overall characteristics of tafamidis-treated patients are summarized in Table 1. They were similar in age, 

gender distribution, and age at disease onset to the untreated population in THAOS (data not shown). A slightly 

higher percentage of tafamidis-treated patients with TTR mutation reported a family history of TTR amyloidosis, 

compared to the untreated population (93.0% vs 83.9%).   

 

Table 1.  Baseline characteristics of the tafamidis-treated population in THAOS 

 TTR-FAP Genotype TTR-CM Genotype 
Total (men) 67 (31) 17 (14) 
Mean age, years (SD) 43.4 (14.1)  74.6 (6.8)  
Mean age at disease onset, years (SD) 37.4 (14.6)  68.7 (9.5) 
Mean length of tafamidis treatment, years (SD) 2.4 (0.9) 2.6 (0.4) 
TTR genotype (%) V30M (91.0)  

S77Y (3.0)  
S77F (1.5)  
F64L (1.5)  
I107V (1.5)  
G6S/V30M (1.5)  

Wild-type (76.5)  
L58H (11.8)  
T60A (5.9)  
V122I (5.9)  

Country of residence (%) Portugal (59.7)  
France (28.4)  
Brazil (10.5)  
United States (1.5)  

United States (100.0)  

Patients with family history of ATTR, n (%)a  
    Father with ATTR, %  
    Mother with ATTR, % 
    Other with ATTR, % 
    Unknown with ATTR, %  

63 (94.0) 
39.7 
57.1 
1.6 
1.6  

3 (75.0) 
33.3 
33.3 
33.3  

ATTR = transthyretin amyloidosis. aPatients with TTR mutation only. 
 

 

Figure 1.  Baseline symptoms reported by tafamidis-treated patients in THAOS. 
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Patient-reported symptoms related to TTR amyloidosis at the time of enrollment, recorded as part of a patient’s 

medical history, are shown in Figure 1. These patterns were similar for treated and untreated (data not shown) 

patients. 

  Detailed medical assessments recorded for each patient indicated that most TTR-FAP patients showed 

evidence of neuropathic pain or paresthesia, and up to a third demonstrated gastrointestinal complications (e.g. 

constipation). Among TTR-CM patients, most had signs of stage II heart failure and some reported neuropathic 

complications, but few had gastrointestinal disturbances. 

  Decreased or absent pinprick and light touch sensation and cold temperature insensitivity in the toe were 

common neurologic findings in TTR-FAP patients (n=65). The observed distal-to-proximal pattern of sensation 

loss is consistent with length-dependent axonal degeneration. 

  100% of TTR-CM patients (n=12) exhibited abnormal electrocardiograms, including abnormalities in rhythm, 

pacemaker function, conduction, and Q waves. 

 

CONCLUSIONS 

At the time of THAOS enrollment, many tafamidis-treated patients with TTR-FAP genotypes exhibited sensory 

neuropathy and gastrointestinal symptoms, and demonstrated length-dependent axonal degeneration. 

Abnormal electrocardiograms and cardiac and sensory neuropathy symptoms were characteristic of patients 

with TTR-CM genotypes. As more patients commence treatment with tafamidis, physicians will be encouraged 

to enroll these patients in THAOS and to record their progress. It is hoped that these additional data can help 

inform future analyses, patient care, and directions for the registry.  
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Transthyretin familial polyneuropathy (TTR-FAP) is often characterized by degenerative gastrointestinal 

symptoms such as involuntary weight loss, malnutrition, and cachexia. Deterioration in nutritional status may be 

reflected by reduction in body mass index (BMI) or modified body mass index (mBMI; BMI × serum albumin). 

BMI and mBMI were recorded during a double-blind 18-month clinical trial of tafamidis in TTR-FAP patients 

(Study Fx-005, N=125) and an open-label 12-month extension study (Fx-006, N=71). In Fx-005, mBMI 

decreased after 18 months in placebo patients (P<0.05 vs baseline), and increased in tafamidis patients 

(P<0.01 vs baseline; P<0.0001 vs placebo). Changes in BMI demonstrated similar but statistically non-

significant trends. Decline in nutritional status in Fx-005 placebo patients was reversed following initiation of 

open-label tafamidis, with significant increases from Fx-006 baseline in mBMI (P<0.0001) and BMI (P<0.01). 

Thus, tafamidis therapy resulted in improvement in nutritional status, suggesting its potential for improving 

clinical outcomes in patients with TTR-FAP. 

 

BACKGROUND AND OBJECTIVES 

In addition to polyneuropathic and cardiomyopathic symptoms, transthyretin familial polyneuropathy (TTR-FAP) 

is characterized by degenerating gastrointestinal symptoms such as involuntary weight loss, malnutrition, and 

cachexia, reflected in reduced body mass index (BMI: kg/m2). BMI is influenced by edema due to low serum 

albumin, and high BMI is observed despite malnutrition. Therefore, the product of serum albumin and BMI, 

modified body mass index (mBMI; BMI × serum albumin), is an effective tool for monitoring TTR-FAP 

progression, and has been shown to predict survival in these patients (1). 

  Tafamidis meglumine is a small molecule that stabilizes tetrameric TTR and prevents its dissociation into 

amyloidogenic monomers. In an 18-month controlled trial, tafamidis slowed the progression of peripheral 

neurologic impairment in TTR-FAP patients with Val30Met variant TTR (2). The objective of the present analysis 

was to evaluate nutritional status in patients with TTR-FAP in the tafamidis clinical trials.     
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METHODS 

Data were analyzed from two clinical trials: Study Fx-005, a double-blind, randomized trial in Val30Met patients 

who received tafamidis 20 mg or placebo once daily for 18 months; and Study Fx-006, an open-label 12-month 

extension of Fx-005. Patients who completed the month 18 visit of Fx-005 were eligible to enroll in Fx-006. In 

the extension study, there were two treatment sequence groups: Placebo-tafamidis, patients randomized to 18 

months of placebo in Fx-005 who were switched to tafamidis, and tafamidis-tafamidis, patients randomized to 

18 months of tafamidis in Fx-005 who continued to receive tafamidis. 

  Nutritional status was evaluated by recording baseline height (m), and body weight (kg) and serum albumin 

(g/L) at baseline and 6-month intervals. BMI was calculated as body weight (kg)/(baseline height [m])2 

and mBMI as BMI (kg/m2) × serum albumin (g/L). Analyses were performed in the intent-to-treat (ITT) 

population, defined as all patients who received ≥ 1 dose of tafamidis. For the Fx-005/Fx-006 analyses, only 

those Fx-005 patients who enrolled in Fx-006 were included in the ITT population. 

 

RESULTS 

A total of 128 patients were enrolled in study Fx-005 and randomized to tafamidis (n = 65) or placebo (n = 63). 

Of the 91 eligible patients completing study Fx-005, 85 enrolled and received ≥ 1 dose of tafamidis in Fx-006. 

Treatment groups were similar with respect to baseline characteristics. 

  Over the Fx-005 18-month treatment period, patients treated with placebo experienced a reduction in mBMI at 

each on-treatment study visit, while those treated with tafamidis experienced an increase in mBMI at each on-

treatment study visit. By the end of Fx-005, mBMI change from baseline in the tafamidis group was significantly 

different from that in the placebo group (P < 0.0001). A statistically significant difference between the two 

treatment groups was also found in their serum albumin change (P = 0.0226) but not BMI change (P = NS). 

  Worsening of nutritional status in patients receiving placebo during the double-blind study Fx-005 was 

reversed following the initiation of tafamidis in the open-label extension study Fx-006 (Figure 1). Mean mBMI, 

BMI, and serum albumin were significantly improved from Fx-006 baseline (month 18) at the end of Fx-006 

(month 30).   

 

CONCLUSIONS 

Nutritional status, as measured by mBMI, was maintained or increased with tafamidis treatment, in contrast to 

the decline observed with placebo. A reversal of the decline in nutritional status was seen in the placebo group 

following the switch to tafamidis. Improvement was noted for s-albumin and also for BMI suggesting that both 

increased body weight and s-albumin contributed to the improved nutritional status. 

The improvement in mBMI in this combined 30-month-long trial is consistent with improvements in neurologic 

function and quality of life (2,3). This, together with previous reports (1,4) suggests that the mBMI may be a 

useful tool for monitoring clinical status and response to treatment in individuals with TTR-FAP. 

 This study was sponsored by FoldRx Pharmaceuticals, which was acquired by Pfizer Inc in October 2010. 
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Figure 1.  mBMI, BMI, and serum albumin change from baseline to on-treatment time points  

(Fx-006 intent-to-treat, observed cases population) in Fx-005 and Fx-006. 
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Transthyretin familial amyloid polyneuropathy (TTR-FAP) is characterized by extracellular TTR amyloid 

deposition in the nerves and heart. Progressive cardiomyopathy due to amyloidosis is described in TTR-FAP 

patients despite treatment with liver transplant to remove the source of mutant TTR. Tafamidis prevents TTR 

monomer dissociation into amyloid fibrils. Twenty-one patients with TTR-FAP due to non-V30M TTR mutations 

received tafamidis in a phase 2, open-label safety trial . Mean (SD) age, LVEF, troponin I, and NT-pro-BNP at 

baseline were 63.1 (9.86) years, 60.3 (9.96) %, 0.023 (0.04) ng/mL, and 1,248.9 (1,529.4) pg/mL, respectively. 

Cardiac outcomes did not significantly change for 18 patients completing the study. Of 9 patients with a history 

of cardiac events, 6 experienced peripheral edema or dyspnea related to heart failure; 3 were hospitalized for 

other cardiovascular events. The percentage of patients with normal heart rate variability increased from 21% 

(4/19) at baseline to 42% (8/19) at month 12. 

 

INTRODUCTON 

Transthyretin familial amyloid polyneuropathy (TTR-FAP) is an autosomal dominant disease in which single site 

mutations in the transthyretin (TTR) gene destabilize the native tetrameric structure of TTR, resulting in tetramer 

dissociation and extracellular deposition of insoluble protein fibrils primarily in nerves and heart (1,2). Orthotopic 

liver transplant (OLT) has until recently been the only effective treatment option (3). Cardiomyopathy due to 

continuing amyloidosis typically progresses after OLT, particularly in patients with non-V30M mutations (3). 

Tafamidis meglumine is a small molecule that stabilizes the native tetrameric form of TTR and prevents its 

dissociation into amyloidogenic monomers. A previous 18-month controlled trial demonstrated that tafamidis 

slowed  progression of peripheral neurologic impairment in patients with V30M TTR-FAP (4). Here we report on 

exploratory cardiac outcomes in a 12-month study of tafamidis in patients with TTR-FAP due to non-V30M TTR 

mutations, a group in which significant cardiac involvement is likely. 

 

METHODS 

This was a 12-month, phase 2, open-label study of tafamidis 20 mg QD in adults with biopsy-confirmed TTR 

amyloidosis due to non-V30M mutation. The primary endpoint was TTR stabilization rate at week 6. The effects 
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of treatment on selected cardiac parameters were evaluated at baseline, month 6, and month 12. Analyses 

were performed in the intent-to-treat (ITT) population, defined as all patients who received at least 1 dose of 

tafamidis. All analyses were based on observed data without imputation of missing values.  

 

RESULTS 

Of the 21 patients enrolled in the study, 61.9% were male and the mean age (standard deviation [SD]) was 63.1 

(9.86) years. Mean disease duration was 64.7 (60.77) months with an age of onset of 59.3 (9.15) years. Eight 

TTR variants were represented in the study population: p.Ser77Tyr (n=2), p.Gly47Ala (n=3), p.Phe64Leu (n=4), 

p.Asp38Ala (n=1), p.Thr60Ala (n=4), p.Leu58His (n=4), p.Ser77Phe (n=1), and p.Ile107Val (n=2). Eighteen 

patients (85.7%) completed the study. 

  All patients had at least 1 echocardiographic abnormality at baseline, the most common of which were left 

ventricular (LV) posterior wall thickness and LV septal thickness ≥ 13 mm in 17 (89.5%) patients and valve 

thickening in 16 (84.2%) patients. Echocardiographic values showed no clinically meaningful changes from 

baseline to month 12 (Table 1). 

 

Table 1.  Echocardiographic Assessment: ITT Population 

Measurement  Baseline  6 month 12 month 
LVEF, %  
 N 
 Mean ± SD 
 Median 
 Range 

 
21 

60.3 ± 9.96 
61.0 

34 - 77 

 
18 

57.9 ± 10.94 
57.5 

37 - 79 

 
18 

60.2 ± 6.44 
59.0 

50 - 70 
LV posterior wall thickness, mm 
 N 
 Mean ± SD 
 Median 
 Range 

 
19 

14.6 ± 2.6 
14.0 

9.0 - 20.0 

 
16 

14.9 ± 3.2 
15.0 

9.0 - 20.0 

 
14 

15.1 ± 2.7 
15.0 

11.0 - 20.0 
Interventricular septal thickness, mm 
 N 
 Mean ± SD 
 Median 
 Range 

 
19 

15.24 ± 2.77 
15.0 

8.5 - 20.0 

 
16 

16.06 ± 3.30 
17.0 

9.0 - 20.0 

 
14 

16.21 ± 3.24 
15.5 

10.0 - 21.0 
Fractional shortening, % 
 N 
 Mean ± SD 
 Median 
 Range 

 
18 

31.2 ± 5.7 
32.0 

17 - 42 

 
15 

30.9 ± 5.9 
31.0 

20 - 40 

 
14 

30.6 ± 7.1 
30.0 

20 - 43 
E/A ratio 
 N 
 Mean ± SD 
 Median 
 Range 

 
18 

1.46 ± 0.67 
1.30 

0.60 - 3.10 

 
14 

1.44 ± 0.75 
1.15 

0.70 - 3.10 

 
17 

1.35 ± 0.69 
1.20 

0.50 - 3.10 
IVRT, ms 
 N 
 Mean ± SD 
 Median 
 Range 

 
10 

84.1 ± 17.5 
81.0 

56 - 108 

 
6 

94.2 ± 12.45 
97.5 

77 - 106 

 
12 

88.5 ± 17.7 
94.0 

52 - 106 
 

Troponin I elevation has been observed in TTR-FAP patients (5). Mean troponin I levels in the study population 

were normal at baseline compared with established ranges and remained stable throughout the study (Table 2). 

Mean baseline NT-proBNP values were elevated but also remained stable over the course of the study with no 
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clinically relevant changes observed. NT-proBNP values >1,000 pg/mL, indicative of heart failure, were 

measured in 10 patients; 9 had previously experienced cardiac events. Patients at low risk of heart failure (NT-

proBNP values <300 pg/mL) showed no increase in NT-proBNP levels; no serious cardiovascular events 

occurred. 

 

Table 2.  Biomarker Measurement in ITT Population 

Measurement  Baseline  6 Months 12 Months 
Troponin I, ng/mL  
 N 
 Mean ± SD 
 Median 
 Range 

 
20 

0.023 ± 0.04 
0.00 

0.00–0.13 

 
18 

0.03 ± 0.04 
0.00 

0.00–0.13 

 
18 

0.02 ± 0.04 
0.00 

0.00–0.13 
NT-proBNP, pg/mL 
 N 
 Mean ± SD 
 Median 
 Range 

 
19 

1,248.9 ± 1,529.4 
799.0 

43.0–6,216.0 

 
18 

1,132.2 ± 1,264.5 
829.5 

50.0–4,087.0 

 
16 

1,253.9 ± 1,937.3 
752.4 

41.0–7,902.0 

 

Changes from baseline in 24-hour average heart rate were minimal, with the pattern of electrographic 

abnormalities similar at baseline and during treatment. The percentage of patients with normal HRV increased 

was 21% (4/19) at baseline, 29% (4/14) at 6 months, and 42% (8/19) at 12 months. Echocardiographic and 

electrocardiographic abnormalities observed after treatment initiation were consistent with underlying cardiac 

morbidity. Tafamidis was not associated with abnormalities in blood urea nitrogen or measures of thyroid 

function. Seventeen patients (81%) experienced ≥1 adverse event (AE), most commonly falls (5 patients, 24%), 

diarrhea (5 patients, 24%), extremity pain (4 patients, 19%), and dizziness, dyspnea, vomiting, and constipation 

(3 patients each, 14%). Four serious AEs were considered possibly related to treatment (ankle fracture, 

malaise, urinary retention, and transient ischemic attack). No patients died during the study. 

 

CONCLUSION 

In conclusion, tafamidis was safe and well tolerated over 12 months in patients with non-V30M TTR-FAP. Most 

echocardiographic parameters were stable over 12 months of tafamidis treatment, and there were no clinically 

significant changes over time. There were no clinically relevant changes in troponin I or NT-proBNP levels. 

Although baseline Holter monitoring results indicated impaired cardiac autonomic function in most patients, 

electrographic analysis of heart rate and HRV demonstrated no adverse effects of tafamidis treatment. By 

month 12, measures of HRV appeared to improve.  

 

FUNDING 

This study was sponsored by FoldRx Pharmaceuticals, which was acquired by Pfizer Inc in October 2010. 
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Transthyretin (TTR) stabilization, efficacy and safety of tafamidis, a kinetic stabilizer, were evaluated in a phase 

2/3 double-blind, randomized trial (Fx-005, n=125) and open-label extension (Fx-006, n=71) in V30M TTR 

amyloidosis polyneuropathy patients, and phase 2 open-label studies in non-V30M polyneuropathy patients 

(Fx1A-201, n=21) and wild-type or V122I patients with cardiomyopathy (Fx1B-201, n=35). At final timepoints, 

TTR was stabilized in most patients (Fx-005: tafamidis 97.9%, placebo 0%, P<0.0001; Fx-006: tafamidis-

tafamidis 94.1%, placebo-tafamidis 93.3%; Fx1A-201: 100%; Fx1B-201: 87.5%). In Fx-005, tafamidis resulted in 

less deterioration in Neuropathy Impairment Score-Lower Limbs (P=0.0271), Norfolk Quality of Life-Diabetic 

Neuropathy total score (P=0.1157) and modified body mass index (P<0.0001). These effects were sustained in 

Fx-006. Similar benefits were observed in Fx1A-201. In Fx1B-201, change from baseline in cardiac biomarkers 

and functional assessments was minimal suggesting no substantial deterioration in cardiac status. Thus, 

treatment with tafamidis was associated with stabilized TTR and slowed disease progression.   

 

BACKGROUND AND OBJECTIVES 

TTR amyloidosis, characterized by progressive neuropathy (TTR-FAP) and cardiomyopathy (TTR-CM), is both 

a genetic and a sporadic disease resulting from variant (or wild-type) TTR tetramer dissociation into monomers 

that ultimately form amyloid deposits (1). Tafamidis is a small molecule that kinetically stabilizes the native 

tetrameric form of TTR (2), a process that is predicted to slow amyloidogenesis and disease progression in TTR 

amyloidosis patients. Tafamidis was approved in Europe in November 2011 for the treatment of early-stage 

TTR-FAP (3). Here we describe the plasma TTR stabilization by tafamidis and the efficacy and safety of oral 20 

mg daily tafamidis treatment in four clinical trials. 

 

METHODS 

Studies are described in Table 1. Key efficacy variables in the TTR-FAP studies included the Neuropathy 

Impairment Score-Lower Limbs (NIS-LL) and Σ5 NCS nds composite score measuring large nerve fiber; the 

total score of the Norfolk Quality of Life-Diabetic Neuropathy questionnaire (TQOL) and modified body mass 
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index (mBMI, equivalent to BMI × serum albumin), which is a measure of wasting and autonomic 

gastrointestinal function. N-terminal pro brain-type natriuretic peptide (NT-proBNP), troponin I and T levels, and 

6-minute walk test (6MWT) were recorded in Fx1B-201. 

 

Table 1.  Summary of Clinical Trials Evaluating Tafamidis 

Study  Description ITT population Genotypes 
Fx-005 
(TTR-FAP) 

18-month, randomized, 
controlled, double-blind 

Tafamidis n=64,  
Placebo n=61 

Val30Met 

Fx-006 
(TTR-FAP) 

12-month open-label 
extension of Fx-005 

Tafamidis-tafamidis n=38, 
Placebo-tafamidis n=33 

Val30Met 

Fx1A-201 
(TTR-FAP) 

12-month, open-label Tafamidis n=21 Non-Val30Met 

Fx1B-201 
(TTR-CM) 

12-month, open-label Tafamidis n=35 Wild-type (n=31), Val122Ile 
(n=4) 

ITT=intent to treat, defined as all randomized patients with ≥1 post-baseline assessment (Fx-005, Fx-006) or all 
patients who received ≥1 dose of study medication (Fx1A-201, Fx1B-201). 
 

Samples were subjected to urea-denaturing conditions followed by crosslinking in an immunoturbidity assay, in 

which only intact folded TTR tetramers are recognized. Under these conditions, TTR irreversibly dissociates into 

unfolded monomers, but tafamidis-bound tetramers are stabilized. Percent TTR stabilization was calculated as 

the relative difference in “fraction of initial” (FOI, amount of tetramer remaining after denaturation divided by 

amount of tetramer before denaturation) between dosed and baseline samples. Stabilization was deemed if 

values were above the 95% confidence interval of values for healthy volunteers in a previous phase 1 study 

(32% stabilization).  

 

RESULTS 

TTR stabilization was observed across all TTR genotypes evaluated, including wild-type. In nearly all (95%-

100%) tafamidis-treated patients, TTR was stabilized at the first assessed time point (week 6 or week 8), 

compared with only 7% of placebo-treated Val30Met patients. Results in tafamidis-treated patients were 

sustained to the end of the treatment period; none of the placebo-treated patients had stabilized TTR at month 

18 of study Fx-005. 

  During the Fx-005 study, Val30Met patients receiving tafamidis experienced less deterioration in NIS-LL, 

TQOL, and mBMI than those receiving placebo. In the ITT population, 45.3% of tafamidis-treated patients had 

no disease progression (NIS-LL change from baseline <2 points) at month 18 compared with 29.5% of placebo 

patients (P=0.0682); least squares mean ± standard error changes from baseline to month 18 in TQOL scores 

were 2.0 ± 2.3 and 7.2 ± 2.4 for the tafamidis and placebo groups, respectively (P=0.1157). Compared with 

placebo, tafamidis patients experienced a significant reduction in change from baseline at month 18 in NIS-LL 

(P=0.0271) and mBMI (P<0.0001) and numerically smaller decline in TQOL (P=0.2090). 

  Fx-006 outcomes reflected a sustained slowed progression of disease in the tafamidis-tafamidis group and a 

reduction in disease progression in placebo-tafamidis patients who started tafamidis treatment 18 months later. 

Slower disease progression was also observed in non-Val30Met TTR-FAP patients in the Fx1A-201 study 

(Figure 1). 

  In the Fx1B-201 study, cardiac health was evaluated in TTR-CM patients by comparing cardiac biomarkers 

and functional assessments at baseline and at 12 months. Change from baseline in NT-proBNP and 6MWT was 
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minimal compared with non-randomized, historical controls, and troponin I and T levels were stable, suggesting 

no substantial deterioration of cardiac status.  

 

Figure 1.  Changes from baseline to on-treatment visits (Fx-005, Fx-006, Fx1A-201; ITT, observed cases). 

 

There were 5 deaths in the Fx-005 study (2 receiving tafamidis, 3 receiving placebo), all after liver transplant. 

No deaths were reported in Fx-006 or Fx1A-201. Two TTR-CM patients died during the Fx1B-201 study (causes 

of death were hemorrhagic stroke and primary amyloidosis) and 2 deaths occurred >30 days after study 

completion (intracranial hemorrhage due to glioblastoma multiforme and unknown). The most common adverse 

events were diarrhea (n=28, 22.0%) and urinary tract infection (n=26, 20.5%) among TTR-FAP patients, and 

dyspnea (n=11, 31.4%), congestive heart failure (n=9, 25.7%), fatigue (n=8, 22.9%), dizziness (n=7, 20.0%), 

and diarrhea (n=7, 20.0%) among TTR-CM. Differences between study groups are likely due to the underlying 

differences in patient characteristics such as age and comorbid conditions. 

 

CONCLUSIONS 

Tafamidis stabilized TTR in most patients with wild-type or mutant TTR, and tafamidis-treated patients 

experienced less neurologic deterioration and maintained quality of life and nutritional status.  

 

FUNDING 

This study was sponsored by FoldRx Pharmaceuticals, which was acquired by Pfizer Inc in October 2010. 
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ABSTRACT 

Left ventricular assist devices (LVAD) are frequently used in heart failure secondary to dilated cardiomyopathy 

but no study has investigated their use in cardiac amyloidosis. We analyzed the outpatient outcomes in seven 

patients with cardiac amyloidosis treated with LVAD implantation between December 2008 and October 2011.  

  All patients were NYHA Class IV and had a significantly decreased cardiac index. All patients tolerated LVAD 

placement well, the most common post-operative complication being bleeding. Post-operatively, 1 patient 

developed transient right heart failure. Mean hospitalization was 24 days and none of the patients were re-

hospitalized within 30 days. Only 1 patient died since the procedure and all patients reported significantly 

improved NYHA Class. 

  In patients with advanced heart failure secondary to cardiac amyloidosis, LVAD implantation may be an 

acceptable therapeutic option. Firm conclusions cannot be drawn but these observations suggest consideration 

of LVAD implantation in patients with end stage cardiac amyloidosis. 

 

INTRODUCTION 

Amyloidosis is a multisystem disease, the most serious manifestation being that of cardiac amyloidosis. No 

effective treatment options exist outside of transplantation which most patients are not eligible for due to the 

systemic nature of the disease and concern for reoccurrence. In the last decade there has been considerable 

research in the treatment of end-stage heart failure. Namely, left ventricular assist devices (LVADs) were 

developed.  Originally used to bridge patients to transplant, they are now also used in non-transplant candidates 

as ‘destination therapy’. LVAD use has been found to have low risk of adverse events and improve quality of life 

(1). Patients with cardiac amyloidosis are rarely transplant candidates due to the nature of the disease (2). No 

study has fully addressed LVAD placement in patient with cardiac amyloidosis. In this study, we sound to 

examine the characteristics, surgical complications, and post-hospital outcomes in 7 patients who received 

LVADs for end stage cardiac amyloidosis. 
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METHODS 

During the period December 1, 2008 and October 31, 2011 7 patients received continuous axial flow LVAD 

(Heart Mate II, Thoratec, Pleasanton, CA) for treatment of cardiac amyloidosis. The diagnosis of cardiac 

amyloidosis had been established by tissue biopsy and mass spectrometry in each patient. The records of each 

patient were then analyzed. The study protocol was reviewed and approved by the institutional review board at 

Mayo Clinic, Rochester, MN 

 

RESULTS 

Five patients had the diagnosis of SSA, one had TTR familial amyloidosis, and one patient had AL amyloidosis. 

The patient (#5) with TTR familial amyloidosis was found to have a mutation resulting in the amino acid 

substitution p.Asp18Asn.  All patients were classified as NYHA functional class IV at time of presentation. Four 

of the seven patients were given a score less than 3 as defined by the Interagency Registry for Mechanically 

Assisted Circulatory Support scale.  Baseline echocardiography demonstrated increased septal and posterior 

thickness in the majority of the patients. Baseline cardiac catheterization data was available for 6 of the patients, 

all of which demonstrated mean pulmonary artery pressure, mean wedge pressure, and pulmonary vascular 

resistance to be significantly elevated. The one patient with a history of AL amyloidosis had underwent 8 months 

of chemotherapy with Melphalan, Prednisone, and Lenalidomide and was in complete hematologic remission 

prior to LVAD implantation. 

  The procedure was well tolerated by all patients. Postoperatively, no patients required prolonged intubation, 

developed acute renal failure, acute cerebral events, or had thromboembolic events. One patient post-

operatively developed significant right sided heart failure necessitating dopamine support. His right heart failure 

resolved and inotropic support was able to be weaned prior to discharge. The median ICU stay for the patients 

was 8.6 days (5, 15) and average length of hospitalization was 29.4 days (14, 62). All patients were discharged 

home after intensive inpatient cardiac rehabilitation. No patients were readmitted within 30 days of discharge. 

 

Table 1.  Baseline Demographics 

Patient:  #1 #2 #3 #4 #5 #6 #7 
Age 73 58 68 75 46 55 70 
Sex M M M M M M M 
Amyloid Type ATTR 

SSA 
ATTR 
SSA 

ATTR 
SSA 

ATTR 
SSA 

TTR 
Familial 

AL ATTR 
SSA 

NYHA Class IV IV IV IV IV IV IV 
Cardiac Index 
(L/min/m2) 

1.83 1.79 2.02 1.66 2.33 2.1 2.36 

 

 

No patients have been lost to follow-up with an average time since procedure of 12.1 months (2, 30). Since 

LVAD placement, one patient had died (support day 59) and another had proceeded to receive a dual heart/liver 

transplant (support day 167). Compared to symptoms prior to the LVAD implantations, all discharged patients 

have had significant improvement in symptoms and NYHA functional class. The most common adverse event 

has been gastrointestinal bleeding necessitating hospitalization. Follow up echocardiography demonstrated 

improvement in left heart filling pressures but development of worsening right ventricular dysfunction in many of 

the patients. 
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Table 2.  Post-Operative Outcomes 

Patient:  #1 #2 #3 #4 #5 #6 #7 
Most recent follow 
up, months* 

2 10 15 30 16 10 2 

Deceased Yes No No No No No No 
Length of 
hospitalization, 
days 

44 22 14 24 26 14 62 

Current NYHA 
Class 

III III III III II III III 

GI Bleeds No Yes Yes No No Yes No 
Degree of RV 
Dysfunction 

Moderate Severe Normal Mild Severe Moderate Mild 

* follow up time post LVAD implantation date 

 

DISCUSSION 

This is the first study to describe post-hospital outcomes after use of left ventricular assist devices (LVADs) in 

the treatment of patients with cardiac amyloidosis. Particularly important is that all patients have had improved 

heart failure symptoms and only one death has occurred during follow-up. In addition, with LVAD support one 

patient was able to be bridged to possibly curative dual heart and liver transplant. Most patients receiving 

LVADs were still noted to develop worsening or severe right ventricular dysfunction. However, only one patient 

developed temporary right ventricular failure as defined as the need for inotropic or biventricular assist device 

support. 

  There is currently a lack of efficacious treatments for non-AL amyloid cardiomyopathy outside of cardiac 

transplantation. If the cardiac damage is too severe, chemotherapy may be inadequate to alter the natural 

history of AL amyloidosis. The exception is that of familial amyloidosis where multi-organ transplants may be 

curative. Medical management is often not effective. There has only been one past study looking at the role of 

LVAD implantation in restrictive cardiomyopathy which demonstrated no difference in mortality between patients 

receiving LVADs for restrictive or hypertrophic cardiomyopathy vs. those receiving LVADs for idiopathic or 

ischemic cardiomyopathy (3). Of note, the aforementioned study on restrictive and hypertrophic cardiomyopathy 

included 3 of the patients which were identified in this study. 

  In summary, this study showed that 7 patients with cardiac amyloidosis who underwent LVAD implantation for 

end stage heart failure experienced improved heart failure symptoms with low post-hospital morbidity and 

mortality. As there are few treatment options available to these patients, LVAD implantation may be an 

acceptable therapeutic option. 
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BACKGROUND 

AA amyloidosis (AA-A) went through many changes over the last 20 years. 

 

AIM 

To describe clinical aspects of AA amyloidosis, focusing on recent developments. 

 

METHODS 

Pubmed search of articles appeared over the last 20 years, focusing on those heralding an important change. 

 

FINDINGS 

Definition and pathogeneses 

AA amyloidosis occurs as a result of tissue deposition of the N-terminal fragment of serum amyloid A (SAA) in 

association with continuously elevated SAA. Recent studies have shown that elevated SAA levels not only 

cause the disease, but also determine the prognosis, that is, disease progression, renal deterioration, and the 

inevitable fatal outcome (1). SAA is an acute phase protein, produced mainly by the liver, with 3 main isoforms 

(SAA-1,-2,-4). Its normal serum level is 0.5-5 mg/L. Its acute rise during inflammation is regulated by 

inflammatory cytokines such as IL-1β, IL-6, and TNF α. Its N-terminal fragment of ± 76 a.a. (8KD) is the source 

of AA. 

   The diseases causing increased generation of SAA, and thereby underlying amyloidosis, are stratified to 

chronic inflammatory, chronic infectious, neoplastic and other diseases. The classical and most common of 

these, as well as "newer" conditions, noted over the last decade are presented in Table 1. A major 

epidemiological change, namely a shift in the distribution of the underlying diseases from mainly infectious to 

mainly inflammatory, accompanied by a sharp rise in the rate of primary AA amyloidosis (or amyloidosis of 

unknown cause), over the last 50 years has been also observed. These modifications actually reflect the 
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favorable change in the standard of living and the better medical care available for both, first the infectious and 

then the inflammatory diseases underlying amyloidosis (Table 2).  

 
Table 1.  AA-A: Classical/common and non-classical underlying diseases   

Infectious diseases   -  classical/common  Infectious diseases  - non-classical  and new  
Tuberculosis, Bronchiectasis, Osteomyelitis, 
Injection-drug abuse,  

Hepatitis B, Ch filariasis, Whipple’s, HIV, Skin infection 
associated with paraplegia/ IVDA, Visceral leishmaniasis 

Inflammatory diseases   Inflammatory diseases   
Rheumatoid arthritis, Juvenile idiopathic 
arthritis, Psoriatic arthritis, FMF, Crohn’s 
disease, Behcet’s,  

Gout, Autoinflammatory diseases, Scleroderma, 
Wegeners, SLE, PMR, Sjogren, Inclusion body myositis,  

Neoplasms  Neoplasms  
Hypernephroma, Carcinoma of lung or GIT, 
Hodgkin’s lymphoma, Castelman’s,  

Schnitzler’s disease, Non-Hodgkin’s lymphoma, Hepatic 
adenoma 

Others   Others   
Sarcoidosis, Cystic fibrosis, Unknown  Common variable immunodeficiency, Cyclic neutropenia, 

Multiple sclerosis, Morbid obesity, Histiocytosis X, 
Unknown 

                                                                
Not all patients with chronically elevated SAA will develop amyloidosis. In familial Mediterranean fever (FMF) 

AA-A may involve more than 50% of untreated individuals, while in rheumatoid arthritis (RA) its rate spans 

between 5-25%. What determines the difference in the rate of amyloidosis between diseases and between 

individuals with the same disease is not completely understood. However, genetic and other risk factors which 

increase probability for the development of AA-A have been identified. Table 3 shows risk factors found in 

amyloidosis of FMF. As might be seen, most risk factors are associated with SAA, its amount, duration of 

exposure to it, its susceptibility to abnormal proteolysis, its solubility, folding capacity and propensity to sediment 

and form amyloid fibrils. Comparable findings were also observed in RA, one of which, old age of RA onset has 

been described only recently by Okuda et al (5). 

 
 Table 2.  New trends in underlying categories causing AA amyloidosis disease (1-4) 

Boston (2000-2010)  
(%) 

London (1990-2005)  
(%) 

Paris  (1990-2005) 
(%) 

Mayo Clinic  
(1931- 1946) (%) 

Cause of 
amyloidosis  

9 15 40 63 Infections 
56 76 48.5 13 Inflammation 
5 3 10 23 Neoplasms 

30 6 1.5 0 Primary AA 
 

Course 

AA-A is primarily a sort of nephropathy. The subclinical stage, may last for a mean of 20 years. In almost all 

cases, the disease first appears as nephropathy, with proteinuria, evolving gradually to nephrotic syndrome, 

followed by gradual development of chronic renal failure, up to end stage kidney disease. This course leads to 

kidney replacement therapy within a mean of 20 years, with ±equal length in each stage. However, AA-A is a 

systemic disease, and when manifested clinically, with proteinuria of various degrees, amyloid deposits are 

already present in several organs, from which biopsy is available. Chances to obtain a positive biopsy from a 

clinically non-symptomatic organ are presented here (Table 4). They increase with time as the disease 

progresses. 
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Table 3.  Risk factors to develop amyloidosis in FMF 

Risk factors to develop amyloidosis  Odds ratio  
 

Possible pathogenesis  
(with SAA related orientation)  

Homozygousity to M694V mutation 5 More intense inflammation 
Homozygousity to SAA1.1 allele 

(Caucasians) 
3 Better susceptibility to abnormal proteolysis 

Country of residence (Europe/ Israel/ 
Armenia/ Turky/ Arab countries) 

1/ 1.5/ 
2.8/ 3.1/ 3.2 

Worse availability of medical care 

Arthritis as part of the FMF picture 2.5 Marker of a more severe disease 
Male sex 2 ??? 

SAA levels 2 More Substrate 
Carriage of Arg753Gln change in the 
TLR -2 gene (Recognition of bacteria) 

2 ??? 

Family history of AA-A  Predisposition to inflammation 
Disease duration  Longer exposure to inflammation 

Absence of treatment  More inflammation 
 

Several exceptions to this course may occur. One with a favorable effect is caused by vigorous treatment 

against the underlying disease. This may extend dramatically the duration of each stage of the amyloid kidney 

disease, cause resolution of proteinuria and reversal of nephrotic syndrome (6). The second one, also with 

favorable effect, is determined by histological factors. In general, vascular deposition, low amyloid amount and 

absence of inflammation may slow down progression to renal impairment. The third deviation from the regular 

course is caused by a condition termed by us amyloid  storm . This phenomenon may shorten dramatically the 

course of amyloid nephropathy. It occurs mostly in association with infection, usually pneumonia or 

gastroenteritis, and manifests mainly with rapidly progressive renal failure, diarrhea and malabsorption, sudden 

increase in the amount of urine protein to a mean of 10-20 grams a day and life threatening hypoalbuminemia 

(6). The reason for this development is unclear. It was thought to represent an amyloid enhancing factor (AEF) 

effect, but based on 2 kidney biopsies, with moderate amount of amyloid deposits, this speculation remains 

questionable. 

 

Table 4.   Biopsy from clinically un-affected organs in renal AA amyloidosis 

Site of bi Site of biopsy  Percent success   
Rectum 80 

Duodenum/ antrum/ esophagus  100/ 80/ 45 
Gingiva  30 

Abdominal subcutaneous fat  8 per histology  
 

Other organs usually manifest many years after the onset of nephropathy. Prolongation of life by kidney 

replacement therapy, allows more of these become symptomatic. Uncommonly they manifest at an earlier 

stage, simultaneously, or before clinical expression of kidney disease. Nevertheless, the rule that the kidney 

presents first, remain strong enough to become very cautious with attributing a clinical manifestation to AA 

amyloidosis before kidney disease has evolved to its full entirety. Thus, over the course of the disease, the 

clinical picture may be complicated and include more manifestations than just those arising from nephropathy 

(Table 5). 
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Table 5.  Common and uncommon manifestations of FMF - AA-A 

Organ involvedvolved   Manifestations  Manifestations   
Kidney  Proteinuria, nephrotic syndrome, chronic RF, Ac on Ch RF, 

electrolyte and acid base disorders, glycosuria, Nephro DI  
GI tract  Diarrhea, malabsorption, bleeding, obstruction  
Spleen  Splenomegaly, hyposplenism, spleen fracture  
Liver  Hepatomegaly, elevated enzymes  
Heart  Diastolic and systolic dysfunction, Rhythm and conduction 

disturbances, early ECG abnormalities  
Peripheral NS  Neuropathy 
Autonomic NS  Autonomic dysfunction  
Genitourinary tract  Bleeding, testicular dysfunction  
Lungs  Parenchimal nodular infiltrates  
Adrenal  Addison's dis  
Thyroid  Goiter, hypothyroidism  
Coagulopathy  RVT, Hypercoagulation  
Skin, Joints, Lymph Ns  Usually asymptomatic  
 

Diagnosis  

Diagnosis must base on biopsy, best from the affected organ. Relying on clinical circumstances may mislead. 

For instance, in 7 of 27 FMF patients, presented with proteinuria above 0.5 g/24 hours, biopsy revealed kidney 

disease other than amyloidosis, which was the presumed, pre biopsy diagnosis (Kukuy L et al, p 406 in this 

book). Demonstration of anti AA antibody reactivity of the Congo red positive deposits is still the mainstay of the 

diagnosis of AA-A. Alternatively, instead of tissue immunoreactivity, the amyloid can be extracted and analyzed, 

using sequence or mass spectrometry techniques (Kaplan B et al, p190 in this book). Yet, biopsy-dependent 

diagnosis is limited by being invasive, site restricted and therefore clinically inadequate. To date no scintigraphy 

procedure for AA-A diagnosis is currently widely available. More significant efforts must be invested in this 

direction. 

 

Treatment 

While the incidence of reactive amyloidosis is continuously dropping, due to effective treatments to most 

underlying inflammatory and infectious diseases, treatment of AA amyloidosis for those who present with an 

established disease is still generally unsatisfactory and disappointing and basically still directed at suppression 

of the underlying disease. The introduction of biologics for the treatment of the underlying diseases, caused 

major change with respect to resorption of the amyloid deposit and regression of its manifestations. This 

impression is based on individual cases or small series (7-9). Controlled trials are still awaited (Table 6). Future 

treatments are currently in a process of research; they are targeted at fibril components, including SAA itself (by 

directly inhibiting its production), or at SAA associated molecules, SAP and GAGs and thereby inhibiting fibril 

formation (10-12). 

   A yet unexplained phenomenon is the clinical histological discordance. Namely, rapid resolution of proteinuria, 

without much regression of amyloid deposits. Because this observation is universal for amyloidosis, and may 

occur in AL- amyloidosis after chemotherapy, as well as in AA- A after different drug schedules, it may suggest 

that the sole termination of active fibrillogenesis is the major factor that accounts for the regression of 

proteinuria. 
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Prognosis  

Prognosis remains poor. In recent studies, five year survival is around 50% and per Lachmann et al (1) is 

adversely associated with old age, end stage renal failure at presentation, reduced serum albumin level, and 

persistent higher levels of SAA concentration. In another study by Bergesio et al, we see a new player for 

prognosis in AA-A, cardiac involvement, which negatively determines the survival outcome by a factor of 3. 

  

Table 6.  New treatments and therapeutic approaches 

Treatment  Author (7-9) Examples 
Anti – IL-1 (Anakinra)  Stankovic K   Anakinra given to 9 FMF- amyloidosis pts, dramatically improved 

diarrhea, proteinuria, inflammatory markers and FMF attacks.  
Anti IL- 6 – (Tocilizumab)  Hattori Y  TCZ administerred to 5 RA-amyloidosis pts, dramatically improved 

diarrehea, ileus, proteinuria and resolution of amyloid deposites.  
Anti TNF agents 
(Infliximab, etanercept, 
adalimumab)  

Kuroda T  Anti TNF agents caused striking effect on GI tract in 14 RA- AA 
patients, with a decrease in amyloid deposits (p = 0.003). Cr-Cl 
improved in only 4 and protein excretion decreased in only 3.  

 

CONCLUSIONS 

In this generation we witness a shift in underlying diseases, with fewer cases related to infections and 

inflammation and more to unknown causes. Further improvement with additional decline in inflammatory causes 

is almost here. The diagnosis, treatment and prognosis, still remain stationary, but hopes for improvement in the 

near future start to be more realistic 
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In this session, some of the more rare types of systemic amyloidosis were discussed. The session also included 

a comprehensive report on a series of patients with AA amyloidosis. The more rare, inherited and non-inherited, 

types of amyloidosis that were discussed included: ALoc, amyloidosis localized to the airway; ApoAI, 

amyloidosis caused by a mutant form of apolipoprotein AI; AFib, amyloidosis caused by a mutant form of 

fibrinogen Aα; ALys, amyloidosis caused by a mutant form of lysozyme, and ALect2, amyloidosis caused by 

deposits of the protein lectin. 

  Table 1 gives a brief review of the discovery of each form discussed in this session and the International 

Symposium at which it was first presented. 

 

Table 1.  Discovery and Presentation of Amyloid Types in this Session 

Protein  Discovery  Symposium presentation  

ALoc (larynx) 1938 New and Erich (1) 9 cases 

of amyloid among 722 benign 

laryngeal tumors 

1993 VIIth, Kingston (2) Kongsrud, et al (horse Ig LC); 

Berg, et al (human kI) Liepnieks, et al (human lIII) 

AA amyloidosis 1971 Benditt, et al (4) 1967 Ist, Groningen (3) Bywaters, et al 

Apo AI 1988 Nichols and Benson (5) 2006 XIth, Woods Hole (8) Obici, et al Leu75Pro 

Fibrinogen Aα 1993 Benson, et al  (6) 1993 VIIth, Kingston Uemichi and Benson 

Lysozyme 1993 Pepys, et al (7) 1993 VIIth, Kingston Pepys, et al 

Lect2 2008 Benson, et al (9) 2010 XIIth, Rome (10) Dogan, et al; Murphy, et al 

 
 

Dr. Aldert Hazenberg, son of our host Dr. Bouke Hazenberg, reported on localized amyloidosis of the larynx.  

Localized amyloidosis of the larynx is well recognized, and as far back as in 1938 a report on benign tumors of 

the larynx noted 9 cases among 722 benign tumors of the larynx (1). Years later, in 1993 it was reported at the 

VIIth International Symposium in Kingston, Canada, where it was reported that amyloid deposits in these tumors 

were of light chain protein type. At that Symposium 3 presentations reported localized airway amyloid deposits 

in humans and animals (2). Dr. Hazenberg’s reported that surgery was effective for 15 patients, with revision 

surgery needed for some years later. 
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In 1967 when the First Symposium on Amyloidosis was held in Groningen, the Netherlands about 40 

researchers gathered to report on the results of studies on amyloid proteins and to discuss the clinical findings 

of the diseases known to be amyloidosis. The clinical syndrome of systemic amyloidosis associated with chronic 

inflammation was one of the few clinical reports at that first Symposium in 1967 (3). Professor Eric Bywaters 

from Taplow, UK reported 16 cases of amyloidosis diagnosed by kidney or liver biopsies in a series of 389 

patients with juvenile rheumatoid arthritis. This early clinical report was important as it indicated there were 

types of amyloidosis associated with chronic inflammation that differed from other types that occurred without 

inflammation or that were familial in nature. A few years later in 1971, Dr. Earl Benditt identified the amyloidosis 

associated with chronic inflammation as protein AA, a fragment of the serum amyloid A (SAA) protein (4). 

  After training both of Dr. Helen Lachmann’s parents, Professor Bywaters would have been proud of Dr. 

Lachmann’s report at this Symposium on 493 cases of AA amyloidosis. Using the incredibly comprehensive 

patient database at the National Amyloidosis Centre in London, Dr. Lachmann reviewed 20 years of collected 

data on patients with AA amyloidosis. Dr. Lachmann found there were an increasing number of patients with 

uncharacterized inflammatory disorders, in addition to cases associated with the well known chronic 

inflammatory diseases. She also noted that the rate of diagnosis of AA amyloidosis has recently become stable 

after increasing for many years, and that there has been a significant increase in the age at death for patients 

with AA amyloidosis. This report suggests important advances in AA amyloidosis. First, technology has allowed 

us to identify the type of amyloidosis as AA in patients even when they do not have a recognized underlying 

inflammatory disorder. Secondly, Dr. Lachmann’s report suggests that improved treatment of underlying 

inflammatory disorders has decreased the number of cases being diagnosed, and lastly, patients with AA 

amyloidosis are benefiting from improvements in treatment and living longer. 

  Dr. Arie Stangou reported on organ transplants, kidney or liver or both, for 3 types of rare familial amyloidoses.  

These very rare types, AApoAI (apolipoprotein AI), AFib (fibrinogen Aα), and ALys (lysozyme) have been 

identified in recent years (5, 6, 7). Benson reported the AFib amyloidosis type and Pepys reported the ALys 

amyloidosis type at the VIIth International Symposium in Kingston (2). The AApoAI type was reported by 

Benson and by Obici at the XIth International Symposium in Woods Hole (8). Dr. Stangou’s report shows how 

far we have come in now being able to suggest treatment which, even though it is a supportive treatment, is a 

breakthrough for these rare types of amyloidosis. 

  The report on ALect2 (leukocyte chemotactic factor) by Dr. Oren Fix indicated the clinical involvement of 

patients with this disorder are even more extensive than we realized. Initially reported by Benson, et al in 2008, 

Lect2 is one of the most recent proteins to be recognized as a cause of amyloidosis involving the kidney (9). 

Two reports of ALect2 were given at the XIIth International Symposium in Rome and indicated the more 

widespread nature of the disease and predominance of patients with Hispanic ancestry among those affected 

(10). Dr. Fix reported a case of ALect2 with primary liver involvement and acute liver failure that underwent liver 

and renal transplantation. 

  Now 45 years after that first Symposium, we can address clinical findings and treatment of amyloid diseases 

as well as research on amyloid proteins. We have classified amyloidosis as localized and systemic, more 

common and more rare, inherited and acquired, and we are making good progress towards effective treatments. 
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ABSTRACT 

The mechanism of Serum amyloid A (SAA), a precursor molecule of AA protein, production was examined in 

detail by utilizing hepatoma-derived cell lines. Interleukin 6 (IL-6) activated STAT3, a transcripitional factor, 

which is essential for induction of SAAmRNA. Further, IL-6 combined with TNF-α or IL-1 as complementary 

activators, augmented SAAmRNA induction. Since IL-6 was a pivotal cytokine for induction of SAA, IL-6 

blockade completely inhibited the production of SAA. It is known that serum levels of SAA decrease and 

become normalized after IL-6 blocking therapy, while SAA levels decreased but hardly reach the normal range 

as a result of TNF-α blocking therapy. 

  Therefore, an anti-IL-6R antibody, tocilizumab or Actemura, seems to be an ideal therapeutic reagent for 

prevention and improvement of AA amyloidosis. Accordingly, we are now carrying out a clinical study of 

treatment with tocilizumab for patients with AA amyloidosis. 

 

INTRODUCTION 

AA amyloidosis is initiated and progresses in a chronic inflammatory environment in which acute phase proteins 

such as C-reactive protein (CRP), serum amyloid A (SAA), and fibrinogen levels remain elevated in serum for a 

long time. While it is known that SAA, a precursor molecule of AA amyloid protein, is produced by the 

stimulation of pro-inflammatory cytokines, the details of the mechanism of SAA production in association with 

cytokines need to be clarified. To this end, we examined this mechanism stimulating IL-6, IL-1 and TNF-α in 

hepatoma-derived cell lines, and analyzed the induction and augmentation of SAA at the levels of signal 

transduction pathways.  

 

METHODS AND RESULTS 

1. Induction of SAAmRNA by IL-6 and its augmentation by IL-6 combined with IL-1 or TNF-α. 

Human hepatoma-derived cell lines were stimulated with IL-6, IL-1 and/or TNF-α. For the detection of 

SAAmRNA, SAA real-time quantitative RT-PCR using SAA-specific primers was performed. SAAmRNA was 
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significantly induced by stimulation only by IL-6, but not by IL-1 or TNF-α. However, the combination of IL-6 and 

IL-1, or IL-6 and TNF-α, synergistically induced SAAmRNA, but surprisingly, the combination of IL-1 and TNF-α 

did not. This results indicates that, of the three cytokines, IL-6 is pivotal and that TNF-α or IL-1 function as 

supplementary activators for augmentation of SAAmRNA induction.1) 

  2. STAT3 is essential for synergistic induction of SAA gene with IL-6 and IL-1. 

After IL-6 binds to its receptor (IL-6R), the IL-6 signal activates transcriptional factor STAT3 via activation of 

gp130, another component of the IL-6 receptor system and the signal transducer. However, no consensus 

STAT3 response element (RE) is located in the promoter region of SAA. To determine whether STAT3 

response promotes SAAmRNA expression, we therefore generated over-expression of wild type (WT) STAT3 

and created dominant negative (dn) STAT3 pGL3 promoter-luciferase constructs. We found that the co-

expression of dn STAT3 completely inhibited transcriptional activity of pGL3-SAA even after stimulation with IL-

6+IL-1. Co-expression with wt STAT3, on the other hand, resulted in augmention. For identification of the 

STAT3 binding site, 5’deletion mutants of the promoter were used and the results suggested that STAT3 may 

interact with the entire domain, from c/EBPβ RE to NF-kB RE.2) 

  3. Presence of STAT3 on the SAA gene promoter 3’ downstream of NF-kB RE after stimulation by IL-6+IL-1 

To detect the presence of STAT3 on the promoter, an electro-mobility shift assay (EMSA) using a long oligo-

nucleotide from -196 to -73 in the SAA1 promoter was performed and a nucleoprotein complex enhanced by IL-

6 and IL-1 stimulation was detected. To identify the components of this complex, super-shift assay was 

performed using specific antibodies against transcriptional factors. We could confirm that this complex was 

composed at least of NF-kB p65 and phospho-STAT3 ser727 with a cofactor, p300, downstream of NF-kB RE.2) 

We are now trying to identify the non-consensus novel STAT3 binding site by using the Z score assay with 

nucleotide-protein binding energy.3) 

  On the basis of our findings, we propose a model for the induction and augmentation of the SAA gene 

comprising the transcriptional complex composed of NF-kB p65, phospho-STAT3 ser727 and co-factors of p300 

in the SAA promoter region downstream of NF-kB RE.  

 

Figure 1. Cytokine-driven Transcriptional Activity of human SAA gene (Working Model). Transcriptional activity 

of STAT3 is augmented by interaction with NF-kB p65  and binding at 3’-site of NF-kB RE. 
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  4. IL-6 blockade by an anti-IL-6 receptor antibody completely inhibited the production of SAA in vitro and 

normalized serum SAA levels in RA patients.  

Augmentation of SAAmRNA expression in hepatocytes through stimulation by the trio of IL-6, IL-1 and TNF-α 

was completely inhibited by blocking with the anti-IL-6 receptor antibody tocilizumab. On the other hand, 

blocking with the IL-1 receptor antagonist produced only partial inhibition and with the TNF-α antibody none at 

all.In the case of tocilizumab therapy to for RA, serum CRP and SAA levels were not only reduced but actually 

normalized. 4)  TNF-α blockade, on the other hand, induced a reduction in serum levels of CRP and SAA, but 

almost no normalization. These findings indicate that IL-6 blockade may be more effective than TNF-α blockade 

for the suppression of SAA production both in vitro and in vivo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of cytokine blocking therapy on serum SAA levels and its transcription mechanism in RA 

patients 

 

  5. Reduction of AA amyloid deposition and improvement in renal function resulting from treatment with 

tocilizumab for a JIA and an RA patient with AA amyloidosis: two case reports. 

A JIA patient and an RA patient with AA amyloidosis were treated with tocilizumab for a year and a half, as 

reported by Okuda et al. and Nishida et al., respectively. AA amyloid fibril deposits on the duodenal or colon wall 

were reduced. No proteinuria was detected and renal functions such as creatine level and creatinine clearance 

improved after the tocilizumab therapy. 5, 6) 

 

DISCUSSION 

Once a patient has been diagnosed with AA amyloidosis accompanied by chronic inflammatory conditions, the 

disease gradually progresses and leads to a fatal outcome, mainly caused by renal failure associated with 

accumulating deposits consisting of AA fibrils on renal interstitial tissue. It has proven to be very difficult to block 
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this increase of AA protein deposits, even by treatment with continuous high doses of steroids and immune 

suppressants. Most clinicians are therefore eager to obtain an effective therapy against AA amyloidosis. In this 

context, it is highly relevant that serum amyloid A (SAA), a precursor molecule of AA protein, is produced and 

enhanced in serum in inflammatory diseases such as rheumatoid arthritis (RA). Gillmore, and Hawkins et al. 

reported that normalization of SAA levels in serum is essential for the prevention and reduction of disease 

activity. However, with previous and current therapies it is still too problematic to attain a normal range of serum 

SAA levels, and there has been little evidence concerning the SAA producing mechanism. To determine the 

exact mechanism of SAA induction, we analyzed the transcriptional mechanism of SAA production by using 

cytokine-stimulated hepatocytes. As a result of this analysis, we can propose a model for the transcriptional 

mechanism of induction and augmentation of SAA expression both in vitro and in vivo. Our findings demonstrate 

that activation of serine phosphorylated STAT3 by IL-6 stimulation, and binding of STAT3 to the novel non-

consensus response element in the SAA promoter region are both essential for the induction of SAA and 

augmentation of SAA expression. This induction and augmentation are the result of STAT3 activation via 

stimulation of IL-6 by NF-kB activation, which in turn is the result of TNF-α or IL-1 stimulation. This proposed 

mechanism implies that IL-6 inhibition may be most effective therapeutic strategy for the blocking of AA fibril 

deposition on tissue. In fact, we previously reported achieving reduction of AA deposition and improvement of 

renal function in a patient with AA amyloidosis who was treated with tocilizumab, an anti-IL-6R antibody. 

Tocilizumab may therefore prove to be an efficacious reagent for the treatment of AA amyloidosis. It is therefore 

hoped that AA amyloidosis, an as yet incurable disease, can be conquered in the near future. 
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ABSTRACT 

AA amyloidosis is a threat to FMF patients, even in the era of colchicine. Beside FMF, AA amyloidosis also 

develops in diseases associated with certain HLA types. We therefore studied HLA-A, HLA-B, and HLA-DR 

variants distributions in FMF patients with amyloidosis, including 11 of Israeli Arab and 19 of North African 

Jewish (NAJ) origin. The HLA-B38 antigen frequency was higher in unrelated Arab patients than in historical 

unaffected Arab subjects (OR=7.7, 95%CI 2.3-25, p=0.02). In NAJ patients the HLA-B13 antigen frequency was 

higher when compared to an origin matched reference group (OR 3.1, 95% CI 1.1-9.1, p=0.04). No differences 

were evident in the frequencies of HLA-A or HLA-DR variants. Because HLA-B38 often appears in haplotype 

with the FMF modifier, MICA-A9 allele, its significance in amyloidosis of FMF may warrant further study.   

 

INTRODUCTION 

FMF is a prototype of the hereditary recurrent fevers (HRF), a group of diseases whose recurrent, self-limited 

inflammatory bouts are caused by a proinflammatory genetic defect in innate inflammatory pathways. HRF 

patients are prone to develop secondary amyloidosis causing renal failure, due to recurrent surges of serum 

amyloid A, (SAA), the precursor protein of amyloid A, during disease attacks. The risk of amyloidosis is highest 

for FMF patients that are non-compliant or non-responsive to colchicine. Other risk factors include the highly 

pathogenic p.M694V homozygous Mediterranean fever gene (MEFV) genotype, the alpha/alpha variant of SAA 

and the male gender. In addition, environmental, or country based risk factors, have been demonstrated by 

epidemiological studies [1]. All these factors however fall short of predicting actual cases of amyloidosis 

outbreak. 

  AA amyloidosis also develops in chronic inflammatory conditions known to associate with specific HLA types. 

Examples are: Rheumatoid arthritis associated with DR4 and DR1, ankylosing spondelytis associated with HLA-

B27, Crohn's disease associated with HLA-B7, and ulcerative colitis with HLA-DR1. Notably, a study from Japan 

depicted increased amyloidosis rate in RA patients with a double dose of HLA-DR4 [2]. In the HLA-associated 

diseases a severe innate type inflammation is a well-documented component. 

  Early studies in FMF patients found no significant deviation in the frequency of the HLA-A and B antigens in 

FMF patients from origin matched healthy controls, and ruled out segregation of disease with the HLA complex 
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in families. Later studies found a relationship between HLA-DR4 and the MEFV gene, and a significant 

relationship between HLA-DR and HLA-DQ types and specific MEFV gene mutations. Studies on association 

between amyloidosis and HLA types in FMF patients are also equivocal. Fradkin et al found no association 

while Karahan et al depicted association with the HLA-B58 antigen with amyloidosis in end stage renal diseases 

[3,4]. In this study we examined whether certain HLA types are associated with the development of amyloidosis 

in FMF, in two Israeli ethnic groups.   

 

METHODS 

The study included all 30 amyloidotic FMF patients of two origins, namely 11 Israeli Arabs and 19 North-African 

Jews that were HLA-typed before kidney transplantation, between the years 1997-2007. Typings were retrieved 

from the national tissue typing center registry, at Sheba Medical Center, Tel-Hashomer. Three Arab patients 

were sibs of one family, and 2 of a second family. The class 1 antigens were defined serologically; HLA-C data, 

available for only 20/30 patients, was not analyzed. Class 2 HLA-DRB1 gene variants were defined by low 

resolution DNA oligotyping. HLA variants frequencies in unrelated patients (including only one patient of each 

Arab Israeli family) were compared to those in same or similar origin populations. For North African Jews, 

whose HLA allele frequencies vary across countries of origin, revealing the degree of ancestral admixture with 

European Jews, a virtual reference group was established, matched to the country-cluster  origin of the patients 

(Moroccan/ Algerian Jews or  Libyan/ Tunisian Jews) [5]. Allele frequency data was derived from the HLA allele 

database (http://www.allelefrequencies.net/hla). The allele frequency (AF) is n/2N, where n is the count of 

chromosomes with a specific MEFV allele, and 2N is the total number of MEFV chromosomes. 

  MEFV pathogenic variants and demographic data were extracted from medical files and a questionnaire. 

Patients lacking MEFV genotyping were genotyped for 2 most common pathogenic variants: p.M694V, p.V726A 

and the p.E148Q, a clinically debated variant, whose presence on the same allele with p.V726A was reported to 

associate with amyloidosis [6].  

 

RESULTS 

Class I antigens. Eight HLA-A and 12 HLA-B variants were identified in the 11 Israeli Arab amyloidotic FMF 

patients. The HLA-B38 allele was overrepresented in the patients group; It was present in 5/8 unrelated 

amyloidotic FMF patients (AF=0.31), but only in 13/117 unaffected Israeli Arab subjects (AF=0.05, OR=7.7, 95% 

CI 2.3-25, p=0.02). A serological related antigen, HLA-B39 (a B16 split) was present in 3 members of one 

family, and in 2/117 unaffected subjects (AF=0.01). When considering explicitly unrelated patients (n=8), HLA-

B38 and HLA-B39 antigens in combination presented an OR of 8.8 to develop FMF with amyloidosis in this 

ethnic group (95% CI 2.8-27, p=0.001).   

  The NAJ patients (n=19) were from several countries: Morocco (n=7), Libya (n=3) Tunisia (n=3), 

Morocco/Tunisia (n=2), Algeria (n=1), Morocco/Algeria (n=1) and unspecified (n=2). Twelve HLA-A and 16 HLA-

B variants were identified in this NAJ patients group. The HLA-B13 allele frequency was higher in the NAJ 

patients than in the reference group with matched country cluster of origin (see methods, AF=0.11 vs.0.048, 

respectively, OR 3.1, 95% CI 1.1-9.1, p=0.04). The HLA-B38 antigen frequency did not differ between the NAJ 

patients and the reference group (AF=0.08 and 0.065, respectively).   
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  Class II antigens. Six HLA-DR types were identified in the Arab patients group. HLA-DR11 was present in all 

members of the two families of Arab origin, at least once. When only unrelated alleles were considered, the 

HLA-DR11 rate was not significantly increased in patients (AF=0.25) over the population sample (AF=0.21). 

Eight DR types were found in the NAJ patients. None had an increased frequency in the patients over the 

historical reference group. In particular, the HLA-DR4 was not associated with amyloidosis in the patients group 

(AF=0.13 in patients, vs. 0.15 in controls) and HLA- DR1 was not present in the amyloidotic patients at all (AF= 

0.054 in controls, p=non-significant). 

  MEFV gene mutations. All NAJ patients, including 5 patients with the HLA-B13 allele, were homozygous for 

the p. M694V mutation. The Arab patients had various genotypes: p.[E148;V726];[E148;V726]; (3 sibs), 

p.[M694I];[M694I]; (one sib in other family), p. [M694V;M694V] (n=3), p.[726];[726] (n=1), not known (n=3). No 

association was found between a certain MEFV mutation or genotype and the HLA-B38 alleles.  

 

DISCUSSION 

Our study depicted an increased frequency of two HLA-B alleles in a group of FMF patients with amyloidosis, 

compared to the origin matched population, each in a different ethnic group. HLA-B38 was overrepresented 

about 6 fold in the Arab patients. HLA-B13 was about twice more frequent in the NAJ patients, but was not 

encountered in the Arab patients group. Of note, the HLA-B38 antigen is a pan-ethnic risk factor for psoriatic 

arthritis (PsA) [7]. Early staged PsA is now viewed upon as an aggravated auto-inflammatory response to micro-

trauma, and a trigger to chronic, HLA-associated autoimmune response targeting innate inflammation factors at 

the local tissue ([8]. Interestingly, the B38 allele is tightly linked by haplotype to the proximate MHC class I 

chain-related A (MICA) A9 allele [9]. The MICA gene is a modifier of FMF [10]. Since enhancement of 

amyloidosis by MICA variants has been excluded, the contribution of HLA-B38 itself to amyloidosis, and 

perhaps in concurrence to PsA, may warrant further study. 

  Previously reported HLA associations with amyloidosis were not corroborated by our study [2,4]. However our 

study group was small, and insensitive to weak associations typically characterizing HLA-susceptibility. This 

also implicates that the present positive results of the study need to be confirmed in a larger study. 

 

 

REFERENCES 

1. van der Hilst JC, Simon A, Drenth JP. Hereditary periodic fever and reactive amyloidosis. Clin Exp Med. 

2005;5:87-98.  

2. Migita K, Nakamura T, Maeda Y, Miyashita T, Origuchi T, Yatsuhashi H, Nakamura M, Ishibashi H, Eguchi 

K. HLA-DRB1*04 alleles in Japanese rheumatoid arthritis patients with AA amyloidosis. J Rheumatol. 

2006;33:2120-3. 

3. Fradkin M, Pras M, Zemer D, Gazit E. Familial Mediterranean fever: no association of HLA with 

amyloidosis or colchicine treatment response. Isr. J. Medical Sci. 1985;21:757. 

4. Karahan GE, Seyhun Y, Oguz FS, Kekik C, Onal AE, Yazici H, Turkmen A, Aydin AE, Sever MS, Eldegez 

U, Carin MN. Impact of HLA on the underlying primary diseases in Turkish patients with end-stage renal 

disease. Ren Fail. 2009;31:44-9. 



Other types of Amyloidosis 

401 

5. Campbell CL, Palamara PF, Dubrovsky M, Botigué LR, Fellous M, Atzmon G, Oddoux C, Pearlman A, Hao 

L, Henn BM, Burns E, Bustamante CD, Comas D, Friedman E, Pe'er I, Ostrer H. North African Jewish and 

non-Jewish populations form distinctive, orthogonal clusters. Proc Natl Acad Sci U S A. 2012 Aug 6 (Epub 

ahead of print).  

6. Gershoni-Baruch R, Brik R, Shinawi M, Livneh A. The differential contribution of MEFV mutant alleles to 

the clinical profile of familial Mediterranean fever. Eur J Hum Genet. 2002;10:145-9. 

7. Espinoza LR, Vasey FB, Oh JH, Wilkinson R, Osterland CK. Association between HLA-BW38 and 

peripheral psoriatic arthritis. Arthritis Rheum. 1978;21:72–75.  

8. McGonagle D.  Enthesitis: an autoinflammatory lesion linking nail and joint involvement in psoriatic 

disease. Eur Acad Dermatol Venereol. 2009 Sep;23 Suppl 1:9-13. 

9. Pollock R, Chandran V, Barrett J, Eder L, Pellett F, Yao C, Lino M, Shanmugarajah S, Farewell VT, 

Gladman DD. Differential major histocompatibility complex class I chain-related A allele associations with 

skin and joint manifestations of psoriatic disease. Tissue Antigens. 2011; 77:554-61. 

10. Turkcapar N, Tuncali T, Kutlay S, Burhan BY, Kinikli G, Erturk S, Duman M. The contribution of genotypes 

at the MICA gene triplet repeat polymorphisms and MEFV mutations to amyloidosis and course of the 

disease in the patients with familial Mediterranean fever. Rheumatol Int. 2007;27:545-51. 

 



XIIIth International Symposium on Amyloidosis 

402 

An exploratory case-control study of progression of  AA amyloidosis in rheumatic diseases    
 

John Hunter; Snehashish Banik; Meng May Chee 

Rheumatology Department, Gartnavel General Hospital, Glasgow, G12 0YN, Scotland. 

 

 

 

 

 

 

 

ABSTRACT 

Background: Renal impairment is not uncommon in rheumatic diseases, but it is infrequently due to 

amyloidosis. 

Objective: To demonstrate differences in progression of renal disease in patients with AA amyloid. 

Methods: Patients with AA amyloidosis were identified from a West of Scotland registry. During the period 

patients were recruited to the registry, a control group of patients were identified because of referral for biopsy 

where amyloid was sought. Follow up data on the rate of deterioration of serum creatinine and time from 

recruitment to dialysis were obtained by case record review. 

Results: 11 patients with AA amyloid (9 with rheumatoid arthritis, 1 ankylosing spondylitis & 1undifferentiated 

polyarthritis) were identified, all diagnosed between 2000 & 2010. 16 control subjects had rheumatoid arthritis 

(12), undifferentiated polyarthritis (2), psoriatic arthritis (1), & ankylosing spondylitis (1). Biopsies failed to show 

amyloid in rectal, renal, abdominal fat & carpal tunnel tissue in control subjects and 1 biopsy was declined 

because of anticoagulants. Median baseline serum creatinine was 134 micromol/l in control subjects & 125 in 

patients with AA amyloid. During follow up in controls (median 42 months), 5(31%) doubled serum creatinine but 

no patients were started on dialysis. During follow up of AA amyloid (median 27months) 5(45%) required 

dialysis & a total of 8(72%) doubled serum creatinine. 6 amyloid patients received biologic suppressive 

therapies (anti-TNF, rituximab & anakinra). Baseline serum creatinine failed to distinguish those with a better 

renal prognosis but no measurable urinary protein was present in 2 of 3 who neither doubled serum creatinine 

nor received dialysis therapy during between 54 & 108 months’ follow up. Likewise 2 of these 3 received 

biologic therapies. 

Conclusion: In this small study AA amyloid complicating inflammatory rheumatic diseases required renal 

replacement therapy more frequently than control patients with similar presentations. 

 

INTRODUCTION 

Previous observations have suggested that impaired renal function is not uncommon in inflammatory rheumatic 

diseases. In most cases renal impairment is not related to amyloidosis. However in cases of AA amyloidosis 

renal progression is the rule such that the majority of patients will require renal replacement therapy (dialysis or 

renal transplant) some 5-10 years following the initial demonstration of amyloid. This gives the opportunity to 

perform a case-control study. The aim of this study is therefore to see whether there are differences between 
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patients with renal impairment where AA amyloid has been demonstrated and patients with rheumatic diseases 

who have impaired renal function in whom amyloid has not been demonstrated. The larger such a study is the 

more likely it is to provide insight. This exploratory study has been performed to see how readily available data 

can be accessed.   

 

METHODS 

Patients: Between 2000 and 2010, 11 patients with AA amyloid were identified using the West of Scotland 

registry. A further 9 patients were recorded on the registry as being diagnosed between 2000 and 2010 but in 

these cases the case records were unavailable, either because they attended distant hospitals or because case 

records were missing. 16 control patients were identified among those who had been referred because their 

clinical presentation was thought to be consistent with a diagnosis of AA amyloidosis. Renal disease dominated 

amongst the reasons for referral but amyloid was not shown in rectal, renal, abdominal fat and carpal tunnel 

tissue when biopsies were examined in these control cases. Case record review allowed an estimation of 

deterioration of renal function over time from initial presentation. Factors that might have influenced renal 

deterioration such as baseline serum creatinine, baseline urine protein loss and treatments used were examined 

to see if they influenced outcome. 

 

RESULTS 

AA amyloid patients : 9 had rheumatoid arthritis, 1 had ankylosing spondylitis and 1 patient presented to the 

hospital with renal and gastro-intestinal features of amyloid, an inflammatory polyarthritis and later developed 

gout. The median age at demonstration of AA amyloid was 67 (range 35-76) and the median duration of the pre-

existing arthritis was 29 (range 5-32) years. Other factors that may have contributed to the development of 

amyloidosis included bronchiectasis in 3 patients, septic arthritis in 2, renal tumours in 2, childhood tuberculosis 

in 2, and osteomyelitis, recurrent urinary infections and co-existent gout alongside rheumatoid arthritis each in 1 

case. The presentation of AA amyloid involved an elevated serum creatinine in 4 cases, proteinuria in 6 cases 

(in 3 manifesting as nephrotic syndrome) and the diagnosis was an incidental finding at renal biopsy for a renal 

mass in 2 cases and for investigation of proteinuria accompanying type 2 diabetes in 1 patient. 

  Control patients : 16 patients were identified who had been referred because of clinical suspicion of AA 

amyloid. In biopsies of kidney, rectum and in abdominal fat aspirate amyloid was not demonstrated. In 1 patient 

congophilic material was demonstrated in tissue examined after carpal tunnel decompression but further 

examination failed to demonstrate evidence of amyloidosis of any type. The background rheumatological 

diagnosis was rheumatoid arthritis in 12 patients, undifferentiated inflammatory polyarthritis in 2, psoriatic 

arthritis in 1 and ankylosing spondylitis in 1 patient. Renal diagnoses included IgA nephropathy, renovascular 

disease and chronic pylonephritis. Other diagnoses accompanying the rheumatic disorder that might have 

contributed to a propensity to AA amyloid among the control patients were gout in 2 patients and Crohn’s 

disease, bronchiectasis, leucopenia, endocarditis, septic arthritis, recurrent urinary infections and a renal tumour 

each in 1 patient. The presentations that led to consideration of amyloid included raised serum creatinine in 11 

patients and proteinuria in 9 which was in the nephrotic range in 2 patients. The median age for initial data 

collection concerning progression of renal impairment was 65.5 years (range 42-80). 
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  Renal outcomes : Baseline serum creatinine in the amyloid group was median 125 micromol/l. (range 57-310). 

The median baseline serum creatinine in the control group was similar at 134  micromol/l (range 65-320). The 

median period of follow up was 27 months (range 1-108) in the amyloid group and 42 months (range 1-245) in 

the control group. 

  During the follow up periods 5 (45%) amyloid patients and no control patients required dialysis or other renal 

replacement therapy. Similarly the level of serum creatinine doubled from baseline in 8 (72%) amyloid patients 

and  5 (31%) control patients. 1 of the amyloid patients had a renal transplant following dialysis. His treatment 

before the transplant was with Etanercept but he developed leucopenia and he has been continuously treated 

since with Anakinra. 3 other patients remain well on anti-TNF therapy. 1 died in end stage renal failure with an 

accompanying vascular dementia. 2 patients received Rituximab, 1 of whom died from sepsis after several 

cycles of Rituximab therapy associated with improvement in his rheumatoid arthritis. Rituximab failed to give 

symptomatic improvement of rheumatoid disease and was followed by rapid renal progression in the other 

patient who received it. Other treatments used that may have suppressed inflammation included Leflunomide, 

Methotrexate, Minocycline and Captopril. 

  In 2 of the 3 patients who neither doubled the serum creatinine nor required dialysis during a median follow up 

period of 66 months, the finding of AA amyloid on biopsy was unexpected. 2 of these 3 patients received anti-

TNF therapy (a similar proportion to the group as a whole), but the median baseline creatinine (180 micromol/l) 

was higher than the median baseline serum creatinine in the remainder of the AA amyloid group. Similarly 2 of 

the 3 patients who did well had less than 0.25 g/l proteinuria at presentation whereas the remaining AA amyloid 

patients had a median baseline urine protein concentration of 2 g/l (range 0.4-9.3). 

 

DISCUSSION 

This small study of AA amyloid complicating inflammatory rheumatic diseases shows that renal replacement 

therapy was required more frequently in amyloid patients compared to those patients with rheumatic diseases 

who present with similar problems. Renal deterioration as assessed by the doubling of serum creatinine was 

also more frequent among patients who had AA amyloid. There was no obvious therapeutic benefit from using 

biologic suppressive therapies in this series when those patients with AA amyloid, who received biologic 

therapies were compared with those who did not. However, those who did not receive them did so either 

because the demonstration of AA amyloid was a surprise (a patient presenting with diarrhoea with a previous 

history of colitis and no detectable proteinuria or elevation of serum creatinine and in patient with diabetes and 

proteinuria) or because biologics were contra-indicated because of intercurrent sepsis or recent history of 

malignancy.   

  There were 3 patients with AA amyloid who neither doubled their serum creatinine during the follow up period 

nor required renal replacement therapy. These patients did not have unusually low levels of serum creatinine 

but proteinuria at presentation was at low levels. This is consistent with previous observations among AA 

amyloid patients in the West of Scotland and proteinuria has previously been thought to be a significant 

prognostic factor in chronic kidney disease.   

  Retrospective surveys such as this are prone to bias. Because of the established interest in AA amyloidosis in 

the West of Scotland patients are registered prospectively by one doctor (JH) and it is unlikely that patients with 

AA amyloidosis secondary to rheumatic disorders attend elsewhere. Patient selection in the control group is 

influenced by referral practice and more of these patients came from hospitals in which the authors practice 
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than from hospitals further afield in the West of Scotland. Nevertheless, the results are consistent with a 

previous audit of patients attending rheumatology clinics in Gartnavel General Hospital in that progressive renal 

disease is uncommon in patients where a degree of chronic kidney disease has already been established.   

  This study has demonstrated that it is possible to abstract information from case record review to explore for 

possible prognostic factors in patients with AA amyloidosis and clearly it is hoped that additional information 

might be derived from a larger study over a more prolonged period. Whilst ideally this might be a prospective 

study, recruitment would be likely to be slow and learning from those patients we have already served may give 

worthwhile information. 
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ABSTRACT 

FMF patients may develop various kidney diseases, manifested with proteinuria. AA amyloid nephropathy is the 

most common one, therefore kidney biopsy is usually avoided. Thus, the rate and the course of other kidney 

diseases reported in FMF are generally unknown. In 27 FMF patients, who developed proteinuria above 0.5 

g/24 hrs and underwent kidney biopsy, nephropathy other than AA amyloidosis was studied for its rate, and 

clinical, genetic and laboratory features. Data was abstracted from patient files, looking specifically for 

parameters, useful for prediction of pathological diagnosis prior to biopsy. Only 60% of these patients had 

biopsy proven AA amyloidosis. Patients with amyloidosis differed from patients with non-amyloid nephropathy 

on several parameters, including severity of FMF, degree of proteinuria and rate of hypertension. Poor 

prognosis with higher rate of ESRD and mortality also characterized the amyloidosis group. Kidney biopsy in 

FMF patients, who develop proteinuria, is highly warranted.  

 

BACKGROUND 

Familial Mediterranean fever (FMF) is a genetically transmitted autoinflammatory disease, which may be 

complicated with reactive amyloidosis (AA) (1). The kidney is the major affected organ, and its involvement with 

amyloidosis is manifested initially with proteinuria. It is common practice to view proteinuria in FMF as resulting 

from amyloidosis and avoid kidney biopsy. However, nephropathy other than amyloidosis has been described 

in FMF, but its rate and other features are unknown (2).  

 

OBJECTIVE 

To appreciate the fraction of FMF patients with proteinuria unrelated to amyloidosis, and characterize the course 

and underlying pathology of non-amyloidotic proteinuria. 
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METHODS 

We have collected data retrospectively, on FMF patients, undergoing kidney biopsy for proteinuria above 0.5 

gram/24 hours, over the last 10 years (since 2001). Clinical, laboratory and genetic data were abstracted from 

patient files, and patients were interviewed to complete the missing information. All kidney biopsies were viewed 

by an experienced pathologist, using accepted methods as light, immunofluorescence and electron microscopy 

and stained with Congo red and AA antibodies to detect amyloid. 

 

RESULTS 

Of  27 FMF patients with proteinuria above 0.5 g/24 hrs, referred to kidney biopsy, only 16 were diagnosed with 

AA amyloidosis (59.3%), 11 were diagnosed with other nephropathies (focal glomerulonephritis-5, focal 

segmental glomerular sclerosis-2, IgA nephropathy -1, minimal change disease-1,  focal glomerulonephritis with 

signs of thrombotic microangiopathy-1). In 10 of 27 patients the pre-biopsy diagnosis was changed following 

kidney biopsy (7 from suspected amyloidosis to other nephropathies and 3 from suspected other nephropathies 

to amyloidosis). Table 1 shows demographic, clinical, genetic and kidney disease parameters in the two patient 

groups. Table 2 compares the course and prognosis of the two patient groups.   

 

Table 1. Predictors of amyloidosis in FMF patients undergoing biopsy for proteinuria 

Predictors 
parameters 

Amyloidosis group 
 

Other kidney diseases 
 

P value 
 

Number of patients 16 11  (41%)  
Age 43.9±14.9 43.3±13.4 0.884 
Male Sex 8 9  
North African  origin 14 7  
Mutation 694/694- 80% 

Other - 20% 
694/694 - 54%       
Other – 46% 

0.27 

Severe FMF 10/16 3/11 <0.05 
Degree of proteinuria  at 
biopsy (g/24h)  

6.46±4.3  
 

2.4±1.7  
 

0.0136 

Urine sediment (%) 81 72 0.958 

 
Table 2.  Course and prognosis of the disease 

Parameters Amyloidosis group Other kidney diseases P value 
ESRD/transplant 75% 27.2% 0.02 
Time interval from onset 
of proteinuria to ESRD 
(years) 

19.14 
 

NA 
 

 

Years from onset of FMF 
until ESRD 

44.7±14.4 25.7±3.05 
 

0.111 
 

HTN  (onset unknown) 10/16 2/11 0.05 
Death 37.5% 9% 0.227 
Causes of death 
 

Progressive  amyloidosis-4 
Septic foot-1 
Creutzfeldt-Jacob disease-1 
Unknown-1 

Uncontrolled bleeding and 
pneumonia - 1 
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DISCUSSION AND CONCLUSION 

Almost 50% of patients with FMF and proteinuria were diagnosed with nephropathy other than amyloidosis on 

kidney biopsy, which includes conditions with more favorable outcome. It is highly suggested to obtain biopsy 

from patients with FMF and proteinuria more than 0.5 gr/24 hours. 
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ABSTRACT 

Amyloidosis of FMF may lead to end-stage renal failure, culminating in some patients in kidney transplantation. 

We aimed to assess demographic, clinical and genetic risk factors for the development of FMF-amyloidosis in a 

subset of kidney transplanted patients, and to evaluate the impact of transplantation on the course of FMF. 

Demographic, clinical and genetic data of 16 kidney-transplanted FMF-amyloidosis patients was compared to18 

FMF patients without amyloidosis. Compliance with colchicine treatment in FMF-amyloidosis patients was much 

lower than in FMF without amyloidosis. Post kidney-transplantation, the frequency of typical FMF serosal 

attacks was significantly lower than before transplantation. FMF-amyloidosis patients carried only M694V 

mutations in the FMF gene, while FMF without amyloidosis featured other mutations as well. In conclusion, 

kidney transplantation in patients with AA amyloidosis of FMF seems to prevent FMF attacks. Compliance with 

treatment and genetic makeup but not severity of FMF constitute the major risk factors for the development of 

amyloidosis in FMF. 

 

INTRODUCTION 

Familial Mediterranean fever (FMF) is a genetic auto-inflammatory disease, caused by mutations in the 

MEditerranean FeVer gene (MEFV) and characterized by recurrent episodes of fever accompanied by 

polyserositis. The most devastating complication of FMF is renal amyloidosis, occurring in up to 50-60% of 

untreated patients (1). Several risk factors for the development of amyloidosis among FMF patients have been 

described previously, including a family history of FMF- amyloidosis, consanguinity of patients' parents, 

homozygosity for the M694V mutation, ethnicity (higher in  North African Jewish ancestry and Turks, and  less 

common in Arabs), male gender, high SAA levels, the α/α isoform of SAA and country of residence (2,3). The 

insertion of colchicine to the treatment regimen of FMF, first reported by Zemer et al (4), significantly diminished 

the incidence of amyloidosis in FMF patients. Higher rates of FMF-related amyloidosis are noted in patients with 

low compliance to colchicine therapy and in patients who initiated colchicine at an older age (5,6). Continuous 

colchicine treatment was shown to prevent amyloid re-accumulation in the grafted kidney of FMF patients with 

amyloidosis (6). 
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Here we aimed to evaluate several factors, which underlined the evolvement of amyloidosis in a subset of FMF 

patients, who underwent kidney transplantation, and determines the effect of transplantation on the course of 

FMF. 

 

METHODS 

Patients groups: We retrospectively compared the demographic, clinical and genetic data of FMF patients with 

and without amyloidosis. All 16 amyloidosis patients have undergone kidney transplantation. The diagnosis of 

kidney amyloidosis was determined by kidney biopsy, or by typical clinical presentation of renal amyloidosis with 

amyloid-positive extrarenal biopsy. The control group consisted of 18 consecutive FMF patients, without 

amyloidosis (as attested by normal urine analysis), or other kidney-related diseases. In both groups, the Tel-

Hashomer criteria  were used for the diagnosis of FMF (7). All patients were interviewed, examined and 

completed a questionnaire detailing clinical, demographic and genetic characteristics. The FMF severity was 

assessed using the FMF severity scale  of Mor et al (8).  

  The 3 most common MEFV mutations, M694V, V726A, and E148Q, identifying  70% of the FMF alleles in the  

Israeli-Jewish FMF patients population, were determined, using   polymerase chain reaction amplified segments 

of exon 10 and exon 2 of MEFV and enzyme restriction analysis, as previously described (9). 

 

RESULTS  

Demographic parameters 

The study and control groups were comparable with respect to sex, age at recruitment and age at diagnosis but 

differed in ethnic origin, where most amyloidosis patients were North African (87% vs. 44%, P=0.01). Male 

preponderance and older age characterized the kidney-transplanted FMF-amyloidosis group. The other distinct 

patient ethnicities in the study group, varied insignificantly from those of the control group. 

Clinical parameters  

The clinical parameters of the FMF-amyloidosis group and the FMF-control group at the pre-transplantation 

period appeared to be comparable. This included rate of attacks in each site, rate of attacks accompanied by 

fever, duration of attacks, pain score during attacks, colchicine dose, age of onset, diagnosis delay, and disease 

severity score.  

Colchicine treatment 

Both patient groups were prescribed a mean of 1.5 mg colchicine a day by their treating physicians. However, 

while patients of the control group reported a 94% compliance rate, the kidney-transplanted FMF-amyloidosis 

patients admitted only a 50 % compliance rate at the pre-transplantation period (p=0.05).  

Genetics 

MEFV mutations are shown in Table 1. Fourteen of the 16 kidney-transplanted FMF-amyloidosis underwent 

genetic analysis, which resulted in the detection of the MEVF- M694V mutation in all (12 homozygous, and 2 

heterozygous). By contrast, among all 18 FMF patients without amyloidosis, only 12 (66%) had any M694V 

mutation. The rest had other mutations or no mutations at all (n=6). The difference between the patient and 

control groups in carriage of at least one M694V mutation was significant (p=0.02). There was no difference on 

the rate of homozygosity to the M649V mutation, the main known genetic risk factor for amyloidosis. 
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Table 1.  MEFV mutations in FMF patients with and without amyloidosis  

 

 

 

 

 

 

 

 

 

* 14 of 16 patients analyzed 

 

Post-transplantation course of FMF 

Study patients were 6.75±6.75 years in average after kidney transplantation. Eighty-one percent of them 

underwent dialysis treatments during 2.37±1.7 years, before transplantation. All reported 100% compliance with 

colchicine and with the prescribed immunosuppressive therapy, which included mycophenolate mofetil (MMF) 

along with tacrolimus or cyclosporine or azathioprine, with or without prednisone. While FMF patients without 

amyloidosis recalled their most recent FMF attack to occur 143 days (average) before the day they completed 

the questionnaire, in FMF-amyloidosis patients it occurred 2214 days before the questionnaire time (p = 0.01). 

 

CONCLUSIONS 

Kidney transplantation in patients with AA amyloidosis of FMF seems to prevent FMF attacks. A protective role 

of immunosuppressive therapy in this regard cannot be excluded. Compliance with treatment and genetic 

makeup but not severity of FMF constitute the major risk factors for the development of amyloidosis in FMF. 
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INTRODUCTION 

We present an elderly patient with renal amyloidosis associated with a novel fibrinogen A alpha chain (AFib) 

mutation, who presented with slowly progressive renal insufficiency and proteinuria.  

 

PATIENT 

An 80 year old man who was known to have mild renal insufficiency since 1998, and low-level proteinuria since 

2005, presented in October 2011 to the nephrology service with worsening creatinine over a six month period. 

His creatinine was 5.95 mg/dl (normal <1.3) and his urine protein was 6,379 mg/day (normal 40-225). He had 

no shortness of breath, dizziness, bruising, diarrhea or constipation. His past medical history was well controlled 

hypertension, hyperlipidemia and abdominal aortic aneurysm repair in 2004. He remained very active, and had 

no family history of renal disease. His parents were Russian and had died at age 72 and 75 years. His physical 

exam was unremarkable except for trace edema of the lower extremities. 

 

INVESTIGATIONS AND RESULTS 

Renal biopsy showed glomerular amyloid deposits (Figure 1) that stained strongly with antibodies to fibrinogen. 

He did not have a monoclonal protein by laboratory work and his bone marrow biopsy was unremarkable. There 

was no cardiac, liver, gastrointestinal, neurologic or other organ involvement. 

  

Figure 1.  Smudgy acellular amyloid deposits in expanded mesangium 400x with apple green birefringence 
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Liquid chromatography tandem mass spectrometry (LC MS/MS) showed the amyloid deposits were primarily 

composed of fibrinogen alpha peptides consistent with AFib-type amyloid deposition. Direct DNA sequencing of 

the FGA gene revealed a novel fibrinogen mutation resulting from a single base substitution (c.1633G>A) 

altering the codon at position 526 from glutamic acid to lysine (E526K). 

 

c.1633A>G

 

Figure 2.  Novel mutation in the FGA gene; the top panel shows the wild‑type sequence and the lower G to A 

single base substitution (c.1633 G>A) encoding the p.E526K variant, indicated by an arrow. 

 

CONCLUSION 

This is the first report of this novel fibrinogen mutation. The clinical presentation was indistinguishable from that 

of the most common AFib mutation (E526V- glutamic acid to valine), i.e. with a late onset of hypertension and 

proteinuric renal insufficiency without other amyloidotic organ involvement. The histological picture of major 

glomerular amyloid deposition was also similar. A major difference is that this patient had Russian ancestry 

while the majority of E526V mutation appear to be of British decent. Since his diagnosis, he continues to work 

full time and has not yet required dialysis. 
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ABSTRACT 

We evaluated the role of liver transplantation (LT) in the hereditary amyloidoses and present the UK experience 

of LT for fibrinogen A-α chain (AFib), apolipoprotein apoAI (AApoAI) and lysozyme (ALys) amyloidosis. Ten 

patients with E526V AFib amyloidosis and renal failure received combined liver and kidney transplant (LKT). 

The combined transplant procedure was curative but associated with significant perioperative risk. Three 

patients received LKT for AApoAI amyloidosis with renal and liver failure. All maintain normal dual graft function 

and have exhibited systemic amyloid regression. Two siblings with hepatic amyloidosis in association with ALys 

(Asp67His) received emergency LT for spontaneous liver rupture. The first patient survived 12 years, while the 

second remains well with normal graft function at 7 years. Liver transplantation may be curative in AFib, has a 

role of life-saving treatment in hepatic failure due to ALys, and is reserved for the indication of end-stage 

amyloid liver disease in AApoAI 

 

INTRODUCTION 

The clinical syndromes of autosomal dominant  hereditary renal amyloidoses encompass a group of systemic 

amyloidoses due to mutations in the lysozyme (ALys), apolipoprotein AI (AApoAI), ApoAII and fibrinogen α-

chain genes, which all share in common the manifestation of amyloid nephropathy in middle age with variable 

systemic involvement (1,2). Liver is the exclusive site of  fibrinogen synthesis and thus the exclusive source of 

amyloid production in AFib. Approximately 50% of the variant ApoAI is produced by the liver, and in ALys the 

aberrant protein production is extrahepatic. Here we evaluate the role of liver transplantation in AFib and 

AApoAI patients with renal failure (AFib) or liver and renal amyloid related end stage disease (AApoAI) and in 2 

cases of ALys with extensive hepatic amyloidosis causing spontaneous liver rupture.    

 

PATIENTS AND METHODS 

Between 1993-2011, fifteen patients with hereditary amyloid forms received liver transplantation between 

Queen Elizabeth Hospital and King’s College Hospital, and are followed up at the Amyloid Clinic at Queen 

Elizabeth Hospital, Birmingham. 
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Fibrinogen α-chain amyloidosis:  Nineteen patients with the E526V and one with R554L AFib variant with end-

stage renal failure were assessed for combined liver and kidney transplantation. Amyloid scintigraphy revealed 

renal and splenic amyloid in all E526V cases. Ten patients had cardiac autonomic parasympathetic dysfunction 

and coronary atherosclerosis was documented in 66.6% of cases, including 70% LAD or RCA stenosis in 4 pre-

dialysis patients. None of the patients were diabetic. Vascular dopplers showed carotid or systemic vascular 

disease in 50% of cases. The excised carotid atheroma in a patient with E526V AFib contained amyloid fibrils 

composed purely by variant fibrinogen. Extrarenal amyloid deposits involved the heart, spleen, vessel walls, 

however none of the cases fulfilled criteria for cardiac amyloidosis. Ten patients (median age 58 years) with 

E526V AFib amyloidosis and end stage renal failure received combined liver and kidney transplant. 

  Apolipoprotein ApoAI amyloidosis (AApoAI):  Three patients aged 50, 52 and 56 years received combined 

LKT for AApoAI amyloidosis with renal and liver failure. All patients had documented hepatic and renal 

amyloidosis and were on renal replacement therapy. Cardiac parasympathetic dysfunction was documented in 

all patients, requiring prophylactic pacemaker insertion before transplant.  

  Lysozyme amyloidosis:  Two siblings with ALys (Asp67His) associated hepatic amyloidosis which caused 

spontaneous liver rupture or massive hepatic haematoma received emergency LT as a life-saving procedure at 

15 and 24 years of age respectively.   

 

RESULTS 

Fibrinogen α-chain amyloidosis:  At median follow-up of 76 months (range 9-172), 7 patients are alive 

(cumulative survival 70%). Three fatal outcomes occurred in the peri-operative period due to vascular events or 

biliary complications, and involved patients who were older or on long- term renal replacement therapy. At 

median follow up of 76 (11-72) months all but one survivors maintain normal dual graft function with no amyloid 

progression. Two patients transplanted pre-emptively before RRT retain stable native kidney function at 8 and 7 

years post-LKT. One patient lost the kidney graft due to chronic allograft nephropathy and has received a 

second kidney graft in a successful live related kidney transplant.  

  

                

Figure 1.  Histology of the explanted ALys liver exhibits extensive sinusoidal amyloid deposition  

        Figure 2.  Marked depletion of sinusoidal reticulin in same sample, consistent with ‘fragile liver’. 

 

Apolipoprotein ApoAI amyloidosis:  Liver transplantation was uncomplicated and all AApoAI patients maintain 

normal dual graft function with no amyloid progression at 36, 109 and 152 months post-LKT. A further ApoAI 

Fig. 1 Fig. 2 
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amyloidosis patient wit end stage hepatic amyloidosis and chronic kidney disease due to renal amyloidosis died 

on the waiting list for combined LKT due to complications of liver failure.  
  Lysozyme amyloidosis:  The first patient who received life-saving emergency liver transplantation for hepatic 

rupture due to extensive hepatic amyloidosis survived 12 years post-LT. He died with massive GI haemorrhage 

related to mucosal amyloidosis. The second patient is alive and well at 7 years. 

 

DISCUSSION 

Fibrinogen α-chain amyloidosis is the commonest form of hereditary amyloid nephropathy in the United 

Kingdom, Ireland and the US. The disease is autosomal dominant with variable penetrance and commonly 

presents in middle age. The renal aspect of the disease is characterised by rapid progression to end stage renal 

failure within 1-5 years from presentation with proteinuria and hypertension. Fibrinogen is exclusively produced 

by the liver, and outcomes of isolated renal transplantation are poor due to amyloid recurrence (10-year renal 

graft survival <10%). Our observations in this series suggest that the disease phenotype may be more diverse 

and systemic than previously described, and in particular AFib may be another amyloid disease associated with 

amyloid atheromatosis. Combined liver and kidney transplantation is curative because it eliminates the 

exclusive source of amyloid production through liver replacement and restores kidney function through the 

kidney graft. It is however associated with high perioerative mortality risk, which in our series was 30%. We 

support evaluation of isolated liver transplantation in prospective Ethically approved studies as a novel 

indication for AFib patients with evidence of disease evolution, progressive renal  involvement and early 

nephrotic syndrome with preserved GFR (60-70 mls/min). The same approach may apply to AFib kidney 

transplant recipients who exhibit early kidney graft recurrence if they are otherwise eligible in terms of 

cardiovascular assessment.  

  Approximately 50% of ApoAI is produced by the liver;  the disease course is one of slow progression, and in 

contrast to AFib, long-term outcomes of isolated kidney or combined heart/ kidney transplantation without liver 

replacement are satisfactory. The indication for the addition of liver transplantation to kidney graft is reserved for 

the indication of amyloid liver failure.  

  The indication for liver transplantation in lysozyme amyloidosis (ALys) is not with curative intent as production 

of variant lysozyme is extrahepatic. Liver transplantation has the role of life-saving emergency procedure to 

replace the acutely failing amyloid laden liver through spontaneous rupture or liver haemorrhage. Survival of 12 

years in our first recipient after a life-saving ‘palliative’ procedure is remarkable. The patient succumbed to 

extrahepatic amyloid complications whilst maintaining satisfactory liver function. Both ALys recipients in our 

series required emergency liver transplantation at very young age and post-LT patient and graft survival were 

satisfactory and justify consideration or urgent liver transplant for this indication.   

 

CONCLUSIONS   

Combined liver and kidney transplant for end-stage renal failure in AFib is curative, but incurs significant risks. 

Preemptive isolated LT at early stages of amyloid nephropathy merits prospective evaluation. The addition of 

liver transplant to kidney graft may be curative in AApoAI amyloidosis, however, the indication of liver transplant 

in AApoAI is reserved for liver failure. Life saving, albeit not curative, liver transplant is justified in patients with 

ALys amyloid related liver failure, and posttransplant life expectancy is acceptable.  
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ABSTRACT 

LECT2 (leukocyte cell-derived chemotaxin 2) is a new member of the group of proteins known to cause 

amyloidosis. Previously, LECT2 amyloidosis has been exclusively described in the kidney. It is also notable for 

its increased occurrence in Hispanic patients. Here we present three cases of LECT2 amyloidosis involving the 

liver. The first patient was a 56 year old Hispanic female with a presumed diagnosis of autoimmune hepatitis 

who presented for liver biopsy. The second patient was a 66 year old Hispanic man with presumed cirrhosis. 

The demographics of the third patient are unknown. The liver histology revealed similar findings in all three 

patients: globular deposits of amyloid in the portal tracts. Immunohistochemical stains for AL (immunoglobulin 

light chain or primary amyloidosis) and AA (Amyloid A protein) were negative. However, recent recognition of 

LECT2 as a significant form of renal amyloidosis prompted an immunohistochemical stain for LECT2, which was 

strongly positive. 

 

INTRODUCTION 

LECT2 (leukocyte cell-derived chemotaxin 2) is a new member of the group of proteins known to cause 

amyloidosis (1). LECT2 is synthesized by the liver and it is a downstream target of β-catenin (2,3). Several 

biochemical functions have been attributed to LECT2: neutrophilic chemotaxis, NK T cell homeostasis, tissue 

remodeling and repair (1). Previously, LECT2 amyloidosis has been exclusively described in the kidney; 

predominately in patients with proteinuria. It is also notable for its increased occurrence in patients of Hispanic 

origin (4). Here we present three cases of LECT2 amyloidosis involving the liver.   

  

METHODS 

The first patient was a 56 year old Hispanic female with a presumed diagnosis of autoimmune hepatitis who 

presented for liver biopsy. Relevant laboratory values included an ANA titer of 1:640, IgG 1960 mg/dl, AST 221 

IU/L ALT 210 IU/L, negative hepatitis B and C serologies, and serum protein 8.3 g/dl. The serum protein 

electrophoresis showed polyclonal gammopathy. There was no clinical evidence of kidney disease such as 

elevated serum creatinine or proteinuria hence urine protein electrophoresis and kidney biopsy was not 

performed in this patient. This does not rule out renal involvement as there has been a previous report of renal 



XIIIth International Symposium on Amyloidosis 

420 

LECT2 amyloidosis without proteinuria (5). She was treated with oral budesonide and mycophenolate mofetil 

(due to intolerance of azathioprine) and her liver chemistries normalized.  

  The second patient was a 66 year old Hispanic man with presumed cirrhosis. The demographics of the third 

patient are unknown.  

 

RESULTS 

The liver histology revealed similar findings in all three patients: globular deposits of amyloid in the portal tracts 

(Figure 1). Immunohistochemical stains for AL (immunoglobulin light chain or primary amyloidosis) and AA 

(Amyloid A protein or secondary amyloidosis) were negative. However, recent recognition of LECT2 as a 

significant form of renal amyloidosis when AL and AA are negative, particularly in Hispanic patients, prompted 

an immunohistochemical stain for LECT2, which was strongly positive (Figure 2). 

  In all three patients, DNA sequencing of peripheral blood revealed homozygosity for the G allele at nucleotide 

172, which forms the codon GTC (Valine) at position 40/58. A finding previously described and found to be 

characteristic of individuals with LECT2 amyloidosis (4). 

 

Figure 1. H&E 10x magnification 

 

Figure 2.  LECT2 immunostain 10x magnification 
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DISCUSSION 

LECT2 amyloid was originally described in a patient with nephrotic syndrome and slowly progressive renal 

failure (6,7). Clinical evaluation and renal biopsy could not elucidate the type of amyloid until incidentally the 

patient developed renal cell carcinoma which led to nephrectomy. It was then that biochemical analysis was 

performed and LECT2 amyloid was discovered.  

  The pathogenesis of LECT2 amyloidosis in the liver is unclear. Recent evidence suggests that β-catenin, an 

important regulator of  LECT2 production plays an important role in various aspects of liver biology including 

liver development (both embryonic and postnatal), liver regeneration following partial hepatectomy, HGF-

induced hepatomegaly, liver zonation, and pathogenesis of liver cancer (8).  

  It is conceivable that the LECT2 synthesized by hepatocytes that are damaged or destroyed by autoimmune 

hepatitis can accumulate to a level locally that leads to fibril formation and deposition. This hypothesis would 

oppose to what has been shown in mouse models; in Concanavalin A-induced hepatitis, an experimental model 

for human autoimmune hepatitis, the expression of LECT2 is rather transiently decreased (9,10). Another 

explanation is that the ongoing inflammation in the presence of autoimmune hepatitis may interfere with local 

catabolic pathways, leading to a relative local LECT2 excess with eventual fibril formation and deposition. It has 

been shown that LECT2 expression throughout the body varies between organs, cell types and in different 

diseases. For instance, endothelial cells, smooth muscle cells, cerebral nerve cells and squamous cells of the 

upper epidermis are among the group of cells with the most consistent LECT2 expression. However, these cells 

lose LECT2 expression when involved by severe inflammation or neoplastic process: vascular endothelial cells 

become LECT2 negative in vasculitis, and squamous cells become LECT2 negative in squamous cell 

carcinoma of the esophagus. Conversely, cells that generally lack LECT2 expression show positive expression 

in certain disease states: osteoblasts after a bone fracture and thyroid epithelial cells in follicular carcinoma (1).  

  According to a recent publication LECT2 amyloidosis was the 3rd most common type of amyloid identified in 

kidney biopsy specimens, ahead of ATTR (transthyretin)(4). In our case2, LECT2 was found in the liver. We 

recommend that LECT2 amyloidosis is included in the differential of amyloidosis irrespective of the type of 

organ involved after the more common AL or AA subtypes are ruled out.  
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OBJECTIVE 

To assess long term effectiveness of surgical treatment in localized laryngeal amyloidosis. 

 

METHODS 

This retrospective study comprised all consecutive patients with localized laryngeal amyloidosis who visited our 

tertiary referral center between 1994 and 2012 and who were treated with surgery. Systemic amyloidosis was 

made unlikely by thorough clinical evaluation [1]. Recurrence rate, number of revision surgery procedures, 

progression to systemic amyloidosis and changes in voice were monitored yearly. 

 

Figure 1. Indications for surgery. 

RESULTS 

Fifteen patients (4 women) were included. Median age was 49 years (21-77 years) and median follow-up was 

5.9 years (1.5-14.5 years).  Amyloid was found subglottic (3), glottic (4), in false vocal folds (8) and in other 



XIIIth International Symposium on Amyloidosis 

424 

supraglottic areas (5), in more than one larynx region (10) and bilaterally (7). Combinations of localizations 

occurred in contiguous regions. One patient had a small plasma cell clone in the bone marrow without systemic 

amyloidosis. Blunt dissection was used at the glottis and CO2-laser- excision, sometimes assisted by 

microdebrider, at other laryngeal areas. 

  Ten patients needed one revision, four of them needed a second revision and one patient needed a third 

revision. Revision was indicated because of progression with dysphonia (8), dyspnea (3), exclusion of 

malignancy (1), dysphagia (1) and aphonia (1). Time until first revision surgery was median 2.4 years (2 months 

– 11.5 years).  One patient had been treated with radiotherapy elsewhere nine years before she was seen with 

progression of amyloid necessitating revision surgery. No patient developed systemic amyloidosis during follow-

up. 

 

 

 

Figure 2. Most frequent recurrences in the first four years. 

 

DISCUSSION 

Although local progression urges revision surgery in the first four years postoperatively, progression seems to 

slow down after four years.  Late progression, however, remains possible as shown in two patients, nine and 

eleven years after radiotherapy and surgery, respectively. Localized laryngeal amyloidosis does not progress to 

systemic amyloidosis.  
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CASES 

Two patients with insulin dependent diabetes mellitus, one male aged 61 years old (patient 1) and one female 

aged 53 years old (patient 2), developed a localized subcutaneous abdominal mass at their respective insulin 

injection sites (Figure 1). Both patients had been treated with recombinant human insulin or insulin analogues 

for more than 10 years. Biopsies were taken under the suspicion of malignant disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1.  Abdominal CT scan of patient 1 showing a mass in the right lower quadrant 
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RESULTS 

However, histopathological examination of tumor biopsies demonstrated adipose tissue with deposits of 

amorphous eosinophilic material. After Congo red staining, samples showed apple-green birefringence in 

polarized light typical of amyloid. Antibodies against serum amyloid P (SAP) and serum amyloid A (SAA) 

stained negative. Additional evaluation including serum protein electrophoresis, serum immunoglobulin free light 

chain levels, bone marrow aspiration and (123)I-SAP scintigraphy revealed no signs of systemic AL 

amyloidosis. Finally, additional immunohistochemical staining (Figure 2) revealed strong insulin positivity 

leading to the diagnosis of localized amyloidosis composed of iatrogenic amyloid insuline (AIns) type amyloid. In 

both patients, blood glucose levels markedly improved after they changed their injection site suggesting that that 

in these cases, insulin resistance may be partly explained by accumulation of insulin in the amyloid mass, 

resulting in decreased bioavailability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Patient 2 (A) Congo red-stained tissue showing the characteristic apple green birefringence in 

polarized light; (B) negative serum amyloid P (SAP) staining; (C, D)  additional immunohistochemical staining 

showing strong strong insulin positivity and the presence of giant cells 

 

So far, twelve cases of localized insulin-derived amyloidosis have been described in literature [1, 2]. Given the 

high prevalence of insulin-dependent diabetes mellitus, its occurrence is likely to be underestimated. This 

diagnosis should be considered in every patient using either porcine or recombinant human insulin presenting 

with a subcutaneous tumor at their injection site, especially in case of insulin-refractory disease. AIns amyloid is 
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the exception of the rule that amyloid in subcutaneous abdominal fat tissue proves the presence of systemic 

amyloidosis. 

 

CONCLUSIONS 

AIns type amyloid should be considered in every patient using insulin presenting with a subcutaneous tumor at 

their injection site, especially in case of insulin-refractory disease. AIns amyloid is the exception of the rule that 

amyloid in subcutaneous abdominal fat tissue proves the presence of systemic amyloidosis. 
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HISTORICAL PERSPECTIVE 

The Proceedings of the First International Symposium on Amyloidosis held at the University of Groningen, The 

Netherlands, September 24-28, 1967, document only one article which addressed treatment of patients with 

systemic amyloidosis. Professor H.P. Missmahl presented results of studies conducted over a 30 year period on 

patients with amyloidosis, describing diagnostic methodologies and treatments. Professor Missmahl described 

“pericollagen” and “perireticulin” deposition of amyloid, andd favorable results using methotrexate and 

chloroquine in both types. At this time, the distinction between AL and AA had not yet been made.  Fortunately, 

the last 45 years have shown tremendous advances in the basic science study of amyloidosis, chemical 

characterization of the different types of amyloid, and development of specific therapies. 

  The first effective therapy for one form of systemic amyloidosis was based upon the recognition that AL 

amyloidosis is a direct result of a bone marrow plasma cell dyscrasia. This led to the use of anti-plasma cell 

chemotherapy to suppress or eliminate the monoclonal plasma cells synthesizing the amyloid pre-fibrillar light 

chain protein. Improvements were seen with the use of oral melphalan, an alkylating agent, coupled with 

prednisone. However, many patients had little hematologic response and hence clinical improvement was 

uncommon, and survival benefits were modest. In the last 20 years, high-dose intravenous melphalan with 

autologous stem cell rescue has become the most successful form of treatment in patients who are not at high-

risk because of advanced vital organ involvement. More recently, proteasome inhibitors such as bortezomib, 

and the immunomodulatory drugs thalidomide and lenalidomide, have been added to the therapeutic 

armamentarium. While less myeloablative and toxic than high-dose melphalan, even these agents have side 

effects in patients with amyloid organ disease.  

  The second disease for which the source of the pre-fibrillar protein could be eliminated was ATTR. For patients 

producing a mutant amyloid-prone form of TTR primarily in the liver, orthotopic liver transplantation can 

eliminate the source of the pre-fibrillar protein precursor. Of course, this comes at great cost in terms of major 
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surgery and subsequent need for life-long immunosuppression. Furthermore, not all patients benefit, as for 

some, ongoing production of the wildtype TTR protein appears to be capable of augmenting fibril deposition, 

and also, non-hepatic sources of production of TTR such as the choroid plexus are not corrected with this 

approach.  

  For AA (secondary) amyloidosis caused by chronic infection or inflammatory disorders, the mainstay of therapy 

has been to reduce SAA production using antibiotics or anti-inflammatory drugs. This has been very effective for 

many patients, and the incidence of AA seems to be declining, with an increasing proportion of patients with AA 

found to have unusual hereditary periodic fever syndromes or other cytokine-producing diseases. As for the 

therapies for AL and ATTR, this approach goes after the source of the precursor protein, but does not address 

the function and activity of the amyloid-forming protein itself.  

 

THE LONG ROAD TO THE FIRST TARGETED THERAPEUTICS 

The first successful agent to interfere with the process of fibril formation at the level of the pathologic protein and 

its chaperones and accessory molecules was eprodisate (Fibrillex, or Kiacta). The results of a phase III 

randomized double-blind trial carried out from 2001-2003, and reported in the New England Journal of Medicine 

in 2007, demonstrated that eprodisate slowed progression of renal failure in patients with AA amyloidosis. The 

science behind eprodisate had its origin in the mid-1980s, when Kisilevsky working with colleagues Snow, 

Ancsin, and other collaborators across the globe made the observation that glycosaminoglycans (GAGs) are co-

deposited with all forms of amyloid. They hypothesized that the GAGs promote amyloid formation, found 

evidence in vivo and in vitro to support this notion, and then tested polyanionic GAG-mimetics as agents to 

retard amyloid formation. This work led to the development of eprodisate, which is now undergoing a second 

confirmatory phase III trial, required by the FDA. If that trial is positive, eprodisate will be approved, ~30 years 

after the initial observations that led to its development.  

  The second success has been with agents that stabilize TTR in its native tetrameric state. This approach came 

out of the insight of Kelly and collaborators at the Scripps Research Institute. In the late 1990s, Prof. Kelly 

demonstrated that dissociation of the TTR tetramer was the rate-limiting step in formation of oligomers and then 

fibrils on the pathway to amyloid formation. They found that small molecules that dock in the thyroxine binding 

site of the TTR tetramer inhibit its dissociation, and identified diflunisal and tafamidis (Vyndaqel) as compounds 

with such activity. Diflunisal is being investigated in a randomized phase III double-blind study supported by the 

FDA and NIH that has completed accrual, and will be analyzed in late 2012. Tafamidis became the lead 

compound of the company FoldRx, subsequently purchased by Pfizer. With their support, the tafamidis trial 

accrued quickly, and positive results were reported at this meeting, having led to approval by the European 

Medicines Agency in November 2011. Approval in the U.S. is pending, with the FDA potentially requiring more 

information or a confirmatory second trial. Regardless, the time-line from laboratory observation to translation 

into a successful drug in this case took place over about a 15 year period, half that of eprodisate.  

  Important lessons can be learned from the development of these two agents. Firstly, innovative therapies 

depend upon insightful laboratory insights made by creative scientists. Secondly, translating these insights into 

effective drugs is a long and expensive process. However, as the field progresses and we gain better 

understanding of drug developmental pathways, the pace of drug development will undoubtedly accelerate.  
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MANY PROMISING ROUTES TOWARDS NEW THERAPIES 

The talks presented in Session 12: “Design of Targeted Molecules and Innovative Drugs” show many potential 

paths for development of new therapeutics. Successful drug development depends upon accurate identification 

of the fibril precursor; a sophisticated understanding of the process of fibril formation including misfolding, 

aggregation, oligomer and fibril formation, and of the role of accessory molecules and chaperones; in vitro and 

in vivo assays for drug screening; animal models for in vivo testing; and clinical trials with meaningful endpoints 

in terms of organ function and quality of life as well as survival. These steps are now in place for many of the 

systemic amyloid diseases, and the exciting oral presentations in this session highlighted a variety of innovative 

translational research approaches.  

  A series of presentations described the use of small interfering RNAs (siRNA) and antisense oligonucleotides 

(ASO) to disrupt plasma cells and amyloid precursor synthesis at the RNA level. In the first oral presentation, 

OP66, Zhou and colleagues described induction of apoptosis in human plasma cell lines treated with lambda 

light chain siRNA. In OP73, Ackermann and colleagues from Isis Pharmaceuticals, and their academic 

collaborators, described the preclinical studies and design of a phase I trial to measure pharmacokinetics and 

pharmacodynamics of an ASO against TTR. In OP74, Coelho reported on behalf of her colleagues and co-

investigators at Alnylam Pharmaceuticals on the phase I results of a first generation ALN-TTR01 siRNA 

incorporated into a lipid nanoparticle. In OP75, Tasaki and colleagues described the use of an siRNA against 

TTR conjugated with cholesterol to treat the ocular manifestations of TTR disease, in cells and in rats by 

intravitreal injection.  

  Other presentations described interesting and innovative small molecule therapeutics. In OP67, Snow and 

colleagues at ProteoTech reported on the ability of the small molecule Systebryl to reduce AA amyloid formation 

and promote resorption in animal models. This promising agent is entering phase I clinical trials. In OP68, 

Garceau, representing Bellus Health, Celtic Therapeutics, and their academic collaborators, described the 

design of the confirmatory phase IIII trial of eprodisate for treatment of AA amyloidosis that has recently begun. 

In OP69, Berk, on behalf of the diflunisal consortium of investigators, updated information on demographics, 

baseline studies, and the limited number of adverse events in that phase III study so far. In OP70, Ferreira et al. 

reported that curcumin increases stability of TTR in the plasma of mice, and reduces tissue deposits and 

biomarkers of ER stress and protein oxidation. In OP71, Obici et al. describes preliminary results of a phase II 

study combining doxycycline and tauroursodeoxycholic acid for treatment of patients with ATTR and SSA; so far 

the combination has been well-tolerated, and only 1 of 22 patients had come off study because of neurological 

progression at 6 months.   

  Monoclonal antibodies have proven roles in cancer therapeutics. In OP72, Su and colleagues described the 

specificity of a TTR fibril monoclonal antibody that could potentially be used to promote fibril opsonization and 

resorption.   

 

THE FUTURE 

After many years of critical basic science studies including biochemical characterization of amyloid proteins, 

biophysical analysis of oligomers and fibrils, and development of tissue culture and animal model systems, the 

era of targeted amyloid therapeutics is now upon us. There is much to be optimistic about, and certainly by the 

time of the next symposium we expect many further advances in this area. 
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AA amyloidosis occurs in chronic inflammatory conditions as a result of abnormal deposition of amyloid A 

protein in tissues, predominantly the kidneys, leading to progressive organ dysfunction. Eprodisate (NC-503, 

KiactaTM) inhibits the interaction between glycosaminoglycans and amyloid protein thereby preventing amyloid 

fibril formation and deposition. In a first clinical Phase 2/3 study conducted in 183 AA patients, eprodisate 

administered for 2 years reduced the risk of renal function deterioration and death as compared to placebo (Cox 

proportional hazards regression analysis: HR=0.58; 95% CI (0.37, 0.93); p=0.025). Eprodisate appeared to be 

safe and well tolerated in AA patients. To confirm the safety and efficacy of eprodisate, a second multicenter, 

randomized, placebo-controlled clinical Phase 3 trial has recently been initiated. Comparison of study design, 

statistical approached and patient profile are made between the two eprodisate clinical studies and the rationale 

for differences is discussed. 

 

INTRODUCTION 

AA amyloidosis is associated with chronic inflammatory diseases and it develops when proteolytic fragments of 

serum amyloid A (SAA), an acute phase reactant protein, are deposited in tissues as amyloid fibrils. The kidney 

is the organ most frequently affected in AA amyloidosis and kidney involvement is characterised by nephrotic 

syndrome and progressive loss of renal function.  

  There is currently no specific treatment for AA amyloidosis. Treatments that suppress the underlying 

inflammatory condition may slow the progression of AA amyloidosis by decreasing the production of the SAA 

precursor protein. However, these treatments are not sufficiently effective for many patients and have 

substantial toxicity. Eprodisate is a low molecular weight, negatively charged and sulfonated molecule that was 

specifically designed to interfere with interactions between AA protein and glycosaminoglycans. The compound 

was found to inhibit amyloid fibrils deposition in a mouse model of AA amyloidosis (1,2). The efficacy and safety 

of eprodisate was first investigated in a Phase 2/3 clinical trial involving 183 patients with  AA amyloidosis.  In 

this first Phase 2/3 trial, eprodisate reduced by 42% (p=0.025) the risk of the composite outcome of renal 

function deterioration or death as compared to placebo (3). The compound appeared to be safe and well 
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tolerated in AA patients. To further evaluate the safety and efficacy of eprodisate for the treatment of AA 

amyloidosis, a second multicenter, randomized, double-blind and placebo-controlled phase 3 trial has been 

recently been initiated. 

 

METHOD 

230 patients with AA amyloidosis will be enrolled in approximately 78 study sites in 28 countries.  The diagnosis 

of AA amyloidosis has to be confirmed by a tissue biopsy (Congo red staining and immunohistochemistry or 

immunoelectron microscopy). Presence of renal involvement defined by proteinuria  ≥ 1 g/day is required. The 

key exclusion criteria include kidney diseases other than AA amyloidosis and creatinine clearance ≤ 25 

ml/min/1.73m2. The primary efficacy outcome is time to earliest of the following events: persistent ≥ 40% 

decrease CrCl; persistent ≥ 80% increase SCr; or progression to ESRD/dialysis. 

  This is a randomized, doubled-blind and placebo-controlled event-driven study. The study will end when 120 

primary events have occurred. The primary efficacy endpoint will be analysed with a Log rank test. Participants 

will be evaluated every 3 months throughout the duration of the study. 

 

RESULTS 

The confirmatory clinical Phase 3 study is still ongoing. As of May 10, 2012, a total of 192 were screened: 90 

patients of them were randomized and 32 were in-screening phase. A total of 62 patients were screen failed; the 

main reason being creatinine clearance less than 25 ml/min/1.73m2 (n=25), proteinuria less than 1g/day (n=19) 

and negative biopsy results (n=12). The greater proportions of patients have been recruited from Eastern 

Europe (42%) and Middle East/Asia (28%), followed by Western Europe (18%) and America (12%). Fifty five 

percent of patients enrolled in the study to date are male, the mean age of study patients is 52 years and the 

baseline median levels of serum creatinine, creatinine clearance and proteinuria are 1.1 mg/dl, 64 ml/min/1.73 

m2 and 4.3 g/day, respectively. Comparisons of patient population between first phase 2/3 (P 2/3) study and 

ongoing phase 3 (P 3) study shows comparable population with respect to underlying inflammatory disease 

(Figure 1). 
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Figure 1.  Underlying Inflammatory Diseases of Study Population (%) 

DISCUSSION 

Following the completion of a first successful Phase 2/3 study showing the protective effect of eprodisate on 

renal function in AA patients, a confirmatory Phase 3 trial has recently been initiated. The design of the 

confirmatory Phase 3 trial was informed by the data obtained from the first Phase 2/3 trial. The key differences 

in the primary endpoint, the study design and the inclusion criteria are shown in Table 1. 
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Table 1.  Key Differences between first Phase 2/3 and Confirmatory Phase 3 Trial Designs 

First Phase 2/3 study Confirmatory Phase 3 study 
Primary endpoint: ≥ 50% decrease in CrCl, ≥ 
100% increase in SCr; progression to ESRD or 
death 

Primary endpoint: persistent* ≥ 40% decrease in CrCl, 
persistent ≥ 80% increase in SCr, or progression to 
ESRD  

2-year fixed study duration Event-driven trial (study will end when 120 events have 
occurred) 

Inclusion criteria:  
Proteinuria ≥ 1g/day or CrCl ≤ 60 ml/min/1.73m2 
CrCl ≥ 20 ml/min/1.73m2 

Inclusion criteria: 
Proteinuria ≥ 1 g/day 
CrCl ≥ 25 ml/min/1.73m2 

*persistence is demonstrated by the presence of the event in a confirmatory visit scheduled 4-6 weeks after event was first reported 

 

Death has been removed from the primary composite endpoint because data from the phase 2/3 study indicated 

that deaths were usually related to complications of the underlying inflammatory disease and the cause of death 

was not always well defined. Since eprodisate does not affect the underlying inflammatory disease, inclusion of 

death in the primary composite endpoint adds noise thereby reducing the ability to detect effects of the drug. 

Death will remain an important outcome as a secondary efficacy endpoint and safety analyses. The thresholds 

for decrease in creatinine clearance and increase in serum creatinine level have been slightly lowered in order 

to increase the total number of events while still retaining events that are clinically meaningful. The criterion of 

persistence of the alteration of kidney function has been added to improve the robustness of the primary 

outcome. 

  The data from the phase 2/3 study were also used to calculate the sample size (i.e. number of events) of the 

confirmatory Phase 3 trial.  A total of 120 events, in both treatment group combined, is expected to provide a 

statistical power of approximately 90%, assuming a treatment effect comparable to that seen in the Phase 2/3 

study and a significance level of 0.05. 

  In the Phase 3 trial, proteinuria of ≥ 1g/day is required for all participants. This change was made based on the 

analysis of the phase 2/3 study revealing that patients with high proteinuria levels exhibited faster renal function 

decline and thus were more likely to have renal outcome event during a relatively short follow-up period. Finally, 

the lower limit of CrCl as entry criterion was increased from 20 to 25 ml/min/1.73m2 to avoid enrolment of 

participants with disease likely to require renal replacement therapy before eprodisate could exert an effect. 

  In conclusion, results from the first Phase 2/3 study showing the statistically significant and clinically 

meaningful renal protective effect of eprodisate in AA patients are quite encouraging. The improvement in the 

study design of the second Phase 3 trial should help confirming the efficacy of eprodisate in the treatment of AA 

amyloidosis. 
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Safety, maximum tolerated dose (MTD), and recommended phase 2 dose (RP2D) of oral MLN9708 was 

assessed in patients with rel/ref AL. Increasing doses of oral MLN9708 (standard 3+3 design) were 

administered on days 1, 8, and 15 of 28-day cycles  (up to12 cycles). Of 14 patients enrolled at MLN9708  4.0 

mg and 5.5 mg, 13 were evaluable. Patients received median 3 cycles (range, 1–10). The MTD was 4.0 mg (3 

patients had dose-limiting toxicities (DLT). Twelve patients had any adverse event (AE) (11 drug-related); most 

common included: nausea, fatigue, and thrombocytopenia. No AE-related on-study deaths were reported. Eight 

patients were ongoing; 5 discontinued due to disease progression. Preliminary hematologic responses included 

3 very good partial response (VGPR). 

  

INTRODUCTION 

The proteasome inhibitor bortezomib provides durable hematologic responses in relapsed AL patients (1,2). 

MLN9708 is an investigational, oral, potent, reversible, and specific 20S proteasome inhibitor (3) that in 

preclinical studies has demonstrated faster dissociation rates and greater tissue penetration compared with 

bortezomib (4). MLN9708 has also demonstrated antitumor activity in solid tumor and hematologic malignancy 

xenograft models (3,5,6). This phase 1 study (NCT01318902) assessed weekly doses of oral MLN9708 in 

patients with rel/ref AL.   

  The primary objective of the study was to determine: the safety, tolerability, and MTD of oral weekly MLN9708 

in patients with rel/ref AL; and the RP2D. The secondary objective of the study was to: characterize the plasma 

pharmacokinetics (PK) and whole blood pharmacodynamic effects of MLN9708; and to assess the overall 

hematologic response rate, time to and duration of hematologic and organ response, and progression-free and 

overall survival. 
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METHODS 

Patients aged ≥18 years with cardiac biomarker risk stage I/II rel/ref AL and measurable major organ 

(heart/kidney) involvement received increasing doses of oral MLN9708 (standard 3+3 dose-escalation), up to 

the MTD determined in multiple myeloma (7), on days 1, 8, and 15 of 28-day cycles for up to 12 cycles. Patients 

with no hematologic response (<PR) after 3 cycles could add dexamethasone. MTD was defined as the highest 

dose resulting in DLTs during cycle 1 in ≤1/6 patients.  

  Adverse events were graded using NCI-CTCAE version 4.03 (8). Blood samples were collected for PK 

analysis during cycle 1: Day 15 pre-dose, and post-dose at 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 24 

hours (day 16), and 168 hours (day 22). For the hematologic response and amyloid-related organ assessments, 

response-evaluable patients had received 1 cycle of MLN9708, measurable disease at baseline, and at least 1 

post-baseline hematologic response assessment. 

 

RESULTS 

At data cut-off (March 27, 2012) 14 patients (5 male, 8 female) had been enrolled to 2 dose cohorts: 4.0 mg 

cohort (n=9); 5.5 mg cohort (n=5). Of these 14 patients, 13 had received at least one MLN9708 dose and were 

included in the safety analysis. These patients had a median age of 66 years (range, 54–77) with a median of 3 

prior therapies (range, 1–7); 5 patients received prior bortezomib therapy; 8 received a prior IMiD (lenalidomide 

(n=6) or thalidomide (n=2). Major organ involvement at study entry included kidney (n=8) and cardiac (n=8). 

  Patients received a median of 3 cycles (range 1–10); 7 patients (54%) received ≥3 cycles and 5 patients (38%) 

received ≥5 cycles. One patient in the 4.0 mg cohort experienced a DLT (grade 3 thrombocytopenia) and 2 

patients in the 5.5 mg dose cohort experienced DLTs (grade 3 diarrhea; grade 2 acute renal failure and 

dyspnea, and grade 4 cardiac arrest). The MTD was determined to be 4.0 mg. A summary of AEs is shown in 

Table 1. No AEs resulted in study drug discontinuation and there were no on-study deaths. The most common 

drug-related AEs included nausea, thrombocytopenia, abdominal pain, and fatigue (Table 2). 

 

Table 1.  MLN9708 safety profile 

 MLN9708 dose 
Patients, n 4.0 mg (n=8) 5.5 mg (n=5) Total (N=13) n (%) 
Any AE 7 5 12 (92) 
  Drug-related AE    6    5    11 (85) 
Grade ≥3 AE 5 4 9 (69) 
  Drug-related grade≥3 AE    3    4    7 (54) 
Serious AE 3 5 8 (62) 
  Drug-related serious AE    1    3    4 (31) 
AE resulting in study drug discontinuation 0 0 0 
On-study deaths 0 0 0 

 

Of 7 response-evaluable patients (6 in the 4.0 mg and 1 in the 5.5 mg cohort) 4 (57%) achieved a hematologic 

response. Three patients achieved VGPR and 1 achieved partial response (all in the 4.0 mg dose cohort); 3 

patients showed no change. To date, duration of hematologic response of up to 8.5 months has been reported. 

Eight patients remain on treatment, including the 3 patients that achieved VGPR. Five patients have 

discontinued treatment due to disease progression (n=4) and an unsatisfactory therapeutic response (n=1). 

Preliminary PK data showed that: MLN9708 was rapidly absorbed, with a median Tmax of 1 hour (range, 0.5–6 
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hours); day 15 plasma Cmax was 52.2 ± 32.4 ng/mL (mean ± SD) and AUC0–168 was 1190 ± 740 ng*hr/mL (n=4 at 

4.0 mg dose cohort); and AUC from this study was similar to that seen in other MLN9708 studies. 

 

Table 2.  Most common all-cause and all-cause grade ≥3 AEs 

 MLN9708 dose (n) 
Most common (>20%) all-cause AE, n 4.0 mg (n=8) 5.5  mg (n=5) Total (N=13) n (%) 
Nausea 4 3 7 (54) 
Fatigue 3 2 5 (38) 
Diarrhea 3 1 4 (31) 
Dyspnea 1 3 4 (31) 
Thrombocytopenia 3 1 4 (31) 
Abdominal Pain 1 2 3 (23) 
Decreased appetite 2 1 3 (23) 
Edema peripheral 3 0 3 (23) 
All-cause grade ≥3 AEs (≥2 patients)    
Dyspnea 1 2 3 (23) 
Abdominal pain 1 1 2 (15) 
Thrombocytopenia 1 1 2 (15) 

 

DISCUSSION 

These preliminary data suggest weekly oral administration of MLN9708 is feasible in patients with rel/ref AL. 

The MTD of MLN9708 in rel/ref AL was determined as 4.0 mg weekly. Enrollment continues into the MTD/RP2D 

2 expansion cohorts: proteasome-inhibitor naïve patients and proteasome inhibitor exposed patients. MLN9708 

PK in rel/ref AL appears to be similar to MLN9708 PK in other disease populations. Assessment is ongoing, with 

preliminary evidence of hematologic responses noted. 
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Many small aromatic compounds acting as inhibitors of amyloid fibril formation have been proposed for the 

prevention and treatment of transthyretin (TTR) amyloidosis. Herein, we studied the effect of curcumin, one of 

those compounds, on TTR amyloidogenesis in vivo, using a well characterized mouse model for Familial 

Amyloidotic Polyneuropathy (FAP). Mice were given dietary curcumin or control diet for a six weeks period.    

  Analysis of plasma proteins after treatment revealed that curcumin selectively competed with thyroxine for the 

binding to TTR in treated mice increasing plasma TTR stability. Semi-quantitative immunohistochemistry 

demonstrates that curcumin treated mice present decreased oxidative and apoptotic biomarkers associated with 

TTR deposition. Most important, curcumin supplementation significantly reduced TTR toxic aggregates 

throughout the gastrointestinal tract. In conclusion, the present study adds to the number of natural potent TTR 

amyloid inhibitors and points towards the potential use of curcumin as a lead molecule for the design of new 

TTR amyloid inhibitors. 

 

INTRODUCTION 

Familial Amyloidotic Polyneuropathy (FAP) is a fatal hereditary amyloidosis characterized by systemic 

extracellular deposition of mutant transthyretin (TTR) amyloid fibrils throughout the connective tissue, affecting 

predominantly the peripheral (PNS), autonomic and motor nervous system. Although the molecular mechanism 

underlying TTR amyloidosis is still not completely understood, it is generally accepted that TTR point mutations 

induce tetramer dissociation into non-native partially unfolded TTR monomers that aggregate into toxic 

oligomers, form protofibrils and elongate into mature fibrils [1]. Curcumin (diferulomethane), a yellow pigment in 

turmeric, presents structural similarities with thyroxine (T4), a physiologic TTR ligand, and has been suggested 

for the treatment of different neurodegenerative disorders such as Alzheimer’s [2]. In the present study, we aim 

to assess the effect of curcumin on TTR amyloidogenesis in vivo, using a well characterized mouse model for 

FAP.  
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MATERIALS AND METHODS 

Knockout mice for endogenous TTR but expressing human TTR V30M [3] were fed a diet consisting of standard 

mouse chow with 2% curcumin (w/w) ad libitum over 6 weeks. After this period, mice were sacrificed after 

anesthesia with ketamine/ medetomidine. Blood samples were collected and competition of curcumin with T4 for 

the binding to plasma TTR was assayed by gel electrophoresis as previously described [4]. Plasma TTR 

resistance to dissociation was assessed by IEF under semi-denaturing conditions according to Ferreira and 

colleagues [4]. All mice's gastrointestinal tract was excised and frozen at −70 °C or fixed in 4% neut ral buffered 

formalin and embedded in paraffin for light microscopy techniques. Tissues were analyzed by Western blot and 

semi-quantitative immunohistochemistry (IHC) to detect TTR deposition in tissues and also associated 

biomarkers, specifically ER-stress marker Bip, Fas death receptor and 3-Nitrotyrosine. The conditions used 

were as previously described [5]. 

 

RESULTS 

Curcumin selectively binds to TTR and increases its  resistance to dissociation 

PAGE analysis of plasma, from treated and control mice, incubated with radiolabelled T4 (
125I-T4), showed that 

curcumin strongly competed with T4 for the binding to plasma TTR, indicating that curcumin selectively interacts 

with TTR over all thyroxine-binding proteins in plasma. By IEF analysis of plasma samples from treated hTTR 

V30M and control mice we found that curcumin binding to plasma TTR increases tetramer resistance to 

dissociation into non-native monomeric species, indicating that curcumin increases TTR conformational stability. 

Curcumin decreases TTR load and associated markers in tissues 

After curcumin treatment different mice tissues from the gastrointestinal (GI) tract were analysed by 

immunohistochemistry (IHC) and Western blot analysis. We found that curcumin treated hTTR V30M mice 

presented a potent reduction of the TTR extracellular load in tissues and a consistent significant reduction of the 

associated tissue biomarkers. In stomach, the target organ of TTR deposition in this particular mice model, we 

found a decrease of about 60 % of deposited TTR (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1.  Curcumin treatment decreases TTR deposition in stomach of hTTR V30M mice. Scale bar 100 µm.  

 

DISCUSSION AND CONCLUSION 

Recently, we have reported that curcumin strongly suppresses TTR amyloid fibril formation in vitro by 

stabilization of TTR tetramer or by generating small intermediates that are innocuous to cultured neuronal cells 

[6]. These findings encouraged us to investigate the effect of subchronic supplementation of curcumin in vivo, 
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using well established FAP mice models at different stages of TTR deposition. We observed that curcumin 

selectively binds to plasma TTR and increases TTR conformational stability. Most important, dietary curcumin 

lowers TTR toxic aggregate deposition and associated tissue markers in the GI tract of treated FAP mice, 

namely endoplasmic reticulum (ER)-stress and protein oxidation markers. Although our results indicate that 

curcumin directly modulates TTR amyloidogenicity we do not disregard that its ability to interfere with multiple 

signaling pathways involved in inflammation and oxidative stress [7] might synergistically potentiate its anti-

amyloidogenic effect in vivo. In conclusion, the present study highlights the potential use of curcumin as a lead 

molecule for the design of new potent TTR amyloid inhibitors. 
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Transthyretin (TTR)-related familial amyloidotic polyneuropathy (FAP) induced by amyloidogenic transthyretin 

(ATTR) is characterized by systemic accumulation of amyloid fibrils. It is believed that altered conformations 

exposing cryptic regions are intermediary and critical steps in TTR amyloid formation. However, no effective 

therapy targeting this step is available. In this study, to establish the antibody therapy for FAP, we generated a 

monoclonal TTR antibody (MAb ATTR), which specifically reacts with surface epitopes of TTR, and evaluated 

its binding affinity and specificity for TTR amyloid fibrils. MAb ATTR showed specific binding affinity for TTR 

amyloid fibrils extracted from kidney of V30M patient and induced by acid condition, but not for native forms, 

indicating that MAb ATTR showed binding affinity and specificity for TTR amyloid fibrils in vitro and ex vivo. MAb 

ATTR may have a potential to suppress TTR amyloid formation and become a candidate for the antibody 

therapy for FAP. 

 

INTRODUCTION 

Familial amyloidotic polyneuropathy (FAP), which is induced by amyloidogenic TTR (ATTR), is characterized by 

systemic accumulation of amyloid fibrils [1, 2]. Although liver transplantation has become a well-established 

therapy, this therapy has several problems, and no other essential therapies have been practically established 

[3]. It has been proposed that tetrameric TTR is not itself amyloidogenic, but dissociation of the tetramer into a 

non-native monomer with low conformational stability can lead to amyloid fibril formation [4]. Previous works 

have also shown that altered conformations exposing cryptic regions are intermediary and critical steps in the 

mechanism of TTR amyloid formation [5, 6]. However, no effective therapy targeting this step is available as of 

this moment. Our previous study showed that the polyclonal TTR antibody, which specifically reacts with surface 

epitopes only exposed in amyloid forms of TTR, significantly inhibited TTR deposition in transgenic rats 

possessing human ATTR V30M gene. It suggests that immune therapies targeting these special surface 

epitopes may be considered as a potential therapeutic strategy for FAP.  
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In this study, to establish the antibody therapy for FAP, we developed a monoclonal TTR antibody (MAb ATTR), 

which specifically reacts with the special surface epitopes of TTR. The binding affinity and specificity of MAb 

ATTR for TTR amyloid fibrils were examined. 

 

MATERIALS AND METHODS  

The study followed the guidelines of the ethical committee at Kumamoto University. MAb ATTR was generated 

by The Chemo-Sero-Therapeutic Research Institute (KAKETSUKEN). Autopsied frozen heart and kidney 

specimens from FAP ATTR V30M patients were analyzed by Congo red and immunohistochemical staining. 

TTR amyloid fibrils were extracted from those autopsied frozen kidney tissues from FAP V30M patients. Serum 

samples were obtained from healthy volunteers and FAP V30M patients. For TTR amyloid fibril formation, TTR 

were diluted in 50 mM glycine-HCl and 100 mM NaCl at pH 3 and incubated at 37 °C. To evaluate the bind ing 

affinity and specificity of MAb ATTR for serum TTR and TTR amyloid, immunoblotting and ELISA was 

performed.  

 

RESULTS AND DISCUSSION 

We first examined the reactivity and specificity of MAb ATTR for TTR amyloid deposition in the tissue 

specimens which showed a high incidence of amyloid deposition of FAP ATTR V30M patients. By 

immunohistochemical staining, the immunoreactivities of MAb ATTR were observed in the heart and kidney 

specimens from FAP ATTR V30M patients, coincident with those of anti TTR polyclonal antibody. Moreover, 

MAb ATTR indeed showed the high consistency with Congo red positive areas in those tissue specimens, 

suggesting that MAb ATTR was able to bind for TTR amyloid fibrils in tissue specimens from FAP ATTR V30M 

patients specifically. 

We next performed immunoblotting and ELISA assay using MAb ATTR to determine the binding affinity and 

specificity for TTR amyloid fibrils. By immunoblotting, the specific binding affinity of MAb ATTR for both TTR 

amyloid fibrils extracted from kidney of FAP ATTR V30M patient and induced by acid condition in vitro were 

confirmed, while not for native form of TTR. Moreover, by ELISA assay, MAb ATTR also showed the specific 

binding affinity for both TTR amyloid fibrils extracted from kidney of V30M patient and induced by acid condition 

in a concentration dependent manner, but not for native forms of TTRs. Collectively, these data clearly indicates 

that MAb ATTR shows binding affinity and specificity for TTR amyloid fibrils in vitro and ex vivo. 

In conclusion, MAb ATTR may have a potential to suppress TTR amyloid formation and become a candidate 

for the antibody therapy for FAP, in addition to liver transplantation and other developing therapies. Further 

investigation to determine the inhibitory effect of MAb ATTR on TTR amyloid formation and deposition will be 

required for establishing a novel therapy for FAP. 
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ABSTRACT 

Epigallocatechin-3-gallate, the most abundant catechin in green tea (GT), inhibits fibril formation from 

transthyretin (TTR) in vitro. It might halt progression of TTR-related amyloidosis. In total 19 patients with cardiac 

TTR amyloidosis were evaluated by echocardiography and cardiac MRI (n=9) while consuming GT for 12 

months. Patients were not followed-up for reasons of death (n=2), discontinuation of GT consumption (n=2), and 

heart transplantation (n=1). After consumption of GT for 12 months no increase of LV wall thickness and LV 

myocardial mass was observed by echocardiography. In the subgroup of patients evaluated by cardiac MRI a 

decrease of LV myocardial mass was detected in all patients resulting in a mean decrease of -12.5%. This was 

accompanied by an increase of mitral annular systolic velocity (9%). No serious adverse side-effects were 

reported. GT appears to represent a promising therapeutic tool to halt the progression of cardiac amyloid load in 

patients with cardiac TTR amyloidosis. 

 

INTRODUCTION 

Cardiac ATTR amyloidosis is associated with distinct mutations in the TTR gene also known as familial amyloid 

cardiomyopathy (FAC) and represents the major complication of in patients of advanced age with familial 

amyloid polyneuropathy (FAP). Wild-type TTR (SSA) has been found in 25 % of post-mortem cardiac biopsies 

from patients older than 85 years [3]. Pre-mortem diagnosis is rare, but prevalence appears to be 

underestimated. By routine scintigraphic skeletal imaging SSA has been detected in 2 males among 374 

consecutive admissions older than 60 years, indicating a prevalence of about 0.5 %  [4].  

  Treatment concepts for patients with advanced cardiac involvement in TTR amyloidosis are still limited. 

Patients with advanced cardiac amyloidosis are deemed ineligible for liver transplantation due to high treatment-



XIIIth International Symposium on Amyloidosis 

448 

related mortality. Furthermore, progression of cardiac amyloid deposition has been observed rather frequently 

after liver transplantation [7]. Heart transplantation is limited to patients at age < 65 years.  

  Recent in vitro experiments have shown that epigallocatechin-3-gallate (EGCG), the most abundant catechin 

in green tea (GT), efficiently inhibits fibril formation from TTR [15] and converts existing fibrils into non-fibril 

conformers [16]. In a FAP transgenic mouse model a reduction of amyloid deposition was observed after 

treatment with 100 mg EGCG per kg body weight per day over a period of six weeks [17].  

 

METHODS 

In total, 19 patients (15 male, 4 female, 66±3 years) with hereditary (n=10) or wild-type (n=9) cardiac ATTR 

amyloidosis and compensated heart failure were observed over a period of 12 months while consuming GT 

and/or GT extract. All patients had biopsy-proven ATTR. In addition to cardiac involvement there was clinical 

evidence for involvement of gut (n=4), and/or peripheral nerves (n=8). NYHA heart failure class was 2.0±0.2.  

  Patients were evaluated by routine protocols of echocardiography and cardiac MRI (cMRI). Follow-up control 

was performed 12 months after study inclusion. All echo and cMRI were evaluated independently by 3 expert 

investigators blinded by time point. 

  All patients were asked for a daily intake of approximately 500-700 mg EGCG either by drinking 2 liters of GT 

per day (10 g/L Green Darjeeling, FTGFOP1, Teekampagne Projektwerkstatt GmbH, Berlin, Germany; brewed 

3-5 min at 100°C, and containing about 340 mg EGCG/ L [32]) or by the intake of caffeine-free GTE capsules 

(praevent-loges®, Dr. Loges+Co GmbH, Winsen/Luhe, Germany, 75 mg EGCG/capsule).  

 

RESULTS 

During the study period 5 patients were lost either due to death (n=2), or discontinuation of GT (n=2), or heart 

transplantation (n=1). Due to prior placement of cardiac pacemaker (n=2), internal defibrillator (n=1), 

orthopaedic prosthesis (n=1), or claustrophobia (n=1) cMRI images were obtained only from 9 of the 14 study 

patients. Modified BMI was 1080 ± 46. TTR types were Val30Met (n=8), Gly47Glu (n=1), Gly47Ala (n=1), 

Ile107Val (n=1), SSA (n=6). The main clinical demographics of the 14 patients with 12 months follow-up are 

shown in Table 1. Mean oral EGCG intake was calculated as 547±49 mg per day. No serious adverse effects 

were reported. During the observation period mean total cholesterol and LDL cholesterol decreased from 191.9 

± 8.9 mg/dL to 172.7 ± 9.4 mg/dL (p<0.01) and from 105.8 ± 7.6 mg/dL to 89.5 ± 8.0 mg/dL (p<0.01), 

respectively. Mean HDL cholesterol remained unchanged (58.9 ± 3.9 mg/dL to 55.4 ± 4.6 mg/dL). 

  During 12 months of GT/GTE intake a significant decrease by 6.5% of the thickness of IVS was observed. 

Thickness of IVS decreased in 12/14 patients, remained unchanged in 1 patient and increased 2 mm in 1 

patient. Mean LV myocardial mass remained stable during the observational period of GT/GTE intake. A 

significant improvement of the mean systolic velocity of the lateral mitral annulus was observed (improved in 

10/14 patients; diminished in 4/14 patients). Inter-observer variability of echocardiography was 7.6%. By cMRI 

we observed a significant average decline of LV myocardial mass by 12.5%. LV ejection fraction remained 

unchanged (57±5% vs. 57±4%; n. s.). Intra-observer variability of MRI was 4.2%. 
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DISCUSSION 

This is the first single center observation of myocardial parameters during daily consumption of EGCG as GT(E) 

in patients with cardiac ATTR amyloidosis. No progression of cardiac wall thickness and mass as indicators of 

ATTR amyloid deposition was observed during the one year observation period.  

  Laboratory experiments have shown that EGCG binds to recombinant wild type as well as variant TTR 

tetramers at three sites different from the thyroxine binding site (1). Using a transgenic mice model an inhibitory 

effect of EGCG on amyloid deposition as well as a degrading effect on preformed amyloid fibrils was 

demonstrated (2). The described data, however, were achieved using a 10 to 100 fold excess of EGCG over 

TTR, far above the observed plasma concentration (0.5 µM) and applied doses (1 mmol) of EGCG in this trial. 

The binding sites of EGCG have been described to be different from tafamidis. Thus a combined treatment with 

GT/GTE and tafamidis may complement each other and increase the observed beneficial effects against the 

major problems of ATTR amyloidosis patients.  

  Cardiac MRI has been used as an endpoint in several interventional studies, either for reduction of left 

ventricular mass, e. g. arterial hypertension (5), and M. Fabry (6). In the present cohort the reduction of LV 

myocardial mass by cMRI was more pronounced than the blinded inter-observer variability, but appears to be 

slow. However, improved mitral annulus velocity was observed as the most accurate diastolic measure to detect 

early LV dysfunction in patients with AL amyloidosis (7).  

  Progression of left ventricular wall mass within a time span of one year was observed in a different group of 

untreated patients with mutant ATTR and cardiac involvement (3). It is well known that left ventricular mass 

varies within the mutation involved, with age at onset of the disease. Survival of patients with cardiac TTR 

amyloidosis appears to be much better than survival of patients with light-chain amyloidosis (4). There is, 

however, a wide variation of 5-year survival rates for patients with different TTR mutations (30 to 55%) and 

among patients with wild-type TTR amyloidosis (40 to 75%). The patients in Benson’s study group (3) were 

about 12 years younger than the patients of our cohort and included individuals with mutations different from 

those of our patients. Therefore, the results of Benson’s and our present study may not be comparable in a 

clean scientific approach. The lack of an appropriate control group will affect a final conclusion from the present 

observation. 

  GT has been proven beneficial by consumption for several thousands of years by many millions of individuals 

and is part of the daily routine in the Far East without any reported side-effects. Therefore, its use may be of 

interest for FAC patients and those at age beyond 65 years with no access to heart transplantation. 

Randomized, placebo-controlled investigations with longer study periods and larger samples of patients should 

confirm the results of this observation, determine the optimal dosage of GT/GTE for treatment, and identify 

undesirable side effects.  
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ABSTRACT 

SOM0226 is a reprofiled drug intended for the treatment and prevention of familial transthyretin amyloidosis 

(ATTR). The drug has been identified by virtual screening and tested in vitro by a kinetic turbidity assay. 

SOM0226 shows a greater effect as a fibril formation inhibitor than the reference compound tafamidis, recently 

approved by EMA. SOM0226 is a drug approved for a non-amyloidogenic indication with an available 

pharmacology and safety profile in humans.  As a repositioned drug, SOM0226 can bypass much of the early 

cost and time needed to bring a drug to market and is currently ready to initiate a clinical phase II proof of 

concept study in ATTR patients. 

 

INTRODUCTION 

Familial Transthyretin Amyloidosis (ATTR) is a rare disease caused by mutations in the TTR gene. It is 

characterized by a misfolding of the TTR protein that leads to its aggregation and deposition as amyloid fibrils in 

nerves and heart leading to a slowly progressive neuropathy, cardiomyopathy and nephropathy.  ATTR can 

result in severe wasting, immobility and death within 5-15 years after symptoms first develop.  

  Currently, the only effective therapy for ATTR is the liver transplantation, which removes the main production 

site of the amyloidogenic protein. Also, tafamidis - a benzoxazole derivative - has recently obtained a conditional 

approval for the treatment of ATTR in the EU.  

  SOM0226 is a reprofiled compound identified by SOM Biotech by virtual screening, which presents a more 

cost-effective therapeutic alternative to the liver transplantation and a better efficacy and well-known safety 

profile than the benzoxazole derivative.  

  The compound has been evaluated in vitro and ex vivo for this indication. Also it has been thoroughly tested in 

vivo and clinically for the current marketed indication, allowing a faster and less risky development process in 

the new orphan indication. SOM0226 is currently ready to initiate clinical Phase II Proof of Concept studies in 

ATTR patients.  
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METHODS. 

In silico ligand-based and receptor-based virtual screening: Tafamidis physicochemical and target binding 

properties were compared with a chemical database comprising molecules that are or have been used in 

humans. Thirty compounds were selected to be tested in vitro.  

  SOM0226 has been tested using a kinetic turbidity assay specifically developed to identify potential TTR 

inhibitors (1). A rapid evaluation of potential amyloid fibril inhibitors (1.5 h) was carried out using the highly 

amyloidogenic Y78F mutant of human transthyretin.  Recombinant mutant protein was treated with different 

concentrations of inhibitor (from 0 to 40 µM) and fibril formation was induced by lowering the pH.  Aggregate 

formation was detected by monitoring absorbance. Tafamidis was used as a reference compound.  The 

parameters studied were the inhibitor concentration at which the initial rate of fibril formation is one-half than 

without inhibitor (IC50), and RA (%), the percent reduction of fibril formation rate at high inhibitor concentration 

relative to the rate without inhibitor. 

 

RESULTS 

A potent fibril formation inhibitor according to this assay is defined as having values of IC50 below 20µM and RA 

(Amyloidosis Reduction) over 80%. 

 

Table 1.  Results of turbidimetric kinetic assay.  

Compound  IC50 (µM) RA (%) n Fibril formation inhibitor 
SOM0226 4.8 90 4 Potent inhibitor  

Reference compound 
Tafamidis 16.9 99 6 Potent inhibitor 

Bibliographic data (1) 
Diflunisal 16.3 87 4 Potent inhibitor 
Flurbiprofen >50 44 4 Poor inhibitor 

 

   

 

Figure 1.  Relative initial rates of fibril formation (V0%) against inhibitor concentration. 
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DISCUSSION 

SOM0226, a drug already approved for a non amyloidogenic indication for chronic use, has been identified by 

SOM’s in silico platform as a potent TTR amyloid fibril inhibitor in vitro. Specifically, SOM0226 is four times more 

active than Tafamidis (Vyndaqel®) in a kinetic turbidity assay and thus presents a promising alternative to 

current treatments for the orphan disease ATTR. 

  The potential of SOM0226 as a treatment for ATTR has been recently confirmed by a variety of cellular and ex 

vivo assays designed to study the efficacy of SOM0226 at the different steps of the TTR amyloid fibril formation 

process.  The efficacy of SOM0226 is superior to tafamidis in all the experiments performed, confirming its 

potential for the treatment of ATTR.  A clinical proof of concept study is planned to start in 2013 to evaluate the 

efficacy of SOM0226 in patients suffering from ATTR.   
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ABSTRACT 

Transthyretin (TTR)-related familial amyloidotic polyneuropathy (FAP) is characterized by systemic 

accumulation of amyloid fibrils caused by a point mutation in the TTR gene. In FAP patients, ocular 

manifestations are commonly found and cause loss of visual acuity. It has been reported that amyloidogenic 

TTR (ATTR) synthesized by retinal pigment epithelium (RPE) plays an important role in the progression of 

ocular manifestations. In this study, we generated a cholesterol-conjugated TTR (Cho-TTR) small interfering 

RNA (siRNA) against TTR to effectively suppress TTR expression and evaluated its effect both in vitro and in 

vivo. Cho-TTR siRNA markedly reduced TTR mRNA expression in human RPE cell line (ARPE-19). In in vivo 

examinations, Cho-TTR siRNA efficiently and sustainably reduced the expression of TTR in the RPE and 

aqueous humor at both mRNA and protein levels. Taken together, these data suggest that Cho-TTR siRNA 

treatment may represent a novel therapeutic strategy for TTR-related ocular amyloidosis. 

 

INTRODUCTION  

Familial amyloidotic polyneuropathy (FAP) is systemic amyloidosis characterized by amyloid deposition caused 

by amyloidogenic transthyretin (ATTR). Because ATTR is mainly produced by liver, liver transplantation that 

eliminates ATTR production, is currently the only promising therapy to prevent progression of clinical symptoms 

in FAP patients (1). However, ocular manifestations such as abnormal conjunctival vessels, pupillary 

abnormalities, vitreous opacity, and glaucoma progressively worsen even after liver transplantation (2), because 

the retinal pigment epithelium (RPE) cells independently produce ATTR (3). Therefore, new therapeutic 

strategies to prevent the progression of ocular manifestations are urgently needed. Our previous studies 

showed that retinal laser photocoagulation, which reduced the RPE cells, prevented the progression of amyloid 

deposition in the vitreous, indicating that effective suppression of ATTR expression in the RPE cells may 

became a novel therapy for ocular amyloidosis (4).  
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RNA interference (RNAi) is a sequence-specific gene-silencing mechanism triggered by double-stranded RNA 

and offers a powerful tool for gene function study and RNAi therapy. Our previous data showed that an siRNA 

directed against TTR significantly reduced TTR expression both in vitro and in vivo. However, the effect of 

siRNA persisted for only a short time.  

In this study, since it has been reported that cholesterol-conjugated siRNA effectively knocked down target 

gene expression in the RPE cells (5), we generated a cholesterol-conjugated TTR siRNA (Cho-TTR siRNA) 

designed for improving knockdown effect and evaluated its effect both in vitro and in vivo. 

 

METHODS 

Chemically modified Cho-TTR and control siRNAs were kindly provided by Alnylam Pharmaceuticals, Inc. 

(Cambridge, MA, USA). The effect of siRNA on TTR expression was evaluated by real-time quantitative PCR 

(qRT-PCR) and ELISA. ARPE-19 cells were transfected with siRNA using Lipofectamine 2000 (Invitrogen) in 

vitro. For in vivo examinations, we used DA (normal) rats. siRNAs were administered by direct intravitreal 

injection. After 14 and 21 days, the RPE and aqueous humor were isolated to evaluate the effect of siRNA on 

TTR expression. To assess inflammatory response, inflammatory cytokine (IL-6, IL-1β, TNF-α) expression was 

measured by qRT-PCR. In addition, isolated ocular specimens were fixed in formalin, embedded in paraffin, and 

stained with hematoxylin and eosin to evaluate morphologically any potential effect of intravitreal siRNA 

administration on the retina. 

 

RESULTS 

We first evaluated the effect of Cho-human TTR siRNA on TTR expression in ARPE-19 cells. Cho-human TTR 

siRNA significantly reduced TTR expression in a dose-dependent manner. To evaluate the effect of the siRNA 

in vivo, we injected siRNA into the eyes of DA rats. Cho-rat TTR siRNA potently knocked down endogenous rat 

TTR mRNA expression in the RPE 14 days after intravitreal injection compared with previous data. Moreover, 

even at 21 days after Cho-TTR siRNA injection, TTR mRNA and protein levels remained potently suppressed in 

the RPE and aqueous humor. In addition, no significant inflammatory responses and no histological change 

were observed on the retina. 

 

DISCUSSION 

In this study, we provide direct evidence that Cho-TTR siRNAs efficiently and sustainably reduced the 

expression of TTR in the RPE at both mRNA and protein levels, and was well-tolerated in vivo when 

administered intravitreally.  Since it is well-documented that cholesterol-conjugated siRNA potently reduced 

target gene expression in the liver (6) and RPE (5), these results suggest that TTR siRNA were efficiently 

induced into RPE cells by cholesterol-modification, which in turn, effectively suppressed TTR expression 

compared to TTR siRNA directed against TTR. Our previous studies have shown that ocular manifestations 

were prevented by reducing about 30% of whole RPE cells by retinal laser photocoagulation in FAP patients (4). 

Because our results clearly showed that Cho-siRNA could suppress TTR levels about 40-50% in vivo, Cho-

siRNA treatment by intravitreal injection may represent a promising therapeutic strategy for TTR-related ocular 

amyloidosis. Further investigation to determine how to efficiently deliver the siRNA to the RPE cells or evaluate 
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the effect of intraviteal siRNA administration on the retina will be required for establishing a novel therapy for 

ocular amyloidosis. 
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Amyloidosis is a rare disease and its diagnosis presents a continuing challenge. Despite many advances in our 

knowledge concerning various types of amyloid and the steady development of treatments, amyloid diagnosis 

continues to be tissue-based: it relies overwhelmingly on the Congo red stain, which has been in use since 

1922. It is increasingly evident that the early detection of amyloid is essential for the success of various 

treatments; moreover, there is also evidence that tissue damage has already occurred in the pre-amyloidotic 

phase.  Hence, now, more than ever before, early diagnosis is imperative. 

This report, which is based on a consensus session held during the XIIIth International Symposium on 

Amyloidosis, addresses several possibilities for improvement in the early diagnosis of amyloid, including the 

following: (i) possible improvements in the Congo red stain itself leading to increased sensitivity; (ii) the use of 

other stains as alternatives (or in addition) to Congo red; and (iii) the wider application of fat biopsies, not only to 

the initial, generic diagnosis but also to subsequent patient management. Recommendations for the diagnosis & 

reporting of amyloid, incorporating the response of the audience to 10 questions asked during the meeting 

session, are also included. Future developments, including alternatives to tissue diagnosis and the Congo red 

stain, are briefly mentioned here as they are discussed elsewhere in this book.   

  For the diagnosis of amyloid, a Congo red stain viewed under polarized light is still considered to be the gold 

standard (1). While advanced amyloid can be suspected on a routine (H&E) stain as an accumulation of 

amorphous eosinophilic material, early deposits may be inconspicuous and a high index of suspicion is needed 

to examine sections with Congo red stain. The stain, and its interpretation under polarized light, are not entirely 

straightforward and are not general-pathologist-friendly. Demonstration of the diagnostic “green birefringence” 

requires good optics, strong light source, an appropriate environment for reading and an experienced 

pathologist. Thus, an easier method, which would allow not only earlier detection but possibly also the screening 

of large numbers of cases, would be highly desirable.   
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IMPROVED CONGO RED STAIN 

The improved Congo red stain, based on the 1962 modification by Puchtler, was recently proposed by Per 

Westermark as an alternative (1). For this, a saturated solution of Congo red and NaCl in 80% ethanol is 

prepared, filtered and diluted 1:10 with saturated NaCl in 80% ethanol. One ml of 1% NaOH is added to 100 ml 

of the stain solution and sections are stained for 60 min (or more, even overnight), before being dehydrated and 

mounted. A microscope with a strong light source and good polarizers, as well as an experienced examiner, are 

required. The main advantage of this improved method is the absence of background stain. 

 

CONGO RED AS A FLUOROCHROME 

The Congo red stain itself can act as a fluorochrome and this feature has been successfully used for the 

detection of amyloid since the middle of the last century. Interestingly, a Congo red stain viewed under 

fluorescent light is more sensitive than one viewed under polarized light. In part, this is due to the fact that, in 

fluorescent light, the entire area with amyloid is visualized. This is in contrast to Congo red stained sections 

examined under polarized light, where only a portion of the amyloid is highlighted, while other parts are 

obscured by the soi-disant “polarization shadow”. Only by rotating the microscope stage can these obscured 

parts be demonstrated, while, in turn, those parts which were previously seen will now become obscured. The 

“polarization shadow” phenomenon decreases the sensitivity of detection of Congo red/polarization and may 

make the detection of small deposits particularly challenging. On the other hand, this phenomenon can even 

help in amyloid detection by rotating the polarizer back and forth. If this is done, small amyloid spots appear as 

“twinkling stars”.  But this practice requires experience. Thus, while examination of Congo red stained slides 

under polarized light may barely detect small deposits of amyloid, the latter are much more easily visible in the 

same sections examined under fluorescence light. This technique has been used since the 1940-50s and Linke 

has written extensively about the advantages of this method (2). Various filters can be used (FITC, TRITC, 

TEXAS RED) depending on the personal preference of the investigator. However, Congo red fluorescence is 

not entirely specific; hence, the verification of results by Congo red polarization is highly recommended (3). 

Other stains are less sensitive and less specific. For example, SAB (sulphated alcian blue) stains GAGs 

(glycosaminoglycans) rather than the actual amyloid fibrils. 

 

THIOFLAVIN STAINS 

Thioflavin T has been in use as a potent fluorescent marker of amyloid for histology since 1959 (recently 

reviewed in 4). It selectively localizes to amyloid deposits, thereupon exhibiting a dramatic increase in 

fluorescent brightness. The sensitivity of the Thioflavin stain is superior to that of the Congo red stain, in part 

due to elimination of the “polarization shadow” phenomenon. The binding of the dye is linked to the presence of 

cross-β structure in the fibrils and the mechanism of action is explained by the “channel” model, where 

Thioflavin binds to β-sheets along surface side-chain grooves that run parallel to the long axis of the β-sheet. In 

Thioflavin stains (T or S) a distinct bright yellow-green fluorescence highlights the entire amyloid-containing 

area, without the equivalent of a “polarization shadow”. The stain is viewed using a standard fluorescence 

microscope with either an FITC or DAPI filter. The stain can be applied either to paraffin or frozen sections.  

While the stain fades over time, the slides can be re-stained. The Thioflavin stain is easy to perform, the 

outcome is predictable and the interpretation is straightforward. Thioflavin stains are, however, not entirely 



Looking for consensus in diagnosis and therapy 

461 

specific for amyloid and, besides amyloid, also stain fibrin, keratin and other structures.  Thus, a confirmation of 

the findings by the Congo red stain itself may be needed. These drawbacks notwithstanding, the addition of a 

Thioflavin stain to the staining protocol may be helpful in the clinical diagnosis of amyloid. Thioflavin stain is a 

particularly useful option for renal- and dermato-pathologists who are familiar with fluorescence microscopy. 

Thioflavin derivatives have also been tested as alternative amyloid stains in the medical imaging of amyloid in 

living patients and have been used extensively in research (4). 

  Among the audience, 63.8% of respondents used the Congo red stain with polarization (exclusively or 

predominantly), while 16.1% used Congo red stain-polarization in combination with Congo red-fluorescence. 

Only 6% used Thioflavin. 11.6% of respondents used all of these methods. Only 2.5% of respondents used 

other methods. While 48.1% of respondents used a commercial stainer and a commercial Congo red staining 

solution, 36.1% used their own Congo red stain. The remaining respondents used either their own other stain 

(4.4%), electron microscopy (9.8%) or sent out slides for staining elsewhere (1.6%).  

 

FAT TISSUE FOR SCREENING, DIAGNOSIS AND BEYOND 

Abdominal subcutaneous fat tissue is easily aspirated at the bedside using readily available materials (see: 

www.amyloid.nl). When a 16 gauge needle is used, adequate quantities (about 100-200 mg) of tissue can easily 

be obtained. A positive Congo red stain with apple-green birefringence in polarized light is still the gold standard 

for detection of amyloid. Specificity is high and reaches almost 100% in experienced hands. However, if only 

minute amyloid deposits are present, supportive evidence should be obtained before the patient receives any 

treatment with potentially high toxicity. Also, AIns (insulin) amyloidosis should be excluded in patients with 

diabetes mellitus. AIns is an iatrogenic amyloid in which insulin-derived amyloid is deposited in abdominal fat 

tissue after repeated insulin injections at that particular site. Sensitivity is variable (54-93%) and depends on the 

adequacy of the tissue specimens, the quality of staining, the number of glass slides, the number of observers, 

and the time taken for careful observation. Pooled data have shown the sensitivity and specificity to be 79% and 

97%, respectively, with a positive predictive value of 94% and a negative predictive value of 87% (5).  

  While the typing of amyloid is now considered mandatory, the immunohistochemical staining of subcutaneous 

fat tissue is fairly difficult due to non-specific reactions. Nonetheless, immunofluorescence on frozen sections 

and immuno-electron microscopy have been applied successfully to this problem. Several immunochemical 

methods, such as enzyme-linked immunosorbent assay (ELISA) and Western blot analysis, have been 

developed for typing amyloid in fat tissue with useful results. In Groningen, immunochemical methods are used 

to quantify the concentration in fat tissue of the four major amyloid proteins, i.e. amyloid A protein (> 11.6 ng/mg 

tissue), TTR (> 4.36 ng/mg fat tissue), light chain kappa (> 24.4 ng/mg fat tissue), and light chain lambda (> 

10.6 ng/mg fat tissue) (5). The application of proteomics-based techniques to fat tissue has proven its utility and 

has also shown promise in the detection of changes in amino acid sequence and composition, specific 

mutations and variants, and the assessment of relative amounts of mutated versus wild-type proteins. The 

detection and diagnosis of amyloid type, with confidence (and with the exclusion of other types), occurs with a 

high sensitivity (87%) and specificity (98%). The role of wild-type protein, variants and mutants of amyloidogenic 

proteins, the role of enzymatic cleavage and other modifications of precursor proteins, and the role of amyloid 

constituents such as SAP, laminin, entactin, collagen IV, and GAGs in the formation, deposition, and removal of 

amyloid may also be studied in fat tissue using proteomics methods. 
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Monitoring the quantity of amyloid deposition in tissue may help us to learn more about the balance between 

accumulation and break-down of the total amyloid load of the body. Subcutaneous abdominal fat tissue is 

suitable for this purpose because it is easily available by aspiration, amyloid can almost always be found if 

present, and aspiration can be repeated at intervals during the course of the disease. A semi-quantitative 

scoring system has been developed using visual estimation of the percentage of the smear surface area 

affected by deposition of amyloid, as recognized in polarized light: 0 - 4+. Grading the amount of amyloid in fat 

tissue helps to type amyloidosis with confidence: thus, in nearly all patients with grade 3+ and 4+ amyloid in fat 

tissue, immunochemical quantification reliably typed amyloid as AA, ATTR, AL-kappa, and AL-lambda. In 

contrast, the chance of reliably typing patients with grade 2+ amyloid is much lower (about 50%) and in only a 

minority of patients with grade 1+ (about 10%) is typing successful.  More amyloid has been found in the fat 

tissue of women than of men; however, a satisfactory explanation for this increased deposition of all types of 

amyloid in the fat tissue of women is lacking. The amount of amyloid in subcutaneous fat tissue in systemic 

amyloidosis reflects the severity of disease in different groups of patients (5). 

  Of particular interest are the findings associated with amyloid deposits from the fat tissue of patients with a 

TTR-Val30Met mutation in transthyretin. Thus, amyloid fibrils that are formed exclusively from the full-length 

TTR protein were found to be associated with an early age of disease onset, the absence of cardiac 

involvement, and a strong affinity of the fibrils for the Congo red stain. In contrast, amyloid fibrils that are 

composed of TTR protein fragments are associated with the opposite clinical characteristics.  

  Proteomic analysis showed that, in patients with ATTR amyloidosis who had not undergone liver 

transplantation, the ratio of wild-type TTR to Val30Met TTR in amyloid fibrils was higher in older patients (>50 

years) than in younger patients. Furthermore, the percentage of wild-type TTR in amyloid derived from fat tissue 

increased significantly (up to 90-100%) after transplantation; this compares to pre-transplantation values of 35-

60%. It is known that, in pre-transplant patients, cardiac amyloid more easily incorporates wild-type TTR than 

does fat-tissue amyloid. This offers an explanation for the susceptibility of cardiac tissue for continued 

accumulation of amyloid after liver transplantation. In fat tissue, a rapid increase in the proportion of wild-type 

TTR after liver transplantation indicates a rapid turnover of the deposits (6). 

  If the amount of amyloid in fat tissue does indeed reflect disease severity, it may be interesting to study the 

effect of treatment on this. Thus, in patients with AL amyloidosis, for whom at least two different fat tissue 

aspirates were available for analysis, a significant decrease in amyloid deposition in fat tissue was seen after 

normalization of serum free light chains: a two-grade reduction of amyloid deposition in fat tissue was seen in 

50% of these patients after 2.4 years and in 80% after 3.2 years. This rapid and significant regression of 

amyloid deposition in fat tissue was accompanied by stabilization or improvement of organ disease (7).  

  The results for questions on this topic posed during the meeting session were as follows: for fat biopsy, 63.9% 

of respondents used fine needle aspiration, while 15.1% used skin punch biopsy, 10.2% used surgical fat biopsy 

and 7.2% used all of the above. 3.6% used other biopsies (salivary gland, rectal?).  

  For fat biopsy, regardless of type, only 23.9% of respondents provided/received an “amyloid score”, i.e. a 

semi-quantitative estimate of the amyloid content. 
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FUTURE PROSPECTS – SCREENING, DIAGNOSIS AND TYPING 

The structural typing of systemic amyloidoses by luminescent-conjugated polymer spectroscopy, and the use of 

oligothiophenes as fluorescent ligands for spectral assignment of protein aggregates are discussed elsewhere 

in this book.  

 

ALTERNATIVES TO TISSUE BIOPSY: 

While amyloid can be detected in various body fluids (urine, synovial fluid), the detection of unique urinary 

exosomes may be potentially applicable to screening for AL in the future (8, 9).  For now, however, fat tissue 

continues to be the best choice for screening. 

 

REPORTING 

The assessment of organ involvement and response to therapy in AL has been in use for several years and has 

since undergone several modifications as well as validation. A similar process was initiated in Rome for ATTR 

amyloidosis and is under development for other types of amyloidosis as well (please see the reports from other 

consensus sessions held during this symposium). However, unlike the clinical organ-involvement definition, 

which is amyloid type dependent, the pathologic definition should preferably be applicable to all amyloid types, 

especially since the actual amyloid type is frequently unknown at the time of diagnosis. 

  For fat assessment, a scoring system has been in place for several years (please see above) and, currently, at 

least one fourth (23.9%) of respondents provided/received an “amyloid score”. For bone marrow biopsy in AL 

patients, a scoring system has been used for the purposes of mobilization of stem cells, bone marrow 

reconstitution, etc (10). In this system, a 1+ score is assigned if amyloid is present in vessels only, while 

interstitial amyloid is assigned a score of 2+ or 3+ if amyloid involves <2/high-power field or >2/hpf, respectively. 

However, for universal, i.e. amyloid type-independent, bone marrow biopsy reporting, a distinction should be 

made between stromal (interstitial) marrow versus vascular-only versus involvement of only peri-osseous 

structures.  In such a “universal” bone marrow scoring procedure, only stromal amyloid would be subjected to 

scoring since it represents “true” marrow involvement. Thus far, this issue has not been addressed and, 

therefore, currently, no universal, i.e. amyloid type-independent, criteria for bone marrow involvement are in 

use. At the consensus session, for amyloid reporting, 83.3% of respondents requested the inclusion of 

information that listed the structures involved, i.e. bone marrow itself (stroma) versus vessels-only and/or peri-

osseous amyloid. For the involvement of other organs, such as kidney, heart and liver, a simple and 

reproducible scoring system needs to be developed and implemented for general use. For kidney amyloidosis, 

one proposal has been published, but has not been widely adopted or validated (11). 

  For the diagnosis of amyloid in general, 82% of respondents required information regarding the method used 

to diagnose amyloid (Congo red stain versus other stains) and amyloid distribution (vascular, stromal). 

Interestingly, almost all respondents (97.1%) voted for the inclusion of a semi-quantitative estimate of the 

amount of amyloid (“amyloid score”) for all specimens (36.5%) or, individually, for either fat, bone marrow or 

liver biopsies, or in various combinations (60.6%). 

  In general, it is important to distinguish between stroma/interstitial amyloid versus vascular only. For 

gastrointestinal biopsies, only interstitial amyloid constitutes true pathologic organ involvement, while vascular-

limited amyloid is insufficient. A diagnosis of amyloidosis is based on biopsy of an affected organ or biopsy at an 
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alternate site. The latter typically includes abdominal fat and/or biopsy of the minor salivary glands, rectum, or 

gingiva. However, for gastrointestinal tract, lungs, skin and muscle, direct biopsy verification is required, if 

symptoms are present. 

  Based on the response from the audience, fat and kidney biopsies were most often diagnostic (36.1 and 

34.7% respectively) while cardiac, gastrointestinal and other sites were diagnostic in 7.6%, 6.3% and 15.3% of 

cases, respectively. Tissue diagnosis of amyloid was made by the pathologist in 78.1% and by the clinician in 

16.8% of cases, and in 5.2% by other. The main impediment to the early diagnosis of amyloidosis was the lack 

of clinical suspicion (86.7% of cases), while the inexperience of the pathologist was responsible in 6.1% of 

cases, with late biopsy, insensitive stain and other being responsible in 2.8, 2.8 and 1.7%, respectively. 

 

RECOMMENDATIONS FOR EARLY DIAGNOSIS AND SCREENING I N PATHOLOGY 

(i) the use of methods that increase the sensitivity of screening for amyloid, such as Congo red-fluorescence 

and Thioflavin stains, is encouraged although Congo red stain/polarization continues to be considered the “gold 

standard” for the diagnosis of amyloid,  

(ii) an increase in the frequency of screening by fat biopsy,  

(iii) an increase in the frequency of amyloid investigation through the examination of native kidney biopsies, 

native cardiac biopsies, bone marrow biopsies, peripheral nerve biopsies, gastrointestinal biopsies and, 

possibly, also through carpal tunnel procedures,  

(iv) an engagement in efforts to introduce and clinically validate new and emerging methods for the diagnosis of 

amyloidosis 

 

RECOMMENDATIONS FOR REPORTING IN PATHOLOGY 

The following information should be included in the pathology report:  

(i) anatomic site (if known),  

(ii) histologic structure(s) (if known, list all),  

(iii) distinction between vascular-limited versus stromal; distinctive patterns should be also described  

(glomerular versus extraglomerular,  sinusoidal versus portal, interstitial versus endocardial, etc),  

(iv) scoring should be provided for fat, according to established criteria (scoring for bone marrow, liver, kidney is 

currently under discussion/development),  

(v) method (stain) by which amyloid was diagnosed 
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NEW CRITERIA FOR RESPONSE TO TREATMENT IN AL AMYLOI DOSIS: IMPACT ON SURVIVAL 

OUTCOMES 

On the occasion of the 12th International Symposium on Amyloidosis (Rome, 2010) the Consensus Panel of the 

International Society of Amyloidosis initiated a study to establish the criteria for hematologic and cardiac 

response to treatment in AL amyloidosis based on survival outcomes. The criteria were identified on a testing 

population of 816 patients retrospectively collected from the database of 7 referral centers in the European 

Union and in the United States and then validated on an independent series of 374 patients diagnosed at the 

Pavia Amyloidosis Research and Treatment Center. The impact on survival of the response criteria was 

assessed in a landmark analysis. 

  The validated criteria for hematologic response are reported in Table 1. The criteria are based on the 

difference between the involved (amyloidogenic) and uninvolved circulating free light chain (dFLC). A new 

category, very good partial response (VGPR) was introduced, based on the absolute value of dFLC reached 

after treatment. VGPR confers a distinct significant survival advantage over PR, emphasizing the direct link 

between the concentration of the amyloidogenic precursor and patients’ outcome. The adopted criterion for 

VGPR discriminated better patients with a good outcome compared to other criteria based on dFLC percent 

reduction. 

 

Table 1.  Hematologic response criteria 

New response criteria Definition Estimated 2-year survival 
(6-month landmark) P 

Complete response 
Negative serum and urine 
immunofixation and normal FLC 
κ/λ ratio 

95% - 

Very good partial response dFLC <40 mg/L 85% 0.01 
Partial response dFLC decrease >50% 60% <0.001 
No response All other patients 35% <0.001 

dFLC, difference between the involved (amyloidogenic) and uninvolved circulating free light chain; FLC, 
circulating free light chain. 
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Decreases or increases in N-terminal pro-natriuretic peptide type-B (NT-proBNP) that were both >30% and 

>300 ng/L were significantly associated with survival, and were adopted as criteria for cardiac response and 

progression, respectively. Other criteria of cardiac response and progression were identified and validated 

(Table 2). Interestingly, there was no survival advantage for patients who achieved a 2 mm or more reduction in 

interventricular wall thickness at echocardiography (P=0.800), which historically was considered a criterion of 

cardiac response to treatment. 

 

Table 2.  Cardiac response and progression criteria 

New criteria Definition Estimated 2-year survival 
(6-month landmark) P 

NT-proBNP response >30% and >300 ng/L decrease if 
baseline NT-proBNP ≥650 ng/L 

90% <0.001 

NT-proBNP progression >30% and >300 ng/L increase 35% <0.001 
cTn progression ≥33% increase 60% <0.001 

NYHA class response ≥2 class decrease if baseline 
NYHA class 3 or 4 

35% 0.001 

EF progression ≥10% decrease 50% 0.007 
cTn, cardiac troponin; NT-proBNP, N-terminal pro-natriuretic peptide type-B; NYHA, New York Heart 
Association. 
 

This study provides for the first time a prognostic correlation of the criteria of hematologic and cardiac 

responses in AL amyloidosis in a large international population. Our data support the use of early response 

measures that can be obtained with simple and readily available techniques, as the primary validated surrogate 

endpoint for clinical trials in newly diagnosed patients with AL amyloidosis, allowing for simpler study designs 

and enabling clinical trials to be completed more quickly. 

 

DISEASE STAGING IN AL AMYLOIDOSIS – A MOVING TARGET  

A number of staging systems have been reported in AL amyloidosis (Table 3).  A simple system using the level 

of N-terminal fragment of brain natriuretic peptide (NT-proBNP) and cardiac troponin-T or I (TNT or TNI) has 

been widely used since 2004 (1) - patients with both biomarkers abnormal had a median survival of just three 

months and consequently have been excluded from prospective trials. Recently, a high troponin assay (hs-TNT) 

has become available and is likely to be adopted by most laboratories.  An hs-TNT cut-off of >0.05 µg/L has the 

same prognostic significance as a standard troponin cut-off of >0.03 ng/ml (2). This new threshold should be 

used to define “abnormal” troponin in context of AL staging if the hs-TNT assay is used.  Hs-TNT levels are also 

independently prognostic in AL (3). In patients with stage III AL, a very high NT-proBNP level and a low systolic 

blood pressure, at presentation, defines a very poor prognostic subgroup with median survival of 3 months – 

benefits of chemotherapy remain uncertain in this high risk subgroup (4) although other stage III patients with 

none or one of high risk features appear to benefit from chemotherapy if they can achieve an excellent 

hematological response (CR or VGPR).   

  It has become increasing apparent that the FLC level is important in determining the disease outcome. A 

revised classification using a combination of presenting dFLC, NT-proBNP and TNT stratifies AL into four 

stages and provides a more accurate disease classification (5). However, the threshold of biomarkers is 

different from the previous reports. The genetic abnormalities in plasma cells are also of significance and 

presence of 1q gain is an independent marker of poorer outcomes (6).   
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In summary, we have tools for better prognostic disease classification of AL amyloidosis based on the disease 

related organ involvement, the level of free light chains and the biology of plasma cells. The prognostic markers 

for relapsed patients remain to be defined. An integrated data set will be developed with a view to validating 

these markers and moving a new and unified method of disease stratification.  

 

Table 3.  Staging systems in AL amyloidosis  

Staging system Stages Median survival 
Stage I (both < threshold) 26 months 
Stage II (either > threshold) 10 months Standard “Mayo” Staging (1) 

(NT-proBNP >332 ng/L and TNT >0.03 ng/ml) 
Stage III (both > threshold) 3.5 months 
Stage I (all below threshold) 94 months 
Stage II (any one > threshold) 40 months  
Stage III (any two > threshold) 14 months 

Revised Mayo Staging (5) 
(dFLC 18mg/L, NT-proBNP >1800 pg/ml, TNT 
>0.025ng/ml) 

Stage IV (all three > threshold) 5.8 months  
No risk factors 26 months 
One risk factor  6 months 

NT-proBNP and SBP in stage III (4) 
(NTproBNP >8000 ng/L; SBP <100 mm of Hg) 

Two risk factors  3 months  
Stage I (hs-TNT low) 71 months 
Stage II ( hs- TNT 
intermediate) 

43 months  
Hs-Troponin only (2) 
(<14 ng/ml, >14 but <54ng/ml; >54 ng/ml) 
  

 Stage III (Hs TNT high)  6 months 
Present 12.5 months Chr 1q gain (6) 
Absent 38 months 

 

There are no criteria that will allow one to distinguish localized from systemic pulmonary amyloid. Other than 

obtaining a lung biopsy that shows amyloid deposits, mechanisms that quantify systemic pulmonary amyloid 

have not been defined by the amyloidosis community. Criteria for soft tissue involvement, including purpura, 

arthropathy, claudication, tongue involvement, and myopathy are all clinical criteria, and no consensus exists as 

to when one of these organs are involved. The amyloidosis community will remain challenged until uniform 

criteria are established. 

  As studies of amyloid move forward, understanding what constitutes response and progression is essential.  

The neurologic criteria that were used for trials in familial amyloid polyneuropathy may or may not be acceptable 

in the treatment of light chain amyloidosis and neuropathy. The role of EMG is not defined in assessing 

response and progression in the small non-myelinated fiber neuropathy seen in amyloid. It is unclear whether or 

not soft tissue amyloid, pulmonary amyloid or GI amyloid improves the way cardiac, hepatic, and renal 

involvement improves. It is unclear whether this is due to an inability to measure organ response.   
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INTRODUCTION 

Of the non-AL amyloid diseases, transthyretin amyloidosis (ATTR) is the most common. Clinical manifestations 

in the hereditary forms are predominantly those of neuropathy and/or cardiomyopathy, whereas cardiomyopathy 

dominates the clinical picture of wild-type ATTR. Since new therapeutic interventions are emerging, high quality 

outcome measures are needed to monitor the effectiveness of these interventions. In the following, we will 

recapture the essential topics of the consensus panel discussion on organ involvement and response criteria in 

non-AL amyloidosis. 

 

NEUROPATHY 

Peripheral neurological disorders such as neuropathic ATTR cause impairments (weakness and/or sensory 

deficits), which lead to problems in daily life and social functioning with decrement in quality of life expectations 

(1-3). Choosing proper outcome measures should therefore be considered as one of the most important, 

fundamental parts of preparing clinical studies in neuropathic ATTR. However, selection of outcome measures 

is not only dependent on the proposed research purposes, but also, and perhaps more importantly, on the 

fulfilment of the scientific needs by these measures (4). A thorough and comprehensive evaluation of an 

outcome measure is needed to determine its simplicity, communicability, validity and reliability before it is used 

as an outcome measure (4-6). Moreover, outcome measures should be unambiguously constructed and 

represent only one of the outcome levels according to World Health Organisation international classification of 

Functioning, Disability and Health (ICF) and quality of life concept (7).  

  Various neurological outcome measures have been proposed in ATTR studies, but no systematic evaluation 

has been conducted to determine the scientific soundness of these scales in this condition. The Neuropathy 

Impairment Scale (NIS), has gained particular interest and has been used in a recent trial in hereditary (V30M) 

ATTR (8). However, the NIS, a neurological composite measure capturing the findings as part of neurological 

examination, is an ordinal measure based on the classical test theory (CTT) with many disadvantages despite 
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its worldwide recognition as a ‘proper’ neurological scale (9).  

 

Outcome measures based on classical test theory  

Outcome measures like NIS fulfil the complete spectrum of clinimetric needs (4,9). However, DeVellis has 

published a comprehensive review highlighting the pros and cons of CTT based outcome measures and the 

reader of this abstract is kindly requested to appraise this paper (9). In brief, CTT based outcome measures like 

the NIS, have been constructed by arbitrarily recruitment of items, which seem logical, but without examining 

the impact (weight or significance) of each of the items being part of the scale. In addition, each item has Likert-

based response options (e.g., for muscle strength examination: 0: normal, 1: 25% weakness, 2: 50% weakness, 

3: 75% weakness, 3, 25: move against gravity, 3.5: movement eliminating gravity, 3,75: muscle flicker, 4: 

paralysis) assuming a ‘true’ numerical distance in the ordinal setting of the scale, which is highly unlikely. In 

other words, a 1 point change from 0 to 1 is considered equivalent to a 1 point change from 2 to 3, which is 

incorrect, since the scale is ordinal based and not at the interval or linear level. In addition, a sum score is 

generally computed from the obtained values for each item, assuming a linear setting and subjecting these 

scores to parametric analyses, which is also incorrect. The interpretation of sum scores in ordinal based 

measures, like in the NIS, suggests that the whole may not equal the sum of its parts (10). These limitations 

hamper accurate measurement of differences in scores and changes over time and proper comparison between 

for example two arms of treatment (9).   

 

Shifting from a classic to a modern clinimetric app roach  

The NIS has never been subjected to modern clinimetric analyses, like the Rasch methodology (11, 12). The 

Rasch model enables the transformation of ordinal obtained scores into interval/linear measures that are scale 

independent and suitably accurate for individual patient assessment. The Rasch method, although seemingly 

mathematically complex, is simply based on the following logical assumption: individuals with high levels of 

whatever is being measured (for example: “the ability to accomplish daily activities”) should have an increased 

probability, relative to individuals with low levels of ability, of getting a better score on any items. In other words, 

item response patterns of individuals are compared to the entire sample examined to estimate person ability 

and item difficulty and places item estimates as well as person estimates on the same logit figure (see figure 1). 

Rasch has many clinical benefits, since it gives a true reflection of disease impact, differences between both 

individuals and groups, and treatment effects. These constructed measures are considered, after having fulfilled 

all model’s expectations, more proper for parametric analyses in chronic conditions like ATTR.  

  Finally, to date no scale has been constructed at any level for ATTR using modern clinimetric approach. With 

all attention directed towards potential new therapeutic agents, the lack of attention by neurologists for proper 

development of outcome measures for this illness, as seen in almost all other neurological chronic conditions, 

has been highly neglected. Therefore, the ATTR and neurology communities are persuaded to act fast and to 

develop proper measures for the assessment of the neurological consequences and possible therapeutic effects 

of new agents. The Rasch method can be used to accomplish this, and perhaps as part of a consensus meeting 

on outcome measures in FAP.  
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Figure 1. Using linear measures instead of ordinal scores would give a true reflection of disease impact, 

differences between individuals and groups, and treatment effects. The corresponding weights (“location”) of the 

items and patients are also calculated by the model depending on the interaction between the items and 

patients and placed on one ruler (see also reference 15 and its supplemental material explaining in a simplistic 

way the Rasch method to neurologist, which is also suitable for every medical doctor; this reference shows the 

construction of a Rasch-built overall disability scale in inflammatory neuropathies and the same procedure can 

be done for the ATTR patients). 

 

CARDIOMYOPATHY 

Cardiac biomarkers 

Although most centers routinely use cardiac biomarkers NT-proBNP, BNP and troponin I or T in patients with 

ATTR, limited studies are available on their diagnostic and prognostic significance. In patients with ATTR, BNP 

and NT-proBNP levels tend to be less elevated compared to AL, in spite of higher mean LV wall thickness and 

LV mass, suggesting different mechanisms of heart damage. Moreover, there is variability among TTR variants.  

  In one study, the diagnostic performance of BNP in detecting ATTR heart involvement was 93% when defined 

as a mean left ventricular wall thickness of 12 mm or more, and 81% in patients with abnormal basal septal 

strain (13). NT-proBNP detected amyloid heart disease in 80 % ATTR patients in another series (14). The 

prognostic significance of these biomarkers in ATTR remains to be elucidated. In a recent study of 60 patients 

carrying the Ala60 variant, NT-proBNP concentration at diagnosis was an independent predictor of survival (15). 

In another study of 84 patients with ATTR associated with 18 different TTR mutations, progression of NT-

proBNP at 6 months, defined as ≥30% and ≥300 ng/L changes, was an independent predictor of survival, 

irrespective of the underlying TTR variant (14).  

  Overall, natriuretic peptides do not seem to detect ATTR heart involvement at an early stage as in AL 

amyloidosis. However, NT-proBNP could be a valuable prognostic marker. Differently from AL, no diagnostic 

and prognostic relevance has been found to date for cardiac troponins in ATTR (13, 14). In light of upcoming 

treatments there is a huge need for a novel, non-invasive gold-standard method to predict survival and/or 
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development of symptomatic heart disease in ATTR amyloidosis. Large cohort studies should be undertaken to 

further characterize and validate the diagnostic and prognostic significance of cardiac biomarkers and novel 

imaging techniques in ATTR. 

 

Imaging techniques 

Cardiovascular magnetic resonance examination of the heart with late gadolinium enhancement has been 

utilised for detection cardiac amyloid disease, though the reported number of patients with ATTR and follow-up 

examinations are too low to make any solid conclusions on its usefulness for follow-up of ATTR patients (16, 

17). In addition, the relatively high percentage of patients with pacemaker implants limits its use and may limit its 

usefulness in follow-up studies.  

  Echocardiography is an easily available method for heart examination, but even though several findings, such 

as highly sparkling echoes can suggest the presence of amyloid heart disease, the findings are not specific. In 

addition, the measurements of heart dimensions, such as inter-ventricular septal thickness are examiner 

dependent, and for follow-up purposes, reading of the individual patient’s echoes by one investigator is 

mandatory to achieve reliable measures. However, since new computerised imaging techniques, such as left 

ventricular global strain rate measurements are less observer dependent they appear promising tools for follow-

up purposes (18). 

  Scintigraphic heart examination, utilising 99mTc-diphosphono-propanodicarboxylic acid (99mTc-DPD) or Tc-

99m pyrophosphate has demonstrated excellent results. The examination is readily available, and DPD-

scintigraphy has demonstrated high sensitivity and specificity for ATTR (19, 20). It should have potential for 

follow-up purposes, but this has bot been demonstrated in any study so far. 

  The consensus from the audience suggested MR and computerised echocardiographic examinations to be 

used in clinical trials of ATTR cardiomyopathy. 

 

CONCLUSIONS 

It appears to be of vital importance to construct a proper outcome measure for neurological impairment in 

ATTR, an outcome measure that preferable is based on linear measures constructed by the Rasch method 

instead of ordinal scores. For cardiomyopathy, the data available so far are too scarce to recommend any 

method. However NT.-pro BNP together with newly developed computerised echo analysis such as global strain 

measurements and MR examination with late gadolinium enhancement appeared to be the most acceptable 

methods based on currently available data. 
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NOVEL AGENTS & METHODS FOR DIAGNOSTIC IMAGING OF AM YLOID 

The LUPAS project (Luminescent conjugated Polymers for in vivo Amyloid Signatures) develops novel agents 

and methods for diagnostic imaging of amyloid deposits. The project is funded through the EU FP-7 – Health 

program and entails six partner sites from Academia and two from industry with participants from France, 

Germany, Israel, Norway, Sweden and Switzerland  (1).   

  The novel imaging tools and reporter molecules, used in this research project, are focused on luminescent 

conjugated probes (LCPs) based on oligo-thiophenes. Please see separate chapter by Nilsson for a description 

of this class of molecules. 

  It is well established that LCPs can bind effectively to animal and human amyloid deposits with striking 

fluorescence contrast (2, 3). In addition the binding results in structural alterations of the LCP, which cause the 

probe to respond optically, providing an optical fingerprint that, can be readily recognized. Several hyperspectral 

imaging technologies could be used to record LCP fluorescence bound to amyloid deposits in tissue sections. 

Within LUPAS we have chosen to predominately record the spectral output using the SpectraView® system 

from ASI. Hence the spectral output, as recorded by the SpectraView® system (Figure 1), works as a surrogate 

marker of the aggregated protein structure. This feature is a rather direct way of identifying amyloid structure 

heterogeneities within the same tissue and even to enable classification of distinct amyloid deposits between 

individuals. 

 

SPECTRAL IMAGING – ADDRESSING THE NEEDS IN MICROSCO PY & CELL BIOLOGY 

Why use hyperspectral imaging? Spectral imaging combines imaging and spectroscopy, providing complete 

spectrum at every location (pixel) of the image (Figure 2). Image 1 represents the difference between typical 

imaging and spectral imaging. In the first case (typical imaging), each pixel in the image represents the intensity 

(i.e, fluorescence, transmittance, etc) related with the specific acquired image. In the second case (spectral 

imaging), information inside each pixel provides a complete spectrum for the VIS to NIR range (Figure 2). This 

latter information can be used for a variety of applications, which provides chemical and spatial information 

related with LCP-labeled amyloid deposits. 
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Figure 1. Hyper spectral images from an ASI SpectraView® system of LCP stained 

A) Cerebrovascular amyloid angiopathy (Aβ) B) Alzheimer senile plaque (Aβ ) 

C) Chronic wasting disease (APrP) and D) BSE (APrP), in transgenic mouse models. 

E) Liver amyloisosis (AL), F) Kidney amyloid  (AA), G) Cardiac amyloid (ATTR). 

     

 

Typical Imaging:  Intensity @ each pixel    Hyperspectral Imaging: Spectrum @ each pixel  

 

Figure 2.  Typical imaging vs. spectral imaging 

 

FOURIER-BASED SPECTROSCOPY 

How does it work? Schematics of the spectral imaging setup of ASI is shown in figure 3. The system is based 

on common-path Sagnac interferometry. 

 



Author index 

479 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Sagnac Fourier-based spectroscopy. 

 

ADVANTAGES OF THE FOURIER-BASED INTERFEROMETER  

The Fourier-based interferometer with the Sagnac configuration provides various advantages, including:   

• Wide spectral range: 400-1000 nm 

• High spectral resolution: 5 nm @ 400 nm 

• Transmission efficiency >80% @ 450-800nm 

• Flat spectral response (dependent on CCD response) 

• No polarization effects 

• High dynamic range: 16bit spectral data representation 

• Supports brightfield, fluorescence and reflectance applications 

• Direct view available (with all spectral content) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Acquisition of a spectral image 
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ACQUISITION AND ANALYSIS OF A SPECTRAL IMAGE 

Acquisition of a spectral image is performed as shown below in figure 4. Parameters related with spectral 

resolution, ROI and various other parameters can easily be modified according to the specific application of 

each user.  

 

SOFTWARE FOR ANALYSIS OF SPECTRAL IMAGES 

Hyperspectral images recorded by the system can be analyzed using the SpectraView software. A specific 

software tutorial for LCP stained sections have been developed within the LUPAS project to facilitate analysis of 

such specimens (Figures 5-6).  

 

FEATURES 

Spectra View includes a variety of analysis features, including: 

• Viewing spectra from different locations within plaques at high spatial resolution (CCD dependent) ∼ 0.6µm 

with 10X magnification for the typical CCD (6 µm pixel size)  

• Spectral Un-mixing algorithm (SUN) to identify and separate into layers variations in LCP distribution in 

plaques according to spectral features 

• Dynamic color-settings to observe defined layers 

• Classification algorithm for direct observation of spectral differences within plaques 

• Ability to view intensity variations, within plaques, for a defined spectral range  

• Target (regions) segmentation & quantitative information related with content of LCP’s 

 

Figure 5. Spectra View software demonstrating spectral features from various locations within an amyloid 

plaque (Aβ) stained with LCPs. 
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Figure 6.  An amyloid plaque (Aβ) labeled with two different LCPs, one blue shifted and one red shifted LCP,  

can easily be divided into various components, based on differences in spectral features. In this example the 

sample was analyzed  by spectral un-mixing which provides accurate spacial separation of distinct components 

within the amyloid plaque. 

 

CONCLUSION 

The LCP staining technology used in parallel with the SpectraView® system provides a new way of analyzing 

amyloid deposits within a variety of specimens. Structural variations within and between specimens can be 

readily analyzed.  
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Molecular probes for selective identification of amyloid deposits are important to advance our understanding of 

the molecular pathogenesis underlying protein aggregation diseases. The most common small amyloid ligands 

are derivatives of Congo red or Thioflavins and these dyes are rather selective for protein aggregates having an 

extensive cross β-pleated sheet conformation and sufficient structural regularity. However, a drawback of many 

conventional probes is that only a subset of aggregates that roughly correspond to histologically identifiable 

amyloid deposits can be identified, whereas it is becoming more evident that several diverse types of protein 

aggregates are involved in protein misfolding diseases.  In this regard, a novel class of amyloid imaging agents, 

luminescent conjugated polythiophenes (LCPs), consisting of a repetitive thiophene backbone (Fig. 1A) has 

been developed. LCPs provide a direct connection between the geometry of the thiophene backbone and the 

fluorescence being emitted (2-6). Hence, one molecule can emit blue, green or red light depending and when 

binding to protein aggregates, the conformation of the backbone is dictated by the protein, which results in 

conformation-sensitive spectral signatures from the LCP.  

 

HISTOLOGICAL CHARACTERIZATION OF AMYLOID DEPOSITS I N TISSUE SAMPLES 

Recent studies have shown that LCPs can be used as amyloid specific dyes for histological staining of tissue 

sections and that LCPs appear to provide additional information regarding the pathological events of 

proteinopathies, compared to conventional techniques (1-5). In 2006, Nilsson et al. exhibited the proof of 

concept of by utilizing the LCPs as amyloid specific dyes in tissue samples (2). Under alkaline (pH 10) 

conditions the anionic LCP, polythiophene acetic acid (PTAA, Fig. 1A), were shown to selectively stain a 

plethora of amyloid deposits in formalin fixed tissue sections. Furthermore, some results indicated that PTAA 

emits light of different colors upon binding to different amyloid subtypes and that smaller protein deposits that 

were undetected with conventional dyes was visualized by PTAA. The latter was verified by Nilsson et al in 

2010 (4) when it was shown that PTAA could be utilized for spectral assignment of distinct amyloid subtypes 

(Fig. 1D and 1E). In addition, the LCP technique has been extremely useful for assessing heterogenic protein 

aggregates observed in the infectious prion diseases. Prions can occur as different strains and the prion strain 

phenomenon is believed to be encoded in the tertiary or quaternary structure of the prion aggregates. This belief 

was also verified when protein aggregates in brain sections from mice infected with distinct prion strains were 
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being stained by LCPs (3). The LCPs bound specifically to the prion deposits and different prion strains could be 

separated since PTAA emitted light of different wavelengths when bound to protein deposits associated with a 

distinct prion strain (Fig. 1B and 1C). Furthermore, the LCP technique was recently used for specific spectral 

identification of protein deposits seen for a de novo generated prion strain (5). These protein deposits were not 

stained by any of the conventional amyloid ligands, ThT and Congo red, indicating that LCPs could be used to 

identify a subset of protein deposits normally undetectable by conventional methods. Whether this observation 

was due to an increased sensitivity of the LCPs compared to other amyloid ligands or if LCPs identify a broader 

range of structurally diverse protein deposits compared to conventional amyloid dyes has yet to be clarified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  A) Chemical structure of the anionic LCP, polythiophene acetic acid (PTAA). Fluorescence images of 

prion deposits, murine CWD (B) and murine sheep scrapie (C) stained by PTAA. D) Fluorescence image of AA 

deposits in a heart tissue stained by PTAA. E) Correlation plot showing the separation of different cases of 

systemic amyloidoses, AA (blue), AL (green) and ATTR (red) by using the emission properties of PTAA. 

 

NOVEL THIOPHENE BASED SCAFFOLDS FOR IN VIVO IMAGING  OF AMYLOID DEPOSITS 

In 2009, Åslund et al improved the LCP concept and presented defined pentameric structures termed 

luminescent conjugated oligothiophenes (LCOs) that could be utilized for in vivo imaging of protein aggregates 

(6). The anionic pentameric LCO, p-FTAA (Fig. 2A) could also be utilized for staining of Aβ aggregates in brain 

sections from transgenic Drosophilia model (Fig. 2B and 2C) and was also shown to detect non-thioflavinophilic 

pre-fibrillar Aβ species preceding the formation of amyloid fibrils during in vitro fibrillation of recombinant Aβ 

peptide (Fig. 2D9 (6, 7). In addition, p-FTAA crossed the blood-brain barrier and offered the possibility to 

perform real time optical imaging of Aβ aggregates in a transgenic mouse model with Alzheimer´s disease (AD) 

like pathology through a cranial window (Fig. 2E). The dye could also be utilized for visualization of other 
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amyloid deposits, such as AA-amyloid in the spleen (Fig. 2F). Hence, the addition of LCOs to the toolkit of 

fluorescent amyloid ligands will be important for studying the underlying molecular events of protein aggregation 

disease and for obtaining sensitive diagnostic tools for these diseases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  A) Chemical structure of the anionic LCO, p-FTAA. Fluorescence images of p-FTAA stained brain 

sections from a normal Drosophilia (B) and a transgenic Drosophilia having Aβ deposits (C). D) In vitro 

fibrillation kinetics of recombinant Aβ peptide monitored with p-FTAA and thioflavin T (ThT). E) Fluorescence 

image of p-FTAA labeled Aβ deposits in the brain of a transgenic mouse model with AD-like pathology. F) 

Fluorescence image of p-FTAA labeled AA deposits in the spleen from a mouse model for AA-amyloidosis. 
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