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Amyloidosis is an uncommon disorder characterized by the deposition of extracellular 
amyloid proteins in tissues. Significant advancement has been made recently, which 

not only provides insight in to the pathophysiology of the disease but also helps to 
discover new therapies to fight the deadly disease. If accurate diagnosis and typing 

are made early, effective or even curative therapies are available. Unfortunately, 
because of the rarity of the disease and its protean clinical manifestations, patients 

may be misdiagnosed, especially at early stage of the disease, and this could lead 
to missed opportunities to effective therapy. The aim of the book is to help readers 

become familiar with the clinical presentation of amyloidosis and to review the latest 
diagnostic and therapeutic development.
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Preface

Amyloidosis is an uncommon disorder characterized by the deposition of extracellular fibril
amyloid proteins in various organs and tissues. It is estimated that there are about 3,000 new
cases annually in the United States. Amyloidosis is classified by the precursor plasma proteins
that form the extracellular fibril deposits. The primary systemic type, or the AL type, is due to
monoclonal immunoglobulin free light chains. The hereditary type, also known as familial
type, is mostly secondary to mutant transthyretin deposition while the wild type transthyretin
type or also called senile type is due to normal wild-type transthyretin deposition. The secon‐
dary type or the AA type is related to amyloid A protein, which is an acute reactive protein.
Dialysis related amyloidosis is caused by the deposition of β2-microglobulin, which has been
increasingly recognized. Significant advancement has been made recently, which not only pro‐
vides insight into its pathophysiology but also helps to discover new therapies to fight the
deadly disease.

Unfortunately, because of rarity of the disease and its protean clinical manifestations, many pa‐
tients were misdiagnosed, especially at early stage of the disease. Consequently, many patients
missed the opportunity window of effective therapy, in particularly the AL type. The aim of the
book is to review the fascinating history and the mechanism of the disease; to help the readers
become familiar with the clinical presentation; and to review the latest diagnostic and therapeu‐
tic development. Effective or even curative therapies are available, especially if accurate diag‐
nosis and typing are made early.

I would like to thank all the authors who have contributed to the book and congratulate them
on their excellent works. This volume provides a comprehensive update of our knowledge on
amyloidosis of different types. It will be a useful daily reference for physician and other health
care providers who take care of amyloid patients.

I would like to sincerely thank my parent and my family (Gloria, Amy, Emily and Eric) for their
endless love and support. You spent more time waiting for me than being with me while I was
studying, writing, and taking care of my patients. I would also like to thank my several men‐
tors, including Drs. Liu Lisheng, Zhu Guoying, Geoffrey Toffler, James Muller, Joseph Loscal‐
zo, Jae Oh, Rick Nishimura, Carole Warnes and Kyle Klarich. You continue to inspire me to
become a better cardiologist and a better person. Finally, I greatly appreciate Dr. Cynthia Taub
for her insightful suggestion, contribution and inspiration on the book.

Dali Feng, MD, FACC.
The Metropolitan Heart and Vascular Institute

Minneapolis, Minnesota , USA
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Chapter 1

“Amyloid” — Historical Aspects

Maarit  Tanskanen

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53423

1. Introduction

General agreement prevails today on the contents of the term “amyloid”. It refers to “a
condition associated with a number of inherited and inflammatory disorders in which
extracellular deposits of fibrillar proteins are responsible for tissue damage and functional
compromise”, as defined in the textbook of pathology [1]. One and half centuries ago, in
contrast, the nature of amyloid was the very target of an academic dispute among the leading
scientists, European at those days. Curiously, the term “amyloid” has prevailed although in
the course of time the concept of amyloid has nearly turned upside down.

2. Origin of amyloid: Matthias Schleiden and botany

The term “amyloid” was brought in the scientific literature by the German botanist Matthias
Schleiden (1804 - 1881). Schleiden was born in Hamburg as the son of a Hamburger physician.
He first studied laws in Heidelberg and received his pHD in 1826. However, working as a
lawyer felt unsatisfactory to him and he turned to study medicine in 1832, in Göttingen and
Berlin. Schleiden oriented to botany, microscopy and anatomy, with a special interest in the
chemical and anatomical composition of plant cell, and received his second PhD in 1839. One
of Schleiden’s major ideas was to apply the iodine-sulphuric acid test for starch in plants. This
test was originally described in 1814 by Colin and Gaultier de Claubry to show the blue staining
reaction of starch with iodine and sulphuric acid [2]. Schleiden presented his discoveries at the
scientific meetings of the “Gesellschaft Naturforschender Freunde” and reported on the
application of the iodine-sulphuric acid test on plants on the 20th February, 1838 (in: Ostwalds
klassiker der exakten Wissenschaften, band 275 Verlag Harri Deutsch (Klassische Schriften zur
zellenlehre. Matthias Jacob Scleiden, Theodor Schwann, Max Schulze, text in German), cited
in [3]. Scleiden’s original interpretation was that the reaction demonstrated the transformation

© 2013 Tanskanen; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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of the plant material into starch [4]. Schleiden published his several botanical findings in the
book form in 1842-43, with the title “Grundzige der wissenschaftlichen Botanik”. It is remark‐
able that the 2nd and 3rd editions of the book, subtitled as “Die Botanik als inductive Wissen‐
schaft behandelt” were also translated in English in 1849, with the name “Principles of
Scientific Botany” and “Botany as an Inductive Science”, reflecting the attraction that Schlei‐
den’s observations woke also outside Germany. In the above mentioned book Schleiden first
time uses the term “amyloid” for starch, referring to“starch-like”. The word itself stems from
the latin word “amylym” for starch. Schleiden describes “amyloid” to represent “a normal
amylaceous constituent in plants” [2], as shown in the straight citing from the English
translation of the book [5] below.

“Amyloid is, when dry, a cartilaginous, but moist, gelatinous, clear, transparent body, soluble in boiling water, strong

acids, and caustic alkalies, but not in ether and alcohol in a concentrated state. It is coloured blue by iodine, and the

combination is soluble in water, giving it a golden-yellow colour. It is found only in the layers of the primary cell-

membrane. There is no chemical analysis of this substance. It has been found at present only in the cotyledon-cells of

Schotia latifolia,S. speciosa, Hymencea Courbaril, Mucuna urens, M. gigantea, and Tamarindusindica.“

The application of the iodine-sulphuric acid test on plants was not the most remarkable among
Schleiden’s scientific discoveries. Based on his interest in microscopic studies he got the unique
idea that plants are made of cells, and that the growth of plants depends on the production of
new cells. To get to this idea Schleiden was also lucky. In Berlin he had met Theodor Schwann
(1810 - 1882), another great scientist of those days who had made similar observations in
animals [6]. The published observations of Schleiden (1838) and Schwann (1839) form the basis
for the unified “cell theory”, applicable to all living organisms. During the same time (1839)
the French chemist Anselme Payen (1795 - 1878) described a substance in woods that resembled
starch. This substance reacted with iodine-sulphuric acid test similarly to starch, and Payen
named it "cellulose". The iodine-sulphuric acid reaction became later on a standard procedure
used by botanists to demonstrate the presence of cellulose in woods [4].

It is well possible that amyloid deposits have been described even earlier, in the reports on
human autopsy cases with homogenous material in liver or spleen tissue [2], probably
representing amyloid. The first observation stems from the year 1639, described by Nicolaus
Fontanus.

3. The term “amyloid” in the medical literature: Rudolf Virchow

Whereas Matthias Schleiden was the first to use the term “amyloid” in botanics, it was the
German pathologist Rudolf Virchow (1804 - 1881) who applied it in the medical literature.
Virchow studied medicine and anatomy in Berlin and Würzburg, and was graduated in 1843.

Amyloidosis4

Virchow was interested in microscopic studies, similarly to Schleiden. Virchow used the word
“amyloid” first time in 1854 in his publication “Über eine in Gehirn und Rückenmark des
Menschen aufgefundene Substanz mit der chemischen Reaction der Cellulose”, in Virchow’s
Archiv für Pathologische Anatomie and Physiologie und fur klinische Medicin. Berlin 6;
354-368; 1854 [7]. In this paper Virchow described the small round deposits in the nervous
system (Figure 1) with the mention that those structures showed the same color reaction with
iodine and sulfuric acid, i.e. a change from brown to blue, typical to starch. Therefore, Virchow
was convinced that those structures were identical to starch [8]. Virchow named those
structures “corpora amylacea”, similarly to Schleiden (the name based on the Latin term
“amylum” for starch, see previously). Later Virchow applied the iodine sulphuric acid test to
other tissues infiltrated with amyloid. The representatives of the French and British Schools
instead considered amyloid to be more closely related to cellulose [2]. They use the name
“lardaceous” (based on the bacon-like appearance of the tissue, French School) and “waxy”
(based on the homogeneity of the material, British School). They could also use the term “sago”
(a sweet substance in certain palm species).

Figure 1. Corpora amylacea (arrows) stain blue in H&E (A) and brown in methenamine-silver (B) stain which also re‐
veals a few senile plaques of diffuse type (B). Diffuse plaques do not contain amyloid. The patient was 104-year old
female suffering from vascular dementia. Original magnification x 200.

“Amyloid” — Historical Aspects
http://dx.doi.org/10.5772/53423
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Virchow developed an observational and experimental view on medical sciences. In this
regard he resembled the French and British scientists at that time but contrasted to the more
speculative German scientific tradition. As Virchow’s writings received an unfavorable
attention in German journals he decided to found in 1847 a journal of his own “Archiv für
pathologische Anatomie und Physiologie und für klinische Medizin” with another German pathol‐
ogist, Benno Reinhardt. The bearing idea of the new journal was not to publish papers
containing “outdated, untested, dogmatic or speculative ideas”. After Reinhardt's death in
1852 Virchow edited the paper alone, with the name “Virchow's Archives”, a world-famous
and respected journal still today.

Virchow’s investigations in pathology extended to several other clinically significant issues.
For instance, he discovered the mechanism of thromboembolism and developed the standard
method of autopsy, as described in “The handbook on special pathology and therapeutics” in
1854. Further, in addition to Schleiden and Schwann, Virchow was the third scientist who has
been nominated as an inventor of the “cell theory”. He applied the concept in humans and
published it in “Cellular pathology” in 1859. Yet, the probably most significant of Virchow’s
ideas was that he understood to combine the macroscopic and microscopic pathologies with
clinical manifestations of disease [9].

Virchow was not only a pathologist. His interest and knowledge extended to anthropology,
archeology, politics and social sciences [10]. For instance, Virchow established the first hospital
trains bringing medicine in the battlefields, and he also was the first to understand the influence
of poor hygiene on the spread of contagious illnesses. Political and social activities combined
with huge scientific career brought to Virchow the status as the world-renowned physician
and “Father of pathology”.

4. The end of the 1800’s: Progress in the staining methods to detect amyloid

A new insight into the biochemical character of amyloid was presented in 1859 when the
prominent German chemist August Kekulé (1829 - 1896) reported on the high proportion of
nitrogen in organs infiltrated with amyloid [2,11]. Kekulé assumpted that the material mainly
represented “albumoid” compounds. In addition, he did not find material corresponding
chemically to “amylon” or cellulose.” Virchow never agreed with Kekulé, criticizing his
method to analyze the whole tissue specimens (e.g. liver). After Virchow’s opinion, convincing
results necessitated a method to isolate the amyloid substance first [2]. Indeed, also in this he
was ahead of his time. After more than one hundred years other constituents such as glyco‐
saminoglycans and heparan sulphate [12,13] and chondroitin sulphate -containing proteogly‐
cans [14,15] were identified as additional, albeit minor components of amyloid deposits [16].

In contrast to Virchow, Kekulé’s observation on high nitrogen contents of amyloid were
accepted by several scientists, including the British physician Samuel Wilks (1824 - 1919) who
had collected more than 60 cases with the white, “stony”, “gelatinous” or “lardaceous” visceral
material, i.e. amyloid detected at the autopsy [2]. George Budd, another British internist (1808
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- 1882) actually got the same result than Kekulé when analyzing the chemical composition of
a pale autopsy liver [2].

There was another novel invention that Virchow did not accept: the metachromatic stains. In
1875 three scientists; the French pathologist and histologist Victor Cornil (1837 - 1908) in Paris,
the Austrian anatomist Richard Heschl (1824 - 1881) in Vienna and Rudolf Jürgens in Berlin
described independently the usefulness of methylviolet stain to detect amyloid. Already next
year, in 1876, Soyka reported having found amyloid in the cardiac tissue with the use of this
new method (Soyka J. Prag Med Wschr 1: 165, 1876; cited in Hodgkinson and Buerger [17,18]).
William Ackroyd and Paul Ehrlich described methylviolet stain as “metachromatic” in 1878.
Metachromatic stains challenged Virchow’s iodine sulfuric acid test for decades [2] but were
eventually replaced by Congo red.

5. Development of contemporary staining methods: Congo red dye and
fluorescence microscopy

Reactivity with Congo red stain or “Congophilia with apple green birefringence” was the first
criterion for amyloid [11], introduced by the Belgian Physician Paul Divry (Divry P. Etude
histo-chimique des plaques seniles. J de Neurologie et de Psychiatrie 27:643-57, 1927, cited in
Sipe [11]). Congo red dye itself was invented by the German chemist Paul Böttiger in 1884
(Böttiger P. Deutsches Reich’s Patent 28753, August 20, 1884, cited in Frid [19]). Congo red is
an aniline dye, originally created and used for staining textiles. Böttiger developed the first
“direct” dye that did not require additional substances for fixation to the textile fibers. The
owner of the patent, the AGFA Corporation developed the name "Congo" to the new dye after
the diplomatic conference that was ongoing in Berlin just at that time (1884 - 1885). The goal
of the “Congo conference” was to mediate a trade dispute between several European colonial
powers in the Congo River Basin in Central Africa [2,20]. The name “Congo” referred to an
exotic place that was on the tip of the lips, and proved to be effective for marketing purposes
[2,20]. In addition to staining textiles Congo red was actually used to stain tissues already in
1886 [20]. However, it was not until in the year 1922 when the young German chemist Herman
Bennhold discovered the capacity of Congo red to bind to amyloid (Bennhold H. Eine
spezifische Amyloidfärbung mit Kongorot. Münchener Medizinische Wochenschrift (Novem‐
ber):1537-1538, 1922; cited in Kyle [2]). In 1962 Puchtler described the renewed method for the
use of Congo red in histological preparations [21].

The Puchtler modification [21] of Congo red staining is widely used in pathology as the first
step in detecting amyloid in histological specimens. Of course, individual laboratories may
apply their own variant of the method. Congo red staining is also applicable to frozen sections
and for staining devices. In the diagnostic purposes the formalin-fixed histological samples
are generally embedded in paraffin, sectioned 5-8 μm thick slices, stained with Congo red, and
viewed in a light microscope under polarized light in which amyloid can be seen as red to
green birefringent homogeneous material.
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(Figure 2). Interestingly, the light microscope finding has been observed to vary in different
types of transthyretin (TTR)-related amyloidosis and accordingly the distribution into two
different histological patterns of amyloid deposition (designed as A and B) has been proposed
[22]. In pattern A, seen in senile systemic amyloidosis (SSA) and in some cases with TTR-related
familial amyloidosis, there is weakly congophilic, homogenous amyloid material that is patchy
distributed. In pattern B, detected in a part of patients with TTR-related familial disease,
strongly congophilic amyloid appears as thin streaks. Thus, the biochemical structure of
amyloid fibrils can be transmitted to the microscopic finding.

Figure 2. The red colour (A) of amyloid in the cardiac tissue of a patient with senile systemic amyloidosis (SSA) gradu‐
ally (B,C) turns to green (D) in the polarized light. Original magnification x 400.

The chemical name of Congo red, also known as ”direct red”, “direct red 28”, or “cotton red”,
is 3,3΄-[(1,1´-biphenyl)-4,4´-diylbis(azo)] bis-(4-amino-1-naphtalene acid) disodium salt
(C32H22N6O6S2 2Na). It is a symmetrical molecule with the molecular weight of 696.7 g/mol and
the diameter approximately 21Å [23]. The molecule has a hydrophobic center composed of
two phenyl rings that are linked via diazo bonds to two charged terminal naphtalene moieties.
The terminal parts of Congo red contain sulphonic acid and amine groups. Congo red exists
in chinone form in acidic solution, and in sulphonazo form in basic solution, changing the color
from blue (below pH 3) to red (above pH 5). Thus, Congo red can be used as a pH indicator
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as well. The binding of Congo red to amyloid induces a characteristic shift in the maximal
optical absorbance of the molecule from 490 nm to 540 nm. The mechanisms of interaction
between Congo red and amyloid fibrils has been intensively studied [24,25] but the process is
not completely understood [19]. Congo red binding has been assumed to depend on the
secondary, β-pleated configuration of the fibril, possibly mediated by hydrophobic interac‐
tions of the benzidine centers as well as the electrostatically charged terminal groups [19].

Amyloid can also be visualized using the fluorescence microscope. Fluorescence microscope
is a light microscope used to study the properties of organic and inorganic substances with the
aid of the phenomena of fluorescence and phosphorescence. The component of interest in the
specimen is labeled with a fluorescent molecule, the “fluorophore”. Amyloid can be detected
using thioflavin stains (Thioflavin-T or -S) which emit green fluorescence when they are bound
to amyloid. Thioflavin-T (Basic Yellow 1 or CI 49005) is a benzothiazole salt, obtained by
methylating dehydrothiotoluidine with methanol in the presence of hydrochloric acid. When
the dye binds to β sheets it undergoes a 120 nm red shift of its excitation spectrum that may
selectively be excitated at 450 nm, resulting in a fluorescence signal at 482 nm. Thioflavin-S is
a mixture of compounds resulting from the methylation of dehydrothiotoluidine with
sulphonic acid. The fluorescence method is specific for amyloid similarly to Congo red [26]
and very sensitive. The disappearance of fluorescence during time can be regarded a disad‐
vantage of the method, because the reaction cannot be re-examined later.

6. The beginning of the 1900’s: Alzheimer’s disease and associated
pathologies

In 1907, Aloysius (Alois) Alzheimer described "senile" plaques and neurofibrillary tangles in
a demented patient. Today we know that the plaques represent extracellular amyloid derived
from amyloid beta (Aβ) protein whereas the neurofibrillary tangles represent intracellular
amyloid formed on tau protein.

Alzheimer (1864 -1915) was German psychiatrist, born in Bavaria. He got his medical education
at the universities of Tübingen and also in Berlin and Würzburg, similarly to Virchow, to
receive his medical degree in 1887. Soon thereafter he began to work in a mental asylum “die
Städtische Anstalt für Irre und Epileptische” in Frankfurt am Main. Alzheimer’s scientific
interest focused on pathology of the nervous system, especially anatomy of the cerebral cortex.
He collaborated with the neuropathologist Franz Nissl (1860 - 1919) and learned Nissl's method
of silver staining of the histological sections. In the year 1901 Alzheimer happened to get the
51 -year old Mrs. Auguste Deter to be his patient at the Frankfurt Asylum. Mrs. Deter had a
very unusual clinical picture with loss of short-term memory and odd behavioral symptoms.
In 1902 Alzheimer moved to work with his colleague, another German psychiatrist Emil
Kraepelin (1856 - 1926) at the University of Heidelberg. Kraepelin had, similarly to Alzheimer,
special interest in neuropathology. Both moved to Munich next year. Mrs Deter died in 1906
in Frankfurt, and Alzheimer decided to bring her brain and medical records to Munich for
neuropathological study. He grasped to apply Nissl's method of silver staining on the
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histological sections of Mrs. Deter’s brains, and thereby identified the neurofibrillary deposits
in the atrophic brain. The first report of the extraordinary pathological findings was presented
in the same year at the University of Tübingen, prior to the appearance of the publication in
1907 (Alzheimer A. Über eine eigenartige Erkrankung der Hirnrinde. Allgemeine Zeitschrift
für Psychtiatrie und Psychisch-gerichtliche Medizin. 1907 Jan; 64:146-8).

The original histological sections on which Alzheimer based his description were rediscovered
in the 1990ies in Munich. This gave the unique opportunity to re-evaluate his work [27]. Silver
stains have been used to diagnose Alzheimer’s disease (AD) during decades and the original
observations made by Alzheimer’s and Kraepelin are valid even today. Quite recently,
techniques using the immunohistochemistry (IHC) -based techniques in the diagnosis of AD
pathology have also been introduced [28]. Alzheimer’s neuropathological discoveries were
not restricted to AD pathology. For example, he also described the loss of nerve cells in the
corpus striatum in Huntington's disease and brain changes in epilepsy [29].

Mrs. Deter suffered from a syndrome that is called today as presenile dementia. Presenile
dementias form a group of hereditary dementia syndromes which are often autosomally
dominantly inherited. It has turned out that presenile dementia syndrome is quite common in
the population called Volga Germans (VG). VG stems from people who emigrated in the 1760
s from the German Hesse area around Frankfurt to the southern Volga region in Russia. During
the late 19th and early 20th centuries many of the descendants of VG emigrated to US. Presenile
dementia of the VG is due to the mutation N141I in the gene for presenilin (PSEN) 2 [30].
Interestingly, neuropathology of the brains of subjects with this mutation is similar to Mrs.
Deter’s case [27]. Therefore, especially as Mrs. Deter was living in the Hesse area in Germany,
an idea was got that she would have belonged to the population of VG. Mrs. Deter’s brain
tissue was tested for the presence of the PSEN 2 mutation – but the result was negative [31].
Yet, this does not preclude that Mrs. Deter would have had a different mutation in PSEN 2 or
a mutation in other genes such as PSEN 1 or APP.

Although the diagnosis of Mrs. Deter is still open, Alzheimer’s paper was a starting point to
enormous amounts of experimental and applied investigations of AD, an old age associated
dementia syndrome. The disease belongs to the major causes of death in the western world,
and it is estimated that about 24 million people suffer from it worldwide [32]. In spite of the
huge work, the etiology of AD is still uncertain. Several hypotheses have been proposed [33],
of which the “amyloid cascade hypothesis” by John Hardy and Gerald Higgins [34] has maybe
got the greatest attention. The theory has recently also been criticized [35] as many therapeutic
attempts based on it have failed [36].

The first descriptions of AD pathology were based on silver staining (Figure 3A) without no
idea about the biochemical composition (Figure 3B) or relationship to amyloid of such
structures (Figure 3C,D). Plaque amyloid however was discovered relatively soon (in 1927, see
previously) by Divry after Bennhod had published his application of Congo red in tissue (in
1922, see previously). Cerebrovascular amyloid (cerebral amyloid angiopathy, CAA), detect‐
able in 80-90% in the brains of patients with AD was first time reported by Greek Pantelakis
in 1954 [37].

Amyloidosis10

Figure 3. A senile plaque with amyloid core stained with methenamine-silver (A), immunohistochemistry against Aβ
(B) and Congo red (C without and D with polarization) stains. Original magnification x 600.

7. Identification and extraction of the amyloid fibril

After the 2nd world war amyloid research stretched from Europe to include also Northern America
and Japan. A substantial advance in the field took place in the late fifties. Two American
researchers, Alan S Cohen from Harvard Medical School in Boston and Evan Calkins from
Massachusetts General Hospital reported on the fibrillary structures in the samples of several
types of amyloids in 1959 using electron microscopy (Cohen AS and Calcins E. Electron microscop‐
ic observations on a fibrous component in amyloid of diverse origins. Nature 183 1202-3, 1959;
cited in Vinters [38]). Several attempts followed to isolate the fibrils from tissues and organs.
Cohen and Calkins themselves described the first extraction method. It consisted of gentle
physical separation and homogenization of the material in saline, followed by low-speed
centrifugation. This yielded a layer of fibrils not present in the sedimentation pellets of normal
tissues and demonstrated a green birefringence in polarized light after staining with Congo red
[39]. The next method was published by George Glenner and Howard Bladen (NIA, Bethesda,
Maryland). They had extracted amyloid fibrils using alkaline sodium glycinate in 1966 [40].
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A significant step forward took place when M Pras (originally from the Tel Hashomer Hospital,
Tel Aviv, Israel) and colleagues from New York University School of Medicine described the
method to extract proteins from amyloid-laden tissues using water [41]. Spleen tissue from a
deceased patient with “primary” (i.e. AA) amyloidosis was homogenized with physiological
saline (NaCl), and the mixture was centrifuged. The sediment was next homogenized with
NaCl several times to remove most of the soluble proteins and other soluble materials. Salt
was then removed by homogenizing the residue in distilled water, followed by centrifugation
of the suspension. Lastly, the residue was homogenized in distilled water and centrifuged four
times to give a supernatant rich in protein. Adding Congo red dye and NaCl then resulted in
a gelatinous precipitate with the typical green birefringence, demonstrating that the superna‐
tant represented soluble amyloid.

The “water extraction method” of Pras has been widely used to extract almost all types of
amyloid except for Aβ and prion protein amyloid [42,43]. The method was revolutionary in
amyloid research as it enabled (1) identification of the β-pleated sheet configuration of amyloid
proteins and (2) discovery of the biochemical structure of those proteins.

8. The β-pleated sheet configuration

In nature, most proteins have both α-helix and β-pleated sheet secondary structure. In the
amyloid form, the proteins are mostly in the β-pleated sheet conformation though not
exclusively. Factors that may influence changes in the spatial form of proteins include
increased protein content, low pH, metal ions proteins that are associated with amyloid
deposits but are not part of the insoluble fibrils themselves, also called ” chaperones” [44]. The
secondary structure of amyloid consists of the polypeptide backbone, mostly in the β-pleated
sheet conformation, oriented perpendicular to the fibril axis. This β-pleated sheet structure
was revealed by X-ray diffraction analysis of isolated amyloid protein fibrils by Eanes and
Glenner in 1968 [45-47].

9. Identification of the different amyloid proteins

The major consequence of the invention of the water extraction method of Pras was the
identification of the biochemical composition of several kinds of amyloids. Glenner and his
colleagues soon applied the method to the “primary” (today: AL) amyloidosis [48] and found
the relationship between this amyloidosis and immunoglobulin light chains. AL amyloidosis
is a neoplastic disease and belongs to the clinically most significant amyloid -related conditions.

During the subsequent years, a long list of amyloid proteins was identified one after another.
Inflammation-associated  amyloidosis,  previously  called  the  “secondary”  and  today  AA
amyloidosis, was shown to be caused by amyloid protein A, an acute phase protein in 1972 [49].
Serum protein A was thereafter soon identified in blood [50,51]. In 1978, prealbumin (transthyr‐
etin, TTR) was found to be the protein constituent of amyloid deposits in Portuguese familial
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amyloid polyneuropathy (FAP) [52], the clinical condition having been described already in
1951 (Corino de Andrade, M. Preliminary note on an unusual form of peripheral neuropathy.
Rev Neurol (Paris) 85: 302-6, 1951; cited in Kyle [2]). Similar diseases were found especially in
Japan and Sweden in the subsequent decades. The Finnish type of familial amyloidosis, today
known as AGel amyloidosis, was described in 1969 by the Finnish ophthalmologist Jouko
Meretoja [53]. In 1980, TTR was characterized as the amyloid protein also in “senile cardiac
amyloidosis” (SCA) [54], later renamed as senile systemic amyloidosis (SSA) [55,56]. In 1983,
the Icelandic type of familial cerebral amyloid angiopathy (HCHWA-I) was found to be related
to cystatin-C protein [57]. Next year, 1984, the first report on the AD-associated Aβ protein was
published two Glenner and Wong who identified Aβ in the cerebrovascular tissue [58]. Colin
Masters (Australian), Konrad Beyreuther (German) and colleagues described the same protein
one year later, in 1985, in the plaques (Figure 3B). Japanese Fumitage Gejyo described beta 2 -
microglobulin as the amyloid fibril protein in the dialysis-related amyloid arthropathy in the
same year [60]. Tau protein of the neurofibrillary tangles was identified in 1986 in the laborato‐
ry of Henryk Wisniewsky in New York by Inge Grundke-Iqbal and colleagues [61].

The nature of islet amyloid polypeptide (IAPP) was discovered by Swedish pathologist Per
Westermark from University of Uppsala and his colleagues in 1986 [62,63]. In 1988, apolipo‐
protein A1 (APOA1) was characterized as the amyloid protein in the hereditary amyloid
disease in Iowa, USA [64]. In 1990, two groups discovered independently that amyloid fibril
protein in the Finnish (AGel) amyloidosis was related to gelsolin [65,66] and identified the
causative Asn-187 mutation in the gene for gelsolin [67,68]. The first description of a genetic
cause for a hereditary amyloid disease was already published several years earlier, as the
Japanese Satoru Tawara and colleagues identified the point mutation in the gene coding for
TTR leading to the substitution of methionine instead of valine at position 30 in TTR-related
FAP in 1983 [69]. Development of the polymerase chain reaction (PCR) –based techniques have
accelerated the identification of mutations in the genes of the amyloidogenic proteins, and
today more than one hundred different mutations have been described in the TTR gene. Most
of the mutations lead to clinical disease with the deposition of amyloid in different organs.

In the past two decades three different proteins were characterized describing three novel
different familial amyloid diseases with a preference for renal manifestation: fibrinogen A-α
chain [70], lysozyme [71] and apolipoprotein AII [72]. The last identified amyloid fibril protein,
also presenting with renal amyloidosis especially in Mexican Americans, was leucocyte
chemotactic factor 2 [73].

10. Prion diseases

Characterization of the prion protein (PrP) in 1982 [74] opened up a new perspective in the
amyloid reseach. Scrapie, a prion disease in sheeps and cows, was described in Spanish merino
sheeps already in 1732 [75] but it took two and a half centuries to detect the causative agent.
Scrapie belongs to prion diseases, also referred to “transmissible protein misfolding disorders”
[76]. The highest degree in the conformational shift from α-helix to β-sheet structure occurs in
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the genetically determined form (Gerstmann-Straussler- Scheinken disease) and in PrP -
associated CAA [77].

Prion diseases occur in several mammalian species and can be sporadic, hereditary, or
acquired. The disease exists in nine different types in humans. The first known descriptions
of human prion disease appeared independently in 1920 and 1921 by Creuzfeld and (Creutz‐
feldt HG: Über eine eigenartige herdformige erkrankung des Zentralnervensystems. Z
gesamte Neurol Psychiatr 1920, 57: 1-19) and Jacob (Jacob A: Über eigenartige Erkrankungen
des Zentralnervensystems mit bemerkenswertem anatomischen Befunde. (Spastische Pseu‐
doskleros- Encephalomyelopathie mit disseminierten Degenerationsherden). Z Gesamte
Neurol Psychiatr 1921, 64: 147-228.), cited in Imram [76]). This has formed the basis for the
contemporary name of the disease: “sporadic Creutzfeldt –Jacob’s disease”.

Two Australian anthropologists, Ronald and Catherine Berndt, were the first to describe the
peculiar disease occurring in the Fore linguistic group of people in the Australian Pretectorate
of New Guinea, today Papua-New Guinea. Vincent Zigas, the district medical officer started
to study the disease in 1957 with the young American virologist and pediatrician Carleton
Gajdusek who was interested in infectious diseases. The clinical picture of the disease, as
described in the article: “Degenerative Disease of the Central Nervous System in New Guinea
— The Endemic Occurrence of Kuru in the Native Population” [78], cited in Libersky [79],
consisted of headache and pain, cerebellar ataxia, tremors, shivering and choreiform or
athetoid movements. The disease, named as “kuru”, occurred exclusively in that Fore linguistic
group people and was due to the ritualistic cannibalism (“transumption”). Kuru was neuro‐
pathologically characterized with neuronal degeneration, myelin degeneration, astroglial and
microglial proliferation and plaque formations [80]. Interestingly, another human prion
disease presenting with similar plaques occurred in Western Europe four decades later. The
disease, first reported in UK in 1996 by British investigators and called as “variant CJD” [81]
however manifested differently. The typical features of variant CJD include agitation, aggres‐
sion, apathy and paranoid delusions [81]. BSE (Bovine spongiform encephalopathy) prions
were soon shown to be causally linked with variant CJD [82].

The American scientist Stanley Prusiner purified the prion protein (PrP Scr) from sheep in 1982
[83]. The name “prion” was based on the letters of the word Proteinaceus. Prusiner assumed that
PrP would act solely in the protein level without influence of any genetic material, as it had been
proposed several years previously [84]. This and several other several issues are still open, such
as if there are factors rendering cells capable of replicating prions and propagating them to the
nervous system, and if PrP is fully infective without any cofactors [85]. Gajdusek (in 1976) and
Prusiner (in 1997) were honored with Nobel Prize in Medicine for their work in prion diseases.

11. Nomenclature

The modern nomenclature of different types of amyloids (Table 1) is based on the amyloid
fibril protein. An originally informal amyloid nomenclature committee was established in 1974

Amyloidosis14

Amyloid

protein

Precursor protein Type Syndrome (Involved tissue)

AA (Apo)serum AA S Reactive, previously: “secondary”

AANF Atrial natriuretic factor L (Cardiac atria)

AApoAI Apolipoprotein AI S, L Familial (aorta, meniscus)

AApoAII Apolipoprotein AII S Familial

AApoAIV Apolipoprotein AIV S Sporadic, aging

ABri ABriPP S Familial dementia, British

ACal (Pro)calcitonin L C-cell thyroid tumors

ACys Cystatin C S Familial

ADan ADanPP L Familial dementia, Danish

AFib Fibrinogen α-chain S Familial

AGel Gelsolin S Familial, previously: “Finnish”

AH Immunoglobulin heavy chain S; L Myeloma-associated, previously: “primary”

AIAPP Islet amyloid polypeptide L Insulinomas, aging, previously: “amylin” (Islets

of Langerhans)

AIns Insulin L Iatrogenic

AKer Kerato-epithelin L Familial (cornea)

AL Immunoglobulin light chain S; L Myeloma-associated, previously: “primary”

ALac Lactoferrin L (Cornea)

ALect2 Leukocyte chemotactic factor 2 S Mainly kidney

ALys Lyspzyme S Familial

AMed Lactadherin L Aortic and arterial media, aging

AOAAP Odontogenic ameloblast-associated

protein

L Odonogenic tumors

APro Prolactin L Prolactinomas, aging (pituitary gland)

APrP Prion protein L Spongiform encephalopathies (brain)

ASemI Semenogelin I L (Vesicula seminalis)

ATTR Transthyretin S,L? Familial, SSA (localized: tenosynovium)

Aβ Aβ protein precursor (AβPP) L Aging, AD, CAA

Aβ2M β2-microglobulin S; L? Hemodialysis-associated (localized: joints)

S = systemic; L = localized; SSA = senile systemic amyloidosis; AD = Alzheimer’s disease; CAA = cerebral amyloid
angiopathy.

Table 1. Human amyloid fibril proteins and their precursors.
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in Helsinki, Finland, in connection with the 1st International Symposium on Amyloidosis. The
1st official nomenclature committee was founded at the 3rd international symposium on
amyloidosis in Povoa de Varzim, Portugal (1979). Thereafter the committee (the Nomenclature
Committee of the International Society of Amyloidosis) has met several times to create the
official nomenclature lists for each types of amyloid. The last meeting took place in 2010 in
Rome, Italy (2010), in conjunction with the 12th International Symposium on Amyloidosis
[86]. The reports of the meetings are published in “Amyloid”, the official journal of amyloid
diseases.

To be included in the official nomenclature list, the amyloid fibril protein fibril must have been
unambiguosly characterized and described in a peer-reviewed journal. The present nomen‐
clature list contains 27 fibril proteins capable to cause human disease. Nine of them have been
tested in animals. There are also at least and six proteins appearing as intracellular inclusions,
with all or some properties of amyloid [86].

12. The clinical diagnosis of amyloidosis

The diagnosis of the depositon of amyloid in diverse clinical conditions has traditionally
needed a tissue sample stained with Congo red or thioflavin compounds, followed by the
definition of the fibril protein using the IHC-based techniques. These techniques, using
commercially available antibodies are quite well applicable in most of the clinically significant
amyloid diseases.

The usage of radiological techniques to detect amyloid deposits started in 1988 when Philip
Hawkins (London) reported on the usage of in vivo radiological techniques using the 123I
labeled serum amyloid P component (SAP) in mice [87]. Two years later the same technique
was applied successfully in humans [88]. Recently, antibodies to human SAP molecule were
even shown to have potential therapeutic properties in both mice and humans [89], based on
the ability of the antibodies to trigger a giant-cell reaction to eliminate visceral amyloid
deposits. Another milestone in the radiological diagnostics of amyloid diseases was the
discovery by Klunk and colleagues (University of Pittsburgh, US) of the 11C-labeled PET tracer
“Pittsburgh compound B” (PiB) to bind selectively to fibrillar Aβ [90]. This made it possible
to reveal amyloid pathology noninvasively in subjects with AD pathology. Yet, the half-time
(T1/2) of 11C is very short (about 20 min) and therefore not applicable in clinical use. The recent
invention of a comparable 18F-labeled tracer with much longer T1/2 (110 min) is expected to
expand the applicability of PET in a larger number of patients. Of the potential 18F-labeled
tracers tested, 18F-AV-45[91] seems to be the most promising [92].

13. Conclusion

The concept of amyloid has transformed several times during the nearly two century long
research history of the issue. It is now clear that the cerebral corpora amylacea that inspired
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Virchow so greatly are mostly composed of glycogen-like substances with sulfate and
phosphate groups. In this regard, Virchow actually was right. On the other hand, it has also
turned out that those structures do not represent amyloid. Therefore, it can be asked why the
term “amyloid” still has prevailed. The most apparent explanation is Virchow’s standing as
one of the most valued scientists of his time and probably also the iodine staining that was
used for a long time as the diagnostic test for amyloid [93].

Amyloid research has traditionally related to the diagnosis and clinical manifestations of the
deposition of amyloid in the tissues and organs in diverse disease conditions. Applications in
other branches of science such as biotechnology may outline the future prospects in the
amyloid field [94].
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1. Introduction

Despite a strong clinical suspicion of amyloidosis, the diagnosis must be confirmed by tissue
biopsy. Histological examination of biopsy specimens demonstrates an amorphous, eosino‐
philic substance that stains pink with the Congo red, and displays characteristic apple-green
birefringence by polarized microscopy [1]. The histological analysis is the only method for es‐
tablishing the diagnosis of amyloidosis [2,3]. The deposition of amyloid occurs in extracellular
matrix, and often in a perivascular distribution with some degree of heterogeneity [1-3].

Although in the systemic amyloidosis the biopsies can be obtained from any organ affected,
the blood vessel fragility associated with amyloid deposition carries a risk of bleeding [2,3].
Thus, in the clinical routine, biopsies from non-symptomatic sites are more commonly used
[2,3]. In the past, rectal and gingival biopsies were considered the gold standard for the di‐
agnosis of amyloidosis, but actually, abdominal fat pad aspiration has been the preferred
due its simplicity, low cost, minimal complications, and good accuracy [1,4].

2. Abdominal fat pad aspiration or biopsy

Westermark and Stenkvist in 1973 described a method to remove pieces of subcutaneous ab‐
dominal fat for diagnosis of amyloidosis[3].Although some variants has been described, nor‐
mally the aspiration is done using an 18-23 gauge needle, with 2-5 aspirations [3,5]. The
sensitivity reported range from 55-75% and specificity is over than 90% [2,6]. Guy and Jones,
analyzing the performance of the abdominal fat pad aspiration in 45 patients with systemic
amyloidosis found sensitivity of 58%, specificity of 100%, positive predictive value of 100%
and negative predictive value of 85%, confirming the accuracy of the methodology [7].
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The clinician and pathologist must be familiarized with the methodology, histological pit‐
falls and the possibility of false negative, as possible in preferential deposition in terms of
organ involvement of amyloid depending of its subtype, as the transthyretin type, with its
predilection to deposit in the heart [1,3]. Another situation that can result in false negative,
for example, is when the disease is an early stage with amyloid deposits in plaques [8].

3. Rectal biopsy and others gastrointestinal tract sites

The rectal biopsy was the most used diagnostic method in the past. Actually it has been re‐
placed by abdominal fat pad aspiration, because this is more feasible in the clinical practice
with low cost and lack of complications. Analysis of deep fragments including the submuco‐
sa, obtained during a rectoscopic examination, the sensitivity ranges from 75-85% [3,9].

Other sites of gastrointestinal tract can be biopsied. Tada studied 42 patients with gastroin‐
testinal amyloidosis and found amyloid deposition especially in the duodenum and jejunum
[10]. Okuda Y et al had similar results assessing rheumatoid arthritis patients, where the
proportion of amyloid deposition was 76.5% for duodenal cap and 88.6% for second portion
of the duodenum, suggesting a good efficacy of duodenal biopsy in this population [11].

Labial and gingival biopsy has been shownuseful in the amyloidosis diagnosis, but the lat‐
eris less sensitivity [3]. Several studies have confirmed the usefulness of labial biopsy, such
as Fatihi et al that evaluated labial biopsy in patients with renal amyloidosis and found
amyloid deposits in 80% of accessory gland biopsy and 75% of rectal biopsy [12]. Lechapt-
Zalcmanet al performed labial salivary biopsy in 32 patients with polyneuropathy of un‐
known origin and detected amyloid deposits in 7 (transthyretin in five and AL in two),
proposing this technique as routine in investigation of axonal polyneuropathies [13]. Hachu‐
la et al detected amyloid deposits in 26 of the 30 patients with systemic amyloidosis using
labial salivary gland biopsy, emphasizing the importance of this procedure, even in the ab‐
sence of oral symptoms [14].

4. Others biopsy sites

Because there is risk of life-threatening bleeding, biopsy from others sites is used only
whether abdominal fat pad aspiration, rectal or labial salivary gland biopsy fail to establish
the diagnosis [3].

The kidney is the most frequently involved organ in systemic amyloidosis and although kid‐
ney biopsy is fundamental for diagnosis, this procedure has been contraindicated in some
situations, for example, bleeding diathesis, and can be complicated by perirenal hematoma
or arteriovenous fistula [15]. Before performing a kidney biopsy, less invasive biopsy proce‐
dures from easily accessible tissues should be considered. Yilmaz M et al studying 78 pa‐
tients with chronic kidney disease found the frequency of amyloid deposition was 100% in
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the duodenum, 83% in the rectum, and 29% in the gingiva, without complications related to
endoscopy or biopsies [15].

Since the cardiac involvement is the major prognostic determinant in systemic amyloidosis
[16], the evidence of cardiac lesion is crucial to therapeutic decisions. The gold standard test for
diagnosing cardiac amyloidosis is the endomyocardial biopsy, however, it is not performed
routinely due risk of complications, although infrequent, such as ventricular wall perforation,
cardiac tamponade, pneumothorax, and arrhythmias [17]. Therefore, the cardiac amyloidosis
is normally established by echocardiographic evidence of amyloidosis and histologic confir‐
mation of amyloid on noncardiac tissue [17]. The changes observed in the echocardiography
are those of restrictive cardiomyopathy with concentric ventricular hypertrophy, especially in
the interventricular septum and posterior wall of the left ventricle [3]. Low voltage on electro‐
cardiography and interventricularseptal thickness of > 19.8mm on echocardiography together
have a sensitivity of 72% and specificity of 91% for cardiac amyloidosis [18].

5. Determining the type of amyloid protein

Effective medical treatment needs an accurate diagnosis with demonstration of amyloid
deposition in the tissues and accurate molecular classification of amyloidosis [1,19,20]. For
example, in AL amyloidosis, derived from immunoglobulin light chain, the cornerstone of
treatment is the aggressive treatment of the underlying neoplastic process, and in AA amy‐
loidosis, the target of treatment is the underlying inflammatory disease [20-23].

Immunohistochemistry is currently the standard methodology for amyloid typing in routine
clinical practice; it has been able to identify amyloid deposits through binding antibodies di‐
rected against most of the amyloid molecules identified to date. In patients with systemic
amyloidosis, studies with antibodies to AA and to the immunoglobulin light chains are usu‐
ally sufficient [2,20]. Some pitfalls are present in the clinical practice, and in some cases, mis‐
diagnoses may occur, especially when immunohistochemical staining is performed in the
absence of standardized antibodies and appropriate positive controls [24].

The majority of cases of AA can be reliably typed in frozen and/or paraffin sections, but immu‐
nohistochemical typing of AL is still challenging, due commercial antibodies are raised against
the constant regions of the respective immunoglobulin light chains, and whether a subset of
AL, in which amyloid fibrils are derived from a truncated light chain (ie, containing only vari‐
able regions), will be expected to be nonreactive with commercial antibodies [25-27].

Another important pitfall is the presence of background stainin the tissue, which in paraffin
sections in particular can be significant due the “locking-in” of serum proteins during fixation
[20]. The use of frozen specimens and immunofluorescence stains considerably increases the
reliability and reproducibility of labeling with antibodies to immunoglobulin light chain, due
provide a cleaner background [20,28]. Picken emphasizes that the interpretation of immuno‐
histochemistry performed in paraffin sections and immunofluorescence in frozen sections is
not a simple matter and also depends on the experience and expertise of the operator [20].
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Since early diagnosis is a very important step to appropriate treatment of transthyretin
(TTR) amyloidosis, and this amyloidogenic protein causes two different forms of the disease
(hereditary amyloidogenic TTR [ATTR] amyloidosis and senile systemic amyloidosis [SSA]),
we should accurately distinguish them. For instance, to detect Val30Met mutation in TTR
gene, which is the most frequent pathogenic mutation in hereditary ATTR amyloidosis,
some researchers use real-time PCR genotyping assay, considering reliable, rapid, cost-effec‐
tive, and suitable analysis, however, to achieve accurate results the application of both ge‐
netic and proteomic methods is preferable to compensate the disadvantages and possible
pitfalls in each of the techniques used [19]. Using proteomics techniques, amyloid typing
can be successful in small samples, including biopsies [29,30]. Several TTR variants can be
detected in serum specimens using mass spectrometry or sophisticated electrophoresis tech‐
niques [31,32], however, this methodologies, and others new technologies, such as laser mi‐
crodissection, are frequently available only at specialized centers.

6. Assessing the extension of involvement in systemic amyloidosis

The amyloid typing must be followed by distinction between localized and systemic amyloi‐
dosis [20]. While the treatment of localized forms is mainly conservative, the treatment of
systemic forms has been more aggressive, and the prognosis is directly related with the dis‐
ease extension, and the organs affected [2,20]. To determine the extension of the disease,
some investigations are necessary, and it is presented in Table 1.

Organ Performed routinely Performed as clinically indicated

Kidneys Proteinuria, serum creatinine, ultrasonography Renal vein Doppler ultrasound

Heart Chest radiography, ECG, echocardiography, MRI, NT-

proBNP/troponin

99mTc-pyrophosphate scan, 24-h Holter

Gastrointestinal tract Serum protein electrophoresis Gastrointestinal endoscopy, oesophagealmanometry

Liver Liver enzymes Ultrasonography

Spleen Ultrasonography, blood cell counts Howell-Jolly bodies in blood smears

Nerves - EMG

Respiratory system Chest radiography Blood gas analysis, bronchoscopy, CT scan of the chest

Endocrine glands ACTH test, TSH -

Eyes Fundoscopy Slit-lamp examination

Haemostasis PT, X factor -

ECG – electrocardiography; MRI – magnetic resonance imaging; NT-proBNP – N-terminal pro-brain natriuretic peptide;

EMG – electromyography; ACTH – adrenocorticotropic hormone; TSH – thyroid stimulating hormone; PT – prothrombin.

Table 1. Determining site and extent of amyloidosis [3,17]
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7. Conclusion

The clinical suspicion must be confirmed with histological examination, and the amyloid
typing is crucial to determine the correct treatment. Although the apparently simplicity of
the abdominal fat pad aspiration has facilitated the diagnosis of amyloidosis, the physicians
should be aware to pitfalls, especially in the amyloid typing, requiring an expert pathologist
to correct analysis.
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1. Introduction

Amyloidosis is uncommon, with age-adjusted incidences of between 6.1 and 10.5 per million
person-years,[1] and an estimated 1275 to 3200 new cases occurring annually in the United
States.[1, 2] The contemporary understanding of amyloidosis points to a group of complex sys‐
temic disorders involving the extracellular deposition of misfolded proteinaceous material in
many organs, most commonly the kidneys, heart, liver, central and peripheral nervous sys‐
tems.[2-4] The normal function of tissues is altered, and end-organ dysfunction usually ensues.
Cardiac amyloidosis can be isolated to the heart, but it often coexists with disease elsewhere in
the body.[4, 5] Cardiac manifestations may predominate the clinical presentation or may be
subclinical and detected on routine investigation of a patient presenting with non-cardiac com‐
plaints.[5] The presence and relative prominence of cardiac involvement in the clinical picture
is dependent on the type of amyloidosis and severity of amyloid infiltration in the tissue.[5]

2. Classification of amyloidosis

Amyloidosis refers to a group of unrelated diseases involving the extracellular deposition of
proteinaceous material that demonstrates apple-green birefringence under polarized light
on staining with Congo red.[5] In all forms of amyloidosis, abnormal and unstable protein is
produced in response to a variety of stimuli and precipitates as amyloid in the extracellular
matrix.[2, 3] The contemporary classification of amyloidosis is primarily based on the bio‐
chemistry of the disease process from the precursor amyloid proteins, and comprises several
major subgroups. Table 1 describes the typical characteristics of each type of amyloidosis.

© 2013 Lee et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Type of

amyloidosis

Precursor

protein

Spectrum of

organ

involvement

Frequency of

cardiac

involvement

Median

survival,

months

Diagnostic

testing

Treatment

Immunoglobu‐

lin amyloidosis

(AL)

Immunoglobulin

light chain

Heart, kidneys, liv‐

er, peripheral/

autonomic nervous

systems, soft tissue,

gastrointestinal

system

Up to 50% have

clinical cardiac in‐

volvement

13 (4 months

if heart failure

present at di‐

agnosis)

SPEP, UPEP, bone

marrow biopsy

tissue analysis re‐

vealing plasma

cell dyscrasia, κ

and λ light chain

antiserum stain‐

ing

Anti-plasma cell

chemotherapy,

autologous stem

cell replacement,

sequential heart

and stem cell

transplant

Familial amyloi‐

dosis (ATTR)

Mutant transthyre‐

tin

Peripheral/auto‐

nomic nervous sys‐

tems, heart

Variable, depend‐

ing on exact muta‐

tion

70 ATTR antiserum

staining, serum

TTR isoelectric fo‐

cusing, restriction

fragment length

polymorphism

analysis

Liver transplanta‐

tion, combined

liver and heart

transplantation in

certain cases, new

pharmacological

strategies to stabi‐

lize TTR

Senile systemic

amyloidosis

Wild-type trans‐

thyretin

Heart (predomi‐

nant, usually atrial)

Common 75 ATTR antiserum

staining

Supportive, new

pharmacological

strategies to stabi‐

lize TTR

Reactive amyloi‐

dosis (SAA)

Serum amyloid A Kidney, heart Uncommon, <10% 24.5 Target organ bi‐

opsy specimen

analysis, AA anti‐

serum staining

Treat the underly‐

ing inflammatory

process

Hemodialysis-as‐

sociated amyloi‐

dosis

β2-microglobulin Musculoskeletal

system, rare in

heart

Unknown, asymp‐

tomatic

Unclear clini‐

cal signifi‐

cance

Synovial and

bone biopsy

specimen analy‐

sis, β2-microglo‐

bulin antiserum,

serum β2-micro‐

globulin concen‐

tration

Renal transplanta‐

tion

Isolated atrial

amyloidosis

Atrial natriuretic

peptide

Heart Limited to heart Unclear clini‐

cal signifi‐

cance

Atrial natriuretic

peptide antise‐

rum staining

None required

Table 1. Types of amyloidosis affecting the heart.

Amyloidosis34

2.1. Immunoglobulin light chain amyloidosis (AL)

AL amyloidosis is a monoclonal plasma cell disorder in which the precursor protein is an
immunoglobulin light chain or light chain fragment. It may occur as a primary disease or in
association with multiple myeloma or other plasma cell dyscrasias.[3, 6], 7] The median num‐
ber of clonal plasma cells in AL amyloidosis is between 5% and 10%.[2] The extent of clonal
plasma cell marrow infiltration is an important prognositic indicator, presumably because it
reflects the degree of pathogenic light chain synthesis.[8] In primary amyloidosis, there is 2:1
preponderance for λ over κ light chain synthesis.[9] While in itself uncommon, with an inci‐
dence of 8.9 per million,[1] AL amyloidosis is the commonest type of amyloidosis, account‐
ing for about 85% of all newly diagnosed cases.[3, 10] The clinical picture of AL amyloidosis
is the most varied, since it commonly affects a large number of organ systems including the
heart, kidney, liver, peripheral and autonomic nervous systems, soft tissue and gastrointesti‐
nal systems.[3, 5] The heart is affected in over 50% of cases,[11] and symptomatic cardiac in‐
volvement portends a worse prognosis.[11, 12] Conversely, involvement limited to the heart
constitutes <5% of patients with AL amyloidosis.[11] Cardiac involvement with resultant
heart failure or arrhythmia accounts for >50% of the mortality in patients with AL amyloido‐
sis.[12] Furthermore, thromboembolism also contributes significantly to morbidity and mor‐
tality. Intracardiac thrombosis was found in 51% and 35% of subjects with AL amyloidosis
in the Mayo amyloid autopsy study and in a group of patients undergoing follow up echo‐
cardiographic imaging respectively.[13, 14]

2.2. Familial amyloidosis (ATTR)

Familial amyloidosis is a hereditary autosomal dominant disorder involving amyloidogenic
mutations in most commonly the transthyretin gene.[15] The age of onset of familial amyloi‐
dosis appears to vary with ethnicity. Interestingly, about 10% of gene carriers remain
asymptomatic (although the disease manifestation can be age dependent with variable pene‐
trance),[16-18] suggesting that the pathogenesis of these diseases may involve other genetic
or environmental factors. Familial amyloidosis usually affects the peripheral and autonomic
nervous systems and the heart.[5] While usually more slowly progressive than AL amyloi‐
dosis, the familial type may also cause clinically significant heart failure. Significant cardiac
disease is associated with mutations at positions 30, 60 and 84 of the transthyretin gene.[17]
A mutation involving isoleucine at position 122 which involves solely the heart has been de‐
scribed in elderly African-American persons.[19, 20] This form of amyloid is probably un‐
derdiagnosed since nearly 4% of newborn African Americans harbor this mutation.[19] The
TranstHyretin Amyloidosis Outcome Survey (THAOS) registry is a global observational
survey set up with the aim of furthering our understanding of hereditary amyloidosis.

2.3. Senile systemic amyloidosis

Senile systemic amyloidosis is primarily a disease of the elderly, most commonly affecting
men over the age of 70. It accounts for approximately 25% of patients over 80 years with
amyloidosis.[21, 22] It is caused by wild-type transthyretin.[5, 21] Cardiac, particularly at‐
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2.1. Immunoglobulin light chain amyloidosis (AL)

AL amyloidosis is a monoclonal plasma cell disorder in which the precursor protein is an
immunoglobulin light chain or light chain fragment. It may occur as a primary disease or in
association with multiple myeloma or other plasma cell dyscrasias.[3, 6], 7] The median num‐
ber of clonal plasma cells in AL amyloidosis is between 5% and 10%.[2] The extent of clonal
plasma cell marrow infiltration is an important prognositic indicator, presumably because it
reflects the degree of pathogenic light chain synthesis.[8] In primary amyloidosis, there is 2:1
preponderance for λ over κ light chain synthesis.[9] While in itself uncommon, with an inci‐
dence of 8.9 per million,[1] AL amyloidosis is the commonest type of amyloidosis, account‐
ing for about 85% of all newly diagnosed cases.[3, 10] The clinical picture of AL amyloidosis
is the most varied, since it commonly affects a large number of organ systems including the
heart, kidney, liver, peripheral and autonomic nervous systems, soft tissue and gastrointesti‐
nal systems.[3, 5] The heart is affected in over 50% of cases,[11] and symptomatic cardiac in‐
volvement portends a worse prognosis.[11, 12] Conversely, involvement limited to the heart
constitutes <5% of patients with AL amyloidosis.[11] Cardiac involvement with resultant
heart failure or arrhythmia accounts for >50% of the mortality in patients with AL amyloido‐
sis.[12] Furthermore, thromboembolism also contributes significantly to morbidity and mor‐
tality. Intracardiac thrombosis was found in 51% and 35% of subjects with AL amyloidosis
in the Mayo amyloid autopsy study and in a group of patients undergoing follow up echo‐
cardiographic imaging respectively.[13, 14]

2.2. Familial amyloidosis (ATTR)

Familial amyloidosis is a hereditary autosomal dominant disorder involving amyloidogenic
mutations in most commonly the transthyretin gene.[15] The age of onset of familial amyloi‐
dosis appears to vary with ethnicity. Interestingly, about 10% of gene carriers remain
asymptomatic (although the disease manifestation can be age dependent with variable pene‐
trance),[16-18] suggesting that the pathogenesis of these diseases may involve other genetic
or environmental factors. Familial amyloidosis usually affects the peripheral and autonomic
nervous systems and the heart.[5] While usually more slowly progressive than AL amyloi‐
dosis, the familial type may also cause clinically significant heart failure. Significant cardiac
disease is associated with mutations at positions 30, 60 and 84 of the transthyretin gene.[17]
A mutation involving isoleucine at position 122 which involves solely the heart has been de‐
scribed in elderly African-American persons.[19, 20] This form of amyloid is probably un‐
derdiagnosed since nearly 4% of newborn African Americans harbor this mutation.[19] The
TranstHyretin Amyloidosis Outcome Survey (THAOS) registry is a global observational
survey set up with the aim of furthering our understanding of hereditary amyloidosis.

2.3. Senile systemic amyloidosis

Senile systemic amyloidosis is primarily a disease of the elderly, most commonly affecting
men over the age of 70. It accounts for approximately 25% of patients over 80 years with
amyloidosis.[21, 22] It is caused by wild-type transthyretin.[5, 21] Cardiac, particularly at‐
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rial, involvement is common,[23, 24] and may be associated with clinically significant heart
failure, atrial fibrillation and conduction abnormalities.[25, 26]

2.4. Reactive amyloidosis (SAA)

Reactive amyloidosis is characterized by the deposition of serum amyloid A protein (SAA),
an acute phase reactant produced in response to chronic inflammatory processes such as
chronic infections, rheumatologic disease and familial periodic fever syndromes.[27, 29]
With efficacious treatment of chronic infections in patients in the developed world, the inci‐
dence of reactive amyloidosis has fallen.[29] The kidney is commonly involved, [5] and car‐
diac involvement, if present, is rarely clinically significant.[30, 31]

2.5. Hemodialysis-associated amyloidosis (Aβ2M)

Hemodialysis-associated amyloidosis occurs in chronic renal failure patients undergoing he‐
modialysis.[12] β2-microglobulin is the precursor protein.[32, 33] Musculoskeletal involve‐
ment is common, and the clinical effect from cardiac deposition is minimal and typically
clinically insignificant.[34, 35]

2.6. Isolated atrial amyloidosis (AANF)

Isolated atrial amyloidosis is predominantly seen in those >80 years and in females,[23] but
also occurs in younger patients with valvular abnormalities or chronic atrial fibrillation.
[36-38] The precursor protein is atrial natriuretic peptide.[39-41] Involvement is usually lim‐
ited to the subendocardial region of the heart, and its clinical significance is unclear.[42]

3. Pathophysiology of cardiac amyloidosis

In cardiac amyloidosis, the clinical presentation is typically heart failure with initially pre‐
served ejection fraction and restrictive diastolic physiology. This has led to its classification
as a “restrictive” cardiomyopathy.[3, 5, 9, 43] This is defined by a high filling pressure that
can lead classically to heart failure with preserved ejection fraction. Cardiac contractile func‐
tion and electrical conduction can be impaired with amyloid infiltration.[9] At a cellular lev‐
el, amyloid infiltration results in abnormal cellular metabolism, calcium transport and
receptor regulation. [3] Adrenergic input is disrupted and the neurohormonal milieu is al‐
tered in cardiac amyloidosis.[44] Amyloid deposition induces oxidant stress[45] and modu‐
lates interstitial matrix composition and tissue remodeling,[46] leading to further depression
of myocyte contractility. Furthermore, there is evidence of a direct toxic role of the monoclo‐
nal light chain extracted from the urine of AL patients on myocardial diastolic function in
the mouse hearts; infusion of the monoclonal light chain caused a significant elevation in the
LV end diastolic pressure in this animal model.[47] Involvement of the coronary microvas‐
culature may also result in coronary flow abnormalities; this is seen in 90% of patients with
AL amyloidosis.[48] This global involvement leads to diffuse ischemia and microinfarction,
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further compromising cardiac contractility.[49] The resultant perivascular amyloid infiltra‐
tion commonly involves the conduction system, leading to conduction abnormalities.[50, 51]

4. Clinical presentation – When should physicians suspect amyloidosis?

Depending on the spectrum of organ involvement, a patient can present with a multitude of
symptoms and signs which are often nonspecific and variable, especially in the early stages
of disease.[12] This is particularly so in AL amyloidosis, in which many systems can be af‐
fected. Common constitutional complaints include weakness, fatigue, peripheral edema and
weight loss.[9] Hepatomegaly is common and results from either direct hepatic infiltration or
congestion secondary to cardiac failure.[52, 53] Renal involvement may cause profound pro‐
teinuria and the nephrotic syndrome.[5, 9] Easy bruising and periorbital purpura results
from clotting factor deficiencies and fragile venules; the latter is virtually pathognomonic of
the AL type disease.[54, 55] Soft tissue involvement may result in carpal tunnel syndrome[5,
9] and macroglossia,[56] while peripheral and/or autonomic neuropathy may be the hall‐
mark of neurological involvement.[5, 9, 12] The presence of complaints involving multiple
organ systems without any other known cause should trigger a search for multisystem dis‐
ease, one of which being amyloidosis. Early diagnosis improves outcomes, given the irrever‐
sible damage caused by amyloidosis and that patients with advanced disease are often not
candidates for definitive treatment options (some of which may be curative),[43] but this re‐
quires a high index of suspicion and a systematic algorithm for evaluation.[4, 9]

Cardiac findings are predominantly due to diastolic dysfunction, also known as heart failure
with preserved ejection fraction.[3, 5, 9] The initial presentation is often that of progressive
exertional dyspnea followed by worsening heart failure, pulmonary congestion, pleural ef‐
fusions, edema, and ascites.[11] Valvular insufficiency or stenosis due to endocardial in‐
volvement may result in a murmur,[9, 43, 57] and atrial fibrillation is common, although all
manner of arrhythmias have been reported.[57, 58] Coronary flow abnormalities due to mi‐
crovascular involvement may present as angina chest pain;[59] rarely, this may be the only
presenting complaint.[59-63] Patients may have syncope and lightheadedness, particularly
postural, caused by autonomic dysfunction and arrhythmias in the face of declining cardiac
functional reserve.[64] The heart should be screened in all patients with known or suspected
amyloidosis even in the absence of cardiac symptoms, as involvement of the heart portends
a poor prognosis and affects treatment strategies.[3]

5. Diagnosis and evaluation of cardiac amyloidosis

Histologic examination remains the definitive diagnostic modality in cardiac amyloidosis.[9,
65] While not definitive, certain non-invasive imaging and laboratory findings may guide
further diagnostic testing and management and assess the severity of the disease for prog‐
nostic purposes.[9, 43] Often, the diagnosis of cardiac amyloidosis and perhaps the type of
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amyloidosis can be reasonably ascertained by employing one or more non-invasive imaging
and laboratory modalities.

5.1. Echocardiography

Echocardiography remains the most widely utilized noninvasive modality in the diagnosis
of cardiac amyloidosis, in part because of its widespread availability and relatively low cost.
[5, 66] In cases with characteristic echocardiographic findings, signs and symptoms of heart
failure, and a positive biopsy of another organ, cardiac involvement is almost certain. How‐
ever, echocardiography cannot determine the type of amyloidosis and in some patients with
early disease the findings may be subtle.[43]

Echocardiography may show mild diastolic dysfunction [9] as the only clue in early amyloid
heart disease, but this is non-specific and may often be mistaken for more common conditions
such as hypertensive or hypertrophic cardiomyopathy. Recently, it has been found that tissue
Doppler imaging could identify abnormalities in both early and late-stage cardiac amyloidosis,
affording the possibility for early diagnosis and disease-modifying intervention.[66, 67] Tissue
Doppler imaging can also be helpful in differentiating restrictive cardiomyopathy from con‐
strictive pericarditis.[68, 69] Diastolic dysfunction is the predominant pathology in cardiac
amyloidosis; the classic picture of a thick and stiff ventricle elevates diastolic filling pressures
causing restrictive hemodynamics and atrial dilatation.[70, 71] Decreased ejection fraction typi‐
cally occurs only in late-stage disease as a result of loss of myocardial contractile function
through myocyte necrosis and local interstitial amyloid infiltration;[5, 72-75] despite preserved
ejection fraction, systolic function is not normal in cardiac amyloidosis. Techniques of myocar‐
dial deformation imaging have shown that abnormal strain and strain rate imaging occur in
most cases of cardiac amyloidosis.[76-79] Amyloid cardiomyopathy seems to be associated with
a marked dissociation between short and long-axis systolic function; tissue Doppler or strain
rate imaging may show severe impairment in long-axis contraction even when the left ventricu‐
lar ejection fraction remains within the normal range.

The typical features of cardiac amyloidosis such as left ventricular wall thickening[66, 72-74,
80, 81] with myocardial hyperechogenicity,[74, 81-84] biatrial enlargement,[74, 75, 81] thick‐
ened atrial septum[81] and valve leaflets,[75, 81] as well as pericardial effusion [75, 81] are
usually seen at a more advanced stage of the disease (Figure 1). A thickened left ventricular
wall in the absence of high electrocardiographic voltages is suggestive of infiltrative cardiac
disease. Deposition in the atria is usually extensive and may cause atrial mechanical failure
and atrial standstill, i.e. atrial electro-mechanical dissociation even in patients who are in
normal sinus rhythm. Atrial involvement may also result in atrial arrhythmias; in fact, atrial
fibrillation can significantly affect the cardiac output from an already impaired ventricle.[85,
86] Heart failure can be further worsened by valvular insufficiency caused by subendocar‐
dial infiltration. [9] Rarely, pericardial involvement occurs in severe disease leading to peri‐
cardial effusion or constriction.[48] In some cases, pulmonary hypertension and cor
pulmonale may occur in patients with amyloidosis.[87] Although usually caused by con‐
comitant and frequently more severe cardiac amyloidosis with left ventricular failure,[88]
pulmonary hypertension may be the result of advanced pulmonary amyloid infiltration.[87]

Amyloidosis38

While pulmonary involvement is a harbinger of adverse outcome, it is often difficult to de‐
termine the exact extent to which pulmonary amyloid deposition contributes to symptoms
or outcome because cardiac deposition commonly coexists.[89]

A 

B 

C 

Figure 1. (A) Two-dimensional echocardiographic, (B) transmitral Doppler and (C) tissue Doppler images classical of
AL amyloidosis.
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Figure 1. (A) Two-dimensional echocardiographic, (B) transmitral Doppler and (C) tissue Doppler images classical of
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Several other findings on echocardiography may have prognostic significance in cardiac
amyloidosis, such as left ventricular ejection time,[90] wall motion abnormalities,[91, 92]
dyssynchrony,[93] as well as increased right ventricular Tei index (which reflects right ven‐
tricular dysfunction).[94] Myocardial contrast echocardiography can reveal microvascular
dysfunction, and may be a useful adjunct in echocardiographic assessment for the early di‐
agnosis of cardiac amyloidosis, although it is not typically utilized in day to day practice.
[95] Transesophageal echocardiography (TEE) may be useful in characterizing atrial thrombi
and assessing left atrial appendage dysfunction,[96] a common finding in cardiac amyloido‐
sis even in the absence of atrial fibrillation (Figure 2).[96, 97] Risk factors for intracardiac
thrombosis include: AL type amyloidosis, atrial fibrillation, and diastolic dysfunction. In‐
creased right ventricular wall thickness is a marker of increased risk in intracardiac throm‐
bosis, probably due to the presence of advanced infiltrative cardiomyopathy.[14] Timely
assessment for intracardiac thrombosis in high-risk patients is important for anticoagulation
considerations.[13, 14, 98] Patients with amyloidosis should not be cardioverted without ad‐
equate anticoagulation and in some institutions, TEE imaging is routinely performed prior
to cardioversion even in the presence of adequate anticoagulation.

Figure 2. Left atrial appendage (LAA) thrombus in a patient with cardiac amyloidosis; the patient was known to be in
sinus rhythm. (With permission from Feng et al. Circulation. Nov 20 2007;116(21):2420-2426.)

Amyloidosis40

Besides its diagnostic value, echocardiography is a useful adjunct during the endomyocar‐
dial biopsy procedure. It complements, and in some institutions has replaced, fluoroscopy
as a method of bioptome guidance because of its superior resolution of the tricuspid valve
anatomy, endocardial surface, and thin right ventricular free wall and apex.[99]

5.2. Electrocardiography

Electrocardiography (ECG) provides useful and complementary information in patients
with cardiac amyloidosis. The classic findings of low voltages and pseudoinfarct patterns
(Figure 3) are common occurrences,[11, 58, 100] and both findings may occur in 25% to 50%
of patients.[43] Poor R wave progression is also often seen.[3, 101] Low voltage correlated
with the presence of a pericardial effusion but not with decreased ejection fraction.[43] The
combination of low voltage and an interventricular septum thickness >1.98 cm is very specif‐
ic for cardiac amyloidosis.[74] The finding of low voltage in a patient with echocardiograph‐
ic evidence of increased wall thickness should raise the clinical suspicion of infiltrative
cardiomyopathy, but the reverse is not necessarily true – normal voltage does not exclude
amyloidosis.[58] ECG criteria for left ventricular hypertrophy, especially limb lead ECG left
ventricular hypertrophy, however, is rarely present in patients with cardiac biopsy proven
amyloidosis.[58]

Figure 3. ECG changes classical of cardiac amyloidosis with sinus tachycardia, low voltage and pseudoinfarct patterns.

The conduction system can often be affected in cardiac amyloidosis.[11] Atrial fibrillation
and flutter are the commonest arrhythmias seen,[58] but atrioventricular and bundle branch
blocks may occur.[65] Sinus tachycardia seen in advanced cardiac amyloidosis is probably
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due to the restrictive filling leading to cardiac output adjustments based solely on heart rate;
in one study this was a marker of increased risk for intracardiac thrombosis.[14] Prolonged
QT intervals and junctional rhythms may be present. [9] Advanced ventricular arrhythmias
such as sustained ventricular tachycardia are rarely seen (although frequent PVCs, couplets
or triplets are common), which is likely due to poorly tolerance of the arrhythmia in the ad‐
vanced cardiac amyloid patients who would die suddenly from sustain VT.[58, 102] Sudden
death in severe cardiac amyloidosis is commonly attributed to electromechanical dissocia‐
tion; a pattern similar to severe cardiac diseases of other etiologies.[64]

The largest reported ECG series consists of 127 patients with AL amyloidosis and biopsy
proven cardiac involvement seen at the Mayo Clinic. The two most common abnormalities
were low voltage and a pseudoinfarct pattern, which were seen in 46 and 47 percent of cas‐
es. Other findings included first degree AV block in 21 percent, nonspecific intraventricular
conduction delay in 16 percent, second or third degree AV block in 3 percent, atrial fibrilla‐
tion or flutter in 20 percent, and ventricular tachycardia in 5 percent. ECG criteria for left
ventricular hypertrophy were present in 16 percent, but some of these patients had a history
of hypertension. The left ventricular hypertrophy criteria were limited almost exclusively to
precordial leads, sometimes with low-voltage limb leads.[58] In patients with AL amyloido‐
sis, signal-averaged ECG may demonstrate delayed myocardial activation or “late poten‐
tials”; this is an independent predictor of sudden death.[43, 100] Reduced heart rate
variability predicts mortality in the short-term in both AL and familial amyloidosis, and
probably represents autonomic dysfunction.[103, 104]

Many of the ECG findings in cardiac amyloidosis are nonspecific, and other causes of such
should be ruled out.[65] On the other hand, ECGs, especially if done serially, allows for ear‐
ly diagnosis and intervention in cardiac amyloidosis. Physicians should understand the
characteristics and symptoms of amyloidosis, and be aware of subtle changes in the ECG,
especially abnormalities that suggest disorders in the conduction system (such as prolonged
PR interval, widened QRS, atrioventricular blocks, and bundle branch blocks) or decreased
electromotive force (such as progressive R wave decrease).[105]

5.3. Cardiac magnetic resonance imaging

Cardiac magnetic resonance imaging (CMR) is emerging as a useful tool in the diagnosis
of  cardiac  amyloidosis.  Its  strength  lies  in  its  high  three-dimensional  spatial  resolution
and signal-to-noise ratio,  permitting reproducible measurements of cardiac chamber vol‐
umes and mass, as well as left ventricular and atrial septal wall thickness.[106] Addition‐
ally,  it  can characterize pericardial  and pleural fluid.[106] Late gadolinium enhancement
(LGE) is the cornerstone of detecting myocardial amyloid infiltrates and is seen in almost
all cases.[107] Compared with normal myocardium which has no LGE because of little ga‐
dolinium  accumulation  on  delayed  imaging,  contrast  accumulates  in  the  extracellular
space in cardiac amyloidosis which is expanded by amyloid infiltration, resulting in LGE.
[108]  The predominant  pattern of  LGE seen in cardiac amyloidosis  is  global  transmural
(Figure 4) or subendocardial; [108, 109] other patterns including focal patchy LGE and dif‐
ficulty nulling can also be seen.
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Figure 4. CMR findings of global transmural LGE classical of cardiac amyloidosis; this patient had histologically proven
AL amyloidosis. Furthermore, three intracardiac thrombi (red arrows) were detected in the left atrial appendage, right
atrial appendage and at the right atrial free wall close to tricuspid annulus.

Maceira et al [108] first studied LGE in CMR in 29 patients with cardiac amyloidosis. They
found that CMR shows a characteristic pattern of global subendocardial LGE coupled with
abnormal myocardial and blood-pool gadolinium kinetics. In 22 of these, myocardial gado‐
linium kinetics with T1 mapping was compared with that in 16 hypertensive controls. Sub‐
endocardial T1 in amyloid patients was shorter than in controls (at 4 minutes: 427±73 vs.
579±75 ms; p<0.01), and was correlated with markers of increased myocardial amyloid load
such as left ventricular mass, wall thickness, interatrial septal thickness and diastolic func‐
tion. Global subendocardial LGE was found in 20 amyloid patients (69%); these patients
had  greater  left  ventricular  mass  than  unenhanced  patients.  Histological  quantification
showed  substantial  interstitial  expansion  with  amyloid  (30.5%)  but  only  minor  fibrosis
(1.3%). Amyloid deposition was predominantly subendocardial (42%), compared with mid‐
wall (29%) and subepicardial (18%). The LGE findings agree with the transmural histologi‐
cal  distribution  of  amyloid  protein  and  the  cardiac  amyloid  load.  Using  the  difference
between the T1 of subendomyocardium and blood, a cutoff value of 191 ms at 4 minutes
had 90% sensitivity, 87% specificity and 88% of accuracy for the correct diagnosis of cardiac
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due to the restrictive filling leading to cardiac output adjustments based solely on heart rate;
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(Figure 4) or subendocardial; [108, 109] other patterns including focal patchy LGE and dif‐
ficulty nulling can also be seen.
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amyloidosis. There was 97% concordance in diagnosis of cardiac amyloidosis by combining
the presence of late gadolinium enhancement and an optimized T1 threshold between myo‐
cardium and blood.

Mayo investigators further evaluated the mechanism of LGE in CMR in identifying cardiac
involvement in a population of known amyloidosis patients and to investigate associations
between LGE and clinical, morphological, functional, and biochemical features.[107] Gadoli‐
nium-enhanced CMR was performed in 120 patients with amyloidosis of which 100 had AL
amyloidosis, 11 had familial amyloidosis and 9 had senile amyloidosis. Cardiac autopsy
and/or histology was available in 35 patients. The remaining 85 patients were divided into
those with and without echocardiographic evidence of cardiac amyloidosis. Abnormal LGE
was present in 34 (97%) patients with histologically proven cardiac amyloidosis. Global
transmural or subendocardial LGE (83%) was most common while suboptimal myocardial
nulling (8%) and patchy focal LGE (6%) were also observed (Figure 5). Global LGE was as‐
sociated with a higher burden of interstitial amyloid quantified from histology. LGE distri‐
bution matched the deposition pattern of interstitial amyloid at autopsy. Importantly, the
study found that LGE was present in 47% of patients without evidence of cardiac amyloido‐
sis by echocardiography. LGE presence and pattern was associated with New York Heart
Association class, ECG voltages, left ventricular mass index and thickness, right ventricular
thickness, troponin-T, and B-type natriuretic peptide levels. The global LGE patterns were
associated with the worst clinical, ECG, echocardiographic and biomarker abnormalities
compared to other types of LGE (focal or suboptimal nulling).

Figure 5. The different patterns of LGE on CMR in patients with cardiac amyloidosis. (With permission from Syed et al.
JACC Cardiovasc Imaging. 2010;3:155-164.)

CMR relaxometry is a novel approach in the diagnosis of cardiac amyloidosis, showing ele‐
vated relaxation times in patients with the disease. A T1 relaxation time cutoff value of
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≥1273 milliseconds was found to be both sensitive and specific for the diagnosis of cardiac
amyloidosis.[110]

Based on these studies, it is apparent that gadolinium-enhanced CMR is the most accurate
imaging modality to diagnose cardiac amyloidosis. LGE is common in cardiac amyloidosis
and it is due to interstitial expansion from amyloid deposition and kinetic change of gadoli‐
nium in the blood pool and myocardium/interstitia. This modality may potentially detect
early cardiac involvement in patients with amyloidosis and normal left ventricular wall
thickness.[43, 107] It also affords global assessment of the heart, eliminating the sampling er‐
ror that endomyocardial biopsy may potentially carry.[111] Furthermore, it may be useful in
detecting subclinical early cardiac involvement;[43] indeed studies have shown that even
early cardiac involvement carried a significant mortality risk, in particular cardiac mortality.
[112, 113] Serial CMR studies may have the potential to chart the progression or regression
of the disease over time after the initiation of treatment.[114] However, despite the high sen‐
sitivity and specificity of CMR in the diagnosis of cardiac amyloidosis, similar patterns,
while uncommon, have been occasionally reported in systemic sclerosis and post-heart
transplant patients. The autopsy study by Syed et al suggests that rarely, gadolinium-en‐
hanced CMR may be falsely negative because the amyloid infiltrate is mild.[107]

CMR may be a reasonable adjuvant or even an alternative to endomyocardial biopsy, espe‐
cially in patients with a tissue diagnosis from a remote site and who are high-risk for inva‐
sive investigation. However, it is important to notice that the diagnosis of cardiac
amyloidosis is confirmed by demonstrating amyloid deposits on endomyocardial biopsy.
Cardiac amyloidosis may be presumably, but not conclusively, established in patients with
appropriate cardiac imaging findings with demonstration of amyloid deposits on histologi‐
cal examination of a biopsy from other tissues (e.g., abdominal fat pad, rectum, or kidney).

There are several limitations in the use of this modality. Firstly, it is incompatible with pa‐
tients with implanted devices such as pacemakers or implantable cardioverter-defibrillators.
Nevertheless, pacemakers compatible with magnetic resonance imaging were recently ap‐
proved by the United States Food and Drug Administration for clinical use in the 1.5 tesla
magnetic resonance imaging scanner. Secondly, gadolinium contrast administration is con‐
traindicated in patients whose creatinine clearance is less than 30 mL/minute given the risk
of nephrogenic systemic fibrosis.[115] Many patients with cardiac amyloidosis have indica‐
tions for heart failure device therapy (e.g. pacemakers, implantable cardioverter-defibrilla‐
tors) as well as renal impairment as a result of amyloid deposition in the kidneys, both of
which may preclude them from undergoing CMR.

5.4. Nuclear scintigraphy

Several single-photon emission computed tomography tracers have been evaluated in the
diagnosis of cardiac amyloidosis.[116] There is evidence that [123]I-metaiodobenzylguani‐
dine may be an indirect measure of cardiac amyloid deposition. The finding of intense up‐
take in the heart on [99]mTc-pyrophosphate scintigraphy, which was indicative of cardiac
amyloidosis, was insufficiently sensitive to warrant routine use in the diagnosis of the dis‐
ease. While not routinely performed for diagnosing cardiac amyloidosis given its variable
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diagnosis of cardiac amyloidosis.[116] There is evidence that [123]I-metaiodobenzylguani‐
dine may be an indirect measure of cardiac amyloid deposition. The finding of intense up‐
take in the heart on [99]mTc-pyrophosphate scintigraphy, which was indicative of cardiac
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sensitivity, a new technique, [99]mTc-3,3-diphosphono-1,2-propanodicarboxylic acid scintig‐
raphy, may be able to differentiate familial transthyretin-associated amyloidosis from AL
amyloidosis, a clinically-relevant distinction; however, further study into this new technique
is needed.[117]

5.5. Fat aspirate and endomyocardial biopsy for tissue diagnosis

Even with current imaging technology, amyloidosis remains a histological diagnosis (Figure
6). The presence of serum or urine monoclonal paraprotein is suggestive of AL amyloidosis,
but on its own does not firmly establish the diagnosis because low serum concentrations of a
monoclonal protein (possibly from an unrelated monoclonal gammopathy of undetermined
significance) can incorrectly suggest AL amyloid in some familial cardiac amyloidosis con‐
firmed later by cardiac biopsy.[118] For the diagnosis of systemic disease, less invasive tis‐
sue sampling methods are available.[9] Biopsies may be taken from the abdominal
subcutaneous fat, with sensitivities of >80% for the latter in AL.[119-121]. Abdominal subcu‐
taneous fat aspiration is easily obtained with minimal risk and is now preferred over rectal
biopsy. Endomyocardial biopsy should be considered if the diagnosis of amyloidosis cannot
be made with noninvasive techniques and the suspicion of cardiac amyloidosis remains
high, or in cases of isolated cardiac amyloidosis, for example in the isoleucine 122 form of
familial amyloidosis and senile systemic amyloidosis.[9] The sensitivity of four endomyocar‐
dial biopsy samples for the disease is nearly 100%.[111] Mass spectrometry of the tissue bi‐
opsy is used to determine the type of amyloidosis.

Figure 6. Histologic findings classical of cardiac amyloidosis. Hematoxylin and eosin staining of an amyloid-infiltrated
left ventricular myocardium is shown here. The amyloid protein stained an amorphic light pink color (arrows).
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5.6. Biochemical markers and prognostication

Cardiac  biomarkers  may  be  elevated  in  cardiac  amyloidosis,  often  disproportionate  to
the  clinical  presentation.[122]  Amyloid-induced  myonecrosis  and  small  vessel  ischemia
causes raised cardiac troponins,[123] while diastolic dysfunction and upregulation of na‐
triuretic  peptide  genes  in  diseased  ventricles  result  in  elevated  B-type  natriuretic  pep‐
tide levels.[124]

Cardiac troponins and N-terminal-pro-B-type natriuretic  peptide are important  prognos‐
tic  indicators  in  cardiac  amyloidosis,  and also  allow for  monitoring  progression  of  dis‐
ease or  efficacy of  therapy.[43,  77,  125-127]  One study showed a significantly decreased
median survival in patients with troponin elevation; this may even predict survival bet‐
ter  than  symptomatic  congestive  heart  failure  and  two-dimensional  echocardiographic
findings.[128]  A  30%  decrease  in  N-terminal-pro-B-type  natriuretic  peptide  after  effec‐
tive  chemotherapy  correlates  with  increased  event-free  survival  even  without  objective
echocardiographic findings.[129]  A combination of  high-sensitivity cardiac troponin T at
presentation  and  N-terminal-pro-B-type  natriuretic  peptide  changes  after  chemotherapy
had superior  predictive value for  survival.[130]  Serum uric  acid is  a  novel  independent
prognostic  factor in AL amyloidosis.  The median overall  survival  was lower in patients
with uric  acid levels  ≥8  mg/dL.[131]  A combination of  uric  acid,  troponin T and N-ter‐
minal-pro-B-type  natriuretic  peptide  provides  a  strong  predictive  model  for  early  mor‐
tality.[132]

The serum immunoglobulin free light chain assay enables quantification of  aberrant cir‐
culating  amyloidogenic  fibril  protein  precursors.[129]  It  enables  serial  monitoring  of
amyloidogenic  light  chain production during chemotherapy.[133]  A fall  in  aberrant  free
light  chain  production  by  half  following  chemotherapy  was  associated  with  reductions
in  N-terminal-pro-B-type  natriuretic  peptide  but  not  in  left  ventricular  wall  thickness,
and  was  associated  with  clinical  improvement.[129]  Further  highly  reproducible  and
quantifiable  imaging  studies  such  as  CMR  may  assist  in  defining  associations  between
cardiac function and alterations in light chain load.[43]

6. Management of cardiac amyloidosis

Although the management of  cardiac amyloidosis  is  challenging,  evolution of  treatment
options have improved prognosis. It  is essential to determine the type of amyloidosis to
guide  treatment.[43]  In  general,  the  management  aims  can  be  broadly  divided  into  the
general  supportive  care  of  cardiac  and  extracardiac  manifestations  of  the  disease,  as
well  as  type-specific  targeted therapy.[5,  43]  Table  2  shows a  general  algorithm for  the
investigation and management of cardiac amyloidosis.
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Step 1 – Identification of clinical scenarios suspicious for cardiac amyloidosis
Any one of the features below could trigger clinical suspicion – NOT all are required
 •Dyspnea with exertion or heart failure of unknown etiology, often with thickening of the LV and/or RV walls, 
especially if associated with low voltages on ECG
 •Unexplained fatigue and weight loss
 •Associated hepatomegaly, nephrotic-range proteinuria, peripheral or autonomic neuropathy, carpal tunnel 
syndrome, family history of amyloidosis
 •Periorbital purpura (rare but almost pathognomonic) and macroglossia

Step 2 – Cardiac diagnostic assessment
 •Detailed echocardiographic examination including diastolic function analysis, tissue Doppler, strain imaging, 
assessment of RV wall thickness
 •Cardiac MRI with late gadolinium enhancement
 •Cardiac biomarkers: troponin T and NT-proBNP

Step 3 – Further evaluation for the diagnosis of amyloidosis
 •Screening biopsy of abdominal subcutaneous fat aspirate or rectal mucosa with Congo red staining
 •Screen serum and urine for monoclonal protein, serum free light chain assay
 •If clinical suspicion remains high despite the above being negative, consider endomyocardial biopsy (or other 
involved organ) with Congo red staining

Step 4 – Determination of the amyloid fibril type (if the diagnosis of amyloidosis is made)
Tissue diagnosis and correct typing of amyloid is critical
 •Mass spectrometry based proteomic analysis of tissue containing amyloid to determine specific type of amyloid 
protein

Step 5 – Do specific testing based on type of amyloidosis
 •Bone marrow aspirate and biopsy if diagnosis is AL amyloidosis or myeloma with associated amyloidosis
 •For TTR-related amyloidosis, genetic testing to distinguish between age-related and hereditary variant TTR types
 •For other hereditary amyloidoses, appropriate genetic testing for family counseling

Step 6 – Type-specific treatment
 •AL amyloidosis: quantify light chains (as baseline for follow-up), exclude concomitant myeloma, troponin and NT-
proBNP measurements for staging (if not done), supportive therapy, and determine which chemotherapy (including 
possible autologous stem cell transplant) and/or whether, sequential cardiac and autologous stem cell transplant is 
appropriate
 •Familial amyloidosis: supportive therapy; assess for liver transplant with or without heart transplant
 •Reactive amyloidosis: treating the underlying chronic inflammatory state and anti-cytokines therapy (IL-6, TNFα)
 •Senile systemic amyloidosis: supportive therapy and possibly tafamidis in the future

AL, immunoglobulin light chain; ECG, electrocardiogram; LV, left ventricular; NT-proBNP, N-terminal prohormone
brain natriuretic peptide; RV, right ventricular; TTR, transthyretin

Table 2. Evaluating a patient with suspected cardiac amyloidosis.
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6.1. General supportive care

The traditional teaching that amyloidosis with cardiac involvement is universally fatal has
dramatically changed in the last decade, largely due to chemotherapy and stem cell trans‐
plant therapies. However, important supportive care measures are necessary to achieve
these outcomes.

Cardiac  manifestations  of  amyloidosis  primarily  include  heart  failure  and  cardiac  ar‐
rhythmias. The mainstay of heart failure treatment in cardiac amyloidosis is diuresis; pa‐
tients  with  hypoalbuminemia  due  to  concomitant  nephrotic  syndrome  require  high
doses. It is essential to monitor fluid balance meticulously with daily weighing and diu‐
retic dose adjustment.[5, 43] For a variety of reasons, beta-blockers, [9] renin-angiotensin
system  inhibitors,[5,  43]  digoxin  [134,  135]  and  calcium  channel  blockers[136]-[138]
should  be  avoided  where  possible.  In  markedly  impaired  diastolic  filling  and  reduced
stroke volume, tachycardia is a compensatory mechanism that maintains cardiac output.
Consequently,  high  doses  of  beta-adrenergic  receptor  blocking  agents  are  often  poorly
tolerated.  Calcium channel  blockers  and digitalis  are  considered  contraindicated  in  car‐
diac amyloid disease due to potential binding of amyloid fibrils and potentiation of drug
toxicity. Evidence for the use of vasodilator or inotropic agents in cardiac amyloidosis is
lacking,  but  renal-dose  dopamine  may  be  helpful  in  the  treatment  of  anasarca  if  renal
function is  unimpaired.[5]  Recurrent  large pleural  effusions may represent  pleural  amy‐
loid  and  may  require  thoracentesis  and  occasionally,  pleurodesis.[139]  Placement  of  a
pleural  catheter can helpful  for palliation of  recurrent pleural  effusions.  Anticoagulation
should be administered for standard indications such as intracardiac thrombus and atrial
fibrillation, and an embolic event even in the absence of atrial fibrillation should trigger
a  search  for  intracardiac  thrombosis.[14,  43,  97,  140]  Appropriate  selection  of  patients
suitable for thromboembolic prophylaxis is difficult given the high anticoagulation-associ‐
ated bleeding risk due to vascular fragility and coagulopathy in amyloidosis.

Patient with cardiac amyloidosis are predisposed to many different types of arrhythmias,
[57, 58] most commonly atrial fibrillation.[58] Given the atrial dilation from increased ven‐
tricular end-diastolic pressures as well as atrial amyloid infiltration, restoration of sinus
rhythm is challenging and frequently unsuccessful in the long term.[14] It is reasonable,
however, to attempt sinus rhythm restoration with DC cardioversion in highly symptomatic
and medication refractory cases, provided no atrial thrombus is present by TEE. Atrial fibril‐
lation recurs in most patients, and as such a rate-control and anticoagulation strategy is war‐
ranted in most circumstances. Patients with AL amyloidosis with concomitant AF are at an
extremely high risk of thromboembolism, and the thromboembolic risk in transthyretin-re‐
lated amyloidosis is also elevated above that of non-amyloid AF patients. Proper anticoagu‐
lation therapy reduces thromboembolic risk.[14] Amiodarone can be useful as both a rate
controlling and rhythm maintaining agent. Amiodarone is presumed safe in cardiac amyloi‐
dosis although systemic study is lacking. Patients must be monitored for the known toxici‐
ties, and the drug should be avoided in the presence of significant conduction disease (e.g.,
left bundle branch block) without pacemaker placement. Dronedarone as well as many oth‐
er antiarrhythmic medications (typically of classes IA, IC and III) have not been well studied
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Step 1 – Identification of clinical scenarios suspicious for cardiac amyloidosis
Any one of the features below could trigger clinical suspicion – NOT all are required
 •Dyspnea with exertion or heart failure of unknown etiology, often with thickening of the LV and/or RV walls, 
especially if associated with low voltages on ECG
 •Unexplained fatigue and weight loss
 •Associated hepatomegaly, nephrotic-range proteinuria, peripheral or autonomic neuropathy, carpal tunnel 
syndrome, family history of amyloidosis
 •Periorbital purpura (rare but almost pathognomonic) and macroglossia

Step 2 – Cardiac diagnostic assessment
 •Detailed echocardiographic examination including diastolic function analysis, tissue Doppler, strain imaging, 
assessment of RV wall thickness
 •Cardiac MRI with late gadolinium enhancement
 •Cardiac biomarkers: troponin T and NT-proBNP

Step 3 – Further evaluation for the diagnosis of amyloidosis
 •Screening biopsy of abdominal subcutaneous fat aspirate or rectal mucosa with Congo red staining
 •Screen serum and urine for monoclonal protein, serum free light chain assay
 •If clinical suspicion remains high despite the above being negative, consider endomyocardial biopsy (or other 
involved organ) with Congo red staining

Step 4 – Determination of the amyloid fibril type (if the diagnosis of amyloidosis is made)
Tissue diagnosis and correct typing of amyloid is critical
 •Mass spectrometry based proteomic analysis of tissue containing amyloid to determine specific type of amyloid 
protein

Step 5 – Do specific testing based on type of amyloidosis
 •Bone marrow aspirate and biopsy if diagnosis is AL amyloidosis or myeloma with associated amyloidosis
 •For TTR-related amyloidosis, genetic testing to distinguish between age-related and hereditary variant TTR types
 •For other hereditary amyloidoses, appropriate genetic testing for family counseling

Step 6 – Type-specific treatment
 •AL amyloidosis: quantify light chains (as baseline for follow-up), exclude concomitant myeloma, troponin and NT-
proBNP measurements for staging (if not done), supportive therapy, and determine which chemotherapy (including 
possible autologous stem cell transplant) and/or whether, sequential cardiac and autologous stem cell transplant is 
appropriate
 •Familial amyloidosis: supportive therapy; assess for liver transplant with or without heart transplant
 •Reactive amyloidosis: treating the underlying chronic inflammatory state and anti-cytokines therapy (IL-6, TNFα)
 •Senile systemic amyloidosis: supportive therapy and possibly tafamidis in the future

AL, immunoglobulin light chain; ECG, electrocardiogram; LV, left ventricular; NT-proBNP, N-terminal prohormone
brain natriuretic peptide; RV, right ventricular; TTR, transthyretin

Table 2. Evaluating a patient with suspected cardiac amyloidosis.
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6.1. General supportive care

The traditional teaching that amyloidosis with cardiac involvement is universally fatal has
dramatically changed in the last decade, largely due to chemotherapy and stem cell trans‐
plant therapies. However, important supportive care measures are necessary to achieve
these outcomes.

Cardiac  manifestations  of  amyloidosis  primarily  include  heart  failure  and  cardiac  ar‐
rhythmias. The mainstay of heart failure treatment in cardiac amyloidosis is diuresis; pa‐
tients  with  hypoalbuminemia  due  to  concomitant  nephrotic  syndrome  require  high
doses. It is essential to monitor fluid balance meticulously with daily weighing and diu‐
retic dose adjustment.[5, 43] For a variety of reasons, beta-blockers, [9] renin-angiotensin
system  inhibitors,[5,  43]  digoxin  [134,  135]  and  calcium  channel  blockers[136]-[138]
should  be  avoided  where  possible.  In  markedly  impaired  diastolic  filling  and  reduced
stroke volume, tachycardia is a compensatory mechanism that maintains cardiac output.
Consequently,  high  doses  of  beta-adrenergic  receptor  blocking  agents  are  often  poorly
tolerated.  Calcium channel  blockers  and digitalis  are  considered  contraindicated  in  car‐
diac amyloid disease due to potential binding of amyloid fibrils and potentiation of drug
toxicity. Evidence for the use of vasodilator or inotropic agents in cardiac amyloidosis is
lacking,  but  renal-dose  dopamine  may  be  helpful  in  the  treatment  of  anasarca  if  renal
function is  unimpaired.[5]  Recurrent  large pleural  effusions may represent  pleural  amy‐
loid  and  may  require  thoracentesis  and  occasionally,  pleurodesis.[139]  Placement  of  a
pleural  catheter can helpful  for palliation of  recurrent pleural  effusions.  Anticoagulation
should be administered for standard indications such as intracardiac thrombus and atrial
fibrillation, and an embolic event even in the absence of atrial fibrillation should trigger
a  search  for  intracardiac  thrombosis.[14,  43,  97,  140]  Appropriate  selection  of  patients
suitable for thromboembolic prophylaxis is difficult given the high anticoagulation-associ‐
ated bleeding risk due to vascular fragility and coagulopathy in amyloidosis.

Patient with cardiac amyloidosis are predisposed to many different types of arrhythmias,
[57, 58] most commonly atrial fibrillation.[58] Given the atrial dilation from increased ven‐
tricular end-diastolic pressures as well as atrial amyloid infiltration, restoration of sinus
rhythm is challenging and frequently unsuccessful in the long term.[14] It is reasonable,
however, to attempt sinus rhythm restoration with DC cardioversion in highly symptomatic
and medication refractory cases, provided no atrial thrombus is present by TEE. Atrial fibril‐
lation recurs in most patients, and as such a rate-control and anticoagulation strategy is war‐
ranted in most circumstances. Patients with AL amyloidosis with concomitant AF are at an
extremely high risk of thromboembolism, and the thromboembolic risk in transthyretin-re‐
lated amyloidosis is also elevated above that of non-amyloid AF patients. Proper anticoagu‐
lation therapy reduces thromboembolic risk.[14] Amiodarone can be useful as both a rate
controlling and rhythm maintaining agent. Amiodarone is presumed safe in cardiac amyloi‐
dosis although systemic study is lacking. Patients must be monitored for the known toxici‐
ties, and the drug should be avoided in the presence of significant conduction disease (e.g.,
left bundle branch block) without pacemaker placement. Dronedarone as well as many oth‐
er antiarrhythmic medications (typically of classes IA, IC and III) have not been well studied
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in cardiac amyloidosis. However, based on studies in patients with structural heart disease
and heart failure, they should be considered as contraindicated in advanced amyloid pa‐
tients at this time. Sudden death is often due to electromechanical dissociation; however,
ventricular tachyarrhythmias are not infrequent.[102] The role of implantable cardioverter-
defibrillator for primary prevention of sudden cardiac death in cardiac amyloid remains un‐
clear and controversial. Strategies to reduce the elevated defibrillation thresholds in cardiac
amyloidosis such as a subcutaneous array lead system may improve the efficacy of implant‐
able cardioverter-defibrillator therapy.[141] The standard indications for pacing generally
apply to cardiac amyloidosis,[142] but the threshold to introduce pacing is often lower in
view of the propensity for the concomitant autonomic neuropathy and hypoalbuminemia to
worsen any preexisting amyloidosis-related hemodynamic compromise.[43] Dual-chamber
pacing may be particularly useful for optimizing the atrial filling component in this restric‐
tive cardiomyopathy.[43] However, there is no evidence that the symptomatic improvement
from pacing translates into increased survival.[143] The generally accepted indications for
cardiac resynchronization therapy apply in cardiac amyloidosis.[144] There are currently no
prospective randomized controlled trials evaluating the use of continuous intra-axial cardiac
flow pumps and left ventricular assist devices, but one patient received the former in a feasi‐
bility study with subsequent symptom relief.[145]

6.2. Targeting the underlying amyloid pathology

This is an area of management that is specific to the type of amyloidosis, but the general
aim is to decrease the formation new amyloid proteins and possibly facilitate the regres‐
sion of existing deposits.[5,  43] Recent advancements in both our ability to diagnose the
type  of  amyloidosis  and  the  treatment  options  for  the  various  types  have  greatly  im‐
proved outcome.[43]

AL amyloidosis. The mainstay of treatment in this type of amyloidosis is targeting the patho‐
genic light chain-producing clonal plasma cells with chemotherapy.[146-152] This minimiz‐
es amyloid production (potentially reversing the disease process), preserves organ function
and enhances survival.[153, 154] Indeed, immunoassays for free light chains are useful in
monitoring the disease process and responses to treatment, and halving the aberrant mono‐
clonal light chain on a sustained basis improves survival.[154] Reducing the circulating
amyloidogenic precursor may result in some improvement in cardiac function even as the
cardiac amyloid load found on echocardiography remains fairly constant.[129] These find‐
ings supports the direct toxic role of the aberrant monoclonal light chain on myocardial
function that was shown in an animal model.[47] Moreover, similar findings were observed
in other organs. For example, serial kidney biopsies in patients with AL amyloidosis before
and after clinically successful treatments reveal unchanging amyloid burden despite signifi‐
cant improvement in proteinuria.[155, 156]

For patients who are fit for chemotherapy, several treatment regimens exist. The historic
regimen of melphalan and prednisolone had responses that were few and much delayed;
[157] more rapid responses are seen with intermediate-intensity regimens like melphalan
and dexamethasone.[43] High-dose chemotherapy with autologous stem cell replacement
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has been attempted, but significant cardiac involvement precludes it given the high peri‐
treatment mortality.[5, 153] Many patients are diagnosed at a stage at which such an ag‐
gressive  therapeutic  modality  is  too  toxic;  early  studies  in  which  patients  were  not
carefully  selected for  high-dose chemotherapy with autologous stem cell  transplant  had
transplant-related  mortality  of  nearly  50%.[5,  158]  The  presence  of  symptomatic  and
structural  features  of  cardiac  amyloidosis  strongly  predicts  poor  outcomes  from autolo‐
gous stem cell replacement,[159, 160] and the presence of clinical findings consistent with
advanced  disease,  multiorgan  involvement  and  poor  functional  status  should  preclude
autologous  stem  cell  therapy.[160,  161]  Newer  and  investigational  approaches  include
thalidomide or  lenolidamide mono-  or  combination therapy,[151,  162,  163]  rituximab to
target  CD20-positive  plasma  cell  clones,[164]  and  the  proteasome  inhibitor  bortezomib.
[165-167] Heart transplantation is infrequently performed due to concerns about extracar‐
diac  disease  progression  as  well  as  amyloid  deposition  in  the  transplant  heart.  Indeed
heart  transplant  survival  rates  were  lower  in  cardiac  amyloidosis  compared  with  other
indications.[168, 169] Sequential heart and stem cell transplant is promising in young pa‐
tients with cardiac failure and preserved extracardiac organ function,  with a 1-year sur‐
vival of between 75% and 83%.[170-173] While there are several predictors of prognosis,
it is at present difficult to select patients for the appropriate treatment regimen.[5, 43] In
some  patients  high-intensity  regimens  may  be  excessive,  but  in  others  the  disease  re‐
mains  refractory  even  to  the  most  intense  of  regimens.[43]  Therefore  highly-individual‐
ized management of cardiac amyloidosis is essential.[43]

Familial amyloidosis. Because plasma transthyretin is mainly synthesized in the liver, defini‐
tive treatment for familial amyloidosis requires liver transplantation to arrest the synthesis
of amyloidogenic proteins, as well as transplantation of failed organs.[174] Outcomes are
generally favorable in young and fit patients with the methionine 30 mutation. However, in
older patients of the non-methionine 30 variants, paradoxical acceleration of disease pro‐
gression has been reported, necessitating combined heart and liver transplants.[175-177]
There is some evidence that transthyretin can be stabilized by certain nonsteroidal agents
like diflunisal; clinical trials are necessary to investigate their efficacy in preventing disease
progression.[178] These agents, however, may precipitate or aggravate congestive heart fail‐
ure by fluid retention, and other agents are actively being sought.[179] One promising thera‐
peutic candidate is tafamidis, a small-molecule transthyretin stabilizer which prevents
transthyretin from forming amyloid fibrils. Tafamidis has demonstrated efficacy for the
treatment of ATTR polyneuropathy, and has therefore been granted orphan drug status in
the United States. Tafamidis is currently undergoing Phase II trials for the treatment of
ATTR cardiomyopathy.[180]

Reactive amyloidosis. Definitive treatment involves treating the underlying inflammatory
process and decreasing the serum amyloid A concentration, improving survival.[181] In‐
flammatory syndromes such as rheumatoid arthritis, Crohn’s disease, seronegative spondy‐
loarthropathies, and several periodic fever syndromes can be effectively treated with tumor
necrosis factor and interleukin-1 inhibitors.[182] Familial Mediterranean fever can be treated
with colchicine,[183] while excision of interleukin-6-secreting masses is an effective treat‐
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in cardiac amyloidosis. However, based on studies in patients with structural heart disease
and heart failure, they should be considered as contraindicated in advanced amyloid pa‐
tients at this time. Sudden death is often due to electromechanical dissociation; however,
ventricular tachyarrhythmias are not infrequent.[102] The role of implantable cardioverter-
defibrillator for primary prevention of sudden cardiac death in cardiac amyloid remains un‐
clear and controversial. Strategies to reduce the elevated defibrillation thresholds in cardiac
amyloidosis such as a subcutaneous array lead system may improve the efficacy of implant‐
able cardioverter-defibrillator therapy.[141] The standard indications for pacing generally
apply to cardiac amyloidosis,[142] but the threshold to introduce pacing is often lower in
view of the propensity for the concomitant autonomic neuropathy and hypoalbuminemia to
worsen any preexisting amyloidosis-related hemodynamic compromise.[43] Dual-chamber
pacing may be particularly useful for optimizing the atrial filling component in this restric‐
tive cardiomyopathy.[43] However, there is no evidence that the symptomatic improvement
from pacing translates into increased survival.[143] The generally accepted indications for
cardiac resynchronization therapy apply in cardiac amyloidosis.[144] There are currently no
prospective randomized controlled trials evaluating the use of continuous intra-axial cardiac
flow pumps and left ventricular assist devices, but one patient received the former in a feasi‐
bility study with subsequent symptom relief.[145]

6.2. Targeting the underlying amyloid pathology

This is an area of management that is specific to the type of amyloidosis, but the general
aim is to decrease the formation new amyloid proteins and possibly facilitate the regres‐
sion of existing deposits.[5,  43] Recent advancements in both our ability to diagnose the
type  of  amyloidosis  and  the  treatment  options  for  the  various  types  have  greatly  im‐
proved outcome.[43]

AL amyloidosis. The mainstay of treatment in this type of amyloidosis is targeting the patho‐
genic light chain-producing clonal plasma cells with chemotherapy.[146-152] This minimiz‐
es amyloid production (potentially reversing the disease process), preserves organ function
and enhances survival.[153, 154] Indeed, immunoassays for free light chains are useful in
monitoring the disease process and responses to treatment, and halving the aberrant mono‐
clonal light chain on a sustained basis improves survival.[154] Reducing the circulating
amyloidogenic precursor may result in some improvement in cardiac function even as the
cardiac amyloid load found on echocardiography remains fairly constant.[129] These find‐
ings supports the direct toxic role of the aberrant monoclonal light chain on myocardial
function that was shown in an animal model.[47] Moreover, similar findings were observed
in other organs. For example, serial kidney biopsies in patients with AL amyloidosis before
and after clinically successful treatments reveal unchanging amyloid burden despite signifi‐
cant improvement in proteinuria.[155, 156]

For patients who are fit for chemotherapy, several treatment regimens exist. The historic
regimen of melphalan and prednisolone had responses that were few and much delayed;
[157] more rapid responses are seen with intermediate-intensity regimens like melphalan
and dexamethasone.[43] High-dose chemotherapy with autologous stem cell replacement
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has been attempted, but significant cardiac involvement precludes it given the high peri‐
treatment mortality.[5, 153] Many patients are diagnosed at a stage at which such an ag‐
gressive  therapeutic  modality  is  too  toxic;  early  studies  in  which  patients  were  not
carefully  selected for  high-dose chemotherapy with autologous stem cell  transplant  had
transplant-related  mortality  of  nearly  50%.[5,  158]  The  presence  of  symptomatic  and
structural  features  of  cardiac  amyloidosis  strongly  predicts  poor  outcomes  from autolo‐
gous stem cell replacement,[159, 160] and the presence of clinical findings consistent with
advanced  disease,  multiorgan  involvement  and  poor  functional  status  should  preclude
autologous  stem  cell  therapy.[160,  161]  Newer  and  investigational  approaches  include
thalidomide or  lenolidamide mono-  or  combination therapy,[151,  162,  163]  rituximab to
target  CD20-positive  plasma  cell  clones,[164]  and  the  proteasome  inhibitor  bortezomib.
[165-167] Heart transplantation is infrequently performed due to concerns about extracar‐
diac  disease  progression  as  well  as  amyloid  deposition  in  the  transplant  heart.  Indeed
heart  transplant  survival  rates  were  lower  in  cardiac  amyloidosis  compared  with  other
indications.[168, 169] Sequential heart and stem cell transplant is promising in young pa‐
tients with cardiac failure and preserved extracardiac organ function,  with a 1-year sur‐
vival of between 75% and 83%.[170-173] While there are several predictors of prognosis,
it is at present difficult to select patients for the appropriate treatment regimen.[5, 43] In
some  patients  high-intensity  regimens  may  be  excessive,  but  in  others  the  disease  re‐
mains  refractory  even  to  the  most  intense  of  regimens.[43]  Therefore  highly-individual‐
ized management of cardiac amyloidosis is essential.[43]

Familial amyloidosis. Because plasma transthyretin is mainly synthesized in the liver, defini‐
tive treatment for familial amyloidosis requires liver transplantation to arrest the synthesis
of amyloidogenic proteins, as well as transplantation of failed organs.[174] Outcomes are
generally favorable in young and fit patients with the methionine 30 mutation. However, in
older patients of the non-methionine 30 variants, paradoxical acceleration of disease pro‐
gression has been reported, necessitating combined heart and liver transplants.[175-177]
There is some evidence that transthyretin can be stabilized by certain nonsteroidal agents
like diflunisal; clinical trials are necessary to investigate their efficacy in preventing disease
progression.[178] These agents, however, may precipitate or aggravate congestive heart fail‐
ure by fluid retention, and other agents are actively being sought.[179] One promising thera‐
peutic candidate is tafamidis, a small-molecule transthyretin stabilizer which prevents
transthyretin from forming amyloid fibrils. Tafamidis has demonstrated efficacy for the
treatment of ATTR polyneuropathy, and has therefore been granted orphan drug status in
the United States. Tafamidis is currently undergoing Phase II trials for the treatment of
ATTR cardiomyopathy.[180]

Reactive amyloidosis. Definitive treatment involves treating the underlying inflammatory
process and decreasing the serum amyloid A concentration, improving survival.[181] In‐
flammatory syndromes such as rheumatoid arthritis, Crohn’s disease, seronegative spondy‐
loarthropathies, and several periodic fever syndromes can be effectively treated with tumor
necrosis factor and interleukin-1 inhibitors.[182] Familial Mediterranean fever can be treated
with colchicine,[183] while excision of interleukin-6-secreting masses is an effective treat‐
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ment for Castleman’s disease.[184] A randomized controlled trial showed that eprodisate
slows the decline of renal function in reactive amyloidosis, [185] and may have possible ap‐
plicability to other types of amyloidosis.[186]

Currently, there is no known treatment that specifically targets senile amyloid, but research
into this field is quickly evolving. Investigational approaches undergoing intensive research
include targeted therapies that stabilize the soluble form of amyloidogenic proteins and re‐
verse preexisting deposits. A new therapy based on epigallocatechin gallate, a compound
that binds to denatured protein thereby inhibiting the formation of insoluble amyloid, has
been proposed.[65] These potential new therapies offer exciting prospects for improvements
in treatment.[43, 65]

7. Conclusion

Amyloidosis describes a heterogeneous group of several uncommon diseases by aberrant
protein deposition in tissues throughout the body. Cardiac amyloidosis refers to clinically
significant cardiac involvement, causing restrictive cardiomyopathy and its resultant effects,
the most severe being congestive heart failure and arrhythmias. It is often underdiagnosed.
However, recent advances in imaging have allowed us to accurately diagnose the condition
and better characterize the degree of cardiac involvement. Cardiac biomarkers are useful in
monitoring disease progression and response to therapy. The treatment of cardiac amyloi‐
dosis is rapidly evolving, and encompasses general supportive care of cardiac and extracar‐
diac manifestations of the disease, and in addition, the management of the underlying
amyloid disease process. Importance must be attached to early diagnosis of the disease, par‐
ticularly in AL amyloidosis, because patients diagnosed late are often too ill to undergo dis‐
ease-modifying chemotherapy. Novel therapies are actively being investigated and may
present exciting new frontiers in the treatment of the disease.
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ment for Castleman’s disease.[184] A randomized controlled trial showed that eprodisate
slows the decline of renal function in reactive amyloidosis, [185] and may have possible ap‐
plicability to other types of amyloidosis.[186]

Currently, there is no known treatment that specifically targets senile amyloid, but research
into this field is quickly evolving. Investigational approaches undergoing intensive research
include targeted therapies that stabilize the soluble form of amyloidogenic proteins and re‐
verse preexisting deposits. A new therapy based on epigallocatechin gallate, a compound
that binds to denatured protein thereby inhibiting the formation of insoluble amyloid, has
been proposed.[65] These potential new therapies offer exciting prospects for improvements
in treatment.[43, 65]

7. Conclusion

Amyloidosis describes a heterogeneous group of several uncommon diseases by aberrant
protein deposition in tissues throughout the body. Cardiac amyloidosis refers to clinically
significant cardiac involvement, causing restrictive cardiomyopathy and its resultant effects,
the most severe being congestive heart failure and arrhythmias. It is often underdiagnosed.
However, recent advances in imaging have allowed us to accurately diagnose the condition
and better characterize the degree of cardiac involvement. Cardiac biomarkers are useful in
monitoring disease progression and response to therapy. The treatment of cardiac amyloi‐
dosis is rapidly evolving, and encompasses general supportive care of cardiac and extracar‐
diac manifestations of the disease, and in addition, the management of the underlying
amyloid disease process. Importance must be attached to early diagnosis of the disease, par‐
ticularly in AL amyloidosis, because patients diagnosed late are often too ill to undergo dis‐
ease-modifying chemotherapy. Novel therapies are actively being investigated and may
present exciting new frontiers in the treatment of the disease.
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1. Introduction

Amyloidosis is defined as an insoluble protein fibril that is deposited, mainly, in the extracel‐
lular spaces of organs and tissues as a result of a sequence of changes in protein folding.
Precursor proteins change their conformation that forms amyloid fibrils, then deposited
amyloid induce organ damage with disease specific conditions.

To date, there are 27 types of amyloidosis known extracellular fibril proteins in human, and
each amyloidosis is characterized amyloid protein precursor, systemic (S) or localized organ
(L), and syndrome or involved tissues [1]. In the nomenclature, dialysis-related amyloidosis
(DRA) is defined as β2-microglobulin-related (Aβ2M) amyloid which precursor protein is β2-
microglobulin (β2-m). It is associated to dialysis, a kidney replacement therapy, and deposits
in systemic (S), mainly joint tissues [1].

Long-term dialysis treatment for end-stage kidney disease often induces the Aβ2-m amyloid
deposition in mainly osteoarticular tissues that induces various disorders, such as carpal
tunnel syndrome (CTS), destructive spondyloarthropathy (DSA), and cystic bone lesions as
well as in systemic organs such as heart and gastrointestinal tract when disease advances.
Several biomolecules including β2-m as well as clinical risk factors are thought to relate with
Aβ2M amyloidogenesis (Figure 1). Recent progress of dialysis therapy has improved survival
of dialysis patients, however, older age and long-term dialysis treatment may increase the
onset and acceleration of DRA. In this article, we described about DRA focused on pathogen‐
esis, clinical manifestations and treatment, and showed DRA is still one of serious complica‐
tions for patients undergoing long-term dialysis treatment.
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Figure 1. Pathogenesis of dialysis-related amyloidosis (DRA). DRA is induced not only accumulation of β2-microglobu‐
lin but also several biomolecules and clinical risk factors.

2. Pathogenesis of dialysis-related amyloidosis

2.1. β2-microglobulin

β2-m is a polypeptide of 99 residues that has a molecular weight of 11.8 kDa. It forms the beta
chain of the human leukocyte antigen (HLA) class I molecule and has a well-known β-
sandwich structure that involves a 7-strand β-pleated structure stabilized with a single
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disulphide bond (Cys25-Cys80). β2-m changes the conformation under various in vivo or in
vitro conditions, such as acidic pH [2], 2,2,2-trifluoroethanol (TFE) [3], sodium dodecyl sulfate
(SDS) [4], lysophospholipids [5], non-esterified fatty acids [6], heating [7] and agitation [8].
Proper dose of those molecules induce conformational intermediate that is required for Aβ2M
amyloid fibril formation/extension (see below section).

2.2. Retention of conformational intermediate-β2-m

β2-m is a component of MHC class I molecules, which are present on all nucleated cells. Most
β2-m is normally eliminated by the kidney via glomerular filtration and subsequent tubular
catabolism with Megalin [9]. Thus, severe kidney damage induces the retention of β2-m in
serum due to impaired excretion from the kidney.

Some clinical studies have attempted to identify the conformational intermediate form of
circulating β2-m. Capillary electrophoresis reveals that patients undergoing hemodialysis due
to end-stage kidney disease, but not healthy control subjects, have the conformational
intermediate form of β2-m in serum [10]. The level of predialysis serum β2-m intermediate was
2.7±1.4 mg/L and native β2-m was 29.4±6.8 mg/L in 31 hemodialysis patients. Hemodialysis
using a polymethylmethacrylate and online hemodiafiltration with a polysulfone membrane
decreased the level of the native form, while any change in the intermediate form was variable
[10]. These results suggest that intermediate β2-m is increased in hemodialysis patients and is
difficult to remove with dialysis treatment. It may suggest that the intermediate form is
immobilized in the extracellular space where Aβ2-m amyloid has a marked affinity for joint
tissues (cartilage, capsule, and synovium). In addition, immunoaffinity–liquid chromatogra‐
phy–mass spectrometry analysis and immunoassay revealed the generation of lysine-58–
cleaved and truncated β2-m (ΔK58-β2-m), which was found in serum from 20–40% HD patients
but not in serum from control subjects [11]. However, this truncated form has not been
demonstrated in the tissue containing Aβ2-m amyloid [12]. It is not certain whether the
conformational intermediate or the truncated form of β2-m has a critical role of onset/progress
of DRA, and future studies will be needed to understand the pathogenesis for Aβ2-m amyloid
fibrils formation/extension.

2.3. Aβ2-m amyloid fibril formation and extension

A nucleation-dependent polymerization model explains the general mechanisms of amyloid
fibril formation in vitro, in various types of amyloidosis [13-18]. This model consists of two
phases, i.e., nucleation and extension phases. Nucleus formation requires a series of association
steps of monomers, which are thermodynamically unfavorable, representing the rate-limiting
step in amyloid fibril formation in vitro. Once the nucleus (n-mer) has been formed, further
addition of monomers to the nucleus becomes thermodynamically favorable, resulting in rapid
extension of amyloid fibrils according to a first-order kinetic model, i.e., via the consecutive
association of precursor proteins onto the ends of existing fibrils [14, 17, 18].

In the mechanism of amyloidogenesis from β2-m, natively folded proteins, partial unfolding
of protein is prerequisite to its assembly into amyloid fibrils [3, 13, 19, 20]. The extension of
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Figure 1. Pathogenesis of dialysis-related amyloidosis (DRA). DRA is induced not only accumulation of β2-microglobu‐
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Aβ2M amyloid fibrils, as well as the formation of the fibrils from β2-m are greatly dependent
on the pH of the reaction mixture, with the optimum pH around 2.0-3.0 [13, 14]. At pH 2.5,
where the extension of Aβ2M amyloid fibrils is optimum, β2-m loses much of the secondary
and tertiary structures observed at pH 7.5 [13, 19]. Aβ2M amyloid fibrils readily depolymerize
into monomeric β2-m at a neutral pH [19], however, low concentration of TFE [3] and sub-
micellar concentration of SDS [4] induced Aβ2M amyloid fibrils extension with changing
conformation of β2-m monomer and inhibiting depolymerization of amyloid fibrils at a neutral
pH in vitro (Figure 2). While TFE and SDS are organic compounds, several biomolecules could
induce Aβ2M amyloidogenesis in vivo, such as apolipoprotein E, proteoglycans, glicosami‐
noglycans, type1 collagen, non-esterified fatty acid, and lysophospholipids. [4-6, 21, 22]. For
example, some lysophospholipids, especially lysophosphatidic acid (LPA) induces both

Figure 2. β2-microglobulin-related (Aβ2M) amyloid fibril extension in vitro. Sub-micellar concentration of sodium do‐
decyl sulfate (SDS) induces Aβ2M amyloid fibrils extension at a neutral pH while micellar concentration induces amy‐
loid fibril depolimerization in vitro. The amount of extended fibrils is measured by Thioflavin T (A), and observed by
electron microscopy (B). Bar shows 250 nm.
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amyloid fibril formation and extension at a neutral pH [5]. The mechanism of amyloidogenesis
is due to make β2-m monomer into partially unfolding the compact structure as well as
stabilizing the extended fibrils in vitro. Clinically, plasma LPA concentration is higher in
patients undergoing hemodialysis treatment as compare to healthy subjects [5]. It’s unclear
the local concentration of lysophospholipids in the lesion that Aβ2M amyloid deposits, it may
be reasonable to consider the reaction between β2-m and lysophospholipids that are increased
in chronic kidney disease (CKD) undergoing dialysis treatment. Joint tissues that Aβ2M
amyloid deposits at early stage in dialysis patients, contains many kinds of glycosaminogly‐
cans and proteoglycans. Depolymerization of Aβ2M amyloid fibrils at a neutral pH in vitro
was inhibited dose-dependently by the presence of some glycosaminoglycans (heparin,
dermatan sulfate or heparin sulfate) or proteoglycans (biglycan, decorin or keratan sulfate
proteoglycan) [21]. In addition, some glycosaminoglycans, especially heparin, enhanced the
Aβ2M amyloid fibril extension induced by low concentration of TFE at a neutral pH [3]. These
results suggest that some glycosaminoglycans and proteoglycans stabilize extended Aβ2M
amyloid fibrils possibly by binding directly to the surface of the fibrils in vivo. Heparin is
widely used for the hemodialysis treatment as an anticoagulant. Although no significant
difference in the prevalence of Aβ2M amyloidosis was found between continuous ambulatory
peritoneal dialysis patients and hemodialysis patients carefully matched for time on dialysis
and age at the onset of dialysis [23], our study may suggest that heparin could exert a subtle
effect for the development of Aβ2M amyloidosis under some clinical conditions.

Those molecules are picked up from the results of in vitro amyloid fibril formation, extension,
and depolymerization, and further studies will be needed to analyze the histological relation‐
ship between those biomolecules and Aβ2M amyloid in the lesion.

2.4. Progress of bone disease after deposition of amyloid fibrils

It is not clearly understood the progress of bone disease after deposition of amyloid fibrils.
Deposited amyloidosis induces compression that induced CTS and joint arthropathy. Also
amyloid deposition induces local osteolysis that induced bone cysts and DSA. The progress
through synovial inflammation and subsequent osteoclastogenesis and/or osteoclast activa‐
tion through three possible pathways: (i) indirect action of inflammatory cytokines through
the expression in osteoblasts of receptor activator of nuclear factor-κB ligand/osteoprotegerin
ligand (RANKL/OPGL), (ii) direct action of inflammatory cytokines, and (iii) RANKL/OPGL
expression in inflammatory cells.

3. Clinical manifestations

3.1. Serum β2-m levels in patients undergoing dialysis treatment

Advanced CKD induces the serum level of β2-m to elevate due to the impaired metabolism
and excretion in the kidney. The average serum concentration levels of β2-m in patients
undergoing dialysis is significantly higher compared to those in normal subjects (25–45 vs. 1–
2 mg/L) [10, 24-27]. It is clearly understood that the impairment of metabolism in the kidney
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is the main cause of fluid retention in HD patients; however, it is not clear whether the
production of β2-m is increased with CKD and/or dialysis treatment. However, a study shows
that the amount of β2-m on the surface of granulocytes, lymphocytes and monocytes in
hemodialysis patients is higher than that in control subjects while mRNA expression of β2-m
in blood cells is no significant difference between them [28]. This result shows the possibility
that increased binding of β2-m to blood cells is one of major cause of retention of β2-m in dialysis
patients. Thus continuous higher serum levels of β2-m could induced DRA after long-term
dialysis treatment [24, 29].

3.2. Risk factors of DRA

Risk factors of DRA are (i) long-term dialysis treatment, (ii) initiation dialysis treatment in
young age, (iii) hemodialysis treatment with low purity dialysate, (iv) use of low-flux dialysis
membrane [30], while the pathogenesis of DRA with those risk factors is still incompletely
understood. Recently it has trend to use high-flux dialysis membrane and high purity dialysate
in hemodialysis treatment. However, progress of dialysis treatment as well as treatment for
other diseases makes better survival of dialysis patients and older initiation of dialysis
treatment. Thus long-term and old age dialysis patients increase, and DRA is still one of serious
complications for patients undergoing dialysis treatment.

Serum level of β2-m, precursor protein of DRA, increase in dialysis patients and is believed
most important for onset and progress of DRA. While cross sectional study shows no relation
between onset of DRA and serum level of β2-m [24], DRA may be onset after accumulation of
β2-m with long duration of dialysis treatment [29].

3.3. Clinical manifestations

Long-term dialysis treatment for end-stage kidney disease often induces the Aβ2-m amyloid
deposition in mainly osteoarticular tissues that induces various disorders, such as CTS, DSA,
and cystic bone lesions as well as in rarely systemic organs such as heart [31] and gastrointes‐
tinal tract [32] when disease is advanced. CTS is induced by the deposition of Aβ2-m amyloid
around synovium in carpal tunnel and the compression of median nerve. DSA is induced by
the deposition of Aβ2-m amyloid and the defect of bone in spine. It is radiographically
characterized by severe narrowing of the intervertebral disk space and erosions as well as cysts
of the adjacent vertebral plates. DSA lesions are mostly detected in the highly mobile areas,
such as C5–C7 and L3–L5 [33]. Cystic lesions occur in bones, such as carpal and femur that
Aβ2-m amyloid deposition is found around them. Cystic lesions as well as mineral bone
disorder associated with CKD increase the risk of bone fracture.

DRA, induce various osteo-articular disorders, is one of serious complications in patients
undergoing long-term dialysis treatment even improvement of dialysis treatment such as
dialysis membrane and dialysate [34, 35]. For example, we researched over a four year period
359 end-stage kidney disease patients undergoing dialysis treatment were admitted in our
center for the treatment of their dialysis-related complications [34]. DSA was a major cause of
hospital admission in the patients undergoing dialysis therapy for 20 years or more, and the
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rate increased along with the increasing duration of dialysis therapy. The incidence rate of
histories of surgeries for osteoarticular disorders, related to DRA was 25.0, 66.0, and 77.8 % in
20-24 years, 25-29 years, and 30 years or more after the initiation of dialysis therapy, respec‐
tively (Figure 3). In the patients undergoing dialysis therapy for 30 years or more, the incidence
rate of histories of surgeries for CTS, DSA, and joint arthropathy was 72.2%, 50.0%, and 22.2%,
respectively that indicated they had analogous histories of surgeries for various osteoarticular
disorders (Figure 4). These results indicate that the frequency and severity of osteoarticular
disorders which may be caused by DRA accelerated with the increasing duration of dialysis
therapy especially for the patients undergoing dialysis therapy for 30 years or more.

Figure 3. The incidence rate of histories of surgeries for osteo-articular disorders, related to dialysis-related amyloido‐
sis (DRA). The rate is 25.0, 66.0, and 77.8 % in 20-24 years, 25-29 years, and 30 years or more after the initiation of
dialysis therapy, respectively. In the patients undergoing dialysis therapy for 30 years or more, the rate for carpal tun‐
nel syndrome (CTS), destructive spondyloarthropathy (DSA), and joint arthropathy was 72.2%, 50.0%, and 22.2%, re‐
spectively.
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Figure 4. A case of long-term dialysis patients complicated with various osteo-articular disorders related to dialysis-
related amyloidosis (DRA). A man had end-stage kidney disease due to chronic glomerulo nephritis and received he‐
modialysis treatment for 30 years. He had various DRA-related osteo-articlular disorders, such as carpal tunnel
syndrome (CTS), joint artholopathy, and destructive spondyloartholopahty (DSA) that needed surgical treatment.

Next, we researched 102 patients undergoing dialysis treatment for 30 years or more in our
related hospitals, and their complication of osteoarticular disorders. The age at initiation of
dialysis therapy was 27.3 ± 7.7 years, and the duration of dialysis therapy was 32.3 ± 1.8 years.
The surgery for CTS was done for 80 patients (76%) in 21.6 ± 5.5 years after the initiation of
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dialysis therapy. All of those patients received the surgeries more than 2 times, furthermore,
some of them received more than 4 times for 30 years or more. The surgery for DSA was done
for 17 patients (16%) in 27.1 ± 4.7 years after initiation of dialysis treatment. There is dissociation
in the incidence of history of surgery for DSA between in our center [34] and in our related
hospitals while that for CTS was similar. The main reason may be that our center is a university
teaching hospital and severe patients are referred to our hospital. This is a major limitation,
however, it should be remembered that one of the main causes for admission was DSA in the
patients undergoing long-term dialysis therapy. Our results may suggest that DRA is one of
most serious complications in the patients undergoing dialysis therapy for 30 years or more.
Further study will be needed about the detail of DRA in the in long-term dialysis patients. In
our studies, the main factor associated with osteoarticular disorders which may be caused by
DRA was the duration of dialysis therapy despite the younger age at initiation of dialysis
therapy [34]. Other risk factors, such as dialyzer and dialysate could not be considered because
of the consistent improvements in the technologies from year to year. For example, long-term
dialysis patients had used the low-flux dialyzer for several years since initiating therapy, but
now use a high-flux dialyzer. Short-term patients however, have used the high-flux dialyzer
since the initiation of dialysis therapy.

In summary of our clinical research, the frequency and seriousness of osteoarticular disorders
which may be caused by DRA were accelerated with the duration of dialysis therapy, especially
in cases treated for 30 years or more.

4. Treatment for DRA

Main purpose of treatment for DRA is a) to prevent the deposition of Aβ2-m amyloid fibrils in
the lesions, and b) to relieve symptoms induced by Aβ2-m amyloid deposition. Remove β2-m
with dialysis treatment and suppression of systemic/local inflammation are beneficial to
prevent the deposition of Aβ2-m amyloid fibrils. Practically, it should be used biocompatible
high-flux dialysis membrane and high purity dialysate in hemodialysis treatment. In addition,
hemofiltration, hemodiafiltration, and use of β2-m adsorption column have much effect to
reduce β2-m and to improve symptoms [36]. Non-steroidal anti-inflammatory drugs or low
dose of steroid sometimes show relief of symptoms induced by Aβ2-m amyloid deposition
while use of steroid for long duration has risk to induce adverse effect, such as infection and
osteoporosis. Surgical treatments are needed when Aβ2-m amyloid deposition induces severe
osteoarticular symptoms.

4.1. Hemodialysis/hemodiafiltration

The use of high-flux dialyzer membrane leads to a reduction in the serum level of β2-m as
compared to using low-flux dialyzer membrane. In the HEMO Study [26], the predialysis
serum β2-m level was lower in the high-flux membrane group than in the low-flux membrane
group. In another study, switching of dialyzer from conventional to high-flux membrane
reduced the predialysis serum β2-m level [37]. Clinically, Küchle et al [38]examined the effect
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of polysulfone high-flux dialysis membrane in hemodialysis treatment, and showed less onset
of CTS, arthropathy and bone cysts as well as lower concentration of serum β2-m as compare
to use of low-flux dialysis membrane. The reason why high-flux membrane produces a lower
level of serum β2-m is not only that it promotes better clearance, but that it also increases the
binding of β2-m to blood cells, such as granulocytes, lymphocytes and monocytes [28]. High
purity dialysate with low endotoxin reduced serum β2-m, pentosidine, C-reactive protein, and
interleukin-6 [39] that probably accelerates Aβ2-m amyloid deposition.

Hemodiafiltration has better clearance of middle size molecules than HD and is known to
reduce the risk of progression of DRA. A recent multicenter prospective randomized study
revealed that on line HDF showed greater efficiency than HD with low-flux membrane in
reducing the basal level of β2-m [40].

4.2. HD with β2-m adsorption column

A β2-m adsorption column has been developed as a way to directly eliminate serum β2-m. This
adsorption column system is designed for direct hemoperfusion (Figure 5). Adsorption of β2-
m by this column is a result both of hydrophobic and molecular size-dependent interactions
between the ligand in the column and β2-m molecule. The effects of this column show the
reduction rate; 60.0-78.9 %, the amount of adsorption; 157-300 mg, serum β2-m after treatment;
6.8-13.5 mg/L with single treatment [41-43].

Figure 5. A schematic representation of hemodialysis treatment with β2-microglobulin (β2-m) adsorption column. The
β2-m adsorption column is placed in series with the dialyzer, with blood flowing through the column first.
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According to a prospective multicenter study, a β2-m adsorption column that was placed in
series with a polysulfone dialyzer increased serum β2-m reduction in patients undergoing
hemodialysis as compare to hemodialysis treatment without β2-m adsorption column [42].
This study also showed improvements of DRA-related symptoms, such as joint pain and
activity of daily living, and it may suggest that the column absorbs not only β2-m, but also
other molecules related to inflammation. Furthermore, a clinical study showed shrink the size
of bone cysts when they are checked by X-ray [43].

4.3. Other kidney replacement therapies

A significant inverse relationship is observed between residual renal function and serum β2-
m level [44]. This suggests that peritoneal dialysis may keep lower serum levels of β2-m because
of better maintenance of intrinsic renal function, but not peritoneal function, than hemodial‐
ysis. However the prevalence of histological DRA in peritoneal dialysis patients is not
significantly different from that observed in a group of hemodialysis patients matched for age
and dialysis duration [23]. End-stage kidney disease patients can do peritoneal dialysis only
for 5-10 years, and it is difficult to discuss which treatment shows benefit to prevent DRA. A
radical approach for DRA is kidney transplantation that reduces serum β2-m, improves
symptoms related to DRA and inhibits the progression [45]. The effects of kidney transplan‐
tation on DRA probably due to not only recover of kidney function but also effect of immu‐
nosuppression therapy.

4.4. Medical and surgical treatment

Use of steroid shows beneficial effect for the pain induced by DRA while surgical treatment
will be needed for advanced CTS and DSA. However, DSA induces serious neurological
symptoms and it is sometimes hard to relief them with surgery. For example, 95 of 865 patients
undergoing dialysis treatment had surgeries for DSA, while rate of post-operative complica‐
tions, such as infection and cardiac events, was much higher than those without DSA [46].

5. DRA, a part of chronic kidney disease-mineral and bone disorder

Chronic kidney disease-mineral and bone disorder (CKD-MBD) is a systemic disorder, which
consists from abnormal levels of mineral-related bicochemistries, bone abnormalities, and soft
tissue calcification [47]. Various types of bone abnormalities are observed in CKD patients,
such as high-turnover bone disease and osteomalacia. DRA causes bone abnormalities in
patients undergoing dialysis treatment. Bone cyst, joint arthropathy, and DSA are frequency
and specifically found in patients especially undergoing long-term hemodialysis therapy [48].
It remains controversial whether DRA and related osteopathy should be included in CKD-
MBD. However, DRA is at least closely involved with CKD-MBD, from the view point of
preventing osteoarticular complications in dialysis patients (Figure 6).
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Figure 6. Dialysis-related amyloidosis (DRA) in chronic kidney disease-mineral bone disorder (CKD-MBD). CKD-MBD as
well as DRA contains various types of bone abnormalities. Furthermore, β2-microglobulin/DRA may be involved with
cardiovascular disease, bone fracture, and mortality which are clinical outcomes of CKD-MBD. In the view point of
bone abnormalities, DRA may be related strongly with CKD-MBD.

CKD- MBD contains various types of bone abnormalities, such as high-turnover bone disease,
osteomalacia, and adyanmic bone disease. DRA, such as bone cyst, joint arthropathy and DSA,
also causes bone abnormalities and is included in renal osteodystorphy. Recently, some groups
reported the relation between serum levels of β2-m and atherosclerosis [49] or mortality [26],
thus β2-m/DRA may be involved with cardiovascular disease, bone fracture, and mortality
which are clinical outcomes of CKD-MBD. In the view point of bone abnormalities, DRA
related osteopathy may enhance the serious bone disorder, such as bone fractures and DSA,
in the presence of other bone abnormalities, such as high-turnover bone disease and osteo‐
malacia. DRA is a serious complication in patients who are receiving long-term dialysis
therapy and obviously seems more harmful than other osteodystrophy in terms of mainte‐
nance of their ADL and quality of life. Further studies will be needed for this assumption.

6. Conclusion

DRA is still one of major and serious complications in end-stage kidney disease patients
undergoing long-term dialysis treatment. Several biomolecules that may relate to Aβ2M
amyloidogenesis are raised from in vitro studies, and that will be needed to investigate the
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involvement in amyloid deposition in vivo. These findings will develop more beneficial
prevention and treatment for DRA as well as improvement of dialysis treatment.
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1. Introduction

Amyloidosis is a term used for some clinical disorders that result from deposition of in‐
soluble amyloid fibrils in extra- and intracellular spaces leading to many tissue dysfunc‐
tions and disrupt tissue architectures in human body. These set of disorders with similar
pathophysiology, and involvement of metabolic pathways result in protein deposition in
different tissue.[1-3]

Amyloid deposits in various groups of amyloidosis have these common findings:

1. Homogeneous granular, filamentous eosinophilia in hematoxylin and eosin staining.

2. Metachromasia in crystal violet staining.

3. Ultraviolet fluorescence in Thioflavin-T staining

4. Orange-red staining with Congo red, which exhibits two additional properties – Bire‐
fringence (ability to rotate polarized light by 90°) and Dichroism (red to green color
change under polarized light).

These amyloid proteins can be classified into:

a. Immunoglobulin light chains (AL) in primary systemic amyloidosis.

b. Amyloid A protein (AA) in secondary amyloidosis.

c. Transthyretine in familial amyloidosis.

d. A protein known as Amyloid P component (AP ). These conditions may be primary or
secondary, localized or systemic, and familial or nonfamilial. Primary systemic amyloi‐
dosis includes so many clinical disorders like heart failure, gastrointestinal tract in‐
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volvement, neuropathies, and other disorders. Secondary systemic amyloidosis results
from chronic inflammatory diseases such as tuberculosis or syphilis. [4-8]

Various ocular structures may be involved in any subgroup of systemic amyloidosis, as well
as in localized amyloidosis limited to the eye. We will discuss in detail in this chapter about
ocular manifestations of amyloidosis. Table-1 summarizes ocular involvements of different
subgroups of amyloidosis.

Structure Involvement Amyloidosis Classification Comment

Eyelids ,Orbit & Adnexa Waxy eyelid papules with purpura, Primary Systemic

Proptosis, diplopia, Ptosis,

accommodative paresis

Primary localized, primary systemic

Keratoconjunctivitis sicca, upper lid

mass

Primary localized, primary systemic,

secondary systemic

Conjunctiva Tumefactive or diffuse yellow infiltrative

masses

Primary localized, secondary

localized, primary systemic

Cornea Polymorphic Amyloid Degeneration Primary localized Secondary to climatic Effects

Primary Gelatinous Drop-Like Dystrophy Primary localized Autosomal-Dominant

Inheritance

Lattice Stromal Dystrophy (Type I, III) Primary localized Autosomal-Dominant

Inheritance

Lattice Stromal Dystrophy (Type II =

Meretoja Syndrome )

Primary systemic Autosomal-Dominant

Inheritance with Systemic

Symptoms

Anterior Chamber Particulate glaucoma Heredofamilial (neuropathic)

Scalloped pupils, amyloid particles

pupillary margin

Heredofamilial (neuropathic),

primary systemic

Retina and Vitrous Fundus abnormalities, decreased vision Heredofamilial, I and II

(neuropathic)

Table 1. Amyloidosis presentations in different ocular tissue

1.1. Periorbital and orbital amyloidosis

Ophthalmic presentations of Amyloidosis are not a common entity. Amyloidosis can affect
any ocular and periocular structures with multifarious clinical presentations so reaching to
correct diagnosis is often an arduous task. Periocular and orbital amyloidosis is generally a
slowly progressive disease, but it potentially can lead to devastating ocular complications.

The most common signs and symptoms include: visible or palpable periocular mass or tis‐
sue infiltration and ptosis. Other less common signs are; pain or periocular discomfort, re‐
current periocular subcutaneous haemorrhages, keratoconjunctivitis sicca, ocular motility
disturbances, pupillary abnormalities, proptosis and globe displacement. Proptosis may re‐
sult from a localized orbital mass or from diffuse amyloid infiltration. Mild pain or painless

Amyloidosis86

status in clinical presentations of ocular amyloidosis can differentiate this disease from idio‐
pathic inflammatory pseudotumor.[9-11]

In this section different involvements of periorbital tissues by amyloidosis will be discussed
in detail.

2. Eyelid involvement

Dermal and ocular amyloidosis can affect eyelid skin either as a part of primary systemic
amyloidosis or secondary to dermal conditions like basal cell carcinoma, Bowen’s disease
and seborrhoeic keratosis.

Nodular or diffuse deposits of amyloid in eyelids are either unilateral or bilateral. Eyelids
can be either isolated site of involvement or get involved beside the other sites (e.g. scalp,
head and neck or axillae).

Eyelid skin is the preferred site of amyloid deposits both in primary and secondary (reac‐
tive) amyloidosis; so unlike other periocular amyloidoses, eyelid skin involvement indicates
systemic workup for presence of systemic disease and even some ophthalmologists believe
that cutaneous involvement of the eyelid is a sign of primary systemic amyloidosis unless
otherwise proved; on the other hand periocular involvements that spares eyelid skin is
probably localized.

Amyloid protein deposits in the eyelid skin vessel walls and secondarily increase their fra‐
gility, making them very susceptible to hemorrhage after minor trauma (or even spontane‐
ously), so waxy eyelid papules with hemorrhagic appearance can be diagnostic clue of
systemic amyloidosis.

Dermatologic conditions like basal cell carcinoma, Bowen’s disease, and seborrheic keratosis
can lead to secondary localized forms of amyloid deposits in the eyelids although this condi‐
tion is a histopathologically incidental finding.

(a) (b) 

Figure 1. Waxy eyelid papules (A ) with hemorrhagic appearance (B ) in systemic amyloidosis Sophie R Silverstein MB
BChir MA; Primary, systemic amyloidosis and the dermatologist: Where classic skin lesions may provide the clue for
early diagnosis; Dermatology Online Journal 11 (1): 5

Ocular Presentations of Amyloidosis
http://dx.doi.org/10.5772/53910

87



volvement, neuropathies, and other disorders. Secondary systemic amyloidosis results
from chronic inflammatory diseases such as tuberculosis or syphilis. [4-8]

Various ocular structures may be involved in any subgroup of systemic amyloidosis, as well
as in localized amyloidosis limited to the eye. We will discuss in detail in this chapter about
ocular manifestations of amyloidosis. Table-1 summarizes ocular involvements of different
subgroups of amyloidosis.

Structure Involvement Amyloidosis Classification Comment

Eyelids ,Orbit & Adnexa Waxy eyelid papules with purpura, Primary Systemic

Proptosis, diplopia, Ptosis,

accommodative paresis

Primary localized, primary systemic

Keratoconjunctivitis sicca, upper lid

mass

Primary localized, primary systemic,

secondary systemic

Conjunctiva Tumefactive or diffuse yellow infiltrative

masses

Primary localized, secondary

localized, primary systemic

Cornea Polymorphic Amyloid Degeneration Primary localized Secondary to climatic Effects

Primary Gelatinous Drop-Like Dystrophy Primary localized Autosomal-Dominant

Inheritance

Lattice Stromal Dystrophy (Type I, III) Primary localized Autosomal-Dominant

Inheritance

Lattice Stromal Dystrophy (Type II =

Meretoja Syndrome )

Primary systemic Autosomal-Dominant

Inheritance with Systemic

Symptoms

Anterior Chamber Particulate glaucoma Heredofamilial (neuropathic)

Scalloped pupils, amyloid particles

pupillary margin

Heredofamilial (neuropathic),

primary systemic

Retina and Vitrous Fundus abnormalities, decreased vision Heredofamilial, I and II

(neuropathic)

Table 1. Amyloidosis presentations in different ocular tissue

1.1. Periorbital and orbital amyloidosis

Ophthalmic presentations of Amyloidosis are not a common entity. Amyloidosis can affect
any ocular and periocular structures with multifarious clinical presentations so reaching to
correct diagnosis is often an arduous task. Periocular and orbital amyloidosis is generally a
slowly progressive disease, but it potentially can lead to devastating ocular complications.

The most common signs and symptoms include: visible or palpable periocular mass or tis‐
sue infiltration and ptosis. Other less common signs are; pain or periocular discomfort, re‐
current periocular subcutaneous haemorrhages, keratoconjunctivitis sicca, ocular motility
disturbances, pupillary abnormalities, proptosis and globe displacement. Proptosis may re‐
sult from a localized orbital mass or from diffuse amyloid infiltration. Mild pain or painless

Amyloidosis86

status in clinical presentations of ocular amyloidosis can differentiate this disease from idio‐
pathic inflammatory pseudotumor.[9-11]

In this section different involvements of periorbital tissues by amyloidosis will be discussed
in detail.

2. Eyelid involvement

Dermal and ocular amyloidosis can affect eyelid skin either as a part of primary systemic
amyloidosis or secondary to dermal conditions like basal cell carcinoma, Bowen’s disease
and seborrhoeic keratosis.

Nodular or diffuse deposits of amyloid in eyelids are either unilateral or bilateral. Eyelids
can be either isolated site of involvement or get involved beside the other sites (e.g. scalp,
head and neck or axillae).

Eyelid skin is the preferred site of amyloid deposits both in primary and secondary (reac‐
tive) amyloidosis; so unlike other periocular amyloidoses, eyelid skin involvement indicates
systemic workup for presence of systemic disease and even some ophthalmologists believe
that cutaneous involvement of the eyelid is a sign of primary systemic amyloidosis unless
otherwise proved; on the other hand periocular involvements that spares eyelid skin is
probably localized.

Amyloid protein deposits in the eyelid skin vessel walls and secondarily increase their fra‐
gility, making them very susceptible to hemorrhage after minor trauma (or even spontane‐
ously), so waxy eyelid papules with hemorrhagic appearance can be diagnostic clue of
systemic amyloidosis.

Dermatologic conditions like basal cell carcinoma, Bowen’s disease, and seborrheic keratosis
can lead to secondary localized forms of amyloid deposits in the eyelids although this condi‐
tion is a histopathologically incidental finding.

(a) (b) 

Figure 1. Waxy eyelid papules (A ) with hemorrhagic appearance (B ) in systemic amyloidosis Sophie R Silverstein MB
BChir MA; Primary, systemic amyloidosis and the dermatologist: Where classic skin lesions may provide the clue for
early diagnosis; Dermatology Online Journal 11 (1): 5

Ocular Presentations of Amyloidosis
http://dx.doi.org/10.5772/53910

87



Primary localized cutaneous amyloidosis of eyelid is not a common condition and can be
overlooked easily. In this condition we can see Amyloid light chains (AL) deposits in the tis‐
sue. As this condition is usually associated with B-cell or Plasma cell proliferation so plasma
cell dyscrasia must be excluded.[9,11,12-16]

3. Orbital involvement

Orbital involvement is more common in primary compared to secondary amyloidosis and is
rare in hereditary/familial or senile amyloidosis. Localized amyloidosis is a rare condition
usually affecting head and neck region and only 4% of them involve orbital region. Al‐
though some sight threatening complications like secondary glaucoma and optic neuropa‐
thy have been reported, orbital localized amyloidosis is usually considered a benign
condition with a slowly progressive nature.

Two types of localized orbital amyloidosis have been described. One type presents with pro‐
gressive proptosis and limitation of ocular movements and is associated with bilateral nodu‐
lar infiltration of extraorbital muscles and nearby adnexal tissues. Second form is rare cases
of Amyloidoma that occurs usually in anterior orbital region next to lacrimal glands. These
Amyloidomas have yellow waxy appearances with fragile consistency that shows calcifica‐
tion in orbital CT-scan. [10, 17-22]

Ptosis and Ophthalmoplegia are two common clinical presentations of periocular involve‐
ment that can occur coincidentally or respectively (ophthalmoplegia may follow the ptosis
by weeks or months). These two manifestations are due to infiltration and secondary ne‐
crosis of extraocular muscles, including levator and Muller’s Muscles.

Although Extra-Ocular muscle involvements can present with proptosis, ocular motility re‐
strictions or diplopia, in some cases no prominent signs suggestive of this involvement can
be found and Orbital imaging is necessary to make the accurate diagnosis.[9-11,23]

Lacrimal gland involvement is not common in amyloidosis and most commonly presents
with hard and mobile Superior-temporal orbital mass, rarely fixated to periocular bones.
Other manifestations include proptosis, ocular motility disorders, keratoconjunctivitis Sicca
and mild pain.

Amyloid  deposits  in  systemic  Amyloidosis  involve  lacrimal  glands  bilaterally,  whereas
primary localized amyloidosis usually affects them unilaterally.  Lacrimal Gland involve‐
ment can mimic disorders like vascular malformations, dacryoadenitis,  or lacrimal gland
neoplasms.

Computed tomography and MRI although not diagnostic but are important in localizing the
involved orbital structures. Lacrimal gland involvement on orbital CT scan usually presents
as a homogenous mass, with a slightly higher density than brain with involvement of near‐
by extra-ocular muscles, although sometimes lobulated gland with areas of calcification and
orbital wall erosion can be seen.

Amyloidosis88

Figure 2. Patient-1. (a) Right-sided ptosis. (b) Orbital mass prolapsing through the right upper fornix. (c) and (d) Intra‐
operative photographs at the time of biopsy. (e) First CT orbits showing the right-sided orbital mass. (f) Repeat CT 9
years later showing the mass to be unchanged. Patient-2. (g). Translucent, yellow, and nodular orbital mass prolapsing
through the left upper fornix. (h) MRI of orbits showing the mass in the left orbit. S Dinakaran, A D Singh and I G Ren‐
nie: Orbital amyloidosis presenting as ptosis; Eye (2005) 19, 110–112. doi:10.1038/sj.eye.6701411
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Although both CT and MRI can be useful in detecting the involvement of periocular tissue
in amyloidosis, CT scan is generally more informative than MRI because of the higher sensi‐
tivity in detecting specific bone changes and calcifications.

The mass effect can cause globe displacement. Extraocular muscle enlargement, soft tissue
infiltration/mass, and calcifications are also characteristic findings on imaging and are seen
almost always in orbital involvement.

Other signs of extra-ocular muscle involvement include highly irregular nodular enlarge‐
ment of muscles with extension to nearby fat tissue with a reticular pattern, fusiform en‐
largement of muscles with islands of calcification. Extraocular muscle tendons usually are
spared. and muscle involvement may be either unilateral or bilateral. [ 9,11,22-26]

4. Optic nerve involvement

Although orbital amyloidosis rarely involves optic nerve primarily, orbital or muscular
amyloid masses especially those located at the orbital apex can involve optic nerve seconda‐
rily and can lead to vision loss. Moreover compressive optic neuropathy secondary to dural
infiltration is another cause of optic nerve involvement. As a rule, the neuropathic amyloi‐
dosis spares the optic nerve.[9-11]

5. Conjunctival involvement

A primary localized form of Amyloidosis is Amyloid plaque deposition in substantia prop‐
eria of the conjunctiva that usually occurs in healthy young and middle-aged persons with
no sex predilection.

The conjunctiva can either be the only site of involvement or involve as well as other struc‐
tures like the orbicularis occuli or levator muscles. Nodular or diffuse amyloid deposits in
these structures can clinically present with Salmon patch nodules and blephariptosis. Con‐
junctival amyloidosis usually involves the fornixes (superior fornix more than inferior) and
tarsal conjunctiva. Amyloid deposits may be unilateral or bilateral and have firm or rubbery
and waxy appearance.

Conjunctival deposits are usually painless, but may cause epiphora or significant local swel‐
ling and irritation. Recurrent subconjunctival haemorrhages is another presenting symptom
of conjunctival amyloidosis that can be missed easily and is usually due to increased fragili‐
ty of orbital vasculature secondary to amyloid deposits.

Although initial systemic evaluation for primary systemic amyloidosis in patients with con‐
junctival deposits is usually negative, progression of a local primary-amyloidosis to a sys‐
temic disease has been reported and should be kept in mind when following a presumed
localized amyloid patient. Although disorders like trachoma, recurrent bacterial conjunctivi‐
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tis, or immune conjunctival involvements like GVHD can lead to secondary conjunctival
Amyloidosis, this is not a common phenomenon.

(a) (b) 
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In review of literatures some reports can be seen about conjunctival amyloid deposits after
recent strabismus surgery and conjunctival involvement secondary to reactive systemic
amyloidosis in rheumatoid arthritis.[9-11, 27-33]

6. Management of periocular and ocular amyloidosis

For diagnosis of periorbital and orbital amyloidosis usually tissue biopsy is required and
Congo red staining shows characteristic  red-green dichroism in  unidirectional  polarized
light.

The first  step in  management  of  periocular  amyloidosis  is  determining the  type of  dis‐
ease and coincidental systemic involvement. Some treatment modalities like Surgical de‐
bulking,  radiotherapy and observation have been descried for  localized amyloidosis  but
surgical debulking remained mainstay of treatments in patients with symptomatic diseas‐
es including ocular motility disturbances,  compressive optic neuropathy, and unaccepta‐
ble cosmetic appearance.

In patients with medical contraindications for surgery or with extensive infiltrative disease,
radiotherapy either with or without surgical debulking may be useful.

Observation is a choice of treatment in asymptomatic or mildly symptomatic patients with
localized amyloidosis.

Because complete surgical excision of periocular masses is not possible in most patients, and
some case reports showed significant progression after surgical debulking, often symptom
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revealing treatments for restoration of visual functions and prevention of ocular complica‐
tions is the goal of treatment.

For Extensive conjunctival infiltration close follow-up is the best option because surgical re‐
moval and other modalities are not effective for these lesions.[9-11]

7. Anterior chamber involvement

Anterior chamber involvement is usually accompanied by vitroretinal involvement in he‐
reditary systemic amyloidosis. Clinical manifestations in this form of involvement include
white flocculent debris in aqueous, anterior lens capsule and on the iris surface and scal‐
loped pupil borders that indicate amyloid deposition in iris stroma or disruption of para‐
sympathetic innervation of the iris sphincter.

Hallmark of ocular amyloidosis presenting in anterior chamber is amyloid glaucoma that
is very similar to pseudoexfoliation syndrome and only microscopic studies can differen‐
tiate these entities. A close relationship between the onset of glaucoma and pupillary ab‐
normalities  has  been  described  in  this  condition.  This  is  a  unilateral  asymmetric
condition with multiple mechanisms involved in its pathophysiology. Increased episcleral
venous  pressure  secondary  to  perivascular  amyloid  deposition  and increased  resistance
to  aqueous  outflow  are  two  probable  mechanisms  of  increased  intra-ocular  pressure
(IOP) in this situation. Familial amyloid polyneuropathy (FAP) is often complicated with
glaucoma and vitreous opacity.

As previously mentioned amyloid deposition on the pupil border is a strong predictor of
glaucoma. It is proposed that fringed pupil may be secondary to high amount of amyloid
deposit on the pupil border and these deposits may involve trabecular meshwork, reduce
aqueous outflow and secondarily increase intra-ocular pressure (IOP).

Medical management with aqueous suppressants is treatment of choice to decrease IOP but
vitrectomy may have some benefits in aphakic eyes. [34-40]

8. Iris involvement

As in amyloid glaucoma, iris stromal deposits originated from blood vessels in amyloidosis
is associated with vitreoretinal diseases and usually occur in familial amyloid polyneurop‐
athy (FAP ).

Scalloped border pupils have been found to be the classic sign of iris involvement in amyloi‐
dosis, although not a pathognomonic sign.

Secondary localized Amyloidosis has been reported after conditions like recurrent or chron‐
ic uveitis and rare disease like ocular leprosy.

Amyloidosis92

Figure 4. Scalloped pupil seen in heredofamilial neuropathic amyloidoses. From Lessell S, Wolf PA, Benson MD, Cohen
AS: Scalloped pupils in familial amyloidosis. Reprinted from the New England Journal of Medicine, 1975; 293:914–915.

Histopathological review of eyes from patients with rheumatoid arthritis has showed amy‐
loid deposition in iris and posterior uvea. More than the iris, the choroid may also be infil‐
trated with amyloid in patients with primary systemic amyloidosis.

There are some reports of pupillary abnormality such as pupillary deformity, decrease in
pupillary reaction to light, and amyloid deposition in the pupillary border. [34-35,41,42]

9. Vitreoretinal involvement

Vitreous Amyloidosis as a rare condition usually presents in Familial Amyloid Polyneurop‐
athy (FAP) but isolated vitreous deposits in the absence of a family history (primary nonfa‐
milial amyloidosis of the vitreous) are extremely rare. FAP usually results from mutations in
transthyretin (TTR) gene and is the most common form of hereditary amyloidosis. Although
TTR (also known as prealbumin) is usually produced in the liver, retinal pigment epitheli‐
um and choroid plexus of brain can synthesize this protein too. TTR transfers thyroxine and
retinol binding proteins in plasma.

Vitreous opacities, manifested as bilateral (but highly asymmetric) cobweb-like or sheet-like
veils or string of pearls white opacities are the most common presentations of this condition,
and density of this opacities determines severity of visual symptoms. These symptoms in‐
clude glare, floater, blurred vision and acute decrease in vision secondary to dislocation of
these opacities to the visual axis. These vitreous opacities usually spread from cortical vitre‐
ous to the center and are often the only sign of ocular involvement but can be in association
with other signs like Iris deposits, choroidal infiltration and amyloid glaucoma. Unfortu‐
nately this condition can be misdiagnosed easily with uveitis, vitritis, intra-ocular lympho‐
ma, and vasculitis. In FAP, vitreous opacity incidence is variable between 5.4% and 35%.
Vitreous involvement in FAP may be accompanied by other organs involvement so systemic
workup is necessary.
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Retinal vessels usually appear normal in vitreous involvement, although sometimes these
opacities may involve perivascular regions and appear as focal plaques, tortuosity, beading
or vascular sheathing. Retinal vasoocclussive accidents that appear as cotton-wool spots and
neovascularizations have been reported too.

Figure 5. Congo red preparation of amyloid infiltration of outer retinal vessel wall. From Schwartz MF, Green WR, Mi‐
chels RG, et al: An unusual case of ocular involvement in primary systemic nonfamilial amyloidosis. Ophthalmology
1982; 89:394–401.

Figure 6. Typical lens footplates seen in advanced vitreous amyloidosis (deposits aligning themselves on posterior lens
capsule). From Doft BH, Machemer R, Skinner M, et al: Pars plana vitrectomy for vitreous amyloidosis. Ophthalmology
1987; 94:607–611.

Retinal hemorrhages with dot and linear shapes may be seen. In angiography, retinal vascu‐
lar involvement present with blockage from vasocclusive abnormalities and focal or diffuse
leakage that is more prominent in posterior pole than retinal periphery. Another clinical
presentation of vitreous amyloidosis is central vitreous opacities that make footplate-like
opacities on the posterior lens capsule.

Amyloidosis94

In OCT (optical coherence tomography) veil like vitreous opacities shows needle-shaped de‐
posits on the retinal surface that extend to the vitreous cavity and immunohistochemistry
studies demonstrate amyloid-light chain deposits.

Figure 7. Magnified view of vitreous opacification. From Schwartz MF, Green WR, Michels RG, et al: An unusual case of
ocular involvement in primary systemic nonfamilial amyloidosis. Ophthalmology 1982;89:394–401.

Treatment modalities for vitreous amyloidosis is limited to vitrectomy and leads to signifi‐
cant visual improvement, but unfortunately opacities can reoccur in one-fourth of patients
over months. Incomplete vitrectomy proposed as the reason of this amyloid reaccumulation.
Tight adhesion of these opacities to the perivascular regions potentially can lead to forma‐
tion of retinal breaks during surgery.

Glaucoma as an independent condition in vitreous amyloidosis or concurrently developed
complication, can be managed with filtering surgery at the time of vitrectomy or at any time
postoperatively.[43-55]

10. Amyloidosis of the cornea

The Cornea as an important transparent structure of human visual system can be affect‐
ed in Systemic and localized amyloidosis, either as a primary site of Amyloid deposition
or secondarily.

Primary localized corneal amyloidosis consists of two localized inherited corneal involvements,
gelatinous droplike dystrophy and lattice corneal dystrophy types I and III. In these dystro‐
phies the amyloidosis is localized to the cornea without systemic manifestations.

Primary systemic amyloidosis is known as lattice corneal dystrophy type II (LCD II), (also
known as familial amyloidotic polyneuropathy type IV, or Meretoja syndrome.)
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Secondary localized corneal amyloidosis has been observed in a variety of corneal and ocular
diseases such as trichiasis, trachoma, leprosies, sarcoidosis, interstitial keratitis, phlyctenular
keratitis, uveitis, chronic post-traumatic inflammation, glaucoma, and keratoconus.

Secondary systemic amyloidosis does not affect the cornea.[56-59]

11. Gelatinous drop-like corneal dystrophy

Gelatinous drop-like corneal dystrophy (GDCD),( also known as : Lattice corneal dystro‐
phy type III,  Familial  subepithelial  corneal  amyloidosis,  primary familial  amyloidosis  of
the cornea) is a rare corneal dystrophy,first described by Nakaizumi in 1914 and mainly
affects Asian descent but can occurs in diverse ethnic groups throughout the US, Europe
and the Asia.14,15

Inheritance pattern of this dystrophy is Autosomal Dominant and its gene ( TACSTD2
gene ) located on 1p32. Although More than 25 mutations in TACSTD2 gene encoding Tu‐
mor-associated calcium signal transducer 2 have been described,some patients with this corneal
dystrophy doesn’t have this mutation suggesting genetic heterogenicity and probability in‐
volvement of other genes in this autosomal recessive disease.

This dystrophy presents in young adulthood (within the 1st and 2nd decades ) and tends to
be slowly progressive.

Figure 8. Primary, gelatinous droplike dystrophy of the cornea. From Ohnishi Y, Shinoda Y, Ishibashi T, Taniguchi Y:
The origin of amyloid in gelatinous drop-like corneal dystrophy. Curr Eye Res 1982–1983; 2:225–231.

Cornea of this patients on slit-lamp biomicroscopy shows gelatinous white deposits of amy‐
loid in the subepithelial and Bowman Layer, gives multilobulated mulberry-like appearance
to the cornea. These deposits spread laterally and deeply within the stroma with time and

Amyloidosis96

can make larger nodular lesions leading to photophobia, vision loss and foreign body sensa‐
tion. These lesions marked on with fluorescein staining and sometimes superficial vasculari‐
zation appears on the cornea. Sever vision loss is secondary to coalescence of this deposits
on the cornea surface. Some cases of cataract have been reported in young patients with this
dystrophy. Fusiform appearance of deposits in corneal stroma of some patients resembles
Lattice Corneal Dystrophy (LCD) and some ophthalmologists categorize Gelatinous Drop-
like dystrophy as LCD type III. In this disease, the amyloid contains lactoferrin, but the dis‐
ease is not linked to the lactoferrin gene.

Treatment is with repeated superficial keratectomy because of early recurrences on corneal
grafts. In GDCD, the response to both lamellar and penetrating keratoplasty as well as to a
superficial keratectomy is unsatisfactory as amyloid deposition recurs in the graft within
about 5 years. Soft contact lenses are effective in managing the abnormal epithelial permea‐
bility to decrease recurrences.[56-69]

12. Lattice Corneal Dystrophy (LCD)

Lattice corneal dystrophy is the second form of inherited localized amyloidosis and is the
most common form of corneal stromal dystrophies. This dystrophy typically is a bilateral
disease with an autosomal dominant inheritance which presents at the first and second dec‐
ade of life with symptoms like recurrent corneal erosion and decreased vision.

The term of Lattice for this dystrophy has been originated for the network of thin and deli‐
cate interdigitating branching opacities of the cornea in two separate common types of this
stromal dystrophy. Lattice Corneal Dystrophy type 1 (LCD I ) and its variants are due to a
specific mutation in the TGFBI gene and patients with this form of corneal dystrophy have
no systemic manifestations, but in LCD type II systemic manifestations are inevitable part of
corneal disease and this form resulting from a mutation in Gelsolin (GSN) gene.

Five subtypes of  LCD have been identified,we will  discuss  in  this  section about  Lattice
corneal dystrophy type I, II,III. Other sub-types of this dystrophy are very rare disorders.
[56,70,75]

12.1. Lattice dystrophy type ( I )

This type of LCD is the most common form and also known as Biber-Haab-Dimmer corneal
dystrophy. LCD1 usually presents its manifestations at the end of the first decade of life, but
occasionally it begins in middle life and rarely in infancy and typically is a bilateral disease
although occasional unilateral involvement may occur. Corneal sensation is often decreased
and the network of interdigitating corneal filamentous opacities has some similarity to
nerves, although these lesions are not apparent in all affected members of families with
LCD1. Although LCD 1 is seen most often in the western world but some cases have been
reported from Bulgaria, Spain and China.
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Characteristics Lattice Corneal Dystrophy Gelatinous drop-

like corneal

dystrophy

Type I Type II Type III

Usual age at onset <10 years >20 years >40 years <20 years

Visual acuity Markedly impaired by age 40–

60 years

Usually good until after age

65 years

Impaired after

60 years

Markedly impaired

by age 10–30 years

Systemic

amyloidosis

No Yes No No

Mode of

inheritance

Autosomal dominant Autosomal dominant Autosomal

recessive

Autosomal

recessive

Facies Normal Masklike facial expression,

blepharochalasis, floppy

ears, protruding lips

Normal Normal

Nervous system Normal Cranial and peripheral nerve

palsies

Normal Normal

Skin Normal Dry, itchy, and lax with

amyloid deposits

Normal Normal

Cornea Delicate interdigitating network

of filaments; no lines present at

early stage; lines difficult to see
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Thick and radially oriented

lines
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nodules

Episodic corneal
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Table 2. Comparison of Inherited Varieties of Corneal Amyloidosis.

At the time of presentation in the first or second decade of life Rod-like fine glassy opacities
in the anterior stroma appear and over time this opacities become denser and combine to‐
gether and make a network of linear branching and interdigitating opacities. These opacities
usually are denser anteriorly and centrally but peripheral cornea is usually spared and clas‐
sical branching lattice figures may not be present in all cases. The lines are relatively fine, as
opposed to the more ropy opacities seen in lattice dystrophy Type III.

LCD I in light microscopy reveals Amyloid deposits in anterior stroma and subepithelial region
that may lead to poor adhesion between corneal epithelium and stroma and secondary recur‐
rent corneal erosion. Other pathologic features of this dystrophy in light microscopy include
epithelial atrophy and disruption, degeneration of basal epithelial cells, and focal thinning or
absence of Bowman layer increasing progressively with age and presence of an eosinophilic
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layer between the epithelial basement membrane and Bowman layer. Stromal deposition of the
amyloid substance can lead to distortion of the corneal lamellar architecture. Amyloid deposi‐
tion in this dystrophy shows typical Amyloid histopathologic features including metachroma‐
sia with crystal violet; ultraviolet fluorescence (yellow-green) with Thioflavin T; and orange-
red staining with Congo red and stain with periodic acid-Schiff, and Masson's trichrome,
exhibits dichroism and birefringence previously mentioned in this chapter.

Figure 9. Lattice corneal dystrophy type I. Klintworth Orphanet Journal of Rare Diseases 2009 4:7 doi:
10.1186/1750-1172-4-7

Figure 10. Lattice dystrophy Type 1.HistopathologyusingCongoredstain showstheamyloidaccumulationsthroughout‐
thestromaarrows Yanoff & Duker: Textbook of Ophthalmology, 3rd ed. )
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Figure 11. Lattice corneal dystrophy type I variant. Deposits of amyloid throughout the corneal stroma due to a p.
Ala546Asp mutation in the TFGFBI gene in a patient with a variant of LCD type 1. Eifrig DE Jr, Afshari NA, Buchanan
HW IV, Bowling BL, Klintworth GK: Polymorphic corneal amyloidosis: a disorder due to a novel mutation in the TGFBI
(BIGH3) gene. Ophthalmology 2004, 111:1108-1114

Diagnosis of LCD I is based on clinical findings. As mentioned before; this dystrophy has an
autosomal dominant inheritance and is due to mutation in the TGFBI gene resulting in iso‐
lated amyloid deposition in the cornea without any systemic manifestation.

Recurrent corneal erosions as a common complication of this dystrophy can be manage with
options like therapeutic contact lenses, superficial keratectomy or phototherapeutic keratec‐
tomy. Despite the fact that this dystrophy may recur in the corneal grafts, severe cases of
lattice dystrophy with decreased vision can be treated with lamellar keratoplasty (DALK) or
Penetrating Keratoplasty (PK).[56,70-79]

12.2. lattice dystrophy type II

(Familial amyloid polyneuropathy Type IV (Finnish type), also known as Meretoja's syn‐
drome)

This dystrophy as a part of systemic disease involves corneal stroma bilaterally and is simi‐
lar to LCD I, histopathologically and clinically but fine glass-like lines are randomly scat‐
tered, radially oriented, less numerous, and more delicate, than those in LCD I. Stromal
lattice lines in this dystrophy reach to the peripheral cornea and limbus and central cornea is
almost spared in contrast to LCD I. Although corneal sensitivity and nerve density is re‐
duced in this type of LCD, Lattice lines are not related to corneal nerves. Patients with this
disease are at increased risk of Open-Angle Glaucoma.

This dystrophy is secondary to the GSN (Gelsolin) gene mutation located on chromosome 9.
Gelsolin is an actin severing protein and the abnormal Gelsolin molecule leads to deposition
of highly amyloidogenic protein throughout the body. Amyloid deposits in this systemic
disease can be seen in the conjunctiva, sclera, and ciliary body, along the choriocapillaris, in
the ciliary nerves and vessels, and in the optic nerve. Extraocularly, amyloid is detected in
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arterial walls, peripheral nerves, and glomeruli. The amyloid in this condition is related to
Gelsolin and does not stain for type AA or AP.

LCD II present usually after second decade of life but patients that are homozygous for mu‐
tated GSN gene may reveal symptoms earlier. Recurrent corneal erosions are not a common
complication in LCD II and vision loss does not significantly occur before sixth decade of
life. The pathology is similar to lattice dystrophy Type I. Light microscopy shows amyloid in
the lattice lines as a discontinuous band under Bowman layer and within the sclera.

Figure 12. Mask like facies of patient with familial amyloid polyneuropathy type IV (Meretoja, Finnish type). From Pur‐
cell JJ Jr,Rodrigues M, Chishti MI,et al: Lattice cornealndystrophy associated with familial systemic amyloidosis.Oph‐
thalmology 1983;90:1512–1517.)

Treatment modalities are similar to LCD type I, but exposure keratopathy secondary to fa‐
cial neuropathy in some patients may need additional considerations. [56,80-87]
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Figure 13. Corneal deposits of Meretoja’s syndrome (lattice type II, familial amyloidotic polyneuropathy type IV). Note
the location along the course of corneal nerves. From Purcell JJ, Jr, Rodrigues M, Chishti MI, et al: Lattice corneal dys‐
trophy associated with familial systemic amyloidosis. Ophthalmology 1983;90:1512–1517.

12.3. Lattice dystrophy type III & IV

Lattice dystrophy Type III is an autosomal recessive disease that presents often after forth
decade of life (later that LCD type I). Lattice lines in this dystrophy are thicker than type I
and corneal erosions rarely occur. Amyloid usually deposits in the superficial stroma and
beneath the Bowman’s layer and also can be found in mid-stroma.

LCD IIIA has been described with autosomal dominant inheritance and corneal changes
similar to LCD type III; but in this subtype recurrent corneal erosions are more prevalent.
This disorder is due to a defect in the keratoepithelin gene, demonstrated at various codons.

LCD IV is a late-onset corneal dystrophy that has been reported in Japanese population and
is secondary to mutation in TGFBI gene. In this subtype of LCD amyloid deposition is in
deeper stromal layers of cornea.[88-91]

Figure 14. Thick ropy lattice lines in patient with LCD III. From Hida T, Tsubota K, Kigasawa T, et al: Clinical features of
a newly recognized type of lattice corneal dystrophy. Am J Ophthalmol 1987; 104:241-248.
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13. Polymorphic amyloid degeneration

This is a specific type of corneal amyloid degeneration that generally occurs after fifth dec‐
ade of life. This condition is usually bilateral and incidental finding in elderly without much
affect on vision. In slit-lamp biomicroscopy deposits with punctate glass-like appearance
can be seen in central corneal stroma with extension to descemet’s membrane. Sometimes
these deposits resemble lattice dystrophy although usually these deposits are less denser
than LCD. Histopathologically there is a similarity between polymorphic degeneration and
LCD. The reason of this degeneration has not been clearly described and no treatment is
usually required for this patients.

Climatic proteoglycan stromal keratopathy is another condition similar to spheroidal degen‐
eration of cornea first time described in Saudi Arabia. Patients with this condition have bi‐
lateral oval, central horizontal haziness in anterior stroma that may accompany with
refractile stromal lines but does not usually affect vision. In histopathologic review of these
patients proteoglycan and amyloid deposits have been found.[92,93]

Figure 15. Polymorphic amyloid degeneration of the cornea. From Ohnishi Y, Shinoda Y, Ishibashi T, Taniguchi Y: The
origin of amyloid in gelatinous drop-like dystrophy. Curr Eye Res 1982–1983; 2:225–231.

14. Secondary localized amyloidosis

Wide variety of chronic ocular disorders can lead to corneal amyloid deposition including;
keratoconus, trachoma, phlyctenulosis, leprosy, bullous keratopathy (of any etiology), pro‐
longed contact lens wear, trichiasis, uveitis, and severe retinopathy of prematurity with
glaucoma.

Amyloid Deposits secondary to these conditions are usually subepithelial and appear as
cream-colored nodules very similar to Gelatinous-drop like corneal dystrophy. Corneal vas‐
cularization in relation to primary disorder can be seen. Genetic work up must be done to
rule out systemic inherited amyloidosis.
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Keratoconjunctivitis sicca may be associated with amyloidosis with several mechanisms.
The first mechanism is lacrimal gland infiltration in primary localized amyloidosis, with sec‐
ondary hyposecretion of tears. The second mechanism is orbital nerve infiltration with asso‐
ciated autonomic neuropathy. Reactive (secondary) systemic amyloidosis has been reported
with Sjögren syndrome, a condition frequently heralded by dry eyes. Finally, a systemic im‐
munocyte dyscrasia, with or without systemic amyloidosis may result in neoplastic infiltra‐
tion of the lacrimal gland and associated dry eye.[94-96]
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1. Introduction

The amyloidoses comprise a spectrum of diseases caused by the systemic or localised depo‐
sition of characteristic fibrillar material, termed amyloid fibrils [1]. These deposits can be
found in various organs and tissues throughout the body [1]. Each amyloidosis is classified
according to the chemical nature of the protein that forms the initial amyloid fibril deposit
(Table 1). Amyloid fibrils are ubiquitous structures that are rich in cross β-sheets and typi‐
cally have a fibrillar morphology, which can vary in length and diameter [1]. Amyloid fibrils
are detected in vitro and in vivo using specific-binding molecules, namely Congo Red [1], thi‐
ophene derivatives [2] and Thioflavin-S and T [1]. The most common amyloidoses are Alz‐
heimer’s and Parkinson’s disease and type 2 diabetes, in which amyloid fibrils are found
deposited in the central nervous system and in beta cells from the pancreas, respectively [1].
This chapter will cover the transthyretin (TTR)-related amyloidoses, a group of diseases that
roughly affects approximately 8,000-10,000 people worldwide [3]. These amyloidoses are
caused by the aggregation of TTR, an amyloidogenic protein that can give rise to amyloid
fibrils [4].

Transthyretin (TTR) was first discovered in the cerebrospinal fluid (CSF) in 1942 [5, 6] and
then sequenced in 1984 [7], receiving the name prealbumin because of its electrophoretic mi‐
gration pattern compared to albumin. Afterwards, aiming to better describe its functionality,
its name was changed to transthyretin- the transporter of thyroxine (T4) and retinol [5]. TTR
transports retinol through binding to retinol-binding protein (RBP) and T4 due to the forma‐
tion of a hydrophobic channel, which exists only when TTR is tetrameric (Figure 1). Al‐
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though its function may vary, TTR is highly conserved from humans to bacteria [8]. TTR is a
55 kDa homotetrameric protein predominantly synthesised by the liver and choroid plexus,
which is located in the brain. Although TTR is known primarily as a transporter, emerging
evidence has demonstrated that TTR can also act as a protease [9] and a neuroprotective
molecule [10].

Table 1. Amyloidogenic proteins and tissues affected in human amyloidoses. Adapted from Hamilton and Benson,
2001.
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The  crystallographic  structure  of  human TTR,  which  was  solved  in  1971  [11],  revealed
that  each  TTR monomer  is  composed  of  127  amino  acid  residues,  forming  8  β-strands
named from A-H, which are arranged in a β-sandwich of two four-stranded β-sheets and
one small α-helix found between β-strands E and F [11, 12]. TTR monomers interact via
hydrogen bonds between the antiparallel, adjacent β-strands H-H’ and F-F’ to form a di‐
meric species.  The two dimers (A-B and C-D) predominantly form the tetramer through
hydrophobic contacts between the residues of the A-B and G-H loops. The tetramer forms
a central hydrophobic pocket (T4 channel) with two binding sites for hormones [11, 12].
Each TTR monomer contains one cysteine residue at position 10 and two tryptophan resi‐
dues at positions 41 and 79,  which can be used as a tool for monitoring TTR unfolding
[13].  Many groups have studied the structure of TTR and its aggregation process to un‐
derstand  the  triggering  factors  that  favour  TTR  aggregation,  which  occurs  in  a  non-
nucleated manner that is known as a downhill polymerisation reaction because tetramer
dissociation into monomers is the rate-liming step of the aggregation reaction [14]. Based
on this model,  many studies have focused on developing effective and selective TTR li‐
gands that can prevent TTR dissociation and aggregation [15].

Figure 1. X-ray structure of Transthyretin. TTR is a homotetrameric protein composed of four monomers of 127 amino
acids. Structurally, in its native state, TTR contains eight stands (A-H) and a small α-helix. The contacts between the
dimers form two hydrophobic pockets where T4 binds (T4 channel). As shown in red, each monomer contains one
small α-helix and eight β-strands (CBEF and DAGH). Adapted from a model; PDB code 1DVQ.
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Thus, in the present review, we aim to appraise the literature related to TTR aggregation
and focus on the contribution of the thermodynamics and structural aspects related to tet‐
ramer dissociation and monomer unfolding, which appears to be the basis for TTR amyloid
formation.

2. TTR-related amyloidoses

The TTR gene,  which is  located on chromosome 18 at  position 12.1 [16],  presents many
polymorphisms, except for one deletion, leading to over 80 amino acid substitutions in the
TTR polypeptide sequence [16]. Many TTR variants, such as V30M and L55P, are associat‐
ed with familial amyloidotic polyneuropathy (FAP), a lethal autosomal dominant disorder
in which mutant forms of TTR aggregate to form amyloid fibrils that deposit in tissues,
especially the peripheral nervous system (PNS). These amyloid deposits are predominant‐
ly composed of intact or fragmented TTR in the form of fibrillar species that progressively
accumulate [16, 17].  The initial symptom is typically a sensory peripheral neuropathy in
the lower limbs, with pain and severely affected temperature sensation and later followed
by motor impairments [17]. Most patients with FAP have early and severe impairment of
the autonomic nervous system, commonly manifested by dyshidrosis,  sexual  impotence,
alternating diarrhoea and constipation, orthostatic hypotension, and urinary incontinence
[17-19].  The disease onset typically depends on the mutation and the ethnic background
of each patient and begins at  approximately the third or fourth decade of life,  although
there are many cases in which the disease onset occurs later in life [17-19].  Not all  TTR
variant gene carriers develop FAP, indicating that other factors must be involved in the
development of clinical symptoms [19].

Not only are most TTR mutants prone to aggregation, wild-type TTR (wt-TTR) possesses an
inherent, although low, potential to undergo aggregation and form amyloid fibrils (predom‐
inantly in the heart). Hence, it is estimated that approximately 25% of the world population
over 80 years old presents some cardiac amyloid deposits composed of wt-TTR [20]. This
form of TTR amyloidosis is known as senile systemic amyloidosis (SSA). SSA patients typi‐
cally present with congestive heart failure and arrhythmia [20, 21]. Recently, it was demon‐
strated that wt-TTR can aggregate in many tendons and ligaments in aged individuals [22].
Interestingly, among all patients who exhibit SSA symptoms, the male gender predomi‐
nates, suggesting that gender is a significant disease modifier [20, 22].

Some mutations of TTR, such as V122I, have also been associated with cardiac amyloidosis
and are frequently found among African descendants, even though the age of onset varies
significantly among patients [23]. This form of TTR-related amyloidosis is termed familial
amyloid cardiomyopathy (FAC). FAC symptoms comprise an increase in ventricular wall
thickness and an increase in parietal stiffness, which leads to a precipitous increase in ven‐
tricular pressure [23, 24].

Although rare, another form of TTR amyloidosis has been described as predominantly af‐
fecting the central nervous system and is, therefore, known as central nervous system amy‐
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loidosis (CNSA) or oculoleptomeningeal amyloidosis (OA) [25]. Approximately 13 different
mutations, such as D18G and A25T, have been associated with the development of CNSA in
humans [25, 26]. This form of amyloidosis is believed to occur due to the high instability of
TTR mutants, leading to protein degradation by the endoplasmic reticulum-associated deg‐
radation (ERAD) pathway in hepatocytes and preferential secretion by the choroid plexus
epithelium [27]. This preferential secretion by the choroid plexus is believed to be caused by
a higher concentration of T4, which when bound to TTR stabilises the tetramer and favours
its secretion by choroid plexus cells [27]. The age of onset is approximately the fourth to fifth
decade of life, and amyloid accumulation typically occurs in brain vessels and leptomening‐
es, predominantly leading to subarachnoideal bleeding [25]. Some affected individuals may
also develop hydrocephalus with increased CSF pressure and relatively high CSF protein
levels [25]. Leptomeningeal involvement can extend down to the spinal cord, leading to
symptoms related to spinal cord or spinal nerve compression [25]. Most patients have little,
if any, systemic amyloid deposition. In addition to CNS deposits, TTR amyloid fibrils can
also accumulate in the eye vitreous humour, leading to blindness [25].

3. Therapies for TTR-related amyloidoses: When and where to inhibit
aggregation?

The treatment for TTR-related amyloidoses varies according to the symptoms presented by
the patient (cardiac, autonomic or central). Currently, FAP is the only form of TTR-related
amyloidoses that has a treatment, which is orthotopic liver transplantation (OLT) [28]. Al‐
though a treatment exists, some patients have displayed disease progression after OLT,
which has been shown to be due to continued amyloid formation from wt-TTR and is espe‐
cially true in patients with active FAC symptoms [28, 29]. In addition, after OLT, some pa‐
tients develop CNSA symptoms [30, 31] due to the production of mutant TTR by the
choroid plexus. Another problem related to OLT therapy is that this procedure is also
known as “domino liver transplantation”, in which the liver of the FAP patient is transplant‐
ed into a non-FAP patient. However, the non-FAP liver receptors develop FAP symptoms in
less than 5 years and not later in life as expected [32]. These phenomena suggest that OLT
therapy is possible but that it is not a fully effective and safe procedure. In addition, for FAC
or SSA patients, heart transplantations have only been performed successfully worldwide in
a few patients presenting cardiac amyloidosis [33]. In summary, these clinical data empha‐
sise the importance of developing new therapies for TTR-related amyloidosis.

4. TTR-stabilisers: A new and powerful approach to stop TTR
aggregation

TTR can bind a variety of molecules, from small hydrophobic compounds to large glycosa‐
minoglycans, with great flexibility [15]. As mentioned before, TTR is composed of four iden‐
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tical monomeric subunits that assemble around a central channel; therefore, the tetramer
possesses a molecular symmetry with two hormone-binding sites per tetramer (T4 channel).
Under physiological conditions, only one of the hormone-binding sites of the T4 channel is
occupied by T4 [34]. However, hormone binding is governed by a phenomenon termed neg‐
ative cooperativity, in which the binding of T4 to the second binding site reduces the hor‐
mone-binding affinity of the first hormone-binding site [15, 34]. The fact that TTR is not the
only T4 transporter in the human body [34] and that unbound T4 concentrations in blood
are very low (less than 0.1 μM, 34) agree with the fact that most TTR in vivo does not have
T4 bound to its two binding sites. This information has made it possible to design a novel
therapy using small molecules that bind to the T4 channel with high affinity and reduce TTR
aggregation.

Miroy et al. have shown that the binding of T4 itself stabilises the TTR tetramer and con‐
sequently inhibits amyloid formation [35].  Since then, many pharmacological agents and
natural  products,  such  as  plant  flavonoids,  nonsteroidal  anti-inflammatory  drugs
(NSAIDs), and inotropic bipyridines, have been tested, and these agents have been dem‐
onstrated to be strong competitors for T4 binding to TTR and even possess higher binding
affinities than T4 [15, 36, 37]. Interestingly, many of these small molecules share structural
similarities with T4, typically presenting one or more aromatic rings. X-ray crystallograph‐
ic studies have demonstrated that these compounds bind to the TTR hydrophobic chan‐
nel,  similarly  to  T4,  due  to  the  hydrophobic  properties  of  the  compounds  [15,  36].  As
observed for T4 and even RBP, as mentioned above, the binding of NSAIDs to TTR is typ‐
ically negatively cooperative. However,  depending on the ligand, this cooperativity may
change.  The  currently  tested  NSAIDS include  diclofenac,  diflunisal  and flufenamic  acid
[15, 36-39]. Interestingly, the first two compounds are currently approved by the Food and
Drug Administration (FDA) for the treatment of other pathological conditions. Structural
data for TTR complexed with flufenamic acid and diflunisal demonstrate that these com‐
pounds  mediate  hydrophobic  and  hydrogen  bond  interactions  between  the  subunits,
which stabilise tetrameric TTR [36, 38, 39]. The detailed comparisons of several structures
of apo TTR (native TTR) and TTR complexes with small molecules provide insights into
the mechanism of ligand-induced conformational changes on ligand binding [40, 41]. Al‐
though promising, the chronic use of NSAIDS has been correlated with dyspepsia symp‐
toms, small intestine bleeding and ulcers [42].

Natural  polyphenols  (curcumin  and  epigallocatechin  gallate)  and  flavonoids  (quercetin
and chrisin) have also been successful in inhibiting wt- and V30M TTR aggregation under
acidic conditions [43, 44]. Genistein, an isoflavone compound, is also able to inhibit TTR
fibril formation by stabilising the native tetramer [45]. Interestingly, both flavonoids and
genistein interact with Lys15, Ser117 and Thr119, enhancing tetramer stability [44, 45] and
implicating these  amino acids  in  preventing TTR aggregation.  In  addition,  a  TTR point
mutation (Thr119Met) has been demonstrated to be highly stable to denaturising agents
[46], corroborating the idea that the amino acids around the hormone-binding sites aide in
tetramer stabilisation.
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Recently, a new TTR-stabilising drug, Tafamidis, was approved for use in Europe. This class
of compounds functions by preventing the formation of amyloid fibrils, retaining the native
tetrameric state of TTR [15, 47, 48]. This mode of action is possible because the most accept‐
ed theory regarding amyloid fibril formation is that TTR tetramers need to dissociate to a
partially folded monomer, which then rapidly self-assembles to give rise to soluble oligomer
intermediates before reaching the amyloid state [12].

There are many studies introducing the use of TTR-stabilising drugs or antisense oligonu‐
cleotides (ASO) as new, more effective therapies against TTR amyloidosis. There is currently
an on-going trial to test the efficacy of using ASO specifically to target TTR in FAP patients
and its safety in healthy subjects [ISIS pharmaceuticals, ISI-TTRrx, 49]. The rationale behind
ASO therapy and other small interfering RNA (siRNA) therapies [49-51] is that these oligo‐
nucleotides interfere with TTR production in the liver and choroid plexus, inhibiting its pro‐
duction and, therefore, its deposition as amyloid fibrils [49, 50, 52]. Data have shown that
RNA interference techniques have been successful; however, this technique may still be un‐
successful for dealing with old, existing amyloid deposits.

As mentioned above, the use of various compounds as TTR-stabilisers relies on the hypothe‐
sis that TTR needs to dissociate to form fibrils (Figure 2). Although there is evidence sup‐
porting this hypothesis, our group has shown that a cycle of compression-decompression
using high hydrostatic pressure (HHP) is able to produce an altered wt-TTR species (T4*)
that remains tetrameric and that undergoes aggregation under mild acidic conditions (pH
5-5.6), where untreated wt-TTR remains soluble [53] (Figure 2).

Figure 2. Transthyretin (TTR) amyloid cascade. TTR maintains a tetramer to monomer dissociation rate, normally
forming folded monomers. These monomers can partially unfold due to point mutations, acidic conditions, metals,
glycosaminoglycans (GAGs), anionic lipids, high hydrostatic pressure (HHP) and posttranslational modifications. This
unfolded monomer is prone to aggregation, forming prefibrillar species such as oligomers and, consequently, mature
amyloid fibrils. In addition, the alternatively folded tetramers formed during a compression-decompression cycle of
HHP can aggregate either directly or after dissociating into monomers.
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Natural  polyphenols  (curcumin  and  epigallocatechin  gallate)  and  flavonoids  (quercetin
and chrisin) have also been successful in inhibiting wt- and V30M TTR aggregation under
acidic conditions [43, 44]. Genistein, an isoflavone compound, is also able to inhibit TTR
fibril formation by stabilising the native tetramer [45]. Interestingly, both flavonoids and
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Amyloidosis118

Recently, a new TTR-stabilising drug, Tafamidis, was approved for use in Europe. This class
of compounds functions by preventing the formation of amyloid fibrils, retaining the native
tetrameric state of TTR [15, 47, 48]. This mode of action is possible because the most accept‐
ed theory regarding amyloid fibril formation is that TTR tetramers need to dissociate to a
partially folded monomer, which then rapidly self-assembles to give rise to soluble oligomer
intermediates before reaching the amyloid state [12].

There are many studies introducing the use of TTR-stabilising drugs or antisense oligonu‐
cleotides (ASO) as new, more effective therapies against TTR amyloidosis. There is currently
an on-going trial to test the efficacy of using ASO specifically to target TTR in FAP patients
and its safety in healthy subjects [ISIS pharmaceuticals, ISI-TTRrx, 49]. The rationale behind
ASO therapy and other small interfering RNA (siRNA) therapies [49-51] is that these oligo‐
nucleotides interfere with TTR production in the liver and choroid plexus, inhibiting its pro‐
duction and, therefore, its deposition as amyloid fibrils [49, 50, 52]. Data have shown that
RNA interference techniques have been successful; however, this technique may still be un‐
successful for dealing with old, existing amyloid deposits.

As mentioned above, the use of various compounds as TTR-stabilisers relies on the hypothe‐
sis that TTR needs to dissociate to form fibrils (Figure 2). Although there is evidence sup‐
porting this hypothesis, our group has shown that a cycle of compression-decompression
using high hydrostatic pressure (HHP) is able to produce an altered wt-TTR species (T4*)
that remains tetrameric and that undergoes aggregation under mild acidic conditions (pH
5-5.6), where untreated wt-TTR remains soluble [53] (Figure 2).

Figure 2. Transthyretin (TTR) amyloid cascade. TTR maintains a tetramer to monomer dissociation rate, normally
forming folded monomers. These monomers can partially unfold due to point mutations, acidic conditions, metals,
glycosaminoglycans (GAGs), anionic lipids, high hydrostatic pressure (HHP) and posttranslational modifications. This
unfolded monomer is prone to aggregation, forming prefibrillar species such as oligomers and, consequently, mature
amyloid fibrils. In addition, the alternatively folded tetramers formed during a compression-decompression cycle of
HHP can aggregate either directly or after dissociating into monomers.
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An alternative way to approach this problem is to design drugs that disrupt existing amy‐
loid fibrils. To this end, another class of molecules known as tetracyclines, such as doxycy‐
cline, is able to interfere with TTR fibrillogenesis in vitro [54], disrupting TTR fibrils.
Interestingly, these molecules do not act as inhibitors of TTR fibril formation; however, these
molecules disrupt fibrils [54]. The in vivo use of doxycycline in a murine FAP model exhibits
beneficial effects [54], suggesting that this alternative approach may be as effective as the
use of TTR stabilisers. However, it is unclear whether the products of fibril breakdown are
toxic. The anthracycline compound described by Palha et al., which is known as 4’-deoxi-4’-
iododoxorubicina (IDOX) and which has been used in the treatment of patients diagnosed
with monoclonal immunoglobulin light chain (AL) amyloidosis [55], is able to efficiently
disrupt TTR amyloid fibrils into amorphous aggregates [56]. Although IDOX displayed
promising effects, it was later demonstrated that IDOX is cardiotoxic and is not indicated for
use for that reason [57]. However, this new class of compounds has provided a new way of
understanding TTR pathogenesis and helped to design new and clinically safer fibril-dis‐
rupting drugs.

5. Why TTR aggregates?

Although restricted to a single amino acid substitution, TTR mutations may significantly al‐
ter the kinetics of TTR aggregation [27]. In trying to understand which features of TTR mu‐
tants are responsible for its altered amyloidogenicity, a large amount of crystallographic
data has been collected by different groups worldwide. Unfortunately, the conclusion
reached was that there was no significant deviation in TTR structure. The only exception to
this conclusion was that there were significant deviations for the positions at which the ami‐
no acid substitutions took place [58]. However, these single deviations were not significant
enough to account for the variability in TTR mutation aggressiveness. Although TTR muta‐
tions do not significantly alter the tetrameric structure compared to wt-TTR [58], a single
amino acid substitution is enough to alter the thermodynamic stability and rate of dissocia‐
tion of the tetramer [27]. Many in vitro studies using chaotropic agents such as urea or gua‐
nidine chloride and HHP have revealed that thermodynamic stability and the rate of
tetramer dissociation links certain TTR mutations to variant amyloidogenicity. In one study,
Sekijima et al. conducted a global energetic analysis of 23 disease-associated TTR mutants,
observing that the rate of tetramer dissociation and the thermodynamic stability in increas‐
ing concentrations of urea predicted the aggressiveness of the mutants [27]. Our group has
collected supporting data concerning the latter hypothesis that the amyloidogenic mutants
A25T and L55P, which exhibit an aggressive phenotype, have lower thermodynamic stabili‐
ties than wt-TTR [59, 60]. In addition, we have demonstrated that other amyloidogenic mu‐
tants with exacerbated profiles of aggregation and with high tetramer dissociation rates,
when HHP is applied, are typically associated with the development of clinically severe
FAP [60]. These studies have been corroborated by Hammarstrom et al. [46], who observed
that one particular TTR mutation, T119M, which is clinically associated with a phenomenon
known as trans-suppression, dissociated at a 40-fold slower rate than wt-TTR. These dissoci‐
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ation rates allow this mutant to be significantly more stable than any of the other described
mutants and highly resistant to high urea concentrations for long periods of time [27, 46].
Indeed, this mutation clinically induces trans-suppression, a phenomenon where a patient
bearing the V30M mutation, an amyloidogenic variant associated with FAP, along with the
T119M mutation does not develop amyloid deposits and, therefore, has no FAP symptoms
[46]. In fact, it was later demonstrated that the TTR tetramers that circulated in this patient’s
bloodstream were hybrids composed of T119M and V30M monomers [46]. These hybrid tet‐
ramers gained the characteristic stability of T119M, which overcame the characteristic insta‐
bility of V30M, and these properties allowed the hybrid tetramers to remain intact and
prevent the formation of amyloid fibrils [46].

In addition, the X-ray crystallographic data for the V30M variant, which is also involved in
FAP, revealed a perturbation of the β-sheets, which led to a distortion of the T4-binding
channel that weakens the hormone interactions [61]. The X-ray structure of another highly
amyloidogenic mutant, known as L55P, revealed a disruption of the hydrogen bonds be‐
tween strands D and A, which produces different interface contacts and, in contrast to what
has been mentioned previously, results in eight monomers that have different packing ar‐
rangements than that described for wt-TTR [62]. In addition, the highly amyloidogenic, yet
engineered, triple mutant G53S/E54D/L55S reveals a new conformation with a novel β-slip
conformation, which results in the shift of three residues in strand D and places Leu58 at the
position occupied by Leu55. This new conformation impacts the binding interactions with
retinol-binding protein [63]. Together, these data lead us to believe that mutations that influ‐
ence the unfolding of monomers create species that are prone to aggregation. The contribu‐
tion of the inserted amino acid does not alter the overall structure of the protein but may be
capable of interfering with the aggressiveness of the disease, of impacting tetramer stability
and dissociation rates and of directing the aggregate to specific tissues such as the peripher‐
al nerves, heart, and meninges.

Although these structural alterations may predict TTR amyloidogenicity, some studies have
also shown that because of the presence of cysteine residues (4 per tetramer), TTR is more
prone to be posttranslationally modified, such as by S-thiolation and S-sulphonation [64, 65],
which have been shown to affect TTR amyloidogenicity. In addition, only 5-15% of circulating
TTR is free of posttranslational modifications [66]. One study has also shown that the interac‐
tion of TTR with anionic lipids and cholesterol might accelerate the aggregation process [67].

TTR aggregation, especially in vivo, does not occur without additional proteins. In fact, in
addition to the factors mentioned above, there are many other factors involved in TTR ag‐
gregation. The TTR amyloid fibrils from FAP patient deposits and nearly all amyloid fibrils
in vivo are found to be co-aggregated with many other molecules such as serum amyloid P
(SAP), heparan sulphate, and metalloproteinases, which makes it even more difficult to ana‐
lyse which one of these molecules actually contributes to TTR aggregation and clearance in
vivo and in vitro [1, 68-70]. Among the various molecules that co-aggregate with TTR, glyco‐
saminoglycans (GAGs) are able to accelerate the aggregation of TTR in vitro, and this phe‐
nomenon is dependent on the degree of GAG sulphation [69]. Because the GAG
composition and concentrations vary among different tissues, this fact might partly explain
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the specificity of these aggregates for certain tissues [69]. Murakami et al. has described the
effect of augmented levels of SAP in the deposition of TTR fibrils in the tissue of TTR trans‐
genic mice [70]. Although SAP was found to be associated with TTR deposits, their findings
suggest that SAP does not affect the severity or onset of TTR deposition into the gastrointes‐
tinal tract of mice [70]. Our group has recently shown that the TTR fibrils formed from a
CNSA-related mutant, A25T, are able to sequester a diversity of molecules from human CSF
during aggregation [59]. Many of these molecules are associated with inflammation and co‐
agulation, suggesting that in vivo these pathways may also contribute to TTR-related amy‐
loidosis. Indeed, in many of the amyloidotic tissues from FAP patients, an upregulation of
inflammation-associated molecules such as inducible nitric oxide synthase (iNOS), IL-1β
and TNF-α [68] has been found. Interestingly, a report by Saito et al. showed that nitric ox‐
ide (NO) has an important role in TTR amyloid formation because of the S-nitrosylation of
cysteine 10 of TTR monomers [71].

TTR aggregation can also be triggered by mild acidification (pH 5.0–4.0) [73], cold storage
[74] and the presence of metals such as Zn2+ [72, 75]. Using X-ray crystallography, Palanina‐
than et al. observed that acidic conditions increase the probability that the EF helix–loop of
the B monomer of TTR changes its conformation, leading to destabilisation of the TTR tet‐
ramer and favouring TTR aggregation [73]. In addition, upon further acidification (< pH
3.9), TTR monomers can adopt a different conformation that may not be in the classic fold‐
ing pathway of TTR but is able to aggregate without reaching the amyloid fibril [73]. Olofs‐
son et al. have shown that prior to aggregation, the first step in TTR destabilisation occurs in
the C-D β-strands, which dislocate when exposed to acidic conditions [76]. More data have
shown that not only are the C-D β-strands more susceptible to destabilisation but also the
entire β-sheet sandwich CBEF actually dislocates upon acidification [77], suggesting that
this region of TTR may be responsible, in part, for the first structural changes preceding TTR
dissociation. Recently, Bateman et al. demonstrated that wt-TTR fibril cores were predomi‐
nantly composed of the C-terminal region and described a different pathway of aggregation
that may not require loosening of the above-mentioned TTR regions [78]. Interestingly, the
majority of amyloidogenic mutations, which are associated with FAP, FAC or OA, are found
within the β-strands of the CBEF β-sheet sandwich [77]. Other groups also believe that acid‐
ic conditions may make an important contribution to TTR aggregation both in vitro and in
vivo, in which the amyloid process may take place inside endosomes and lysosomes [79, 80].

Previous data have shown that high concentrations of metals, such as Zn2+ and Cu2+, can in‐
duce TTR amyloid formation in vitro [81]. Additionally, chelating agents, such as EDTA or
EGTA, are able to disrupt amyloid fibrils, suggesting that metals affect the stability of TTR
fibrils [81]. Interestingly, Zn2+ was also found in ex vivo ocular amyloid deposits from FAP
patients, indicating the possible role of metals in the pathogenesis of FAP [82]. Our group
has shown that increasing concentrations of Zn2+ are able to perturb, predominantly under
acidic conditions, the loop EF helix loop, a region involved in RBP binding [75]. This region
has recently been implicated in this phenomenon by two other groups, as the X-ray struc‐
tures of wt-TTR and two variants, I84A and I84S, demonstrated a structural perturbation in
the EF helix loop under acidic conditions [83].
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6. Conclusion

Although many studies have attempted to infer the conditions that affect TTR stability and
amyloidogenicity, why the disease penetrance, pathology and clinical course are so different
between mutations is still not completely understood. Herein, we present some of the data
obtained by different groups that provides evidence on TTR stability and amyloidogenicity.
Many groups have collected data on TTR stability by studying the structure of TTR and de‐
signing TTR-binding compounds. However, as further questions have been raised about
TTR stability, more evidence has demonstrated that most of the answers with regard to TTR
stability lie within its thermodynamic properties and rate of tetramer dissociation.
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1. Introduction

Amyloid A (AA) amyloidosis is a serious complication of chronic inflammatory diseases,
including rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), inflammatory bow‐
el disease (IBD), familial Mediterranean fever (FMF), and others [1]. Several reports sug‐
gest a prevalence of about 3 to 6% in rheumatoid arthritis patients [2-5], about 11 to 13%
in FMF patients [6,7], and about 1 to 3% in IBD patients [8]. Serum amyloid A (SAA) is
well known as a precursor of amyloid A proteins in AA amyloidosis. Insoluble amyloid
fibril deposition is derived from the extracellular aggregation of proteolytic fragments of
SAA. Human SAA family proteins are apolipoproteins of high-density lipoprotein mole‐
cules. Acute phase SAA consists of SAA1 and SAA2, which are mainly produced by pro-
inflammatory cytokines  in  the  liver  such as  interleukin-1  (IL-1),  tumor necrosis  factor-α
(TNF-α), and interleukin-6 (IL-6), and dramatically increase, by a magnitude of up to 1000
times during inflammation [9, 10]. Long-term overproduction of the SAA protein is a key
component of the resultant pathogenic cascade [1]. The physiological roles of the various
SAA isotypes remain unclear, but analysis of AA amyloid deposits has shown that SAA1
is the main amyloidogenic factor [11] and SAA1 genotypes are involved in the develop‐
ment of AA amyloidosis [12, 13]. In fact, it is reported that serum levels of SAA are asso‐
ciated  with  relative  risk  of  death  in  AA  amyloidosis  patients.  Relatively  favorable
outcomes are reported in patients with SAA concentrations remaining in the low-normal
range (<4 mg per liter) [14, 15].  In Figure 1, the suppression of SAA levels by anti-cyto‐
kine therapy that may lead to clinical amelioration of symptoms, prevention of progres‐
sive organ deterioration, or recovery from damage caused by amyloid A deposits in the
pathogenic cascade of AA amyloidosis is  schematically represented. Anti-cytokine thera‐
pies have been used for rheumatoid arthritis (RA) and other chronic inflammatory diseas‐
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es, and, as noted, their efficacy has been established in several clinical trials [16], although
the best choice of biologic for AA amyloidosis remains controversial.

Figure 1. Anti-cytokine therapy for the pathogenesis of AA amyloidosis

In this chapter, we outline the clinical effect of anti-cytokine therapy for AA amyloidosis.
We summarize animal models of AA amyloidosis association with pro-inflammatory cyto‐
kines, and finally, we show results elucidating the cytokine-driven induction mechanism of
SAA. The formation of a transcriptional complex with signal transducer and activator of
transcription 3 (STAT3) and nuclear factor κB (NF-κB) p65 play a critical role in the syner‐
gistic induction of SAA by IL-1, TNF-α, and IL-6. These results provide a rationale for IL-6
blocking therapy as a highly reasonable candidate to normalize the serum levels of SAA in
the treatment of AA amyloidosis.

2. Clinical effect of anti-cytokine therapy for AA amyloidosis

In The European League Against Rheumatism (EULAR) recommendations 2010 for the
management of RA, the efficacy and safety of biologics were reviewed in patients with RA.
We summarize the biologics against TNF-α, IL-1, and IL-6 in Table 1. Five anti-TNF drugs
are available, but golimumab and certolizumab have not been reported in the treatment of
AA amyloidosis, and we found only 1 report of treatment with adalimumab in a patient
with AA amyloidosis complicating JIA [17].
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Table 1. Examples of biologics for inflammatory cytokines

2.1. Anti-TNF therapy for AA amyloidosis

Several studies have reported that the efficacy of various anti-TNF drugs in the treatment of
patients with AA amyloidosis, and infliximab (IFX) and etanercept (ETN) have been used in
many of them (Table 2). In 2002, Elkayam et al. first reported successful treatment of an AA
amyloidosis patient with IFX. A 67-year-old woman with RA developed moderately active
disease and significant proteinuria. AA amyloidosis was diagnosed by a renal biopsy. After
14 weeks with IFX the patient’s SAA decreased from the pre-therapy level of 29 mg/L to 4.5
mg/L. In addition, clinical remission of the nephrotic syndrome was observed as along with
stabilization of amyloid deposits confirmed by 123I-labeled SAP scintigraphy after 1 year [18].
In 2003, Verschueren et al. reported that a 26-year-old man with JIA and IBD associated with
spondyloarthropathy (HLA B27+) developed significant proteinuria. AA amyloidosis was
diagnosed by a renal biopsy. IFX improved the proteinuria after 9 months, but amyloid de‐
posits in renal specimens remained almost the same in the mesangium and in the subendo‐
thelial and subepithelial spaces after IFX therapy [19]. Ortiz-Santamaria et al. reported the
clinical effect of IFX on 6 patients with AA amyloidosis (5 patients with related RA and 1
with ankylosing spondylitis (AS)). Three patients were withdrawn from the therapy in the
first 2 months, 2 because they required hemodialysis and 1 because of an anaphylactic reac‐
tion. Serum creatinine levels and proteinuria stabilized in 1 patient and improved in 2 pa‐
tients during treatment with IFX [20]. Gottenberg et al. reported that 15 patients with AA
amyloidosis and renal involvement were treated with TNF inhibitors. Baseline characteristic
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of the 15 patients were different (RA 5, AS 6, JIA 1, psoriatic arthritis (PA) 1, adult Still's dis‐
ease (ASD) 1, and Chronic infantile neurologic cutaneous and articular (CINCA) syndrome
1). Ten patients received IFX, 4 received ETN, and 1 underwent both types of treatment. Fre‐
quency of diarrhea was markedly reduced in 2 of the 3 patients with digestive tract amyloi‐
dosis, while amyloidosis progressed in 7 patients and was stabilized in 5 patients. This
retrospective study suggested only the possibility that TNF inhibitors were effective for AA
amyloidosis [21].

Table 2. Anti-TNF drugs in the treatment with AA amyloidosis patients

Studies of ETN in AA amyloidosis patients are fewer than those of IFX. In 2004 Smith et al.
reported that ETN improved proteinuria in a patient with renal amyloidosis complicating
RA for 3 years [22]. In 2004, Ravindran et al. published a report of a case of RA with secon‐
dary Sjögren’s syndrome and Felty’s syndrome complicated by AA amyloidosis and neph‐
rotic syndrome, which was treated with ETN for 1 year and IFX for 1 year. After 1 year, the
patient’s urinary protein was 6 g over 24 h. The patient changed to monotherapy with IFX.
Marked reductions in proteinuria as well as a sustained stabilization of renal function were
observed. In addition, a regression of AA amyloid, as quantified by 123I-labeled SAP scintig‐
raphy was established [23]. It seems that IFX therapy might be more effective than ETN
therapy for AA amyloidosis. In fact, while ETN treatment of patients with AA amyloidosis
produced a decrease in SAA, there were no significant changes in serum creatinine or pro‐
teinuria [24]. In 2009, Kuroda et al. reported the effects of TNF inhibitors on 14 patients with
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AA amyloidosis associated with RA. Four patients were treated with IFX and 10 with ETN.
Twenty-four hour urinary protein excretion was significantly decreased in 3 patients, stable
in 6, and increased in 3 after initiation of anti-TNF therapy. The gastroduodenal biopsies
from 9 patients showed significant reductions in amyloid deposits, which were no longer
detectable in 2 patients [25].

In 2010, Nakamura et al. evaluated the efficacy of ETN treatment in 14 patients with RA
complicated by AA amyloidosis. The AA amyloidosis improved and stabilized after
89.1±27.2 weeks. Proteinuria decreased from 2.24 to 0.57 g/day (p < 0.01) and SAA fell from
250 to 26 mg/L. Diarrhea secondary to gastrointestinal AA amyloidosis was less, but serum
creatinine levels did not improve.

Table 3. Anti-TNF drugs in the treatment with AA amyloidosis patients

In 2010, Fernandez-Nebro et al. reported a multicenter, controlled, dynamic prospective co‐
hort study of 36 patients with AA amyloidosis who were treated with either IFX (29) or ETN
(7). As external controls, 35 non-amyloid patients (RA 18, SA 11, PA 5, JIA1, aSD 0, APS 0)
treated with TNF drugs were extracted from the Base de Datos de Productos Biológicos de la So‐
ciedad Española de Reumatología registry. Long-term anti-TNF treatment reduced the median
levels of proteinuria by 59.7% during the first 24 months, while both mean serum creatinine
levels and creatinine clearance levels remained stable. Serum levels of CRP decreased, but
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89.1±27.2 weeks. Proteinuria decreased from 2.24 to 0.57 g/day (p < 0.01) and SAA fell from
250 to 26 mg/L. Diarrhea secondary to gastrointestinal AA amyloidosis was less, but serum
creatinine levels did not improve.

Table 3. Anti-TNF drugs in the treatment with AA amyloidosis patients

In 2010, Fernandez-Nebro et al. reported a multicenter, controlled, dynamic prospective co‐
hort study of 36 patients with AA amyloidosis who were treated with either IFX (29) or ETN
(7). As external controls, 35 non-amyloid patients (RA 18, SA 11, PA 5, JIA1, aSD 0, APS 0)
treated with TNF drugs were extracted from the Base de Datos de Productos Biológicos de la So‐
ciedad Española de Reumatología registry. Long-term anti-TNF treatment reduced the median
levels of proteinuria by 59.7% during the first 24 months, while both mean serum creatinine
levels and creatinine clearance levels remained stable. Serum levels of CRP decreased, but
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did not reach the normal level. In a multivariate Cox regression analysis, the duration of
amyloidosis and the level of proteinuria were independent predictors of anti-TNF treatment
failure, and the level of proteinuria was the only predictor of mortality in AA amyloidosis.
The number of infections was 3 times higher in AA amyloidosis patients [27]. In addition, it
has been reported that anti-TNF treatment is effective for clinical improvement in AA amy‐
loidosis associated with FMF [28] or Crohn’s disease [29]. Taking these findings together,
treatment of AA amyloidosis with TNF inhibitors is promising, although anti-TNF therapy
does not always lead to the better clinical outcomes or normalize serum levels of SAA in AA
amyloidosis patients. For instance, in an open phase I/II trial of IFX, Elliott et al. reported
that IFX reduced serum SAA levels in patients with RA from 245 mg/L to 58 mg/L after 1
week of treatment and to 80 mg/L after 2 weeks [30]. In 1999, Charles et al. reported that IFX
therapy after 24 weeks decreased SAA levels from 378 mg/L to 56 mg/L, but did not normal‐
ize the levels as in the above report [31].

2.2. Anti-IL-1 therapy for AA amyloidosis

IL-1 is a key pro-inflammatory that contributes to pathogenesis of RA. The IL-1 receptor an‐
tagonist anakinra (ANA) was thought to be a promising drug for RA, however, it has been
reported to be less effective than other biologics for this disease [16]. It has been reported
that ANA is effective for Muckle–Wells syndrome caused by a mutation in the gene encod‐
ing the protein [32], and we also found several reports that ANA is effective for AA amyloi‐
dosis complicating familial cold autoinflammatory syndrome [33], FMF [34], FMA and
Behcet’s disease [35], and cryopyrin-associated periodic syndrome (CAPS) [36]. In all cases,
ANA normalized serum levels of SAA and dramatically improved proteinuria in renal amy‐
loidosis. Unfortunately, these diseases are very rare, thus use of ANA in AA amyloidosis re‐
mains limited.

Table 4. Anti-IL-1 drugs in the treatment with AA dmyloidosis patients
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2.3. Anti-IL-6 therapy for AA amyloidosis

IL-6 blocking therapy is effected by tocilizumab (TCZ), which is a humanized anti-IL-6 re‐
ceptor monoclonal antibody of the IgG1 class. TCZ has been used for the treatment of RA
[37], JIA [38], and multicentric Castleman’s disease [39]. In the EULAR recommendations
2010 for the management of RA, TCZ was noted for demonstrating efficacy in patients who
failed treatment with TNF inhibitors (level of evidence 1B) [16]. In 2003, it was reported that
15 patients with active RA were treated with TCZ biweekly for 6 weeks in an open label
phase I/II trial [40]. Serum levels of C-reactive protein and SAA were completely normalized
at 6 weeks after TCZ therapy, which identified anti-IL-6 therapy as a promising treatment
for AA amyloidosis. In 2006, Okuda et al. first reported successful treatment with TCZ in
JIA complicated with AA Amyloidosis [41] in a 26-year-old woman with JIA who initially
developed severe intractable diarrhea in 2001, after which AA amyloidosis was confirmed
by GI tract and mucosal biopsy. In 2003, the patient presented with proteinuria, and amy‐
loid deposits in the kidneys were confirmed by renal biopsy. At the same time, the patient
developed steroid induced glaucoma.

Figure 2. Results of endoscopic examination before and after TCZ therapy. Before TCZ therapy the appearance of the
mucosa in the colon was edematous and reddish. After 3 months of TCZ therapy, no abnormality was observed. Quot‐
ed from : Nishida S., et al. Ann Rheum Dis. 2009 [49] unpublished data.

In patients who showed severe disease activity despite aggressive treatment with MTX at a
dosage of 15 mg/week and prednisolone at a dosage of 10 mg/day, TCZ immediately nor‐
malized the serum levels of SAA, from 242.7 μg/mL to 2.49 μg/mL after the first dose. Gas‐
trointestinal symptoms such as diarrhea and abdominal pain disappeared after 1 month and
proteinuria improved after 2 months. Moreover, gastrointestinal biopsy specimens showed
dramatic regression of AA protein deposits. We also experienced successful treatment of AA
amyloidosis with TCZ for a 50-year-old woman with RA, who had failed TNF inhibitor in‐
cluding ETN and IFX, and had developed severe diarrhea and weight loss. AA amyloid de‐
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proteinuria improved after 2 months. Moreover, gastrointestinal biopsy specimens showed
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amyloidosis with TCZ for a 50-year-old woman with RA, who had failed TNF inhibitor in‐
cluding ETN and IFX, and had developed severe diarrhea and weight loss. AA amyloid de‐
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posits were confirmed by colon biopsy. TCZ administration immediately normalized serum
levels of SAA, stopped the diarrhea, and diminished the disease activity of RA. Notably, 3
months after TCZ treatment, amyloid A protein deposits had completely disappeared (fig.2
and fig.3) [42].

Figure 3. Results of colon biopsy before and after TCZ therapy massive amyloid deposits had disappeared 3 months
later after TCZ treatment. Quoted from : Nishida S., et al. Ann Rheum Dis. 2009 [49] unpublished data.

Table 5. Anti-IL-6 drugs in the treatment with AA amyloidosis patients

Amyloidosis138

In 2009, Sato et al. reported that TCZ relieved severe diarrhea in AA amyloidosis associated
with RA. A 53-year-old woman with RA went into hypovolemic shock because of severe
watery diarrhea. AA amyloidosis was confirmed by colon biopsy. A 60 mg dosage of pre‐
dnisolone therapy and glucocorticoid pulse therapy with 1 g dosage of methylprednisolone
did not ameliorate the severe diarrhea. After TCZ administration, the life-threatening diar‐
rhea lessened within about 6 h. However, the patient developed a perforation of the small
intestine 2 days after TCZ administration. After successful surgery, administration of TCZ
resumed and reduced AA amyloid deposits [43]. In 2010, Inoue et al. reported that TCZ re‐
solved paralytic ileus related to AA amyloidosis of the GI tract associated with RA. After 3
courses of TCZ treatment, a colon biopsy revealed no amyloid deposition [44 ]. In addition,
Kishida et al. reported that TCZ therapy improved proteinuria and amyloid deposits in duo‐
denal mucosa for a patient with adult-onset Still’s disease complicated by AA amyloidosis
[45]. These dramatic effects of TCZ on AA amyloidosis provide material for bedside-to-
bench research and have indicated that TCZ might be more promising in the treatment of
AA amyloidosis than anti-TNF or IL-1 inhibitors, although further clinical studies are need‐
ed to further evaluate its efficacy and safety, and the question remains as to how TCZ imme‐
diately normalizes the SAA levels.

Next, we summarize animal models of pro-inflammatory cytokines associated with AA
amyloidosis.

3. AA amyloidosis model mice

AA amyloidosis is the most common form of systemic amyloid disease induced in animals
[46]. Mice especially have been used to induce amyloidosis. Several strains (CBA/J,
C57B1/6J, C3H/Hej, BALB/cJ) are susceptible [47]. Animal models are considered pivotal for
the study of genetic risk factors. The murine model of AA amyloidosis faithfully reproduces
the pathogenesis of its human counterpart. Of the major substances used to induce amyloid
in animal species, casein has been preferred [47]. Silver nitrate [48], Freund adjuvant [49],
and lipopolysaccharide [50] injection also induce AA amyloidosis. Several drugs have been
evaluated using the above animal models. For example, in clinical trials, tenidap treatment
reduced levels of CRP and SAA in RA patients [51], and in 1996, Husebekk et al. reported
that tenidap inhibited amyloid deposits in an AA amyloidosis model using CBA/J mice in‐
duced by complete Freund adjuvant [52]. However, they did not examine the levels of IL-1,
TNF-α, and IL-6.

Triptolide isolated from Tripterygium wilfordii has anti-inflammatory effects on adjuvant-in‐
duced arthritis in rats and on immune cells including T cells, B cells, and monocyte [53, 54].
Cui et al. reported that triptolide inhibited splenic amyloid deposition in both rapid and
chronic induction models of AA amyloidosis induced by casein in ICR mice. Triptolide also
immediately decreased SAA and IL-6 levels without changes in IL-1 or TNF-α. They sug‐
gested that triptolide inhibits experimental murine amyloidosis via suppression of IL-6 [55].
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Mihara et al. examined whether the anti-IL-6 receptor antibody MR16-1 inhibited the devel‐
opment of AA-amyloidosis in a transient and chronic mouse model using C57BL/6 mice in‐
duced by amyloid enhancing factor (AEF) and complete Freund adjuvant. In the transient
model, administration of MR16-1 before the injection of AEF and adjuvant completely pre‐
vented amyloid deposition and normalized SAA production. A chronic model was induced
by AEF injection into IL-6 transgenic mice. One week later MR16-1 was injected intrave‐
nously. MR16-1 decreased amyloid deposition even when injected 1 week after AEF injec‐
tion, although MR16-1 only partially inhibited SAA and IL-6 levels in IL-6 transgenic mice
[56]. Mice that constitutively express the human interleukin 6 (huIL6) proteins from a herita‐
ble transgene (H2-Ld-IL-6) begin to develop severe systemic AA amyloidosis. These mice
were observed in a hunched posture and moribund state when they were as young as 3 to 5
months of age. The result suggested the possibility that AA amyloidosis is due to genetic
rather than environmental factors [57]. In a search, we found no report indicating that the
effects of TNF inhibitors in AA Amyloidosis model mice had been examined. IL-1 receptor
antagonist partially decreased the mRNA of SAA in C57BL/6 mice using silver nitrate [58].
These studies in mouse models have provided strong evidence to support a pivotal role for
IL-6 in the induction of SAA.

Next we describe the molecular mechanisms of the synergistic induction of SAA by IL-1,
TNF-α, and IL-6.

4. Molecular mechanisms of serum amyloid A transcription

The former transcription model reported that the SAA2 gene is induced by NF-κB and
CAAT enhancer-binding protein β (C/EBP β) in response to stimulation by IL-1 together
with IL-6 [59]. However, this induction model does not fully explain clinical results (fig. 4).
Even if IL-6 signal transduction is inhibited, activation of NF-κB signal still remains. Howev‐
er, anti-IL-6 therapy, but not anti-TNF [20, 21, 25-27] or IL-1 therapy [16], normalized the se‐
rum levels of SAA in AA amyloidosis patients [41-45]. It remains unclear whether STAT3,
which is the main transcription factor of IL-6 signal transduction, plays a role in the tran‐
scriptional activation of the SAA gene. We investigated the exact induction mechanism of
SAA by proinflammatory cytokines, and especially focused on the SAA1 gene, which is re‐
ported as a main amyloidogenic factor in AA amyloidosis [9].

4.1. IL-6 plays a critical role in the synergistic induction of the SAA gene by
proinflammatory cytokines

We first established SAA isoforms via real time quantitative RT-PCR assay to examine vari‐
ous combination effects of proinflammatory cytokines. IL-6 and IL-1 or IL-6 and TNF-α in‐
duced synergistic expression of the SAA1 gene, but not IL-1 and TNF-α (fig. 5A). We
confirmed the above results using each specific inhibitor in a triple stimulation with IL-6,
IL-1, and TNF-α. Only Anti-IL-6R monoclonal antibody (Mab) completely inhibited the syn‐
ergistic induction of both SAA1 and SAA2 mRNA (fig. 5B). We obtained almost the same
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results with 3 typical hepatic cell lines, HepG2, Hep3B, and PLC/PRF/5. These results were
in good agreement with clinical results of anti-cytokine therapy in inflammatory diseases
that indicated that IL-6 plays a pivotal role in the synergistic induction of the SAA1 gene.
Next, we sought to identify the signal transduction mechanism to activate the SAA1 gene.
IL-6 signal transduction has 2 pathways. One is a MAPK-C/EBPβ pathway and the other is a
JAK-STAT pathway [62]. The JAK2 inhibitor AG490, but not the MEK1/2 inhibitor U0126,
repressed the SAA1 gene expression in response to IL-1β + IL-6 (fig. 5C) [60]. These data
suggested that the JAK-STAT pathway plays an important role in SAA gene induction.

Figure 4. Former transcription model of a human SSA gene expression induced by proinflammatory cytokines; Betts et
al. J. Biol Chem. 1993 [59]
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Figure 5. A) Combined effects of IL-6 (10 ng/mL), IL-1β (0.1 ng/mL), and/or TNF-α (10 ng/mL) on the induction of SAA
1. (B) Inhibitory effects of anti-IL-6R monoclonal antibody (Mab) (25 μg/μL), IL-1 receptor antagonist (Ra) (100 ng/
mL), and anti-TNF-α Mab (4 μg/μL) on the synergistic induction of SAA1 generated by triple stimulation of IL-6, IL-1β,
and TNF-α. Each specific reagent was incubated with HepG2 cells for 30 min prior to cytokine stimulation. (C) Effects
of Jak2 kinase inhibitor-AG490 (100 μM) on synergistic induction of SAA1 mRNA. HepG2 cells were treated with
AG490 or DMSO alone for 30 min before cytokine stimulation. SAA1 mRNA levels in HepG2 cells were measured by
real-time quantitative RT-PCR at 6 h after cytokine stimulation. Values are reported as mean (SD) of duplicate meas‐
urements.

4.2. Essential role of STAT3 for transcriptional activity of the SAA1 gene via the NF-κB
RE-containing region after formation of a complex with NF-κB p65.

STAT3 binds to a γ-interferon activation sequence (GAS) such as sequence (-TTNNNGAA),
and C-reactive protein (CRP), the acute-phase protein that is active in the response to IL-6,
has a STAT3 response element (RE) (-TTCCCGAA) in its promoter [61]. However, the typi‐
cal STAT3 RE was not found in the human SAA1 promoter. To examine the effect of STAT3
on SAA1 promoter activity, pEF-BOS dominant negative STAT3 Y705F (dn STAT3) or pEF-
BOS wild type STAT3 (wt STAT3) HepG2 cells were co-transfected with pGL3-SAA1 pro‐
moter luciferase construct (−796/+24) (pGL3-SAA1) [63]. The co-expression of dn STAT3
completely inhibited pGL3-STAT1 expression, whereas the co-expression of wt STAT3 en‐
hanced the transcriptional activity stimulated with IL-1β + IL-6 (fig. 6A). These results indi‐
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cated that STAT3 plays a critical role in the transcriptional activity of the SAA1 gene. We
examined the possibility that STAT3 might act on the transcriptional activity of SAA
through the C/EBPβ and NF-κB RE-containing region.

Figure 6. A) HepG2 cells were transfected with 0.5 μg of pGL3-SAA1 (−796/+24) alone, or co-transfected with 0.5 μg
of pEF-BOS dominant negative STAT3 (dn STAT3) or pEF-BOS wild type STAT3 (wt STAT3), respectively. (B) 0.5 μg of wt
STAT3 was co-transfected with 0.5 μg of pGL3-SAA1(−796/+24), pGL3-SAA1 ΔC/EBPβRE, pGL3-SAA1 ΔNF-κB RE,
pGL3-SAA1 NF-κB RE M1 (AGATCTATTTCC), or M2 (CAGGGACTTGTAC). Cytokine stimulation was performed with
IL-6 and/or IL-1β for 3 h. The relative luciferase activity is expressed as mean (SD) of triplicate cultures and transfec‐
tions. (C) Nuclear extracts of HepG2 cells stimulated with IL-1 and IL-6 were immunoprecipitated with the anti-STAT3
C-20 antibody. Western blots were performed as shown. IP: immunoprecipitate, IB: immunoblotting.

In our experimental results, the transcriptional activity of the SAA1 gene was partly de‐
creased by deletion of CEBP-β RE and completely diminished by deletion of NF-κB RE with
co-expression of wt STAT3. These results suggest that STAT3 is involved in the transcrip‐
tional activity of SAA, most likely through NF-κB RE (fig. 6B). Competitive binding of
STAT3 and NF-κB has been found in a rat γ-fibrinogen gene promoter that included a
CTGGGAATCCC sequence [64]. It was reported that TCC was important for NF-κB binding
and that CTGGGAA was necessary for STAT3 binding. Based on these reports, we created 2
mutant constructs, pGL3-SAA1 NF-κB RE M1 (AGATCTATTTCCC) and M2 (CAGG‐
GACTTGTAC). We expected that STAT3 would bind to NF-κB RE M2 but not to NF-κB RE
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STAT3 binds to a γ-interferon activation sequence (GAS) such as sequence (-TTNNNGAA),
and C-reactive protein (CRP), the acute-phase protein that is active in the response to IL-6,
has a STAT3 response element (RE) (-TTCCCGAA) in its promoter [61]. However, the typi‐
cal STAT3 RE was not found in the human SAA1 promoter. To examine the effect of STAT3
on SAA1 promoter activity, pEF-BOS dominant negative STAT3 Y705F (dn STAT3) or pEF-
BOS wild type STAT3 (wt STAT3) HepG2 cells were co-transfected with pGL3-SAA1 pro‐
moter luciferase construct (−796/+24) (pGL3-SAA1) [63]. The co-expression of dn STAT3
completely inhibited pGL3-STAT1 expression, whereas the co-expression of wt STAT3 en‐
hanced the transcriptional activity stimulated with IL-1β + IL-6 (fig. 6A). These results indi‐
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cated that STAT3 plays a critical role in the transcriptional activity of the SAA1 gene. We
examined the possibility that STAT3 might act on the transcriptional activity of SAA
through the C/EBPβ and NF-κB RE-containing region.

Figure 6. A) HepG2 cells were transfected with 0.5 μg of pGL3-SAA1 (−796/+24) alone, or co-transfected with 0.5 μg
of pEF-BOS dominant negative STAT3 (dn STAT3) or pEF-BOS wild type STAT3 (wt STAT3), respectively. (B) 0.5 μg of wt
STAT3 was co-transfected with 0.5 μg of pGL3-SAA1(−796/+24), pGL3-SAA1 ΔC/EBPβRE, pGL3-SAA1 ΔNF-κB RE,
pGL3-SAA1 NF-κB RE M1 (AGATCTATTTCC), or M2 (CAGGGACTTGTAC). Cytokine stimulation was performed with
IL-6 and/or IL-1β for 3 h. The relative luciferase activity is expressed as mean (SD) of triplicate cultures and transfec‐
tions. (C) Nuclear extracts of HepG2 cells stimulated with IL-1 and IL-6 were immunoprecipitated with the anti-STAT3
C-20 antibody. Western blots were performed as shown. IP: immunoprecipitate, IB: immunoblotting.

In our experimental results, the transcriptional activity of the SAA1 gene was partly de‐
creased by deletion of CEBP-β RE and completely diminished by deletion of NF-κB RE with
co-expression of wt STAT3. These results suggest that STAT3 is involved in the transcrip‐
tional activity of SAA, most likely through NF-κB RE (fig. 6B). Competitive binding of
STAT3 and NF-κB has been found in a rat γ-fibrinogen gene promoter that included a
CTGGGAATCCC sequence [64]. It was reported that TCC was important for NF-κB binding
and that CTGGGAA was necessary for STAT3 binding. Based on these reports, we created 2
mutant constructs, pGL3-SAA1 NF-κB RE M1 (AGATCTATTTCCC) and M2 (CAGG‐
GACTTGTAC). We expected that STAT3 would bind to NF-κB RE M2 but not to NF-κB RE
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M1. However, neither transfection with NF-κB RE M1 nor M2 resulted in transcriptional ac‐
tivity, even when WT STAT3 was co-expressed (fig. 6B). We hypothesized that STAT3 forms
a complex with NF-κB and augments the transcriptional activity of the human SAA gene. To
examine our hypothesis, we performed IP-western blot for STAT3 and NF-κB. Figure 6C
clearly shows that STAT3 is associated with NF-κB p65 following IL-1β + IL-6 treatment
[63]. However, no specific band of NF-κB p50 was detected. These findings were consistent
with those reported by Betts et al. that overexpression of NF-κB p65 but not p50 enhanced
the transcriptional activity of human SAA2 in a dose-dependent manner [59], and demon‐
strating that crosstalk between STAT3 and NF-κB p65 contributes to the transcriptional aug‐
mentation of SAA by IL-1β + IL-6 stimulation.

4.3. STAT3 acts on the SAA1 promoter by means of a newly discovered cis-acting
mechanism.

Next, we investigated how STAT3 contributes to the formation of the transcriptional com‐
plex comprising NF-κB, C/EBPβ, and STAT3. STAT3 is reportedly associated with p300 [65],
which indicates the possibility that heteromeric complex formation of STAT3, NF-κB p65,
and p300 is involved in the transcriptional activity of the human SAA gene. To examine this
possibility, we performed a chromatin immunoprecipitation (Ch-IP) assay using chromatin
isolated from HepG2 cells. STAT3 and p300 were clearly recruited to the SAA1 promoter re‐
gion (−226 /+24) in response to IL-6 or IL-1β + IL-6, and weakly recruited by IL-1β. NF-κB
p65 was recruited by IL-1 or IL-1β + IL-6 and weakly recruited by IL-6 [63] (fig. 7A). When
we performed a luciferase assay using pGL3-SAA1 (−226/+24) co-transfected with p300 wt in
pCMVβ (wt p300) and wt STAT3, we found that co-expression of wt p300 alone did not aug‐
ment the luciferase activity of pGL3-SAA1 (−226/+24), but that co-expression of wt p300 with
wt STAT3 dramatically enhanced the luciferase activity in a dose-dependent manner (fig.
7B). These results suggest that STAT3 interacts with p300 in the transcriptional activity of
the human SAA gene by forming a transcriptional complex with NF−κB p65 and p300 on the
SAA promoter region. However, it still remains to be determined how STAT3 binds to the
promoter region of the SAA1 gene, because no typical STAT3 RE has been located. To ad‐
dress this, we performed DNA affinity chromatography using a wt SAA1 probe. We hy‐
pothesized that the formation of a STAT3-NF-κB p65 complex might confer STAT3 binding
affinity to the SAA1 promoter. From our result and study of rat γ-fibrinogen, we focused
our attention on the 3' site of NF-κB RE (CAGGGACTTTCCCCAGGGAC) as a candidate
STAT3 binding site because the sequence contiguous to the NF-κB RE might have influ‐
enced the binding affinity of STAT3. To test this hypothesis, we created SAA1 mt NF-κB RE
M3 (CAGGGACTTTCCCAGATCTA). As expected, the specific bands of STAT3 from the
nuclear extracts of HepG2 cells after IL-1β + IL-6 stimulation were decreased by the SAA1
mt NF-κB RE M3 compared to the wt SAA1 probe, although the specific bands of NF-κB p65
were found almost intact, as with the wt SAA1 (fig. 7C). We were able to demonstrate that
STAT3 acts on the human SAA promoter via a newly discovered cis-acting mechanism,
namely, the formation of a heteromeric complex containing STAT3, NF-κB 65, and p300.
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Figure 7. A) ChIP assays demonstrate recruitment patterns of STAT3, NF-κB p65 and p300 on the SAA1 promoter
(−226/+24) from HepG2 cells treated with IL-6 and/or IL-1 for 30 min. Anti-AcH3 antibody was used as a positive
control for this assay. (B) HepG2 cells were transfected with pGL3-SAA1 (−226/+24) (0.5 μg), 0.25 μg of p300 wild
type in pCMVβ (wt p300), and/or 0.25–0.5 μg of wt STAT3. IL-1 and IL-6 stimulation was performed for 3 h. Relative
luciferase activity is expressed as the mean (SD) of triplicate cultures and transfections. (C) DNA affinity chromatogra‐
phy was performed with 200 μg of the nuclear extracts from HepG2 cells after cytokine stimulation. The nuclear ex‐
tracts were mixed with 1 μg of biotinylated DNA probe and 50 μl of streptavidin-Dynabeads was added to the
samples, mixed, and collected with a magnet. The trapped proteins were analyzed by western blotting.

We have formulated a schematic model to describe the synergistic induction of the human
SAA gene by IL-1β, TNF-α, and IL-6 stimulation (fig. 8A). This model explains the effect of
anti-cytokine therapy on the transactivation of SAA. Anti-TNFα or anti-IL-1 therapy re‐
duced NF-κB signaling pathways but they were not eliminated, because the NF-κB signaling
pathway is activated by various stimulations, including toll-like receptors and other cyto‐
kines [66]. Consequently, the transcriptional complex on the SAA promoter remained after
Anti-TNFα or IL-1 therapy (fig. 8B). On the other hand, IL-6 family cytokines, excluding IL-6
but including oncostatin M, IL-11, and LIF, have little influence on the production of acute
phase proteins [68]. IL-6 blocking therapy inhibits the activation of STAT3 and C/EBP β, and
prevents the formation of the transcriptional complex on the SAA promoter (fig. 8C). It is
well known anti-TNF-α decreases serum levels of IL-6 [67], which indicates that the effect of
anti-TNF-α therapy represses the serum levels of SAA by decreasing IL-6.
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[63]. However, no specific band of NF-κB p50 was detected. These findings were consistent
with those reported by Betts et al. that overexpression of NF-κB p65 but not p50 enhanced
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strating that crosstalk between STAT3 and NF-κB p65 contributes to the transcriptional aug‐
mentation of SAA by IL-1β + IL-6 stimulation.

4.3. STAT3 acts on the SAA1 promoter by means of a newly discovered cis-acting
mechanism.

Next, we investigated how STAT3 contributes to the formation of the transcriptional com‐
plex comprising NF-κB, C/EBPβ, and STAT3. STAT3 is reportedly associated with p300 [65],
which indicates the possibility that heteromeric complex formation of STAT3, NF-κB p65,
and p300 is involved in the transcriptional activity of the human SAA gene. To examine this
possibility, we performed a chromatin immunoprecipitation (Ch-IP) assay using chromatin
isolated from HepG2 cells. STAT3 and p300 were clearly recruited to the SAA1 promoter re‐
gion (−226 /+24) in response to IL-6 or IL-1β + IL-6, and weakly recruited by IL-1β. NF-κB
p65 was recruited by IL-1 or IL-1β + IL-6 and weakly recruited by IL-6 [63] (fig. 7A). When
we performed a luciferase assay using pGL3-SAA1 (−226/+24) co-transfected with p300 wt in
pCMVβ (wt p300) and wt STAT3, we found that co-expression of wt p300 alone did not aug‐
ment the luciferase activity of pGL3-SAA1 (−226/+24), but that co-expression of wt p300 with
wt STAT3 dramatically enhanced the luciferase activity in a dose-dependent manner (fig.
7B). These results suggest that STAT3 interacts with p300 in the transcriptional activity of
the human SAA gene by forming a transcriptional complex with NF−κB p65 and p300 on the
SAA promoter region. However, it still remains to be determined how STAT3 binds to the
promoter region of the SAA1 gene, because no typical STAT3 RE has been located. To ad‐
dress this, we performed DNA affinity chromatography using a wt SAA1 probe. We hy‐
pothesized that the formation of a STAT3-NF-κB p65 complex might confer STAT3 binding
affinity to the SAA1 promoter. From our result and study of rat γ-fibrinogen, we focused
our attention on the 3' site of NF-κB RE (CAGGGACTTTCCCCAGGGAC) as a candidate
STAT3 binding site because the sequence contiguous to the NF-κB RE might have influ‐
enced the binding affinity of STAT3. To test this hypothesis, we created SAA1 mt NF-κB RE
M3 (CAGGGACTTTCCCAGATCTA). As expected, the specific bands of STAT3 from the
nuclear extracts of HepG2 cells after IL-1β + IL-6 stimulation were decreased by the SAA1
mt NF-κB RE M3 compared to the wt SAA1 probe, although the specific bands of NF-κB p65
were found almost intact, as with the wt SAA1 (fig. 7C). We were able to demonstrate that
STAT3 acts on the human SAA promoter via a newly discovered cis-acting mechanism,
namely, the formation of a heteromeric complex containing STAT3, NF-κB 65, and p300.
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Figure 7. A) ChIP assays demonstrate recruitment patterns of STAT3, NF-κB p65 and p300 on the SAA1 promoter
(−226/+24) from HepG2 cells treated with IL-6 and/or IL-1 for 30 min. Anti-AcH3 antibody was used as a positive
control for this assay. (B) HepG2 cells were transfected with pGL3-SAA1 (−226/+24) (0.5 μg), 0.25 μg of p300 wild
type in pCMVβ (wt p300), and/or 0.25–0.5 μg of wt STAT3. IL-1 and IL-6 stimulation was performed for 3 h. Relative
luciferase activity is expressed as the mean (SD) of triplicate cultures and transfections. (C) DNA affinity chromatogra‐
phy was performed with 200 μg of the nuclear extracts from HepG2 cells after cytokine stimulation. The nuclear ex‐
tracts were mixed with 1 μg of biotinylated DNA probe and 50 μl of streptavidin-Dynabeads was added to the
samples, mixed, and collected with a magnet. The trapped proteins were analyzed by western blotting.

We have formulated a schematic model to describe the synergistic induction of the human
SAA gene by IL-1β, TNF-α, and IL-6 stimulation (fig. 8A). This model explains the effect of
anti-cytokine therapy on the transactivation of SAA. Anti-TNFα or anti-IL-1 therapy re‐
duced NF-κB signaling pathways but they were not eliminated, because the NF-κB signaling
pathway is activated by various stimulations, including toll-like receptors and other cyto‐
kines [66]. Consequently, the transcriptional complex on the SAA promoter remained after
Anti-TNFα or IL-1 therapy (fig. 8B). On the other hand, IL-6 family cytokines, excluding IL-6
but including oncostatin M, IL-11, and LIF, have little influence on the production of acute
phase proteins [68]. IL-6 blocking therapy inhibits the activation of STAT3 and C/EBP β, and
prevents the formation of the transcriptional complex on the SAA promoter (fig. 8C). It is
well known anti-TNF-α decreases serum levels of IL-6 [67], which indicates that the effect of
anti-TNF-α therapy represses the serum levels of SAA by decreasing IL-6.
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Figure 8. Effects of anti-cytokine therapy on the cytokine-driven transcriptional activity of human SAA gene. (A) Cyto‐
kine stimulation caused the formation around NF-κB RE of a heteromeric complex with STAT3 and NF-κB p65. STAT3,
which is assumed to interact with the 3’-site of NF-κB RE, recruits the co-activator p300, which then coordinate the
interaction of NF-κB p65, STAT3, and C/EBP,β thus resulting in the augmentation of transcriptional activity of human
SAA gene. (B) anti-TNFα or IL-1 therapy reduce the activity of NF-κB signaling pathway, however, transcriptional com‐
plex are still remained. (C) anti-IL-6 therapy inhibits the activation of STAT3 and C/EBP,β, and eliminates the formation
of the transcriptional complex on the SAA promoter.

5. Conclusion

Patients with AA amyloidosis whose SAA concentrations remain in the low-normal range
[14, 15] have been reported to have a better prognosis. From the clinical point of view, our
findings indicate that anti-IL-6 therapy is the most rational and promising therapy for AA
amyloidosis patients via normalization of SAA level. In addition, our study is a new clinical
research approach 'from bedside to bench' and directly lead to a better understanding of the
pathogenesis of several inflammatory diseases.
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1. Introduction

Amyloidosis is a disease characterized by deposition of extracellular proteinaceous mate‐
rial  known  as  amyloid  in  tissues.  Amyloidoses  are  classified  according  to  the  protein
composition and the clinical characteristics of the disease [1].  Amyloid protein can accu‐
mulate at various speeds in multiple organ systems and the disease can have localized or
systemic  manifestations  depending  on  organ involvement.  Amyloidotic  cardiomyopathy
or cardiac amyloidosis is characterized as a restrictive cardiomyopathy associated with in‐
creased  ventricular  wall  thickness  caused  by  the  accumulation  of  amyloid  in  the  heart
[2].Cardiac amyloidosis is of special interest since its occurrence usually has a significant
impact on morbidity and prognosis.

1.2. Subtypes of amyloid disease with cardiac manifestations

At least 27 different precursor proteins for amyloidosis have been identified [3]. Although
almost every amyloidogenic protein can deposit in the heart, a few specific types of amyloid
have a predilection to involve this organ and are responsible for most clinical presentations.
Of the nine proteins that have been shown to potentially involve the heart, two proteins: the
immunoglobulin light chain and the serum protein transthyretin are responsible for the two
clinically most important types of cardiac amyloidosis. Immunoglobulin light chain is
involved in AL amyloidosis and transthyretin (TTR) is involved in both familial- ATTR and
senile-SSA amyloid types. Other rare amyloid types that involve the heart (such as apolipo‐
protein A1) and amyloid types unusual to involve the heart such as secondary amyloid (AA)
[4] or hemodialysis associated (Aβ2M) will not be discussed in this chapter. Another more
recently described type of cardiac amyloidosis results in isolated atrial deposition. Deposited
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1. Introduction

Amyloidosis is a disease characterized by deposition of extracellular proteinaceous mate‐
rial  known  as  amyloid  in  tissues.  Amyloidoses  are  classified  according  to  the  protein
composition and the clinical characteristics of the disease [1].  Amyloid protein can accu‐
mulate at various speeds in multiple organ systems and the disease can have localized or
systemic  manifestations  depending  on  organ involvement.  Amyloidotic  cardiomyopathy
or cardiac amyloidosis is characterized as a restrictive cardiomyopathy associated with in‐
creased  ventricular  wall  thickness  caused  by  the  accumulation  of  amyloid  in  the  heart
[2].Cardiac amyloidosis is of special interest since its occurrence usually has a significant
impact on morbidity and prognosis.

1.2. Subtypes of amyloid disease with cardiac manifestations
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almost every amyloidogenic protein can deposit in the heart, a few specific types of amyloid
have a predilection to involve this organ and are responsible for most clinical presentations.
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clinically most important types of cardiac amyloidosis. Immunoglobulin light chain is
involved in AL amyloidosis and transthyretin (TTR) is involved in both familial- ATTR and
senile-SSA amyloid types. Other rare amyloid types that involve the heart (such as apolipo‐
protein A1) and amyloid types unusual to involve the heart such as secondary amyloid (AA)
[4] or hemodialysis associated (Aβ2M) will not be discussed in this chapter. Another more
recently described type of cardiac amyloidosis results in isolated atrial deposition. Deposited
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atrial amyloid resembling natriuretic peptides [5] was initially thought to be of questionable
clinical significance. This subtype, found mostly in elderly women, is increasingly associated
with atrial fibrillation [6],[7] and remodeling [8] but tends not to be associated with the classical
clinical findings of cardiac amyloidosis.

1.3. Light chain (AL) Amyloidosis

This is the most common systemic amyloidosis in the United States and the most common
cause of cardiac amyloidosis. It occurs equally in men and women usually over the age of 50.
The incidence of AL in the United States is between 2000 and 2500 cases a year [9],[10]. This is
a systemic disease most commonly involving more than one organ system which may include
the kidneys, liver, nerves, and blood vessels. Therefore, most patients have clinical evidence
of extra cardiac involvement including proteinuria, peripheral and autonomic neuropathy and
evidence of liver and skin involvement. Periorbital purpura is a relatively rare, but character‐
istic finding. Amyloid can be detected in the heart in almost every case but clinical cardiac
involvement is encountered in about half of cases. However, when present, cardiac amyloi‐
dosis will usually dominate the clinical presentation and has the greatest impact on survival
[11]. The amyloid is derived from monoclonal light chains (intact or fragmented) produced
from a population of clonal plasma cells. It is generally thought that organ dysfunction in AL
is primarily due to infiltration by the amyloid deposits, but there is increasing evidence for a
direct toxic effect of the amyloidogenic light chain [12],[13]. To support this paradigm, after
successful chemotherapy patients with AL amyloidosis frequently have improvement in heart
failure symptoms associated with decrease in biomarkers despite unchanged echocardio‐
graphic findings [14].

There is  little  overlap with the most  common plasma cell  dyscrasia-  multiple  myeloma.
Only 10-15% of myeloma patients also develop AL amyloidosis and most AL patients do
not develop overt myeloma [9]. These two diseases, however, share several features, that
is, excess bone marrow plasma cells and increased monoclonal proteins in the blood and
urine. Light chain deposition disease of the heart is a rare condition to be differentiated
from AL cardiomyopathy in which cardiac dysfunction may occur due to deposition of
immune light chains that do not form amyloid in the myocardium [15],[16].  This condi‐
tion is related to plasma cell dyscrasias such as multiple myeloma or Waldenstrom’s mac‐
roglobulinemia and like AL amyloidosis may improve after chemotherapy directed at the
underlying bone marrow clone is administered [17].

1.4. Transthyretin amyloidosis

Transthyretin (TTR) is a hepatically synthesized plasma protein. The gene is coded on
chromosome 18 and includes 4 exons. In the serum the protein circulates as a homotetramer,
in which each monomer is comprised of 127 amino acids arranged as 8 antiparallel beta pleated
sheet domains [18]. This structure is prone to form beta pleated sheet fibrils, the building blocks
for amyloid deposition [19]. Transthyretin can accumulate in the heart to cause cardiac
amyloidosis in two clinical syndromes: familial amyloidosis (ATTR) or senile amyloidosis
(SSA), the latter of which is more recently been called age-related amyloidosis.
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1.5. Familial amyloidosis (ATTR)

This disease is most commonly due to a mutation in the TTR protein, and is transmitted as an
autosomal dominant trait. To date, about 100 different amyloidogenic TTR point mutations
have been described [20]. The prevalence and severity of cardiac disease varies with different
mutations. Penetrance may vary resulting in some individuals with a mutated genotype that
may not develop clinical disease. Males and females are equally affected. Interestingly the
cardiac amyloid deposits consist of both wild type as well as mutant TTR [21]. The disease
frequently affects the heart and/or the nervous system. Other manifestations include ocular
involvement with opacities of the vitreous humor [18]. A “scalloped pupil” is pathognomonic
to the disease but is rarely encountered [22]. Carpal tunnel syndrome is another common
feature [18]. Nervous system involvement occurs as a polyneuropathy that usually starts with
paresthesias and dysesthesias in the lower extremities and ascends centripetally [23], with
possible later motor dysfunction. Autonomic nervous system involvement is common,
including dyshidrosis, bowl irregularities, orthostasis, erectile dysfunction, and urinary
retention or incontinence. Although the CNS is usually not involved, certain rare mutations
are associated with leptomeningeal amyloidosis. In contrast to AL amyloidosis, renal involve‐
ment is unusual in TTR associated amyloidosis and neither is liver deposition or macroglossia
a prominent feature. Patients may present with neuropathy, cardiomyopathy or a combination
of both and specific TTR mutations usually determine the organs of primary involvement [24].

Several common mutations warrant specific consideration. Isoleucine to valine substitution at
position 122 (Val122Ile) is among the most common, present in 4% of African Americans [25].
These patients present with severe cardiomyopathy usually by age 60, with little or no
neuropathy [26]. Valine to Methionine substitution at position 30 (Val30Met) is probably the
most studied TTR mutation worldwide. It is prevalent in a few specific locations (also termed
endemic) in Japan [27], Portugal [28] and northern Sweden [29]. In Japan and Portugal patients
usually manifest with neuropathy in the mid 30s, and cardiomyopathy is rare, typically
occurring after the sixth decade. By contrast the same mutation in Sweden usually manifests
later (mid 50s), and has slower progression and lower penetrance [30]. The threonine to alanine
substitution at position 60 (Thr60Ala) usually manifests with predominantly cardiac amyloi‐
dosis and minimal neuropathy.

1.6. Senile amyloidosis (SSA) or age related amyloidosis

This is a non-hereditary form of transthyretin related amyloidosis. It is almost exclusively a
disease of the elderly (>70 years old) and occurs more commonly in men. The disease involves
deposition of amyloid from normal unmutated transthyretin (wild type). Wild type trans‐
thyretin deposits almost exclusively in the heart and when extensive enough is associated with
cardiac disease. The only other manifestation may be carpal tunnel syndrome often preceding
heart failure by 3-5 years. The finding of some transthyretin amyloid deposition is common in
the elderly (up to 25% of autopsies in subjects over the age of 80) and not always associates
with clinical cardiac amyloidosis [31].
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2. Specific features of cardiac amyloidosis

2.1. Pathology

Grossly, amyloid can be seen to infiltrate any or all cardiac structures including the myocar‐
dium (atrial and ventricular), valves, conduction system, coronary and large arteries [32]. This
usually results in thickening of all 4 chambers, biatrial dilatation, normal or mildly dilated
right ventricle and normal or small left ventricular cavity. The conduction system is usually
involved. Valve infiltration may lead to thickening or nodule formation. Valve regurgitation
is generally mild but can be severe.

Microscopically, myocardial cells separate and are distorted by amyloid deposition [33].
Amyloid deposits stain pink with Hematoxylin and Eosin and show an apple-green birefrin‐
gence when stained with Congo red and viewed under polarized light. By electron microscope
the fibrils are non-branching with a consistent diameter of 7.5 to 10 nm [34]. Additionally, the
intramyocardial vessels are frequently infiltrated by amyloid [34]. Rarely this small vessel
involvement will cause the initial presentation with only minimal myocardial infiltration.
Involvement of epicardial vessels is rare but may mimic atherosclerotic plaques. There may
be differences in patterns of deposition between AL and SSA amyloid to suggest more vascular
involvement in the former [35].

2.2. Clinical manifestations

In AL amyloidosis, cardiac manifestations are rare to occur without associated systemic
manifestations such as gastrointestinal symptoms or heavy proteinuria [36]. Age at presenta‐
tion is typically in the fifth to sixth decade, and is rare in patients younger than 30 [36]. ATTR
may present with or without neurologic manifestations. SSA usually does not involve other
organs, with the exception of carpal tunnel symptom and will manifest usually in an older
patient.

Heart failure is the usual cardiac manifestation, typically with preserved left ventricular
ejection fraction. Biventricular failure is usually present, but the presenting symptoms are often
those of right heart failure including ascites and peripheral edema. This can help differentiate
from cardiac hypertrophy due to hypertension alone, where right heart failure is less common
on presentation. Other non specific symptoms include fatigue and orthostatic hypotension.
Due to the high prevalence of ATTR in the African American population, symptoms of right
heart failure in an African American in his/her sixth decade with ventricular wall thickening
should alert the physician to suspect familial amyloidosis (transthyretin, Val Ile122) rather
than hypertensive heart.

Other cardiac manifestations include arrhythmias and dysrhythmias. Atrial fibrillation is
common and may worsen heart failure symptoms. Possible causes of atrial fibrillation are atrial
infiltration, elevated left atrial pressure due to the diastolic dysfunction and older age (in SSA
amyloidosis). Syncope and sudden death can occur. Differential diagnosis includes orthosta‐
tism and arrhythmias. Arrhythmias can include brady-arrhythmias such as caused by
conduction delays. Ventricular tachy-arrhythmias are described but sustained VT is uncom‐
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mon and most cases of monitored sudden death were due to electro-mechanical dissociation
[37]. Chest pain due to small vessel disease is a rare (1-2%) presentation of AL amyloidosis [38].
In some of these cases imaging studies may be positive but coronary angiography will
demonstrate normal epicardial vessels.

Another clinical aspect is the tendency for thromboembolic events. As stated above atrial
fibrillation is a common finding, especially with advanced disease. Atrial standstill can occur
due to amyloid infiltration even in the presence of sinus rhythm and contribute to thrombus
formation. In AL amyloid nephrotic syndrome can also contribute to hypercoagulopathy and
thrombus formation. Although debated, these risks may warrant a relatively liberal use of
anticoagulation as discussed below [39]-[41] [42].

2.3. Diagnosis

The diagnosis of cardiac amyloidosis can be challenging. A high level of suspicion is needed
since diagnosis can often be missed, especially with the transthyretin amyloidosis. Patients
may be misdiagnosed with more common causes of heart failure associated with cardiac
hypertrophy such as hypertensive cardiomyopathy. Clinical suspicion usually arises during
evaluation for right sided heart failure, because other manifestations of cardiac amyloidosis
occur less commonly. Systemic manifestations typical of each type of cardiac amyloidosis may
be supportive of the diagnosis. Further basic evaluation includes electrocardiography and
echocardiography. More advanced evaluation including MRI and radioisotope and hemody‐
namic studies may also be utilized to substantiate the diagnosis. Definite diagnosis is generally
made by cardiac biopsy and pathological evaluation but may not be needed in every case.

2.4. Cardiovascular directed physical examination

An irregular rhythm due to atrial fibrillation occurs in 10-15% of the patients. Blood pressure
is often low and can further decrease with standing. Manifestations of right heart failure due
to restrictive cardiomyopathy will include an elevated jugular venous pressure but Kussmaul’s
sign is rarely present (in contrast to constrictive pericarditis). The apex beat is frequently
impalpable. The first and second heart sounds are usually normal. A left ventricular S3 is rare
but a right ventricular S3 may be heard. A fourth heart sound is almost never present, possibly
due to atrial dysfunction [9]. On chest examination rales are uncommon but pleural effusion
may occur both due to heart failure as well as to amyloid involvement [43]. Hepatomegaly is
common, due to either congestion or AL amyloid infiltration (causing a rock-hard organ in the
latter case). Peripheral edema may be profound, especially if nephrosis co-exists.

2.5. Systemic findings

The diagnosis of systemic amyloid involvement and findings of monoclonal immunoglobulin
light chain may suggest AL amyloidosis. In detecting serum light chain, immunofixation is
preferred to electrophoresis since the amount of paraprotein may be small. Serum free light
chain assay is even more sensitive than immunofixation [44]. The finding of a monoclonal
protein is not necessarily pathological and differential diagnosis includes monoclonal gamm‐
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opathy of uncertain significance (MGUS). A monoclonal protein as an incidental finding
(MGUS) can be found in up to 5-10% of patients more than 70 years old [45]. Not all cases are
benign and the quantitative serum free light chain assay may predict progression in some cases
[46]. The combination of abnormal kappa/lambda ratio and positive immunofixation identified
99% of patients with AL amyloidosis [47]. When considering the serum immunoglobulin free
light chain, elevations of either the serum kappa or lambda free light chain in the context of a
normal ratio between the two does not suggest a clonal process, like what one sees in AL. Renal
failure and non-specific inflammation can cause elevation of both types of light chain, and the
normal ratio is preserved. Light chain elevations associated with a clonal process will also
include an abnormal ratio. Amyloid deposition can be found in abdominal fat needle aspiration
and used for tissue confirmation of systemic amyloidosis [48],[49]. Eventually bone marrow
biopsy is necessary to assess the percentage of plasma cells and rule out myeloma and other
disorders such as Waldenstrom’s macroglobulnemia.

In the case of ATTR amyloidosis systemic evaluation should focus on a thorough neurological
evaluation including eye examination. Genetic analysis may be helpful if ATTR is suspected,
especially if a familial trait is identified and may be utilized in consulting siblings.

2.6. Electrocardiography

Low voltage  QRS (<5mm in  all  limb leads)  [50]  is  one  of  the  hallmarks  of  the  disease.
However the lack of low voltage does not rule out the disease and in very rare cases, an
unusual presentation with EKG features of left  ventricular hypertrophy has been descri‐
bed. Other common observations include pseudoinfarct pattern, repolarization alterations
and T-wave abnormalities, and atrial fibrillation [51]. Atrial involvement may lead to de‐
layed atrial  conduction and a long PR interval.  Interestingly,  bundle branch blocks tend
to be uncommon [9]

2.7. Echocardiography

Usually ventricular wall thickening in the absence of left ventricular cavity dilatation is seen.
Ejection fraction is often normal. Trans-mitral Doppler and tissue Doppler frequently suggests
elevated left ventricular filling pressure [52],[53]. A decreased transmitral A wave can be due
to the direct effect of atrial infiltration and not only the restrictive physiology therefore a
normal E wave deceleration time with small A wave can be encountered [54] [55]. Pericardial
effusion is common. A typical echocardiographic image is shown in figure 1.

Clues to differentiate LV thickening due to amyloidosis from LV hypertrophy include:

1. Disproportional impairment of longitudinal motion. Subendocardial fibers are particu‐
larly susceptible to damage in amyloidosis. Since these are longitudinal, the longitudinal
contraction of the heart is impaired early in the disease process. This can be diagnosed
using tissue Doppler as well as strain and strain rate [56],[57].

2. Involvement of other cardiac structures including RV free wall thickening, prominent
biatrial dilatation and valvular thickening.
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3. Absence of high voltage QRS on surface EKG despite the appearance of a thickened
left ventricle. The opposite may occur with decreased voltage as ventricular mass is
increased [58].

In about 5% of patients cardiac amyloidosis can mimic hypertrophic cardiomyopathy echo‐
cardiographically [59],[60]. Unlike true hypertrophic cardiomyopathy ventricular hypertro‐
phy on the EKG limb leads is almost never seen and systolic anterior motion of the mitral leaflet
is uncommon, although chordal anterior motion may be present.

Echocardiographically distinguishing the different types of cardiac amyloidosis is challenging.
Ventricular cavity is usually smaller and ventricular walls thicker in SSR compared to AL
amyloidosis [61]. One clue to differentiate ATTR and AL amyloidosis may be that QRS voltage
may be higher due to the amount of ventricular thickening in ATTR as compared to AL
amyloidosis [62]. Subtle differences in strain and strain rate were described between the two
[57]. These are possibly related to the toxic effects of the light chains in AL, absent in ATTR
amyloidosis [12].

2.8. Magnetic Resonance Imaging (MRI)

Gadolinium tends to accumulate in the amyloid infiltrated cardiac interstitium. Therefore a
distinctive pattern in cardiac MRI can be highly suggestive of the diagnosis. This consists of
faster washout than usual from blood and myocardium, and later a diffuse, predominantly
subendocardial delayed gadolinium uptake pattern [63]-[68]. A representative MRI is shown
in figure 2. Less commonly a focal distribution with variable trans-mural extension is seen,
more often in the mid-ventricle [69]. The analysis of gadolinium kinetics may have prognostic

Figure 1. Representative echocardiographic image in a patient with cardiac amyloidosis. Parasternal long axis
echocardiographic view showing granular myocardium with increased left and right ventricular wall thickness in a 77
year old with cardiac amyloidosis. Note the pericardial effusion.
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In the case of ATTR amyloidosis systemic evaluation should focus on a thorough neurological
evaluation including eye examination. Genetic analysis may be helpful if ATTR is suspected,
especially if a familial trait is identified and may be utilized in consulting siblings.
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2.7. Echocardiography
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Clues to differentiate LV thickening due to amyloidosis from LV hypertrophy include:

1. Disproportional impairment of longitudinal motion. Subendocardial fibers are particu‐
larly susceptible to damage in amyloidosis. Since these are longitudinal, the longitudinal
contraction of the heart is impaired early in the disease process. This can be diagnosed
using tissue Doppler as well as strain and strain rate [56],[57].

2. Involvement of other cardiac structures including RV free wall thickening, prominent
biatrial dilatation and valvular thickening.
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3. Absence of high voltage QRS on surface EKG despite the appearance of a thickened
left ventricle. The opposite may occur with decreased voltage as ventricular mass is
increased [58].

In about 5% of patients cardiac amyloidosis can mimic hypertrophic cardiomyopathy echo‐
cardiographically [59],[60]. Unlike true hypertrophic cardiomyopathy ventricular hypertro‐
phy on the EKG limb leads is almost never seen and systolic anterior motion of the mitral leaflet
is uncommon, although chordal anterior motion may be present.

Echocardiographically distinguishing the different types of cardiac amyloidosis is challenging.
Ventricular cavity is usually smaller and ventricular walls thicker in SSR compared to AL
amyloidosis [61]. One clue to differentiate ATTR and AL amyloidosis may be that QRS voltage
may be higher due to the amount of ventricular thickening in ATTR as compared to AL
amyloidosis [62]. Subtle differences in strain and strain rate were described between the two
[57]. These are possibly related to the toxic effects of the light chains in AL, absent in ATTR
amyloidosis [12].

2.8. Magnetic Resonance Imaging (MRI)

Gadolinium tends to accumulate in the amyloid infiltrated cardiac interstitium. Therefore a
distinctive pattern in cardiac MRI can be highly suggestive of the diagnosis. This consists of
faster washout than usual from blood and myocardium, and later a diffuse, predominantly
subendocardial delayed gadolinium uptake pattern [63]-[68]. A representative MRI is shown
in figure 2. Less commonly a focal distribution with variable trans-mural extension is seen,
more often in the mid-ventricle [69]. The analysis of gadolinium kinetics may have prognostic

Figure 1. Representative echocardiographic image in a patient with cardiac amyloidosis. Parasternal long axis
echocardiographic view showing granular myocardium with increased left and right ventricular wall thickness in a 77
year old with cardiac amyloidosis. Note the pericardial effusion.
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value as well as diagnostic utility [70]. The use of gadolinium may be restricted by the potential
harm of causing nephrogenic systemic fibrosis in patients with renal impairment (especially
in AL amyloidosis) and therefore the possible utility in substantiating the diagnosis should be
carefully weighed against this possible risk.

Figure 2. Magnetic resonance image in cardiac amyloidosis. Cardiac MRI showing a short axis myocardial delayed
enhancement image obtained 10 minutes following gadolinium administration demonstrating diffuse abnormal en‐
hancement (white) of the right ventricular free and inferior walls as well as focal abnormal enhancement of the in‐
ferolateral left ventricular myocardium in a subendocardial distribution. The diffuse abnormal enhancement involving
both right and left ventricles is characteristic of cardiac amyloid deposition.

2.9. Radioisotope imaging

Serum amyloid P binds in a calcium dependent way to amyloid and 123I-labeled serum
amyloid P component has been used to identify amyloid deposits. However its use in the heart
is hampered by blood pool uptake [71] and it is available only in a few highly specialized
centers. 99m-Tc-aprotinin may be fairly specific for cardiac amyloidosis but experience with
this tecnique is limited [72].
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2.10. Hemodynamics

Amyloid cardiomyopathy physiology is typically restrictive. Left ventricular end diastolic
pressure (LVEDP) is typically elevated with a dip and plateau waveform. Since the left
ventricle does not dilate the patients are usually sensitive to volume loading and even small
reductions in contractility may cause significant reduction in stroke volume. However
hemodynamics displayed by catheterization are not always typical. Among 38 patients with
ATTR cardiac amyloidosis one had an RV pressure curve dip and plateau, 34% had elevated
wedge pressure. Interestingly 29% patients did not display hemodynamic diastolic abnormal‐
ities at rest [73].

Differentiation from constrictive pericarditis may necessitate a simultaneous right and left
hemodynamics study. Early observations suggested that unlike constrictive pericarditis, in
amyloidosis LVEDP is elevated at least 7mmHg above right ventricular end diastolic pressure
[74]. Later reports have argued this is not always the case and amyloidosis can masquerade
constriction hemodynamics [75]. Pulmonary systolic pressure >50mmHg is another parameter
thought to be less likely in pure constriction and if occurs may suggest restrictive physiology
such that occurs with amyloidosis. Currently accepted parameters that best differentiate
constriction from restrictive cardiomyopathy include exacerbated interventricular depend‐
ence (demonstrated by increased inspiratory rise in RV pressure and fall in LV pressure as
measured by the systolic area index) and dissociation between intrathoracic and intracardiac
pressures [76] [77].

2.11. The role of cardiac biopsy

In treating a patient with suspected cardiac amyloidosis, the clinician may be faced with the
dilemma whether to perform a cardiac biopsy, most commonly in the setting of TTR. A careful
risk benefit evaluation is warranted for every case since, while this procedure may provide
useful diagnostic information [78],[79], the risks are not negligible. Myocardial biopsy has a
good negative predictive value (since cardiac involvement is widespread). Biopsy of the
myocardium (or any involved tissue) provides information on the type of amyloid. The most
accurate technique appears to be molecular analysis of the amyloid fibrils using mass spec‐
trometry [80]. In patients with a confirmed diagnosis of systemic amyloidosis via biopsy proof
of another tissue, ventricular wall thickening and low or normal voltage EKG, the diagnosis
of cardiac amyloidosis is probable and biopsy should be avoided. If the patient is hypertensive
and there is uncertainty regarding cardiac involvement, biopsy may be useful. The most
accessible tissue to biopsy is that abdominal fat, which has sensitivities for AL of about 80%
and for TTR of about 40%. If suspicion of amyloidosis is high, and there is no other organ
involvement, cardiac biopsy may be needed to confirm the diagnosis. Since small amounts of
amyloid deposition are a common finding in the very elderly [81] caution should be taken
when interpreting the results in this population, especially if the amyloid deposits are sparse
and the echocardiographic appearance is not convincing. In an elderly patient with clinical
and echocardiographic findings consistent of cardiac amyloidosis and free light chain in the
serum the differential will include coincidental SSA amyloid and MGUS versus AL amyloid.
If other tissue is not available or yields negative results, endomyocardial biopsy with typing
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and for TTR of about 40%. If suspicion of amyloidosis is high, and there is no other organ
involvement, cardiac biopsy may be needed to confirm the diagnosis. Since small amounts of
amyloid deposition are a common finding in the very elderly [81] caution should be taken
when interpreting the results in this population, especially if the amyloid deposits are sparse
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using laser capture mass spectrometry or immunochemistry or immunogold electron micro‐
scopy may be needed to differentiate ATTR from AL.

2.12. Prognostic markers

The type of amyloidosis by itself is an important determinant of survival and every type should
be considered separately when discussing prognostic issues. Patients with AL amyloidosis
generally carry the worst prognosis and most of the current research on prognostic evaluation
is focused on this group. Clinical features such as low ejection fraction and low voltage pattern
were associated with increased mortality [82]. Cardiac biomarkers may be elevated in patients
with AL and are being utilized to estimate prognosis. Cardiac troponins may be elevated due
to myocyte death or injury and elevated levels predict worse prognosis in AL patients [83].
Elevated brain natriuretic peptide (BNP) may reflect both congestive HF as well as compres‐
sion by adjacent amyloid deposits [84],[85] and has also been associated with worse survival.
Staging using serum levels of BNP or its n-terminal portion (NT-proBNP) together with serum
troponin is used to aid in risk assessment and prognosis in AL amyloidosis [86],[87]. More
recently, a risk stratification score using cardiac troponin, NT-proBNP and uric acid was
developed to assess early death among AL patients [88]. Even more recently, an additional
risk score that includes NT-proBNP, troponin T, and serum immunoglobulin free light chain
adds further prognostic discrimination[89].

2.13. Prognosis

In the absence of treatment, the natural history of AL amyloidosis is dismal (80% two year
mortality) [90]. Although prognosis has improved over the years with the advancement of
treatment [88], mortality remains high, especially in the presence of heart failure symptoms
(median survival 4-6 months) [11]. The course in ATTR amyloidosis is generally more indolent,
with 92% 1 year survival [62] and heart failure may be easier to control. Genotypes differ in
prognosis, and patients with the Val30Met mutation tend for better prognosis compared to
other mutations [24]. Senile amyloidosis is also associated with better survival compared to
AL amyloidosis, despite older age of presentation and thicker myocardium by echocardiog‐
raphy [61]. In one report median survival was 60 months, compared to 5.4 months for AL
amyloidosis [91]. Similar results were shown in a larger series comparing the 3 major cardiac
amyloidosis syndromes [73].

3. Treatment

3.1. Disease specific treatment

Cardiac dysfunction in AL amyloidosis may be caused by direct toxicity of the circulating
serum free light chains, in addition to the deposited amyloid tissue [13]. Therefore, treatment
of the underlying plasma cell dyscrasia in AL amyloid involving chemotherapy [92] can cause
a reduction in the cardiac biomarker NT-proBNP and improve survival [14],[93]. A range of
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chemotherapies ranging from low dose melphalan and dexamethasone to high dose melpha‐
lan with autologous hematopoietic stem cell transplantation are among the most commonly
used therapies. One of the more promising, but least well studied drugs, that is directed against
the plasma cell clone is bortezomib. Bortezomib is a proteasome inhibitor and utilizing it, a
hematological response can be achieved more rapidly (in about a month) in high percentages
of patients [94],[95], but clinical trials using this drug have typically excluded those AL patients
with the most significant cardiac dysfunction. Other treatments using thalidomide or lenali‐
domide may also be effective, but these drugs have been shown to exacerbate cardiac failure
in a percentage of patients [96]. Despite the advancement in hematological treatment, mortality
in patients with severe heart failure is still high [97]. Moreover, worsening of cardiac function
may occur during the course of treatment and an ejection fraction below 40% is considered a
contraindication to high dose chemotherapy with autologous hematopoietic stem cell trans‐
plantation. The complexity and potential deterioration of cardiac function during treatment
warrants cardiologist involvement during evaluation for chemotherapy and during follow-up
after treatment in every case, even if cardiac involvement seems minor.

Stabilization of the tetrameric structure of transthyretin using small molecule ligands is under
investigation [98] and may assist patients with TTR associated amyloidosis. The non-steroidal
anti-inflammatory drug Diflunisal has been found to have this effect [99],[100] but chronic use
is limited due to possible worsening of fluid overload and renal function. Tafamidis is a novel
transthyretin kinetic stabilizer which has been recently investigated clinically [101]. In a
randomized trial this agent was well tolerated and showed a trend for delaying peripheral
neurologic impairment in patients with ATTR [102]. While showing promise, this agent is not
yet in routine clinical use.

3.2. Conventional heart failure treatment

It is important to differentiate AL from ATTR amyloid. While in AL amyloid “conventional”
heart failure treatment including beta blockers and angiotensin pathway inhibitors is usually
not well tolerated, these medications may be better tolerated in ATTR patients who do not
suffer from significant autonomic neuropathy. Calcium channel blockers with negative
inotropic effects have no role in AL amyloid and may cause harm [103] [104]. Compared to
other causes of heart failure there is no evidence for remodeling effects from beta blockers and
therefore they are not indicated for patients in sinus rhythm [105]. They may be used to slow
atrial fibrillation response if needed, but take care if your patient decompensates after
institution. Amiodarone and digoxin may be preferred for rate control. Due to their impaired
cardiac function (and restrictive LV filling), some of these patients require mild tachycardia to
maintain cardiac output. There is also no role for digoxin for patients in sinus rhythm but it
also may help slow atrial fibrillation response. Possible increased toxicity by increased binding
of digoxin to amyloid fibrils has been reported [106] and therefore lower dosing and caution
is probably justified when using this medication. Angiotensin pathway inhibitors (both
angiotensin converting enzyme inhibitors and receptor blockers) may provoke hypotension
(possibly due to impaired sympathetic nervous system function and reduced and relatively
fixed stroke volume) and therefore should be administered only if being used to treat hyper‐
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maintain cardiac output. There is also no role for digoxin for patients in sinus rhythm but it
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tension [32]. Patients with SSA amyloid tend to tolerate these medications better than patients
with AL amyloid. Diuretics and salt restriction remains the mainstay of medical treatment in
cardiac amyloidosis. Careful titration is utilized since reduced preload with reduced ventric‐
ular filling pressures can decrease cardiac output and cause hypotension. Higher doses may
be needed if albumin is low as a result of nephrotic syndrome (with AL). If absorption is
impaired due to anasarca, intravenous treatment may be necessary sometimes in association
with IV albumin.

Ancillary treatment in patients with autonomic neuropathy includes compression stockings
and alpha adrenergic agonists such as midodrine [107]. Fludrocortisone is usually less well
tolerated due to its sodium retaining effects and worsening of edema. Patients with erectile
dysfunction can be aided by phosphodiasterase inhibitors [108].

The question of anticoagulation is complex since both a thrombotic tendency as well as a
bleeding tendency (especially in AL) may occur. ATTR patients tend to bleed less than AL
patients. Due to an increased risk, anticoagulation with warfarin is probably indicated when
atrial fibrillation occurs, even in the absence of other risk factors. The decision is more complex
in patients with sinus rhythm. Because of an increased tendency for thrombotic events and the
occurrence of atrial stand-still, anticoagulation should be considered. Though this must be
counterbalanced by the increased risk of bleeding, especially from the GI tract. The head and
neck purpura may also be a challenge to manage among patients on anticoagulation. Atrial
thrombi were indeed identified in patients with AL amyloid in sinus rhythm [39]. A small
transmitral A wave (<20cm/s) can suggest impaired atrial function with more tendency to form
thrombi and can be used as another clue to decision making. Transesophageal echocardiog‐
raphy may help to identify patients in sinus rhythm with higher risk for thrombosis such as
those with spontaneous echo contrast or low left atrial appendage velocities. A cutoff of <40cm/
sec was initially suggested [109] but this may be considerably lower (reported as 13±5cm/sec
for patients with and 27±15cm/sec for patients without thrombosis) [41].

3.3. Arrhythmia, pacing and defibrillators

Maintenance of sinus rhythm seems important in the stiff restrictive amyloidotic hearts,
possibly due to the importance of the atrial kick and avoiding tachycardia. Therefore careful
consideration should be given to electrical cardioversion for atrial flutter or fibrillation.
Amiodarone can be useful to help maintain sinus rhythm. If pacing is needed strong consid‐
eration should be given to biventricular pacing since RV pacing and the resulting dysynergy
may decrease stroke volume.

Sudden death is common in patients with cardiac amyloidosis. Early studies using holter
monitoring suggested a high incidence of ventricular arrhythmia [110]. However, it is
presently thought that the cause of death is less often rapid ventricular arrhythmias but may
include electromechanical dissociation [111] and advanced heart block. Among 19 patients
with either non-sustained ventricular tachycardia or high grade ventricular arrhythmia treated
with an ICD only 2 received appropriate shocks for sustained VT, while 6 died of electrome‐
chanical dissociation [112]. Thus, there seems to be little role for implantable pacemakers in
cardiac amyloid patients, unless a sustained ventricular arrhythmia was documented.
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Amiodarone has been used to try and prevent arrhythmias and sudden death although there
is no clear evidence of benefit.

4. Advanced heart failure treatment

4.1. Cardiac transplantation in AL amyloidosis

The negative impact of cardiac involvement on survival, the rapidly deteriorating clinical
manifestations and the potential for hematologic treatment led clinicians as early as the 1980’s
to consider cardiac transplantation in AL amyloid. While initial reports based on individual
cases generated optimism [113],[114], subsequent experience highlighted suboptimal out‐
comes [115] calling for careful and specialized patient selection and management, including
disease modifying hematological treatment such as bone marrow transplant. In selected
patients with both cardiac and renal failure, combined heart kidney transplant may be offered
[116]. All these considerations necessitate that transplant for this complex population is carried
out in highly specialized centers with high volumes.

4.2. Patient selection

Patient selection for patients with cardiac amyloidosis is usually a complex decision that is to
be based on careful evaluation involving multiple disciplines. Considerations include the
routine assessment utilized in “ordinary” cardiac transplant including factors such as age,
frailty, the advancement of cardiomyopathy and co-morbidities. Additional evaluation
specific to the AL includes evaluating whether other organs are involved, ruling out multiple
myeloma, and collaboration with a hematologist regarding chemotherapy. Baseline evaluation
before considering heart transplant includes therefore bone marrow aspirate and biopsy,
echocardiogram, serum and 24-hour urine monoclonal protein studies, serum immunoglobu‐
lin free light chain assay, a chemistry panel including creatinine, liver function tests and renal
clearance estimates (table 1). Major involvement of other organ systems will render the patients
as less optimal candidates. This includes evidence of peripheral neuropathy, autonomic
neuropathy, gastrointestinal symptoms (diarrhea), hepatic involvement, and renal failure.
Patients with significant proteinuria (>500 mg/day) are usually considered higher risk due to
kidney involvement. Hepatic involvement may be suspected with elevated alkaline phospha‐
tase and hepatomegaly and a liver biopsy may be needed to differentiate it from right heart
failure. Since amyloidosis is a vascular disease, the mere presence of vascular involvement in
the liver would not render a patient ineligible for cardiac transplant. The acronym DANGER
was suggested for evaluation of tissue involvement and adverse outcome in the context of pre-
transplant evaluation for AL amyloid. It includes Diarrhea, Autonomic nervous involvement,
poor Nutritional status, Gastrointestinal involvement (bleeding), Elimination (renal) or Respirato‐
ry dysfunction[117]. Recurrent pleural effusion (more common in AL amyloidosis) is also an
ominous sign for bad prognosis [43].
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Amiodarone has been used to try and prevent arrhythmias and sudden death although there
is no clear evidence of benefit.

4. Advanced heart failure treatment

4.1. Cardiac transplantation in AL amyloidosis

The negative impact of cardiac involvement on survival, the rapidly deteriorating clinical
manifestations and the potential for hematologic treatment led clinicians as early as the 1980’s
to consider cardiac transplantation in AL amyloid. While initial reports based on individual
cases generated optimism [113],[114], subsequent experience highlighted suboptimal out‐
comes [115] calling for careful and specialized patient selection and management, including
disease modifying hematological treatment such as bone marrow transplant. In selected
patients with both cardiac and renal failure, combined heart kidney transplant may be offered
[116]. All these considerations necessitate that transplant for this complex population is carried
out in highly specialized centers with high volumes.

4.2. Patient selection

Patient selection for patients with cardiac amyloidosis is usually a complex decision that is to
be based on careful evaluation involving multiple disciplines. Considerations include the
routine assessment utilized in “ordinary” cardiac transplant including factors such as age,
frailty, the advancement of cardiomyopathy and co-morbidities. Additional evaluation
specific to the AL includes evaluating whether other organs are involved, ruling out multiple
myeloma, and collaboration with a hematologist regarding chemotherapy. Baseline evaluation
before considering heart transplant includes therefore bone marrow aspirate and biopsy,
echocardiogram, serum and 24-hour urine monoclonal protein studies, serum immunoglobu‐
lin free light chain assay, a chemistry panel including creatinine, liver function tests and renal
clearance estimates (table 1). Major involvement of other organ systems will render the patients
as less optimal candidates. This includes evidence of peripheral neuropathy, autonomic
neuropathy, gastrointestinal symptoms (diarrhea), hepatic involvement, and renal failure.
Patients with significant proteinuria (>500 mg/day) are usually considered higher risk due to
kidney involvement. Hepatic involvement may be suspected with elevated alkaline phospha‐
tase and hepatomegaly and a liver biopsy may be needed to differentiate it from right heart
failure. Since amyloidosis is a vascular disease, the mere presence of vascular involvement in
the liver would not render a patient ineligible for cardiac transplant. The acronym DANGER
was suggested for evaluation of tissue involvement and adverse outcome in the context of pre-
transplant evaluation for AL amyloid. It includes Diarrhea, Autonomic nervous involvement,
poor Nutritional status, Gastrointestinal involvement (bleeding), Elimination (renal) or Respirato‐
ry dysfunction[117]. Recurrent pleural effusion (more common in AL amyloidosis) is also an
ominous sign for bad prognosis [43].
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Routine cardiac transplantation

evaluation with the following

additional studies:

• Serum protein electrophoresis

• Urine protein electrophoresis (24-hour urine)

• Factor X and thrombin time (special coagulation studies)

• Bone marrow biopsy with aspirate, labeling index and smear

• Labeling index in peripheral blood with number of circulating plasma cells

• Serum carotene

• β2-microglobulin

• C-reactive protein

• 24-hour urine creatinine clearance

• 48-hour stool collection for fat

• Subcutaneous fat aspirate

• Metastatic bone survey with single views of humeri and femurs

Pulmonary assessment will proceed as

follows:

Recurrent pleural effusions, refractory to treatment will necessitate:

• Chest CT

• Possible lung biopsy dependent on CT findings

Liver assessment will proceed as

follows:

• If alkaline phosphatase <1.5-fold upper limit of normal (350), then proceed

with transplant evaluation

• If alkaline phosphatase 1.5- to 3-fold upper limit of normal, then proceed to

liver biopsy:

1. If there is portal tract amyloid deposition, then there is an absolute

contraindication

2. If vascular amyloid only, then proceed with transplant evaluation

• If alkaline phosphatase is ≥3.0-fold upper limit of normal (750), absolute then

there is an contraindication to HT

Renal assessment will proceed as

follows:

Lothalamate clearance should exceed 50 ml/min/1.73 m2

• If urinary albumin is <250 mg/24 hours, then proceed with transplant

evaluation

• If urinary albumin is 250 to 1,000 mg/24 hours, then proceed to renal biopsy

1. If vascular amyloid only, is present then proceed with transplant evaluation

2. If interstitial or glomerular amyloid is present, then there is an absolute

contraindication to cardiac transplant

Blood/marrow plasma cell labeling

index assessment will proceed as

follows:

Plasma cell labeling index

• If plasma cell labeling index is ≥2%, then exclude from consideration for

transplant evaluation

• If plasma cell labeling index is ≥1%, then proceed to metastatic bone survey

to exclude myeloma-associated bony lesions
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• If plasma cell labeling index is <1%, then proceed with transplant evaluation

Peripheral blood labeling index

• If peripheral blood plasma cell labeling index is "/>1%, then absolute

contraindication to cardiac transplant

Plasmacytosis

• If plasma cell differential on marrow aspirate is <10%, then proceed with

transplant evaluation

• If plasma cell differential on marrow aspirate is 10% to 20%, then do

metastatic bone survey to exclude myeloma-associated bony lesions

• If plasma cell differential on marrow aspirate, marrow biopsy or cytoplasmic

immunoglobulin–positive plasma cells are ≥20%, then contraindication to

there is an absolute cardiac transplant

Intestinal assessment will proceed as

follows:

• 48-hour stool collection for fecal fat to rule out malabsorption

• Serum carotene if low level could indicate malabsorption

• Endoscopic and flexible sigmoidoscopic evaluation with biopsy

1. If vascular amyloid deposition only, then proceed with transplant evaluation

2. If mucosal amyloid deposition, then there is an absolute contraindication to

cardiac transplantation

Adopted from Lacy MQ et al. 2008.

Table 1. Pre-transplant evaluation of AL amyloid patients.

4.3. High dose chemotherapy with autologous hematopoietic stem cell transplant (ASCT)
after heart transplant in patients with AL

Since the clinical course of these patients is usually rapidly progressive once heart failure
occurs, death rates on the transplant list tend to be high. Cardiac transplant alone does not halt
the ongoing amyloid deposition and although it results in temporary improvement, this is
followed by an overall poor prognosis [114],[115]. Unless therapy directed at the underlying
plasma cell clone is effective, the amyloid may also recur in the transplanted heart at a later
stage, despite initial clinical improvement of heart failure [118]. Therefore, the treatment
strategy should be to follow the heart transplant with chemotherapy, usually within 6 months
to a year after the heart transplant to allow for healing from the surgery and tapering down of
the immunosuppression. Initial experience was described in 5 patients, of whom 2 died of
progressive amyloid and 3 survived [119]. With increasing experience with patient selection
and treatment results are improving [120] and in selected patients prognosis may be compa‐
rable to non-amyloid patients [117]. This strategy has been shown to be feasible and associated
with improved survival with carefully selected patients [121]. Although there are some reports
of late recurrence of cardiac amyloidosis [122] despite ASCT this is considered still the strategy
that offers the best chance for long term good outcomes.
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• If plasma cell labeling index is <1%, then proceed with transplant evaluation

Peripheral blood labeling index

• If peripheral blood plasma cell labeling index is "/>1%, then absolute

contraindication to cardiac transplant

Plasmacytosis

• If plasma cell differential on marrow aspirate is <10%, then proceed with

transplant evaluation

• If plasma cell differential on marrow aspirate is 10% to 20%, then do

metastatic bone survey to exclude myeloma-associated bony lesions

• If plasma cell differential on marrow aspirate, marrow biopsy or cytoplasmic

immunoglobulin–positive plasma cells are ≥20%, then contraindication to

there is an absolute cardiac transplant

Intestinal assessment will proceed as

follows:

• 48-hour stool collection for fecal fat to rule out malabsorption

• Serum carotene if low level could indicate malabsorption

• Endoscopic and flexible sigmoidoscopic evaluation with biopsy

1. If vascular amyloid deposition only, then proceed with transplant evaluation

2. If mucosal amyloid deposition, then there is an absolute contraindication to

cardiac transplantation

Adopted from Lacy MQ et al. 2008.

Table 1. Pre-transplant evaluation of AL amyloid patients.

4.3. High dose chemotherapy with autologous hematopoietic stem cell transplant (ASCT)
after heart transplant in patients with AL

Since the clinical course of these patients is usually rapidly progressive once heart failure
occurs, death rates on the transplant list tend to be high. Cardiac transplant alone does not halt
the ongoing amyloid deposition and although it results in temporary improvement, this is
followed by an overall poor prognosis [114],[115]. Unless therapy directed at the underlying
plasma cell clone is effective, the amyloid may also recur in the transplanted heart at a later
stage, despite initial clinical improvement of heart failure [118]. Therefore, the treatment
strategy should be to follow the heart transplant with chemotherapy, usually within 6 months
to a year after the heart transplant to allow for healing from the surgery and tapering down of
the immunosuppression. Initial experience was described in 5 patients, of whom 2 died of
progressive amyloid and 3 survived [119]. With increasing experience with patient selection
and treatment results are improving [120] and in selected patients prognosis may be compa‐
rable to non-amyloid patients [117]. This strategy has been shown to be feasible and associated
with improved survival with carefully selected patients [121]. Although there are some reports
of late recurrence of cardiac amyloidosis [122] despite ASCT this is considered still the strategy
that offers the best chance for long term good outcomes.
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Since the disease is rapidly progressive and patients will generally wait 4-6 months after heart
transplant to be fit for ASCT. Therefore timing of heart transplant is especially crucial in this
patient setting since patients might miss the window of opportunity for hematologic treatment.
Extended donor criteria have been advocated and may be utilized to facilitate a timely
transplant in selected cases [123]. Another approach would be to consider heart transplant
after successful hematological treatment including ASCT [124], but this strategy is fraught with
more hazard, because of the high risk of death among ASCT AL patients with cardiac amyloid
bad enough to require cardiac transplantation.. Newer chemotherapeutic agents that are better
tolerated may be used to achieve partial remission [95] and may halt the progression of cardiac
symptoms by decreasing serum levels of light chains with potential toxic myocardial effects,
and thereby facilitate survival on the waiting list for heart transplant.

4.4. Outcomes of heart transplant in AL cardiac amyloidosis

Survival in transplanted patients with amyloidosis is generally poorer when compared to
patients without amyloidosis. Five year survival rates reported from the European registry
were 38%, with prevalent progression of the systemic disease [125]. Analyzing results of the
United Network of Organ Sharing for 69 patients with amyloid heart disease, 1 year actuarial
survival was 74.6% compared to 81.6% for all other heart transplanted patients and 5 year
survival was 54% versus 63.3% respectively. The authors included all types of amyloid and
did not detail treatment for the underlying disease [126]. Data from other registries suggests
poorer prognosis for patients transplanted with AL amyloidosis compared to other types of
cardiac amyloidosis [127]. As described above, survival may be improved if bone marrow
transplantation is performed after cardiac transplant. In carefully selected patients survival
utilizing this strategy can reach about 60% in five years which is comparable to the general
heart transplant population [121],[128],[129].

4.5. Cardiac transplantation for transthyretin related amyloidosis

Heart transplant for significant cardiomyopathy related to transthyretin amyloid deposition
has been successfully deployed with overall good outcomes. Specific considerations include
possible associated neuropathy and need for combined heart-liver transplant in ATTR
amyloidosis and the advanced age of presentation in SSA amyloidosis.

4.6. Patient selection

In ATTR cardiac amyloidosis a major determinant of pre-transplant evaluation and candidacy
is the presence and severity of associated neuropathy. Autonomic disturbances should be
evaluated specifically including orthostatic hypotension, gastrointestinal and urinary tract
dysfunction. Other factors of importance include the body mass index, patient age and degree
of disability. Generally patients with SSA are not offered transplant due to their advanced age,
however if presenting early, transplantation may be successfully performed [130].
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4.7. Combined heart and liver transplant in ATTR cardiac amyloidosis

Since the abnormal transthyretin is primarily synthesized by the liver, liver transplantation is
a reasonable treatment for ATTR. Liver transplantation in ATTR can halt, and in some cases
is associated with regression of amyloid deposits [131],[132]. This is especially true for certain
mutations (such as Val30Met) where liver transplantation can halt neurological symptoms and
improve general symptoms (gastrointestinal, nutritional, orthostasis and dyshidrosis)
however this mutation less commonly causes cardiac disease [132]. Paradoxical acceleration
of cardiac involvement after liver transplantation may occur in patients with mutation variants
other than Val30Met [133]-[135], due to wild-type transthyretin deposition in addition to the
background amyloid fibrils [136]-[138]. Therefore combined heart and liver transplantation
rather heart transplant alone is considered in patients with significant cardiac involvement
[139],[140]. Combined heart and liver transplantation can be performed in selected patients
with results similar to heart transplant for other indications [141]. The indications for combined
heart liver transplant include patients with heart failure symptoms and without advanced
neurological involvement and patients with non Val30Met mutations who are candidates for
liver transplant and have echocardiographic evidence of cardiomyopathy.

The liver in these patients otherwise functions normally and generally the explanted liver can
be used for another patient requiring liver transplantation (domino transplant) [142]. Amyloid
deposition from the implanted liver is thought to occur very slowly. Rare cases of recurrence
of amyloid deposition in the liver recipient have been reported 8-10 years after the transplant
[143]-[145].

The surgical approach to combined heart-liver transplant has changed over the years. Ini‐
tially  transplantation of  the  heart  and maintaining the  patient  on cardio-pulmonary by‐
pass  during  the  liver  transplant  was  used.  Subsequent  concerns  about  substantial
coagulopathy and increased bleeding changed the strategy to performing liver implanta‐
tion after separation from cardiopulmonary bypass [139],[146],[147]. Later, improved sur‐
gical  and anesthetic  techniques  during liver  transplant  and the  potential  benefits  to  the
transplanted heart  to  remain on cardio-pulmonary bypass  during liver  implantation led
to  revising this  strategy.  This  technique was suggested to provide a considerably short‐
ened liver ischemia time and decreased blood transfusion compared to the sequential ap‐
proach  [148].  Staged  heart  and  liver  transplantation  where  initial  cardiac  transplant  is
later followed by liver transplant from a different donor can be used,  especially for pa‐
tients  that  are  hemodynamically  unstable  after  cardiac  reperfusion  [149],[150].  However
the preferred method is a single donor transplant, due to the avoidance of a second ma‐
jor operation early after cardiac transplant as well as certain possible immunological ad‐
vantages.  In  cases  of  elevated  pre-formed  anti-HLA  antibodies,  there  might  be  an
advantage to a surgical strategy where liver transplant is performed initially, followed by
sequential  heart  transplant.  The liver  is  thought  to  sequester  pre-formed anti-HLA anti‐
bodies and “protect” the heart in this scenario. This approach necessitates maximal coor‐
dination to avoid a prolonged ischemic time for the implanted heart but was successful
at least in one case [151].
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evaluated specifically including orthostatic hypotension, gastrointestinal and urinary tract
dysfunction. Other factors of importance include the body mass index, patient age and degree
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Interestingly, heart rejection is infrequent in combined heart-liver compared to heart alone
transplantation [141]. A possible explanation may be an induction of partial tolerance. The
liver has been demonstrated to shed soluble HLA antigens [152],[153]. Soluble HLA antigens
may lead to tolerance of the specific allotype and permit acceptance of other transplanted
organs [154]. Less intensive immunosuppression may be needed in these cases and a reduced
tendency for allograft vasculopathy has been recently demonstrated [155]. Overall, potentially
due to the supportive contribution of these considerations and despite a larger and more
complex operation results for the heart and liver transplant are comparable to those in other
heart transplant patients [125].

4.8. Cardiac assist devices in patients with cardiac amyloidosis

Left ventricular assist devices (LVAD) are currently implanted for patients with advanced
heart failure and improve survival and quality of life. The number of devices implanted and
medical centers involved in device implantation is rapidly increasing and newer continuous
flow devices replacing the older pulsatile ones and allowing for improved durability [156].
While traditional indications for LVAD support were dilated cardiomyopathies (either
ischemic or non-ischemic), LVAD implantation has been successfully administered to patients
with primarily restrictive physiology. Early reports of include implantation and successful
support for one patient with amyloidosis with the Jarvik-2000 device [157]. A case series
recently described successful support with the HeartMate II device in patients with restrictive
cardiomyopathy, several of whom had cardiac amyloidosis [158]. Candidates had transthyr‐
etin related cardiac amyloidosis since the immune suppression, coagulopathy and systemic
involvement in AL amyloidosis renders them less optimal candidates for this line of treatment.

In selecting patients with cardiac amyloidosis for LVAD some important considerations
should be considered. Since the assist device will not support the right ventricle, specific
consideration should be given to assess the right ventricular function. Detailed directed
echocardiographic evaluation as well as hemodynamic catheterization are critical to estab‐
lishing candidacy. The right ventricle is anticipated to be involved in the infiltrative disease
and RV dilatation may not occur despite significant dysfunction. Total artificial heart implant
may be considered if right ventricular function is poor suggesting that LVAD support alone
may not be sufficient. However the long-term durability of these devices has not been
evaluated and therefore implantation in patients not eligible for heart transplant (such as for
older patients with SSA) may be problematic. Another important consideration is the degree
of systemic involvement, particularly neuropathy. This will influence considerably their ability
to recuperate from the operation and the remaining degree of physical limitation and dys‐
function. Patients with LVAD support often display orthostatism and this may worsen if the
patient had pre-existing autonomic dysfunction due to amyloid. Overall, with careful patient
selection, meticulous operative technique (with extra care for cannula positioning in the small
cavity) and dedicated post-operative follow-up, assist devices can be deployed in patients with
cardiac amyloidosis with success rates comparable to conventional indications [158].
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1. Introduction

Amyloidosis is a term applied to a heterogeneous group of rare diseases characterized by ex‐
tracellular deposition of amyloid, causing target-organ dysfunction and a wide range of clini‐
cal symptoms [1]. These symptoms depend on the organ involved, and include nephrotic
syndrome, hepatosplenomegaly, congestive heart failure, carpal tunnel syndrome, gastroin‐
testinal (GI) symptoms and macroglossia [2]. Amyloidosis is classified clinically into several
types depending on the precursor of the amyloid fibril. The disease involves amyloid fibrils
formed in vivo by more than 25 different types of protein [3]. Reactive amyloid A (AA) amyloi‐
dosis is the representative systemic condition that develops in patients with chronic inflamma‐
tory  diseases  such as  rheumatoid arthritis  (RA),  juvenile  idiopathic  arthritis,  ankylosing
spondylitis, inflammatory bowel disease, familial periodic fever syndrome, and chronic infec‐
tions [4,5,6,7]. In some parts of the world, heredofamilial causes and infections are responsible
for a larger proportion of cases of AA amyloidosis. In Turkey, familial Mediterranean fever
(FMF) is the cause of more than 60 percent of cases [8]. Other conditions that may be associated
with AA amyloidosis include neoplasms, particularly renal cell carcinoma [9], non-Hodgkin
lymphoma [10], Castleman’s disease [11], and cystic fibrosis [12]. Therapy with biologic agents
including anti-tumor necrosis factor (anti-TNF) and anti-interleukin-6 (IL-6) is now employed
routinely for the management of RA in patients for whom traditional disease-modifying anti-
rheumatic drugs (DMARDs) have failed. In parallel with this shift of treatment strategy, the
treatment of amyloidosis has also changed. Recently, we have revealed that the use of biologic
agents for these patients can reduce the risk of death [13]. This article discusses current con‐
cepts of AA amyloidosis occurring mainly secondarily to RA, and addresses various strategies
for prophylaxis, diagnosis, and therapy of this important complication in the light of changes
in clinical management, especially hemodialysis (HD).
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2. Prevalence

Epidemiological data for AA amyloidosis, extrapolated from autopsy records in Western na‐
tions, has indicated that its prevalence varies from about 0.5% to 0.86% according to envi‐
ronmental risk factors and geographic clustering [14,15]. The incidence of AA amyloidosis
in RA is still undefined, but is considered to be underestimated. In Europe, 5- 20% of pa‐
tients with RA develop amyloidosis, the highest incidence being in Finland [16], where
reevaluation of autopsy materials for the period 1952-1991 yielded a 30% incidence of AA
amyloidosis compared with a figure of 18% detected by routine testing, indicating that a sig‐
nificant proportion of cases may not be detected by standard histologic analysis [17]. Japa‐
nese autopsy reports have revealed that about 30% of autopsied RA patients have amyloid
deposits [18]. Some Japanese medical centers have reported the incidence of amyloidosis in
consecutive patients undergoing GI biopsy. The frequency of amyloidosis in RA has been
reported to vary between 5% and 13.3% in cases confirmed by biopsy, and from 14% to 26%
in cases confirmed at autopsy [19,20,21,22]. More than 95% of patients with AA amyloidosis
are considered to have renal involvement, end-stage kidney disease (ESKD) being found in
10% of cases at the time of diagnosis [23]. Although the subclinical phase of AA amyloidosis
is defined by the formation of amyloid deposits in tissue without any clinical manifestation,
it is very difficult to distinguish between the clinical and subclinical phases. Obviously, it is
difficult to evaluate the natural history of amyloid deposition and to know the length of this
phase and its final outcome. In contrast, the prevalence of clinical amyloidosis is likely to be
lower; at least half of amyloidosis patients have subclinical disease, and AA amyloidosis is
clinically overt in only 25-50%, even after longer periods of follow-up sampling. Consider‐
ing this discrepancy between the prevalence rates of clinical and subclinical AA amyloido‐
sis, the wide variation in the prevalence of AA amyloidosis secondary to RA may be due
partly to marked geographic differences worldwide, possibly including genetic factors, and
to the lack of unified statistical studies of AA amyloidosis among races and districts. In view
of these factors, the prevalence of AA amyloidosis associated with RA is probably higher
than that estimated so far.

3. Pathogenesis of amyloid fibril formation and genetic background

Precise details of the mechanism of amyloid fibril formation are unknown, and may differ
among the various types of amyloid [24, 25]. Factors that contribute to fibrillogenesis include a
variant or unstable protein structure, extensive beta-conformation of the precursor protein, as‐
sociation with components of the serum or extracellular matrix, and physical properties in‐
cluding the pH of the tissue site. Extracellular matrix components include the amyloid P
component, amyloid enhancing factor (AEF), apolipoprotein E (ApoE), and glycosaminogly‐
cans (GAGs). Amyloidosis is classified clinically into several types according to the precursor
of the amyloid fibril and the type of amyloid fibril protein. Any complete definition of amyloi‐
dosis includes the amyloid fibril protein precursor, the protein type or variant, and the clinical
setting at diagnosis [3]. AA amyloidosis complicates many chronic inflammatory diseases and
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has been studied most widely in experimental animal models. AA amyloid also occurs sponta‐
neously in various animal species, and can be induced by chronic inflammatory stimuli. The
best-known model of this disease is amyloid induction by injection of casein/azocasein in cer‐
tain genetically susceptible strains of mice. AA fibril formation can be accelerated by an AEF in
murine models present at high concentration in the spleen, by basement membrane heparan
sulfate proteoglycan, or by seeding with AA or heterologous fibrils [26,27] (AEF has not yet
been detected in humans). Therefore, sustained overproduction of SAA is a prerequisite for the
development of AA amyloidosis. The mechanism of amyloidosis is initiated by overproduc‐
tion of SAA as a consequence of acute and chronic inflammation. Next, SAA is internalized by
macrophages, followed by intracellular proteolysis, and subsequent release of amyloidogenic
peptides into the extracellular space, apparently preceding fibril formation [28]. AA amyloido‐
sis is caused by organ deposition of AA fibrils, which are formed from an N-terminal cleavage
fragment of SAA [29]. SAA is a 104-amino-acid protein produced in the liver under transcrip‐
tional regulation by proinflammatory cytokines, and transported by a high-density lipopro‐
tein (HDL), HDL3, in plasma [30,31,32,33]. SAA is encoded by a family of SAA genes, which are
responsive to proinflammatory cytokines [34,35]. A major factor responsible for the develop‐
ment of AA amyloidosis is increased synthesis and subsequent degeneration of SAA under
conditions of chronic inflammation. AA amyloidosis is a rare but serious complication of dis‐
eases that stimulate a sustained and substantial acute-phase response, and foremost of which is
RA. In RA, there is increased synthesis of SAA accompanied by inflammation, which may be
due to elevated levels of proinflammatory cytokines. The increased cytokine levels are corre‐
lated with synovitis, which may stimulate synoviocytes to produce SAA [28,36,37] (Figure 1).
These mechanisms lead to elevated levels of SAA in joint fluid relative to serum [37], some‐
times reaching up to 1,000 times the baseline level [23], thus facilitating the development of AA
amyloidosis. However, a high concentration of SAA alone is not sufficient for development of
amyloidosis. Several genetic factors have been evaluated, and recent studies have focused on
SAA polymorphism as a genetic background factor linked to amyloidogenesis. Allelic variants
include acute phase SAAs (SAA1 and SAA2) and SAA4, and post-translational modifications
of these gene products. SAA3 is a pseudogene with no product, and the serum concentration of
SAA4 does not change during an acute-phase response [31]. The acute-phase proteins SAA1
and SAA2 are apolipoproteins, primarily associated with specific HDL, and are expressed ex‐
trahepatically in the absence of HDL [38]. SAA1 and SAA2 are inducible by interleukin (IL)-1,
IL-6, tumor necrosis factor (TNF)-alpha, lipopolysaccharide (LPS), and several transcription
factors, notably SAA activating factor (SAF-1) [39,40]. Both SAA1 and SAA2 are polymorphic
proteins, and amyloid fibrils are considered to be formed in tissues from both SAAs1 and 2, but
predominantly from SAA1 in humans [41]. Synthesis of amyloid protein from SAAs1 and 2 is
strongly induced by inflammatory cytokines such as IL-6 in the liver, in parallel with the dis‐
ease activity of RA [42]. SAA1 is the most important precursor for tissue AA deposition, be‐
cause this isotype is predominant in plasma, and AA proteins are derived largely from it. SAA1
has three alleles, designated SAA1.1, SAA1.3, and SAA1.5, defined by amino acid substitutions
at positions 52 and 57 of the molecule [3]. SAA2 has two alleles, SAA2.1 and 2.2. The frequency
of these alleles varies among populations, and may be associated with the occurrence of AA
amyloidosis in diseases such as RA, and also with the level of SAA in blood, efficacy of clear‐
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2. Prevalence
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amyloidosis compared with a figure of 18% detected by routine testing, indicating that a sig‐
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ance, susceptibility to proteolytic cleavage by specific metalloproteinases, disease severity, and
response to treatment [43]. The SAA1 alleles 1.1 and 1.3 have been proposed as positive risk fac‐
tors  in  Caucasian  and Japanese  patients,  respectively  [44,45,46,47,48,49,50,51].  While  the
SAA1.1 allele was found to have a negative association with amyloidosis in Japanese subjects,
it showed a positive association in Caucasians. Similarly, SAA1.3 showed an inverse associa‐
tion between Japanese and Caucasians. Recent new data have indicated that the -13T/C single
nucleotide polymorphism in the 50-flanking region of SAA1 is a better marker of AA amyloi‐
dosis than the exon-3-based haplotype in both Japanese and American Caucasian populations
[49,52,53]. Polymorphism of ApoE has been investigated as a potentially relevant genetic back‐
ground factor, as this molecule is generally involved in the process of amyloid deposition [30].
According to several recent reports, ApoE4 is positively related to the development of AA
amyloidosis in patients with RA [54]. Amyloid fibrils associate with other moieties, including
GAGs, serum amyloid P component (SAP) and ApoA-II, which are related to the onset of amy‐
loidosis [32, 55]. Recently, aging has also been shown to be a risk factor for AA amyloidosis as‐
sociated with RA [56]. The fibrils bind Congo red and exhibit green birefringence when viewed
by polarization light microscopy, although the deposits can also be recognized in hematoxylin
and eosin-stained sections [57, 58]. Electron microscopy demonstrates deposits of amyloid fi‐
bril protein in tissues as rigid, non-branching fibrils approximately 8 to 10 nm wide and of
varying length, with a 2.5 to 3.5 nm filamentous subunit arranged with a slow twist along the
long axis of the fibril [59]. When isolated and analysed by X-ray diffraction, the fibrils exhibit a
characteristically abnormal beta-sheet pattern [60]. Typing of amyloid deposits can be done by
conventional immunohistochemical staining.
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Figure 1. Pathogenesis of AA amyloidosis secondary to RA. RA begins with joint synovitis, and serum amyloid A
protein (SAA) is synthesized in the liver chiefly as a result of stimulation with proinflammatory cytokines. Genetic back‐
ground factors such as the SAA 1.3 allele genotype are a risk factor for amyloidosis. Amyloid fibrils are deposited in
tissues of various organs, leading to organ failure. TNF-alpha: tumor necrosis factor-alpha, IL-6: interleukin-6, IL-1: in‐
terleukin-1, SAA1.3: one of the SAA1 gene polymorphisms.
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4. Diagnosis

A cohort study of patients with RA has shown that deposits of fat AA fibrils are not uncommon
(16.3%) [61]. Any patient with long-standing active inflammatory disease, such as RA, who de‐
velops proteinuria or intractable diarrhea must first be investigated for AA amyloidosis. No
blood test is specially diagnostic for amyloidosis. Results of tests confirming the presence of
chronic inflammatory disease, such as an increased erythrocyte sedimentation rate (ESR), or
elevated levels of C-reactive protein (CRP) and SAA, are not necessarily discriminatory be‐
cause most patients with chronic inflammation do not develop amyloidosis. The next step for
diagnosis is to perform a biopsy and histopathological examination. In order to begin intensive
treatment as early as possible before organ function worsens, it is important to choose a high-
sensitivity biopsy site and employ a safe technique. In general, subcutaneous fat, spleen, adre‐
nal gland, liver, labial salivary gland, and sites in the alimentary canal ranging from the tongue
and  gingiva  to  the  rectum,  are  frequent  sites  of  AA  amyloid  deposition
[62,63,64,65,66,67,68,69,70,71]. Many non-invasive techniques are useful for assessing organ
involvement, but cannot establish whether the findings are related to amyloid. The definitive
diagnostic test is biopsy of either an accessible tissue expected to contain amyloid, or a clinical‐
ly affected organ. GI, rectal and subcutaneous fat biopsies are the procedures of choice, because
the methodology is simple [19,72,73,74]. Aspiration biopsy of abdominal fat is recommended
for screening in outpatient clinics because it is easy to perform in that setting, requires no spe‐
cialty consultation or technical experience, has a high yield, and results in only minimal side ef‐
fects [61]. As experience has shown that the amount of amyloid in fat tissue is low, the operator
should aspirate as large a sample as possible. If possible, GI and rectal biopsies are also recom‐
mended because their sensitivity is high and they can also be performed at hospitals in an out‐
patient setting. Generally, the GI is a more sensitive site for biopsy than subcutaneous fat
[19,63]. The detection rate is higher in the duodenal bulb and second portion of the small intes‐
tine than in the stomach. Additionally, the incidence of amyloidosis in GI biopsies is highly cor‐
related with that in renal biopsies [20]. If GI biopsy reveals amyloid deposition, the presence of
renal amyloidosis should be considered [20]. However, a more recent study has revealed that
the amounts of amyloid deposition in GI and renal biopsies are not correlated. GI amyloid-pos‐
itive areas are larger than renal amyloid-positive areas [75]. If a fat biopsy proves negative, bi‐
opsy of the clinically involved site is suggested for patients with a limited number of affected
organs. More organ-specific biopsies, such as heart, kidney and liver, are recommended. How‐
ever, such biopsy sites carry a relatively higher risk than GI, rectal or subcutaneous fat biopsies.
In such cases, clinicians should weigh the risks and benefits of biopsy. In Japan, however, GI bi‐
opsy is commonly performed for screening, rather than fat biopsy. If amyloidosis is strongly
suspected clinically in association with marked inflammation, annual screening biopsy is rec‐
ommended. However, it should be considered that rheumatologist put treatment for inflam‐
mation before organ biopsies. The many reports of renal biopsy results for RA patients have
suggested that renal amyloidosis is the most serious complication. In RA patients, renal biopsy
can sometimes be hazardous because of difficulties in maintaining a fixed body position, osteo‐
porosis, or advanced age [76]. Renal involvement tends to determine the clinical course in such
patients. Renal biopsy can also reveal underlying renal disorders such as mesangial prolifera‐
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tive  glomerulonephritis  (MesPGN),  membranous nephropathy (MN),  and thin  basement
membrane disease (TBMD). Pathological information on such underlying conditions is some‐
times very important for the treatment of concomitant amyloidosis. Amyloid cardiomyopathy
and autonomic neuropathy have been extremely rare in previously reported series [68], but
should be keep in mind when interpreting biopsy results. The third step is histological diagno‐
sis of amyloidosis, which can be established by light microscopy using special staining for
amyloid. Alkaline Congo red has long been the standard method of staining for amyloid [57,58,
65]. Deposits of amyloid bind Congo red and exhibit apple-green birefringence when viewed
by polarization light microscopy. This provides definitive diagnosis of amyloidosis. However,
Dylon stain is more sensitive, and is therefore more useful for the detection of small amounts of
amyloid [70, 71]. The use of Dylon stain, also known as direct fast scarlet, has recently become
more popular. However, it requires more careful observation because of a tendency for over-
staining (Figure 2).  Thioflavin T is  also more sensitive than Congo red,  but less specific
[77,78,79]. Although it yields a more intense fluorescent reaction, over-staining often hinders
accurate diagnosis. If biopsy samples show a positive reaction, the type of amyloidosis should
then be determined. Immunohistochemistry with fluorescent antibodies specific for precursor
proteins, such as light chain lambda, kappa, SAA, etc., is a reliable diagnostic complement. Ad‐
ditional testing of serum and urine samples for monoclonal immunoglobulins, and of serum
for free light chains, should be performed to exclude AL amyloidosis. Amino acid sequencing
and mass spectroscopy of amyloid deposits have been utilitized to identify the precursor pro‐
tein in some cases, but these techniques are not used routinely. Electron microscopy demon‐
strates straight, unbranched amyloid fibrils 8 to10 nm in width. Scintigraphy using radio-
labeled SAP can identify the distribution of amyloid, and provide an estimate of the total body
burden of fibrillar deposits [80]. SAP scintigraphy provides for a good tool for noninvasive di‐
agnosis and for evaluation of the response to therapy over time [23]. The fourth step is to ini‐
tiate treatment. If AA amyloid is revealed in any organ, the treatment should be focused on
systemic amyloidosis, while giving due attention to any underlying chronic inflammatory dis‐
eases. If AA amyloidosis is related to tuberculosis or FMF, treatment of these underlying dis‐
eases should also be started. It is important to introduce specific therapies for individual
diseases in such cases.

5. Quantification of amyloid deposition from biopsy specimens

Amyloidosis is usually diagnosed by histological examination of biopsy samples. However,
its quantitative evaluation can be difficult. Some previous studies have tried to clarify the
correlation between amyloid load and clinical features, and some trials of image analysis of
GI biopsy and/or renal biopsy specimens have been attempted. Amyloid-positive areas in
such biopsy specimens were determined on Congo-red-stained sections. One whole-tissue
section was photographed, and then the borders of the amyloid-positive areas were traced,
excluding any tissue-free spaces. Several studies have examined correlations between amy‐
loid load and clinical parameters, and amyloid load in both GI and renal biopsy specimens
were found to be highly correlated with kidney function [75,81,82]. Recently, some studies
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have also employed SAA measurements from GI biopsy samples or abdominal fat obtained
by needle aspiration to quantify AA [83, 84, 85]. Such quantification of AA from biopsy sam‐
ples is useful for screening of AA amyloidosis and can be used for follow-up of the disease.
Additionally, amyloid load in fat tissue reflects disease severity and can predict the survival
of patients with the use of a grading system [86]. These reports have suggested that amyloid
load reflects organ damage or disease severity.
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Figure 2. Histological diagnosis of renal amyloidosis. Amyloid substance is reactive with Congo red stain (a) and
Dylon stain (b), and shows apple-green fluorescence under a polarizing microscope (c). Electron microscopy shows
thin amyloid fibrils with a diameter of about 10 nm in AA and AL amyloidosis
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Additionally, amyloid load in fat tissue reflects disease severity and can predict the survival
of patients with the use of a grading system [86]. These reports have suggested that amyloid
load reflects organ damage or disease severity.

a	
 b	


c	
 d	


Figure 2. Histological diagnosis of renal amyloidosis. Amyloid substance is reactive with Congo red stain (a) and
Dylon stain (b), and shows apple-green fluorescence under a polarizing microscope (c). Electron microscopy shows
thin amyloid fibrils with a diameter of about 10 nm in AA and AL amyloidosis
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6. Clinical features

The clinical features of amyloidosis are compatible with the infiltration of amyloid deposits.
AA amyloidosis is a serious disease with a significant mortality due to ESKD, heart failure,
bowel perforation, or GI bleeding [72,85]. Common clinical features of AA amyloidosis in‐
clude proteinuria, loss of kidney function, and GI disorders. A clinical diagnosis of amyloi‐
dosis is usually suspected if proteinuria, renal insufficiency, or intractable diarrhea is
present. Attention should also be paid to long-lasting and high inflammatory disease activi‐
ty. Although AA amyloid can sometimes be detected in patients with arthritis in the absence
of other clinical features, the clinical importance of such “silent” deposits remains to be de‐
termined. Renal involvement is a well-known complication of amylodiosis with RA. It is
usually manifested as proteinuria or nephrotic syndrome with a variable degree of renal im‐
pairment that may progress to ESKD. If proteinuria worsens to about 0.5 g/day, amyloidosis
should be suspected even if other reasons are plausible. In RA, several underlying renal dis‐
orders accompanying renal amyloidosis have been observed [87], including MesPGN, MN,
TBMD, and interstitial nephritis [87]. Crescentic glomerulonephritis is a rare underlying dis‐
ease in RA patients, and can result in rupture of the fragile glomerular basement membrane
due to amyloid deposition [88]. Usually, MesPGN and interstitial nephritis are associated
with mild to moderate proteinuria, and MN with severe proteinuria. TBMD shows no pro‐
teinuria, and usually hematuria alone is evident. Histological investigation frequently dem‐
onstrates renal amyloidosis concomitant with these underlying diseases [87]. In renal tissue,
primary amyloid deposition may be limited to the blood vessels or tubules. Such patients
present with renal failure but little or no proteinuria [89]. These deposits lead to narrowing
of the vascular lumina [90]. Glomerular deposits are more common, and are associated with
a poor renal outcome in patients with AA amyloidosis associated with RA. One report has
described that 27 patients with renal amyloidosis due to RA had glomerular deposits, and
that 85% of them showed progression to ESRD during a five-year observation period. How‐
ever, patients with vascular and tubular amyloid deposits showed no deterioration of kid‐
ney function [91]. Such patients with vascular and tubular amyloid deposits usually present
with slowly progressive chronic kidney disease with little or no proteinuria, and their prog‐
nosis appears to be more favorable [91]. Several studies have demonstrated a relationship
between kidney function parameters and histopathological findings in patients with RA.
The area of amyloid deposition in renal biopsy specimens was highly correlated with kidney
function [81]. Additionally, if amyloid deposits in renal biopsy specimens progressed to
some extent, the deterioration of kidney function became irreversible [82]. Because there are
currently no methods for correlating the results of renal amyloid biopsy with outcome or
therapeutic results, the clinical value of such investigations is still unclear. Standardization
of renal amyloid biopsy parameters has been attempted, including biochemical classifica‐
tion, histopathologic classification, scoring of renal amyloid deposition, and association with
other histopathologic lesions and grading [92]. The kidneys are usually enlarged slightly
when nephrotic, but show a decrease in size as ESKD ensues. GI symptoms, such as alter‐
nating periods of constipation and diarrhea or bleeding, may frequently suggest early locali‐
zation of amyloid deposits and warrant further investigation. Abdominal distention and
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appetite loss are also frequently observed. Diminished peristalsis and malabsorption are
common results of amyloid deposition, and can lead to nausea, vomiting, diarrhea, or hypo‐
albuminemia [93]. Endoscopy may demonstrate erosion, ulceration, mucosal weakness, or
micro-polyposis, but sometimes no abnormality is evident in patients with mild amyloid
deposition [64,94]. Fatal pancreatitis can sometimes occur at the end-stage of renal disease,
and this is due to vascular obstruction by amyloid deposits in the pancreas [95]. Liver in‐
volvement can be manifested as weight loss, fatigue, and abdominal pain. About one-fourth
of patients with amyloidosis have hepatic disease. Clinical signs may include only mild hep‐
atomegaly with elevation of the serum alkaline phosphatase level [96]. In the cardiovascular
system, amyloid deposition is limited to the heart. In cases of unexplained heart failure, only
small amounts of amyloid deposition are observed around the vascular walls. In contrast, in
AL amyloidosis, massive cardiac involvement is invariably evident. In AL amyloidosis, in‐
tracardiac thrombosis and embolism are frequently observed in those with arterial fibrilla‐
tion with cardiac amyloidosis [97]. For these patients, anticoagulation therapy should be
considered for the protection of left ventricular dysfunction and atrial mechanical dysfunc‐
tion [98]. Unlike the situation in AL amyloidosis, cardiac involvement in reactive AA amy‐
loidosis is not so common, affecting only about 10% of patients, and clinically overt heart
failure is usually present in the terminal phase of the disease course, in addition to ESKD
[99]. Restrictive cardiomyopathy or ischemic heart disease is rarely the cause of death [100].
Hypertension is frequent, and hypotension is rare in such patients, except in those with
ESKD. Optimal control of hypertension is necessary for these patients. Hypothyroidism due
to amyloid deposition is sometimes observed [101]. In AA amyloidosis, involvement of the
musculoskeletal system is rare. Usually, most of the symptoms are due to RA itself, and
amyloid deposits do not elicit musculoskeletal symptoms. Central nervous system involve‐
ment is also unusual. Infiltration of subcutaneous fat is generally asymptomatic, but pro‐
vides a convenient site for biopsy.

7. Management and treatment

Clinicians should remain vigilant for early signs of amyloidosis. For this purpose, patients
with chronic rheumatic disorders, including those with elevated levels of inflammatory
markers despite adequate symptom control by specific therapy, should undergo periodic
urinalysis or assessments of 24-hour urinary protein excretion. If proteinuria exceeds 1(+) or
increases to 0.5 g/day, screening for amyloidosis should be performed to search for amyloid
deposits [43]. Occasionally, GI symptoms, such as alternating periods of constipation and di‐
arrhea or bleeding, may suggest early localization of amyloid deposits and warrant further
investigation. If possible, GI endoscopy is recommended, because of its diagnostic yield. If a
positive biopsy result is obtained after Congo red staining, accurate immunohistochemical
characterization of amyloid as the AA type is mandatory. Although isolated amyloid fibrils
are stable in vitro, AA amyloid deposits exist in a state of dynamic turnover, which suggests
that AA amyloidosis should not be regarded as an end-stage, irreversible process. Once
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ty. Although AA amyloid can sometimes be detected in patients with arthritis in the absence
of other clinical features, the clinical importance of such “silent” deposits remains to be de‐
termined. Renal involvement is a well-known complication of amylodiosis with RA. It is
usually manifested as proteinuria or nephrotic syndrome with a variable degree of renal im‐
pairment that may progress to ESKD. If proteinuria worsens to about 0.5 g/day, amyloidosis
should be suspected even if other reasons are plausible. In RA, several underlying renal dis‐
orders accompanying renal amyloidosis have been observed [87], including MesPGN, MN,
TBMD, and interstitial nephritis [87]. Crescentic glomerulonephritis is a rare underlying dis‐
ease in RA patients, and can result in rupture of the fragile glomerular basement membrane
due to amyloid deposition [88]. Usually, MesPGN and interstitial nephritis are associated
with mild to moderate proteinuria, and MN with severe proteinuria. TBMD shows no pro‐
teinuria, and usually hematuria alone is evident. Histological investigation frequently dem‐
onstrates renal amyloidosis concomitant with these underlying diseases [87]. In renal tissue,
primary amyloid deposition may be limited to the blood vessels or tubules. Such patients
present with renal failure but little or no proteinuria [89]. These deposits lead to narrowing
of the vascular lumina [90]. Glomerular deposits are more common, and are associated with
a poor renal outcome in patients with AA amyloidosis associated with RA. One report has
described that 27 patients with renal amyloidosis due to RA had glomerular deposits, and
that 85% of them showed progression to ESRD during a five-year observation period. How‐
ever, patients with vascular and tubular amyloid deposits showed no deterioration of kid‐
ney function [91]. Such patients with vascular and tubular amyloid deposits usually present
with slowly progressive chronic kidney disease with little or no proteinuria, and their prog‐
nosis appears to be more favorable [91]. Several studies have demonstrated a relationship
between kidney function parameters and histopathological findings in patients with RA.
The area of amyloid deposition in renal biopsy specimens was highly correlated with kidney
function [81]. Additionally, if amyloid deposits in renal biopsy specimens progressed to
some extent, the deterioration of kidney function became irreversible [82]. Because there are
currently no methods for correlating the results of renal amyloid biopsy with outcome or
therapeutic results, the clinical value of such investigations is still unclear. Standardization
of renal amyloid biopsy parameters has been attempted, including biochemical classifica‐
tion, histopathologic classification, scoring of renal amyloid deposition, and association with
other histopathologic lesions and grading [92]. The kidneys are usually enlarged slightly
when nephrotic, but show a decrease in size as ESKD ensues. GI symptoms, such as alter‐
nating periods of constipation and diarrhea or bleeding, may frequently suggest early locali‐
zation of amyloid deposits and warrant further investigation. Abdominal distention and
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appetite loss are also frequently observed. Diminished peristalsis and malabsorption are
common results of amyloid deposition, and can lead to nausea, vomiting, diarrhea, or hypo‐
albuminemia [93]. Endoscopy may demonstrate erosion, ulceration, mucosal weakness, or
micro-polyposis, but sometimes no abnormality is evident in patients with mild amyloid
deposition [64,94]. Fatal pancreatitis can sometimes occur at the end-stage of renal disease,
and this is due to vascular obstruction by amyloid deposits in the pancreas [95]. Liver in‐
volvement can be manifested as weight loss, fatigue, and abdominal pain. About one-fourth
of patients with amyloidosis have hepatic disease. Clinical signs may include only mild hep‐
atomegaly with elevation of the serum alkaline phosphatase level [96]. In the cardiovascular
system, amyloid deposition is limited to the heart. In cases of unexplained heart failure, only
small amounts of amyloid deposition are observed around the vascular walls. In contrast, in
AL amyloidosis, massive cardiac involvement is invariably evident. In AL amyloidosis, in‐
tracardiac thrombosis and embolism are frequently observed in those with arterial fibrilla‐
tion with cardiac amyloidosis [97]. For these patients, anticoagulation therapy should be
considered for the protection of left ventricular dysfunction and atrial mechanical dysfunc‐
tion [98]. Unlike the situation in AL amyloidosis, cardiac involvement in reactive AA amy‐
loidosis is not so common, affecting only about 10% of patients, and clinically overt heart
failure is usually present in the terminal phase of the disease course, in addition to ESKD
[99]. Restrictive cardiomyopathy or ischemic heart disease is rarely the cause of death [100].
Hypertension is frequent, and hypotension is rare in such patients, except in those with
ESKD. Optimal control of hypertension is necessary for these patients. Hypothyroidism due
to amyloid deposition is sometimes observed [101]. In AA amyloidosis, involvement of the
musculoskeletal system is rare. Usually, most of the symptoms are due to RA itself, and
amyloid deposits do not elicit musculoskeletal symptoms. Central nervous system involve‐
ment is also unusual. Infiltration of subcutaneous fat is generally asymptomatic, but pro‐
vides a convenient site for biopsy.

7. Management and treatment

Clinicians should remain vigilant for early signs of amyloidosis. For this purpose, patients
with chronic rheumatic disorders, including those with elevated levels of inflammatory
markers despite adequate symptom control by specific therapy, should undergo periodic
urinalysis or assessments of 24-hour urinary protein excretion. If proteinuria exceeds 1(+) or
increases to 0.5 g/day, screening for amyloidosis should be performed to search for amyloid
deposits [43]. Occasionally, GI symptoms, such as alternating periods of constipation and di‐
arrhea or bleeding, may suggest early localization of amyloid deposits and warrant further
investigation. If possible, GI endoscopy is recommended, because of its diagnostic yield. If a
positive biopsy result is obtained after Congo red staining, accurate immunohistochemical
characterization of amyloid as the AA type is mandatory. Although isolated amyloid fibrils
are stable in vitro, AA amyloid deposits exist in a state of dynamic turnover, which suggests
that AA amyloidosis should not be regarded as an end-stage, irreversible process. Once
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amyloidosis has developed, the SAA concentration over the course of the disease represents
the main factor affecting renal progression and survival [23,102]. A previous study has re‐
vealed a relationship between turnover and regression of amyloid deposits and the corre‐
sponding clinical benefit, in terms of both organ function and survival [23]. The natural
history of AA amyloidosis is typically progressive, leading to organ failure and death, in pa‐
tients whose underlying inflammatory disease remains active. By contrast, patients in whom
the serum SAA concentration falls to within the reference range as a result of anti-inflamma‐
tory therapy show regression of amyloid deposits, stabilisation or recovery of amyloidotic
organ function, and excellent long-term survival [103]. The therapeutic approach to AA in‐
volves treatment of the RA inflammatory process. It is important to control the level of SAA
protein. It appears that reduction of the SAA level to less than 10 mg/L allows resorption of

Control SAA synthesis

1) Tight control of disease activity of RA

a) DMARDs: MTX as the anchor drug

b) Immunosupressant: cyclophosphamide, azathiopurine, tacrolimus, MMF

c) Biologics: anti-TNF, anti-IL-6, rituximab, abatacept

d) Tofacitinib

e) Antifibril drug: eprosidate

Supportive treatment

1) Cardiac

a) Congestive heart failure*: Salt restriction, Diuretics, antihypertensive agent

b) Arrhythmia: Pacemaker, Automatic implantable cardiac defibrillator, antiarrythmics

2) Renal

a) Nephrotic syndrome: Salt restriction, Maintain dietary protein, ACE inhibiter, ARB

b) Renal failure: Dialysis (HD, CAPD): Programmed initiation**

3) Gastrointestinal

a) Diarrhea: Steroid, codeine phosphate, lactate bacteria, octreotide, parenteral nutrition, anti-IL-6

4) Others

a) DMSO: resoluble amyloid deposits (very limited)

b) HB carrier : Etanercept with anti-viral agents is relatively safe.

*If co-existence of renal failure, CHDF (Continuous hemodiafiltration) is effective.

** To avid the trouble for the HD initiation, programmed initiation is recommended.

Table 1. Treatment for AA amyloidosis. SAA serum amyloid A protein, RA rheumatoid arthritis, DMARDs disease-
modifying antirheumatic, Drugs, MTX methotrexate, MMF mycophenolate mofetil, TNF tumor necrosis factor, IL-6
interleukin-6, ACE angiotensin converting enzyme, ARB angiotensin receptor blocker, HD hemodialysis, CAPD
continuous ambulatory peritoneal dialysis, DMSO dimethyl sulfoxide
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the deposits and prevents further accumulation [102]. Frequent monitoring of SAA, when
available, is therefore recommended in patients with AA amyloidosis as a guide to treat‐
ment strategy and follow-up. Alternatively, quantification of CRP may provide a valid
marker for monitoring the effective suppression of underlying inflammation in these pa‐
tients. The therapeutic strategy is shown in Table 1. It may be assumed that tight control of
RA with DMARDs such as methotrexate (MTX), or immunosuppressant such as cyclophos‐
phamide, azathioprine, tacrolimus, mycophenolate mofetil, or their combinations would
have a similar impact. A small retrospective study has indicated that cyclophosphamide
may confer a significant survival benefit in patients with RA and renal AA amyloidosis
[104]. In that study, six of 15 patients received monthly pulse cyclophosphamide following
confirmation of renal involvement. These treated patients survived longer than those ad‐
ministered non-alkylating drugs. Trends toward decreased proteinuria and maintenance of
renal function have also been noted in patients treated with cyclophosphamide. Similar re‐
sults have been confirmed in a cohort study reported from Japan [105]. Prospective studies
are required to properly assess the role and toxicity of this agent in this setting. If treatments
for the organ damage, such as immunosuppressive agents or anti-cytokine therapy, are un‐
available, medium-dose steroid (prednisolone 10~40 mg daily) is effective. Eprodisate is a
glycosaminoglycan (GAG) mimetic that binds to the GAG binding site on serum amyloid A
to prevent its interaction with GAG, thus arresting amyloidosis [100]. A recent report has
indicated that eprodisate is a useful antifibril compound for treatment of AA amyloidosis,
significantly delaying progression to HD or ESKD [107]. When considering supplementary
treatment, cardiac amyloidosis is a major therapeutic problem. Loop diuretics are the main
therapeutic agents for management of volume overload. However, many patients with car‐
diac amyloidosis have concomitant renal amyloidosis, making it difficult to maintain a bal‐
ance between edema and intravascular contraction. Antihypertensive treatment is also
important. Rheumatologists should be mindful of hypertension to maintain an optimal
blood pressure in treated patients. With regard to renal impairment in patients with RA and
amyloidosis, the serum creatinine (Cr) level is relatively low because of reduced muscle vol‐
ume. Gender, long-lasting inflammation and RA, together with a low level of serum protein,
may be associated with a decrease of muscle volume, and these in turn affect the level of
serum Cr. This may partly explain why the serum Cr level is not elevated in comparison
with creatinine clearance (Ccr) in patients with RA-associated amyloidosis [108]. Measure‐
ment of cystatin C and calculation of the estimated glomerular filtration rate (eGFR) are also
useful [109]. Even if the serum Cr level is normal, such patients may still have renal damage.
If patients are in a nephrotic state, angiotensin converting enzyme (ACE) inhibitor and/or
angiotensin II receptor antagonist (ARB) are effective for reducing the level of urinary pro‐
tein. For patients with renal failure, dialysis is needed. The prognosis of those who require
dialysis is not good, although some data suggest a survival benefit among patients with AA
amyloidosis [72]. The poor prognosis of these patients is due mainly to a large number of
sudden deaths immediately after introduction of HD therapy [110,111]. Additionally, un‐
planned initiation of HD is significantly associated with poor survival. Therefore, properly
planned initiation of HD is highly recommended. To circumvent the problem of HD initia‐
tion while ensuring its safety, the procedure for planned introduction is shown in Figure 4.
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the deposits and prevents further accumulation [102]. Frequent monitoring of SAA, when
available, is therefore recommended in patients with AA amyloidosis as a guide to treat‐
ment strategy and follow-up. Alternatively, quantification of CRP may provide a valid
marker for monitoring the effective suppression of underlying inflammation in these pa‐
tients. The therapeutic strategy is shown in Table 1. It may be assumed that tight control of
RA with DMARDs such as methotrexate (MTX), or immunosuppressant such as cyclophos‐
phamide, azathioprine, tacrolimus, mycophenolate mofetil, or their combinations would
have a similar impact. A small retrospective study has indicated that cyclophosphamide
may confer a significant survival benefit in patients with RA and renal AA amyloidosis
[104]. In that study, six of 15 patients received monthly pulse cyclophosphamide following
confirmation of renal involvement. These treated patients survived longer than those ad‐
ministered non-alkylating drugs. Trends toward decreased proteinuria and maintenance of
renal function have also been noted in patients treated with cyclophosphamide. Similar re‐
sults have been confirmed in a cohort study reported from Japan [105]. Prospective studies
are required to properly assess the role and toxicity of this agent in this setting. If treatments
for the organ damage, such as immunosuppressive agents or anti-cytokine therapy, are un‐
available, medium-dose steroid (prednisolone 10~40 mg daily) is effective. Eprodisate is a
glycosaminoglycan (GAG) mimetic that binds to the GAG binding site on serum amyloid A
to prevent its interaction with GAG, thus arresting amyloidosis [100]. A recent report has
indicated that eprodisate is a useful antifibril compound for treatment of AA amyloidosis,
significantly delaying progression to HD or ESKD [107]. When considering supplementary
treatment, cardiac amyloidosis is a major therapeutic problem. Loop diuretics are the main
therapeutic agents for management of volume overload. However, many patients with car‐
diac amyloidosis have concomitant renal amyloidosis, making it difficult to maintain a bal‐
ance between edema and intravascular contraction. Antihypertensive treatment is also
important. Rheumatologists should be mindful of hypertension to maintain an optimal
blood pressure in treated patients. With regard to renal impairment in patients with RA and
amyloidosis, the serum creatinine (Cr) level is relatively low because of reduced muscle vol‐
ume. Gender, long-lasting inflammation and RA, together with a low level of serum protein,
may be associated with a decrease of muscle volume, and these in turn affect the level of
serum Cr. This may partly explain why the serum Cr level is not elevated in comparison
with creatinine clearance (Ccr) in patients with RA-associated amyloidosis [108]. Measure‐
ment of cystatin C and calculation of the estimated glomerular filtration rate (eGFR) are also
useful [109]. Even if the serum Cr level is normal, such patients may still have renal damage.
If patients are in a nephrotic state, angiotensin converting enzyme (ACE) inhibitor and/or
angiotensin II receptor antagonist (ARB) are effective for reducing the level of urinary pro‐
tein. For patients with renal failure, dialysis is needed. The prognosis of those who require
dialysis is not good, although some data suggest a survival benefit among patients with AA
amyloidosis [72]. The poor prognosis of these patients is due mainly to a large number of
sudden deaths immediately after introduction of HD therapy [110,111]. Additionally, un‐
planned initiation of HD is significantly associated with poor survival. Therefore, properly
planned initiation of HD is highly recommended. To circumvent the problem of HD initia‐
tion while ensuring its safety, the procedure for planned introduction is shown in Figure 4.
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Programmed initiation of HD will improve the prognosis of patients with ESKD [112]. Con‐
tinuous ambulatory peritoneal dialysis (CAPD) can also be considered for patients with
ESKD, as it has an advantage in preserving the functionality of the kidneys and avoiding
hypotension associated with HD. However, in RA patients, disability of the hands due to
chronic inflammation, and also the risk of peritonitis, should be considered [113]. Kidney
transplantation has been performed successfully for a number of patients with renal failure
and AA amyloidosis, but only on a very limited basis [114]. In the near future, kidney trans‐
plantation may become a recommended therapy for such patients. For treatment of GI
symptoms, mostly intractable diarrhea, medium- to high-dose steroid (prednisolone 10~40
mg daily) is effective. Parenteral nutrition is also effective for this condition. Immunosup‐
pressive therapies may be associated with serious infection in patients with amyloidosis.
Advanced age is an important risk factor for infection in patients with RA. Some of the in‐
creased risk may be related to steroid usage. Additionally, such patients generally show low
protein levels or hypoalbuminemia. These factors may lead to serious infection and/or op‐
portunistic infection. It is possible that infection may exacerbate elevation of the SAA level
and lead to additional organ damage. Preventive therapy against infection should always be
borne in mind. Dimethyl sulfoxide (DMSO) has been proposed as a therapeutic agent for
solubilization of AA deposits, and a number of patients have been treated with DMSO in an
uncontrolled trial. There appeared to be salutary effects in some patients, but the accompa‐
nying body odor made the treatment unacceptable [115]. Recently, treatment with DMSO
has been very limited. Earlier diagnosis of amyloidosis leads to better treatment and an im‐
proved chance of recovery.

8. Treatment with biologics

Recent studies have indicated the therapeutic benefit of anti-TNF or anti-IL-6 agents for AA
amyloidosis secondary to inflammatory arthritides, including RA [82,103, 116, 117,118,119].
These agents strongly inhibit the production of SAA. If possible, for the treatment of reabsorp‐
tion of amyloid deposits, and, possibly, recovery of target organ function, treatment with bio‐
logics has been recommended. A recent report has indicated that etanercept was effective in a
patient with cardiac amyloidosis associated with RA [119]. Biologics are known to be contrain‐
dicated for patients with heart failure [120], but may be effective if the heart failure is well con‐
trolled. The anti-IL-6 agent tocilizumab has an excellent inhibitory effect on disease activity
and joint destruction, and is therapeutically beneficial for the symptoms of AA amyloidosis, es‐
pecially intractable diarrhea [121]. Recently, we were revealed that treatment of these patients
with biologic agents can reduce risk of death. In that study, a total of 133 patients were evaluat‐
ed and 52 were treated with biologics such as the anti-TNF agents infliximab and etanercept, as
well as tocilizumab, with a follow-up of more than 6 years (Figure 3). However, the use of bio‐
logics may not significantly influence the HD-free survival rate [13]. Although there are no da‐
ta for the effect of abatacept on AA amyloidosis, it may be effective in theory. Janus kinase
inhibitor also appears to be favorable for the treatment of AA amyloidosis associated with RA
[122]. Rituximab therapy also appears effective for reduction of acute-phase protein and stabi‐
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lization of kidney function and proteinuria in patients with RA-associated amyloidosis [123].
The use of biologics is not part of the conventional treatment approach, and they are chosen ac‐
cording to the conditions in individual patients, such as kidney and pulmonary function. If
there is any risk of infection, short-acting biologics are desirable. Especially, in patients receiv‐
ing tocilizumab, infection may be difficult to find, and rheumatologists therefore need to be
vigilant. Treatment with biologic agents is prohibited in certain circumstances, such as severe
infections or demyelinating diseases. The treatment of patients with coexisting RA and hepati‐
tis B poses a difficult therapeutic challenge because of the risk that treatment of the RA could
aggravate the hepatic disease and increase viremia. In general, the use of biologics such as anti-
TNF and anti-IL-6 is contraindicated in patients who are hepatitis B virus (HBV) carriers or
have chronic hepatitis B. Reactivation of HBV infection is a well-recognized complication in
cancer patients with chronic HBV (hepatitis B surface antigen [HBsAg]-positive) undergoing
cytotoxic chemotherapy, and prophylactic antiviral therapy before chemotherapy is recom‐
mended in such individuals. Additionally, HBV reactivation in patients with resolved HBV in‐
fection  (HBsAg-negative  and  HBs  antibody  [anti-HBs]-positive  and/or  hepatitis  B  core
antibody [anti-HBc]-positive) during or after cytotoxic therapy has recently been reported
[124,125]. Rheumatologists also need to pay attention to HBV reactivation. However, in clinical
practice, it is necessary to use anti-TNF in these patients. The existing data suggest that treat‐
ment of such patients with etanercept and tocilizmab co-administered with lamivudine or en‐
tecavir is safe [126,127].

Figure 3. Survival of patients receiving biologic or non-biologic therapy.
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Figure 3. Survival of patients receiving biologic or non-biologic therapy. Fifty-three patients were treated with
biologic agents (biologic group) and 80 patients were not (non-biologic group). Survival of patients with and without
biologics treatment was assessed using the Kaplan-Meier method. Survival was significantly higher in the biologic
group than in the non-biologic group (p=0.012).
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Programmed initiation of HD will improve the prognosis of patients with ESKD [112]. Con‐
tinuous ambulatory peritoneal dialysis (CAPD) can also be considered for patients with
ESKD, as it has an advantage in preserving the functionality of the kidneys and avoiding
hypotension associated with HD. However, in RA patients, disability of the hands due to
chronic inflammation, and also the risk of peritonitis, should be considered [113]. Kidney
transplantation has been performed successfully for a number of patients with renal failure
and AA amyloidosis, but only on a very limited basis [114]. In the near future, kidney trans‐
plantation may become a recommended therapy for such patients. For treatment of GI
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with biologic agents can reduce risk of death. In that study, a total of 133 patients were evaluat‐
ed and 52 were treated with biologics such as the anti-TNF agents infliximab and etanercept, as
well as tocilizumab, with a follow-up of more than 6 years (Figure 3). However, the use of bio‐
logics may not significantly influence the HD-free survival rate [13]. Although there are no da‐
ta for the effect of abatacept on AA amyloidosis, it may be effective in theory. Janus kinase
inhibitor also appears to be favorable for the treatment of AA amyloidosis associated with RA
[122]. Rituximab therapy also appears effective for reduction of acute-phase protein and stabi‐
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lization of kidney function and proteinuria in patients with RA-associated amyloidosis [123].
The use of biologics is not part of the conventional treatment approach, and they are chosen ac‐
cording to the conditions in individual patients, such as kidney and pulmonary function. If
there is any risk of infection, short-acting biologics are desirable. Especially, in patients receiv‐
ing tocilizumab, infection may be difficult to find, and rheumatologists therefore need to be
vigilant. Treatment with biologic agents is prohibited in certain circumstances, such as severe
infections or demyelinating diseases. The treatment of patients with coexisting RA and hepati‐
tis B poses a difficult therapeutic challenge because of the risk that treatment of the RA could
aggravate the hepatic disease and increase viremia. In general, the use of biologics such as anti-
TNF and anti-IL-6 is contraindicated in patients who are hepatitis B virus (HBV) carriers or
have chronic hepatitis B. Reactivation of HBV infection is a well-recognized complication in
cancer patients with chronic HBV (hepatitis B surface antigen [HBsAg]-positive) undergoing
cytotoxic chemotherapy, and prophylactic antiviral therapy before chemotherapy is recom‐
mended in such individuals. Additionally, HBV reactivation in patients with resolved HBV in‐
fection  (HBsAg-negative  and  HBs  antibody  [anti-HBs]-positive  and/or  hepatitis  B  core
antibody [anti-HBc]-positive) during or after cytotoxic therapy has recently been reported
[124,125]. Rheumatologists also need to pay attention to HBV reactivation. However, in clinical
practice, it is necessary to use anti-TNF in these patients. The existing data suggest that treat‐
ment of such patients with etanercept and tocilizmab co-administered with lamivudine or en‐
tecavir is safe [126,127].

Figure 3. Survival of patients receiving biologic or non-biologic therapy.
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Figure 3. Survival of patients receiving biologic or non-biologic therapy. Fifty-three patients were treated with
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Figure 4. Program for initiation of hemodialysis. Schematic representation of the program used for our patients
with end-stage kidney disease due to reactive amyloidosis associated with rheumatoid arthritis. Ccr: creatinine clear‐
ance, CTR: cardiothoracic ratio

9. Outcome

Survival after the diagnosis of AA amyloidosis secondary to RA seems to be 4–5 years
[110,128]. Recently, however, a median survival period of more than 10 years after diagnosis
has been reported [23]. Survival seems to depend on the timing of diagnosis, and this may
partly explain the great individual variation in observed survival time, leading to the notion
that an active diagnostic attitude for AA amyloidosis should be adopted in patients with
RA. Treatment strategy is also important. Infection and renal failure are generally common
causes of death in RA patients with AA amyloidosis [129,130]. A higher risk of severe infec‐
tion is a substantial problem in the management of such patients. Potent immunosuppres‐
sive treatment may sometimes result in infection, and in such cases, prophylactic treatment
with an antituberculosis agent is recommended. As for P. jirovecii pneumonia (PCP),pro‐
phylactic treatment is less common except for outbrake of PCP [131]. Increased production
of SAA is a strong risk factor for ESKD and death, but this may be ameliorated by anti-in‐
flammatory treatment. A relationship between SAA concentration, kidney function and
whole-body amyloid burden has been revealed. Outcome has been shown to be favorable in
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patients with AA amyloidosis when the SAA concentration is maintained below 10 mg/L
[23]. Additionally, the use of biologics is expected improve the prognosis for these patients
[13]. Factors associated with poor prognosis are well known to include age at onset of RA
and amyloidosis, female gender, a reduced serum albumin concentration, ESKD, the level of
disease activity including serum levels of CRP and IgG, and the SAA concentration during
follow-up [130]. Steroid dosage, and markers of kidney function that are correlated with
kidney disease, such as BUN, Cr, and Ccr, at the time of detection of amyloidosis are also
important factors predictive of survival [110]. The results of dialysis for AA amyloidosis are
extremely poor, and trouble with the initiation of HD in fact worsens the prognosis, due to a
rapid decline of kidney function in the year preceding dialysis. Reported median survival
after initiation of HD is more than 1 year [132], or more than 5 years [133]. These reports
indicate that strict treatment and care will improve the clinical outcome. It is possible that
the use of biologics may improve the HD-free survival rate, but accumulation of further cas‐
es is required. Amyloidotic cardiac involvement has been shown to be a poor prognostic fac‐
tor [134,135]. Heart failure is a severe complication in these patients, who also usually
develop concomitant multiple organ failure, as well as renal failure, in the later phase of the
RA disease course. To improve the outcome of these patients, frequent examinations for in‐
fection and acute inflammatory reactants such as CRP and SAA are necessary.

10. Conclusion

The best  approach to  treatment  of  amyloidosis  is  to  prevent  progression by controlling
the serum level of SAA. In AA amyloidosis, proteinurea, renal dysfunction and GI symp‐
toms are diagnostically informative. It is important not to overlook these symptoms, and
to confirm the presence of amyloidosis by organ biopsy. Treatment with biologic agents
plays a key role, especially for decreasing the production of SAA, along with prophylac‐
tic  administration  of  anti-tuberculosis  and  anti-fungal  agents.  Monitoring  of  adverse
events such as infection is an important part of the standard strategy associated with bi‐
ologics  treatment,  and  checks  for  chronic  inflammatory  disorders  should  be  conducted
routinely. Rheumatologists should carefully consider the use of biologics in patients with
difficult background conditions such as hepatitis B. Such efforts should help to improve
the outcome of patients with AA amyloidosis, achieve stabilization or regression of amy‐
loid deposits, and prolong survival.
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1. Introduction

Amyloidosis is a disorder of protein conformation and metabolism that results in the depo‐
sition of insoluble amyloid fibrils in tissues, which causes organ dysfunction; systemic amy‐
loidosis is characterized by failure of multiple organs and the presence of amyloid precursor
protein in the serum [1-3]. Reactive amyloid A (AA) amyloidosis is one of the most severe
complications of several chronic disorders, particularly rheumatoid arthritis (RA) [4], and
indeed, most patients with reactive AA amyloidosis have an underlying rheumatic disease.
An extra-articular complication of RA, AA amyloidosis is a serious, potentially life-threaten‐
ing disorder caused by deposition in organs of AA amyloid fibrils, which derive from the
circulatory acute-phase reactant, serum amyloid A protein (SAA) [5]. AA amyloidosis sec‐
ondary to RA is thus one of the intractable conditions found in patients with collagen vascu‐
lar diseases and is an uncommon yet important complication of RA [6]. However, the actual
pathological mechanisms that are responsible for the relationship between SAA and AA
amyloidosis have not been fully elucidated.

With new biological therapies, both treatment and understanding of the roles of cytokines
and inflammatory cellular events in RA have seen considerable progress. Biologics are rec‐
ommended for patients with RA who have a suboptimal response or an intolerance to tradi‐
tional disease-modifying anti-rheumatic drugs (DMARDs), such as methotrexate (MTX).
Early diagnosis and rapidly subsequent treatment are essential because patients with ad‐
vanced disease can’t usually undergo intensive therapy. Specific treatment of AA amyloido‐
sis caused by RA aims to stop SAA production. Cytotoxics such as chlorambucil and
cyclophosphamide (CYC) and biologics such as anti-tumor necrosis factor (TNF)α inhibitors
and anti-interleukin (IL)-6 receptor antibody are reportedly useful for both RA and AA
amyloidosis [7, 8]. By the way, the genetic predisposition allele SAA1.3, one of SAA1 gene
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1. Introduction

Amyloidosis is a disorder of protein conformation and metabolism that results in the depo‐
sition of insoluble amyloid fibrils in tissues, which causes organ dysfunction; systemic amy‐
loidosis is characterized by failure of multiple organs and the presence of amyloid precursor
protein in the serum [1-3]. Reactive amyloid A (AA) amyloidosis is one of the most severe
complications of several chronic disorders, particularly rheumatoid arthritis (RA) [4], and
indeed, most patients with reactive AA amyloidosis have an underlying rheumatic disease.
An extra-articular complication of RA, AA amyloidosis is a serious, potentially life-threaten‐
ing disorder caused by deposition in organs of AA amyloid fibrils, which derive from the
circulatory acute-phase reactant, serum amyloid A protein (SAA) [5]. AA amyloidosis sec‐
ondary to RA is thus one of the intractable conditions found in patients with collagen vascu‐
lar diseases and is an uncommon yet important complication of RA [6]. However, the actual
pathological mechanisms that are responsible for the relationship between SAA and AA
amyloidosis have not been fully elucidated.

With new biological therapies, both treatment and understanding of the roles of cytokines
and inflammatory cellular events in RA have seen considerable progress. Biologics are rec‐
ommended for patients with RA who have a suboptimal response or an intolerance to tradi‐
tional disease-modifying anti-rheumatic drugs (DMARDs), such as methotrexate (MTX).
Early diagnosis and rapidly subsequent treatment are essential because patients with ad‐
vanced disease can’t usually undergo intensive therapy. Specific treatment of AA amyloido‐
sis caused by RA aims to stop SAA production. Cytotoxics such as chlorambucil and
cyclophosphamide (CYC) and biologics such as anti-tumor necrosis factor (TNF)α inhibitors
and anti-interleukin (IL)-6 receptor antibody are reportedly useful for both RA and AA
amyloidosis [7, 8]. By the way, the genetic predisposition allele SAA1.3, one of SAA1 gene
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polymorphism, can serve not only as a risk factor for the association of AA amyloidosis, but
also as a poor prognostic factor in Japanese RA patients [9]. Both the association of AA amy‐
loidosis arising early in the RA disease course and symptomatic variety and severity were
found in amyloidotic patients carrying SAA1.3 allele. Etanercept (ETN) for patients with AA
amyloidosis secondary to RA, who carry SAA1.3 allele, showed the amelioration of rheuma‐
toid inflammation, including marked reduction of SAA, improvement of proteinuria and
creatinine clearance [10], that would demonstrate efficacy and safety even in patients under‐
gone on hemodialysis [11]. These lead us to the notion of clinical significance of SAA1.3 al‐
lele in the clinical strategy of Japanese RA patients.

This article will discuss on therapeutic strategies from the point of biologics view on RA
treatment in relation to AA amyloidosis secondary to RA based on our reports and literature
reviews.

2. Significance of SAA1.3 allele genotype in Japanese RA patients with
AA amyloidosis

It was reported that the frequency of SAA1.3 allele was markedly increased in AA amyloi‐
dosis in Japanese RA patients (Fig. 1), suggesting that this allele was a risk factor for AA
amyloidosis secondary to RA [12]. That is, SAA1.3 allele has been reported to be associated
with increased risk of AA amyloidosis and SAA1.1 with decreased risk [13], while SAA1.1
was revealed to be a risk factor for developing AA amyloidosis in the Caucasian population
[14]. We calculated the hazard ratio in the presence or absence of SAA1.3/1.3 homozygosity
as a survival parameter after the onset of RA. By means of Cox proportional hazard survival
analysis, carrying with SAA1.3/1.3 homozygosity was statistically significant for survival
(P=0.015) with hazard ratio of 2.101 (95% CI: 1.157 - 3.812). Also, the Kaplan-Meier curve
showed a significant difference during observation from diagnosis of RA (Fig. 2). The mean
survival period of the all patients with and without SAA 1.3/1.3 was 6.52±6.18 years and
13.8±8.47 years, with 43.8% and 71.6% surviving for 10 years, respectively. The SAA1.3 al‐
lele, particularly homozygosity for SAA1.3, was a univariate predictor of survival. The pre‐
senting factors which adversely influenced clinical outcome after diagnosis of AA
amyloidosis were age (P=0.001), raised serum creatinine (Crea) concentration (P=2.14 X 10-5),
lowered serum albumin (Alb) concentration (P=0.001), and presence of SAA1.3/1.3 (P=0.035).
While, after diagnosis of RA, age of RA onset (P=2.95 X 10-4) and presence of renal involve‐
ment (P=0.011) were extracted as survival parameter. The serum Crea value of >2.5mg/dl
upon diagnosis of AA amyloidosis was closely related with poorer survival, when com‐
pared with a serum Crea value of ≦2.5mg/dl by Kaplan-Meier technique (P=0.013 with log-
rank statistic) (Fig. 3). The presence of cardiac involvement was likely to be a risk factor to
survival (P=0.062). These results have revealed the significance of SAA1.3 allele genotype in
Japanese RA patients with AA amyloidosis when we follow-up such patients in daily prac‐
tice [15, 16]. However, we just need more studies about the large prospective trials to prove
the usefulness of SAA1.3 allele genotype.

Amyloidosis214

Figure 1. SAA1.3 allele frequency and AA amyloidosis in Japanese RA patients. SAA1.3 allele is associated with in‐
creased risk of AA amyloidosis in Japanese RA patients. Figures are courtesy of Satoshi Baba, MD and modified from
Reference No. 12.

Figure 2. Kaplan-Meier survival curve in RA disease course for RA patients with (continuous line) and without (dotted
line) SAA1.3/1.3 (P=0.015, log-rank test) from Reference No. 9.
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Figure 3. Kaplan-Meier survival curve after diagnosis of AA amyloidosis for patients with serum creatinine >2.5mg /dl
(continuous line) and serum creatinine ≦2.5mg/dl (dotted line) (P=0.013, log-rank test) from Reference No. 9.

3. Fundamental thoughts for therapies

According to the information on the studies using radiolabelled human serum amyloid
component P (SAP) as a specific quantitative in vivo scintigraphic tracer for monitoring of
systemic AA amyloidosis [17], treatments those effectively suppress production of SAA halt
the progressive accumulation of AA amyloid deposits and, in many cases, they are associat‐
ed with AA amyloid regression, improved organ function and survival [18, 19]. AA amyloid
deposits are evidently turning over, their net size reflecting the balance of deposition and
regression [20]. Therefore, AA amyloid deposits may regress at a low rate over a period of
years and exist in a sate of dynamic turnover. The usual clinical impression of inexorable
progression of AA amyloidosis actually reflects the progressive and usually incurable na‐
ture of the underlying primary condition, which is complicated by AA amyloidosis. Howev‐
er, new and aggressive approaches to therapy, such as cytotoxic anti-inflammatory drugs
and biologic agents in chronic rheumatic inflammation, will lead to impressive AA amyloid
regression and prolonged survival. Unfortunately these treatments do not always work and
there are many difficult cases in those approaches are neither possible now nor likely to be‐
come feasible in future. In view of clinical significance of AA amyloidosis, there is an urgent
need to facilitate studies into this complication. Early diagnosis and intervention are essen‐
tial for RA, however, few specific features are useful for diagnosis of RA and its diagnosis is
often difficult in daily RA practice. Reduction of SAA load is currently the most rational ap‐
proach thereby arresting further deposition [21]. It is not exactly known why some patients
develop a progressive AA amyloidosis while others do not, although latent deposits may be
present. While there is startling variation in the frequency of AA amyloidosis worldwide,
differences also exist for AA amyloidosis complicating RA [22]. The reasons, however, for
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the marked geographic differences are unclear. The difference in the frequency of AA amy‐
loidosis among different races, and the fact that AA amyloidosis is not consistently related
to the length and severity of chronic inflammation suggests that AA amyloidosis may be, at
least in part, influenced by genetic factors [23-25].

4. Treatments of AA amyloidosis secondary to RA

The principal aim in treating RA patients with AA amyloidosis is to switch off SAA produc‐
tion by controlling the RA inflammatory process. Anti-inflammatory treatment must be em‐
pirical but, as in all patients with AA amyloidosis, should be guided by frequent assessment
of SAA concentrations in view of reported correlations between survival and this measure.
Treatment of AA amyloidosis secondary to RA may involve the following strategies as out‐
lined in Table 1 [26].

Prevention (1)Be careful not to raise AA amyloidosis

(2)Keep the serum levels of SAA3)less than 10 μg/ml

(3)Control tightly rheumatoid inflammatory responses

(4)Follow-up RA patients carrying SAA1.3 allele carefully

Diagnosis (1)Do not underestimate proteinuria

(2)Evaluate renal function by the levels of eGFR4), cystatin C, and Ccr5)

(3)Watch GI6) tract symptoms

(4)Detect AA amyloid fibrils with organ biopsy like GI tracts, labia, and abdominal

subcutaneous fat

(5)Require renal biopsy in cases with proteinuria or renal dysfunction in RA patients

Therapy: (1)Control acute-phase responses to suppress the synthesis of SAA

(2)Control RA disease activity tightly

(i) Do not lose window of opportunity

(ii) Control RA disease tightly according to T2T7) recommendations even in patients

undergoing HD8)

(iii) Choose MTX9) plus biologics in cases uncontrollable from early phase

(iv) Challenge new biologics and signal transduction inhibitors

(3)Steroid, codeine phosphate, lactate bacteriae, and especially octreotide for refractory

diarrhea

(4)Stand on the notion of deposited AA amyloid fibrils existing in a state of dynamic turnover

1)AA:amyloid A, 2)RA:rheumatoid arthritis, 3)SAA:serum amyloid A protein, 4)eGFR: estimated glomerular filtration rate,
5)Ccr:creatinine clearance, 6)GI:gastrointestine, 7) T2T: treat RA to target, 8) HD:hemodialysis,9)MTX:methotrexate

Table 1. Clinical strategies in the management of AA1) amyloidosis secondary to RA2)
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4.1. Suppression of SAA production

For AA amyloidosis in patients with RA, treatment has centered on using cytotoxic agents
and is shifting to biologics recently. Although case reports and studies of small series of pa‐
tients showed that these agents can reverse nephrotic syndrome and even lead to complete
resolution of proteinuria, anticytokine agents have recently been proposed as therapeutic
options. Traditional management of AA amyloidosis has been to target RA disease to proc‐
ess behind the inflammation. Although there is no evidence that DMARDs have a specific
effect on amyloidogenesis and AA amyloidosis in RA [27, 28], there have been encouraging
reports evaluating alkylating agents as beneficial in clinical trials in RA patients with AA
amyloidosis [29-33]. Treatments in AA amyloidosis secondary to RA including immunosup‐
pressants, biologics, and other supportive therapies will be discussed as follows.

4.1.1. Immunosuppressants

It is suggested that the use of immunosuppressive agents can improve prognosis [34], and
CYC was superior to MTX in the management of RA patients with AA amyloidosis [9]. As
regards MTX and CYC treatments, we observed differences of both serum C-reactive pro‐
tein (CRP) and Crea concentrations. That is, we subtracted the CRP- and/or Crea-value at
initiation from the CRP- and/or Crea-value at endpoint of corresponding to each treatment.
The each deducted value was dotted in Fig. 4. It was clear that more CYC treatments resided
within minus area than MTX treatments. CRP improved 1.23±1.67 (mg/dl) in CYC treat‐
ments with statistical significance (P<0.001). We reported the possibility that CYC would be
more effective predominantly in patients with SAA1.3/1.3 homozygosity than heterozygosi‐
ty, suggesting of CYC treatment-susceptible factor as SAA1.3/1.3 homozygosity [35]. Con‐
cerning immunosuppressants, whether specific therapies were warranted and were superior
to previously reported regimens should be elucidated. The strategy of these treatments fo‐
cuses on tight control of underlying RA disease activity [28]. Requirements include diagno‐
sis of RA as early as possible and treatment with DMARDs, including MTX as the anchor
drug. Achieving low disease activity via DMARDs in the early disease course has a strong
positive outcome on disease progression. However, although MTX is the most common and
effective drug for RA, management of patients with AA amyloidosis secondary to RA and
renal involvement is too complex to limit the discussion on MTX.

For signal transduction, IL-6 binds to membrane-bound IL-6 receptor gp80 [36], and then the
IL-6-gp80 dimer interacts with gp130. Formation of gp130-containing complexes leads to ac‐
tivation of Janus kinases (JAKs), which stimulates signal transducers and activators of tran‐
scription (STATs) [37]. Certain evidence suggests that STAT3 is the key transcription factor
responsible for IL-6 activation of SAA gene transcription [38]. Therefore, the function of JAK
inhibition in the IL-6 signaling pathway will be one target of RA treatments. Suppressing
IL-6-mediated proinflammatory signaling pathways via JAK inhibitors may be a novel anti-
inflammatory therapeutic strategy for RA and AA amyloidosis. Another agent, tacrolimus,
may inhibit T-cell function in pathogenesis of AA amyloidosis. The function of JAK inhibi‐
tion in the IL-6 signaling pathway will be one target of RA treatments [39, 40].
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Figure 4. Differences between CYC and MTX treatments for RA patients with AA amyloidosis. The detected value
(placed in figures) was calculated by subtracting the starting value of CRP and/or serum creatinine from the endpoint
value in each treatment from Reference No. 9.

4.1.2. Biologics

In RA treatment, tight control of RA is emphasized to obtain clinical remission or lower dis‐
ease activity; this control is possible through periodic evaluations of RA disease activity and
aggressive pursuit of other more effective treatments [41-43]. Anti-proinflammatory cyto‐
kine therapy is expected to show efficacy against both systemic and local inflammation
mediated by macrophage differentiation or activation in glomeruli, such as in renal AA
amyloidosis secondary to RA [44].

Infliximab (IFX) and ETN, both TNFα antagonists, can reduce serum SAA levels in RA pa‐
tients with AA amyloidosis, which improves rheumatoid inflammation, reduces swollen
and tender joint counts, lowers or normalizes proteinuria, and ameliorates renal function
[45-48]. Also, these agents showed amelioration in renal function for AA amyloidosis secon‐
dary to RA (Table 2) [10]. Despite the small number of series of patients with AA amyloido‐
sis secondary to RA who had ETN treatment, this drug did benefit both RA inflammation
and AA amyloidosis, as measured via the surrogate markers, disease activity score (DAS)28-
erythrocyte sedimentation rate (ESR), CRP, SAA, and proteinuria, in SAA1.3 allele-carrying
RA patients (Fig. 5, Table 3). Further, Crea levels significantly improved in patients with
mild RA disease and renal dysfunction (Table 4). This result suggests that the earlier the in‐
tervention with biologics, the better the outcome for patients. ETN alone may therefore be
efficacious, without MTX [49-53].
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Figure 5. Chronological changes among surrogate markers following etanercept treatment. Ccr: creatinine clearance,
CRP: C-reactive protein, DAS: disease activity score, n: number of patients treated with etanercept in the designated
observation periods. CRP decreased dramatically by 20 weeks (P=0.018) and DAS28-ESR improved to low values signif‐
icantly following the treatment of etanercept. Although serum and calculated Ccr are coincided to be renal function
markers, only serum albumin showed stastical significance between 0 and 96 weeks ( P=0.003), whereas the calculat‐
ed creatinine clearance fell gradually 0 and 96 weeks (P=0.776).

Case/Age/Sex Duration (years) Biologics Proteinuria (g/day) Serum Crea

(mM/L)

Observation

Periods

(months)RA AA

amyloidosis

Initial Last Initial Last

1/70/F 18 1 IFX 2 6 93 130 3

2/59/F 13 4 ETN 1.2 0.2 398 425 12

3/59/F 13 4 ETN 1.2 0.72 229 246 7

4/37/M 22 2 IFX 3 0.9 134 145 17

Quoted and modified from Reference No. 47. Data are represented as renal functions between the initial- and last-vist
following biologics treatment. RA: rheumatoid arthritis, AA: amyloid A, Crea: levels of creatinine, IFX: infliximab, ETN:
etanercept.

Table 2. Effect of TNF alpha blockers on renal AA amyloidosis secondary to RA.
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Parameter Initial-visit Last-visit P-value

RA inflammation

DAS28-ESR 5.99±0.69 2.99±0.15 <0.01

CRP(mg/dl) 4.68±0.87 0.48±0.29 <0.01

AA amyloidosis

SAA(μg/ml) 250±129 26±15 <0.01

Proteinuria(g/day) 2.24±0.81 0.57±0.41 <0.01

Serum creatinine(mg/dl) 2.54±1.38 2.50±2.21 0.896

The values of DAS28=ESR, CRP, SAA, and proteinuria between the initial visit (before eta‐
nercept) and the last treatment (the index time) with etanercept. All improved with statisti‐
cal significance. In contrast, the serum creatinine did not change statistically. RA:
rheumatoid arthritis, DAS: disease activity score, ESR: erythrocyte sedimentation rate, CRP:
C-reactive protein, AA: amyloid A, SAA: serum amyloid A protein, *serum levels. Quoted
and modified from Reference No. 10.

Table 3. Surrogate markers between initial- and last-visit following treatment with etanercept

Parameter Initial-visit Last-visit P-value 
RA inflammation

DAS28-ESR 5.99±0.69 2.99±0.15 <0.01 
CRP(mg/dl)  4.68±0.87 0.48±0.29 <0.01 

AA amyloidosis
SAA(μg/ml)  250±129 26±15 <0.01 
Proteinuria(g/day) 2.24±0.81 0.57±0.41 <0.01 
Serum creatinine(mg/dl) 2.54±1.38 2.50±2.21 0.896 

3 
 

Less than 2.0(mg/dl) More than 2.0(mg/dl) 
(n=6) (n=8) 

Initial-visit Last-visit Initial-visit Last-visit 
(mg/dl) (mg/dl) (mg/dl) (mg/dl) 

1.37±0.49 1.07±0.59 3.43±1.14 3.56±2.39 

* ** 
 
4 
 

Parameter Baseline  Clinical course (month)      
  (n=14) 0 3 6 9 12 
IL-6 (pg/ml) 11.2±12.9 107 40.4 24.8 7.6 1.7 
TNFα (pg/ml) 1.04±0.36 2.2 1.4 1.3 1.1 1.1 
IL-2 (U/ml) <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 
CD4+/CD8+ 1.30±0.58 2.04 1.63 1.54 1.72 1.77 
CD4+CD25++FoxP3+ reg T 
cells gated on       
Lymphocytes (%) 1.60±0.85 4.8 2.6 2.1 2.4 2.4 
CD4+ T lymphocytes (%) 4.79±1.60 9 5.4 4.8 5.2 5.1 

5 

*P=0.021,**not significant

Although Table 3 shows that the change in serum creatinine value was not statistically significant, when using a cutoff val‐

ue as less than 2.0 mg/dl at the initial-visit, it was demonstrated that the creatinine value improved significantly at the last-

visit. Quoted and modified from Reference No. 10.

Table 4. Changes in the values of serum creatinine statifying by 2.0(mg/dl) at the commencement of etanercept

Tocilizumab (TCZ), an IL-6 receptor antagonist, can demonstrate excellent suppression of SAA
levels and may have potential as the first candidate of the therapeutic agent for AA amyloidosis
[7]. Circulating SAA normally reflects changes in CRP, and levels of both acute-phase reactants
usually increase simultaneously, but some differences can occur. SAA and CRP seem to be part‐
ly influenced by different cytokines. IL-6-blocking therapy has shown promise in normalizing
serum SAA levels in RA patients. Moreover, blocking IL-6 alone, but not IL-1 or TNFα, complete‐
ly prevented SAA mRNA expression in human hepatocytes during triple cytokine stimulation
[54, 55]. Some reports with promising effect on AA amyloidosis secondary to RA may suggest a
possibility of usefulness of this agent [56, 57]. Our case with end-stage renal disease due to AA
amyloidosis secondary to RA showed validity of TCZ usage which is reaching to sustain normal
SAA levels with successive treatment for 4 years (Fig. 6). In this case due to loss of joint function in
advanced RA stage, in spite of lower and limited quality of life, both CRP and SAA are keeping
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Figure 5. Chronological changes among surrogate markers following etanercept treatment. Ccr: creatinine clearance,
CRP: C-reactive protein, DAS: disease activity score, n: number of patients treated with etanercept in the designated
observation periods. CRP decreased dramatically by 20 weeks (P=0.018) and DAS28-ESR improved to low values signif‐
icantly following the treatment of etanercept. Although serum and calculated Ccr are coincided to be renal function
markers, only serum albumin showed stastical significance between 0 and 96 weeks ( P=0.003), whereas the calculat‐
ed creatinine clearance fell gradually 0 and 96 weeks (P=0.776).
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2/59/F 13 4 ETN 1.2 0.2 398 425 12

3/59/F 13 4 ETN 1.2 0.72 229 246 7

4/37/M 22 2 IFX 3 0.9 134 145 17

Quoted and modified from Reference No. 47. Data are represented as renal functions between the initial- and last-vist
following biologics treatment. RA: rheumatoid arthritis, AA: amyloid A, Crea: levels of creatinine, IFX: infliximab, ETN:
etanercept.

Table 2. Effect of TNF alpha blockers on renal AA amyloidosis secondary to RA.
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Parameter Initial-visit Last-visit P-value

RA inflammation

DAS28-ESR 5.99±0.69 2.99±0.15 <0.01

CRP(mg/dl) 4.68±0.87 0.48±0.29 <0.01

AA amyloidosis

SAA(μg/ml) 250±129 26±15 <0.01

Proteinuria(g/day) 2.24±0.81 0.57±0.41 <0.01

Serum creatinine(mg/dl) 2.54±1.38 2.50±2.21 0.896

The values of DAS28=ESR, CRP, SAA, and proteinuria between the initial visit (before eta‐
nercept) and the last treatment (the index time) with etanercept. All improved with statisti‐
cal significance. In contrast, the serum creatinine did not change statistically. RA:
rheumatoid arthritis, DAS: disease activity score, ESR: erythrocyte sedimentation rate, CRP:
C-reactive protein, AA: amyloid A, SAA: serum amyloid A protein, *serum levels. Quoted
and modified from Reference No. 10.
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ue as less than 2.0 mg/dl at the initial-visit, it was demonstrated that the creatinine value improved significantly at the last-

visit. Quoted and modified from Reference No. 10.

Table 4. Changes in the values of serum creatinine statifying by 2.0(mg/dl) at the commencement of etanercept

Tocilizumab (TCZ), an IL-6 receptor antagonist, can demonstrate excellent suppression of SAA
levels and may have potential as the first candidate of the therapeutic agent for AA amyloidosis
[7]. Circulating SAA normally reflects changes in CRP, and levels of both acute-phase reactants
usually increase simultaneously, but some differences can occur. SAA and CRP seem to be part‐
ly influenced by different cytokines. IL-6-blocking therapy has shown promise in normalizing
serum SAA levels in RA patients. Moreover, blocking IL-6 alone, but not IL-1 or TNFα, complete‐
ly prevented SAA mRNA expression in human hepatocytes during triple cytokine stimulation
[54, 55]. Some reports with promising effect on AA amyloidosis secondary to RA may suggest a
possibility of usefulness of this agent [56, 57]. Our case with end-stage renal disease due to AA
amyloidosis secondary to RA showed validity of TCZ usage which is reaching to sustain normal
SAA levels with successive treatment for 4 years (Fig. 6). In this case due to loss of joint function in
advanced RA stage, in spite of lower and limited quality of life, both CRP and SAA are keeping
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within normal limits, those may lead to decreasing proteinuria. It is needed to clarify the dissoci‐
ation between inflammatory rheumatoid activity and destructed articular function under cur‐
rent RA therapeutic strategies using biologics like “disconnect” phenomenon [58].
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Figure 6. Effect of tocilizumab on AA amyloidosis secondary to RA. DAS28-ESR showed gradually regressed with the
association of CRP, however, levels of serum creatinine increased leading to end-stage renal disease. TCZ had an effect
on both proteinuria and rheumatoid inflammation, nevertheless, this case showed late dissociation between rheuma‐
toid inflammation and joint functional activity. TCZ: tocilizumab, ETN: etanercept, PSL: prednisolone, Crea: serum crea‐
tinine, CRP: C-reactive protein.

T lymphocyte costimulation is a key point in the regulation of immune tolerance, immune
response, and autoimmunity. T lymphocyte activation does not take place upon the simple
engagement of T cell receptor; a second signal is needed to fully stimulate T lymphocytes.
There are a variety of molecules that can act as costimulators, and among these cluster of
differentiation (CD)28/CD80 signaling plays a crucial role in modulating T lymphocyte re‐
sponse. Cytotoxic T lymphocyte antigen-4 (CTLA4) is a physiologic antagonist of CD28, and
abatacept (ABT), a synthetic analogue of CTLA4, has recently been approved to treat RA. A
70-year-old Japanese woman had been suffering from RA for 28 years with Steinbrocker’s
Stage IV and functional Class 2. She was biopsy-confirmed as AA amyloidosis carried with
SAA1.3/1.5 allele genotype. ABT was initiated from January 2011 and her clinical course was
shown in Fig. 7. The histopathological findings from upper gastrointestinal (GI) biopsy be‐
tween before and after 1 year from the commencement of ABT revealed a disappearance of
AA amyloid fibril deposition (Fig. 8-A, -B). The changes in markers on cytokines and lym‐
phocyte expression might suggest an effect of ABT from the points of immunological aspect
in the case (Table 5). These results would show effectiveness of this agent on both RA and
AA amyloidosis, with being required further elucidations. In experimental mouse models of
AA amyloidosis, blocking T lymphocytes function by the calcinulin inhibitor showed that
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tacrolims inhibited AA amyloid fibril deposits in a dose-dependent manner without influ‐
encing SAA concentrations. Also, the locality of CD4+ T lymphocytes in the spleen was par‐
tially identical to AA amyloid fibril deposits histologically, suggesting the role of T
lymphocytes in the pathogenesis of AA amyloidosis [39].
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Figure 7. Effect of abatacept on AA amyloidosis secondary to RA. Inflammatory markers, CRP and SAA, decreased
gradually, and renal dysfunction ameliorated with the treatment of abatacept. ABT: abatacept, eGFR: estimated glo‐
merular filtration rate, SAA: serum amyloid A protein, CRP: C-reactive protein, mHAQ: modified health assessment
questionnaire, DAS: disease activity score, ESR: erythrocyte sedimentation rate.

Figure 8. Histological changes before (A) the treatment with abatacept and after (B) one year in the disease course.
Amorphous deposits were detected in the specimen from upper gastrointestinal biopsy with Congo Red staining (A).
Those disappeared with abatacept treatment after one year (B).
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within normal limits, those may lead to decreasing proteinuria. It is needed to clarify the dissoci‐
ation between inflammatory rheumatoid activity and destructed articular function under cur‐
rent RA therapeutic strategies using biologics like “disconnect” phenomenon [58].
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response, and autoimmunity. T lymphocyte activation does not take place upon the simple
engagement of T cell receptor; a second signal is needed to fully stimulate T lymphocytes.
There are a variety of molecules that can act as costimulators, and among these cluster of
differentiation (CD)28/CD80 signaling plays a crucial role in modulating T lymphocyte re‐
sponse. Cytotoxic T lymphocyte antigen-4 (CTLA4) is a physiologic antagonist of CD28, and
abatacept (ABT), a synthetic analogue of CTLA4, has recently been approved to treat RA. A
70-year-old Japanese woman had been suffering from RA for 28 years with Steinbrocker’s
Stage IV and functional Class 2. She was biopsy-confirmed as AA amyloidosis carried with
SAA1.3/1.5 allele genotype. ABT was initiated from January 2011 and her clinical course was
shown in Fig. 7. The histopathological findings from upper gastrointestinal (GI) biopsy be‐
tween before and after 1 year from the commencement of ABT revealed a disappearance of
AA amyloid fibril deposition (Fig. 8-A, -B). The changes in markers on cytokines and lym‐
phocyte expression might suggest an effect of ABT from the points of immunological aspect
in the case (Table 5). These results would show effectiveness of this agent on both RA and
AA amyloidosis, with being required further elucidations. In experimental mouse models of
AA amyloidosis, blocking T lymphocytes function by the calcinulin inhibitor showed that
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encing SAA concentrations. Also, the locality of CD4+ T lymphocytes in the spleen was par‐
tially identical to AA amyloid fibril deposits histologically, suggesting the role of T
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Figure 8. Histological changes before (A) the treatment with abatacept and after (B) one year in the disease course.
Amorphous deposits were detected in the specimen from upper gastrointestinal biopsy with Congo Red staining (A).
Those disappeared with abatacept treatment after one year (B).
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Parameter Baseline Clinical course (month)   

 (n=14) 0 3 6 9 12

IL-6 (pg/ml) 11.2±12.9 107 40.4 24.8 7.6 1.7

TNFα (pg/ml) 1.04±0.36 2.2 1.4 1.3 1.1 1.1

IL-2 (U/ml) <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

CD4+/CD8+ 1.30±0.58 2.04 1.63 1.54 1.72 1.77

CD4+CD25++FoxP3+ reg T cells

gated on

Lymphocytes (%) 1.60±0.85 4.8 2.6 2.1 2.4 2.4

CD4+ T lymphocytes (%) 4.79±1.60 9 5.4 4.8 5.2 5.1

Baseline values were determined and expressed by mean ± S.D. of 14 RA patients, matched by disease duration and
disease severity to this case. IL-6: interleukin-6, TNFa: tumor necrosis factor alpha, IL-2: interleukin -2, reg T: regulatory
T lymphocyte.

Table 5. Changes in cytokines and regulatory T lymphocyte expression after abatacept treatment

Rituximab (RTX), an anti-CD20 monoclonal antibody, was efficacious for patients with se‐
vere active RA who have exhibited an inadequate response to one or more TNFα inhibitors
[59]. Also, this agent was administered alone in two RA patients and in combination with
MTX in other two RA cases with histologic confirmation of AA amyloidosis. The four pa‐
tients showed a significant clinical improvement of the articular symptoms and marked re‐
duction of the acute phase-reactants. Renal function remained stable in all patients and
proteinuria improved in two, worsened in one, and remained stable in the fourth with few
adverse effects [60].

Clinical trials are warranted to assess the long-term safety and efficacy of biological treat‐
ments and their impacts on the survival of RA patients with AA amyloidosis.

4.1.3. Corticosteroids

The effect of corticosteroid treatment on AA amyloidosis is still controversial. Corticoste‐
roids are capable of reducing the magnitude of the acute phase reaction including the syn‐
thesis of CRP and SAA. In human hepatocyte cultures a stimulating effect of corticosteroids
was seen on SAA but not on CRP production [61, 62]. Although corticosteroid therapy sup‐
presses both CRP and SAA levels in longitudinal studies of patients with RA, the effect is
somewhat more pronounced for CRP than for SAA [63]. Monitoring of SAA instead of CRP
levels would be advisable particularly if corticosteroids are being used. It seems reasonable
to treat patients with AA amyloidosis secondary to RA using cytostatic drugs either alone or
in combination with prednisolone [64-66]. As the effect of cytostatics may take weeks or
months to appear, it is recommended to give steroids additionally in order to ensure an im‐
mediate reduction of the acute phase response and in particular the synthesis of SAA. Low-
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dose prednisolone inclusion in a MTX-based tight control strategy for early RA would be
effective, thus could be improved for AA amyloidosis secondary to RA [67].

4.2. Inhibition of AA amyloid fibril deposits

Eprodisate, a small sulfonated molecule with structural similarity to heparan sulfate, which
can cause regression of amyloidosis by destabilizing the glycoasaminoglycan backbone of
amyloid deposits, delayed progression of renal disease associated with AA amyloidosis. In a
trial for AA amyloidosis, eprodisate had a beneficial effect on the rate of deterioration of re‐
nal function but no effect on urinary protein excretion [68]. Because eprodisate did not affect
SAA levels and preserved kidney function but had no effect on proteinuria, the interesting
possibility that it is the precursors of mature amyloid fibrils are responsible for proteinuria
in amyloidosis would raise. In the light of higher effects of biologics on AA amyloidosis sec‐
ondary to RA, the usefulness of eprodisate seems to be inferior to that of biologic under the
biologics era.

4.3. Removal of deposited AA amyloid fibrils

The normal plasma protein SAP binds to all types of amyloid fibrils and contributes to amy‐
loidosis pathogenesis [69]. A pyrrolidine carboxylic acid derivative, which is a competitive
inhibitor of SAP binding to amyloid fibrils, can intervere in this process and affect SAP lev‐
els. This compound cross-linked and dimerized SAP molecules, which led to extremely rap‐
id clearance by the liver, and thus produced marked depletion of circulating human SAP.
Therefore, this drug action removed SAP from human amyloid deposits in tissues and may
have a favorable effect on amyloidosis [70].

Another compound, dimethyl sulfoxide (DMSO), is a hydrogen-bond disrupter, cell-differ‐
entiating agent, hydroxyl radical scavenger, cryoprotectant, and solubilizing agent that is
used as a compound for preparation of samples for electron microscopy, as an intracellular
low-density lipoprotein-derived cholesterol-mobilizing antidote to extravasation of vesicant
anticancer agents, and as a topical analgesic. A notable DMSO side effect is garlic-like breath
odor and taste in the mouth because of pulmonary excretion of a small amount of DMSO as
dimethyl sulfide [71]. Oral DMSO was effective against AA amyloidosis, especially GI in‐
volvement and early renal dysfunction [72], but using it would not likely be feasible in cur‐
rent clinical practice.

4.4. Treatment of organ failure

The predominant feature of AA amyloidosis is proteinuria with or without renal failure. If con‐
servative treatment of renal failure is not sufficient, renal replacement therapy including renal
transplantation, continuous ambulatory peritoneal dialysis, or hemodialysis (HD) should be
considered. Even in RA patients with AA amyloidosis who undergo HD, anti-TNFα blockers
can demonstrate efficacy [11, 73]. HD reportedly had no effect on plasma ETN concentration,
and ETN pharmacokinetics in patients undergoing HD for chronic renal failure were similar to
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Parameter Baseline Clinical course (month)   
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Baseline values were determined and expressed by mean ± S.D. of 14 RA patients, matched by disease duration and
disease severity to this case. IL-6: interleukin-6, TNFa: tumor necrosis factor alpha, IL-2: interleukin -2, reg T: regulatory
T lymphocyte.

Table 5. Changes in cytokines and regulatory T lymphocyte expression after abatacept treatment

Rituximab (RTX), an anti-CD20 monoclonal antibody, was efficacious for patients with se‐
vere active RA who have exhibited an inadequate response to one or more TNFα inhibitors
[59]. Also, this agent was administered alone in two RA patients and in combination with
MTX in other two RA cases with histologic confirmation of AA amyloidosis. The four pa‐
tients showed a significant clinical improvement of the articular symptoms and marked re‐
duction of the acute phase-reactants. Renal function remained stable in all patients and
proteinuria improved in two, worsened in one, and remained stable in the fourth with few
adverse effects [60].

Clinical trials are warranted to assess the long-term safety and efficacy of biological treat‐
ments and their impacts on the survival of RA patients with AA amyloidosis.

4.1.3. Corticosteroids

The effect of corticosteroid treatment on AA amyloidosis is still controversial. Corticoste‐
roids are capable of reducing the magnitude of the acute phase reaction including the syn‐
thesis of CRP and SAA. In human hepatocyte cultures a stimulating effect of corticosteroids
was seen on SAA but not on CRP production [61, 62]. Although corticosteroid therapy sup‐
presses both CRP and SAA levels in longitudinal studies of patients with RA, the effect is
somewhat more pronounced for CRP than for SAA [63]. Monitoring of SAA instead of CRP
levels would be advisable particularly if corticosteroids are being used. It seems reasonable
to treat patients with AA amyloidosis secondary to RA using cytostatic drugs either alone or
in combination with prednisolone [64-66]. As the effect of cytostatics may take weeks or
months to appear, it is recommended to give steroids additionally in order to ensure an im‐
mediate reduction of the acute phase response and in particular the synthesis of SAA. Low-
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dose prednisolone inclusion in a MTX-based tight control strategy for early RA would be
effective, thus could be improved for AA amyloidosis secondary to RA [67].

4.2. Inhibition of AA amyloid fibril deposits

Eprodisate, a small sulfonated molecule with structural similarity to heparan sulfate, which
can cause regression of amyloidosis by destabilizing the glycoasaminoglycan backbone of
amyloid deposits, delayed progression of renal disease associated with AA amyloidosis. In a
trial for AA amyloidosis, eprodisate had a beneficial effect on the rate of deterioration of re‐
nal function but no effect on urinary protein excretion [68]. Because eprodisate did not affect
SAA levels and preserved kidney function but had no effect on proteinuria, the interesting
possibility that it is the precursors of mature amyloid fibrils are responsible for proteinuria
in amyloidosis would raise. In the light of higher effects of biologics on AA amyloidosis sec‐
ondary to RA, the usefulness of eprodisate seems to be inferior to that of biologic under the
biologics era.

4.3. Removal of deposited AA amyloid fibrils

The normal plasma protein SAP binds to all types of amyloid fibrils and contributes to amy‐
loidosis pathogenesis [69]. A pyrrolidine carboxylic acid derivative, which is a competitive
inhibitor of SAP binding to amyloid fibrils, can intervere in this process and affect SAP lev‐
els. This compound cross-linked and dimerized SAP molecules, which led to extremely rap‐
id clearance by the liver, and thus produced marked depletion of circulating human SAP.
Therefore, this drug action removed SAP from human amyloid deposits in tissues and may
have a favorable effect on amyloidosis [70].

Another compound, dimethyl sulfoxide (DMSO), is a hydrogen-bond disrupter, cell-differ‐
entiating agent, hydroxyl radical scavenger, cryoprotectant, and solubilizing agent that is
used as a compound for preparation of samples for electron microscopy, as an intracellular
low-density lipoprotein-derived cholesterol-mobilizing antidote to extravasation of vesicant
anticancer agents, and as a topical analgesic. A notable DMSO side effect is garlic-like breath
odor and taste in the mouth because of pulmonary excretion of a small amount of DMSO as
dimethyl sulfide [71]. Oral DMSO was effective against AA amyloidosis, especially GI in‐
volvement and early renal dysfunction [72], but using it would not likely be feasible in cur‐
rent clinical practice.

4.4. Treatment of organ failure

The predominant feature of AA amyloidosis is proteinuria with or without renal failure. If con‐
servative treatment of renal failure is not sufficient, renal replacement therapy including renal
transplantation, continuous ambulatory peritoneal dialysis, or hemodialysis (HD) should be
considered. Even in RA patients with AA amyloidosis who undergo HD, anti-TNFα blockers
can demonstrate efficacy [11, 73]. HD reportedly had no effect on plasma ETN concentration,
and ETN pharmacokinetics in patients undergoing HD for chronic renal failure were similar to
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those with normal renal function [74]. Administration of ETN to HD patients would therefore
appear reasonable. Renal replacement therapy is discussed in Table 6.

Renal transplantation

Immonen K, et al: J Rheumatol 2008; 35: 1334-8

30 cases in 332 RA patients with AA amyloidosis

Median survival: 2.11 years

Peritoneal dialysis/Hemodialysis (HD)

Bergesio F, et al: Nephrol Dial Transplant 2008; 23: 941-51

Prognosis: 17 months

Kuroda T, et al: Reference No. 73

96.9 person-year followup: 42 patients died

50% survival from the initiation of HD: 251 days

Ccr was superior to Crea, Advisable planned initiation of HD

Nakamura T, et al: Reference No. 11

51.8 months Dialysis with ETN 27.8 months Use

Amelioration of DAS28-ESR, CRP, mHAQ, and ESR

RA: rheumatoid arthritis, AA: amyloid A, HD: hemodialysis, Ccr: creatinine clearance, Crea: serum levels of creatinine,
ETN: etanercept, DAS: disease activity score, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, mHAQ:
modified health assessment questionnaire.

Table 6. Renal replacement therapy in AA amyloidosis secondary to RA

5. Comparison of effectiveness between biologic and alkylating agent

We previously showed that the genetic predisposition allele SAA1.3 was not only a univari‐
ate predictor of survival but also a risk factor for association of AA amyloidosis with RA in
Japanese patients [9], and in view of our earlier reports on the efficacy of ETN [10, 48] and
CYC [35, 64] given alone for AA amyloidosis secondary to RA, we compared the effective‐
ness of ETN and CYC, and we assessed biomarkers and analyzed the effect of SAA1.3 allele
on these treatments [75].
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5.1. Patients and methods

This retrospective cohort study compared effectiveness of CYC and ETN for RA patients
with AA amyloidosis who were homozygous for the SAA1.3 allele or other polymorphisms.
Sixty-two RA patients received CYC and 24 did ETN; all had biopsy-confirmed AA amyloi‐
dosis. The presence of AA amyloid deposits was confirmed histologically via positive Con‐
go Red staining, potassium permanganate susceptibility, and green birefringence seen by
polarization microscopy after Congo Red staining, as well as immunohistochemical analysis
using anti-AA antibody and anti-immunoglobulin light-chain (AL) antibody to differentiate
AL amyloidosis.

Patients with RA had been treated with non-steroidal anti-inflammatory drugs (NSAIDs),
prednisolone, DMARDs, and immunosuppressive agents but were often refractory to these
agents. Although CYC had been unallowable medico-legally in Japanese governmental
health insurance system and we were able to use CYC for RA treatment from August 2010
in Japan, we finally used CYC and investigated its efficacy for enrolled patients until De‐
cember 2004.

Age, sex, and duration of RA and AA amyloidosis were recorded, as were changes in labo‐
ratory indices and clinical evaluations of disease activity included CRP, SAA, ESR, rheuma‐
toid factor (RF), serum Alb, Crea, 24-hour proteinuria, and eGFR. Use of DMARDs,
immunosuppressants, or PSL from the time of RA onset to the index time was noted. We
chose CRP as an indicator of rheumatoid inflammation and Alb as an indicator of severity of
AA amyloidosis [76]. Because renal dysfunction is the most common symptom in AA amy‐
loidosis secondary to RA, we selected Crea and eGFR to assess treatment effectiveness. We
calculated eGFRs via the nomogram for modification of diet reported in a Japanese renal
disease study (index 0.741) using Crea measured by using an enzymatic method [77]. We al‐
so obtained information on drugs including DMARDs, NSAIDs, angiotensin-converting en‐
zyme inhibitors, and angiotensin II receptor blockers. We recorded clinical symptoms and
arthritis activity for each time point. We carefully checked adverse effects of immunosup‐
pressants, e.g. infection risks, myelosuppression, haemorrhagic cystitis, and carcinogenesis.

We monitored biomarker levels and compared initial (before treatment) and last (after treat‐
ment) values. We used statistical analysis to assess effects of the SAA1.3 allele on therapies.
We determined the onset of RA by reviewing of charts after AA amyloidosis diagnosis had
been confirmed. Clinical symptoms at presentation were the main reason for physicians to
obtain tissue biopsies to demonstrate AA amyloid deposits. We estimated survival curves
via the Kaplan-Maier technique; we analyzed statistical differences between two curves by
the log-rank test. We used Cox proportional hazards models to assess effects of treatments
on eGFR and 24-hour proteinuria, with risk of death as the endpoint. We used two-way re‐
peated-measures analysis of ANOVA to simultaneously estimate effects of SAA1.3 or treat‐
ments on individual changes in biomarkers. In the model, individual change was defined as
within-subjects factors; categorical groups, i.e. polymorphisms of the SAA1.3 allele and
treatments, were defined as between-subjects factors. To determine the factor affecting indi‐
vidual change, a combined factor (within and between) was defined as interaction. We eval‐
uated significant effects of these factors via ANOVA. We determined significant interaction
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We previously showed that the genetic predisposition allele SAA1.3 was not only a univari‐
ate predictor of survival but also a risk factor for association of AA amyloidosis with RA in
Japanese patients [9], and in view of our earlier reports on the efficacy of ETN [10, 48] and
CYC [35, 64] given alone for AA amyloidosis secondary to RA, we compared the effective‐
ness of ETN and CYC, and we assessed biomarkers and analyzed the effect of SAA1.3 allele
on these treatments [75].
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with AA amyloidosis who were homozygous for the SAA1.3 allele or other polymorphisms.
Sixty-two RA patients received CYC and 24 did ETN; all had biopsy-confirmed AA amyloi‐
dosis. The presence of AA amyloid deposits was confirmed histologically via positive Con‐
go Red staining, potassium permanganate susceptibility, and green birefringence seen by
polarization microscopy after Congo Red staining, as well as immunohistochemical analysis
using anti-AA antibody and anti-immunoglobulin light-chain (AL) antibody to differentiate
AL amyloidosis.

Patients with RA had been treated with non-steroidal anti-inflammatory drugs (NSAIDs),
prednisolone, DMARDs, and immunosuppressive agents but were often refractory to these
agents. Although CYC had been unallowable medico-legally in Japanese governmental
health insurance system and we were able to use CYC for RA treatment from August 2010
in Japan, we finally used CYC and investigated its efficacy for enrolled patients until De‐
cember 2004.

Age, sex, and duration of RA and AA amyloidosis were recorded, as were changes in labo‐
ratory indices and clinical evaluations of disease activity included CRP, SAA, ESR, rheuma‐
toid factor (RF), serum Alb, Crea, 24-hour proteinuria, and eGFR. Use of DMARDs,
immunosuppressants, or PSL from the time of RA onset to the index time was noted. We
chose CRP as an indicator of rheumatoid inflammation and Alb as an indicator of severity of
AA amyloidosis [76]. Because renal dysfunction is the most common symptom in AA amy‐
loidosis secondary to RA, we selected Crea and eGFR to assess treatment effectiveness. We
calculated eGFRs via the nomogram for modification of diet reported in a Japanese renal
disease study (index 0.741) using Crea measured by using an enzymatic method [77]. We al‐
so obtained information on drugs including DMARDs, NSAIDs, angiotensin-converting en‐
zyme inhibitors, and angiotensin II receptor blockers. We recorded clinical symptoms and
arthritis activity for each time point. We carefully checked adverse effects of immunosup‐
pressants, e.g. infection risks, myelosuppression, haemorrhagic cystitis, and carcinogenesis.

We monitored biomarker levels and compared initial (before treatment) and last (after treat‐
ment) values. We used statistical analysis to assess effects of the SAA1.3 allele on therapies.
We determined the onset of RA by reviewing of charts after AA amyloidosis diagnosis had
been confirmed. Clinical symptoms at presentation were the main reason for physicians to
obtain tissue biopsies to demonstrate AA amyloid deposits. We estimated survival curves
via the Kaplan-Maier technique; we analyzed statistical differences between two curves by
the log-rank test. We used Cox proportional hazards models to assess effects of treatments
on eGFR and 24-hour proteinuria, with risk of death as the endpoint. We used two-way re‐
peated-measures analysis of ANOVA to simultaneously estimate effects of SAA1.3 or treat‐
ments on individual changes in biomarkers. In the model, individual change was defined as
within-subjects factors; categorical groups, i.e. polymorphisms of the SAA1.3 allele and
treatments, were defined as between-subjects factors. To determine the factor affecting indi‐
vidual change, a combined factor (within and between) was defined as interaction. We eval‐
uated significant effects of these factors via ANOVA. We determined significant interaction
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of effects of groups (SAA1.3 or treatments) on changes in individual markers. Findings were
statistically significant at P<0.05. We used SPSS Statistics 17.0, Base and Advanced (SPSS Inc,
Chicago, IL, USA) for statistical analyses.

5.2. Results

Table 7 provides patients’ clinical characteristics and laboratory findings. Despite treatments
being administered during different periods, clinical and laboratory findings of both groups
were quite similar at the start of each treatment, except for the SAA1.3 genotype and dura‐
tion AA amyloidosis since diagnosis (P=0.015 and P<0.001, respectively). With regard to bio‐
markers indicating renal dysfunction, ETN had worse kidney damage than did CYC.
During the study, patients died in each treatment group at the almost same rate. In the CYC
group, congestive heart failure and infectious pneumonia occurred frequently. Patients giv‐
en ETN had a lower rate of congestive heart failure as cause of death, suggesting of the pos‐
sibility of an inhibitory effect on progressive heart failure.

Years since RA onset and years since diagnosis of AA amyloidosis were significantly differ‐
ent for SAA1.3 homozygosity vs other genotypes (15.6±7.8 vs 21.4±9.9, P=0.046, and 7.44±4.9
vs 9.7±4.5, P=0.016, respectively). Comparison of CRP, Alb, eGFR, and Crea for both groups
at initial and final observations, disregarding SAA1.3 allele polymorphisms, showed that
ETN reduced serum CRP levels and increased serum Alb levels more than did CYC (ETN vs
CYC: CRP: from 4.7±0.8 to 0.5±0.3 mg/dl vs from 4.0±1.6 to 2.8±1.2 mg/dl, P<0.01; Alb: from
2.6±0.4 to 3.5±0.4 g/dl vs from 2.8±0.3 to 2.8±0.5 g/dl, P<0.01, respectively). Thus, ETN signifi‐
cantly improved serum CRP and Alb levels and was clearly more effective than CYC. CRP
and Alb interactions with polymorphism (homozygous for SAA1.3 or other polymorphisms)
showed no significance (P=0.777 and P=0.715, respectively), but CRP and Alb interactions
with treatment (ETN or CYC) demonstrated significant results (both P<0.01). Within-subject
analysis showed that treatments improved eGFR: ETN: from 21.8±18.9 to 24.9±18.7 ml/min/
1.73m2 vs CYC: from 29.3±12.7 to 18.6±9.3 ml/min/1.73m2, P=0.035, with ETN’s effect on
eGFR being significant (P=0.032). ETN increased eGFR, thus improving the decreased renal
function caused by AA amyloidosis, more than did CYC (Fig. 9A), but this effect was not
related to SAA1.3 allele polymorphisms (Fig. 9B). Neither treatment affected Crea levels.
SAA1.3 allele did not affect treatment in both groups of patients, as evidenced by interac‐
tions of SAA1.3 allele with CRP, Alb, eGFR, and Crea (P=0.777, P=0.715, P=0.465, and
P=0.228, respectively).

Because ETN was more effective than CYC, according to CRP, Alb, and eGFR measures,
we calculated the hazard ratio between ETN and CYC as a survival parameter. According
to  Cox  proportional  hazards  survival  analysis,  ETN  significantly  improved  survival
(P=0.025).  Also,  the  Kaplan-Meier  curves  showed  a  significant  difference  between  ETN
and CYC (Fig. 10). The hazard ratio for ETN evidenced significant results for the risk of
death  endpoint  (eGFR:  P=0.024  and 24-hour  proteinuria:  P=0.025,  respectively)  but  CYC
did not (Table 8).
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CYC (n=62)2) ETN (n=24)3) P-value4)

I. Sex, Male/Female, n 12/50 4/20 1.000

SAA1.3 allele, Homozygout/Others, n 22/40 16/8 0.015

Months since RA onset (mean) 176.0 (111.0) 195.3 (88.3) 0.447

Months since diagnosis of AA

amyloidosis (mean)
22.9(41.7) 67.5 (42.5) <0.001

Months of treatment (mean) 38.0 (27.4) 34.0 (23.1) 0.526

Steinbrocker’s classification5)

Stage II,III,IV, n 5/18/39 3/7/14

Class 2/3/4, n 38/18/6 14/7/3

II MTX therapy (yes/no), n 31/31 15/9 0.297

PSL dosage (mg/day, mean) 9.91(5.88) 7.97 (4.96) 0.516

III CRP (mg/dl, mean) 3.99 (1.72) 3.89 (1.97) 0.820

SAA (μg/ml, mean) 294.8 (166.0) 327.0 (223.4) 0.467

eGFR (ml/min/1.73 ㎡, mean) 29.2 (23.9) 31.2 (20.6) 0.714

Crea(mg/dl, mean) 2.04 (0.95) 2.23 (1.27) 0.465

24-Hour urinary protein (g, mean) 1.53 (0.84) 2.09 (1.27) 0.020

Serum Alb (g/dl, mean) 2.92 (0.32) 3.04 (0.68) 0.128

RF (U/ml, mean) 237.8 (262.1) 200.8 (154.3) 0.519

IV Cause of death, n (%) n=26 (41.9) n=8 (33.3) 0.464

Infectious pneumonia 6 3

Sepsis 2

GI ulcer/bleeding 3

Interstitial pneumonia 4 1

Myocardial infarction 2

Congestive heart failure 7 2

Renal failure 1 1

Malignancy 1

Unknown 1

1) Baseline data were at the initiation of each treatment. All patients, except those who died, were followed from Janu‐
ary 1995 to December 2010. Last observations were made in December 2004 for the CYC group and December 2010
for the ETN group. Vales are represented by mean (S.D.) unless otherwise noted. Causes of death of patients who died
during the study, and these causes were most closely related to their death. 2)CYC was given until December, 2004.
Thirty-six alive [8 males, 28 females; mean (S.D.) age = 65.7 (10.8) years] and 26 dead [3 males, 23 females; mean (S.D.)
age = 71.9 (8.5) years]. CYC was treated according to the level of 24-h Ccr: Ccr≧80 (ml/min): 100 (mg/day), 60≦Ccr ＜
80 (ml/min): 75 (mg/day), 40≦Ccr ＜ 60 (ml/min): 40 (mg/day), 10≦Ccr ＜ 20 (ml/min): 25 (mg/day), Ccr ＜ 10 (ml/
min): 20 (mg /day). 3)ETN was until December, 2010. Sixteen alive [3 males, 13 females; mean (S.D.) age = 64.2 (8.5)
years] and 8 dead [1 male, 7 females; mean (S.D.) age = 66.0 (7.8) years]. 4)Student’s-t analysis was performed to com‐
pare CYC and ETN, with P ＜ 0.05 indicating a significant result. 5)Stenbrocher’scalassification according to JAMA 1949;
140: 659-62．Quoted from Reference No. 75.

Table 7. Clinical characteristics and laboratory findings of patients1)
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of effects of groups (SAA1.3 or treatments) on changes in individual markers. Findings were
statistically significant at P<0.05. We used SPSS Statistics 17.0, Base and Advanced (SPSS Inc,
Chicago, IL, USA) for statistical analyses.

5.2. Results

Table 7 provides patients’ clinical characteristics and laboratory findings. Despite treatments
being administered during different periods, clinical and laboratory findings of both groups
were quite similar at the start of each treatment, except for the SAA1.3 genotype and dura‐
tion AA amyloidosis since diagnosis (P=0.015 and P<0.001, respectively). With regard to bio‐
markers indicating renal dysfunction, ETN had worse kidney damage than did CYC.
During the study, patients died in each treatment group at the almost same rate. In the CYC
group, congestive heart failure and infectious pneumonia occurred frequently. Patients giv‐
en ETN had a lower rate of congestive heart failure as cause of death, suggesting of the pos‐
sibility of an inhibitory effect on progressive heart failure.

Years since RA onset and years since diagnosis of AA amyloidosis were significantly differ‐
ent for SAA1.3 homozygosity vs other genotypes (15.6±7.8 vs 21.4±9.9, P=0.046, and 7.44±4.9
vs 9.7±4.5, P=0.016, respectively). Comparison of CRP, Alb, eGFR, and Crea for both groups
at initial and final observations, disregarding SAA1.3 allele polymorphisms, showed that
ETN reduced serum CRP levels and increased serum Alb levels more than did CYC (ETN vs
CYC: CRP: from 4.7±0.8 to 0.5±0.3 mg/dl vs from 4.0±1.6 to 2.8±1.2 mg/dl, P<0.01; Alb: from
2.6±0.4 to 3.5±0.4 g/dl vs from 2.8±0.3 to 2.8±0.5 g/dl, P<0.01, respectively). Thus, ETN signifi‐
cantly improved serum CRP and Alb levels and was clearly more effective than CYC. CRP
and Alb interactions with polymorphism (homozygous for SAA1.3 or other polymorphisms)
showed no significance (P=0.777 and P=0.715, respectively), but CRP and Alb interactions
with treatment (ETN or CYC) demonstrated significant results (both P<0.01). Within-subject
analysis showed that treatments improved eGFR: ETN: from 21.8±18.9 to 24.9±18.7 ml/min/
1.73m2 vs CYC: from 29.3±12.7 to 18.6±9.3 ml/min/1.73m2, P=0.035, with ETN’s effect on
eGFR being significant (P=0.032). ETN increased eGFR, thus improving the decreased renal
function caused by AA amyloidosis, more than did CYC (Fig. 9A), but this effect was not
related to SAA1.3 allele polymorphisms (Fig. 9B). Neither treatment affected Crea levels.
SAA1.3 allele did not affect treatment in both groups of patients, as evidenced by interac‐
tions of SAA1.3 allele with CRP, Alb, eGFR, and Crea (P=0.777, P=0.715, P=0.465, and
P=0.228, respectively).

Because ETN was more effective than CYC, according to CRP, Alb, and eGFR measures,
we calculated the hazard ratio between ETN and CYC as a survival parameter. According
to  Cox  proportional  hazards  survival  analysis,  ETN  significantly  improved  survival
(P=0.025).  Also,  the  Kaplan-Meier  curves  showed  a  significant  difference  between  ETN
and CYC (Fig. 10). The hazard ratio for ETN evidenced significant results for the risk of
death  endpoint  (eGFR:  P=0.024  and 24-hour  proteinuria:  P=0.025,  respectively)  but  CYC
did not (Table 8).
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Figure 9. A) Changes in eGFR between initial- and last-visit as an effect of treatment (ETN or CYC). (B) Changes in
eGFR between initial- and last-visit as an effect of SAA1.3 allele genotype (homozygosity or other polymorphisms).
Quoted and modified from Reference No. 75.

Figure 10. Kaplan-Meier survival curves after treatment with ETN (continuous line) and CYC (dotted line; P=0.025, log-
rank test). Quoted and modified from Reference No. 75.
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eGFR 24-Hour proteinuria

Hazard ratio

(95% confidence interval)
P-value

Hazard ratio

(95% confidence interval)
P-value

ETN
0.949

(0.907-0.993)
0.024

1.779

(1.074-2.946)
0.025

CYC
0.951

(0.894-1.012)
0.110

1.161

(0.542-2.488)
0.701

Hazard ratio for each treatment using the Cox proportional hazards models to assess effect of treatments
on the risk of death as the endpoint, being determined by two variables, eGFR and 24-h proteinuria.
Quoted and modified from Reference No. 75. ETN: etanercept, CYC: cyclophosphamide, eGFR: estimated
glomerular filtration rate.

Table 8. Hazard ratio for each treatment

5.3. Discussion

The goal of AA amyloidosis therapy is control of the underlying disorder. Treatment sup‐
pressing inflammatory activity reduces circulatory levels of SAA, an acute-phase reactant. In
AA amyloidosis secondary to RA, treatment has focused on using cytotoxic drugs such as
CYC and chlorambucil [29, 32] and more recently on TNFα inhibitors and IL-6 receptor anti‐
body [45,56]. Before the advent of biologics, encouraging reports of alkylating agents as ben‐
efiting RA patients with AA amyloidosis were published. The rationale of this treatment
seems to be similar to autologous stem cell transplantation, which generates new self-toler‐
ant lymphocytes after alkylating agent treatment by eliminating self-reactive lymphocytes
[78]. In the light of the reported superiority of CYC compared with MTX for managing RA
patients with AA amyloidosis [9], using alkylating agents may improve AA amyloidosis.
Cytotoxic drugs and cytokine inhibitors affect AA amyloid deposits by suppressing SAA
production. Also, anti-TNFα therapies, by inhibiting expression of receptors of advanced
glycation end-products (RAGE), may reduce interactions between AA amyloid fibrils and
RAGE and thereby prevent AA-mediated cell toxicity [79, 80]. Thus, our findings that ETN
had greater effects on AA amyloidosis secondary to RA than did CYC was not unexpected,
and early therapeutic intervention in RA may avoid the complication of AA amyloidosis by
controlling rheumatoid disease activity [26].

In Japan, use of MTX to treat with RA patients was permitted in 1999, the maximum dose
being 8 mg/week, until February 2011; use of ETN was allowed in 2005. In our study the
time from diagnosis of AA amyloidosis was shorter for the CYC group than the ETN group
(Table 8), but treatment strategies and DMARDs used were the same, except for the use of
biologics. Although MTX is now considered an anchor drug for RA treatment, it was used
infrequently for AA amyloidosis patients because of its renal damage. No significant differ‐
ences between groups in MTX therapy were found (Table 7). The recovery of Alb biosynthe‐
sis, improved acute-phase response, and ameliorated eGFR are all demonstrable endpoints,
and we suggest that Alb reflects the severity of AA amyloidosis. We found that the different
therapies rather than SAA1.3 allele polymorphism influenced changes in CRP and Alb. Al‐
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Figure 9. A) Changes in eGFR between initial- and last-visit as an effect of treatment (ETN or CYC). (B) Changes in
eGFR between initial- and last-visit as an effect of SAA1.3 allele genotype (homozygosity or other polymorphisms).
Quoted and modified from Reference No. 75.

Figure 10. Kaplan-Meier survival curves after treatment with ETN (continuous line) and CYC (dotted line; P=0.025, log-
rank test). Quoted and modified from Reference No. 75.
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eGFR 24-Hour proteinuria

Hazard ratio

(95% confidence interval)
P-value
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on the risk of death as the endpoint, being determined by two variables, eGFR and 24-h proteinuria.
Quoted and modified from Reference No. 75. ETN: etanercept, CYC: cyclophosphamide, eGFR: estimated
glomerular filtration rate.
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[78]. In the light of the reported superiority of CYC compared with MTX for managing RA
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Cytotoxic drugs and cytokine inhibitors affect AA amyloid deposits by suppressing SAA
production. Also, anti-TNFα therapies, by inhibiting expression of receptors of advanced
glycation end-products (RAGE), may reduce interactions between AA amyloid fibrils and
RAGE and thereby prevent AA-mediated cell toxicity [79, 80]. Thus, our findings that ETN
had greater effects on AA amyloidosis secondary to RA than did CYC was not unexpected,
and early therapeutic intervention in RA may avoid the complication of AA amyloidosis by
controlling rheumatoid disease activity [26].

In Japan, use of MTX to treat with RA patients was permitted in 1999, the maximum dose
being 8 mg/week, until February 2011; use of ETN was allowed in 2005. In our study the
time from diagnosis of AA amyloidosis was shorter for the CYC group than the ETN group
(Table 8), but treatment strategies and DMARDs used were the same, except for the use of
biologics. Although MTX is now considered an anchor drug for RA treatment, it was used
infrequently for AA amyloidosis patients because of its renal damage. No significant differ‐
ences between groups in MTX therapy were found (Table 7). The recovery of Alb biosynthe‐
sis, improved acute-phase response, and ameliorated eGFR are all demonstrable endpoints,
and we suggest that Alb reflects the severity of AA amyloidosis. We found that the different
therapies rather than SAA1.3 allele polymorphism influenced changes in CRP and Alb. Al‐

Therapeutic Strategies in Amyloid A Amyloidosis Secondary to Rheumatoid Arthritis
http://dx.doi.org/10.5772/53801

231



so, eGFR may reflect diminished renal blood flow, and only ETN improved eGFR, thus indi‐
cating better renal function and greater efficacy of ETN than CYC (Fig. 9A). We found no
evidence linking SAA1.3 allele to treatment efficacy (Fig. 9B).

6. Conclusion

Although significant advances have been made in understanding of the pathology, pathogene‐
sis, and clinical treatment of AA amyloidosis secondary to RA, the disease is still an important
complication that warrants further investigation. The SAA1.3 allele serves not only as a risk
factor for AA amyloidosis but also as a factor related to poor prognosis and shortened survival
in Japanese patients with RA, and understanding both disorders would benefit from investiga‐
tion of the SAA1.3 allele. AA amyloidosis secondary to RA is now clearly influenced by many
variables, and clinical pictures differ among patients. The pathological process in RA patients
with AA amyloidosis seems to be more complicated and subtle than previously realized. Clari‐
fication of the formation and degeneration or turnover of AA amyloid fibrils and elucidation of
the biological contributions of SAA in health and disease are indispensable prerequisites to the
management of AA amyloidosis secondary to RA. By employing with the newly developed
therapies, AA amyloidosis secondary to RA will already become both treatable and curable
disease. Further, genetic predisposition, SAA1.3 allele genotype, would serve one of personal‐
ized medicines to make AA amyloidosis secondary to RA a preventable disease.
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