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ABSTRACT

Amyloidosis is a heterogeneous group of disorders caused by extracellular
deposition of protein in a characteristic abnormal fibrillar form. The
development of serum amyloid P component (SAP) scintigraphy has uniquely
enabled non-invasive serial assessment of the amount and distribution of amyloid
deposits in patients. The findings of SAP scintigraphy have refuted the
traditional belief that amyloid deposition is both inexorably progressive and
irreversible. In contrast, amyloid deposits exist in a state of dynamic
equilibrium, and therefore may regress when underlying disorders can be treated.
Unfortunately many treatments used in systemic amyloidosis carry considerable
iaitrogenic risks. The general hypothesis explored in this thesis is that the
rationale for treatment and clinical outcome of patients with the various forms of
amyloidosis can be improved by more precise characterisation and quantitative

monitoring of the disease process that underlie amyloid deposition.

Hereditary systemic amyloidosis has hitherto been considered to be exceptionally
rare, but the finding described in this thesis that it actually accounts for abbut
10% of patients with apparent sporadic acquired systemic amyloidosis
demonstrates the critical importance of accurate diagnosis. This finding has
already spared many patients undergoing inappropriate and dangerous
chemotherapy, and, in some cases, has enabled liver transplantation to be
performed with the objective of correcting the inherited metabolic abnormality.

It has also facilitated the detailed clinical characterisation of the hereditary

fibrinogen A a-chain amyloidosis phenotype, and has led to the introduction of



routine DNA analysis among NHS patients attending the National Amyloidosis

Centre.

Precise quantitative monitoring of circulating amyloid fibril precursor proteins
enabled the relationship between monoclonal immunoglobulin production and
clinical outcome to be evaluated for the first time in AL amyloidosis, and in AA
amyloidosis confirmed efficacy of surgical and pharmacological treatments in
patients with Castleman’s disease and familial Mediterranean fever (FMF)
respectively. It also revealed for the first time the pattern and substantial
intensity of sub-clinical inflammation in familial Mediterranean fever, explaining

the high incidence of AA amyloidosis in this disorder.
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CHAPTER ONE

Chapter One

INTRODUCTION

Amyloidosis is a disorder of protein folding in which normally soluble plasma
proteins are deposited in the extracellular space in an abnormal insoluble fibrillar
form"2. The underlying molecular abnormalities may be either acquired or
hereditary and about 20 different proteins can form clinically or pathologically
significant amyloid fibrils in Vivo'. Amylloid is remarkably diverse and can be
localised or systemic and rapidly lethal or merely an incidental finding.
Localised forms of the disease are associated with several extremely common
disorders including type II diabetes mellitus* and Alzheimer’s disease’, and
small, focal, clinically silent, amyloid deposits in the brain, heart, seminal
vesicles, and joints are a universal accompaniment of ageingé'lo. However, in
systemic amyloidosis accumulation of amyloid causes progressive disruption of
the structure and function of organs and tissues which can occur at virtually any
site except within the brain parenchyma’ 13 Without treatment, systemic
disease is usually fatal, but measures that reduce the supply of amyloid fibril
precursor proteins frequently lead to regression of amyloid deposits, to
prevention of organ failure and to improved survival'®. Since the regression of
amyloid occurs relatively slowly, early diégnosis has the potential to improve the

prognosis.

Page 1



CHAPTER ONE Page 2

AMYLOID STRUCTURE

Protein fibrils

Amyloid deposits consist mainly of protein fibrils, the different polypeptide
sub-units of which constitute the basis for their classification (Table 1.1)*"°. It
has long been known that the ultrastructural morphology and histochemical
properties of all amyloid fibrils, regardless of the precursor protein type, are

remarkably similar'®*

, and their high component of cross-f§ secondary structure
was identified some 30 years ago™ >*. Recent diffraction studies of a number of
different ex vivo and synthetic amyloid fibrils have confirmed that they all share
a common core structure consisting of anti-parallel B-strands forming sheets
lying with their long axes perpendicular to the long axis of the fibril*> %, This
extremely abnormal, but highly ordered, conformation underlies the distinctive
physicochemical properties of amyloid fibrils including their ability to bind
molecules of the dye Congo red in a spatially organised manner, their relative
resistance to proteolysis, and their capacity to bind serum amyloid P component
(SAP)*" %, In some instances the fibrils in vivo are composed of intact whole
precursor molecules, for example in lysozyme, 3;-microglobulin and some forms
of transthyretin amyloidosis®*>!. More often, amyloid precursor proteins
undergo partial cleavage, although it is not known whether this occurs before,

during or even after fibril formation®> >



Table 1.1 Classification of amyloidosis

Type Fibril protein precursor Clinical syndrome

AA Serum amyloid A protein Reactive systemic amyloidosis associated with chronic inflammatory diseases

AL Monoclonal immunoglobulin fight chains Systemic amyloidosis associated with monoclonal plasma cell dyscrasias

ABzM Bz-microglobulin Periarticular and, occasionally, systemic amyloidosis associated with long-term dialysis

ATTR Normal plasma transthyretin Senile systemic amyloidosis with prominent cardiac involvement
ATTR Genetically variant transthyretin Autosomal dominant systemic amyloidosis
Familial amyloid polyneuropathy
.ACys Genetically variant cystatin C Hereditary cerebral haemorrhage with cerebral and systemic amyloidosis
AGel Genetically variant gelsolin Autosomal dominant systemic amyloidosis
Predominant cranial nerve involvement with lattice corneal dystrophy
ALys Genetically variant lysozyme Autosomal dominant systemic amyloidosis
Non-neuropathic with prominent visceral involvement
AApoAl  Genetically variant apolipoprotein Al Autosomal dominant systemic amyloidosis
Predominantly non-neuropathic with prominent viscera involvement
AApoAll  Genetically variant apolipoprotein All Autosomal dominant systemic amyloidosis
Non-neuropathic with prominent renal involvement
AFib Genetically variant fibrinogen A alpha chain Autosomal dominant systemic amyloidosis
Non-neuropathic with prominent renal involvement
AB B-protein precursor (and rare genetic variants) Cerebrovascular and intracerebral plaque amyloid in Alzheimer's disease

Occasional familial cases

Amyloid composed of peptide hormones, prion protein and unknown proteins not included here



CHAPTER ONE

Non fibrillar components
Although most amyloid fibril precursor proteins can form fibrils in vitro in the

absence of any other moieties®* >

, there is evidence that the minor non-fibrillar
elements that are found in all amyloid deposits contribute significantly to the
process in vivo™®. All deposits contain some non-fibrillar common elements®,

37,38 and the normal

most notably restricted subsets of glycoséminoglycans
plasma glycoprotein, serum amyloid P component (SAP)*”. All amyloid deposits
also contain other common constituents including apolipoprotein E, various
proteinase inhibitors, complement components, and extracellular matrix

constituents®. The role, if any, of these molecules in the pathogenesis and/or the

effects of amyloid remains to be elucidated.

Glycosaminoglycans

These are the most abundant heteropolysaccharides in the body and are located
primarily on the surface of cells or in the extracellular matrix (ECM). They
consist of negatively charged long unbranched polysaccharides containing a
repeating disaccharide unit. The significance of glycosaminoglycans (GAGs) of
the heparan sulphate or chondroitin sulphate types, in amyloid remains unclear, but
their universal presence in the deposits, their intimate relationship with the fibrils
and their restricted heterogeneity all suggest that they may be important®.

GAGs are known to participate in the organisation of some normal structural
proteins into fibrils and they may have comparable fibrillogenic effects on

38,41

certain amyloid fibril precursor proteins™ ™. Furthermore, low molecular weight

polysulphonated compounds that are thought to act in vivo as ‘GAG-mimetics’,

42

b

substantiallyinhibit experimental induction of AA amyloid deposits in mice

presumably by preventing the association of amyloid fibrils with endogenous

GAGs®.

Page 4



CHAPTER ONE Page 5

Serum Amyloid P component

The other non fibrillar constituent that is present in relative abundance in all
amyloid deposits is the plasma glycoprotein serum amyloid P component
(SAP)**_ SAP has close structural homology with CRP*®*', the classical acute
phase reactant and, together, these molecules represent the prototypic members
of the pentraxin family of plasma proteins*®. SAP is a pentamer with 5 identical
non-covalently associated protomers each bearing a single calcium dependent
ligand binding site on one planar face, the binding (B) face of the molecule**>°,
The physiological function of SAP has not yet been fully clarified but may be

important in host defence’®"> >

and in the handling of chromatin during apoptosis,
protecting against the development of autoimmunity” 5 Its universal presence
in amyloid deposits® reflects its specific calcium dependent binding to an, as yet,
uncharacterised ligand(s) shared by all types of amyloid fibrils. SAP is
evolutionarily highly conserved and no polymorphisms or deficiencies have been
identified®®. In man it is expressed constitutively by hepatocytes; has a constant
157

plasma concentration of around 30 mg/1”’; and a half-life in the circulation of 24

8-62
hours*8%2,

In amyloidosis, circulating SAP exists in a dynamic equilibrium with the much
larger extravascular pool of SAP bound to the amyloid fibrils®>**. Only SAP
molecules in the plasma are subject to catabolism, which occurs only in the
liver. SAP persists within human amyloid deposits for prolonged periods and
shows no modification from circulating SAP?’. In mice and hamsters, SAP is an
acute phase protein and plasma concentrations are closely related to
amyloidogenesis®. The universal presence and persistence of SAP in amyloid

suggests that it might contribute to the pathogenesis of amyloid”’ 65

, and there
are various mechanisms by which this could be envisaged to occur. On
thermodynamic grounds, the pentavalent binding of SAP to amyloid fibrils may

have a stabilising effect. SAP may also provide a normal, autologous protein
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coat masking the abnormal amyloid fibrils from the scavenging processes that
usually clear abnormal material efficiently from the tissues. In addition, SAP
itself is highly resistant to proteolysis®® ®’, and the binding of SAP inhibits
digestion of amyloid fibrils by phagocytes and proteases in vitro®. The role of
SAP in protecting and promoting amyloid deposition has lately been confirmed
in mice with targeted deletion of the SAP gene in whom experimentally induced
AA amyloidosis was substantially reduced®. The physiological role of SAP is
under investigation in SAP knock-out mice, some strains of which have been

70,71

found spontaneously to develop antinuclear antibodies supporting previous

in vitro observations suggesting that SAP binds to and regulates the handling and

clearance of DNA and chromatin®> "%,

PATHOGENESIS OF AMYLOID

The pathogenesis of amyloid centres around the aberrant folding of the various
fibril precursor proteins”™. About 20 different extremely heterogeneous proteins
are known to form amyloid fibrils in vivo and other related and even completely
unrelated proteins have lately been manipulated ir vitro to undergo a similar
transformation’. Amyloid fibril proteins can evidently exist as two radically
different yet stable structures - the normal éoluble form and a highly abnormal
fibrillar conformation - and thereby refute the traditional dogma that amino acid
sequence is the sole determinant of a protein’s tertiary form’>’®. Amyloidogenic
proteins are thought transiently to populate partly unfolded intermediate
molecular states’’ that expose B-sheet structure of the requisite type to interact
with and bind to similar molecules in a highly ordered fashion®> %7
Homozygosity for precursor proteins, such as SAA, isotypes® in acquired AA
amyloidosis and variant TTR* or gelsolin82 in hereditary neuropathic
amyloidosis, is recognised to promote the susceptibility to or severity of the

amyloidosis. This may reflect lower or absent amyloidogenic potential of certain
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isoforms of some proteins, less efficient amyloid aggregation between non-
identical precursor molecules. Heterozygosity may confer protection by protein
isoforms with low amyloidogenic potential interacting with and stabilising those
with a greater propensity to form fibrils®. Although amino acid sequence
ultimately underlies the propensity for a protein to form amyloid, the propagation
from low molecular weight protofilament cores into mature amyloid fibrils and
their subsequent progressive accumulation are probably self-perpetuating
processes that depend only on a sustained supply of the respective fibril precursor

protein®

In clinical practice, amyloid deposition occurs in three different circumstances. The
first occurs when there is abnormal abundance of a structurally normal precursor
protein. This is the case in both dialysis related amyloid, in which the precursor is
B,-microglobulin® and in AA type, in which the precursor is the acute phase

reactant, SAA.

The second occurs when a normal, but intrinsically amyloidogenic, protein has been
present in normal quantities for a very prolonged period of time. An example is
senile cardiac amyloidosis in which wild type transthyretin accumulates as amyloid

in the myocardium of elderly individualsgf’.'

The third and commonest with respect to systemic amyloidosis, occurs when
amyloid deposition involves a protein of abnormal inherently amyloidogenic
structure. Examples include acquired monoclonal immunoglobulin light chain
(AL) amyloidosis in patients with clonal plasma cell dyscrasias®’; and the
autosomal dominant hereditary amyloidosis syndromes associated with genetically
variant forms of transthyretin®®, fibrinogen A a—chain®, lysozyme®’, apolipoprotein

AT, cystatin C”' and gelsolingz.

Page 7
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Although all forms of hereditary amyloidosis are rare, they are important in
terms of their clinical implications and represent invaluable models for studying
the pathogenesis of amyloidosis generally. At the molecular level, genetically
variant proteins with a strong predilection to form amyloid can be compared with
their wild-type counterparts>* *>**, Most of these variants differ from the wild
type by just a single amino acid substitution or, occasionally, show small
deletions or insertions’>. Variants of transthyretin (TTR) were the first to be
discovered and have been studied most widely®®, but a disadvantage of this
particular system is that normal TTR is itself inherently amyloidogenic to some
degree®®. However, studies of the two variants of lysozyme, Asp67His and
Ile56Thr, associated with hereditary systemic amyloidosis®” ™ have been
informative since, like TTR, lysozyme’s complete three-dimensional structure
has been resolved®” ™, but wild-type lysozyme is not associated with
amyloidosis. Various kinds of in vifro manipulation, including heat denaturation
and prolonged standing at 4°C, have indicated that the amyloidogenic lysozyme
variants are functional but inherently less stable than the wild-type form” '%.
The variants much more readily populate partially unfolded states which retain
secondary structure typical of ‘molten globule’ intermediate forms’” 101,102 "and
it is thought that these point mutations destabilise lysozyme sufficiently for this
to happen transiently in vivo”'®, Remarkably, the whole process of lysozyme
amyloid fibril formation has been reversed in vitro and soluble functional variant
lysozyme has been recovered by denaturing a preparation of isolated ex vivo

73, 104

amyloid fibrils
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There are still many outstanding questions about amyloid deposition®. It is not
clear why only a relatively small number of unrelated proteins form amyloid

in vivo when it is becoming increasingly clear that others can be induced to do so
in vitro'®> %, Little is yet known about the genetic or environmental factors that
determine individual susceptibility to amyloid'®” '%; or those which govern its

anatomical distribution and clinical effects'®

. There is huge variation not only
between the different types of amyloid but also between (and even within)
kindreds with hereditary amyloidosis associated with identical mutations.
Experimental studies in mice have shown that parenteral injection of a minute
amount of an extract of amyloidotic material primes them for many months to
develop AA amyloidosis within 1-2 days of receiving a single acute phase
stimulus. In contrast unprimed mice typically require an inflammatory stimulus

for about 6 weeks'®'!!

. The precise component of amyloid that represents this
so-called ‘amyloid enhancing factor’ (AEF)“’ "2 has now been characterised as
the fibrils themselves''>. There is now evidence from mouse models that amyloid
fibrils ingested orally are effective AEF and that this nucleation phenomenon
crosses the species barrier''*. The presence of AEF evidently increases the
proportion of precursor proteins that adopf the amyloid conformation, possibly by
capturing susceptible transiently unfolded intermediates onto an established
‘amyloid template’. Since amyloid itself is extremely rich in AEF, the conditions
necessary for amyloid formation and propagation in vivo appear to be self-
perpetuating once an initial nidus of amyl-oid material has been laid down,
depending thereafter only on a continued supply of the respective fibril precursor

protein84' 113,115,116
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PATHOLOGICAL EFFECTS OF AMYLOID

Amyloid deposits accumulate in the extracellular space, progressively disrupting
the normal tissue architecture and so impairing organ function. Amyloid
deposits can act as both microscopic and macroscopic space occupying lesions.
Although, in general, prognosis and organ dysfunction are inversely related to
the amyloid load, there is marked individual variation and for any given quantity
of amyloid the resulting degree of organ ¢compromise is unpredictable'"’.
Although amyloid may be relatively inert in the sense that it fails to stimulate
either a local or systemic host inflammatory response, there is some evidence
that the fibrils may exert cytotoxic effects, possibly by promoting apoptosis''®
"' This is an attractive theory since it could explain how scanty deposits could
cause significant functional disruption without any histological evidence of
inflammation or tissue necrosis. Another strong clinical impression is that
active, progressive deposition of new amyloid is associated with accelerated
deterioration of organ function compared to relative stability of function in the
presence of even large amounts of stable amyloid deposits. This may reflect
better adaptation of the host tissues to amyloid that has accumulated very gradually,
or relate to a particular property of newly formed versus mature fibrils. In the
cerebral amyloidoses, low molecular amyloid aggregates or protofibrils may be
responsible for a substantial proportion of amyloid related toxicity, and the same
may apply in the systemic forms of the disease occurring over and above the

physical disruption associated with established deposits'®’.

Page 10
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Amyloid degradation

The natural history of amyloidosis is usually of relentless progression, leading to
organ failure and often death'?'. However, amyloid deposition is not irreversible
and clinical progression of the amyloid diseases merely reflects that the deposits
are usually being laid down more rapidly than they are "turning over"'?2. The
conditions that underlie amyloidosis are, without treatment, typically progressive
and unremitting, but there are numerous reports describing regression of amyloid
when associated inflammatory and other diseases have been controlled'* ',
Lately, longitudinal follow up using radiolabelled SAP scans in over 3000
patients with various types of systemic amyloidosis have confirmed that the
deposits often regress quite rapidly when the supply of fibril precursors can be
reduced. Under favourable circumstances, this is accompanied by stabilisation or

. . . . 4
recovery of organ function, and much improved patient survival'!? 122 133,134,

TYPES OF AMYLOID

Reactive systemic, AA, amyioidosis

This is a potential complication of any diéorder associated with a sustained acute
phase response (Table 1.2). The amyloid fibrils are derived from the circulating
acute phase reactant, SAA; ** 313 and the fibril peptide subunits typically
comprise a 76 amino acid N-terminal cleavage fragment known as AA protein®2.

SAA is an apolipoprotein of high density lipoprotein (HDL)"*-1?

, and is
synthesised in hepatocytes under the transcriptional regulation of cytokines

including IL1, IL6 and TNF-a'**'*, There are four SAA genes in man all on

chromosome 11. SAA;| and SAA,; are responsible for the acute phase response,
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SAA; is expressed constitutively and SAA; is a pseudogene. In health the
circulating concentration of SAA is around 1 mg/l, but this can rise by more than
a thousand fold in the presence of inflammation. A sustained high plasma level
of SAA is a prerequisite for the development of AA amyloidosis, but is clearly
not sufficient since this form of amyloid occurs in less than 10% of the overall
population at risk'*'*. There are a number of isoforms at the SAA, and SAA,
loci'®, susceptibility to AA amyloidosis is increased among individuals who are

homozygous for their SAA, isotype®® '*°

, and studies in Japan suggest that SAA |,
is more inherently amyloidogenic than the a and 3 isotypes'>""'*2. Similar results
have been reported in SAA; where the isotype SAA,q2 is significantly over

represented in Caucasian patients with AA amyloidosis complicating juvenile

inflammatory arthritis'>.

Systemic amyloidosis associated with monoclonal

immunocyte dyscrasias, AL amyloidosis

Potentially AL amyloidosis may occur in association with any form of
monoclonal B cell dyscrasia'>* !>, AL pfoteins are derived from the N-terminal
region of monoclonal immunoglobulin light chains and consist of the whole or
part of the variable (V) domain'*®'%®, Intact light chains are occasionally found,
and the molecular weight therefore varies between about 8000 and 30 000 Da.
AL is more commonly derived from A chéins than from « chains, despite the fact
that k chains predominate among both normal immunoglobulins and the
paraprotein products of immunocyte dyscrasias1 ! During early B-cell
development, there is rearrangement of the immunoglobulin germ line with

retention of selected genes, endowing each B cell with one heavy-chain and one
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light-chain variable region gene. These rearranged genes encode subgroups of
VA and k and mutate at a much higher rate than the somatic genes, a process that
results in unique immunoglobulin variable region gene sequences, that can be
used to identify B-cell clones within each subgroup. A new A chain subgroup,
Avi, was identified first as an AL protein in two cases of amyloidosis before it
had been recognised in any other form'>, and it has subsequently been observed
in many more cases of AL amyloidosiswo. Furthermore, there is increasing
evidence from sequence analyses of Bence Jones proteins of both x and A type
from patients with AL amyloidosis, and of AL proteins themselves, that these
variable region polypeptides contain unique amino acid replacements or
insertions compared to non-amyloidogenic monoclonal light chains®’. Clones
derived from the 6a Vyy;germ line gene have been found to be associated with
AL amyloidosis with predominant renal involvement, clones derived from
specific other 73, genes are more likely to present with dominant cardiac and
multisystem disease and V clones are over represented in patients with dominant
hepatic involvement. Vyy; light chains have been found to form amyloid in vitro
rapidly both with and without amyloid-enhancing factor suggesting that in
patients with plasma cell dyscrasias the germ line gene use influences not just the
organ tropism of AL deposits but also the tendency to form amyloid at all'e!,
The inherent ‘amyloidogenicity’ of particular monoclonal light chains has been
elegantly confirmed in an in vivo model in which isolated Bence Jones proteins

are injected into mice'*

. Animals receiving light chains from AL amyloid
patients developed typical amyloid deposits composed of the human protein
whereas animals receiving light chains from myeloma patients without amyloid

did not.
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Systemic amyloidosis associated with monoclonal
immunocyte dyscrasias, AH amyloidosis

A few cases of immunoglobulin heavy chain amyloid deposition have been

reported'®> 1%,

Dialysis related amyloidosis (DRA)

This is a potential complication of long term renal replacement by either
haemodialysis or, less often, chronic peritoneal dialysis'®*"®®. The amyloid fibrils
are composed of 3;-microglobulin (BzM)3°’ % " This is the invariant light chain of
Class I MHC antigens and is expressed by all nucleated cells. In health it is
catabolised by the proximal renal tubules and it is not adequately cleared by
dialysis]69. Persistently elevated levels of oM are universal in dialysed patients
and the majority of those receiving dialysis for more than 10 years will develop

symptomatic DRA'".

Senile systemic amyloidosis

This syndrome is not uncommon in the very elderly, and almost never occurs
before the age of 60 years'’" ', The amyloid fibrils are composed of normal
wild-type TTR® "> 1" The deposits are' usually sparse and asymptomatic but
occasionally, extensive infiltration of the myocardium causes congestive cardiac

failure and may be fatal'”>'"’,
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Hereditary systemic amyloidosis

Hereditary systemic amyloidosis caused by deposition of variant proteins as
amyloid fibrils has been reported with the following proteins: transthyretin®® '7%,
cystatin C'", gelsolin'®, apolipoprotein AI'®, apolipoprotein AII'®?, lysozyme®
and fibrinogen a-chain®. These diseases are all inherited in an autosomal
dominant pattern with variable penetrance, and may present clinically at any time

from the teens to old age'®’

, though usually in adult life. By far the commonest
hereditary amyloidosis is caused by transthyretin variants®® and usually presents
as familial amyloid polyneuropathy with peripheral and autonomic neuropathygg.
Thus far more than 80 amyloidogenic TTR mutations have been described and
there are almost certainly many more®® %, Cystatin C amyloidosis presents as
cerebral amyloid angiopathy with recurrent cerebral haemorrhage and clinically
silent systemic deposits, and has been reported only in Icelandic families®" '8 185,
Gelsolin amyloidosis presents with cranial neuropathy but there are also systemic
deposits; it is also extremely rare'®. Hereditary non-neuropathic systemic
amyloidosis was first described by Ostertag in 1932'%". It is now recognised to be
caused by mutations in the apolipoprotein AI'®' or AII'®, lysozyme® or
fibrinogen A a-chain genes®”. The amyloid deposits in these syndromes can
affect any or all the major viscera, with renal involvement usually being
prominent, although apolipoprotein Al amyloid occasionally also manifests with

neuropathy'®,

Localised amyloidosis

Localised amyloid deposition occurs quite commonly and presumably results

189-191

either from local production of fibril precursors , or from properties inherent
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to the particular microenvironment, which favour localisation and fibril formation
of a more widely distributed precursor protein'®?, The vast majority are AL in

193, 194

type and most symptomatic deposits occur in the eye'®”, skin'®,

197.198 or urogenital tracts'” >®. They are associated with extremely

respiratory
subtle focal monoclonal B cell proliferation and surgical resection of these

localised ‘amyloidomas’ can be curative'®”.

Cerebral amyloidosis

The brain and intracerebral blood vessels are usually spared in systemic
amyloidosis but are important sites for local deposition of amyloid®'. The best
characterised form of cerebral amyloid is that related to Alzheimer’s disease, the
commonest form of dementia worldwide®*?. The fibril protein in the intracerebral
and cerebrovascular amyloid of Alzheimer’s disease, Down’s syndrome and
hereditary amyloid angiopathy of Dutch type is known as B-protein®®2%, This
39-43 residue sequence is cleaved from B-amyloid precursor protein (APP).
Cerebral amyloid deposition appears to be directly neurotoxic but the exact
mechanisms leading to neuronal degenerétion have yet to be elucidated®®. There
is mounting evidence that relatively low molecular weight aggregates, as opposed

to mature fibrils, may have a major part in the pathogenesis of this disorder' .

DIAGNOSIS

Diagnosis of amyloid relies on a high index of clinical suspicion and generally

206

requires histological confirmation™". Unfortunately amyloid is frequently

asymptomatic until a relatively late stage and can then present with highly variable
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or non-specific symptoms'’. The protean manifestations of systemic amyloid
depend on the predominant organs affected and can include symptoms and signs

referable to any system except the CNS.

Biopsy of a clinically affected visceral organ, e.g. the kidney, liver or heart, is
usually diagnostic but gives no information about the total body amyloid load or
the distribution of deposits in other organs. Biopsy can be hazardous as there is
an increased risk of haemorrhage and significant bleeds have been reported in 5%

of liver biopsies®”’

. This is attributable to the increased fragility of affected blood
vessels, reduced elasticity of severely amyloidotic organs, and, very occasionally
in AL type to an acquired deficiency of clotting factors IX and X*%*2!!. A less
invasive alternative in suspected systemic disease is fine needle aspiration of
subcutaneous fat, or rectal or labial salivary gland biopsy*'>*">. In skilled hands

these ‘screening’ biopsies can produce positive results in up to 80% of cases, but

in routine practice sensitivity is only about 50%.

Even after amyloidosis has been confirmed, subsequent identification of amyloid
type is not always straightforward*'*. Definitive diagnosis relies on a
combination of clinical features, predisposing conditions,

28,215,216

immunohistochemistry and, where available, more specialised but highly

informative investigations such as SAP scintigraphy?'’ and DNA analysis.
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GENERAL TREATMENT PRINCIPALS

Although amyloid deposits are not irreversible, as was widely believed until
recently, they do turn over relatively slowly and the natural history of
amyloidosis is that the rate of fibril deposition usually exceeds that of
mobilisation®'®. As a result, the amyloid diseases tend to be progressive.
Amyloid would regress if either its rate of deposition is slowed or its clearance is
enhanced. Although novel therapies with the latter aim are being investigated, at
present the treatment of all types of amyldid centres on reducing the supply of
the respective amyloid precursor protein and supporting or replacing
compromised organ function. Self evidently, treatment depends completely on

precise identification of the amyloid fibril type.

Preservation and replacement of organ function

Organs that are extensively infiltrated by amyloid may fail precipitously with
little or no warning, and seemingly without provocation, even when organ
function has previously been entirely normal. Therapy that retards or halts
amyloid deposition is frequently followed by the gradual recovery of organ
function'?> 132117122133, 134 1,4 inexorably progressive organ failure is inevitable,
particularly in the case of amyloidotic kidneys, once a certain level of organ
dysfunction has occurred®'’.

In some cases organs are so severely compromised that, without support or
replacement of their function, patients will not survive treatment, or live long
enough to derive benefit from it. The most frequent problem encountered in the

management of patients with systemic amyloidosis is renal failure®"’. It is
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usually feasible to manage this with renal replacement therapy in the form of
haemodialysis or peritoneal dialysis until there is clear evidence of a response to
treatment of the underlying amyloidogenic condition. Although nephrotic
syndrome and, to a lesser extent, moderately impaired renal function frequently
improve and can even normalise when amyloid deposits reg‘r<-':s5123"32 dialysis or
renal transplantation will need to be considered in patients with more advanced
renal damage. However, the outcome of amyloidosis patients on long-term
dialysis is relatively poor, their 2 year survival being of the order of 80% that of

220, 221

non-amyloidotic patients . By contrast, the outcome of renal transplantation

in these patients is more favourable??

, although their early post transplant
mortality is increased, due to sepsis and cardiac failure, long-term graft survival
and rejection rates compare very well with patients with other systemic diseases,
and may even be better’> 2>*, Most amyloid patients have a functioning graft

until death®®

and although amyloid deposition in the transplanted organ has been
reported in up to 10-20% of patients with AA amyloidosis, this infrequently
compromises graft function, and is rarely responsible for graft loss?**?%, Indeed,
clinically significant graft amyloid occurs far less frequently than is widely
supposed in all other types of the disease, particularly the hereditary forms which

may be very slow to progress generallym’ 20

A small proportion of patients with systemic amyloidosis present with severely
compromised liver or cardiac function but with otherwise well preserved vital
organ function”!. Most of these patients will have AL type and may be suitable
for lifesaving liver or heart transplantation before proceeding to chemotherapy>*

28 Selection of such cases is very difficult, particularly with respect to liver
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replacement because all patients with end stage hepatic amyloidosis have
substantial amyloid deposits in other organ systems even when those organs

appear to retain adequate function®’.

REACTIVE SYSTEMIC, AA, AMYLOIDOSIS

Underlying conditions

AA amyloidosis may occur in any patient who has a sustained acute phase
response. The list of chronic inflammatory, infective and neoplastic disorders that
can lead to this type of amyloid is almost without limit (Table 1.2)"*”%%2% but the
predominant aetiology varies among different populations®*'. In the Western World
the commonest predisposing conditions are adult and juvenile rheumatoid arthritis.
The prevalence of AA amyloidosis is not clear as diagnosis is difficult and it is
almost certainly under-reported. Biopsy and post-mortem series suggest that the
prevalence of AA amyloidosis in patients with chronic arthritides is between 3.6
and 5.8%'*% %22 Extrapolating from published data on the prevalence and
life-time incidence of AA amyloidosis in RA, AS and JIA patients and on the
prevalence of these chronic arthritides, an upper limit for the community
prevalence of AA amyloidosis in the genéral European population can be is
estimated at 1.8 per 10,000 people. For reasons that are not clear the incidence of
AA amyloid is lower in the United States and much higher in parts of central

243,244

Europe and Scandinavia and, perhaps for the same reasons, its prevalence in

Europe is believed to have decreased subétantially over the past 40 years*®.
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The incidence of AA amyloidosis increases with duration and severity of the
underlying inflammatory disorder, and although the median latency between onset
of inflammation and diagnosis of amyloid is usually 8 to 14 years, some
individuals develop clinically significant amyloid in less than 12 months and
others only after many decades®*®. Amyloidosis occurs exceptionally rarely in
systemic lupus erythematosus®*’ and ulcerative colitis®’, reflecting the unusually
modest acute phase response evoked by these particular conditions. AA
amyloidosis can complicate cytokine producing tumours particularly
Castleman’s disease. The inherited fever syndromes, which are significant

causes of amyloid in affected populations, will be discussed in greater detail.
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Table 1.2

Page 22

Conditions associated with systemic AA (secondary) amyloidosis

Inflammatory arthritides & vasculitides

Adult Still's disease®*®
Ankylosing spondilitis®
Behcet's disease®*®
Giant cell arteritis
Juvenile idiopathic arthritis
Polyarteritis nodosa®"
Polymyalgia rheumatica®?
Psoriatic arthropathy®>
Reiter's syndrome®**
Rheumatoid arthritis®°
Systemic lupus erythematosis®*’
Takayasu's arteritis?*®

250
147

Hereditary periodic fevers
Familial cold urticaria®’
Familial Mediterranean fever®>®

Hyperimmunoglobulin D ggndrome”g

Muckle-Wells syndrome?
TNF receptor associated periodic
syndrome®'

Chronic infections
Bronchiectasis?®

Chronic cutaneous ulcers®®
Chronic pyelonephritis264
Hlvz65
Leprosy?®®
Osteomyelitis
Q fever®®®
Subacute bacterial endocarditis
Tuberculosis?®*'

Whipples disease?”

267

269

Inflammatory bowel disease
Crohn’s disease®®
Ulcerative colitis®*®

Neoplasia
Adenocarcinoma of the lung, gut, urogenital
tract?”*

Basal cell carcinoma®’?
Carcinoid tumour®™
Castleman’s disease®™*
Hairy cell leukaemia'®®
Hepatic adenoma®’®
Hodgkin’s disease®™®
Renal cell carcinoma?’’
Sarcoma?’®

Other

Common variable immunodeficiency®’
Cyclic neutropenia®®

Cystic fibrosis?®'

Epidermolysis Bullosa®®?
Hyperimmunoglobulin M syndrome?®?
Hypogammaglobulinaemia®*

IV and subcutaneous drug abuse?®
Kartagener’'s syndrome?®
Paraplegia®*

SAPHO syndrome?®®

Sarcoidosis®’

Sex linked agammaglobulinaemia?®®
Sickle cell anaemia®®®
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The inherited periodic fever syndromes

A total of five syndromes are recognised; familial Mediterranean fever (FMF),
hyper-immunoglobulin D syndrome (HIDS), TNF receptor associated periodic
syndrome (TRAPS), previously known as familial Hibernian fever, familial cold
urticaria (FCU) and Muckle-Wells syndrome (MWS). Of these FMF and HIDS
are autosomal recessive diseases and the latter three are autosomal dominant with
variable penetrance. The last5 years have witnessed striking advances in the
understanding of the molecular pathogenesis of the hereditary periodic fevers.
The gene defect has been identified in FMF®% 2! HIDS*®, TRAPS*' and most

recently in both MWS and FCU*2,

Familial Mediterranean fever

Familial Mediterranean fever is an autosomal recessive periodic inflammatory
disease characterised by recurrent, self-lifniting attacks of fever, serositis, and
sometimes arthritis or rash associated with neutrophil migration into the serosal
spaces®®>**. Most patients will present in childhood or as young adults with
attacks typically lasting for 12 to 72 hours and often so intense that they mimic
an acute surgical abdomen®®. Familial Mediterranean fever occurs world wide
but predominantly affects the populations arising from the Eastern Mediterranean
basin particularly the non-Ashkenazi Jews, Armenians, Turks and Levantine
Arabs®”. Although the gene associated with the disease has been identified the
diagnosis remains clinical and a variety of criteria are used to establish the
diagnosis (Table 1.3)***%°°, Attacks are accompanied by a number of laboratory
abnormalities including a low grade neutrophilia and a dramatic elevation of the

acute phase proteins. There is considerable heterogeneity in individual disease
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susceptibility, severity and frequency of attacks; in clinical manifestations and in
predilection to the most serious complication of the disease, which is the
development of systemic reactive, AA, amyloidosis. A minority of patients still
present with so-called type II phenotype FMF**®. In this exceptionally rare form
of the disease, the initial presentation is with AA amyloidosis without a history
of pre-existing clinical FMF. This tends to present in older age group than
classical disease but like other FMF patients they respond to long term colchicine
and the phenotype does not appear to be limited to any particular genotype (A.
Bakkaloglu, oral communication). Being' an inherited chronic inflammatory
disease frequently complicated by AA amyloid, FMF affords a rare opportunity
for the further investigation of the genetic susceptibilities underlying this form of

amyloid deposition.

Table 1.3 Tel-Hashomer criteria for the diagnosis of familial Mediterranean fever

Major Criteria Minor Criteria
1. Recurrent febrile 1. Recurrent febrile
episodes accompanied episodes

by serositis or synovitis
2. AA amyloidosis without 2. Erysipelas like
a predisposing cause erythema
3. Response to
continuous colchicine 3. FMF in afirst degree
prophylaxis relative

Definite diagnosis:
2 major or 1 major and 2 minor criteria

Probable Diagnosis:
1 major and 1 minor criteria
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The gene responsible for FMF, MEFV, is located on the short arm of
chromosome 16 and was identified by linkage studies and positional cloning by
two independent consortia in 1997°°*2' It is a 10 exon gene encoding an as yet
uncharacterised neutrophil protein, pyrin. More than 35 mutations are now
recognised, the great majority of these mutations are clustered near the C-
terminal in a relatively short section of exon 10 but other mutations have been
described in exons 1,2,3 and 5%97.29%  Pairs of mutations are identifiable in most
patients with clinical FMF and these are generally compound heterozygotes
consistent with autosomal recessive inheritance. In our experience the majority
of patients will have two identifiable mutations within the MEFV coding regions
but a substantial minority of patients, up to 38% in some series, will have no or

only a single identifiable mutation and classical FMF*®,

MEFYV is expressed only in cells of the myeloid lineage, predominantly in
neutrophils and the gene product, pyrin, is predicted to be a 781 amino acid,
86 Kda, protein but may undergo a degree of post translational modification.
Pyrin is as yet poorly characterised but it appears to play a critical role in the
auto-regulation of neutrophil function and its expression is upregulated by a
number of pro-inflammatory cytokines; interferon vy, interferon a and tumour
necrosis factor alpha®®. It is thought to contribute to a negative feed back
process, which is involved in the normal regulation, and perhaps resolution, of
inflammation, possibly by promoting apoptosis in a subset of leucocytes

involved in the early stages of the inflammatory response.
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Table 1.4 Mutations associated with inherited periodic fever syndromes

Mutations associated with FMF

MEFV Arg42Trp (R42W)

MEFV Ser108Arg (S108R)
MEFV Leu110Pro (L110P)
MEFV Ala138Gly (A138G)
MEFV Glu148GiIn (E148Q)
MEFV Glu148Val (E148V)
MEFV Glu167Asp (E167D)
MEFV Glu230Lys (E230K)
MEFV Thr267lle (T2671)

MEFV Pro369Ser (P369S)
MEFV Arg408GIn (R408Q)
MEFV Glu474Lys (E474K)
MEFV His478Tyr (H478Y)
MEFV Phe479Leu (F479L)
MEFV Val487Met (V487M)
MEFV Arg501Gly (R501G)
MEFV 11e591Thr (1591T)

MEFV Pro646Leu (P646L)
MEFV Arg653His (R653H)
MEFYV Glu656Ala (E656A)
MEFV Ser675Asn (S675N)
MEFYV Gly678Glu (G678E)
MEFV Met680Leu (M680L)
MEFV Met6801leGC (M680IGC)
MEFV Met680lleGA (M680IGA)
MEFV Thr681lle (T6811)

MEFYV stop codon at Tyr688 (Y688X)
MEFYV deletion 11e692 2074-2076 (Al692)
MEFV deletion lle692 2076-2078 (Al692)
MEFYV deletion Met694 (AM694)
MEFV Met694Val (M694V)
MEFV Met694lle (M6941)
MEFV Lys695Arg (K695R)
MEFV Val704lle (V7041)

MEFYV lle720Met (1720M)
MEFV Val726Ala (V726A)
MEFV Ala744Ser (A74483)
MEFV Arg761His (R761H)

Mutations associated with TRAPS

‘TNFRSF1A His22Tyr (H22Y)

TNFRSF1A Cys29Phe (C29F)
TNFRSF1A Cys30Ser (C30S)
TNFRSF1A Cys30Arg (C30R)
TNFRSF1A Cys33Tyr (C33Y)
TNFRSF1A Cys33Gly (C33G)
TNFRSF1A Splice Junction G>A 193-14
TNFRSF1A Tyr38Cys (Y38C)
TNFRSF1A Pro46Leu (P46L)

“TNFRSF1A Thr50Met (T50M)

TNFRSF1A Cys52Phe (C52F)
TNFRSF1A Cys55Ser (C55S)
TNFRSF1A Cys70Arg (C70R)
TNFRSF1A Cys70Tyr (C70Y)
TNFRSF1A Ser86Pro (S86P)

TNFRSF1A Cys88Arg (C88R)
TNFRSF1A Cys88Tyr (C88Y)
TNFRSF1A Arg92Pro (R92P)

TNFRSF1A Arg92GIn (R92Q)

TNFRSF1A Phe112lle (F1121)

Mutations associated with MWS/FCU

NALP3/CIAS1 Val198Met (V200M)
NALP3/CIAS1 Arg260Trp (R262W)
NALP3/CIAS1 Asp303Asn (D305N)
NALP3/CIAS1 Leu305Pro (L307P)

"NALP3/CIAS1 Ala352Val (A354V)

NALP3/CIAS1 Alad39Val (A441V)
NALP3/CIAS1 Alad39Thr (A441T)
NALP3/CIAS1 Gly569Arg (G571R)
NALP3/CIAS1 Glu627Gly (E629G)
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An N-terminal domain first identified in pyrin has been recognised in a number
of other proteins thought to modulate in inflammatory and apoptotic signalling
pathways. These may represent a class of proteins which coordinate apoptotic

signalling by homotypic protein protein interactions in an analogous fashion to

those of death domain proteins®®”

. MEFV mutations presumably disrupt pyrin
structure, impairing its physiological function sufficiently to allow neutrophil
activation and inflammation in response to usually innocuous stimuli. This is

compatible with the clinical situation in FMF where the vast majority of attacks

appear to be entirely unprovoked with no discernible precipitants.

Systemic AA amyloidosis is the most serious complication of FMF and, although

301 Before the

there is a degree of ethnic variation it is remarkably frequent
introduction of colchicine, AA amyloidosis developed in up to 90% of Sephardi
Jews of North Africa and 60% of Turks with FMF>°"3% The vast majority of
these individuals eventually became uraemic and, prior to the widespread
availability of renal replacement therapy, 5% died before the age of 10 and 90%
before the age of 40 years3°’. Since the introduction of colchicine the prevalence
of amyloidosis has fallen and was recently reported at 15% in one large series

from Turkey’®

. M694V homozygotes have a more severe disease phenotype in
some populations and there is some evidence that they have an increased risk of
amyloidosis but this seems to be variable and a wide variety of other MEFV
genotypes have also been associated with the subsequent development of
amyloidosis®®”3®% The risk of AA amyloidosis complicating FMF appears to

be greatly increased among first degree family members of a dually affected

proband, and even in colchicine treated patients may exceed 50% implying that
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additional genetic and environmental factors are involved®®>'", Historically the
genesis of amyloid in FMF has been poorly understood®!!. Most patients will
have less than two attacks a month and, as attacks are usually brief, the majority
of afflicted individuals will be symptomatic for less than 40 days per year®'>
implying substantially less inflammatory activity than is seen in other chronic
diseases yet the incidence of AA amyloidosis is higher than that seen

complicating rheumatological diseases.

One of the commonest mutations, encoding the pyrin variant E148Q has lately
been found to occur in up to 20% of some ethnic groups including Chinese and
Indians in whom FMF is not well recognised. Pyrin E148Q causes FMF only
when it is associated with other more disruptive MEFV mutations, and apparently
does not cause overt disease in otherwise healthy homozygotes®'>. However, in
patients with non FMF chronic inflammatory arthritis pyrin E148Q has been
found to be a major risk factor for developing AA amyloid, suggesting that the
inflammatory response in individuals with this variant may be upregulated. The
same phenomenon may occur in heterozygous carriers of other pyrin variants

which are more pathogenic in FMF, but which are less prevalent globally.

Unusually for a chronic disease, there is a readily available, effective and safe
long-term treatment in the form of colchicine. This was serendipitously found to
ameliorate the attacks in 1972 by Goldfinger and has transformed patients’
quality of life and long-term survival®"*. In vitro it is known to bind to tubulin
preventing its polymerisation into microtubules®'® but whether this is significant

at therapeutic doses is unclear’'®. If used as long-term prophylaxis and in
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appropriate dosage, usually 1-2 mg/day it produces total symptom control in up
to 65% and substantial benefits in a further 30% of patients®'’ and prevents the
subsequent development of amyloidosis. Approximately 5% of patients remain
symptomatic despite adequate treatment But the vast majority of non-response is
due to poor compliance. It is remarkably safe in the long-term at low doses,
although it can occasionally cause troublesome diarrhoea®'®. Colchicine therapy
can lead to regression of amyloid in FMF, and improvement in renal function so

long as renal failure is not too advanced®'®*%.

Muckle-Wells syndrome and familial cold urticaria

In 1962 Muckle and Wells described a Derbyshire family with an inherited
periodic febrile syndrome characterised b.y recurrent bouts of urticaria,
progressive sensorineural deafness and AA amyloidosis®®. Since their original
paper approximately a hundred cases have been reported. The vast majority of
these are of Northern European extraction and the mode of inheritance is usually
autosomal dominant although both variabile penetrance and sporadic cases are
recognised. Most affected individuals describe maculopapular rashes associated
with malaise from infancy or early childhood®?'. Variable degrees of
sensorineural deafness, often of adolescent onset, occur in more than 60% of
cases and between a quarter and a third eventually develop reactive systemic, AA
type amyloidosism’ 323 A number of other clinical features have been described
including fever, arthralgia, arthritis, conjunctivitis and episcleritis, abdominal
pain and short stature. Symptoms, usually lasting 24 to 48 hours, are
accompanied by a raised acute phase response and often leukocytosis and a

polyclonal hypergammaglobulinaemia. The long-term prognosis of Muckle-
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Wells syndrome (MWS) depends greatly on whether it is complicated by
amyloidosis. Treatment of MWS has generally proved unsatisfactory. A variety
of drug regimes have been tried, many using potent immunosuppressive
combinations with very variable outcomes and there is no consensus on how best

to manage these patients in the long-term®*" 324327,

Familial cold urticaria was first described by Kyle and Rusk in 1940,
Approximately 20 families have been described in the literature, and the majority
of cases are of northern European ancestry. It shares a number of clinical
features with Muckle-Wells syndrome but attacks are characteristically induced
by cold exposure. A nonpruritic nonurticarial maculopapular eruption (the
urticaria in FCU is a misnomer) is accompanied by myalgia, fever, headache,
conjunctivitis and often distal limb swelling within 30 minutes to three hours
after contact with a cool or damp environment®***°, Unlike Muckle-Wells
sensorineural deafness is not a recognised feature. Most patients with FCU have
a normal life expectancy but AA amyloid can develop®’. Like Muckle-Wells
treatment has proved largely unsatisfactory with no response to corticosteroids,

colchicine®! or ketofiten®*?

. There are a number of case reports of beneficial
Cqe . 333 . .
responses to anti-histamines or to stanazolol™”, but most patients are advised

simply to avoid cold exposure.

Recent linkage studies by different groups in both MWS and FCU have localised
the gene to chromosome 1q44. Their phenotypic similarities in combination with
a shared linkage site suggested that these two syndromes are due to mutations in

either a single or closely related gene(s). Further support for a common genetic
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defect was provided by an extensive Indian family with an autosomal dominant
periodic febrile syndrome. This family’s clinical features overlap with both
MWS and FSU with attacks of arthritis, distal swelling, transient erythema and
fever often precipitated by cold and a high incidence of AA amyloidosis.
Genetic linkage studies have again identified a disease susceptibility locus at

1g44 in this kindred***, Subsequently mutations in NALP3 a previously

described gene have been found to underlie the syndrome®®’ and as a result a new

gene name has been suggested CIAS! (for cold induced auto inflammatory

syndrome)292

. NALP3/CIASI has N-terminal structural homologies with pyrin
and also appears to have a role in regulating inflammation probably by
promoting leukocyte apoptosis®*®. Mutations in the same gene have recently
been found to underlie a rare infantile inflammatory disorder, chronic infantile
neurological cutaneous and articular syndrome, CINCA, which is characterised
by cutaneous symptoms, central-nervous-system involvement with

developmental delay, short stature, dysmorphic features and arthropathy®”’.

Hyper immunoglobulin D syndrome (HIDS)

This was first described in 1984**® and disease usually presents in infancy with
febrile episodes lasting 3 days to a week usually accompanied by diarrhoea and
vomiting, abdominal pain, erythematosus rash and cervical lymphadenopathy.
These episodes are accompanied by elevated IgD and frequently IgA levels and
transient mevalonic acid urea. Attacks occur every one to two months and are
typically precipitated by minor trauma or vaccinations. It is inherited in an
autosomal recessive pattern and the majority of affected individuals are northern

European Caucasians with 60% of Dutch or French ancestry>>®. HIDS is now
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recognised to be caused by a variety of missense mutations in a gene on the short
arm of chromosome 12%°°, which encodes mevalonate kinase. This enzyme is
involved in a number of metabolic pathways including cholesterol, dolichol,
farnesyl and isoprenoid synthesis. Complete deficiency of mevalonate kinase is
associated with a separate rare disorder, mevalonic aciduria, characterised by
severe developmental delay, myopathy and ataxia and death in infancy. Why
and how specific mutations in mevalonate kinase produce the characteristic

HIDS phenotype is not yet clear.

Tumour necrosis factor receptor associated periodic fever
syndrome (TRAPS)
TRAPS was initially reported in 1982 as familial Hibernian fever’*” and

d®®'. Ttis

subsequently renamed when the underlying genetic defect was identifie
an autosomal dominant syndrome with onset usually in childhood. Attacks tend
to last some weeks and are characterised by fever, variable serositis and arthritis,
erythematous rash and frequently gastrointestinal disturbance with diarrhoea and
vomiting. It has been reported in a number of ethnic groups including Arabs, and
Central Americans but those of Irish and Scots ancestry are over-represented>*"
32 There are now at least 20 separate mutations recognised, the majority
affecting the first two cysteine rich domains of the extracellular portion of the
55-kDa TNF receptor. These mutations appear to result in impaired
metalloprotease cleavage of the TNF receptor following TNF induced cellular
activation. This impedes shedding of the extracellular portion of the receptor,

one of the normal homeostatic pathways by which TNF signalling is terminated.

It also reduces the pool of soluble TNF receptors, which contribute to the normal
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regulation of inflammation by competing with the membrane bound receptors to
bind TNF**. TNF receptors have well recognised roles in apoptosis and

disruption of this function presumably contributes to the TRAPS phenotype.

Clinical features

AA amyloid deposition can be extensive without causing symptoms344. It presents

most commonly with non-selective proteinuria or nephrotic syndrome and may be
accompanied by renal insufficiency'*’. Approximately 5% of cases will not have
proteinuria despite extensive renal amyloid deposition. Haematuria, tubular
defects, and diffuse renal calcification occur rarely’*. End-stage renal failure is the
cause of death in 40 to 60% of patients although the clinical course is unpredictable
and may be characterised by step-wise deteriorations®'’. A few patients present
with organomegaly, e.g., hepatosplenomegaly, sometimes without any
accompanying renal dysfunction although, invariably, amyloid deposits are

widespread at diagnosis®®’

. The spleen is the first site of substantial parenchymal
deposition and is infiltrated in almost every case at presentation®**. The adrenal
glands are infiltrated extensively in at least one third of cases**®, and the liver in one
quarter but function of both organs is typically well preserved even at a late
stage®*’. Microscopic histological involvement of the heart and gut is usual and
although clinical sequelae are rare, these may now be encountered more often than
previously because patients with AA amyloidosis are surviving for longer with

active supportive measures®’.

Prognosis is related to the degree of renal involvement and without treatment the

outlook is bleak®*®. Almost three-quarters of patients reach end stage renal failure

Page 33



CHAPTER ONE

within 5 years of diagnosis> and once the serum creatinine is elevated beyond
the normal range half the patients are dead within 18 months®*’. Although AA

amyloid is a relatively unusual complication of JIA it is responsible for 40 to 50
% of all deaths in these patients. 50% of JIA patients with amyloidosis will die

within five years and a further 25 % within the following ten years'*” >>% 3!,

Treatment

Successful therapy in AA amyloidosis depends on as complete as possible
suppression of the acute phase response, and will therefore vary according to the
nature of the underlying inflammatory disease'* 2% 31%352:33  Gjven that
amyloid is potentially fatal, it may be jusfiﬁed to employ aggressive treatment
strategies that would otherwise be considered too toxic. Hence, cytotoxic drugs
especially alkylating agents have been used to treat patients with AA amyloidosis
secondary to rheumatic diseases>>2, and limb amputation may be required in
cases of osteomyelitis that has not responded to antimicrobial drugs®’. There
have been several case reports describing resolution of nephrotic syndrome
following surgical resection of cytokine secreting lesions such as solitary
Castleman’s disease tumours of the plasma cell type®>*>°®. Patients with Crohn’s
disease have responded to medical therap.y, elemental diet and occasionally in

resistant disease to colectomy.

In the UK, chlorambucil has been used extensively in patients with AA
amyloidosis due to RA and JIA. It was first used in children with JIA in the late
1960’s and dramatically improved the prognosis both in terms of survival and

renal function®”’. Since then treatment has been extended to adults with a
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substantial benefit in about two-thirds of cases. Long term survival is now
frequent and reversal of nephrotic syndrome and stabilisation or recovery of
renal function are commonly recognised®>®. Among a series of 80 patients with
AA amyloidosis under long-term follow up, the 10 year survival of those in
whom the plasma SAA had been suppressed to near normal levels was more than
95%, compared with 60% among those whose inflammatory disease did not
remit'*. The majority of these 80 patients had RA or JIA, and most received
chlorambucil following the diagnosis of amyloid. However, its use must be
considered very carefully in each patient since it is not licensed for this indication,

is potentially carcinogenic and causes infertility.

AA amyloid deposits gradually regress in the majority of patients whose
inflammatory disease remains in remission, but the rate varies substantially
between different individuals'®. These differences suggest that the amyloid
deposits are more stable in some patients than in others, or that individuals
simply differ in their capacity to mobilise amyloid. Renal function however,
especially proteinuria, often improves even when the amyloid deposits only
remain stable, and vice versa. Residual amyloid deposits may be present to a
substantial extent in some patients who appear to have been in complete clinical
remission for decades®”. In addition, the presence of even a small amount of
amyloid may serve as a template for further rapid amyloid accumulation should

there be a recrudescence of inflammatory activity'*> >,
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SYSTEMIC AMYLOIDOSIS ASSOCIATED WITH
MONOCLONAL IMMUNOCYTE DYSCRASIAS, AL

AMYLOIDOSIS

Underlying conditions

AL amyloid fibrils are derived from monoclonal immunoglobulin light chains'*®3¢"

362 and AL amyloidosis can complicate most clonal B cell dyscrasias, including
myeloma, lymphomas, macroglobulinaemia''. Amyloidosis develops in up to 15%
of patients with myeloma, and although it occurs at a very much lower frequency
among individuals with low grade and otherwise “benign” monoclonal
gammopathies, the latter are much more prevalent and underlie the majority (~
80%) of cases''. A monoclonal component can be identified in the serum or urine
of 65% and 86% of AL patients respectiveiy provided that very sensitive techniques

such as immunofixation of concentrated urine are utilised'"*®,

Table 1.5

Conditions associated with systemic AL amyloidosis

Low grade plasma cell dyscrasias

Myeloma

Waldenstroms/lymphoplasmacytoid lymphoma
Non-Hodgkin's lymphoma

Hodgkin's lymphoma '

Chronic lymphocytic leukaemia (CLL)
Sjégrens Syndrome

Castleman's Disease

POEMS syndrome

Gaucher's disease
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Clinical features

AL amyloid usually presents in patients over the age of 50 years, although it can
present in very young adults'’. Clinical manifestations are extremely variable since
almost any organ other than the brain can be directly involved®®. Although certain
clinical features are very strongly suggestive of AL amyloidosis, and multiple vital
organ dysfunction is common, many patients present with non-specific symptoms
such as malaise and weight loss. The outlook of untreated AL amyloid is far worse
than AA type, with a 5 year survival of approximately 10% and a 10 year survival
of less than 5%''. Most affected individuals die of heart failure, uraemia, or

autonomic failure within 2 years of diagnosis.

In most cases there is substantial histological cardiac involvement. Restrictive
cardiomyopathy is the presenting feature in up to one third of patients and causes
death in one half’®®. Renal involvement is frequent in AL amyloidosis and presents
in the same manner as renal AA amyloid*®®. Gut involvement can cause motility
disturbances (often secondary to autonomic neuropathy), malabsorption,
perforation, haemorrhage, or obstruction®’. Hyposplenism, usually in association
with splenomegaly, is an occasional feature®®. Peripheral neuropathy occurs in one
fifth of cases and typically presents with a painful sensory polyneuropathy followed
later by motor deficits''. Carpal tunnel syndrome is present in 40%°%. Autonomic
neuropathy causing orthostatic hypotension, impotence, and gastrointestinal
disturbances may occur in isolation or with a peripheral neuropathy®®*.

Involvement of dermal blood vessels results in purpura, characteristically around

the eyes. Macroglossia is infrequent, but is almost pathognomonic of AL type.

Articular amyloid usually occurs in association with myeloma and may mimic



CHAPTER ONE

rheumatoid arthritis or an asymmetric seronegative synovitis. A rare but potentially
serious manifestation of AL amyloid is an acquired bleeding diathesis that may be

associated with deficiency of factor X and sometimes also factor IX, or with

208-211 11, 369
b

increased fibrinolysis . In the extensive Mayo Clinic experience
comprising over 400 cases of AL amyloidosis, median survival was only 12-15
months and was even less when associated with multiple myeloma. Median
survival is only about 6 months in cases where heart failure is evident at

370,371

presentation . Other very poor prognostic factors include hyperbilirubinaemia,

autonomic neuropathy, and SAP scintigraphic evidence of a large whole body

amyloid load®"**”,

Treatment

The aim of treatment in AL amyloidosis is to suppress proliferation of the
underlying B-cell clone and, therefore, production of the amyloid fibril precursor
protein. There are, however, many difficulties®™*. Chemotherapy regimes are
based on those used in multiple myeloma, but the plasma cell dyscrasias in most
AL patients are relatively low grade and may be less chemosensitive. Diagnosis
is difficult and can be delayed, and many patients have advanced multi-system
disease which limits their options for chemotherapy®’®. Regression of amyloid is
a gradual process which may not lead to measurable clinical improvement or
recovery of organ function for many months, or even years, after successful
suppression of the causative plasma cell dyscrasia''” 375, Mobilisation of amyloid
from the heart is much slower than from the liver or kidneys, and many patients
with cardiac or multi-system dysfunction do not live long enough to benefit from

376

chemotherapy, even when it has suppressed their clonal disease” ™. Moreover,
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because of their subtle nature, it has not been possible to know at an early stage
whether the underlying plasma cell dyscrésias have responded to treatment.
However, despite these problems, many patients with AL amyloidosis do benefit
substantially from chemotherapy®’®. Prolonged low intensity cytotoxic regimes
such as oral melphalan and prednisolone are beneficial in about 20 per cent of
patients and are the only treatment to have been proven in placebo controlled
trials'**”’. Dose intensive infusional chemotherapy regimes such as vincristine,

378,379

doxorubicin (Adriamycin) and dexamethasone (‘VAD’) and autologous

peripheral blood stem-cell transplantation show more promising early results®”>
380.381 " y/ery rigorous patient selection for high dose chemotherapy is essential
because the procedure related mortality is high in individuals with multiple
amyloidotic organ involvement, especially patients with autonomic neuropathy,
severe cardiac amyloidosis, or a history of gastrointestinal bleeding, and in those
aged over 55 years® > 382 As aresult its épparently more favourable outcome

may be biased by selection of fitter patients for this hazardous treatment’®’.

DIALYSIS RELATED AMYLOIDOSIS (DRA), B,-

MICROGLOBULIN AMYLOIDOSIS

Underlying conditions

The amyloid fibril precursor protein is B,-microglobulin which is the invariant
chain of the MHC class 1 molecule, and is expressed by all nucleated cells. It is
synthesised at an average rate of 150 to 200 mg per day and in normal

circumstances is freely filtered at the glomerulus and then reabsorbed and
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catabolised by the proximal tubular cells®**. Decreasing renal function causes a
proportionate rise in levels and the 11. 8 KDa protein is poorly cleared by
dialysis. B-microglobulin amyloidosis was first described in 1980'® and occurs
only in patients who have been on dialysis for several years, or very occasionally in
individuals with longstanding severe chronic renal impairment. DRA is better
recognised in the haemodialysis population but also occurs in patients on CAPD'®,
Relatively few patients have yet been maintained on peritoneal dialysis for the 5 to
10 years required to develop symptomatic B,-microglobulin amyloid, but
histological studies of early sub-clinical deposits suggests that the incidence of
DRA is similar among patients receiving these two modalities of dialysis. Indeed,
B,-microglobulin amyloid deposits are present in 20 to 30% of patients within

three years of commencing dialysis for end-stage renal failure®®,

Clinical features

B,-microglobulin amyloidosis is preferentially deposited in articular and peri-
articular structures, and its manifestations are largely confined to the locomotor
system' "% Carpal tunnel syndrome is usually the first clinical manifestation of
B2-microglobulin amyloidosis. Some individuals develop symptoms within 3 to 5
years and by 20 years the prevalence is almost 100%' "% Older patients appear
to be more susceptible to the disease, and tend to exhibit symptoms more
rapidly388. Amyloid arthropathy tends to occur a little later but eventually affects
most patients on dialysis®®. The arthralgia of p,-microglobulin amyloidosis
affects the shoulders, knees, wrists and small joints of the hand and is associated
with joint swelling, chronic tenosynovitisAand, occasionally, haemarthroses>*’.

Spondylarthropathies are also well recognised, as is cervical cord compression®'.
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B2-microglobulin amyloid deposition within the periarticular bone produces
typical appearances of subchondral erosions and cysts which can contribute to
pathological fractures particularly of the femoral neck, cervical vertebrae and
scaphoid. Manifestation outside the musculoskeletal systemic are rare, but there
have been reports of B,-microglobulin amyloidosis causing congestive cardiac
failure, gastrointestinal bleeding®®?, perforation®® or intestinal pseudo-obstruction

and macroglossia®*.

Treatment

The only really effective treatment for DRA is successful renal transplantation®”>
3% Serum levels of 2-microglobulin fall rapidly following transplantation and
this is usually accompanied by a very rapid and substantial improvement in
symptoms. Although prospective SAP scintigraphy has shown that f3,-
microglobulin amyloid deposits can gradually regress>>°, the resolution of DRA
symptoms within days or weeks of renal transplantation implicates other factors.
These probably include the anti-inflammatory properties of immunosuppression
after transplantation, and some effect from discontinuation of the dialysis
procedure itself. In contrast to the symptoms, radiological bone cysts heal very
slowly indeed®” 3% and unsurprisingly amyloid can be demonstrated
histologically many years after renal transplantation®”®. Symptoms of DRA may
reappear very rapidly if the graft is lost, providing further evidence that dialysis
is required for the clinical expression of disease associated with B,-microglobulin
amyloid deposits. Possible explanations of this phenomenon are that newly
deposited B,-microglobulin amyloid is more damaging than old, or that the

cytokine modulating effects of dialysis aré involved. Certainly, B2-microglobulin
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amyloid deposits are unusual in that they are often associated with a degree of

inflammation and macrophage infiltration*®.

Attempts have been made to reduce B,-microglobulin levels and DRA by altering
the dialysis prescription. There is some evidence that the risks of DRA are
increased in patients dialysed using less ‘biocompatible’ cuprophane membranes,
and that use of the more permeable membrane systems is relatively protective*®’.
Greater removal of B2-microglobulin is attained in patients undergoing high flux

haemodiafiltration and in the long-term these patients may be less prone to

DRA3%,

Drug treatment of established DRA includes non-steroidal anti-inflammatory
analgesics, systemic and intraarticular cofticosteroid therapy, but none of these is
especially effective and long-term steroid therapy is particularly undesirable in
this population of patients*®*®, Surgery may be required to relieve carpal

tunnel compression, stabilise the cervical spine or to treat bone fractures.

HEREDITARY AMYLOIDOSIS

Familial Amyloid Polyneuropathy (FAP)

This is caused by point mutations in the gene for the plasma protein transthyretin®'
(TTR) and is an autosomal dominant syndrome with peak onset between the third
and sixth decades®™ **. The disease is characterised by progressive and disabling

peripheral and autonomic neuropathy and varying degrees of visceral amyloid

involvement*®”, Severe cardiac amyloidosis is common**“%. Deposits within the
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vitreous of the eye are recognised*”” but renal, thyroid, spleen and adrenals deposits

are usually asymptomatic*'®

. There are well-recognised foci of the disease in
Portugal*®, Japan*'! and Sweden and FAP has been reported in most ethnic groups
throughout the world*>*'*, There is considerable phenotypic variation in the age of
onset'®, rate of progression, involvement of different systems and disease
penetrance'®®, although within families the pattern is often quite consistent*'> *!,
More than 80 variant forms of TTR are associated with FAP (Table 1.4), the most

frequent of which is the substitution of methionine for valine at residue 30°> 4”412,

Treatment

Until recently, the treatment of FAP was limited to supportive measures to help
with malnutrition, bladder and bowel dysfunction, hypotension and renal and
cardiac complications‘m. Most patients died within 5 to 15 years of diagnosis.
However, the situation has improved dramatically following the introduction of
orthotopic liver transplantation in 1991*'>*?°, The procedure results in a rapid
and near total replacement of the variant protein by donor wild type TTR, since

419

almost all circulating TTR is produced by the liver’ ~. Most FAP patients who

have liver transplants experience a symptomatic improvement within 6-12

months*?°

, and successful liver transplantation has now been reported in hundreds
of patients with this condition worldwide. .Although the peripheral neuropathy
usually only stabilises, autonomic function can improve substantially and the
associated visceral amyloid deposits have been shown by serial SAP scintigraphy

to regress in most cases?!™2,
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Disappointingly in a few cases, there is evidence that wild-type TTR may
continue to be deposited after liver transplantation, on the existing ‘template’ of
amyloid***. This may occur to a clinically important extent in the heart**® and
the vitreousm, but seems to be mutation-specific and fortunately seems to
happen rarely in the bulk of FAP patients who have the T7TR Val30Met

variant*?’.

An intriguing spin-off from orthotopiclhepatic transplantation in FAP has been
the use of the explanted livers as ‘domino’ donor organs*?®. Although the liver
produces the amyloidogenic variants of TTR, the organ itself usually remains
healthy. Minor vascular amyloid deposits may occur but liver function is never
impaired. As donor organ availability becomes increasingly limited, livers
explanted from some FAP patients have been re-used in ‘domino’ transplants. It
remains to be seen whether recipients of FAP livers are susceptible to developing

FAP themselves in the long-term.
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Table 1.6 Transthyretin mutations associated with FAP

TTR Cys10Arg (C10R)
TTR Leu12Pro (L12P)
TTR Met13lle (M13I)
TTR Asp18Glu (D18E)
TTR Asp18Gly (D18G)
TTR Asp18Asn (D18N)
TTR Val20lle (V20I)
TTR Ser23Asn (S23N)
TTR Pro24Ser (P24S)
TTR Ala24Ser (A25S)
TTR Val28Met (V28M)
TTR Val30Gly (V30G)
TTR Val30Ala (V30A)
TTR Val30Leu (V30L)
TTR Val30Met (V30M)
TTR Phe33Val (F33V)
TTR Phe33lle (F33I)
TTR Phe33Leu (F33L)
TTR Phe33Cys (F33C)
TTR Arg34Thr (R34T)
TTR Lys35Asn (L35N)
TTR Ala36Pro (A36P)
TTR Asp38Ala (D38A)
TTR Asp38Val (D38V
TTR Trp41lLeu (W41L)
TTR Glu42Gly (E42G)
TTR Glu42Asp (E42D)
TTR Phed4Ser (F44S)
TTR Alad45Thr (A45T)
TTR Ala45Asp (A45D)
TTR Ala45Ser (A45S)
TTR Gly47Ala (G47A)
TTR Gly47Val (G47V)
TTR Gly47Glu (G47E)
TTR Gly47Arg (G47R)
TTR Thr49Ala (T49A)
TTR Thr49lle (T49l)
TTR Ser50Arg (S50R)
TTR Ser50lle (S501)
TTR Glu51Gly (E51G)
TTR Ser52Pro (S52P)
TTR Gly53Glu (G53E)
TTR Gly53Ala (G53A)
TTR Glu54GIn (E54Q)

TTR Glu54Gly (E54G)
TTR Glu54Lys (E54L)
TTR Leu55Pro (L55P)
TTR Leu55Arg (L55R)
TTR Leu58His (L58H)
TTR Leu58Arg (L58R)
TTR Thr59Lys (T59K)
TTR Thr60Ala (T60A )
TTR Glu61Lys (E61K)

TTR Phe64Lys (F64K )

TTR PheB4Ser (F64S)
TTR lle68Leu (I68L)
TTR Tyr69His (Y69H)
TTR Lys70Asn (K70N)
TTR Val71Ala (V71A)
TTR lle73Val (173V)
TTR Asp74His (D74H)
TTR Ser77Phe (S77F)

TTR Ser77Tyr (S77Y)

TTR 1e84Thr (184T)
TTR lle84Ser (184S)
TTR lle84Asn (184N)
TTR Glu89Lys (E89K)
TTR Glu89GIn (E89Q)
TTR His90Asn (HI90ON)
TTR Ala91Ser (A91S)
TTR GIn92Lys (Q92K)
TTR Ala97Gly (A97G)

TTR Ala97Ser (A97S)

TTR Arg104His (R104H)
TTR lle107Val (1107V)
TTR lle107Met (1107M)
TTR Ala109Ser (A109S)
TTR Leu111Met (L111M)
TTR Sert112lle (S112I)
TTR Tyr114His (Y114H)
TTR Tyr114Cys (Y114C)

TTR Tyr116Ser (Y116S)

TTR Thr118Met (T118M)
TTR Ala120Ser (A120S)

TTR Val122Ala (V122A)

TTR Val122lle (V1221)

TTR Val122 deletion (AV122)
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Familial amyloid polyneuropathy with predominant cranial

neuropathy

Originally described in Finland**® but now reported in other ethnic groupslg6’ 430

this is a very rare autosomal dominant form of hereditary amyloidosis that presents
in adult life with cranial neuropathy, corneal lattice dystrophy and a mild distal
peripheral neuropathy. There may be skin, renal and cardiac manifestations but
these are usually covert and life expectancy approaches normal. The mutant gene

responsible encodes a variant form of gelsolin*'

, which is an actin-modulating
protein. The functional role of circulating gelsolin is unknown but may be related
to clearance of actin filaments released by apoptotic cells*. There is no specific

treatment for this disorder, which is disfiguring due to progressive cranial nerve

involvement and very distressing in its late stages.

Hereditary non-neuropathic systemic amyloidosis

Ostertag first described hereditary renal amyloidosis (HRA) in 1932. He
reported two families with an autosomal dominant inheritance of renal

'8 This syndrome is now known to be

amyloidosis without neuropathy
associated with mutations in the genes for lysosyme®, apolipoprotein AI*® and

fibrinogen A alpha chain®.

Lysosyme
Hereditary non-neuropathic systemic amyloidosis has been described in
association with three lysozyme variants, the substitution of histidine for aspartic

acid at position 67%°, threonine for isoleucine at position 56> and substitution of
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arginine for tryptophane at position 64***, Most patients present in middle age
with proteinuria, slowly progressive renal impairment and sometimes
hepatosplenomegaly with or without purpﬁric rashes**. Virtually all patients
have substantial gastrointestinal amyloid deposits, and although these are often
asymptomatic, they are important since gastrointestinal haemorrhage or

perforation is a frequent cause of death in these patients.

Lysozyme is a ubiquitous protein that is produced diffusely within the body and
this type of amyloidosis is not therefore ameliorated by liver transplantation.
However, the disease usually runs an extremely slow course, and patients with

renal failure merit strong consideration for renal transplantation®*.

Apolipoprotein Al

Apolipoprotein Al is a major constituent of high density lipoprotein (HDL)** .

Wild type apolipoprotein Al is amyloidogenic and is present as amyloid in
human aortic atherosclerotic plaques in 10-20% of autopsies*. Ten

amyloidogenic variants have been reported, seven single amino acid

90, 181, 437-441 230,443

substitutions , one deletion/insertion**? and two deletions

Depending on the mutation, patients can present with massive abdominal

442

visceral amyloid involvement**?, predominant cardiomyopathy**® or an FAP

188

like syndrome ™. The majority of patients eventually develop renal failure but

despite extensive hepatic amyloid deposition liver function usually remains

well preserved. Renal transplantation offers most patients with this disease an

444
1

excellent quality of life and prolonged survival™", and some patients have had

Page 47



CHAPTER ONE

renal grafts for over 20 years without evidence of recurrent amyloidosis or any

reduction in graft function.

Approximately half of the apolipoprotein Al in the circulation is synthesised in
the liver, and only one patient with hereditary apolipoprotein AI amyloidosis

has been reported to have undergone liver transplantation**’

. The reduction by
50% in the plasma concentration of variant apolipoprotein Al appeared to be
sufficient to facilitate regression of his amyloid deposits generally, and

supports the use of liver transplantation in patients with this type of

amyloidosis who develop hepatic dysfunction.

Apolipoprotein All

Two North American families have recently been reported to have hereditary
nephropathic amyloidosis due to separate mutations in Apolipoprotein AII'®?. In
both kindreds a single base substitution at a stop codon results in extension of
translation with a predicted 21 residue C-terminal extension. Apolipoprotein All
is well recognised as an amyloidogenic protein in senescent mice**° and the
mouse strain most susceptible to senile amyloidosis also has a variant form of the
protein*’. The role of apolipoprotein AIl in normal human physiology is not
clear as total deficiency does not seem to have clinical or biochemical

con sequences448 .
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Table 1.7 Mutations associated with hereditary non-neuropathic amyloidosis

Organs/tissues predominantly

Variant Protein affected by amyloid Affected Kindreds Reference
Renal Pepys
Lysozyme Asp67His Gastrointestinal tract Single British family 1 ggg
Liver & spleen
Renal - -
Lysozyme lle56Thr Skin Two British families Pepys
Liver & spleen (? related) 1993
Sicca syndrome Valleix
Lysozyme Try64Arg Gastrointestinal tract Single French family 2002
Renal
. . . Present as amyloid in . Westermark
Apolipoprotein Al wild type human atherosclerotic plaques In 20-30% of autopsies 1995
Renal
Apolipoprotein Al Gastric mucosa Multiple families, mostly Nichols
Gly26Arg Peripheral nerves Northern European 1988
Liver & spleen
Apolipoprotein Al Renal . . . Booth
Trp50Arg Liver & spleen Single Ashkenazi family 1995
Apolipoprotein Al Renal . . Soutar
LeuB0AT Liver & spleen British & Irish kindreds 1992
9 Cardiac (rarely)
Apolipoprotein Al Booth
deletion60-71/insertion60- Liver Single Spanish family 1996
61
Apolipoprotein Al Ei:i“& soleen Single family of British Persey
deletion 70-72 Refina P origin 1997
Apolipoprotein Al Liver & spleen _vari Obici
Leu75Pro Renal Italy - variable penetrance 2001
. . Cardiac -
Apolipoprotein Al . . Hamidi
Leud0Pro ;ili?‘lnx Single French family 1999
Apolipoprotein Al N Single Swedish patient at Amarzguioui
deletion Lys107 Aortic intima autopsy 1998
Apolipoprotein Al vardiac British & Hamidi
Arg173Pro Sk'iz American families 1999
Apolipoprotein Al . . . . Lachmann
Leui74Ser Cardiac Single Italian family 2002
Abalipopratein Al A Single British family Obici 2001
Cardiac
. . Mendes De
t\:gilggﬂrigtem Al ;i;znx Single French family Sousa
Peripheral nerves 2000
Apolipoprotein A2 Benson
21residue extension at C- Renal Two American families 2001
terminus
Fibrinogen A alpha chain Renal Peruvian, French & Benson
Arg554Leu African American 1993
Fibrinogen A alpha chain Renal . . Hamidi
frame shift at codon 522 Single French family 1997
Fibrinogen A alpha chain . . . Uemichi
frame shift at codon 524 Renal Single American family 1996
Fibrinogen A alpha chain Renal ) Multiple of Northern Uemichi
Glu526Val Late onset liver (rarely) European extraction 1996

Fibrinogen A alpha chain
Gly540Val

Renal

Single German family
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Fibrinogen A alpha chain

Fragments of fibrinogen A a-chain were first isolated from amyloid fibrils in
1993 in a kindred with autosomal dominant systemic amyloidosis®. Four
amyloidogenic mutations in the fibrinogen A a-chain gene have subsequently
been reported, in eight unrelated kindreds, clustered in a relatively small portion
of exon 5. Two of these are frame shift mutations that have been recognised in

single families, one a single nucleotide deletion in the third base of codon 524**

2

and the other a deletion at codon 522

both of which result in premature
termination of the protein at codon 548. A leucine for arginine substitution at

codon 554 has been reported in a Peruvian-Mexican family®, an

451 d452

African-American family™" and a French kindred™"“ all with systemic
amyloidosis. However, much the commonest mutation results in the substitution
of valine for glutamic acid at position 526, was first reported in 1994*** and has

133, 454, all with clear autosomal dominant inheritance

been found in five families
of systemic amyloidosis and high penetrance. Most patients present in late

middle age with proteinuria or hypertension and over the following three to six

years progress to end stage renal failure.

GENERIC THERAPIES FOR AMYLOIDOSIS

Treatments that reduce the supply of fibril precursor proteins can lead to
regression of amyloid deposits'* '** 2% %3 but such an approach is not possible
in many forms of acquired and hereditary amyloidosis, and these disorders are
usually fatal. Furthermore, amyloid is always associated with the

neurodegeneration of Alzheimer’s disease and with the islet failure of type 2
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diabetes. Although it is not known whether amyloid deposition itself causes the
tissue dysfunction in these latter diseases, new treatments, to promote removal of

the damaging deposits, are urgently required.

Prevention of fibril formation

Improved understanding of the protein folding mechanisms underlying amyloid
fibrillogenesis, and the recognition that relative instability of the precursor
molecules is a key factor in amyloidogenesis, strongly support therapeutic
strategies based on inhibition of fibrillogenesis. There is active research in this
area, exploring small molecules, peptides and glycosaminoglycan analogues that
bind to fibril precursors and stabilise their native fold*¢, or interfere with
refolding and/or aggregation into the crosS-B core structure common to amyloid
fibrils, or bind to mature amyloid fibrils and promote their refolding back
towards the native conformation*>*7**°. Some of these agents have been
reported to interfere with experimental murine AA amyloidosis and a GAG
mimic, fibrillex™ (Neurochem, Quebec, Canada) is currently undergoing clinical

trials in human AA amyloidosis.
Enhancement of amyloid regression

Immunotherapy

As amyloid fibrils all share common features there has been considerable interest
in producing antibodies not to specific types of amyloid but against
conformational epitopes common to all ﬁiarils. Specific monoclonal antibodies

raised against Alzheimer’s A fibrils have been found to recognise transthyretin,
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B,-microglobulin and islet polypeptide derived fibrils but not the native forms of
any of these proteins*®. In addition mouse monoclonal antibodies raised against
human AL fibrils have been reported to result in increased clearance of
experimental amyloidomas which were produced by subcutaneous injection of
AL amyloid extract in mice. Clearance is produced by an immune mediated

mechanism with generation of anti-amyloid antibodies and a subsequent local

461

polymorphonuclear leukocyte infiltration™ . These antibodies raised against
ALAM fibrils also recognised fibrils derived from transthyretin, SAA, lysozyme,
AB protein and apolipoprotein Al. Clearance of experimental amyloid deposits
has been reported in transgenic mice expressing human A, the amyloid fibril
protein of Alzheimer’s disease, following production or administration of
anti-Ap antibodies*®> 43 This approach has been tried in man although the
development of meningoencephalitis in 15 Alzheimer’s patients receiving a

vaccine against amyloid B peptide (Elan pharmaceuticals) has resulted in early

termination of the trial***.

Targeting SAP

The normal non-fibrillar plasma glycoprotein serum amyloid P component,
(SAP), a member of the pentraxin family, is universally present in amyloid
deposits®® and may contribute to the failure to clear amyloid in vivo. The
evidence that mice with targeted deletion of the SAP gene show retarded and
reduced induction of experimental amyloid corroborates the impression that SAP
contributes to pathogenesis of amyloidosis®. Identification of the first
chemically defined low molecular weight ligand for SAP, the cyclic pyruvate

acetal of galactose, 4,6-O-(1-carboxyethylidene)-B-D-galactopyranoside
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(MOBDG), and demonstration that it could completely dissociate SAP from
amyloid deposits in vitro, suggested that such molecular dissection of the

deposits might be an approach to therapy of amyloidosis*®’.

A palindromic compound derived from captopril was serendipitously found to be
a potent inhibitor of SAP binding to amyloid fibrils. Further synthesis to
optimise the ICsg for inhibition of fibril binding in vitro produced another
palindromic compound, CPHPC*®%. Its structure with two D-proline residues
joined by an aliphatic linker chain, suggested that the drug could not only block
the ligand binding sites on individual SAP protomers, but could also cross link
pairs of pentameric SAP molecules to form B-face to B-face decameric dimmers

(Figure 1.1) in whole serum.

Experiments in mice demonstrated that CPHPC was not metabolised and was
rapidly excreted, predominantly in the urine, with a small amount in the bile.
CPHPC had no effect on the plasma concentrations of mouse SAP in wild type
animals, however, injection of CPHPC cleared radiolabelled human SAP tracer
from the circulation and inhibited its uptake into experimentally induced mouse
AA amyloid deposits. This implies that mouse SAP-CPHPC complexes are
formed and/or cleared less efficiently in vivo but the human SAP-CPHPC
complex is recognised as abnormal and swiftly removed from the circulation,
suggesting that drug could be used to selectively deplete SAP from human

amyloid.

Page 53



CHAPTER ONE Page 54

Figure 1.1 The structure of the CPHPC-SAP complex. Two SAP pentamers are
cross linked by their B-faces by five CPHPC molecules (blue). A- face helices are
shown in red and the two calcium ions bound to each of the five SAP subunits are

shown on the B face in yellow (From Pepys Nature 2002).

SAP

pentamer

CPHPC

A face

B face
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Chapter Two

METHODS

PATIENTS

The patients were derived from those seen at the National Amyloidosis Centre.
Over the past three years an average of 680 patients have been seen a year of
whom 45% are new referrals. Eighty percent of patients are found to have
amyloidosis and 9% were referred for investigation of periodic fever syndromes.
An access database has been maintained with details on all patients seen over the
past decade. All patients with systemic amyloidosis undergo comprehensive
clinical assessment with annual or half yearly review. All patients included in

this work provided explicit informed consent.

SAP SCINTIGRAPHY

SAP scintigraphy has been used since 1988 as a sensitive, specific and non-
invasive means of quantitatively imaging amyloid deposits in vivo*®’. Highly
purified SAP is labelled with the medium-energy, short half-life, pure gamma
emitter '2’I and injected intravenously. No localisation or retention of labelled SAP
occurs in individuals without amyloidosis, in whom the tracer is rapidly catabolised
and excreted. However in patients with amyloidosis, labelled SAP localises rapidly
and specifically to the amyloid deposits®'”. It does so in proportion to the amount of

amyloid present, and will persist there without breakdown or modification. This
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“localisation” of labelled SAP to amyloid is in fact a specific dilution phenomenon
since circulating SAP is at all times in a dynamic equilibrium with the far greater
quantity of SAP concentrated within amyloid deposits. The technique has 100%
diagnostic sensitivity in patients with systemic AA amyloidosis, and
approximately 90% in AL type and is the only method available for serial
monitoring of the progression or regression of amyloid throughout the bod 468
SAP scintigraphy is also suitable as a screening test in patients thought to be at risk

of systemic amyloid deposition, including those with chronic inflammatory

conditions, monoclonal gammopathies or known amyloidogenic mutations.

The doses of radioactivity are well within acceptable limits (effective dose
equivalent ~3.5 mSv), and more than 4000 patient studies have now been

423 Anterior

performed without adverse effects at the National Amyloidosis Centre
and posterior whole body scans and regional images are obtained with an IGE
Starcam gamma camera either 6 hours (for AA amyloid) or 24 hours (if any other
types are suspected) after intravenous injection of '*’I-SAP. Serial comparisons
were made between scans obtained at baseline and follow-up. Accumulation of
amyloid was defined as an increase in tracer uptake in at least one of the amyloid
infiltrated organs compared to the initial scan or involvement of a previously
unaffected organ, and regression was defined as a decrease in tracer uptake in at
least one affected organ. The amyloid load is defined as steady when the relative

amount of tracer in target organs and in the blood-pool background was

unchanged between scans.
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ECHOCARDIOGRAPHY

The heart is poorly visualised by SAP scintigraphy, probably reflecting cardiac
motility, blood pool signal from the cardiac chambers, and relatively slow
localisation of labelled SAP across the non fenestrated myocardial endothelium.
Cardiac amyloidosis is best evaluated by a combination of echocardiography and
ECG*®*"!, Two-dimensional Doppler echocardiography classically reveals
concentric biventricular wall thickening, ‘sparkling’ myocardial echodensity and

472

thickened but pliable valves, with a restrictive filling pattern™'“. Amyloid causes

diastolic dysfunction with well preserved contractility until a very late stage*’.
Other frequent findings are biatrial dilatation, pericardial effusions and, in end
stage disease right ventricular dilatation with evidence of pulmonary
hypertension®®>*”, The ECG may be normal in patients with substantial cardiac
amyloidosis, but in advanced disease commonly shows small voltages,
pathological ‘Q’ waves (pseudo-infarct pattern) in the anterior chest leads and
conduction abnormalities. Echocardiographic and ECG studies were repeated at
each patient visit and compared. Accumulation of amyloid was defined as an
increase in left ventricular wall thickness of at least 2 mm compared to the initial

study or new evidence of cardiac involvement, and regression was defined as a

decrease in ventricular wall thickness of at least 2 mm.
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CRITERIA FOR DIAGNOSIS OF AMYLOID RELATED
MAJOR ORGAN INVOLVEMENT

Predominant organ involvement in patients with systemic amyloidosis was
defined according to abnormal uptake on SAP scintigraphy alone or any two of

the following criteria:

Cardiac

e Echocardiogram showing increased mean ventricular wall thickness and
thickened valves with no history of hypertension, HOCM or valvular

heart disease

e Electrocardiogram showing unexplained low limb lead voltage,
pseudoinfarct pattern and/or non specific conduction abnormalities

e NYHA functional capacity class 2 or higher without ischaemic heart

disease

Renal

e Twenty four hour proteinuria greater than 500 mg without other overt

cause

e Creatinine clearance less than 60 ml/min without other overt cause

Adrenal

e Biochemical hypoadrenalism

Splenic
e Splenomegaly without other overt cause

e Hyposplenic features on blood film
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Hepatic
e Hepatomegaly not attributed to congestive cardiac failure or other cause

e ALP more than 1.5 times the ULN not attributed to congestive cardiac

failure and without other overt cause

Peripheral nervous system

e Distal symmetrical sensory or mixed neuropathy without other overt

cause

Autonomic nervous system

e Impotence, diarthoea or constipation, early satiety and/or impaired
bladder emptying without other overt cause

e Orthostatic hypotension, defined as a fall of 20 mmHg in systolic BP on
standing for 3 minutes, having previously been supine for at least 5

minutes, without other overt cause.

HISTOLOGY

Congo red staining

Amyloid fibrils stained with Congo red give pathognomonic red-green
birefringence when viewed under crossed polarised light, and this tinctorial
property remains the diagnostic gold standard'® ***7, The pathognomonic
birefringence is dependent on a sufficient density of amyloid so formalin fixed
deparaffinised tissue sections were cut at 6-8 um rather than the usual 2-3 um. The
stain is unstable, working solutions have to be utilised within 20 minutes and
solutions prepared fresh at least every 8 weeks. Before staining the sections are
rehydrated, counterstained with haematoxylin, ‘blued’ under running tap water,

rinsed in pure water and stained by a modified version of the alkaline-alcoholic
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Congo red method described by Puchtler et al. (1962). This method gives the most
specific and consistent results and reduces any non-specific background staining.
The sections are then dehydrated through a series of ascending ethanol
concentrations to xylene and mounted. Once dry, slides are viewed under bright
field and high-intensity polarised light microscopy and the presence, distribution

and extent of amyloid deposition noted.

Immunohistochemistry

Congo red histology was always followed by immunohistochemical staining of
formalin fixed deparaffinised 2 pm sections of amyloidotic tissue to further
characterise the amyloid type?'®*’®, Immunohistochemical stains were
performed using commercial antisera against SAA protein, k and A
immunoglobulin light chains, transthyretin, lysozyme, (Dako Ltd, Denmark
House, Ely, UK), apolipoprotein Al (Medix, Van Nuys, CA) and fibrinogen
(Helena Biosciences, Sunderland, UK). Positive control tissues containing each
of these types of amyloid were stained during each run. TPS pH 7.6 with 1%
bovine serum albumin was used as diluent and wash buffer. Endogenous
peroxidase activity was quenched by 15 minute incubation in aqueous H,0,.
Sections were pre-treated with 1% trypsin in 0.1% CacCl, to enhance
immunoreactivity. Prior to application of the primary antisera non-specific tissue
binding was abolished by 30 min incubation in 10% normal nonimmune serum
from the species which provided the secondary antibody. Sections were
incubated overnight with primary antisera at 4°C. Unlabelled secondary
antibodies, specific for the IgG of the primary antibody source species and PAP

complexes (reactive against peroxidase) were incubated for 30 minutes each.
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Following washing, bound enzyme-antibody complexes were detected using a
metal-enhanced DAB solution (Pierce and Warriner Lt, Chester). After a brief
rinse in pure water sections were counterstained in haematoxylin, ‘blued’ under

running tap water, and counter stained with Congo red prior to mounting.

IMMUNOASSAYS

C-reactive protein (CRP)

CRP was measured in serum using a high sensitivity automated microparticle
enhanced latex turbidimetric immunoassay (COBAS MIRA; Roche Diagnostics
GmbH)*""*”_ The lower limit of detection was 0.2 mg/l with an interassay CV

of 4.2% at 4 mg/1 and 6.3% at 1 mg/l.

Serum amyloid A protein (SAA)

SAA was measured in serum by latex nephelometry (BNII autoanalyser; Dade

Behring, Marburg, Germany)**°

. The lower limit of detection was 0.7 mg/1, with
an inter-assay CV of 2.6% at 15 mg/1 and 3.7% at 80 mg/l. Standardisation of
both CRP and SAA assays is based on the respective WHO International

Reference Standards*®" %%,

Serum free immunoglobulin light chain assay

Serum kappa and lambda free immunoglobulin light chains (FLC) were
measured using a latex enhanced immunoassay (The Binding Site, Birmingham,

UK) on a Behring BNII autoanalyser (Dade Behring, Marburg, Germany )*4%,
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The assay utilises antibodies directed against FLC epitopes that are hidden in
whole immunoglobulin molecules, and has a sensitivity of < 5 mg/l. This
compares with typical detection limits of 150-500 mg/1 by immunofixation, and
500-2000 mg/1 by electrophoresis. The reference range was established using
100 healthy blood donor sera in which the mean concentrations of polyclonal
free kappa and free lambda light chains were respectively, 11.38 mg/1 (95%
confidence intervals, 7.41-16.77 mg/1) and 17.36 mg/1 (95% confidence intervals,
8.91-29.87 mg/1), with a mean kappa to lambda ratio of 0.7 (95% confidence
intervals, 0.37-0.95). Monoclonal FLC were identified as values for kappa or
lambda that exceeded the respective reference ranges and produced an abnormal

kappa to lambda ratio.

Interleukin 6

IL-6 values were measured by commercial enzyme immunoassay (Biosource
International, 542 Flynn Road, Camarillo CA 93012, USA) with a lower

detection limit of 10 ng/l.

GENE SEQUENCING

Genomic DNA was isolated by a rapid method*® from frozen whole blood taken

into EDTA and solubilised in 10 mM Tris, pH 7.5/1 mM EDTA. The coding
regions of the transthyretin, apolipoprotein Al, fibrinogen A a-chain (part of
exon 5), lysozyme (exon 2) and MEFV genes were amplified by the polymerase

chain reaction (PCR) using fag polymerase (Amplitaq, Perkin Elmer Cetus). For
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exon 1 of TTR the primers were the intron sequences (5' to 3');
CAGCAGGTTTGCAGTCA-GAT and GGTACCCTTGCCCTAGTAAT; for
exon 2; CAATTTTGTTAACTTC-TCAGC and
CAGATGATGTGAGCCTCTCTC; for exon 3, CCTCCATGCGTAA-
CTTAATCC and TAGGACATTTCTGTGGTAAC; and for exon 4,
TGGTGGAA-ATGGATCTGTCTG and TGGAAGGGACAATAAG- GGAAT.
For apolipoprotein Al three fragments making up the complete coding region
were amplified with the following primers: 5'-
CACCCTCAGGGAGCCAGGCTCGG (5' end) and 5-TAGGTGAGGTGC
GTCTGG ( 3' end) (255 base pair fragment of exon 3); 5'-
CAGCCCTCAACCCTTCTGTCTCACC ( 5' end) and 5'-AGATGCG-
TGCGCAGCGCGTCCACA (3' end (391 base pair fragment of exon 4); and 5'-
AACGTTTATTCTGAGCACCGGGAAG (primer 47, 3' end) (371-base pair
fragment of exon 4). Primers were designed to amplify the portion of the
fibrinogen A a-chain gene flanking the coding region for the peptide fragment
that had previously been identified as the fibril subunit in hereditary fibrinogen A
a-chain amyloidosisgg. The primers were: TGATGACTGCCTTCTTCGA
(nucleotides 4817-4837) and CTCATCTGCTTTTATAGCT (nucleotides 5047-
5093), which amplified a fragment of 277 base pairs (GenBank accession no.
M64982). Haplotype analysis of the fibrinogen a-chain gene utilised the
fragment of the gene encoding both the Glu526Val mutation and a polymorphic

repeat sequence upstream from it**’

these were amplified by PCR using primers,
ATCGGCTTCACTTCCGGC, and CCATAGGTTTTGAACTCACAG, and the
Boehringer Mannheim PCR Expand system (Roche, East Sussex, UK). The

following primers located in the flanking introns were used to amplify exon 2 of
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the lysozyme gene: 5'-AGTACTTAG-TGTTGCGTTT and 5'-
ACCAGATTGGTCAAATATTAG. MEFYV exon 10 was amplified with 5'-
TAATACGACTCACTATAGGGCAGAAGAACTACCCT-GTCCC and 5'-
ATTTAGGTGACACTATAGAAAGAAGCAGGAAGAG-AGATGC, exon 2
(5' end) with 5'-ATCATTTTGCATC TGGTTGTCCTTCC and 5'-
GAGGCTTGCCCTGCGCG, exon 5 5'-TATCGCCTCCTGCTCTGGAATC and
5'-CACTGTGGGTCACCAAGACCAAG and exon 3 5-TGAGAACTCGCAC-

ATCTCAGGC and 5-GTGTGTCCAAGTGCCTGGCAG.

Cycling conditions were a denaturing step of 94°C for 5 min, then 10 cycles of
94°C for 1 min, 58°C for 30 sec, and 68°C for 2 min, then 10 cycles of 94°C for
1 min, 58°C for 30 sec, and 68°C for 3 min, then 10 cycles of 94°C for 1 min,
58°C for 30 sec, and 68°C for 4 min. This was followed by an elongation step of
68°C for 7 min and PCR products were sequenced using ABI BigDye V3
according to the manufacturer’s instructions (AB Applied Biosystems,
Warrington, UK). The following sequencing primers were used; T7R exon 2
AAGAATAAATCCCT-TTCACTCTG, exon 3
GGTGTATTACTTTGCCATGCC, exon 4 CATCTGTCAC-GTTTTTCGGG,
apoAI was sequenced using the same primers as for the PCR, the fibrinogen A
alpha chain geneCTCATCTGCCATTTTATAGCT, MEFV exon 10 5'-
AGTGGGAGAGGCTGCCTG, MEFV exon2 5'-ATATTCCACACAAGAA-
AACGGC, MEFYV exon 5 5'-GTCCACCCAGCACAGACC and MEFV exon 3

5'-CTTTGTGAACCTCTGTGTAAGC.
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STATISTICAL ANALYSIS

Statistical tests were performed using SPSS for windows version 10 (SPSS Inc.

Chicago, Illinois).
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Chapter Three

FREQUENCY OF HEREDITARY SYSTEMIC
AMYLOIDOSIS MASQUERADING AS
IMMUNOGLOBULIN LIGHT CHAIN, AL, (PRIMARY)

AMYLOIDOSIS

INTRODUCTION

Systemic amyloidosis is the diagnosis in 2.5 per cent of native renal biopsies*®?,
and is the cause of death in more than 1 in 1500 people in the UK. Acquired
monoclonal immunoglobulin light chain (AL) amyloid, formerly known as
primary amyloidosis, is the commonest form of systemic amyloidosis, and can
respond to chemothempy3 78.379.489.4%0 " Demonstration of a monoclonal
gammopathy supports the diagnosis of AL amyloidosis but may just be an
incidental finding and thus does not confirm it. The chief differential diagnosis
of AL amyloidosis is reactive systemic AA amyloidosis, but this is always a
complication of chronic inflammation and AA deposits can usually be identified

immunohistochemically*'

. The only other differential diagnosis is hereditary
systemic amyloidosis, in which the amyloid fibrils are usually derived from
genetic variants of transthyretin**, apolipoprotein AT 13!, lysozyme® or
fibrinogen A o-chain®. However these autosomal dominant conditions are

generally not considered in the absence of a family history and have been

thought to be extremely rare.
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This is an important issue as the diagnosis of hereditary amyloidosis has major
implications for prognosis, genetic counselling and management, which may
include orthotopic liver transplantation to correct the underlying metabolic
defect. Although most reported mutations causing hereditary amyloidosis
display high penetrance, amyloidogenic mutations have occasionally been
identified in asymptomatic elderly individuals, and population and haplotype
studies have raised the possibility that two particular mutations associated with
hereditary amyloidosis, transthyretin Val30Met and fibrinogen A a-chain

Glu526Val respectively, may exist more widely'*®

. This is the first systematic
genetic study of patients with apparent sporadic systemic AL amyloidosis, and

demonstrates, surprisingly, that nearly 10 per cent of these cases in fact had

hereditary amyloidosis.

PATIENTS

The genes for transthyretin, apolipoprotein Al, lysozyme and fibrinogen A
a-chain were studied in all of the 450 patients referred over a 3 year period to the
end of 2001 to the UK National Amyloidosis Centre with biopsy proven
amyloidosis and a presumptive diagnosis of systemic AL amyloidosis. None had
a family history of amyloid or renal disease, and the amyloid was shown
immunohistochemically not to be AA type. Monoclonal gammopathy was
sought in each case by serum and urine electrophoresis and immunofixation, and
was identified in 80 per cent of patients, a proportion comparable with other
published AL amyloidosis series''. Full clinical assessment of all patients

included Doppler echocardiography and '’I serum amyloid P component (SAP)
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scintigraphy. Comprehensive immunohistochemical staining for all amyloid
fibril proteins was performed on amyloid containing tissue from all patients in
whom potentially amyloidogenic mutations were identified. Newly identified
mutations in genes for amyloidogenic proteins were sought in 50 anonymous

controls from the general British population.

RESULTS

Gene sequencing

Twenty-one patients (4.7 per cent of this series) were heterozygous for a point
mutation in the fibrinogen A a-chain gene, encoding the substitution of valine for
glutamic acid at codon 526. This mutation was not present in 50 healthy British
Caucasian controls. The diagnosis of fibrinogen A a—chain related amyloidosis
was supported by the demonstration of a distinctive, relatively homogeneous

phenotype shared by all the Glu526Val heterozygotes.

Twenty-one patients were heterozygous for point mutations in the transthyretin
gene (Table 3.1), three of which have not been described previously. These
patients all presented with cardiac amyloidosis, and variable degrees of
autonomic and peripheral neuropathy, but SAP scintigraphy did not demonstrate
any hepatic or bone amyloid deposits, both of which are common features in AL
amyloidosis but do not occur in transthyretin associated amyloidosis. However,

none of the cases had any relevant family history.
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Figure 3.1 Partial DNA sequence of the fibrinogen a-chain gene. The sense and
antisense strands from a normal control and the patient are shown. The mutation
which results in a substitution of GTG (valine) for GAG (glutamic acid) at codon

526 is arrowed.

NORMAL PROBAND
I, A0 AC 1 Ct A(.T Cr A G TUA(iACILiNGTCTAG
Sense
CT RG fICTCRGT CT CT RG ACh CAGTTCT
160 160

Antisense



CHAPTER THREE

Page 70

Table 3.1 Clinical features of transthyretin, lysozyme and apolipoprotein Al

associated amyloidosis

Age at

Predominant clinical

Visceral amyloid
involvement by

Variant presentation Sex features Ethnic origin :ﬁquJalfgfgraphy
scintigraphy

Transthyretin

Val30Met 62 M Neuropathy Irish Cardiac & renal
Vitreous & . .

Val30Met 62 M neuropathy English Cardiac & spleen
Vitreous & . Cardiac, spleen &

Phe33Vval 39 M neuropathy English renal
Vitreous & - Cardiac, spleen &

Phe33Val 60 F neuropathy English renal
Cardiomyopathy & . .

Phe33Leu 57 M neuropathy Polish Cardiac & renal

Asp38Vval 58 M Neuropathy Ghana Cardiac & spleen
Cardiomyopathy & . Cardiac, spleen &

Gly47Glu 45 M neuropathy English renal
Cardiomyopathy & . .

Thr60Ala 54 M neuropathy Scottish Cardiac & renal

Thr60Ala 65 M Neuropathy English Cardiac & spleen

Thr60Ala 73 F Cardiomyopathy Irish E;anradliac, spleen &

Thr60Ala 67 M Neuropathy Irish Cardiac
Cardiomyopathy & . .

Thr60Ala 63 M neuropathy Irish Cardiac
Cardiomyopathy & . .

Thr60Ala 67 M neuropathy English Cardiac & renal

Thr60Ala 68 M Cardiomyopathy English Cardiac
Cardiomyopathy & . .

Thr60Ala 64 M neuropathy Irish Cardiac & spleen
Cardiomyopathy & . "

Ala120Ser 62 M neuropathy Afro-Caribbean  Cardiac & spleen

Vali22lie 74 M Cardiomyopathy Afro-Caribbean Cardiac

Val122lle 72 M Cardiomyopathy Afro-Caribbean  Cardiac

Val122lle 75 F Cardiomyopathy Afro-Caribbean  Cardiac

Val122lle 80 M Cardiomyopathy Afro-Caribbean  Cardiac
Cardiomyopathy & . .

Val122lle 63 F neuropathy Afro-Caribbean  Cardiac

Lysozyme

Asp67His 58 F Proteinuria English Spleen & renal

Apolipoprotein A1

Gly26Arg 28 M Renal failure Irish Liver, spleen, renal

Ala175Pro 35 m  Hoarseness and English Renal

sterility
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Two patients who had presented with slowly progressive renal impairment were
heterozygous for the known amyloidogenic mutations encoding lysozyme
Asp67His and Apolipoprotein Al Gly26Arg respectively. A man who had
presented with hoarseness due to laryngeal amyloid, a long history of sterility
with testicular amyloid on biopsy and in whom SAP scintigraphy demonstrated
renal deposits despite normal renal function, was found to be heterozygous for a

novel mutation encoding apolipoprotein Al Alal75Pro.

Histology

Renal biopsies were available in 20 of the patients with fibrinogen A a-chain
Glu526Val, and in all cases the deposits stained immunospecifically with anti-
fibrinogen antibodies but there was marked variation in the intensity of staining
in different individuals. Staining was positive for lysozyme and apolipoprotein
Al respectively in the two patients who had mutations in the corresponding
genes, and for transthyretin in each of the 12 patients with a transthyretin variant
in whom biopsy material was available. However, robust, reproducible,
immunospecific staining of amyloid deposits composed of these various
genetically variant proteins required extensive optimisation, including trypsin

and microwave pre-treatment of tissues.

Detection of monoclonal immunoglobulin

Monoclonal immunoglobulins were detected in serum or urine of ten (24 per
cent) of the 42 patients with hereditary amyloidosis and 351 (86 per cent) of the
408 patients with AL amyloidosis. However there was no specific

immunohistochemical staining of amyloid deposits with antibodies to x or A
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immunoglobulin light chains in any of the patients with hereditary amyloidosis

or, indeed, in 253 (62 per cent) of the 408 patients with AL amyloidosis.

Four of the patients with fibrinogen A a-chain gene mutations had low level
paraproteinaemias. This finding had reinforced the initial misdiagnosis of AL
amyloidosis and three of them had already received cytotoxic chemotherapy for
this presumed condition. Two patients had been given oral melphalan and
prednisolone and one had received high dose melphalan followed by autologous
stem cell transplantation but amyloid deposition had progressed despite a

complete clonal response (Figure 3.2).
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Figure 3.2 Progression of amyloid deposits in a patient with fibrinogen A a-
chain Glu526Val associated amyloidosis and an incidental monoclonal
gammopathy. Serial posterior whole body scintigraphic images following
intravenous injection of AAl-human SAP in a 48 year old man with hereditary
amyloidosis associated with fibrinogen A a-chain Glu526Val, who was found to
have asymptomatic proteinuria. Both parents were alive and well aged over 80
years. He was thought to have AL amyloidosis and received high dose
chemotherapy with autologous stem cell rescue with a complete clonal
response. The scan at diagnosis (left) shows modest abnormal uptake into
renal amyloid deposits. This has increased significantly at follow-up 3 years
later (right). The remainder of the image represents the normal distribution of

tracer throughout the blood pooal.
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DISCUSSION

The frequent identification of hereditary amyloidosis in this series of patients
apparently suffering from sporadic systemic AL amyloidosis, has major
implications for the prognosis, investigation and treatment of such cases.
Although hereditary amyloidosis is caused by mutations in single genes, the low
penetrance of these mutations observed here indicates that other factors must
determine clinical expression. Indeed, the absence of a family history is
apparently typical of most patients with fibrinogen A a-chain Glu526Val
amyloidosis, which was the commonest form of hereditary amyloid identified in
this study. These findings have led to the introduction of DNA analysis into the
routine evaluation of patients with systemic amyloidosis, and have already
prevented the inappropriate administration of chemotherapy to numerous patients
with supposed AL disease, and have enabled potentially curative liver transplants

in four patients with previously unsuspected hereditary amyloidosis.

The clinical manifestations of systemic AL amyloidosis are extremely
heterogeneous. Although features such as macroglossia or bone involvement are
virtually pathognomonic, some of the most characteristic patterns of organ
involvement are indistinguishable from those seen among patients with familial
amyloid polyneuropathy and hereditary non-neuropathic systemic amyloidosis.
All patients with AL amyloidosis have an underlying clonal B cell dyscrasia, but
this is not always detectable, and, conversely, subtle monoclonal gammopathies
are not infrequent in the general population'”*”. The demonstration of a

paraprotein may therefore be gravely misleading in a patient with amyloidosis
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and it is essential to positively identify the actual amyloid fibril protein whenever
possible. The most accessible procedure is immunohistochemical staining of
amyloid-containing tissue sections. However, the specificity of any
immunostaining must be established by its abolition when the respective
antibody has been pre-absorbed with its cognate antigen. Reliable results also
require the inclusion in each run of positive and negative control tissues.
Furthermore although immunohistochemistry usually yields definitive results in
AA amyloidosis, it is frequently not diagnostic with AL deposits*®?'®. In the
present series, AL fibrils were positively identified by immunohistochemical
staining in only 32 per cent of the patients who were finally diagnosed as having
AL amyloidosis. This reflects the failure of most anti-light chain antibodies to
recognise light chain fragments in the abnormal cross-p amyloid fibril
conformation, and the problem is exacerbated by the universal presence of
non-amyloid background staining due to the ubiquitous presence of normal
immunoglobulins in the tissues. Specific fixation procedures or use of unfixed
fresh frozen tissue may yield better results, but optimally processed material is
often not available following routine biopsy procedures. Expertise in the
immunohistochemical typing of hereditary amyloid is restricted, and the
problems relating to antibody reactivity and non-amyloid background staining
exist for all the relevant fibril proteins. Although the archive biopsy material in
this study had not been uniformly processed, extensive optimisation eventually

provided immunohistochemical confirmation of the DNA findings in each case.

Hereditary amyloidosis is caused by deposition of genetically variant proteins as

amyloid fibrils, and these diseases are inherited in an autosomal dominant
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manner. By far the commonest type of hereditary amyloidosis is caused by
transthyretin variants, and usually presents as familial amyloid polyneuropathy.
This is characterised by progressive peripheral and autonomic neuropathy, and
by varying degrees of visceral involvement, especially affecting the heart. Major
foci of familial amyloid polyneuropathy exist in Portugal, Japan, and Sweden,
but families with the disease have been reported in most ethnic groups
throughout the world. More than 80 mutations in the gene for transthyretin are
known to cause hereditary amyloidosis®, and three hitherto unreported
amyloidogenic variants, transthyretin Phe33Val, Asp38Val and Alal120Ser, were
identified in this series. Transthyretin Vall22lle was detected in five individuals,
one of whom had amyloid neuropathy and cardiomyopathy. This transthyretin

variant occurs in four per cent of African-Americans**

, in whom it is usually
silent or associated with isolated late-onset isolated cardiac amyloidosis. The
transthyretin Thr60Ala variant is also typically associated with late onset,
decreasing the likelihood of a relevant family history. This variant is well

recognised in Western Ireland and four of the eight patients with this mutation in

the present series were of Irish ancestry.

Hereditary non-neuropathic systemic amyloidosis was first described by Ostertag
in 1932"% and usually presents with renal dysfunction. It is now known to be
caused in different kindreds by mutations in the genes encoding lysosyme?,
apolipoprotein AI*, fibrinogen A a-chain®®, and most recently apolipoprotein
AII'®, Less than 30 affected families have been reported world-wide.
Fibrinogen A a-chain variant, Glu526Val, was first reported in 1994** and has

been found in five families, all with clear autosomal dominant inheritance of
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systemic amyloidosis and high penetrance. The present demonstration that this
variant exists in the general population but has low penetrance explains the
previously enigmatic finding that haplotype studies in four of the families were

consistent with a common ancestor**.

The patients with lysozyme Asp67His and Apolipoprotein Al Gly26Arg
amyloidosis developed slowly progressive renal impairment, a phenotype similar
to those of previously described kindreds®***. The patient with apolipoprotein
Al Alal75Pro, a newly identified variant, had hoarseness due to laryngeal
amyloid deposits, a feature that commonly occurs in localised AL amyloidosis,
but which has also been reported in other patients with mutations that disrupt this

region of the apolipoprotein Al molecule®® ',

The correct identification of amyloid fibril type has major management
implications. AL amyloidosis often responds to chemotherapy that suppresses
the underlying clonal plasma cell disorder’’®*%"* but chemotherapy has no
role whatsoever in any type of hereditary amyloidosis, is dangerous and should
be avoided. In contrast, forms of hereditary amyloidosis in which the variant
amyloidogenic protein is synthesised solely by the liver can be effectively treated
by orthotopic liver transplantation. This form of ‘surgical gene therapy’420 has
been successfully used in many patients with familial amyloid polyneuropathy
associated with variant forms of transthyretin, and was also effective in a patient
with fibrinogen A o—chain Glu526Val amyloidosis'*’. However, the progression

of hereditary amyloidosis caused by variant lysozyme and apolipoprotein Al is
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slow in many patients, in whom supportive measures and renal replacement

therapy alone are associated with an excellent outcome.
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Chapter Four

CHARACTERISATION OF THE PHENOTYPE OF
HEREDITARY AMYLOIDOSIS ASSOCIATED WITH

VARIANT FIBRINOGEN A ALPHA CHAIN

INTRODUCTION

Fibrinogen A alpha chain was first isolated from amyloid fibrils in 1993%°.
Fibrinogen itself is a multimeric 340 kD circulating glycoprotein made up of two
each of an alpha, beta and gamma chain. The alpha chains are the largest of the
three at 66 kDa and are involved in cross-linkage of fibrin. The gene is on
chromosome 4q and a large number of variants are recognised, mostly either
silent or associated with abnormal haemostasis. A total of four separate
amyloidogenic mutations have been described in ten unrelated kindreds. All are
towards the carboxyl terminal of the gene, clustered in a relatively small portion
of exon 5. Two of these mutations appear to be limited to single families. Both
are frame shift mutations resulting in premature termination of the protein at
codon 548; one a single nucleotide deletion in the third base of codon 524* and
the other a deletion at codon 522*°. A single base transversion resulting in the
substitution of leucine for arginine at codon 554 has been reported in a Peruvian-
Mexican family*’, an African American family*' and a French kindred**. Fibril
extraction and protein sequencing have confirmed the amyloidogenicity of two of
these mutations by demonstrating that the fibrils are derived from the variant

. 89,4
protemsg’ o
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Much the commonest fibrinogen mutation is the substitution of valine for
glutamic acid at codon 526. This variant was first described in 1994** and was
found in five of the ten reported families, all of whom demonstrate clear-cut
autosomal dominant family histories. Although affected individuals now inhabit
at least three separate continents they are all of Northern European ancestry;
British, Irish, German, French and Polish"****. Haplotype analysis of four
families showed that they shared an unusual haplotype suggesting that they
descended from a common ancestor™*. The combination of a shared progenitor
and geographically disparate kindreds suggested that this mutation is
considerably more prevalent than reported and we have shown that it occurs
relatively frequently in the European population and is easily misdiagnosed as

acquired AL amyloid*®.

PATIENTS

Thirty-five patients with confirmed fibrinogen A a chain Glu526Val amyloidosis
have been fully assessed at The UK National Amyloidosis Centre and two
patients with a previously undescribed mutation Gly540Val. An additional 17
Glu526Val heterozygotes have detected following family screening, 13 of whom

have undergone assessment at The UK National Amyloidosis Centre.
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RESULTS

Fibrinogen A alpha chain Glu526Val

Family history

Of the 35 patients with confirmed amyloid seen in our unit 13 gave strong family
histories of renal failure affecting multiple relatives in several generations.

These patients came from three separate kindreds none of whom have been

previously reported.

The kindred with the largest number of affected individuals is from North
Western Germany (Figure 4.1). A total of seven first cousins have variant
fibrinogen, amyloid deposition and renal dysfunction varying from low grade
proteinuria to end stage renal failure. Six of these are siblings and their father
died at the end of the Second World War aged 47 of uncharacterised renal
disease. Three of his sisters had renal problems dying aged 76, 64 and 58 years.
The middle sister was said to have glomerulonephritis and her son presented at
the age of 50 with proteinuria and was subsequently found to have renal amyloid
deposition and fibrinogen A o chain Valine526. The family history can be traced
back to the cousins’ common grandfather who died in the 1930’s at the age of 68

also with renal pathology.

In this kindred nine first cousins, all in their 6" or 7 decades, have been fully
assessed. Seven were found to be heterozygous for variant fibrinogen A a chain
and all of these had scintigraphic evidence of amyloid deposition and

pathological levels of proteinuria. Two siblings were on dialysis. One had
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presented 11 years earlier at 58 with hypertension, proteinuria and renal
impairment. A renal biopsy demonstrated amyloid deposition. At the time this
was diagnosed as AA amyloid and attributed to a ‘war wound’ and he reached
end stage renal failure at the age of 63. His sister presented aged 54 also with
hypertension, nephrotic range proteinuria and renal impairment. She became
dialysis dependent within three years. Their cousin presented in a very similar
fashion at the age of 50 and rapidly required haemodialysis. The two members

of the kindred with wild type fibrinogen A a chain had normal renal function.

The second family is of Scottish ancestry (Figure 4.2) and five individuals in two
generations are known to have renal amyloid deposition. In generation II out of
seven siblings four died in their sixties, one of proven amyloid. He presented
aged 65 with heavy proteinuria and near end stage renal failure. A biopsy
demonstrated renal amyloidosis and he died of ischaemic heart disease after two
years on dialysis. Five of his nephews and nieces have subsequently developed
proteinuria between the ages of 48 and 61 and four have renal biopsy proven
amyloid deposition. Of these one reached ESRF in just under two years and
another four have progressively declining renal function. All five have variant
fibrinogen and family screening has detected another seven heterozygotes. Four
of these are still under 45 years old, considerably younger than the median age at
presentation and may develop symptoms later but the other three are aged from

59 to 66 and have no evidence of renal dysfunction.

Family 3 are New Zealanders of English and Scottish ancestry (Figure 4.3). The

proband presented at 59 years with proteinuria but a normal creatinine clearance,
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Figure 41 German kindred with familial renal amyloidosis due to variant

fibrinogen A alpha chain Glu526Val

Figure 4.2 Scottish kindred with familial renal amyloidosis due to variant
fibrinogen A alpha chain Glu526Val

O Died of renal disease

Individual proven to have a fibrinogen A a-chain mutation
and amyloid deposition

Fibrinogen A alpha chain Glu526Val but no evidenceof amyloid deposition
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a renal biopsy demonstrated amyloid. He was aware of a strong family history of
renal disease; his father died at 68 kidney and heart failure and two paternal
uncles died in their seventies of renal failure. One had presented with ESRF at
the age of 68 years and died eight years later, the other died at 76 years of age.
One other brother, an obligate heterozygote died at 64 of a myocardial infarction
without other known disease. Eleven of the proband’s cousins have been
screened and five are heterozygotes for fibrinogen A a chain Glu526Val. Of
these two developed proteinuria aged 53 and 56. The latter has an abnormal SAP
scan confirming the diagnosis of amyloidosis. Three cousins aged 50 to 54 are

asymptomatic heterozygotes as in one individual in the next generation aged 31.

The final kindred is English from the West Midlands (Figure 4.4). Two first
cousins were referred with renal amyloidosis resulting in ESRF and the family
history only became apparent after they were both found to have fibrinogen
amyloidosis and to live in adjacent villages. One cousin presented at the age of
60 with hypertension, heavy proteinuria and advanced renal failure and
commenced dialysis ten months later. His father, an obligate heterozygote died
aged 78 of pneumonia with no suggestion of renal disease. The other cousin
presented at 47 and developed renal failure three years later. His mother who
must have carried the variant gene died aged 68 with renal impairment. At the
time this had been attributed to longstanding non insulin dependent diabetes
mellitus and she never had a renal biopsy. The third child in that generation must
also have been a heterozygote and died at 56 of a subarachnoid haemorrhage
with no relevant past medical history. Family screening has detected three
asymptomatic gene carriers, two in their late 50’s and one aged 63. The two

former have been comprehensively assessed and have no evidence of amyloid
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Figure 4.3 New Zealand kindred with familial renal amyloidosis due to variant

fibrinogen A alpha chain Glu526Val

Figure 4.4 English kindred with familial renal amyloidosis due to variant fibrinogen
A alpha chain Glu526Val

" (6ei 6 o 6i[]i166a6 6 16661606 o 6
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deposition or renal dysfunction. Two other known cases, who gave no relevant
family history originate from the same couple of villages as family three and may
be distant relatives, although genealogical studies going back five generations

have failed to find a connection.

One patient gave a vague family history with her father dying of possible renal
problems aged 66 and two other cases were sisters from the West Midlands.
They were diagnosed retrospectively when screening revealed the abnormal gene
in one of their daughters, who is in her early 30’s and asymptomatic. The elder
sister presented with proteinuria in her mid 40°s and died ten years later
following a colonic perforation after seven years on haemodialysis. The younger
was found to have amyloid at post mortem. She was not known to have any
renal disease and died aged 67 of aplastic anaemia attributed to carbimazole.
One eighty year old patient from North East England reported that her dizygotic
twin sister died of renal failure at the age of 76 and two further patients were
aware that renal disease had affected first degree family members but knew no

further details.

Extensive questioning has failed to produce any relevant family history in the
other thirteen patients. It is worth noting that at initial presentation and indeed
diagnosis with hereditary amyloid, seventeen, i.e. half the cases were unaware of

any family history of renal dysfunction or amyloid.
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Clinical phenotype

All of the patients with amyloidosis presented with renal dysfunction and no
clinical evidence of extra renal amyloid deposition. Eight patients,
approximately a quarter of the patients, had known hypertension, in one case for
a decade before her proteinuria was detected. The median age of presentation
was 58 years, the youngest patient was in her early 30’s and the oldest had
presented with proteinuria aged 78 and remains well with impaired but stable
renal function at the age of 81 years. Cases from the four kindreds with a high
incidence of amyloidosis were not significantly younger at presentation than
those with no family history, median age 56 years compared to 58 years. All
cases had proteinuria, in the vast majority of cases this was nephrotic range and
only one patient had less than 1 g/day of urinary protein loss. Five patients
presented with end stage or near end stage renal failure. Out of 35 patients with
confirmed fibrinogen A alpha chain amyloidosis and eight of their first degree
relatives, one with proven amyloid, the others with renal compromise, 25 are
known to have become dialysis dependent or died directly of renal failure. In our
cohort of patients seen in a single centre, 19 have reached end stage renal failure
with median delay between presentation and dialysis dependence of 2.9 years
and a median age of commencing dialysis of 59, youngest 36, oldest 68 years.
All individuals who have been followed up for more than 6 years have become
dialysis dependent. The median age of the 16 patients still with endogenous
renal function is 61.5 and the average follow up since the initial detection of

proteinuria is 2.8 years.



CHAPTER FOUR

Thirty-five patients have had electro and echocardiography performed in a single
centre and none has had evidence of cardiac amyloid deposition. There has been
no evidence of autonomic neuropathy in any case and although one patient had
carpal tunnel syndrome and a three had evidence of mild peripheral neuropathy
these have been attributed to long term dialysis and drug side effects. The only
clinically relevant extra renal amyloid deposition occurred in one previously
reported patient who developed massive hepatomegaly and end stage liver failure
due to amyloidosis 13 years after she had started dialysis.

Comprehensive coagulation studies have shown normal coagulation in variant
fibrinogen heterozygotes and there has been no clinical evidence of
haemorrhagic or thrombotic tendencies. There is some suggestion, particularly
in family 3 of an increased risk of ischaemic heart disease. As most patients are
hypercholesterolaemic, hypertensive and in advanced renal failure (all
independent risk factors for IHD) there is not yet any direct evidence that this is

linked to dysfibrinogenaemia.

Five patients with confirmed fibrinogen A alpha chain amyloidosis have died ata
median age of 68 years. In only one case was the death a direct complication of
amyloidosis or renal failure. This man, who had been dialysis dependent for
seven years, died aged 74 of pneumonia and septicaemia following an emergency
admission with a splenic haemorrhage which did not require surgery. He had
known splenic amyloidosis and presumably a small splenic rupture. Of the other
patient deaths, three men were established on dialysis and one woman had
advanced renal failure. Of the three men, one died aged 68 of ischaemic heart

disease, the second aged 70 of septicaemia and the third aged 64 of severe
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Table 4.1 Clinical features of fibrinogen A a Glu526Val amyloidosis

Age at
presentation

62
54
70
64
54
58

50
48

61

52
50
61
59
58
60
47

50
45

Sex

= == ™

=T 2 2 2 ™ m

= =

Family history

family 1
family 1
family 1
family 1
family 1
family 1
family 1
family 2
family 2
family 2
family 2
family 2
family 3
family 3
family 4
family 4

N
N

Presenting
manifestation

proteinuria
proteinuria

proteinuria

hypertension
proteinuria
hypertension
proteinuria
CRF
proteinuria

ESRF
proteinuria
proteinuria
proteinuria
screening
proteinuria
proteinuria

proteinuria

CRF
proteinuria

proteinuria

proteinuria
ESRF

21.SAP scintigraphy
Visceral involvement

spleen

spleen, kidneys & adrenals
spleen, kidneys & adrenals
spleen & kidneys

spleen, kidneys & adrenals

liver, spleen, kidneys & adrenals
liver & spleen

(renal failure)

spleen & kidneys

spleen & kidneys

spleen & kidneys

spleen

spleen, kidneys & adrenals
spleen & kidneys

spleen & kidneys

spleen & kidneys
spleen & kidneys

spleen & kidneys
liver & spleen
(renal failure)

Amyloid load

small
small
moderate
moderate
small
large
large
small
small
small
small
small
moderate
small
small
small
small

moderate

Follow up
(years)

1
6

13

ESRF

Age at
ESRF

57

57
63
50

61
50

45




Age at
presentation

58
61
67
31
62
61
56
49
59
78
55
61
4
69
50
62
58

Sex

m S =2 1T 2 2 2 2 =M

= = =

Family history

N
N

sister

father
brother

N

Presenting
manifestation

proteinuria
proteinuria

proteinuria

CRF
proteinuria

proteinuria
proteinuria
proteinuria

proteinuria

CRF
proteinuria
CRF
proteinuria
CRF
proteinuria
CRF
proteinuria
CRF
proteinuria
CRF
proteinuria

proteinuria

CRF
proteinuria

proteinuria

'S AP scintigraphy

Visceral involvement

spleen & kidneys
spleen & kidneys

spleen & kidneys

liver & spleen
(renal failure)

spleen & kidneys
spleen & kidneys
spleen & kidneys
spleen & kidneys
spleen & kidneys
spleen & kidneys
spleen & kidneys

spleen & kidneys

spleen, kidneys, adrenals

spleen & kidneys
spleen & kidneys
spleen & kidneys

spleen & kidneys

Amyloid load

small
small
small
large
moderate
small
moderate
small
small
small
small
small
moderate
small
small
small

small

Follow up
(years)

2
9

22

ESRF

Age at
ESRF

63
68
31
67
65
61

64

56

54
63
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bullous emphysema, coronary atherosclerosis and tight aortic stenosis. The
fourth patient, a woman, died with incipient renal failure at the age of 61 of a

previously unsuspected hepatocellular carcinoma.

Solid organ transplantation

Five patients have received renal transplants (Table 4.2). One man without any
relevant family history lost his transplant after 2 years due to chronic allograft
rejection without biopsy evidence of recurrent amyloidosis. One member of the
German family had a transplant aged 54 after 4 years on dialysis. This was
functioning normally without scintigraphic evidence of amyloid deposition at 4

year follow up.

Table 4.2 Outcome of solid organ transplantation in the 5 patients who have

received grafts

:gezgztation Sex Solid organ transplant and outcome

50 M RTx good function with no evidence of recurrent amyloid deposition after 4
years

45 M First RTx failed after 5 years due to recurrent amyloid deposition

Second RTx failing after 5%z years due to recurrent amyloid deposition

61 F RTx good function but appearance of subclinical amyloid deposition at 4
year follow up

First RTx failed after 6 years due to recurrent amyloid deposition

31 F Combined OLTx/RTx good graft function and no evidence of amyloid
deposition after 3%z years
62 M RTx failed after 2 years due to chronic rejection with no evidence of amyloid

deposition
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A third patient, again with apparently sporadic amyloidosis, had received a renal
transplant four years prior to referral to our centre. She had excellent graft
function and no proteinuria despite the development of scintigraphic evidence of
early amyloid deposition at 414 years of follow up (Figure 4.5). The forth and

fifth patients have lost transplants due to amyloid reaccumulation.

Figure 4.5 Asymptomatic progressive amyloid accumulation in a renal
transplant. A 54 year old woman received a renal transplant 4 years after
presentation with nephrotic syndrome and 2 years after commencing dialysis.
5% years later she has excellent graft function and no proteinuria despite
scintigraphic evidence of amyloid deposition in the graft. Serial anterior whole
body scintigraphic images following intravenous injection of Al-human SAP.
The image on the left taken a year after a successful transplant demonstrates a
small amount of amyloid in the spleen and normal blood pool signal from her
right renal transplant. The middle image taken a year later shows modest
amyloid accumulation in the spleen and renal transplant. This is more marked in

the image on the right taken 5% years after her transplant.
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Figure 4.6 Complete regression of fibrinogen A a chain Glu526Val associated
amyloidosis following hepatorenal transplantation. Serial anterior whole body
scintigraphic images following intravenous injection of AAl-human SAP in a
patient with amyloidosis associated with fibrinogen A a chain Glu526Val. Prior
to hepatorenal transplantation (left) there was heavy amyloid deposition in an
enlarged liver and spleen. No amyloid deposits were identified in a follow-up
study obtained 42 months after hepatorenal transplantation (right), which shows

only a normal distribution of tracer throughout the blood pool.
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The forth was a previously reported patient'> with an usually aggressive
phenotype; she presented in her early thirties with ESRF and a renal transplant
failed within 6 years due to amyloid deposition. Progressive hepatic amyloidosis
eventually caused liver failure although the function of other organs was well
preserved. She therefore received combined hepatorenal transplants and after 5
years has normal organ function with no evidence of systemic amyloid
deposition (Figure 4.6). The final patient also presented relatively early with
ESRF aged 45. His initial renal transplant failed due to biopsy proven
amyloidosis within 5 years and a second graft is now severely compromised with

marked scintigraphic evidence of amyloid deposition.

Asymptomatic Fibrinogen A alpha chain Glu526Val heterozygotes
detected by family screening

Forty-two family members have been screened and 17 have been found to be
heterozygotes for the abnormal fibrinogen allele. None of these 17 carriers have
proteinuria or renal impairment, three are known to be hypertensive. Their
median age is 50, eight years below the peak age at presentation. Thirteen
carriers have been fully assessed including SAP scintigraphy, echocardiograms
and laboratory assessment of liver and renal function and coagulation profiles.
None had evidence of amyloid deposition or renal compromise. Twelve of them

were aged over 50 years and three were over 65 years.

SAP scintigraphy
Forty-eight fibrinogen A alpha chain Glu526Val heterozygotes have had SAP

scans of whom 35 had clinical evidence of amyloidosis. Thirteen asymptomatic
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carriers had normal scans, all of the other patients had scintigraphic evidence of
amyloidosis. Scan appearances were remarkably consistent, all 35 patients had
evidence of splenic amyloid deposition and all but two had evidence of
significant renal amyloid deposition (Table 4.1). In the German family four of
seven individuals had adrenal uptake and two had liver uptake. These two
patients had presented in their sixth decade and had been followed up for eight
and 11 years respectively. The only other patients who had evidence of hepatic
amyloidosis had both become symptomatic fairly young, in their mid thirties and

forties, and were assessed 13 and 15 years post presentation.

All but three patients had small or moderate amyloid loads and in those who had
serial scans there was little evidence of disease progression from year to year.
Only one patient had definite evidence of amyloid progression over three years,
this has recently been accompanied by a sudden increase in his proteinuria. As
described above in one patient there has been scintigraphic evidence of amyloid

accumulation in a renal graft.

Biopsy appearances

Histological examination of the 29 available renal biopsies showed very similar
appearances and suggested a number of characteristic features, indeed two
patients were initially diagnosed purely on the basis of their histological
appearances and the diagnosis was subsequently confirmed by DNA analysis.
The glomeruli were strikingly enlarged and the normal architecture was almost
entirely obliterated by extensive amyloid deposition (Figure 3A-C). In contrast

the vessels and tubular interstitium contained remarkably little amyloid. It has
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proved possible to demonstrate the presence of fibrinogen within the deposits but
the staining is weak and immunohistochemistry remains technically difficult and
highly operator dependent. The only renal transplant biopsy examined showed

identical appearances.

Haplotype evidence

A DNA microsatellite (TCTT) repeat and two RFLP sites, Rsal and Tagql are
recognised with the fibrinogen gene locus. Haplotype analysis of a number of
published kindreds with the Glu526Val fibrinogen o-chain variant, has shown that
all share the same haplotype, B5-Rasl(+) -Tagl (-)***. The allelic frequencies of
Rasl(+) and Tagql (-) are 0.759 and 0.73 respectively and the B5 allele is less
common with a frequency of 0.15. We have confirmed that a patient who received
a liver transplant and multiple members of a large German kindred assessed in our

unit also shared this rare haplotype.
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Figure 4.7 Characteristic renal histology in fibrinogen A a-chain Glu526Val
amyloidosis; A. Congo Red stain. The glomeruli are strikingly enlarged and the
normal architecture is almost entirely obliterated by amyloid deposition. In contrast
the vessels and tubular interstitium contain remarkably little amyloid. B. Same
section viewed under cross polarised light demonstrating apple green
birefringence. C. Immunohistochemical staining with sheep polyclonal anti-

fibrinogen antibodies confirming the presence of fibrinogen within the deposits.
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Fibrinogen A alpha chain Gly540Val

Two sisters of German origin were referred with biopsy proven renal
amyloidosis. The proband was found to have incidental proteinuria at the age of
49 when under investigation for presumed early rheumatoid arthritis. She was
normotensive with no organomegaly and investigations demonstrated a normal
creatinine clearance and less than a gram of proteinuria. Her father had died at
the age of 47 of end stage renal failure and had been known to have renal disease
from his mid-forties. He was one of nine children, three of whom had died in
childhood and one died in his mid-seventies of cancer. Four siblings remain
alive with no evidence of renal disease in their late seventies and early eighties.
A subsequent renal biopsy demonstrated extensive amyloid deposition within the
glomeruli and was strikingly similar to the appearances noted in fibrinogen A
alpha chain Glu526ValGlu amyloidosis. Her sister was found to have proteinuria
at the age of 47 as part of family screening and also had amyloidosis on renal
biopsy. She was hypertensive with nephrotic range proteinuria. SAP scan
appearances were similar in both sisters demonstrating amyloid in the spleen,
kidneys and adrenal glands. There were no features of amyloid cardiomyopathy
and coagulation studies were entirely normal. Genetic sequencing demonstrated
a novel missense mutation in the fibrinogen A alpha chain gene with substitution

of valine for glycine at position 540.
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DISCUSSION

This is the first description of fibrinogen A alpha chain amyloidosis Glu526Val
in a large cohort of patients and the clinical features are much like those of the
four previously reported families*> *** (Table 4.3). Unlike all of the other
known types of hereditary amyloidosis this phenotype demonstrates remarkably
variable penetrance. We have described one family with 100% penetrance, two
families with high but incomplete penetrance, and one family which appears to
be intermediate with three confirmed asymptomatic gene carriers in their late
50’s and early 60’s. Almost 50% of cases give no family history of renal
dysfunction and in the majority careful exploration of the pedigree supports this.
We know of at least eight obligate heterozygotes who survived beyond their late
70’s and one has normal renal function at the age of 100. None of the 17
heterozygotes picked up following family screening have evidence of renal
dysfunction. In some of these this may be because they are one or two decades
younger than the median age of presentation but in the seven individuals who are
older than 56 years of age this may reflect true asymptomatic carriage. The
additional genetic and environmental factors responsible for the observed highly

variable penetrance remain to be elucidated.



Table 4.3 Clinical features and pattern of amyloid deposition in the 4 previously described families with fibrinogen A alpha chain valine 526

amyloidosis
Number Age at Biopsy evidence of amyloid
affected Ancestry presentation Clinical features d Psy ¢ Y Reference
. . eposition
in family (years)
Proteinuria Kidney
6 Irish 43-61 Hypertension Spleen Uemichi 1994
Renal failure Liver
Proteinuria
2 Irish 60, 66 Hypertension Kidney Uemichi 1994
Renal failure
Proteinuria
Kidney
4 Irish 49-55 Hypertension Uemichi 1996
Lung
Renal failure
] Kidney
Proteinuria
6 Polish 42-58 . Spleen Uemichi 1996
Hypertension

Adrenals
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Aside from the variable penetrance, the presentation and the disease course
appear unusually constant. This type of amyloidosis presents much later than
most other types of hereditary amyloid and displays a remarkable predilection for
the spleen and kidneys. Once amyloid deposition has been initiated, progression
to renal failure is probably inevitable. We are aware of no patients who still have
native renal function more than six years after presentation. Otherwise the
disease is relatively benign with excellent survival with renal replacement
therapy. Symptomatic liver involvement has occurred in only one case and there

is no evidence of cardiac or neurological involvement.

It may be that the variant fibrinogen A alpha chains have a relatively stable
configuration and a low propensity populate to the intermediate forms necessary
for amyloid genesis. Fibrinogen is present in relatively high circulating
concentrations compared with other soluble amyloid precursors and once an
initial nidus of amyloid has formed there could be relatively rapid progression
with deposition onto a pre-existing amyloid template and presentation with
clinical renal disease within a short time frame. This might explain the unusual
feature of recurrent amyloid deposition within renal grafts, which although not
unique to this type of genetic amyloidosis appears to be much more frequent and

destructive than in hereditary apolipoprotein Al or lysozyme related amyloidosis.

The relatively late onset, often absent family history and lack of any
pathognomonic clinical features has frequently resulted in diagnostic confusion.
Much the commonest type of systemic disease is AL amyloid, in which the

fibrils are derived from circulating monoclonal immunoglobulin light chains.
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A correct diagnosis is vital as chemotherapy is beneficial only in AL type and
carries significant morbidity and mortality489' il Twenty-two patients who were
eventually found to have fibrinogen A alpha chain amyloidosis were initially
thought to have AL amyloidosis secondary to an underlying monoclonal
gammopathy and three of them had detectable but incidental paraproteins
contributing to the misdiagnosis. Three patients received inappropriate
chemotherapy, fortunately without serious long-term side effects. In addition as
AL amyloidosis is perceived as a disease with a poor long-term prognosis, in
which nephrologists have historically been reluctant to consider renal
transplantation, six patients on long-term renal replacement were never

considered to be suitable candidates for transplantation.

Worldwide experience suggests that the vast majority of patients with hereditary
renal amyloidosis do remarkably well with renal replacement and that, despite
continued production of the variant protein, recurrent amyloid deposition within
renal grafts is slow and often clinically silent. The role of isolated renal
transplantation in this particular form of hereditary amyloidosis is not entirely
clear although it probably remains the treatment of choice, particularly in older
patients with other medical problems. We are now aware of renal graft amyloid
reaccumulation within six years in at least four individuals (three reported here
and one from the USA) and with increasing experience we may find that this is a
common problem. In addition long-term follow up suggests that hepatic amyloid
deposition may eventually become clinically relevant. There is limited data on
very long term follow up but there is a suggestion that significant hepatic

deposits may appear 10 to 20 years after initial renal presentation. Fibrinogen is
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synthesised solely by the liver and as there is no evidence that wild-type
fibrinogen A a-chain is amyloidogenic, orthotopic liver transplantation is
potentially curative as it completely halts the production of the circulating
amyloid precursor. This in combination with renal transplantation may be the
treatment of choice for individuals with unusually aggressive disease. So far
only three individuals have received combined hepatorenal transplants. Two

American patients with fibrinogen A a-chain amyloidosis have been recently

498

reported to have had successful combined transplant™”. The other was a 49 year

133 , who demonstrated dramatic

old woman, previously reported by our unit
amyloid regression following the procedure and after 42 months of follow up
continues to have normal organ function and no evidence of recurrent

amyloidosis. One patient who has evidence of asymptomatic hepatic amyloid

and incipient failure of his second renal transplant is also being considered for

the procedure.

Previous haplotype analysis of kindreds with the Glu526Val fibrinogen c-chain
variant, including English, Irish, German and Polish families has shown that all
share the same rare haplotype and thus may have a common founder***, We
have confirmed that our patient who received a liver transplant and multiple
members of a large German kindred assessed in our unit also shared this
haplotype. This is consistent with a relatively common gene and highly variable
penetrance and suggests that this condition has been significantly under
diagnosed. Indeed this form of hereditary amyloidosis accounts for 6% of the
new patients referred to our centre in the past three years with systemic

amyloidosis which was neither AA nor TTR in type. In the absence of generic
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anti-amyloid therapy it is essential to fully characterise the amyloid fibril type in
every patient in order to provide suitable treatment. Misdiagnosis as AL exposes
patients to considerable iatrogenic morbidity as well as lessening their chances of
appropriate treatment in the form of solid organ transplantation. Consequently
DNA analysis is mandatory, regardless of the family history, in all patients with
systemic amyloidosis in whom the amyloid type has not been positively

confirmed by immunohistochemistry.
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Chapter Five

MEASUREMENT OF CIRCULATING FREE
IMMUNOGLOBULIN LIGHT CHAINS IN PATIENTS

WITH AL AMYLOIDOSIS

INTRODUCTION

As discussed earlier primary AL amyloid is the most common form of systemic
amyloidosis, but its diagnosis and treatment remains difficult and unsatisfactory.
Although AL fibrils are derived from circulating monoclonal immunoglobulin

158

light chains ", the underlying clonal plasfna cell dyscrasias are often impossible

to quantitate' " ¢!

. Patients may benefit from cytotoxic chemotherapy although
symptomatic improvement and functional recovery of amyloidotic organs is
usually slow''”?*_ Intermediate dose infusional regimens such as vincristine,
Adriamycin and dexamethasone (VAD)m, cyclophosphamide, vincristine,
Adriamycin and methylprednisolone (C-VAMP)*® and intermediate dose
melphalan (IDM)*®! have been widely used in the United Kingdom, but the

results have not hitherto been analysed systematically.

A circulating whole paraprotein cannot be identified by serum electrophoresis
at the time of diagnosis in more than half of all patients with AL amyloidosis'’,

and in many others the concentration is so low that quantification is either
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imprecise or impossible. Immunofixation is more sensitive, and can detect free
monoclonal immunoglobulin light chains'in the urine in up to 90% of patients,
but results are not quantitative and quality control surveys indicate poor
laboratory reliability363. Also, urine is a poor medium for testing, since the
amount of FLC excreted is strongly influenced by the reabsorptive capacity of
the renal tubules. Studies indicate that befween 10 and 30 g of FLC can be
metabolised per day by the kidneys compared with normal plasma cell
production of 0.5-1 g per day’*®. Therefore, large amounts of FLC do not
appear in the urine until FLC production is considerably elevated, making urine
tests potentially unreliable when the cloné is small or FLC synthesis is
inefficient. Furthermore, 24-hour urine collections may be difficult to obtain in

elderly, frail individuals.

The introduction of a new highly sensitive and quantitative nephelometric

immunoassay by Bradwell and his colleges*®**® has enabled identification of
y by g

FLC in the serum of virtually all patients with AL amyloidosis. Use of this assay

in conjunction with serial serum amyloid P component (SAP) scintigraphy, has
allowed us to study the relationships between the abundance of the light chain
precursors of the AL amyloid fibril protein, the whole body amyloid load, and

the clinical outcome in a series of patients with AL amyloidosis.

Page 106



CHAPTER FIVE Page 107

METHODS

Patients

Three hundred and forty five patients with systemic AL amyloidosis were
studied and 46 patients who had concurrent multiple myeloma were excluded.
One hundred and fifty six patients with localised amyloid deposits were also
studied. All had biopsy evidence of amyloid deposition in a single site with no
evidence of visceral organ dysfunction or.systemic amyloid deposition by SAP
scintigraphy or echocardiography. Thirty-three patients with MGUS but no
evidence of systemic or localised amyloidosis were also studied. A bone marrow
examination including immunophenotyping was performed at baseline in all
patients. A normal range of FLC results in renal failure was established using 32
patients with dialysis dependent renal failure due to confirmed AA amyloidosis

with no detectable M-protein in serum or urine on 3 separate assays.

Of the patients with systemic AL amyloidosis, 168 cases who had been referred
since the introduction of the FLC assay, were available for assessment on only a
single occasion, at presentation. The remaining 186 patients had initially been
evaluated from 1992 onwards and 154 of them had been followed-up on at least
one occasion after undergoing infusional chemotherapy in the form of
VAD/C-VAMP, IDM or HDM. Recommendations for cytotoxic chemotherapy,
favouring infusional approaches, were offered on an individual basis. Diagnosis
of AL amyloidosis was confirmed immunohistochemically®, and when staining

for AL amyloid was not definitive, the genes encoding transthyretin, fibrinogen
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A a-chain, apolipoprotein Al and lysozyme were sequenced to exclude all
known amyloidogenic mutations®”. Baseline and biannual follow-up
evaluations included assessment of monoclonal immunoglobulin production and
quantitative whole body 131 labelled SAP scintigraphy to monitor amyloid load.
Serum samples obtained at each visit were stored at minus 30°C in order to
prospectively investigate the relationship between the circulating monoclonal

immunoglobulin light chain concentration and amyloid fibril deposition.

Chemotherapy

Among the 154 patients in the study, 89 received monthly courses of VAD*” or
C-VAMP*® on three to six occasions; 26 were given two to six courses of
intravenous IDM at 25 mg/m? and 39 had HDM. Most patients were treated in
local Haematology centres. Eighty-five other patients who had received similar
treatments were excluded; 32 because they died within six months of
commencing treatment prior to re-assessment (9 VAD/C-VAMP, 7 IDM, 16
HDM) and 53 because they were referred following treatment (30

VAD/C-VAMP, 5 IDM, 18 HDM).

Clinical assessment

Patients underwent comprehensive clinical assessment and biannual review at the
UK National Amyloidosis Centre. Monoclonal immunoglobulin was sought by
electrophoresis and immunofixation of serum and urine, and quantitative
assessment of the distribution and extent of visceral amyloid deposits was
monitored by whole body '*I-labelled SAP scintigraphy®'’. Blinded

comparisons were made between the scans obtained at baseline and one year
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after undergoing chemotherapy. Accumulation of amyloid was defined as an
increase in tracer uptake in at least one of the amyloid infiltrated organs
compared to the initial scan or involvement of a previously unaffected organ, and
regression was defined as a decrease in tracer uptake in a least one affected
organ. The amyloid load was defined as steady when the relative amount of
tracer in target organs and in the blood-pool background was unchanged between

scans. Echocardiography was used to evaluate cardiac amyloid.

Serum free immunoglobulin light chain assay

Serum kappa and lambda FLC were meaéured using a latex enhanced
immunoassay. Monoclonal FLC were identified as values for kappa or lambda
that exceeded their respective reference ranges and produced an abnormal kappa
to lambda ratio. In each patient the serum concentration of the monoclonal class
of FLC six months after undergoing cheﬁotherapy was expressed as a

percentage of the pre-treatment value.

Statistical analysis

Patient survival from baseline visit was estimated by Kaplan-Meier analysis and
groups were compared by log-rank tests. Cox regression analysis was used to
assess the impact on survival of age, initial serum concentration of the
monoclonal class of FLC, cardiac involvement, class of FLC and renal function
at presentation. The responses to IDM, VAD/C-VAMP and HDM were
compared by the Kruskal-Wallis and Fisher’s exact tests. Patients were

classified according to whether their amyloid load had accumulated, remained
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unchanged or diminished between the initial SAP scan and the follow-up scan
one year after undergoing chemotherapy. Relationships between changes in
amyloid load and the effect of chemotherapy on the serum concentration of the

monoclonal class of FLC were sought by the Kruskal-Wallis test.

RESULTS

Detection of excess FLC in patients with systemic AL prior to

cytotoxic treatment

Monoclonal immunoglobulin could not be detected at presentation, by
electrophoresis or immunofixation in either serum or urine, in 67 of the 345
patients (19%). In a further 72 patients (21%) monoclonal light chains could
only be detected qualitatively by immunofixation of serum or urine. A
quantifiable circulating monoclonal immunoglobulin was identified in 209
patients (60%), in each case at a concentration of less than 3 g/dl. In contrast,
circulating monoclonal FLC was identified by the nephelometric assay in 332
(97%) patients at presentation (Figure 5.1). The kappa or lambda class of
monoclonal immunoglobulin demonstrated by the FLC assay in 96 and 237
patients respectively was corroborated by immunofixation or bone marrow
studies in each of 270 cases in which these other investigations gave positive
results. In most cases the concentration of the monoclonal class of FLC was
within the range of 30-500 mg/l, and these values did not correlate with the

concentration of whole monoclonal immunoglobulin when this was present.



Figure 51 Serum concentration of free kappa and lambda immunoglobulin light chains in 345 patients with systemic AL amyloidosis prior to

treatment. The normal ranges derived from 100 healthy blood donor controls and in renal failure, derived from 32 patients with ESRF are marked.
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Detection of excess FLC in patients with localised AL amyloidosis

Of the 156 patients, 20 had evidence of a monoclonal gammopathy by
electrophoresis or immunofixation of serum or urine. In 19 cases there was
evidence of a serum M-protein and three of these were detectable by
immunofixation only. An excess of one or other class of FLC was detected in 29
patients (19%), kappa in 18 and lambda in the remaining 11 cases (Table 5.1).
Excess FLC were detected in six of the seven patients with localised amyloid
deposits in bone and further investigations demonstrated underlying lymphoma
in one patient, myeloma in two cases, and two other patients had amyloid in
association with a localised plasmacytoma. Localised bowel amyloid was
associated with serum and bone marrow evidence of MGUS in three cases and

the fourth had smouldering myeloma with 20% plasma cells on bone marrow.

Detection of excess FLC in patients with uncomplicated MGUS

Of the 33 patients with uncomplicated MGUS 20 had kappa and 13 lambda
secreting clones. Six patients had associated Bence Jones proteinuria, four kappa
and two lambda. Thirteen patients (39%) had an excess of one class of FLC,
seven kappa (35% of the kappa MGUS) and six lambda (46% of the lambda
MGUS). All of the Bence Jones positive patients had evidence of free

monoclonal immunoglobulin light chains in the circulation.
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Table 5.1 Tissue distribution of localised amyloid deposits and evidence of a

systemic plasma cell dyscrasia by conventional and FLC assays

Serum M-protein

Slogfamylold  Namberof  orBancodones Kopradr ambas
Bone 7 3 (43%) 6 (88%)
Bladder 25 1 (4%) 3 (12%)
Bowel 10 4 (40%) 3 (30%)
Bronchial 13 2 (15%) 1 (8%)
Nodular pulmonary 13 3 (23%) 3 (23%)
Laryngeal 22 0 1(4.5%)
Nasopharynx 16 1 (6%) 2 (13%)
Skin 18 2 (11%) 2 (11%)
Occular 10 2 (20%) 2 (20%)
Lymph node 16 3 (19%) 5 (31%)
Miscellaneous 6 0 1(17%)

Definition of a normal range of serum FLC in renal failure

There was a polyclonal increase in both kﬁppa and lambda FLC in renal failure
with preservation of the normal kappa to lambda ratio. The mean concentrations
of polyclonal free kappa and free lambda light chains in 32 patients with dialysis
dependent renal failure were; kappa, 82.9 mg/l (95% confidence intervals,
63.5-102.3 mg/1) and lambda, 160 mg/I (93% confidence intervals,

122.3-198.9 mg/1), with a mean kappa to lambda ratio of 0.56 (95% confidence

intervals, 0.47-0.64). The range is marked in green on Figure 5.1.
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Serial assays of serum FLC after cytotoxic treatment in patients with
systemic AL amyloidosis

Each of the 154 patients who were followed-up after chemotherapy had an
excess of one or other class of FLC by nephelometric assay at presentation. The
serum concentration of the clonal FLC fell by more than 50% in 96 (62%) of
these patients, whose characteristics are shown in Table 5.2. There was no
significant difference in FLC response or survival among the patients who had

been treated with IDM, VAD/C-VAMP and HDM (Figure 5.2).
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Figure 5.2 Concentration of the amyloidogenic class of free light chain after 6
months of chemotherapy expressed as a percentage of the value immediately
before treatment. The median for each group is marked. There was no significant
difference between patients who received VAD/C-VAMP (n = 89), IDM (n = 26)
and those who completed HDM (n = 39) (Kruskal-Wallis test, P = 0.547).



Table 5.2 Characteristics of patients receiving different chemotherapy regimes

Echocardiographic  Dialysis at Median
Chemotherapy = Number of features of amyloid time of follow-up post Change in amyloid load by SAP
regime patients Median age cardiomyopathy chemotherapy chemotherapy Deaths scintigraphy at 12-month follow-up
Regression  Stable Progression

VAD 98 55.5 years 36 10 21 months 42 34 25 24
' ‘ (range 29-77) (37%) (10%) (range 0-85) (43%) T (41%) (30%)°  (29%)
IDM 33 64 years 17 5 8 months 13 9 6 8

(range 46-77) (51%) (15%) (range 0-62) (39%) (39%) (23%) (35%)
HDM 55 54 years 20 3 20 months 24 16 7 6

(range 32-67) (36%) (5%) (range 0-78) (44%) (55%) 24%)  (21%)
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The probability of serum FLC values remaining below 50% of pre-treatment

values after five years was also the same in the HDM and infusional (VAD/C-

VAMP or IDM) chemotherapy groups.

Figure 5.3 Kaplan-Meier estimate of the probability of the concentration of the
amyloidogenic class of free light chain remaining below 50% of the pre-treatment
values in 96 patients who had responded to intermediate dose chemotherapy

(VAD, C-VAMP or IDM) or HDM. There was no significant difference between the
groups (p=0.78).
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Survival at five years was 85% among patients whose FLC concentration fell by
more than half, and 39% among patients whose FLC concentration remained

above this value (P <0.001)
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Figure 5.4 Kaplan-Meier estimate of survival in 154 patients with systemic AL
amyloidosis following initial assessment. Ninety-six patients (62%) had a greater
than 50% fall in the concentration of the amyloidogenic class of free light chains.
Their survival was significantly greater than among the 24 patients whose free light
chain concentration fell by less than 50% after completing chemotherapy and the

34 whose plasma cell clones were refractory to chemotherapy (P <0.0001).
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Median survival was 25 months in the 34 patients whose FLC showed no
response at all {P <0.0001). Suppression ofthe amyloidogenic FLC
concentration by greater than 75% or 90% or into the normal polyclonal range
was not associated with better survival than a fall of more than just 50%. Using
Cox regression analysis the relative risk of death was 10 fold higher in patients
whose FLC values were suppressed by less than 50% {P <0.0001, 95%
confidence intervals: 4.15-24.12). In this post-treatment study period survival

was not influenced by age, renal failure, or by class or initial concentration of
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serum FLC, but there was a trend towards increased mortality in patients with

echocardiographic evidence of amyloid.

Follow-up SAP scintigraphy one year after baseline in the 135 survivors showed
accumulation of amyloid in 38 patients (28%), no change in 37 (27%) and
regression in 60 (44%) cases. Changes in the amyloid load were associated with
changes in serum FLC concentration (P < 0.0001), and did not differ

significantly between the three treatment groups.

Figure 5.5 Relationship between change in amyloid load at 12-month assessment
and percentage change in serum concentration of the amyloidogenic class of free
light chains following chemotherapy in the 135 surviving patients. The median
percentage change in free light chain concentration in each group is indicated
(Kruskal-Wallis test, P < 0.0001).
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Figure 5.6 Radiolabelled SAP scintigraphy. Posterior images of a 52-year old
woman with systemic AL kappa amyloidosis, before (left) and one year after (right)
high dose melphalan chemotherapy, demonstrating regression of amyloid deposits
in the liver, spleen and bone marrow. The serum concentration of free kappa light
chains had fallen from 551 mg/l to 52 mg/l and in the 12 months between the

scans she regained 10 kg.
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DISCUSSION

AL amyloid deposits are derived from circulating monoclonal immunoglobulin
light chains, but it has not previously been possigle to investigate the relationship
between abundance of the AL amyloid précursor protein and its fibril product.
The combination of serum FLC quantification and serial SAP scintigraphy
indicates that AL amyloid deposits exist in a state of turnover, and that reduction
in amyloidogenic FLC concentration by more than 50% is frequently associated
with regression of amyloid and prolonged survival. This demonstration of the
clear relationship between the serum concentration of FLC and clinical outcome
provides a robust objective criterion for monitoring chemotherapy in AL

amyloidosis.

Conventional techniques were unable to identify monoclonal immunoglobulin in
serum or urine in one fifth of cases in this series of patients with systemic AL,
and only detected it qualitatively in a further 20%. In most other cases
quantification was imprecise due to the low level of paraprotein, or because a
monoclonal immunoglobulin could be measured only in the urine. In contrast,
monoclonal serum FLC were identified in more than 97% of patients at
diagnosis, and could be monitored quantitatively following chemotherapy.
Although the antibodies in the assay do not distinguish monoclonal FLC from
low level polyclonal FLC that exists in health, a relative excess of kappa or
lambda FLC correctly identified the amyloidogenic FLC class in every case in

which it could be verified. Demonstration of free clonal light chains in virtually
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all patients with systemic AL amyloidosis supports in vitro observations that

their free state is associated with amyloidogenicity'>® ¢!

. In addition, since 60%
of patients with uncomplicated low grade monoclonal gammopathies have
normal values in the FLC assay, this test may help to support or argue against a
diagnosis of AL amyloidosis. In contrast 80% of patients with localised
amyloidosis and 89% of patients whose local deposits are in sites other than bone
or lymph nodes have no evidence of an underlying plasma cell dyscrasia. These
deposits are almost always AL in typem’ '194, but the majority appear to derive
from monoclonal light chains produced by clonal plasma cells within the local

environment' % %! 200

rather than the bone marrow. The FLC results reported
here would be consistent with this view and certainly the over representation of
monoclonal FLC in patients with bone or lymph node associated deposits is
consistent with the association of amyloid in these sites with myeloma and
plasmacytoma in the former and low grade lymphomas in the latter. The finding
of a higher incidence of monoclonal FLC in a small series of patients with bowel
amyloid is intriguing. The bowel has extensive mucosal surfaces and might
provide an environment for a plasma cell clone large enough for locally produced
FLC to appear in the serum, or there may be a degree of tissue tropism with
systemically produced monoclonal FLC demonstrating a predilection for forming
amyloid within the bowel. The long-term prognosis of localised amyloidosis
appears to be excellent with progression to systemic amyloid deposition

197,199

seemingly very rare , perhaps consistent with the rather indolent behaviour

of well differentiated and sparse mucosal clones.
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Rational treatment of systemic amyloidosis centres on reduction of the supply of
amyloid fibril precursor proteins, but in AL amyloidosis only low dose
chemotherapy has been subject to controlled studies. Moreover, in these and all
other open chemotherapy studies, the response of the underlying clonal disease
has been assessed using methods and criteria developed in multiple myeloma.
These have insufficient sensitivity and quantitative capacity to effectively
monitor the very low levels of monoclonal proteins that typically occur in AL
amyloidosis. The high sensitivity and quantitative nature of the nephelometric
FLC assay address these shortcomings. In some individuals the plasma
concentration of FLC may increase in association with age or reduced glomerular
filtration, but the kappa to lambda ratio that indicates monoclonality is
unaffected®®. Renal failure did develop during the study in five patients, and
therefore the response to chemotherapy may have been underestimated in these
few cases. Conversely, retention of amyloidogenic FLC in the circulation due to
renal impairment, which would not be reflected by conventional measurements
of whole monoclonal immunoglobulin, might promote amyloid deposition and

this possibility merits further investigation.

Although complete suppression of the clonal plasma cell disorder would seem
desirable, the present results show that reduction of the amyloidogenic serum
FLC concentration by greater than just 50% is associated with a favourable
clinical outcome in patients with AL amyloidosis. Reduction of amyloidogenic
FLC production by this degree is usually sufficient to prevent further
accumulation of amyloid, can lead to regression of existing amyloid deposits and

substantially improves survival. In contrast to the situation in multiple myeloma,
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there were no significant differences between the degree of suppression of the
clonal disease or the durability of this response among patients who were treated
with intermediate dose or high dose chemotherapy regimens. The efficacy of
VAD/C-VAMP, IDM and HDM in the non-randomised and selected patients in
this study was similar to the efficacy of HDM in other reported series®®'.
Interestingly, substantial suppression of FLC production was achieved in some
patients who, for various reasons, had received only one or two courses of
VAD/C-VAMP or IDM. These intermediate dose regimens are given monthly in
up to six or more cycles, and, in contrast with HDM, the cumulative risks are
therefore reduced in patients who require fewer courses of treatment. These
findings may reflect differences in the biology of the plasma cell clones that
typically underlie AL amyloidosis compared with those in multiple myeloma,
and have implications regarding the choice of chemotherapy in individuals and in
future randomised controlled studies in AL amyloidosis. Although the present
study necessarily comprised patients who survived 6 months after baseline
evaluation, our experience has been that 7, 18 and 22% of patients treated
respectively with VAD/C-VAMP, IDM and HDM died within 6 months of
commencing therapy. This lends further support to the desirability of the

intermediate dose chemotherapy approach.

The beneficial effect of a reduction in serum FLC concentration, even by only
50%, in terms of regression of amyloid and improved survival reflects natural
turnover of the deposits, uniquely demonstrated here by SAP scintigraphy. This

specific and safe technique overcomes the sampling error inherent in biopsy
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histology, and provides a readily repeatable quantitative survey of whole body

amyloid load.

In conclusion, this study demonstrates the utility of the nephelometric serum FLC
assay in AL amyloidosis, and indicates that treatment strategies in AL amyloid
may be guided by their effect on reducing the amyloidogenic serum FLC
concentration. Although many factors contribute to outcome in AL amyloidosis,
including age, sex, early diagnosis, pattern of organ involvement, and supportive
measures including organ transplantation, therapy that lowers the amyloidogenic
FLC concentration by more than 50% usually stops accumulation of AL amyloid
deposits, can lead to their regression and greatly improves survival. Unlike whole
immunoglobulins, FLC have a circulating half-life of 2-4 hours rather than many
weeks (IgG half-life 20-25 days), and their measurement enables response to
chemotherapy to be evaluated rapidly. Frequent FLC analysis may enable
exposure to chemotherapy to be minimised, and help define patients with
refractory disease at an early stage. Finally, quantitative monitoring of serum
FLC will contribute importantly to systematic studies comparing different

chemotherapy regimens in AL amyloidosis.
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Chapter Six

SUCCESSFUL TREATMENT OF FIVE CASES OF
UNICENTRIC CASTLEMAN'’S DISEASE

COMPLICATED BY SYSTEMIC AA AMYLOIDOSIS
INTRODUCTION

Castleman’s disease®® or angiofollicular lymph node hyperplasia is a rare B cell
lymphoproliferative disorder characterised by giant hyperplastic lymph node
follicles, capillary proliferation and plasma cell infiltration, and is often
associated with marked constitutional symptoms. It is a disease spectrum,
comprising anatomically unicentric and multicentric forms, and hyaline vascular

and plasma cell histological variants®®®

. Multicentric disease, commonly of the
plasma cell type, usually follows an aggressive and rapidly fatal course.
Unicentric disease tends to occur in younger patients and is of hyaline vascular
type in more than 70% of cases, with plasma cell or mixed histology in the
remainder’®”*%, Most tumours occur within the mesenteries or mediastinum and
are complex consisting of a dominant mass surrounded by multiple enlarged
lymph nodes reaching 15 cm or more in diameter. Constitutional symptoms
including night sweats, fever and weight loss are common and laboratory
abnormalities including anaemia, elevation of the erythrocyte sedimentation rate
(ESR) and polyclonal hypergammaglobulinaemia are almost universal. Acquired

systemic amyloidosis is a recognised rare complication of all forms of

angiofollicular lymph node hyperplasia, and is usually of reactive systemic, AA,
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type resulting from a persistent acute phase response. More rarely it is of
immunoglobulin light chain, AL, type associated with the presence of a
monoclonal gammopathy. The treatment of localised Castleman’s disease is
complete surgical excision’”. This is almost always curative resulting in rapid
resolution of systemic symptoms and laboratory abnormalities. In patients with
multicentric disease or in whom complete resection is not possible partial
resection, radiotherapy, combination chemotherapy and anti-cytokine therapies

have all been used with variable responses> " >'°,

The aetiology of Castleman’s disease is poorly understood. It is possible that
reactive lymphoid hyperplasia arises in response to chronic antigen stimulation
although there may be a contribution from primary developmental
abnormalities®®. However greatly increased production of the pleiotropic
cytokine IL-6, which enhances B-cell proliferation and survival possibly by
interfering with normal apoptotic mechanisms®'', has been demonstrated in the
germinal centres of plasma cell variants of Castleman’s disease’'? and is clearly
responsible for the marked constitutional and systemic manifestations of disease.
Exogenous administration of pharmacological doses of IL-6 mimics many of the
disease features, including upregulation of the acute phase response proteins®®,
and mice genetically modified to over express IL-6 are an excellent model of
Castleman’s disease in man®'>. A further association is suggested by evidence of
human herpes virus 8 infection in aggressive multicentric tumours expressing a
virus derived IL-6 cytokine homologue®'*°"°. Treatment with monoclonal anti

510,516

IL-6 antibody has been reported to alleviate systemic manifestations and
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after successful resection of unicentric disease, the resolution of systemic

inflammation closely parallels the fall in circulating IL-6 values.

Here are described a series of five patients demonstrating that resection of the

affect lymph nodes leads to clinical improvement and amyloid regression.
CASE HISTORIES

Case 1

A 26-year-old woman with a three-year history of severe iron resistant anaemia
presented with right sided supraclavicular- lymphadenopathy and a right hilar
mass on chest X-ray. She had a low serum albumin value of 34 g/l and ESR of
100 mm. Biopsy of a supraclavicular lymph node was not diagnostic, showing
reactive changes only. At mediastinoscopy she was found to have a large group
of lymph nodes lying anterior to the super'ior vena cava. Excision biopsy of one
of these revealed Castleman’s disease of the plasma cell type (Figure 6.1).
Surgical resection of the whole mass was deemed too hazardous and she was
managed conservatively. Despite a median haemoglobin of less than 8 g/dl she
remained relatively asymptomatic over tﬁe following 15 years until she
presented, aged 41 years, with advanced renal failure. Renal biopsy
demonstrated AA amyloid, and '*I-SAP scintigraphy revealed a moderate

amount of amyloid in the tissue distribution
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Figure 6.1 A. Sections of plasma cell variant Castleman’s tumour from Case 1
stained with H & E demonstrating a lymphoid follicle with marked plasma cell
infiltration.

B. Immunohistochemistry using anti IL-6 antibody demonstrating localised cytokine

production within the tumour.

Figure 6.2 A. .Sections of renal biopsy from case 1.stained with Congo red
demonstrating amorphous eosinophilic amyloid deposits.
B. Immunohistochemistry using Dako mouse antibodies directed against human

amyloid A protein demonstrating the amyloid is of AA type.
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Days pre and post tumour resection

Figure 6.3 Graphs showing, from left to right, serial serum IL-6, SAA and CRP
values from 10 days prior to tumour resection to 4 weeks post procedure showing
a sustained fall in circulating levels post tumour resection to within the normal
range. There is a brief rise between the fifth and twelfth postoperative days
associated with systemic sepsis that precipitated end stage renal failure.

typical of AA amyloidosis. The mediastinal mass had enlarged but was
nonetheless completely resected at thoracotomy. Unfortunately a septicaemic
episode in the immediate post-operative period caused hypotension and
precipitated end stage renal failure. However, after resection of the Castleman’s
lesion the serum values of IL-6, CRP and SAA fell rapidly to within the normal
range (Figure 6.3), and serial '*I-SAP scintigraphy demonstrated amyloid
regression over the following year (Figure 6.4). Five years later she remains

dialysis dependent but otherwise well.
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Figure 6.4 Serial posterior whole body scintigraphic images after intravenous
injection of MAl-human SAP. Prior to resection of the tumour (left) there is heavy
amyloid deposition in the spleen, kidneys and adrenal glands. The image in the
middle was taken 1 year later and shows a marked diminution in her amyloid
with abnormal uptake only in the spleen, the rest of the image represents normal
blood pool signal. The image on the right was obtained 6% years after surgery

and shows sustained amyloid regression.
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Case 2

A 30-year-old man presented with hepatomegaly, nephrotic syndrome and renal
impairment. A renal biopsy demonstrated amyloidosis, which was presumed to
be AL type secondary to an occult plasma cell dyscrasia. He received no
treatment and remained well until end stage renal failure supervened 10 years
later. He had a successful renal transplant but within four years his renal
function had deteriorated and he was increasingly symptomatic from massive
hepatomegaly. Scintigraphy with '“I-SAP demonstrated a large amount of
amyloid in the liver, spleen and renal graft. He had a persistent acute phase
response, with CRP 68 mg/l and SAA 79 mg/l. Direct sequencing of amyloid
fibrils extracted from a transjugular liver biopsy identified AA protein. Further
investigation revealed a mesenteric mass which was incompletely resected with
the adjacent 25 cm of small bowel. The mass comprised a plasma cell variant of
Castleman’s disease with widespread amyloid deposition in normal and tumour
tissue. The acute phase response subsided after surgery and over the ensuing
three years his general condition, renal and liver function have consistently

improved with partial amyloid regression on serial SAP scans.

Case 3
A 43-year-old man with a six-year history of arthralgia, intermittent diarrhoea,

and weight loss presented with hepatosplenomegaly and low grade proteinuria.
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Table 6.1 Details of 5 patients with biopsy proven systemic AA amyloidosis complicating unicentric Castleman’s disease

Change in amyloid load

Age at ég:tlaetman’s :ige ::)sis Laboratory Variant of post resection assessed
Sex presentation diagnosis of gm loid abnormalities at Castleman’s  Site of tumour by SAP scintigraphy,
(years) 9 y presentation tumour laboratory tests and
(years) (years) clinical evaluation
Anaemia
Polyclonal N Complete regression over 5
F 23 26 41 gammopathy Plasma cell Mediastinum years
Acute phase response
. Partial regression with
30 Anaemia N .
M 30 45 Acute phase response Plasma celi Mesentery |mprovem§nt in renal and
liver function over 2 years
égfirlglr?al Complete regression from
M 37 43 43 g an);m opathy Plasma cell Mediastinum liver, spleen & kidneys over
Acute phase response S years
Anaemia Complete regression from
F 30 52 52 Acute phase response Plasma cell Mesentery liver, spleen & kidneys over
8 years
. Symptomatic improvement
M 22 39 31 Anaemia Mixed Retroperitoneal in the 3 months since

Acute phase response

surgery
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He had a normochromic normocytic anaemia, ESR persistently >150 mm, and a
polyclonal hypergammaglobulinaemia. Rectal and liver biopsies contained
extensive AA amyloid deposits, and SAP scintigraphy showed amyloid
deposition in the grossly enlarged liver and spleen. A mediastinal shadow in the
chest X-ray was found to be a circumscribed mass of lymph nodes with histology
of the plasma cell variant of Castleman’s disease. The tumour was resected
completely and his acute phase response rapidly subsided, all laboratory indices
returned to normal, and the organomegaly gradually resolved. An SAP scan five

years post-operatively showed complete regression of the amyloid deposits.

Case 4

A 52-year-old woman with a 20-year history of intermittent fevers, normocytic
anaemia and reactive thrombocytosis was found to have an epigastric mass. A
5 ¢cm plasma cell variant Castleman’s tumour was excised from the small bowel
mesentery and an intra-operative liver biopsy contained extensive AA amyloid
deposits. An SAP scan performed two months post operatively confirmed that
she had extensive amyloid deposits in the liver, spleen and kidneys. Her
symptoms and laboratory abnormalities all resolved rapidly after the operation
and she has remained well over the next 7 years with normal organ function and

evidence of substantial amyloid regression.

Case 5
Following the finding of a mild persistent rise in ESR (17-38 mm in first hour)
during routine military medical examinations in his early twenties, which had not

been investigated, a man presented aged 30 with abdominal pain, diarrhoea and
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weight loss. He was found to have retroperitoneal and mesenteric
lymphadenopathy with mildly deranged liver function and biopsies were reported
to show non-specific inflammatory changes. Over the following eight years no
diagnosis was made despite extensive investigations, and his signs and symptoms
were not affected by systemic anti-inflammatory and immunosuppressive
treatment with methyl prednisolone and cyclophosphamide. Duodenal biopsies
taken at the age of 39 years and re-examination of the earlier liver and lymph
node biopsies demonstrated AA amyloid deposition. Further investigation,
specifically seeking Castleman’s disease, revealed an 8 cm mass of lymph nodes
behind the head of the pancreas, and this was resected. Histology was consistent
with Castleman’s of the mixed cell type with reactive changes in the surrounding
lymph nodes and marked amyloid deposi‘;ion. Postoperatively his acute phase

response, anaemia and diarrhoea resolved, and he gained weight.

DISCUSSION

Reactive systemic, AA, amyloidosis is a potential complication of any disorder
associated with a sustained inflammatory response. I1-6 is a potent multi-
functional cytokine with effects on differentiation of B and T cells and
haematopoiesis, and it is one of the major stimulants of acute phase protein
synthesis by hepatocytes’'’. The germinal centres of hyperplastic lymph nodes
in the plasma cell variant of Castleman’s disease produce large amounts of IL-6,
and the high circulating concentration of tumour derived IL-6 is evidently a

major contributor to the systemic manifestations of Castleman’s disease,



CHAPTER SIX

including a sustained overproduction of SAA leading in some patients to AA

amyloidosis.

Twenty six cases of systemic amyloidosis associated with Castleman’s disease
have been reported previously. Seventeen of these had confirmed reactive
systemic, AA, amyloidosis (Table 6.2)*% 33 336.310.518-527 "6 wwere confirmed
as AL type derived from monoclonal immunoglobulins, and in the remaining
seven cases the amyloid was not characterised’>*>*°. The characteristics of all
these patients are broadly similar to those of our present series. The median age
at tumour resection or medical treatment of the 19 cases with confirmed AA
amyloid was 37 years with a male to female ratio of 1:2. Half of the tumours
were intra-abdominal, six mesenteric, one retroperitoneal and one peri-hepatic;
two were located in the mediastinum; one in axillary lymph nodes and six were
multicentric. Twelve tumours were of the plasma cell type, two were classified
as hyaline vascular and three had mixed histological features. Three patients
whose disease was multicentric, and thus not amenable to surgery, were treated
with humanised anti-interleukin-6 receptor antibodies. This led to improvement
in their constitutional symptoms, a fall in their acute phase response and, in one
case, improvement in renal function suggesting amyloid regression’ . One
patient with multicentric disease had an incomplete surgical resection combined
with corticosteroids with a fall in his acute phase response and partial

amelioration of his nephrotic syndromem.
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Table 6.2 Characteristics of 17 previously reported patients with Castleman’s
disease complicated by AA amyloidosis.
Site of Castleman’s
Age Sex Variant Outcome Reference
tumour
. . Improvement in anaemia and renal function with Funabiki
49 M multicentric plasma cell
cyclophosphamide and prednisolone 1998
Resected Ordi
46 F mesentery plasma cell
" Complete response 1992
Resected Ordi
23 F mesentery plasma cell
Complete response 1992
Resected Keven
37 M mesentery mixed
Complete response 2000
Resected Perfetti
44 M axilla plasma cell
Complete response 1994
Resected Montoli
31 F mediastinum hyaline vascular
ESRF on dialysis 1993
Resected lkeda
21 F perihepatic plasma cell
Complete response 1997
Resected Tanaka
53 F retroperitoneum plasma cell
progressed to ESRF but fall in acute phase 1995
 Resected Paydas
28 F mesenteric mixed
Complete response 1995
Resected Kazes
48 F mesenteric plasma cell
Complete response 19985
Cyclophosphamide and prednisolone Chan
29 F mediastinum plasma cell
Died 1992
Resected Bonneau
36 M mesentery plasma cell .
Complete response 1982
Hyaline Partial resection Curioni
39 M multicentric
vascular Prednisolone 2001
Kanoch
39 M multicentric plasma celi Not described
1989
Anti IL-6 receptor antibody Nishimoto
59 F multicentric plasma cell
" Improved symptoms, fall in acute phase proteins 2000
Anti IL-6 receptor antibody Nishimoto
51 M multicentric plasma cell
Improved symptoms and fall in acute phase 2000
) Anti IL-6 receptor antibody Nishimoto
23 M multicentric mixed
Improved symptoms and fall in acute phase 2000
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Following complete resection of the Castleman’s tumours one patient was
already in end stage renal failure and remained on dialysis and another became
dialysis dependent in the peri-operative period. The other eleven patients all
showed clinical improvement and this was sustained in those cases in whom

follow up was reported.

As demonstrated by the five cases in the present series, AA amyloid deposits can
regress quite rapidly when the supply of fibril precursors is reduced and, under
favourable circumstances, this is accompahied by clinical improvement and
stabilisation or improvement in organ function. Clearly the control of systemic
inflammation is greatly facilitated when the nature of underlying inflammatory
condition is known but in a significant proportion of patients diagnosis may be
very difficult. Among 228 patients with éonfirmed systemic AA amyloidosis
referred to our centre the cause of the underlying chronic inflammation was not
apparent in 21 cases, and many of these individuals had received potent
immunosuppressive treatment often with considerable morbidity and limited
clinical benefit. As shown here almost 20% of this group were found to have a
resectable Castleman’s tumour and have done well after surgery. Unicentric
Castleman’s disease is a potentially fully remediable cause of AA amyloidosis,
which often affects an unusually young age group, and the diagnosis should be

actively sought in patients with unexplained chronic inflammation.
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Chapter Seven

SERIAL MONITORING OF THE ACUTE PHASE
RESPONSE IN HEALTHY INDIVIDUALS WITH WILD
TYPE MEFV, HETEROZYGOUS CARRIERS OF THE

FMF TRAIT AND PATIENTS WITH FAMILIAL

MEDITERRANEAN FEVER

INTRODUCTION

Familial Mediterranean fever is an autosomal recessive periodic inflammatory
disease characterised by recurrent, self-limiting attacks of fever and serositis and
a high®***, Attacks are accompanied by dramatic elevations of the acute phase
proteins, SAA and CRP. As previously discussed the gene responsible for FMF,
MEFYV has been identified by linkage studies and multiple mutations have been

found in association with clinical FMF.

Historically the genesis of amyloid in FMF has been poorly understood®''. Most
patients will have less than two attacks a Inonth and, as attacks are usually brief,
the majority of afflicted individuals will be symptomatic for less than 40 days per
year''?, This implies substantially less inflammatory activity than is seen in
other chronic diseases yet the incidence of AA amyloidosis is higher than that
seen complicating rheumatological diseasés. These observations led us to look

prospectively over several months at the acute phase proteins, SAA and CRP, in
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FMF patients prescribed colchicine prophylaxis but without amyloid to see

whether these correlated with the clinical assessment of disease activity.

METHODS

Patients

Serial blood samples were collected, by our Turkish collaborators, from ethnic
Turks living in the western coastal region of Turkey in an area served by the
Dokuz Eyliil University School of Medicine, Izmir. The group included 43
patients from 35 families with a clinical diagnosis of familial Mediterranean
fever all prescribed colchicine, 75 first degree relatives and 50 unrelated healthy
controls. Individuals from the 35 families were followed up with home visits
every fortnight for 5 months. Between 7 and 10 serum samples were collected
from each patient and all the subjects were asked to keep a symptom diary during
the study period. The probands with FMF were particularly asked to note any
disease attacks and all participants were asked to document any intercurrent
illness. The 50 controls were all overtly healthy adults and provided a minimum

of three serum samples each at fortnightly intervals.

Gene sequencing

Exon 10 was fully sequenced in all cases and the mutation encoding pyrin
E148Q was sought by gel electrophoresis-of the 5 prime exon 2 amplicon after
Mval digestion. Exons 2, 3 and 5 were sequenced in probands with clinical FMF
but without paired mutations in exon 10. MEFV exons 10 and 5 were sequenced,

and E148Q and P369S status determined by RFLP for all control samples.
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Statistical Analysis

The median and maximum CRP and SAA values were determined for each
participant and the results were compared in patients with a clinical diagnosis of
FMF and healthy controls. Within the FMF group inflammatory indices were
compared during and between clinical attacks. Comparisons were made between
MEFV genotypes both within FMF patients and overtly well heterozygotes. The

results were analysed using non-parametric statistics and the Mann Whitney test.

RESULTS

MEFYV genotypes

Controls

Forty nine healthy Turkish controls provided samples suitable for DNA
sequencing and 38 (77.6%) had no identified MEFV mutations in exons 2, 3, 5 or
10. There were 2 apparently well individuals with paired MEFV mutations, one
V726A/E148Q compound heterozygote and the other M694V/E148Q. Ten other
controls (20.4%) were heterozygotes, the majority for E148Q, and one had a

recognised mutation in exon 3, P369S.

FMF patients

Of the 42 patients with a clinical diagnosis of FMF, 36 (84%) had two identified
MEFYV mutations and 30 patients had both mutations in exon 10. Six individuals
(14%) had an exon 10 mutation in conjunction with the common exon 2
polymorphism, E148Q. In five patients (11.6%) only a single mutation was

detected and in two individuals (4.7%) no mutations were detected within the
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coding region. No FMF patients had mutations detected only in exon 2 and in
the whole group a total of six point mutations were detected, four in exon 10 and
two separate mutations at position 148 in exon 2, including a previously
unreported mutation E148V (manuscript in preparation). The majority of
symptomatic individuals were compound heterozygotes but there were nine

homozygotes; six M694V (14%), two M680I and one V726A.

First degree relatives

Seventy-three asymptomatic parents or siblings of FMF cases were analysed. Of
these nine (12.3%) had two identified MEFV mutations and in four of these
(5.5%) both the mutations were in exon 10. There were a substantial number of
heterozygotes, 57 in total (78.1%), and just over 8% of individuals had no

identified mutations.



Figure 7.1 Distribution of MEFV mutations in patients with FMF, their healthy relatives and Turkish controls
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Table 7.1 MEFV genotyping in patients with familial Mediterranean fever, their
asymptomatic first degree relatives and healthy Turkish controls

MEFV mutation Asymptomatic

Clinical FMF . Healthy

Exon 10 Exon 2 n=43 :‘ﬂ;gves controls n=49

E148Q 9 (12%) 4 (8.2%)
V726A E148V 2 (4.7%) . 2 (3%)
M6380l E148Q 1(1.4%)
M680I 2 (4.7%) 7 (9.6%)
M680I/M6801 2 (4.7%)
M6801/M694V 4 (9.3%) 1(1.4%)
M680I/V726A 4(9.3%)
M680I/R761H 2 (4.7%) -
M694V E148Q 6 (14%) 2 (2.7%) 1(2%)
M694V 2 (4.7%) 30 (41%) 2 (4.1%)
M694V/M694V 6 (14%) 1(1.4%)
M694V/V726A 7 (16.3%)
M694V/R761H 2 (4.7%) 1(1.4%)
K695R 1(2%)
V726A E148Q 1(2%)
V726A E148V 2 (2.7%)
V726A 1(2.3%) 9 (12.3%) 1(2%)
V726A/V726A 1(2.3%) 1(1.4%)
V726A/R761H E148V 2(4.7%)
R761H 3 (4.1%)
no mutation identified 2(4.7%) 6 (8.2%) 38 (77.6%)
single mutation identified 5(11.6%) 58 (79.4%) 9 (18.4%)
2 or more mutations 36 (83.7%) 9 (12.3%) 2 (4.1%)
2 mutations identified in 30 (69.8%) 4 (5.5%)

exon 10
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Serial measurements of the acute phase response
proteins; serum amyloid A protein (SAA) and

C-reactive protein (CRP)

MEFV wild type, healthy controls

The 38 healthy controls without MEFV mﬁtations had acute phase response
profiles which were very similar to the normal profile described in other
populations where 90% of normal healthy individuals have values of <3 mg/1'**
479,331,532 " The baseline SAA and CRP were low with self limiting spikes
associated with intercurrent upsets, medién SAA 2.2 mg/l (minimum 0.7 -
maximum 277 mg/l), median CRP 1.3 mg/l (minimum 0.1 — maximum

24.4 mg/1). None of these controls had raised acute phase proteins without an

overt systemic cause, usually symptomatic upper respiratory tract infections, and

none had sustained supra-normal values.

FMF patients

The acute phase response was highly variable over time in all the patients
studied. As expected levels of both proteins were grossly elevated during
clinical attacks of FMF with a dramatic bias of five to ten fold towards SAA;
median CRP 115 mg/] (range: minimum 26 — maximum 296 mg/l) and a median
SAA 639 mg/l (range: minimum 140 — maximum 1330 mg/l). Between attacks,
when the patients were apparently well. fheir acute phase response fell
considerably but remained two to three fold higher than that of the control group,
median CRP 4.0 mg/] (range: minimum 2.7 — maximum 262 mg/l) and SAA

6.0 mg/1 (range: minimum 0.7 — maximum 1230 mg/l). Although the majority of
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readings were reduced to near the normal range (<3 mg/1), there was
considerable asymptomatic inflammatory activity and 13% of the SAA
measurements taken in apparently well patients were greater than 50 mg/l. This
was the case both in patients who had a number of attacks during the study

period and in the eight individuals who remained clinically well throughout

(Figure 7.2).

Figure 7.2 Fortnightly SAA measurements plotted on a logarithmic scale, in eight
FMF patients who remained asymptomatic throughout the study period, showing
substantial subclinical inflammatory activity with 15% of SAA values greater than
50 mg/l.
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Table 7.2 Summary table of grouped results for FMF patients according to
MEFV genotype showing the median values and range of each parameter of the
acute phase response during the study period. Man Whitney analysis was
performed on the acute phase parameters of each individual. ®p<0.05,
®®5<0.01 compared with wild type controls, *p<0.05, **p<0.01 compared with
asymptomatic MEFV heterozygotes and-* p<0.05 comparing the all other FMF

patient genotypes with M694V homozygotes.

Median

MEFV Median  Median Maximum Maximum :;;nc?(esr of
mutation CRPmg/l SAAmg/l CRP mg/l SAA mg/l per patient
NoAVIET48A 3 ge 3.0 15.4 42.9° 0

(5.7-644)  (1.0-18.2) (1.6-82) (5.7-644) (0-2)
Single exon
;0 &anexon , 700 2.4 9.4° 7.9%9 1

mutation

N=11 (1.1-11.3)  (1.0-18.2) (1.6-82) (2.0-644) (0-2)
Two exon 10 .
mutations 4.9%%+ 7.0%® 41.8%%* 152%%+ 1
N=30 (1.2-36.6)  (1.0-162) (1.8-262.3)  (1.7-1330)  (0-3)
M694V &
additional
exon 10 3.0%%+ 4.6% 48.9%%++ 91,350+ 1
Eu;a;ion (1.2-11.3)  (1.0-23.2) (1.8-129.7)  (1.7-1230)  (0-2)
M694V ,
homozygotes ~ 16.0*®®** 31 3°®®*+ 51.0%%++ 279%%++ 1
N=6 (11.4-36.6) (15.1-162)  (26.6-152)  (136-1030)  (0-3)

Previous studies have suggested that M694V homozygotes have a more severe
disease phenotype in some populations bﬁt not in the Turks]. We found that the
median SAA and CRP (p<0.05) were significantly higher in the six M694V
homozygotes than in patients with any other combination of mutations. No CRP

and SAA parameters were significantly elevated in the 30 patients with two exon
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10 mutations compared with the 11 patients with only a single identified

mutation (values summarised in Table 7.2.).

MEFYV Heterozygotes

Among the healthy relatives and the control group there were a total of 66
asymptomatic individuals with a single detected MEFV mutation. Three E148Q
carriers were omitted from the study as they were first degree relatives of
patients with clinical FMF and only one identified MEFV mutation. These
families were excluded as they were presumed to carry other, as yet unidentified,
genetic variants. Overtly well, asymptomatic carriers of these four mutations had
evidence of subtly upregulated acute phase responsiveness compared to the
healthy controls with elevated basal and peak values of SAA and CRP

(Table 7.3). Comparisons between carriers of the 4 major mutations revealed
few statistically significant differences in their SAA and CRP measurements.
The median SAA was lower in the E148Q heterozygotes than M680I (p<0.01)
but higher than V726A heterozygotes (p<0.01) and peak SAA’s were lower in

the V726A group than in the M680I carriers (p<0.01 respectively).
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Table 7.3 Summary table of grouped results for MEFV wild types and healthy

heterozygotes showing the median values and range (in brackets) of each

parameter of the acute phase response.

* p<0.05, ** p<0.01 for Man Whitney

analysis comparing the wild type controls and MEFV heterozygotes performed on

the acute phase parameters of each individual

MEFV Median CRP Median SAA Maximum Maximum

mutation mg/l mgl/l CRP mg/i SAA mg/i

g Pe 12 22 2.2 3.5
(0.2-6.3) (0.7-17) (0.2-24.4) (1.0-277)

=118Q 2.0* 4.2* 3.4 11.0*
(0.4-9.0) (1.3-8.7) (0.4-26.8) (1.4-187.0)

snd 1.5 2.7 4.4 11,1
(0.6-5.2) (1.1-13.2) (1.3-38.1) (1.6-536)

xgg"‘ 1.3% 2.0 4.4 15.4**

- (0.3-6.2) (1.2-5.9) (0.8-15.8) (3.4-49.9)
M680I 2.0* 4.7* 4.8 10.5*
N=7 (1.3-3.1) (1.8-5.9) (3.0-26.5) (4.1-509)
DISCUSSION

The results of this study provide, for the first time, evidence of substantial

subclinical inflammation in patients with familial Mediterranean fever and

suggest that clinically overt attacks represent the ‘tip of the iceberg’ of persistent

inflammatory activity in FMF.

It has long been recognised that acute attacks of FMF are accompanied by a

dramatic elevation in the acute phase response®”>. The two acute phase response
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proteins, SAA and CRP rise and fall together and are of similar clinical and
diagnostic value in inflammatory conditions®. The bias towards SAA is very
marked in FMF and may simply reflect, that with an extreme inflammatory

response, SAA synthesis has five to ten fold higher ceiling than CRP.

The significance of SAA values in patients is two fold. Firstly it is helpful in the
initial diagnosis. In our experience, few conditions produce episodic SAA values
of more than one thousand milligrams per litre and, in the absence of a plausible
alternative, such results should prompt consideration of a diagnosis of FMF.
Secondly SAA is the circulating protein precursor of AA amyloidosis and
sustained elevated levels are necessary for its genesis and maintenance'>> 137 13%
140,146,534 " Clearly not all individuals with elevated SAA values go on to develop
AA amyloid. Indeed, for most chronic inflammatory conditions the risk is
approximately 10%. These results suggest that in the case of FMF, the
remarkably high prevalence of amyloidos-is in untreated patients reflects the

unprecedented peaks of SAA during attacks on a background of lower grade

near-continuous inflammation over many years or decades.

It is well recognised that AA amyloidosis' complicating both classical and type II
FMF can regress with long term colchicine therapy'>">'*>*°, This is entirely
consistent with previous work showing that amyloid deposition is not
irreversible, and clinical progression of amyloid diseases merely reflects that the
deposits are usually laid down more rapidly than they are turned over. Previous
work has demonstrated that in patients with AA type and well controlled

underlying inflammatory disease (median SAA <50 mg/1) long-term survival is
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excellent, greater than 95% 10 year survival, whereas in those with poorly
controlled disease the 10 year survival is less than 50%"**. It is worth noting that
in this series of FMF patients, none of whom had amyloid, 15% of SAA
measurements taken between attacks when the patients were entirely well, were
greater than 50 mg/l. Analogy with the above data in amyloid suggests that this

may reflect a critical threshold in the genesis of amyloid fibrils.

Worldwide there must be substantial numbers of asymptomatic MEFV
heterozygotes, as there were two out of 50 controls in this study. In such
individuals, particularly those with a family history of amyloid, serial SAA
measurements could be used to select tho;e at highest risk of subsequent

amyloidosis and thus allow targeted prophylactic colchicine treatment.

The evidence for a subtle up regulation of the basal and peak acute phase
response in healthy heterozygote carries of MEFV mutations is the first evidence
of a heterozygote phenotype for pyrin variants. This data, in combination with
the high carriage rate of MEFV mutations - up to one in three in the Armenian
population - supports the hypothesis that the heterozygote state confers or, more
likely, conferred in the past a survival ad\_/antagem. The nature of advantage is
unclear but one plausible candidate is potentiation of the immune response to
endemic pathogens. Higher levels of mediators of innate immunity, such as CRP
and SAA, may be helpful in resistance to microbial disease particularly early in
infection before specific antibodies are synthesised and in infants during the

physiological gap between the loss of maternally acquired antibodies and the
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development of a competent immune system a period with high mortality due to

gastro-enteritis.
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Chapter Eight

CHARACTERISTICS AND OUTCOME OF PATIENTS

WITH AA AMYLOIDOSIS COMPLICATING FMF

INTRODUCTION

As pointed out in the previous chapter patients with FMF are at high risk of AA
amyloidosis and despite the availability of treatment in the form of colchicine the
prevalence of amyloidosis remains high. Pyrin M694V homozygotes have a
more severe disease phenotype and there is some evidence that they have an
increased risk of amyloidosis but a wide variety of other MEFV genotypes have

also been associated with amyloidosis.
PATIENTS

The characteristics and outcome of the 12 patients with secondary reactive, AA
amyloidosis complicating FMF who have been followed up in the UK National

Amyloidosis Centre are reported here.



Table 8.1 MEFV mutations, ethnic origins and clinical characteristics of 12 patients with AA amyloidosis complicating their FMF

Age at onset of FMF

Age at diagnosis of

MEFV mutation Sex Ethnicity years AA amyloid FH of amyloidosis
years

M694V/M694V M Turkish Kurd 16 25 No
M694V/M694V F Turkish 5-10 30 No
M694V/V726A M Egyptian 5-10 34 No
M694V/IV726A F Syrian 30 66 No
M694VIV726A F Armenian 5 12 No
M694V/T681I F Turkish 5-10 37 No
M6801/M680I M Egyptian 27 41 No
M680I/V726A F Armenian 5-10 45 No
M694I/V726A F Turkish Cypriot 5-10 36 No
M694I/E148Q M Jordanian 38 58 No
V726A/F479L M Greek Cypriot 11 19 No
AM694 M British 5-10 45 No
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RESULTS

Gene sequencing

The distribution of MEFV mutations and clinical characteristics are summarised
in Table 8.1. Only one of the patients, wﬁo was heterozygous for pyrin deletion
M694, had British ancestry, the remainder having Mediterranean roots. Two
patients were homozygous for pyrin M694V, and one for M6801. Each of the
remaining eight patients was a compound heterozygote, the V726A allele
represented in six cases, M694V in four, M694I in two, M680I in two, and

F479L and E148Q in one case each.

Clinical features

Seven patients presented in childhood and two in adolescence but in another two
cases the diagnosis of FMF was not made until after the age of 30 years. A
diagnosis of AA amyloidosis was made at a median of 22.5 years (range 7-40
years) after presentation with FMF and was after the age of 40 years in five
cases. The six patients with at least one M649V allele were not significantly
younger than the patients with other pyrin mutations either at presentation or at
diagnosis with amyloidosis. At diagnosis with AA amyloidosis two patients had
severe renal impairment (creatinine cleargnce < 30 ml/min), five moderate renal
impairment (creatinine clearance 30 - 60 ml/min) and five patients had a
creatinine clearance of less than 60 ml/min. Two of the patients did not have
significant proteinuria, six patients had between one and 3 g proteinuria/day and

four patients had frank nephrotic syndrome (Table 8.2).



Table 8.2 Amyloid distribution and renal function at diagnosis of amyloid and at most recent follow up

At diagnosis

Am1yloud load and distribution
*l-SAP scintigraphy

Moderate-spleen, kidneys &
adrenals

Moderate-spleen, kidneys &
adrenals

Large-spleen, kidneys &
adrenals

Moderate-liver, spleen & kidneys

Moderate-spleen, kidneys &
adrenals

Moderate-spleen, kidneys &
adrenals

Small - spleen & kidneys

Small - spleen & kidneys

Moderate-spleen, kidneys &
adrenals

Moderate-spleen, kidneys &
adrenals

Moderate-liver, spleen, kidneys &
adrenals

Small - spleen & kidneys

Creatinine
Clearance
ml/min

11

96

69

31

98

60

45

73

21

105

Follow up

months
Proteinuria
g/24 hours
16.2 18
2.3 71
22 122
0.9 62
26 37
0.2 48 - died
1.2 44
1.5 80
5.1 108
5 71
14 65
2.8 46

Symptomatic

Partial - poor
compliance

Complete

Partial - poor
compliance

Complete
Complete
Refractory
Complete
Complete
Complete
Complete
Complete

Complete

Response to colchicine

Median
SAA mg/i

108
2.9

6.4

24
24

3.4

At follow up
Change in Creatinine
amyloid by Clearance
'BLSAP scan  ml/min
Stable ESRF
ESRF-
Stable polycystic

Progression

Regression

- Regression

Progression
Regression
Regression
Stable

Regression
Regression

Regression

kidney disease
21

54
157
35
99
82
17.5
97.2
106

60

Proteinuria
g/24 hours

anuric

anuric

0.4

0.59

0.19
0.17
4.33
4.32
0.33

0.2




Figure 8.1 Serial SAA measurements for each patient. The two patients with evidence of amyloid progression on SAP scintigraphy
(marked in purple) had significantly higher median SAA levels than those seen in the three patients with stable deposits (marked in green)

or the seven with amyloid regression (marked in blue)(p < 0.001).

750n
500-
0
250 Oo
200
3)175
< 150
00
100
. el
75
0
0
50
GO 8cr
25 00 O?)O 00
°o0o0 °00 ‘<0/%> . OG%)(;_
o -



CHAPTER NINE

All ofthe patients were treated with colchicine following the diagnosis of
amyloid, Four patients had been prescribed the drug for up to 20 years

beforehand but had been poorly compliant.

Serial measurements of serum amyloid A protein (SAA)

Serum SAA concentration was monitored monthly in all patients, and was

maintained with a median ofless than 10 mg/1 in all but 2 patients (Figure 8.1).

SAA levels were significantly higher in the patients with progressive amyloid

deposits (P<0.001). One patient with progressive disease proved refractory to

colchicine at the maximum tolerated dose of 1.5 mg/day and died with 4 years.

The other patient was poorly compliant but subsequent patient education has

been effective (Figure 8.2).

Figure 8.2 Effect of colchicine compliance of FMF related inflammation
measured by SAA levels. The patient had been prescribed colchicine

1.5 mg/day for many years; following strenuous attempts to increase drug
compliance there have been no further symptomatic attacks and a sustained

suppression of SAA levels.
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Changes in '®|-Habelled SAP scintigraphy and renal function

Radiolabelled SAP scintigraphy quantitatively imaged visceral amyloid deposits
in each patient, and demonstrated widely varying amyloid loads at diagnosis.
Serial SAP scans demonstrated regression of amyloid in seven cases, and stable
deposits in all but two of the remainder (Table 8.2). Renal function improved
significantly (defined as improvement in creatinine clearance of more than 25%
and/or decline in proteinuria of more than 2 g, without concomitant deterioration
in creatinine clearance, or urinary protein levels falling into the normal range) in
six of the seven patients with scintigraphic evidence of amyloid regression.
Renal function remained stable in one patient with amyloid regression and one
with stable deposits on imaging. Two patients with stable deposits have become
dialysis dependent, one presented with near ESRF and one other has required
chronic dialysis for a second unrelated disorder, adult polycystic kidney disease.

Renal function deteriorated in both patients with progressive amyloid deposition.
DISCUSSION

Although this series is small, it nevertheléss demonstrates substantial
heterogeneity in these patients’ underlying MEFV mutations, clinical
presentations and outcomes. It has systematically confirmed that AA amyloid
deposits frequently regress in patients with FMF treated with colchicine whose
SAA levels are maintained with a mediaﬁ value below 10 mg/l. The findings
also emphasize that amyloid can develop in FMF late, after the age of 40 years,
and that patients’ histories of colchicine prophylaxis must be regarded with

caution and vigorous efforts made to encourage compliance. These findings are
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consistent with results in AA amyloidosis complicating other chronic
inflammatory diseases and remarkably even relatively advanced renal
impairment can be reversed or stabilise if long-term suppression of SAA

production can be achieved.



GENERAL CONCLUSIONS

These studies in a large population of patients have produced a number of novel
findings concerning the diagnosis and management of amyloidosis. The finding
that systemic amyloidosis due to genetic variation in the precursor proteins is
remarkably common and can not always be distinguished clinically from AL
amyloidosis, even the presence of a monoclonal gammopathy, demonstrates that
gene analysis is frequently required to make a definitive diagnosis of amyloid
type. Accurate diagnosis is of fundamental importance in the management of
patients with amyloidosis as current treatments are largely directed at reducing
the supply of circulating amyloid precursor proteins. Treatment of AL
amyloidosis has previously been difficult to assess because of the lack of robust
short-term parameters for measuring efficacy. Measurement of free light chains
by the ultra sensitive assay introduced by Bradwell and his colleagues is now
meeting this need. Reduction in circulating levels of FLC following treatment
appears to provide a valuable prognostic indicator for clinical outcome in the
longer term. FLC assays are therefore a valuable method for monitoring and
tailoring cytotoxic treatment in patients with the commonest type of systemic

amyloidosis - the AL type.

Work on a large cohort of patients with familial Mediterranean fever has
provided possible explanations for the high risk of AA amyloidosis in this
disease. Even clinically well patients show a substantial acute phase response

suggesting that they have persisting background inflammation.
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Finally follow-up studies in patients with AA amyloidosis complicating both
FMF and Castleman’s disease have provided further evidence that a sustained
reduction in circulating SAA levels, thé amyloid precursor, can substantially
improve clinical outcome and that turnover of existing deposits eventually

permits significant amyloid regression if new amyloid formation is inhibited.
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