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Lysophospholipids and non-esterified fatty

acids induce the extension of

b2-microglobulin-related amyloid fibrils at

neutral pH

K. Hasegawa1, T. Ookoshi1, H. Kimura2,

N. Takahashi2, H. Yoshida2, R. Miyazaki3,

Y. Goto4, & H. Naiki1

1Faculty of Medical Sciences, Division of Molecular

Pathology, Department of Pathological Sciences,
2Faculty of Medical Sciences, Division of Nephrology,

Department of General Medicine, University of Fukui,

Fukui, Japan, 3Fujita Memorial Hospital, Fukui,

Japan, and 4Institute for Protein Research, Osaka

University, Osaka, Japan

b2-microglobulin-related (Ab2M) amyloidosis is a

common and serious complication in long-term

haemodialysis patients. Although the retention of

intact b2-microglobulin (b2-m), the precursor pro-

tein of this amyloidosis, in the plasma appears to be a

prerequisite, the mechanism of the deposition of

these amyloid fibrils is not fully understood. To

elucidate the molecular pathogenesis of Ab2M

amyloidosis, we considered it essential to identify

biological molecules that induce and enhance the

formation of Ab2M amyloid fibrils as well as stabilise

them at neutral pH. We previously reported that

various types of glycosaminoglycans (GAGs) and

proteoglycans, as well as apolipoprotein E, a repre-

sentative amyloid-associated protein stabilise Ab2M

amyloid fibrils and inhibit their depolymerisation at

neutral pH. We also reported that some GAGs,

especially heparin, dose dependently enhance the

2,2,2-trifluoroethanol-induced fibril extension at

neutral pH. Lysophospholipids (LPLs) and non-

esterified fatty acids (NEFAs) are candidate biologi-

cal molecules that induce Ab2M amyloid fibril

formation at neutral pH. Recently, we found that

some LPLs, especially lysophosphatidic acid (LPA),

as well as NEFAs induce the extension of Ab2M

amyloid fibrils at neutral pH, by partially unfolding

the compact structure of b2-m to an amyloidogenic

conformer, as well as by stabilising the extended

fibrils. We also observed that haemodialysis patients

have significantly higher plasma concentrations of

LPA than healthy subjects and that patient plasma

samples with the highest LPA concentrations stabi-

lise Ab2M amyloid fibrils more potently than normal

plasma samples. Moreover, in patients receiving

haemodialysis regularly, administration of heparin

results in an acute increase in plasma NEFA, largely

by the activation of lipoprotein lipase. These results

suggest possible roles of LPLs and NEFAs in the

development of Ab2M amyloidosis.

P-002

Ligand-binding properties of human

transthyretin

M. Pinto, D. Blasi, J. Nieto, G. Arsequell,

G. Valencia, A. Planas, J. Quintana, &

N. B. Centeno

Computer-Assisted Drug Design Laboratory, Research

Group on Biomedical Informatics (GRIB)

IMIM-Universitat Pompeu Fabra, Barcelona, Spain

Transthyretin (TTR) is one of the more than 20

known amyloidogenic proteins, which cause different

amyloidogenic pathologies such as FAP, FAC or

SSA. It is thought that the aggregation pathway of

TTR into amyloid fibrils occurs via tetramer dis-

sociation, a process which may be blocked by

stabilisation of the tetramer via ligand binding. In

this regard, several small molecules have been

reported as tetramer stabilisers. There are more than

25 crystallographic TTR-ligand complexes deposited

in the Protein Data Bank. However, until now, no

attempt to critically review the relevant information

for ligand binding that is embedded on them has been

performed. In this context, the aim of the present

work was the computational analysis of these struc-

tures in order to deduce useful information for drug

discovery and design. The results obtained in this

work showed that: (1) the binding site of TTR is a

large and very flexible cavity, which may be described

by three regions with different chemical features; (2)

ligands can bind to the protein in forward or reverse

modes depending on the conformation adopted by

the serine and threonine residues located at the end of

the cavity; (3) no relationship could be found between

the binding mode of the ligands and their activity;
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(4) regardless of the structure, chemical properties or

binding mode of the ligand to TTR, there is always a

contribution of residues Lys15, Leu17, Ala108,

Leu110, Ser117 and Thr119 to ligand binding;

(5) the affinity of HBP1/HBP1’ and HBP3/HBP3’

pockets for halogens is greater than that of

HBP2/HBP2’1 and finally, (6) the most active

compounds are characterised by the presence of at

least one halogen atom in the HBP1/HBP1’ or HBP3/

HBP3’ pockets (Mairal et al. PLoS ONE

2009;4:e4124).

P-003

Binding by serum amyloid P component (SAP)

is a pathognomonic feature of genuine amyloid

fibrils

G. A. Tennent & M. B. Pepys

Division of Medicine, Centre for Amyloidosis and

Acute Phase Proteins, Royal Free Campus, University

College London, London, UK

The misleading conflation of many different aggre-

gates of misfolded proteins and diseases associated

with them, with amyloid and amyloidosis is both

counterproductive for efforts to develop new treat-

ments and potentially dangerous for patients. Almost

all proteins can be forced in vitro to form fibrillar

aggregates with cross-beta structure but this does not

make them amyloid. All amyloid deposits formed

in vivo, all amyloid fibrils isolated ex vivo and all

genuine amyloid like fibrils produced in vitro, stain

with alkaline alcoholic Congo red and exhibit

dichroism and green positive birefringence when

viewed in cross-polarised light. In contrast, the simple

binding of Congo red and other putative ‘amyloid

stains under non-stringent conditions is not at all

specific. The other universal feature of in vivo

amyloid deposits is the presence of serum amyloid

P component (SAP), which results from its avid

specific calcium-dependent binding to ligands pre-

sent on all amyloid fibrils. Here, for the first time, we

examined amyloid-like fibrillar aggregates formed

in vitro from a selection of proteins and peptides not

associated with amyloid formation in vivo and

showed that only a few display the ‘diagnostic’

features of amyloid. Either a very small proportion,

or none, of the fibrillar material present shows green

birefringence after selective staining with Congo red.

There is correspondingly low binding by 125I-

labelled human SAP, which detects amyloid fibrils

with much greater sensitivity than Congo red green

birefringence, indicating that genuine amyloid fibrils

are a minor species in these preparations. In contrast,

almost the entire Congo red stained material in

preparations of fibrils formed in vitro from, for

example, Abeta1-42 peptide or beta2 microglobulin,

and genuine amyloid fibrils extracted ex vivo,

exhibited unequivocal green birefringence and sub-

stantial specific binding by SAP. Binding by SAP is a

powerfully discriminant and, we believe, essential test

for the presence of genuine amyloid in preparations of

fibrillar protein aggregates formed in vitro, ensuring

that studies done on such material are relevant and

appropriate with respect to amyloid and amyloidosis.

P-004

The SUMO fusion technology for synthesis of

pathogenic immunoglobulin light chains

V. Perfetti1, P. Rognoni1, S. Casarini2,

G. Palladini2, & G. Merlini2

1Medical Oncology, 2Amyloidosis Research and

Treatment Center and Department of Biochemistry,

Foundation IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy

Monoclonal free light chains (FLC) are pathogenic

in AL amyloidosis. Recombinant FLC synthesis

in Escherichia coli may be a way to produce well-

characterised proteins using archive cDNA. We were

able to obtain native-like amyloid FLC by an

adaptation of the SUMO fusion strategy

(Invitrogen). Monoclonal VL regions were cloned

by inverse-PCR from two patients with AL amyloi-

dosis and one patient with myeloma. To obtain the

original monoclonal LC (VLþCL), standard RT-

PCR was employed using 50 clone-specific primers

and a 30 universal Cl carboxyterminal primer. The

PCR-fragment was ligated into the pET SUMO

expression plasmid at the 30 end of His-tag SUMO.

After cloning and insert sequencing, expression was

obtained with Isopropyl b-D-1-thyogalactopyrano-

side (IPTG). Soluble LC was obtained under native

conditions from cytoplasmic extracts by means of:

(a) His-tag affinity purification; (b) purified SUMO-

LC fusion protein digestion by His-tagged SUMO

protease, an enzyme that specifically cleaves between

SUMO and the recombinant protein; (c) affinity

chromatography to elute free recombinant protein.

The yields of recombinant products obtained were

variable (150–450 mg/l of culture) and mainly de-

pendent on the ratio between soluble and insoluble

fusion proteins. The proteins were pure by silver

staining, and demonstrated the monomer–homodi-

mer equilibrium typical of FLC under non-reducing

conditions. The last feature attested the physiologic

folding and interaction of the recombinant proteins,

since formation of LC dimers is known to depend

critically on the correct folding, proper disulfide
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bonding and stability of immunoglobulin domains.

Recombinant VL fragments could not entirely

reproduce this physiologic transition, and we believe

that the possibility to produce complete FLC with

features typical of natural amyloidogenic proteins

should be relevant to a better understanding of the

pathogenesis of AL.

P-005

Doxycycline affects association and folding of

b2-microglobulin

K. Pagano1, A. Corazza1, F. Fogolari1, P. Viglino1,

S. Giorgetti2, S. Raimondi2, M. Stoppini2,

V. Bellotti2, & G. Esposito1

1Dipartimento di Scienze e Tecnologie Biomediche,

Università di Udine, Udine, Italy and 2Dipartimento di

Biochimica, Università di Pavia, Pavia, Italy

Dialysis-related amyloidosis is characterised by the

deposition of insoluble fibrils of b2-microglobulin

(b2-m). We investigated by high-resolution NMR

spectroscopy the interaction between b2-m and

doxycycline, a classical tetracycline antibiotic, to

provide information at the atomic level.

We show that the interaction with doxycycline

effectively stabilises the protein and, interestingly,

shifts its dynamic association equilibria in aqueous

solvent towards the monomeric native state. Analysis

of the protein chemical shift and intensity changes in

response to the ligand, along with simultaneous

DOSY controls, enabled us to identify the b2-m sites

involved in the interaction and the protein–protein

association. NMR spectroscopy confirms the

persistence of the native protein connectivities even

when exposed to conditions that favour unfolding

and can trigger fibrillogenesis. According to the

NMR evidence, the anti-aggregation effect of dox-

ycycline on b2-m is mediated by an interaction with

the folded precursor and not with the partially

unfolded intermediates that populate the fibrillar

transition.

P-006

The critical role of the constant region in

immunoglobulin light chain thermal stability

and aggregation

E. S. Klimtchuk, O. Gursky, R. S. Patel,

K. L. Laporte, L. H. Connors, M. Skinner, &

D. C. Seldin

Gerry Amyloid Research Laboratory, Boston University

School of Medicine, Boston, MA, USA

Immunoglobulin (Ig) light chain (LC) proteins

contain two b-sheet rich domains, the variable (V)

region and the constant (C) region, connected by a

joining (J) region that forms a flexible hinge. Subsets

of LC are capable of polymerising as amyloid fibrils

and depositing in tissues of patients with light chain

amyloidosis (AL). Traditionally, this property has

been attributed to sequences in the V region.

However, both the V region and the full-length LC

proteins are found in amyloid deposits. We examine

the biophysical properties of full-length LC compared

to its V region through a novel method utilising

simultaneous measurements of circular dichroism

(CD) and light scattering (LS) to analyse the link

between protein unfolding, and aggregation. Analysis

of the thermal stability of a purified urinary l6 LC

from a patient with AL revealed that LC unfolding is

an irreversible process. An increase in LS was

observed concomitantly with LC unfolding, indicat-

ing irreversible aggregation of the heat-unfolded

protein. CD and LS melting curves shifted to lower

temperatures at slower heating rates, indicating a

kinetically controlled transition with high activation

energy (enthalpy). The high activation energy of this

transition was confirmed by the temperature depen-

dence of the kinetics of protein unfolding. To

investigate the impact of amino acid substitutions in

the V region and the nature of the inter-domain

interactions on LC amyloidogenicity, we created

recombinant Ig l6 LC proteins corresponding to the

full-length pathogenic AL LC and its V-J region, to

the corresponding l6 germline sequence (Germ) and

its V-J region, and to their common C region alone.

Although the unfolding temperatures of Germ and

AL LCs are very close, Arrhenius analysis of the

kinetic data suggests that the activation enthalpy of

the slow phase, which is related to protein aggrega-

tion, is about 15 times greater for the Germ LC when

compared to the AL LC, Germ V-J and AL V-J

proteins. The difference in Germ LC and AL LC

activation enthalpies reflects intramolecular interac-

tions in which both V-J and C domains are

participating. Thus, while the amino acid substitu-

tions in AL V regions appear to promote aggregation

and amyloid formation, this process is strongly

dependent upon the interaction of particular V-J

regions with the associated C region, indicating that

the full-length LC is involved in amyloidogenesis.

P-007

Morphological and functional differences of

aldehyde-induced a-synuclein oligomers

T. Näsström, T. Wahlberg, M. Barbu, V. Silva,

M. Karlsson, F. Nikolajeff, L. Lannfelt,

M. Ingelsson, & J. Bergstrom
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Rudbeck Laboratory, Department of Public Health

and Caring Sciences, Uppsala University, Uppsala,

Sweden

Oxidative stress has been implicated in the disease

aetiology of Parkinson’s disease, dementia with Lewy

bodies and other neurodegenerative diseases with

a-synuclein/Lewy body pathology. Metabolites of

oxidative stress-induced lipid peroxidation, such as

the reactive aldehydes 4-oxo-2-nonenal (ONE) and

4-hydroxy-2-nonenal (HNE) can covalently modify

and alter the structure and function of various

proteins. In the present study, we investigated

structural implications of the interaction between

ONE and HNE, and a-synuclein. Our results

demonstrate that both ONE and HNE induced a

complete conversion of monomeric a-synuclein into

soluble b-sheet-rich oligomers with a molecular

weight of about *2000 kDa. Atomic force micro-

scopy analysis revealed a morphological heterogene-

ity between ONE- and HNE-induced oligomers.

ONE-induced oligomers had a diameter about

40–80 nm in width and 4–8 nm in height with a

non-hollow core, whereas HNE-induced oligomers

had a more heterogeneous morphology and were

60–130 nm wide and 2–4 nm high with an annular

appearance. Moreover, ONE-induced a-synuclein

oligomers displayed a much higher stability towards

denaturing agents such as sodium dodecyl sulphate

as compared to HNE-induced oligomers. Despite

prolonged incubation times, neither ONE- or HNE-

induced oligomers continued to aggregate into a

fibrillar state, suggesting that both molecular

species represent an end-stage on an off-aggregation

pathway. Finally, exogenously added ONE- or

HNE-induced oligomers were toxic to SH-SY5Y

neuroblastoma cells compared to control treated

cells.

P-008

b2-m tryptophanes as independent evolutive

responses are alternative players of

amyloidogenesis

S. Raimondi1,2, N. Barbarini,3, S. Giorgetti1,

P. Mangione1, R. Porcari1, G. Esposito4, I. Zorzoli1,

A. Gallanti1, L. Marchese1, M. Stoppini1, &

V. Bellotti1,2

1Department of Biochemistry, University of Pavia,

Pavia, Italy, 2Biotechnology Research Laboratories,

Fondazione IRCCS Policlinico San Matteo, Pavia,

Italy, 3Department of Computer Engineering and

Systems Science, University of Pavia, Pavia, Italy, and
4Department of Biomedical Sciences and Technologies,

University of Udine, Udine, Italy

We have recently discovered that the two tryptophanes

of human b2-microglobulin have very different role in

protein structure and function. Trp95 is buried in the

protein core and is essential to the folding stability,

whereas Trp60, completely exposed on the protein

surface, provides an essential contribution to the

binding of b2-microglobulin to the heavy chain of

the type I histocompatibility antigen (MHCI). The

functional importance of having a fully exposed Trp in

position 60 is paid in terms of protein destabilisation

and tendency to self-aggregate. Because the difference

in the role of the two Trp is so sharp we have

performed an evolutionary analysis of b2-microglo-

bulin focusing on the two Trp. Firstly, we defined the

protein family, then we performed the multiple

alignment and the subsequent conservation analysis

of the homologous sequences and at last we built the

phylogenetic tree. Our results indicate that Trp60 is

highly conserved, whereas some ‘ancient species’ have

a Leu in position 95. We have experimentally

determined that the replacement of Trp95 with Leu

destabilises b2-microglobulin by 1 kcal/mol and ac-

celerates unfolding kinetics. In conclusion, we have

established that the ‘functional’ Trp in position 60 is

present in the b2-microglobulin ab initio of the

appearance of proteins responsible for the acquired

immunity, whereas the ‘structural’ Trp95 has been

selected and stabilised along the evolution for its

capacity to fully occupy an internal cavity of the

protein and guarantee a better stabilisation.

P-009

Affinity of SAA with HDL may partially

interpret SAA1 polymorphism related AA

amyloidogenesis

T. Yamada1, J. Sato1, & Y. Okuda2

1Department of Clinical Laboratory Medicine, Jichi

Medical University, Tochigi, Japan, and 2Centre for

Rheumatology, Dohgo Spa Hospital, Ehime, Japan

Structural stability of precursor proteins of amyloid

fibrils is believed to be critical in amyloid fibrillogen-

esis. Serum amyloid A (SAA) is stable when

associated with high density lipoprotein (HDL) in

plasma. Therefore, it can be hypothesised that low

affinity of SAA with HDL leads to misfolding of SAA

and results in fibril formation. This study assessed

the affinity of SAA with HDL being compared

among SAA1 isotypes (SAA1.1, SAA1.3 and

SAA1.5). First, using a surface plasmon resonance-

based apparatus (BIAcore), the affinity between

immobilised recombinant human SAA1s and HDL

was determined. rSAA1.5 showed significantly

(p5 0.05) stronger affinity than the other two.
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Second, the SAA concentration was measured in

lipid-free fractions (d4 1.23) after ultracentrifuga-

tion of sera from patients with rheumatoid arthritis

whose SAA1 genotypes were determined. The SAA

concentrations in lipid-free fractions were signifi-

cantly (p5 0.001) lower in the patients with larger

numbers of the 1.5 allele at the SAA1 locus. The two

approaches could not find a significant difference

between SAA1.1 and SAA1.3, less and more

amyloidogenic in Japan, respectively. These results

suggest that SAA1.5 is more stable than SAA1.1 or

SAA1.3 and may interpret that the SAA1.5 carriers

tend to have high SAA concentration and are less

susceptible to amyloidosis, at least than SAA1.3, in

Japan.

P-010

Given prominence of the direct implication

of aluminium and OH8 radical on the

Ab/chondroitin sulphate binding

N. Magy-Bertrand1, Y. C. Guillaume2,3,

L. Excoffon3, & C. André3

1Service de Médecine Interne, Centre Hospitalier

Universitaire (CHU) Besançon, Equipe Sciences

Séparatives Biologiques et Pharmaceutiques

(2SBP/EA4267), Université de Franche Comté,

Besançon, France, 2Pôle Pharmaceutique, Centre

Hospitalier Universitaire (CHU) Besançon, Besancon,

France, and 3Faculté de Médecine Pharmacie,

Laboratoire de Chimie Analytique et Physique,

Besançon, France

In Alzheimer’s disease (AD), it has been proposed

that glycosaminoglycans (GAG) facilitate amyloid

fibril formation and/or stabilise the plaque aggre-

gates. Chondroitin sulphates are sulphated GAG and

represented an ideal distribution of charge for

amyloid b (Ab) interactions. Recent studies have

suggested a possible link between the neurotoxicity

of aluminium and the pathogenesis of AD. The effect

of aluminium chloride salt and OH8 radical

(a reactive oxygen species) on the Ab/chondroitin

sulfate binding was analysed using a novel biochro-

matographic procedure. For a salt concentration (x)

in the medium less than 30 mM, the Ab/chondroitin

sulphates binding decreased with x due to a decrease

of the charge–charge interactions between Ab and its

chondroitin sulphates binding site. Above 30 mM of

salt in the medium, the affinity of Ab to chondroitin

sulphates increased slightly with x because the net

number of ions (n) (Al3þ or Cl7) released or bound

upon complex formation is low. As well, it was

clearly demonstrated, that above 30 mM the n value

depend on the salt concentration in the medium and

was approximately nil for x¼ 80 mM. This depen-

dence was due to a conformational change of Ab
which balances between a flexible and a random coil

form, the latter being enhanced for x4 80 mM.

Therefore, in the range 30–80 mM, this aluminium

salt increased the Ab/chondroitin sulphates associa-

tion and could thus facilitate amyloid fibril forma-

tion. As well, it was demonstrated via the Fenton

reaction that this binding dependence with alumi-

nium chloride salt was enhanced with the OH8
radical formation. This last result showed that the Ab
aggregation by aluminium could be directly stimu-

lated during oxidative stress and supported the idea

that OH8 radical played a direct role on the plaque

aggregates.

P-011

Acute-phase serum amyloid A is present in

human colostrum and milk

Y. Kumon, Y. Yasuoka, S. Yamanaka,

A. Takeuchi, & T. Sugiura

Department of Laboratory Medicine, Kochi Medical

School, Kochi University, Kochi, Japan

Serum amyloid A (SAA), an acute-phase reactant, is

mainly synthesised by liver, but also by extrahepatic

tissues, and is present associated with high-density

lipoprotein (HDL) in circulating blood. As human

SAA3, a pseudogene, is considered to be untrans-

lated, human serum acute-phase SAA (A-SAA)

consists of SAA1 and SAA2 isoforms. The primary

physiological roles of A-SAA are poorly understood,

and the major extrahepatic A-SAA isoform, SAA3,

was reportedly present in animal colostrums. How-

ever, the manner of human A-SAA in colostrum was

still unknown. In this study, we biochemically

investigated the manner of A-SAA and its concen-

trations in human colostrum and milk. Human

colostrum and milk samples were collected from

postpartum women with informed consent to parti-

cipate in this study. Samples were investigated using

Western blotting by anti-human SAA1 mouse

monoclonal antibody and measurement of colostrum

and milk A-SAA by ELISA. A-SAA (SAA1þSAA2)

with molecular weight corresponding to 12kd was

detected in colostrum and milk. A-SAA seemed to

be associated with HDL, however, with which apoA-

I was not associated. The A-SAA concentrations in

colostrum were less than serum A-SAA levels,

100 ng/ml at the maximum. The milk A-SAA was

also detected 3 months after parturition. We

confirmed in this study that A-SAA, SAA1þSAA2,

clearly different from mammary associated SAA3

(M-SAA3), was present in human colostrum and
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milk. As it was reported that A-SAA bound to

bacteria and provided its opsonin activity, our results

suggest that A-SAA in human colostrum and milk

may have a preventive role in mammary gland and

neonate gastrointestinal tract infections.

P-012

NMR relaxation study of b2-microglobulin

D. Gümral1, F. Fogolari1, A. Corazza1,

P. Viglino1, S. Giorgetti2, M. Stoppini2,

V. Bellotti2, & G. Esposito1

1Dipartimento di Scienze e Tecnologie Biomediche,

Università di Udine, Udine, Italy and 2Dipartimento

di Biochimica, Università di Pavia, Pavia, Italy

We present a study, by 15N NMR relaxation, of the

backbone dynamics of native b2m and its mutant

W60G b2m. b2m is an amyloidogenic protein

causing dialysis-related amyloidosis. Dynamics is

one of the most essential requirements for specific

biological functions of proteins whose motions span

broad range of amplitudes and time scales.

Wild-type b2m showed self-association and/

or oligomerisation at two concentrations, fast

monomer–oligomer exchange equilibrium, a time-

dependent unfolding process, slow exchange

processes in the loops and at N-terminal residue

Gln2. NOE values underline little flexibility of

folded parts of the protein on the fast ps-to-ns time

scale. The N-terminal residues turn out to have an

ordered structure as if b-strand A were extended up to

Gln2.

In W60G b2m, that does not fibrillate when

seeded in TFE 20%, slow dynamics in ms-to-ms

time scale shows significant differences with respect

to wild-type protein while high frequency motions

indicate some similarities. Decreased conformational

dynamics for BC-loop residues in W60G b2m

suggest reduced extent of cis-trans isomerisation of

Pro32. The conformational exchange processes in

the Asp53-Tyr63 fragment is largely reduced com-

pared to wild-type b2m. Replacement of Gly for

Trp60 causes a reduction of conformational flex-

ibility for this segment.

P-013

Transfer of IAPP amyloid between murine

beta cells

M. E. Oskarsson, & G. T. Westermark

Department of Medical Cell Biology, Uppsala

University, Uppsala, Sweden

Background: The islets of Langerhans consist of

small clusters of endocrine cells; the majority

constitutes beta cells producing insulin and islet

amyloid polypeptide (IAPP). In type 2 diabetes,

IAPP misfolds and forms amyloid deposits that

occupy large areas on the expense of islet cells.

However, the initiation and propagation of islet

amyloid is not clear although studies indicate that

IAPP fibril formation start intracellularly in the

secretory granules of the beta cell. An important

and yet unanswered question is whether all intracel-

lular amyloids are initiated autonomously by the cell

that harbours it or if the amyloid can be seeded

through transfer of fibrils from extracellular space or

another beta cell. Mechanism for amyloid transfer

between cells exists in nature, for example during cell

division for sup35p fibrils in yeast cells and the

transport of melanosomes from melanocytes to

keratinocytes.

Aim: Investigate potential transfer of IAPP fibrils

from amyloid loaded donor cells into acceptor cells

Material and Methods: Donor cells were derived

from isolated islets from transgenic mice that over

express human IAPP in the beta cells and lack

endogenous mouse IAPP expression. Islets were

cultured in high glucose medium until presence of

intra- and extracellular amyloid deposits was con-

firmed with Thioflavin staining. The islets were

trypsin treated to disrupt islet structure and then

cocultured together with the acceptor cells; green

fluorescence protein (GFP) stably transfected mur-

ine beta cells (B-TC6) expressing non-amyloido-

genic mouse IAPP. After 1 week of coculture, cells

were fixed and stained with Congo Red.

Results: Presence of Congo positive material within

the green fluorescent acceptor cells indicates transfer

of amyloid material from donor cells. Initial results

show the following:

Intracellular amyloid was found in cells through-

out the islets but sometimes also in adjacent cells

connected by dendritic like extensions

Donor cells and acceptor cells intermingle during

coculture

Congo positive material appear in acceptor cells,

viewed by 3D confocal microscopy

Conclusion: Initial findings point to direct transfer

of amyloid between beta cells.

P-014

The VLITL aggregation-prone motif might

trigger amyloid fibril formation of fibrinogen

Aa-chain frameshift variants in vivo

S. Valleix, P. Derreumaux, C. Garnier, F. Briki,

M. Boimard, J. Doucet, N. Rioux-Leclercq,

96 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



L. Martin, G. Grateau, M. Delpech, &

P. Le Pogamp

Faculté de Médecine de Cochin, Laboratoire de

Biochimie et Génétique Moléculaire, Université

Paris-Descartes, AP-HP and INSERM, Institut Cochin

(U1016) Paris, France

The fibrinogen Aa-chain (FGA) forms amyloid in

humans when its C-terminal sequence is modified by

specific mutations, but the underlying mechanisms

still remain unknown. We presented, here, a detailed

clinicopathological and molecular study of a French

family with hereditary renal amyloidosis associated

with a novel FGA frameshift variant. We further

extended our investigations by in silico and in vitro

experiments to explore whether the 23 amino acids

C-terminal mutant sequence of this new variant,

which is common between all FGA amyloidogenic

frameshift variants, could play a role in amyloid

formation. Our in silico methods pinpointed the

VLITL motif, as being a potential aggregation-prone

sequence, a prediction we further validated experi-

mentally. Indeed, the VLITL aggregates, produced

in vitro, revealed fibrillar morphology by transmis-

sion electron microscopy, green birefringence upon

staining with Congo red, and a cross-b structure by

X-ray diffraction, fulfilling therefore the criteria of

amyloid fibres. Therefore, we propose that the

VLITL serve as a seed for the self-assembly of the

FGA frameshift variants for amyloid formation

in vivo. The reliable identification of this amyloid

prone-motif provides for the first time important

clues about amyloid mechanisms of FGA frameshift

variants, and it offers the opportunity of using this

sequence as a target for anti-amyloid agents.

P-015

Camelid single-domain antibodies as a

therapeutic approach for familial amyloidosis

of the Finnish type (FAF)

W. Van Overbeke1,2, M. Guaraldo1,2,

J. Vandekerckhove1,2, A. De Ganck1,2, &

J. Gettemans1,2

1Department of Medical Protein Research, VIB, Ghent,

Belgium and 2Faculty of Medicine and Health Sciences,

Department of Biochemistry, Ghent University, Ghent,

Belgium

FAF or ‘Familial Amyloidosis of the Finnish type’ is

an amyloid disease caused by a point mutation

(G654A/T) in the gelsolin (GSN) gene leading to

aberrant cleavage of plasma gelsolin. This leads to

formation of amyloid fragments that are deposited in

blood vessel walls, skin, the autonomic nerve system

and eyes. The D187N/Y mutation interferes with

Ca2þ binding and proper folding of plasma gelsolin

domain 2, making the protein susceptible to furin

cleavage in the trans-Golgi network. The resulting

68 kDa fragment (C68) is secreted and extracellu-

larly cleaved by MT1-MMP. As a result, 5 kDa and

8 kDa peptides arise that spontaneously associate

into amyloid fibrils. The proteolytic cascade leading

to FAF pathology has been thoroughly investigated

but there are no proper therapeutic strategies to

counter the disease.

We developed Camelid single-domain antibodies

(nanobodies or VHHs) against C68 and wild-type

gelsolin. GST-pull down assays were performed in

order to map the epitope regions of the nanobodies.

Recombinant C68 nanobodies did not significantly

inhibit MT1-MMP cleavage of C68 in vitro. Nano-

body cDNAs were modified with endoplasmic

reticulum targeting and -retention sequences and

subsequently co-transfected with D187Y plasma

gelsolin cDNA in HEK293T cells. The nanobodies

expressed well intracellularly and can consequently

be used as intrabodies to investigate FAF pathology.

Immunostaining showed a clear-cut colocalisation of

ER-modified nanobodies and D187Y plasma gelso-

lin. Western blot analysis on the medium of

transfected cells showed that gelsolin nanobodies,

targeted to the ER, reduced secretion of C68 from

these cells. Consequently, this might also reduce the

load of amyloid peptides in the extracellular matrix.

However, further research is necessary to verify this

hypothesis.

In conclusion, we showed that single domain

VHHs represent a potent tool to investigate FAF

pathology and can be of great value in the quest for

FAF therapeutics.

P-016

Relationship between amyloid deposition and

cell death in familial amyloidotic

polyneuropathy

O. Toshinori1, Y. Misumi1, Y. Ando2, M. Ueda2,

K. Obayashi2, H. Jono2, Y. Su2, T. Yamashita1, &

M. Uchino1

1Department of Neurology and 2Department of

Diagnostic Medicine, Graduate School of Medical

Sciences, Kumamoto University, Kumamoto, Japan

Introduction: Extracellular deposition of amyloid

fibrils which induces organ dysfunction is the

common pathological hallmark of all types of

amyloidoses. However, the exact relationship be-

tween amyloid deposition and cell death has not yet
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been clarified. To elucidate this relationship, we

studied the impact of TTR amyloid fibrils on cells by

using autopsy tissues from patients with familial

amyloidotic polyneuropathy (FAP) as well as cul-

tured cell lines.

Materials and Methods: We analysed the relation-

ship between the degrees of amyloid deposition and

intracellular changes in amyloid-laden cells by

Congo red staining, TUNEL assay, and electron

microscopic analyses of autopsy tissues from eight

patients with FAP. Cytotoxicities of TTR amyloid

fibrils extracted from patients with FAP and those

synthesised in vitro were analysed by using neuro-

blastoma and glomangioma cell lines.

Results: Ultrastructural studies of amyloid-laden

vascular endothelial cells, mesangial cells, smooth

muscle cells, Schwann cells and cardiomyocytes

revealed well-preserved cell nuclei and no apoptotic

changes, even when cells were completely sur-

rounded by amyloid fibrils. Cardiomyocytes with

various degrees of amyloid deposition showed

decreased ratio of myofibrils to cardiomyocytes and

increased ratio of mitochondria with the degree of

amyloid deposition. Also, the TUNEL method did

not demonstrate amyloid-laden cells. Amyloid fibrils

did not show cytotoxicity in cell culture experiments.

Discussion: Our histopathological studies demon-

strated that structural changes in amyloid-laden cells,

which may be caused by metabolic disturbances,

were induced, when cells were confined by pericel-

lular amyloid fibrils. However, amyloid-laden cells

showed no apoptotic features in this stage. Also,

TTR amyloid exhibited no cytotoxicity in cell culture

experiments.

Conclusion: These findings suggest that the me-

chanism of cell degeneration and death is based on

the structure of the pericellular environment, not on

direct cytotoxicity of amyloid.

P-017

Age-dependent increase in thiol conjugated

forms of transthyretin (TTR) in the elderly:

quantitative analyses by the SELDI-TOF MS

protein chip system

S. Kawahara1,2, M. Ueda1,3, A. Miyazaki1,2,

U. Yuki3, Y. Horibata1,3, H. Jono1,3, K. Obayashi1,3,

K. Ikeda3, S. Tanase2, & Y. Ando1,3

1Department of Diagnostic Medicine, Graduate School of

Life Sciences, Kumamoto University, Kumamoto,

Japan, 2Department of Analytical Biochemistry,

Kumamoto University School of Health Sciences,

Kumamoto, Japan, and 3Department of Clinical

Laboratory, Kumamoto University Hospital,

Kumamoto, Japan

Background and Purpose: Senile systemic amy-

loidosis (SSA) caused by wild-type (WT) transthyr-

etin (TTR) is a prevalent disorder in the elderly.

However, mechanisms of WT TTR amyloid

formation and risk factors for SSA remain to be

elucidated. In this study, to determine age-related

changes in serum TTR, we investigated TTR

concentrations and conjugated-TTR ratios in sera

of the elderly.

Material and Methods: Serum TTR concentra-

tions were measured by nephelometry in 409 patients

(136 at the age of 60s, 140 in 70s, 114 in 80s and 19

in 90s) admitted to Kumamoto University Hospital.

We excluded patients with low albumin concentra-

tions (54.1 g/dl) and/or high C-reactive protein

concentrations (40.3 mg/dl) in sera from the study.

We quantified ratios of post-translational modifica-

tions to an unconjugated-form in serum TTR by

surface-enhanced laser desorption/ionisation time-

of-flight mass spectrometry (SELDI-TOF MS) using

a Q10 protein chip with an anionic surface, in each

10 patients at the age of 60s, 70s, 80s and 90s,

respectively.

Results: Neither significant age-related changes nor

gender-related distinctions in serum TTR concen-

trations were observed from at the age of 60s–90s

although the concentrations tended to be decreased

as aging. However, thiol conjugated-TTR ratios

increased as the age increased: Cysteine (Cys) and

conjugated-TTR ratios to the unconjugated-form in

their 60s, 70s, 80s and 90s were 1.46+ 0.31,

2.08+ 0.44, 1.86+ 0.30 and 2.02+ 0.57 (avera-

ges+ standard deviations), respectively. Glutathione

(GSH) conjugated-TTR ratios to the unconjugated-

form at the age of 60s, 70s, 80s and 90s were 1.21+
0.48, 1.14+ 0.40, 1.14+ 0.33 and 1.84+ 0.53,

respectively.

Conclusion: Higher ratio of thiol conjugated forms,

such as TTR-Cys and TTR-GSH may play a key role

in the pathogenesis of TTR amyloid formation in the

elderly.

P-018

Mechanistic and structural aspects of the

interaction of luminescent conjugated polymers

with amyloid oligomers

S. Hornemann1, J. Sponarova1, C. Zhu1,

V. Finder2, R. Glockshuber2, P. K. Nilsson3, &

A. Aguzzi1

1Institute of Neuropathology, University Hospital Zurich,

Zürich, Switzerland, 2Institute of Molecular Biology and

Biophysics, Swiss Federal Institute of Technology,

Zürich, Switzerland, and 3Department of Chemistry,

Linköping University, Linköping, Sweden
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Protein misfolding and aggregation diseases, such as

e.g. Alzheimer’s disease, are associated by the

accumulation of a disease-related protein. The

pathogenic mechanisms involved in these confor-

mational diseases are only poorly understood.

Luminescent-conjugated polymers (LCPs) have

been shown as a sensitive tool for detection of

amyloid deposits. In contrast to commonly used

amyloidotropic dyes such as thioflavins or Congo

Red, LCPs are composed of flexible polythiophene

chains which allow rotation of the molecule. Upon

binding to amyloids, the LCPs alter their spectral

properties in a conformation dependent manner.

However, there is still limited information available

on the binding mechanism and binding properties of

the LCPs to amyloid fibrils and oligomers.

We have produced recombinant human Ab1-42

(recAb1-42) protein in Escherichia coli and purified

it by conventional chromatographic techniques in

large quantities. The recAb-protein was incubated

in the presence of SDS to induce formation of

homogenous, globular Ab-oligomers with a size of

approximately 60 kDa, known as Ab-globulomers.

We present first biophysical and spectroscopic data

used to study the binding and structural properties

of the complex formed by the globulomers and

LCPs with various charged side chains. These data

will provide a more detailed knowledge of the

binding mode of amyloidogenic probes which

is essential for understanding the structural char-

acteristics of amyloid fibrils detected by these

molecules.

P-019

Proteasome activity and stress in light chain

amyloidosis

L. Oliva1, N. Pengo1,2, G. Palladini3, P. Cascio4,

E. Pasqualetto1, G. Merlini3, R. Sitia1,2, &

S. Cenci1,2

1Division of Genetics and Cell Biology, San Raffaele

Scientific Institute, Milano, Italy, 2Università

Vita-Salute San Raffaele, Milano, Italy, 3Amyloidosis

Treatment and Research Center, Fondazione IRCCS

Policlinico San Matteo and Department of Biochemistry,

University of Pavia, Pavia, Italy, and 4Department of

Veterinary Morphophysiology, University of Torino,

Torino, Italy

Recently, proteasome inhibitors (PI) proved power-

ful against multiple myeloma (MM), the neoplastic

transformation of plasma cells (PC). The balance

between overall proteasome expression (degradative

capacity) and degradative workload (mainly contrib-

uted by protein synthesis) proved a crucial deter-

minant of apoptotic sensitivity of MM cells to

proteasome inhibition.

AL amylodosis is caused by a bone marrow PC

clone synthesising structurally unstable monoclonal

light chains, which polymerise into amyloid fibrils

both at intra- and extra-cellular levels. AL cells are

proving very sensitive to PI in the clinics, but the

underlying bases are unknown.

Being both a PC dyscrasia and a conformational

disease, we hypothesised that AL cells are extremely

sensitive to PI because they face constitutive proteo-

toxicity and suffer from intense proteasome stress.

To test this hypothesis, we purified primary bone

marrow PC from AL patients and measured: (i)

accumulation of ubiquitinated proteins and Ig light

chain (by immunofluorescence); (ii) intrinsic sensi-

tivity to PI (by FACS); (iii) proteasome activity (by

fluorogenic assays in vitro). We also applied auto-

mated quantification of fluorescence to draw correla-

tions between light chain content and proteasome

stress.

Our data indicate that AL plasma cells are

intrinsically vulnerable to proteasome inhibition,

despite suitable levels of proteasome activity. PI

susceptibility correlates with remarkable accumula-

tion of ubiquitinated proteins, indicative of protea-

some stress. Similar to MM cells, proteasome stress

strongly correlates with light chain content, suggest-

ing a crucial role for paraprotein synthesis/retention

on proteasome stress.

Our integrated approach establishes a technologi-

cal platform to investigate proteostasis and proteo-

toxic stress in primary AL cells. This strategy may

help identify molecular markers of clinical use to

predict disease severity and response to therapy.

P-020

Distribution of macrophages in spleen with

amyloid

A. Vahdat Shariatpanahi1, K. Lundmark1, &

G. T. Westermark2

1Department of Clinical and Experimental Medicine,

Linköping University, Linköping, Sweden and
2Department of Medical Cell Biology, Uppsala

University, Uppsala, Sweden

In animal models of AA amyloidosis, the amyloid

deposits can earliest be detected in the spleen.

Spleen contains three different types of macro-

phages, metallophilic marginal zone macrophages

(MMZM), marginal zone macrophages (MZM) and

red pulp macrophages (RPM). Macrophages, espe-

cially MZM, are believed to play an important role in

amyloidogenesis (Kuroiwa et al. J Electron Microsc
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2003;52:407–413) and RPM macrophages in amy-

loidolysis (Nyström et al, unpublished results). The

aim of this study is to examine the distribution of

different types of macrophages in spleens from

amyloidotic mice.

Mouse model of experimental AA amyloidosis

with rapid amyloid induction was used. Amyloid

enhancing factor (AEF) was prepared as described

(Lundmark et al. Proc Natl Acad Sci USA

2002;99:6979–6984). Amyloidosis was induced with

an intravenous injection of 0.1 AEF followed by a

subcutaneous injection of 1% silver nitrate. Injec-

tions of 1% silver nitrate were repeated after 7 and 14

days. Mice were killed 4 or 16 days after amyloid

induction. Spleens were frozen in TissueTek, and

sectioned 10 mm thick. The presence of MMZM,

MZM and RPM was examined with specific

antibodies (MOMA1, ER-TR9 and F4/80), respec-

tively and compared to untreated controls. The

sections were stained for amyloid with Congo

red; the amount was graded as described

(Lundmark et al. Proc Natl Acad Sci USA

2002;99:6979–6984).

Small to moderate amyloid deposits localised in

perifollicular zones were detected in mice killed 4

days after amyloid induction. MMZM were mark-

edly reduced and only single MZM were detected in

marginal zones with amyloid. Mice killed 16 days

after amyloid induction contained extensive amyloid

deposits. Only few MMZM or fragments thereof

were identified. MZM were absent. RPMs increased

at both time points and were focally localised close to

amyloid.

Amyloid deposition in marginal zone affects the

numbers of MMZM and MZM as early as 4 days

after rapid amyloid induction. Marked reduction of

MMZM and disappearance of MZM 16 days after

amyloid induction suggests that amyloid deposition

leads to degeneration and dead of these cells but not

of RPMs which increase instead.

P-021

Antioxidative effect of albumin on

transthyretin-related amyloidosis

J. Guo1, H. Jono1, T. Kugimiya2, S. Saito2,

T. Maruyama2,3, Y. Misumi4, Y. Hoshii5, Y. Su1,

M. Ueda1, M. Otagiri2, & Y. Ando1

1Department of Diagnostic Medicine, 2Department of

Biopharmaceutics, Graduate School of Pharmaceutical

Sciences, 3Center for Clinical Pharmaceutical Sciences,
4Department of Neurology, Graduate School of life

Sciences Kumamoto University, Kumamoto, Japan, and
5Department of Pathology, Yamaguchi University

School of Medicine, Ube, Japan

Introduction: Familial amyloidotic polyneuropathy

(FAP) induced by amyloidogenic transthyretin

(ATTR) is characterised by systemic accumulation

of amyloid fibrils. It has been reported the involve-

ment of oxidative stress in amyloid fibril formation in

patients with FAP. Albumin is the most abundant

protein in plasma, and is a major and predominant

antioxidant in circulating blood. Previous works have

shown that total reactive antioxidant potential in

plasma, considered as an index of the level of

antioxidants, was decreased in patients with FAP.

These evidences suggest that albumin as an anti-

oxidant may play a crucial role in amyloid formation.

The purpose of this study was to elucidate the role of

antioxidative properties of albumin in FAP disease

progression.

Materials and Methods: Function of albumin

isolated from FAP ATTR V30M patients was

analysed quantitatively and qualitatively. Both WT-

TTR and ATTR-V30M were purified from serum

samples obtained from healthy volunteers and

homozygotic FAP ATTR V30M patients. To eval-

uate the effect of albumin on amyloid formation,

sandwich ELISA was performed by using mono-

clonal anti-TTR115–124 antibody which specifically

reacts with amyloid fibrils and preamyloid deposits.

To evaluate the effect of albumin on TTR deposition

in vivo, analbuminemic rats with human ATTR

V30M transgenic rats (V30M Tg NAR) were

analysed.

Results and Discussion: The serum albumin

levels were significantly decreased in patients with

FAP as the progression of the disease. The amyloid

formation of both WT-TTR and ATTR-V30M was

suppressed in the presence of albumin in a dose-

dependent manner. N-ethylmaleimide (NEM)-

albumin, diminishing the antioxidant effect, abol-

ished its inhibitory effect on amyloid formation. In

patients with FAP, albumin was significantly

oxidised as the progression of the disease. Moreover,

loss of functional albumin accelerated TTR deposi-

tion in V30M Tg NAR rats. Taken together,

these results suggest that albumin as an antioxidant

may play important roles in the pathogenesis of

FAP.

Conclusions: The antioxidative properties of albu-

min may be one of the factors that can inhibit

amyloid formation. Our findings provide new in-

sights into molecular pathogenesis of FAP.

P-022

Production, purification and aggregation of IgE

k light chain fragment

P. Arosio1, T. Müller-Späth1, H. Wu1,

M. Morbidelli1, A. De Luigi2, & M. Salmona2
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1Department of Chemistry and Applied Biosciences,

Institute for Chemical and Bioengineering, ETH Zurich,

Switzerland and 2Department of Molecular Biochemistry

and Pharmacology, Istituto di Ricerche Farmacologiche

‘Mario Negri’, Milan, Italy

We study the aggregation behaviour of an amyloido-

genic IgE l light chain fragment, which is produced

directly in our laboratory from human cells U266

from a myeloma cancer received from the Institute

‘Mario Negri’. The cells were progressively adapted

to a medium with an optimal low content of serum,

in order to reduce impurities in the system but still

allowing a reasonable cell growth rate. The produced

supernatant was then purified by combining size

exclusion chromatography (SEC) with cation ex-

change chromatography. The process was developed

in two steps: First, we used the SEC technique to

purify small amount of the produced light chains.

Second, we optimised the operation conditions (e.g.

pH feed, pH eluent, specific protein capacity of the

column) for the developed process using small

amount of the purified l chains in a small analytical

column. With the defined operation conditions, the

pre-purification of the supernatant has been carried

out in a large preparative column. Then, the

fractionated eluent was analysed and the fractions

with the largest content of l chains were pooled and

injected into the SEC column for further purifica-

tion. The protein was characterised by SDS-PAGE,

Western Blot and isoelectrofocusing assays: the

produced l chain is present as an equilibrium

between dimers (MW¼ 50 kDa) and monomers

(25 kDa), largely in favour of the dimers. In presence

of a reducing agent, dimers break almost completely

to monomers. Currently, the investigation is devel-

oping on two directions: On one side biophysical

aggregation studies in vitro of the produced l chains

are performed to establish kinetic dependence on

biologically relevant physical parameters. On the

other side toxicity tests in vivo of the produced

species will allow the recognition of the most toxic

species. Particularly attention is dedicated to the

smaller aggregates produced at the early stages of the

process.

P-023

Amyloid fibrils formed by selective N-,

C-terminal sequences of mouse

apolipoprotein A-II

J. Sawashita1, F. Kametani2, K. Hasegawa3,

M. Mori1, H. Naiki3, & K. Higuchi1

1Department of Aging Biology, Institute on Aging and

Adaptation, Shinshu University Graduate School of

Medicine, Shinsu, Japan, 2Department of

Molecular Neurobiology, Tokyo Institute of Psychiatry,

Tokyo, Japan, and 3Faculty of Medical Sciences,

Division of Molecular Pathology, Department of

Pathological Sciences, University of Fukui, Fukui,

Japan

Apolipoprotein A-II (apoA-II) is one of component

parts of HDL particle and the most important

protein associated with senile amyloidosis in mice.

Type C apoA-II exists in amyloidosis-susceptible

mice such as Senescence-Accelerated Mouse prone 1

(SAMP1), contains substitutions of Pro to Gln at

position 5 and of Val to Ala at position 38 of apoA-II.

Type B apoA-II exists in the amyloidosis resistant

mice. To understand the mechanism of amyloid

fibril formation by apoA-II, we examined the

polymerisation of synthetic partial peptides of mouse

apoA-II in vitro and the transmissibility of their

products in vivo. None of the partial apoA-II

peptides polymerised into amyloid fibrils when tested

as a single species mixture. We found a unique

mechanism in which N- and C-terminal peptides

associated into amyloid fibrils in a 1:1 ratio at pH 2.5

with the conformational change of their secondary

structure. The N-terminal 6–16 sequence, which is a

common sequence of type B and type C apoA-II

proteins, was critical for polymerisation into amyloid

fibrils. The C-terminal 48–65 sequence is also

necessary for nucleation, but not for the extension

phase. These findings suggest that there may be

different mechanisms underlying the nucleation and

extension phases of apoA-II amyloid fibril formation.

We also found that amino acid substitutions between

type B and type C apoA-II proteins did not affect

either phase, furthermore, both of their products

could stimulate the onset of senile amyloidosis in

mice. From these findings, we expect that type B

apoA-II is certainly almost an amyloidogenic protein,

and might differ from type C apoA-II in binding

affinity with lipids of HDL and its role in metabolic

processes. The strategy of using synthetic partial

peptides of amyloidogenic proteins in vitro is a useful

system for understanding amyloid fibril formation

and for the development of novel therapies and

found two sequences of apoA-II critical for amyloid

fibril formation.

P-024

TTR assembly of annular oligomers that

associate laterally precede the appearance of

amyloid protofibrils

R.H. Pires1, Á. Karsai1, M. J. Saraiva2,3,

A. M. Damas2,3, & M. Kellermayer1
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1Department of Biophysics and Radiation Biology,

Semmelweis University Budapest, Budapest, Hungary,
2IBMC – Instituto de Biologia Molecular e Celular, Porto,

Portugal and 3ICBAS – Instituto de Ciências Biomédicas

Abel Salazar, Universidade do Porto, Porto, Portugal

Transthyretin (TTR) is a serum protein involved in

the transport of thyroxine and also retinol. Familial

amyloidotic polyneuropathy (FAP), a neurodegen-

erative disease, is associated with the aggregation of

TTR into amyloid fibrils that deposit extracellularly,

but the molecular mechanisms of the assembly

remain unknown. Here we used atomic force

microscopy (AFM) to identify intermediates along

the assembly–disassembly pathway of TTR amyloid

protofibrils. By using dynamic force spectroscopy,

we also characterised the mechanical response of

protofibrils at different growth stages before and after

their partial disassembly.

During TTR assembly, annular oligomers with

15.8+ 2.3 nm in diameter appeared after 3–5 days of

incubation. These annular oligomers displayed a

tendency to associate laterally, forming linear struc-

tures that preceded the appearance of amyloid

protofibrils. In other proteins, similar annular oligo-

meric structures have been implicated in amyloid

cytotoxicity, but it remains unclear to which extent

they represent an ‘on pathway’ intermediate. Upon

solvent exchange, dramatic morphological rearrange-

ments occurred leading to the partial disassembly of

protofibrils. During disassembly, annular oligomers

with 7.0+ 0.6 nm appeared, suggesting that the

annular arrangement is a common motif in the

TTR assembly and disassembly pathways. Force

spectroscopy of both native TTR and early proto-

fibrils contained a sawtooth pattern with *4 nm

periodicity. Most probably, this pattern corresponds

to successive structural transitions related to the

sequential unfolding of the b-strands within the TTR

monomer. Force spectra of TTR protofibrils revealed

an increase in the length of the manipulated

structure, indicating that the axial association be-

tween monomers stabilises with time. This, stabilisa-

tion of intermonomeric contacts appears to be a

much slower process than that of mere assembly,

possibly involving additional structural rearrange-

ments of the monomer within the protofibrils.

P-025

Targeting transthyretin – X-ray crystallography

and rational drug design

S. Kolstoe, A. J. Morrison, A. J. A. Cobb, A. Coyne,

R. Gill, M. D. Smith, S. V. Ley, S. P. Wood, &

M. B. Pepys

Centre for Amyloidosis and Acute Phase Proteins, UCL

Medical School, London, UK

Transthyretin (TTR) amyloid fibrillogenesis involves

tetramer dissociation followed by structural changes

within the monomer that render the protein capable

of misassembly to the crossed-b form of the fibre.

Kelly has pioneered a therapeutic strategy using

small molecule ligands that bind in the thyroxine

binding pockets of TTR to stabilise the native

homotetrameric assembly. We designed palindro-

mic, bivalent bis-aryl halides targeting the hormone

binding sites of TTR to investigate the hypothesis

that cross-linked octamers or higher multimers might

experience enhanced clearance rates and provide a

viable route for depleting this amyloidogenic protein

from the circulation. As the compound 2-(3,5-

dichlorophenyl amino)benzoic acid was reported to

be bound by TTR with the chlorine bearing ring

oriented to the outer halogen pockets of the protein,

we linked two of these dichloro-bisaryl headgroups

through their chlorinated rings with a 11 carbon

linker. X-ray analysis of a co-crystallised complex

with TTR revealed that this compound was bound

simultaneously in both thyroxine binding sites of a

single tetramer, with a complex translational disorder

accommodating excess linker length and allowing

both inner and outer halogen sites to be visited by the

chlorine atoms of the ligand. X-ray analysis of an

isolated head group bound by TTR showed that, in

contrast to published data, such compounds are

preferentially bound with their chlorinated rings

located in the inner halogen pockets of the TTR

tetramer. Structure analysis of a second bivalent

compound in complex with TTR, where the linker

length was reduced to seven carbon atoms, showed a

well-ordered complex with the halogens of both head

groups positioned in the inner sites of the TTR

tetramer and clear electron density for the hydro-

carbon linker passing through the centre of the

tetramer. In contrast to previously reported studies

of bivalent TTR ligands, this compound is rapidly

bound by native TTR in solution and is a promising

platform for development of drugs to inhibit TTR

amyloid fibril formation in vivo.

P-026

Molecular mechanisms of transthyretin

regulation in neurons

F. Cattaneo1, X. Li1, J. Hulleman1,2, & J. Buxbaum1

1Department of Molecular and Experimental Medicine,

Scripps Research Institute, La Jolla, CA, USA and
2Department of Chemistry, Skaggs Institute for Chemical

Biology, La Jolla, CA, USA
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Transthyretin (TTR) is a homotetrameric protein

responsible for the transport of retinol in the

plasma and of thyroxine in the cerebrospinal fluid.

Wild-type (WT) and mutant TTRs are associated

with sporadic and hereditary forms of amyloidosis,

respectively.

Recently, we showed that over-expression of hu-

man WT TTR in a mouse model of Alzheimer’s

disease (AD) suppresses the neuropathologic and

behavioural phenotypes of the animals. Furthermore,

silencing the endogenous TTR gene accelerated the

disease in these mice. In both the APP23 AD mouse

model and in human AD brains the number of

neurons staining with anti-TTR antibody is in-

creased relative to age-matched controls. We have

now demonstrated that TTR is synthesised in

APP23 primary cortical and hippocampal neurons

and that it is upregulated in APP23 mice compared

to controls.

In order to understand how TTR transcription is

regulated in neurons we have used a computational

approach to find conserved transcription factor (TF)

binding sites between the human and murine TTR

promoter regions. The TFs showing the highest

binding score are being investigated. Chromatin

immunoprecipitation analysis of a TTR-producing

neuroblastoma cell line suggests that in neurons

TTR is not regulated by the same TFs that

regulate TTR transcription in the liver, the source

of plasma TTR.

Since primary neurons from the APP23 AD mice

showed increased TTR mRNA levels compared to

controls, we investigated the role of amyloid pre-

cursor protein (APP) in TTR production in a

cultured neuronal cell line which displays a baseline

expression of TTR. Transfection of these cells with

lentiviral constructs encoding APP resulted in a

significant increase in TTR transcription. Interest-

ingly constructs encoding the Ab1–42 peptide or other

APP cleavage fragments seemed to have no effect on

TTR abundance. We propose that the neurons

utilise the upregulation of TTR as a mechanism of

self-protection, perhaps related to the ability of TTR

to interact with and detoxify the Ab aggregates.

P-027

Epigallocatechin-3-gallate (EGCG) binds to

TTR and modulates its amyloidogenicity

N. Ferreira1,2, I. Cardoso1, M. R. Domingues3,

R. Vitorino3, M. Bastos4, G. Bai4, M. J. Saraiva1,2, &

M. R. Almeida1,2

1Grupo de Neurobiologia Molecular, IBMC – Instituto

de Biologia Molecular e Celular, Porto, Portugal,
2Departamento de Biologia Molecular, ICBAS –

Instituto de Ciências Biomédicas Abel Salazar,

Universidade do Porto, Porto, Portugal, 3Centro de

Espectrometria de Massa, Departamento de Quı́mica,

Universidade de Aveiro, Aveiro, Portugal, and
4Faculdade de Ciências, Centro de Investigação em

Quı́mica (UP) – CIQ(UP), Departamento de Quı́mica,

Universidade do Porto, Porto, Portugal

Transthyretin (TTR) is an amyloidogenic protein

being known more than 100 TTR variants associated

with hereditary amyloidosis. Although the details of

the TTR amyloid fibril formation process are not

completely known, the pathway involves TTR

tetramer dissociation into monomers with altered

conformation that will re-associate in an aggregated

form, polymerise and form amyloid fibrils.

Approaches for TTR amyloidosis that interfere with

any step of this cascade of events have therapeutic

potential. Many compounds have been tested as

TTR amyloid fibril formation inhibitors. Most of

them present low selectivity of binding to TTR

and/or high toxicity. In this study, we tested (7)-

epigallocatechin-3-gallate (EGCG), the most abun-

dant catechin of green tea, as inhibitor of TTR

amyloid formation. We demonstrate, through bio-

chemical and biophysical methods that EGCG binds

strongly to isolated TTR, in vitro, in a region of the

molecule not encompassing the thyroxine binding

site, and binds to TTR in human plasma, ex vivo.

We also show, by stability assays through isoelectric

focusing in partial denaturing conditions that EGCG

acts as TTR stabiliser, either for wild-type TTR or

TTR V30M variant. In addition, we demonstrate by

transmission electron microscopy (TEM) analysis

that EGCG inhibits TTR aggregation in vitro and in

a cell culture system. We also found that EGCG acts

as amyloid fibril disruptor when tested in vitro for

wild-type TTR, TTR Y78F and TTR L55P amyloid

fibrils. The dual effect of EGCG as TTR stabiliser

and fibril disrupter makes it a good candidate for

therapy or as model for other molecules to be used as

therapeutic agents in TTR amyloidosis. Based in

these results, in vivo experiments in mice transgenic

for human TTR V30M in a null background were

performed and suggestive for a significant reduction

of tissue TTR deposition.

P-028

A novel anti-amyloid chaperone

J. Johansson, H. Willander, K. Nordling, M. Fitzen,

C. Nerelius, & J. Presto

Department of Anatomy, Physiology and Biochemistry,

Swedish University of Agricultural Sciences, The

Biomedical Centre, Uppsala, Sweden
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Prosurfactant protein C (proSP-C) is a 197-residue

integral membrane protein, in which the C-terminal

domain (CTC) is localised in the ER-lumen. Mature

SP-C corresponds largely to the transmembrane

region of proSP-C and is needed for lowering

alveolar surface tension. Mutations in CTC are

linked to interstitial lung disease. The (pro)SP-C

TM segment, in contrast to TM segments in general,

consists essentially only of residues with aliphatic b-

branched side-chains and is prone to form b-sheet

aggregates and amyloid fibrils. These features pose

inherent problems in forming and keeping the native

helical structure of (pro)SP-C. CTC lacks known

function and contains a conserved Brichos domain

that has been found also in proteins associated with

dementia (BRI2) and cancer (ChM-1) (Pulido

Sánches et al. TiBS 2002;27:329–332). Recombi-

nant human CTC (rhCTC) binds to SP-C provided

that it adopts a non-native, i.e. non-helical con-

formation (Johansson et al. J Biol Chem 2006;

281:21032–21039). Moreover, transfection of CTC

prevents intracellular formation of amyloid-like

inclusions of mutant proSP-C. CTC binds exclu-

sively to non-polar residues and promotes a-helix

conformation in peptides with non-helical conforma-

tion (Johansson et al. Protein Sci 2009;18:1175–

1182). In line with this broad substrate specificity,

CTC can bind to and prevent fibril formation of

Ab1–40 and medin (Johansson et al. J Mol Biol

2009;389:227–229, Nerelius et al. Biochemistry

2009;48:3778–3786, Fitzen et al. Rapid Commun

Mass Spectrom 2009;23:3591–3598). We suggest

that CTC is a novel chaperone that can hold and fold

transmembrane segments and thereby prevent amy-

loid fibril formation.

P-029

Transthyretin V30M forms two compositionally

distinct amyloid fibrils which correlate to

clinicopathology and liver transplantation

outcome

E. Ihse1, O. B. Suhr2, U. Hellman3, &

P. Westermark1

1Department of Genetics and Pathology, Uppsala

University, Uppsala, Sweden, 2Department of Public

Health and Clinical Medicine, Umeå University

Hospital, Umeå, Sweden, and 3Ludwig Institute of

Cancer Research, Uppsala, Sweden

Familial transthyretin amyloidosis is caused by a

mutation in the transthyretin (TTR) gene. The

disease primarily affects the peripheral nerve system

and/or the heart, but manifestations differ between

mutations and interestingly also between individuals

carrying the same mutation. The only established

treatment for the disease today is liver transplanta-

tion (LT). This eliminates the mutant TTR in the

plasma, as it is synthesised in the liver. The

procedure halts the progression of the disease in

many cases, but a rapid continued amyloid deposi-

tion of wild-type (wt) TTR in the heart has been seen

in some individuals. To be able to identify the

patients who are less suitable for the operation, it is

crucial to determine the factors behind post-LT

disease progression.

We have earlier reported that amyloid fibrils in

ATTRV30M patients can have two distinct types of

composition; a mixture of full-length and fragmented

ATTR (type A) or only full-length molecules (type

B). The fibril types differ between individuals, but

seem to be intra-individual consistent. The two types

of fibrils are correlated to discrepancies in pheno-

typic features, such as age of onset and presence of

cardiac hypertrophy.

We have now investigated cardiac and adipose

amyloid from ATTRV30M patients to see if the

proportion of wtATTR differs between the two fibril

types. In cardiac tissue, the percentage wtATTR was

higher in fibrils of type A than B, indicating that the

former type more easily incorporates wtATTR,

thereby perhaps rendering patients with this fibril

type more prone to continued deposition after LT.

Cardiac amyloid contained a higher proportion of

wtATTR than adipose amyloid, thereby possibly

offering an explanation for the vulnerability of heart

tissue for progressive amyloidosis after LT. In

addition, the results of this study are suggestive of a

rapid turn-over of the amyloid deposits, as a very

large increase in wt to mutant ratio was apparent

quite early after LT.

P-030

Amyloidogenic light chains internalise and

aggregate in cardiomyocytes

D. O. Olatoye1, E. G. Randles2, &

M. Ramirez-Alvarado1

1Department of Biochemistry and Molecular Biology,

College of Medicine, Mayo Clinic, Rochester, Minnesota,

USA and 2Department of Biochemistry, Boston

University College of Medicine, Boston, Massachusetts,

USA

Amyloid diseases occur when native proteins assume

non-native or misfolded states. Light chain amyloi-

dosis is the result of a monoclonal expansion of

plasma cells producing excess free light chains.

These light chains tend to misfold and aggregate

eventually leading to organ failure. The aim of this
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study is to monitor the internalisastion of a cardiac-

derived full length (variable plus constant domain)

light chain (AL09) and its germline counterpart

(k1 018/08) into cardiomyocytes. Previous studies

have suggested that proteolysis of light chains may

contribute to their lack of stability and aggregation.

Our goal is to determine the mechanism of inter-

nalisation and the localisation of the light chains once

they become intracellular.

Recombinant full length AL09 and k1 018/08 was

expressed and extracted from Escherichia coli cells.

Cultured cardiomyocytes were incubated with dif-

ferent concentrations of the protein for 24, 48 and

72 h at 378C. Cells were lysed and analysed via

Western blot to determine if the proteins were

intracellular at these time points. The solubility of

these light chains was also assessed. Internalisation

was also monitored by performing live cell imaging

using confocal microscopy. Full length AL09 was

labelled with Oregon Green, an amine reactive

fluorescent dye. Labelled protein (1 mM) was added

to cultured cells on a cover-slip dish and monitored

for 24 h. Z-series was taken at 5-min intervals during

this time period.

Western blot analysis shows that both full length

AL09 and k1 018/08 are internalised at 24, 48 and

72 h. At 24 h, both proteins remain soluble. At later

time points however, both proteins existed in soluble

and insoluble forms. Through live cell imaging, it

was observed that internalisation of labelled full

length AL09 happens as early as 4 h after protein

addition.

We are currently determining the localisation of

the internalised protein by performing cellular

fractionation and colocalisation imaging analysis.

P-031

Occurrence and nature of amyloid in

atherosclerotic aorta and calcified heart

valves

S. Enqvist1, K. Sletten2, U. Hellman3,

E. Wassberg4, L. Eriksson5, &

P. Westermark1

1Department of Genetics and Pathology, Uppsala

University, Uppsala, Sweden, 2Biotechnology Center of

Oslo, University of Oslo, Oslo Norway, 3Ludwig

Institute for Cancer Research, Uppsala, Sweden,
4Department of Surgical Sciences, and 5Department of

Forensic Medicine, Uppsala University, Uppsala,

Sweden

Localised forms of amyloidosis are commonly

deposited in some larger arteries. In the intimal layer

of the aorta a common form of amyloid is associated

with atherosclerosis. ApoA-1 has been found in this

amyloid but further studies indicate another, not

identified protein is involved as well. Calcified heart

valves are also associated with an amyloid type of

unknown origin. These two amyloids share many

similarities including proximity to calcification,

shared microenvironment (blood) and similar mor-

phology when stained with Congo red and it is

reasonable to believe they are caused by the same

protein. This is supported by an earlier report where

an antibody directed against calcified heart valve

amyloid also reacted with deposits in atherosclerotic

plaques. In two large prevalence studies, we found

atherosclerotic amyloid in 41 out of 99 cases (41%)

and in 32 out of 55 (58%) of surgically removed

aortic valves. Two factors found to influence the

prevalence positively was age and calcification. In the

case of atherosclerotic amyloid, gender seems to play

a role since males had a slightly higher risk to get

amyloid in their advanced plaques.

Recently, we recovered a heart valve material with

substantial amounts of amyloid and analysis material

is ongoing. We intend to present novel data

regarding the amyloidogenic protein involved in

these deposits at the symposium.

P-032

Drug discovery targeted at transthyretin

cardiac amyloidosis: rational design, synthesis

and biological activity of new transthyretin

amyloid inhibitors

D. Blasi1, M. Pinto2, J. Nieto4, G. Arsequell3,

G. Valencia3, A. Planas4, N. B. Centeno2, &

J. Quintana1

1Drug Discovery Platform (PDD), Parc Cientific de

Barcelona, Barcelona, Spain, 2Computer-Assisted Drug

Design Laboratory, Research Group on Biomedical

Informatics (GRIB) IMIM-Universitat Pompeu Fabra,

Barcelona, Spain, 3Unit of Glycoconjugate Chemistry,

Institut de Quı́mica Avançada de Catalunya,

I.Q.A.C. – C.S.I.C., Barcelona, Spain, and
4Laboratory of Biochemistry, Institut Quı́mic de Sarrià,

Universitat Ramon Llull, Barcelona, Spain

We have previously designed and synthesised ligands

that stabilise the transthyretin (TTR) tetramer

(Mairal et al. PLoS One 2009;4:e4124), in order to

obtain therapeutically active compounds for familial

amyloid polyneuropathy. We are hereby reporting a

drug design strategy to optimise these ligands to

target familial amyloid cardiomyopathy, through the

following steps: (a) SAR analyses of the ligands
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described previously for the TTR tetramer,

classified in structurally similar families; (b) drug

design/optimisation of TTR ligands through docking

in the TTR tetramer three-dimensional structure

and through optimisation of physicochemical/

pharmacokinetic/selectivity properties; (c) compara-

tive structural analyses of selected amyloidogenic

and non-amyloidogenic TTR mutants and native

TTR structures; and (d) virtual screening of com-

mercially available ligands and therapeutically active

compounds (repurposing) towards wild-type and

mutant TTR tetramer structures. First results in

steps (a) and (d) of this strategy will be reported.

P-033

Serum amyloid P component is a constituent of

normal adult mammalian glomeruli

W.L. Hutchinson, J. Herbert, & M. B. Pepys

Division of Medicine, Centre for Amyloidosis and Acute

Phase Proteins, Royal Free Campus, University College

London, London, UK

Human serum amyloid P component (SAP), the

normal plasma glycoprotein of the pentraxin family,

which is present in all human amyloid deposits as a

result of its avid specific binding to fibrils, has long

been known to also be a normal constituent of the

glomerular basement membrane and of elastic fibre

microfibrils throughout the body. Although mouse

SAP is very similar to human SAP its binding to all

known ligands, including amyloid fibrils, is much

weaker than that of human SAP and the presence of

mouse SAP in normal extracellular matrix has been

controversial. The presence of SAP in normal

extracellular matrix in other species has not pre-

viously been reported. Our Centre has lately

invented a novel treatment for systemic amyloidosis,

using plasma SAP depletion by the bis-D proline

drug, (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-

oxo-hexanoyl]pyrrolidine-2 carboxylic acid

(CPHPC), followed by anti-SAP antibodies to

trigger swift and essentially complete elimination of

heavy established visceral amyloid deposits. This

approach is now in full scale development for clinical

testing and the potential effects of anti-SAP anti-

bodies in relation to SAP in normal tissues are

therefore of interest. Here we report immunohisto-

chemical studies of SAP in unfixed snap frozen renal

tissue from monkey, rat, cow, guinea pig and sheep

using monoclonal and monospecific polyclonal anti-

bodies with rigorous controls of specific antigen

absorption. SAP was detected as a normal glomer-

ular constituent in rhesus and cynomolgus monkeys

using antibodies against human SAP. As in humans,

the appearance of glomerular SAP was age depen-

dent, being absent in cynomolgus monkeys aged

5–12 years but present in animals over 16 years.

Similarly, SAP was always detectable in glomeruli of

rhesus monkeys aged 15–21 years. SAP was also

demonstrated, using polyclonal rabbits antibodies, in

the glomeruli of adult animals from each of the other

species tested. SAP is thus apparently a normal

constituent of mammalian glomeruli, which appears

only in adult life.

P-034

Quantitative analysis of amyloid mass in mice

by image segmentation

J. S. Wall, T. Richey, A. Stuckey, S. J. Kennel, &

A. Solomon

Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA

Immunoglobulin light chain (AL) amyloidosis is

characterised by the deposition of light chain

components as insoluble fibrils in tissues and organs

leading to dysfunction and death and is the most

common form of peripheral amyloid disease in the

USA. Presently, there are no means available in the

US to image specifically these deposits and thus

ascertain the presence or extent of disease. To this

end we have radioiodinated the amyloid fibril-

reactive antibody 11-1F4 and used microPET

imaging to visualise human AL amyloid xenografts

implanted in mice. The goal of the present study was

to use image segmentation techniques to determine

the potential (and limitations) of quantitative PET

imaging of these amyloid lesions in mice, thereby

providing a method for monitoring response to

therapy in a murine model of AL. The 11-1F4

antibody, labelled with iodine-124 using chloramine

T oxidation was administered (5.6 MBq, 25 mg

protein) to mice that had received a xenograft of 10,

25 or 50 mg human AL amyloid 7 days earlier. The

biodistribution of the 124I-11-1F4 was determined

by using contrast-enhanced PET/CT imaging at 72 h

post-injection of the 1241-1F4 mAb. In addition,

whole body clearance of the antibody and tissue-

associated 124I-11-F4 activity was measured.

Determination of injected dose/gram of tissues

harvested at necropsy provided an independent

quantitative evaluation with which to compare

microPET quantitation data. The 124I-11-1F4 anti-

body had a biological t1/2 in all mice of *135 h.

Accumulation in the AL amyloidoma ranged from 6
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to 10% ID/g, as compared to 54% ID/g in other

organs. The amyloid was readily visible in both PET

and CT images; however, the volume of the

xenograft was *45% larger in the PET images as

compared to the CT. The PET- and CT-based

volumes of amyloid correlated qualitatively with the

measured mass of the xenograft extracted post-

mortem. The activity in the amyloid was calculated

by CT-restricted segmentation of PET images, to be

0.04–6.7 mCi, which compared favourably to

*0.05–2.5 mCi obtained from direct measurement

of the amyloid tissue. These data support our

contention that imaging amyloid using the 124I-11-

1F4 antibody can provide quantitative information

on the amyloid burden in patients with systemic AL

amyloidosis.

P-035

Rapid dehalogenation of 124I-SAP in mice

enhances the specific detection of amyloid: a

dynamic microPET imaging study

J. S. Wall, T. Richey, A. Stuckey, A. Solomon, &

S. J. Kennel

Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA

AA amyloidosis is characterised by the deposition of

insoluble fibrils in tissues and organs and is

associated with a growing number of inflammatory

diseases. Transgenic mice expressing human inter-

leukin-6 have been developed as models of AA to

study the pathogenesis of amyloidosis and for testing

novel therapeutics. We have previously reported the

use of radioiodinated human serum amyloid P

component (I-SAP) as a tracer for imaging periph-

eral amyloidosis in mice (Wall et al. Amyloid

2005;14:146). Imaging the distribution of I-SAP at

early time points post injection is theoretically

complicated by the fact that SAP is catabolised

within the liver, which is also a site of major amyloid

deposition in mice (and humans). To investigate this

we have used dynamic PET imaging to compare the

kinetics of 124I-labeled SAP biodistribution in

healthy, amyloid-free, transgenic and wild-type mice,

as well as transgenic animals with severe hepatos-

plenic AA amyloidosis. In healthy and transgenic

mice, 124I-SAP was rapidly extracted from the

circulation with a bi-exponential decay and appeared

within the liver. Further free 124I accumulated

initially within the stomach and then in both the

thyroid and stomach. This uptake pattern was

consistent with scavenging of the halide by the

NA/I symporter and was seen also in animals

injected iv with free 124I alone. 124I-SAP was

cleared from the circulation of mice with AA

amyloid, much faster than from normal mice. The

rate of 124I-SAP appearance in the liver correlated

with the amount of amyloid in the organ, calculated

histologically from Congo red stained tissue sections.

These data indicate that using kinetic measurements,

the presence and perhaps volume of amyloid in a

tissue can be determined in mice within 1 h of tracer

injection. Furthermore, dehalogenation of the

‘unbound’ SAP rapidly enhanced the signal-to-noise

associated with the specific binding of amyloid-

reactive SAP.

P-036

Immunoimaging of AA amyloid using a novel

amyloid-specific tracer

J. S. Wall1, T. Richey1, A. Stuckey2, P. Seubert2,

R. Barbour2, D. Schenk1, A. Solomon1, &

S. J. Kennel1

1Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA and 2Elan Pharmaceuticals, South San

Francisco, CA, USA

AA amyloidosis is a progressive, fatal condition and

represents the most common form of peripheral

amyloid disease worldwide. Associated with chronic

inflammation of infectious and non-infectious aetiol-

ogy, AA amyloidosis has an estimated lifetime

incidence of *50% in adults with rheumatoid

arthritis. The disease is characterised by the aggrega-

tion of serum amyloid protein A (sAA), which,

during inflammatory responses, circulates bound to

high density lipoprotein at elevated concentrations.

The deposition of the insoluble fibrils particularly in

the spleen, liver and kidneys, occurs following release

of sAA from the lipid particle and partial proteolysis.

Currently, there are no non-invasive methods to

specifically diagnose AA amyloidosis or monitor

response to therapy. We have therefore developed a

monoclonal antibody designated 7D8 that binds with

sub-nanomolar affinity a four amino acid peptide

epitope exposed on sAA during amyloid formation.

Radioiodinated 7D8 antibody retained its immunor-

eactivity and, when injected into mice with systemic

AA amyloidosis, accumulated in the spleen, liver,

kidney and pancreas as evidenced by small animal

SPECT/CT imaging. Autoradiography revealed the

precise co-localisation of the 125I-labelled 7D8

antibody with histologically confirmed amyloid

deposits within these tissues. These preclinical

imaging data support evaluation of this reagent as a

novel imaging agent for use in the diagnosis of AA
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amyloidosis as well as for monitoring response to

therapy in patients with this devastating condition.

P-037

The influence of SAA on ATP binding cassette

A1 and G1 mRNA levels in cholesterol laden

macrophages

S. P. Tam & R. Kisilevsky

Department of Pathology and Molecular Medicine,

Queen’s University, Kingston, Ontario, Canada

Serum amyloid A (SAA) is an acute phase protein

that influences macrophage acylCoA cholesterol

acyltransferase (ACAT) and neutral cholesterol ester

hydrolase (nCEH) activities in such a way as to

promote rapid and substantial export of stored

cholesterol. The ACAT-inhibiting domain is at the

N-terminus and the nCEH-enhancing domain is

near the C-terminus. These two domains, as

individual peptides, function in post-nuclear macro-

phage homogenates, and with purified pancreatic

nCEH suggesting that the domains operate directly

on the enzymes concerned. Nevertheless, intracel-

lular trafficking studies have shown that one isoform

of SAA, or a fragment thereof, traffics to the

macrophage nucleus within 30 min of intracellular

uptake. The present study has examined the influ-

ence of SAA and its nCEH-enhancing domain on the

expression of macrophage mRNAs for several

proteins implicated in cholesterol export and meta-

bolism from cholesterol-laden human THP-1

macrophages. SAA and the nCEH-enhancing do-

main failed to increase nCEH, CLA-1 (a human

homologue of murine scavenger receptor BI), and

apoE mRNA in these cholesterol-laden cells. How-

ever, SAA and its nCEH-enhancing domain, directly

or indirectly, increased the mRNA for ATP-binding

cassette proteins ABCA1 and ABCG1 2.5–3.5 fold.

The data are consistent with a proposed role for SAA

in which it modulates the most upstream steps of the

reverse cholesterol transport pathway promoting

rapid export of stored macrophage cholesterol.

P-038

Chain reaction of amyloid fibril formation with

induction of basement membrane in FAP

Y. Misumi1, Y. Ando2, M. Ueda2, K. Obayashi2,

H. Jono2, Y. Su2, T. Yamashita1, & M. Uchino1

1Department of Neurology and 2Department of

Diagnostic Medicine, Graduate School of Medical

Sciences, Kumamoto University, Kumamoto, Japan

Familial amyloidotic polyneuropathy (FAP) is char-

acterised by extracellular deposition of amyloid

fibrils caused by a point mutation in the transthyretin

(TTR) gene. Despite data accrued from a number of

in vitro studies of TTR amyloidogenesis, many

questions, including where and how these fibrils

form in vivo and what is the impact of amyloid

deposition on tissues, remain to be elucidated. We

analysed the relationship between amyloid fibril

formation and microenvironmental changes in this

study.

We analysed the relationship between amyloid

fibril formation and microenvironmental changes, by

immunohistochemical and ultrastructural analyses of

autopsy cardiac tissues from 11 patients with FAP.

Expression of basement membrane components

were analysed using a smooth muscle cell line.

Serum levels of collagen IV were measured in

subjects with ATTR V30M gene.

Ultrastructural studies of cardiomyocytes and

vascular smooth muscle cells showed that amyloid

fibrils formed first at the basement membrane and

that amorphous non-fibrillar TTR deposits and

premature fibrils predominated during the early

stage of amyloid deposition. Immunohistochemical

analyses revealed that expression of major compo-

nents of the basement membrane, such as collagen

IV, laminin and fibronectin, increased in parallel

with the accumulation of TTR amyloid fibrils. In

vitro studies with a smooth muscle cell line revealed

that synthetic TTR aggregates increased the expres-

sion of these basement membrane components.

Serum levels of collagen IV in patients with FAP

were significantly higher than those in healthy

controls.

Amyloid fibril formation at the basement mem-

brane induces up-regulation of the biosynthesis of

basement membrane components which play an

important role as a scaffold for amyloid fibril

formation process, which consequently promotes

further amyloid accumulation. This chain reaction

may have important implications in FAP pathogen-

esis.

P-039

ApoA-I oligomers generated by heparan

sulphate remodeling of HDL-SAA promote

cholesterol efflux

S. P. Tam, R. Kisilevsky, & J. B. Ancsin

Department of Pathology and Molecular Medicine,

Queen’s University, Kingston, Ontario, Canada

During acute-inflammation high-density lipoproteins

(HDL) experiences a major change in apolipoprotein
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composition with a partial loss of apoA-I and a gain

of the acute-phase protein serum amyloid A (SAA).

The presence of SAA increases HDL’s binding

affinity for macrophages, binding that is dependent

on cell surface heparan sulphate (HS). HDL-SAA at

pH �5.2 and 378C in the presence of heparin or HS

becomes turbid within minutes. Analysis of the

turbid samples by centrifugation and gel electro-

phoresis revealed that HDL-SAA was remodelled

and novel species where generated, including lipid

poor oligomers of apoA-I (b2). This remodelling is

dependent on pH, glycosaminoglycan type, is pro-

moted by Ca2þ and is independent of protease or

lipase activity. Given HDL/apoA-I’s critical role in

reverse cholesterol transport (RCT), the potential

functional importance of these structural changes for

macrophage cholesterol efflux was investigated.

Compared to native HDL, HDL-SAA and purified

apoA-I, remodelled HDL-SAA demonstrated a

three-fold greater cholesterol efflux activity with

cholesterol-loaded macrophage. The selective re-

moval of the b2 fraction by density centrifugation

eliminated the enhancement in cholesterol efflux

activity. Since the identified conditions causing this

change in HDL-SAA structure and function can

exist physiologically at the surface of the macro-

phage, in endosomes, or at sites of metabolic

acidosis, we postulate that this functional activation

of HDL-SAA is a physiological adaptation which

focuses the RCT pathway to macrophages at sites of

injury, a site where they are actively participating in

the phagocytosis of damaged cell membrane frag-

ments rich in cholesterol. We further propose that

these apoA-I oligomers under ‘amyloidogenic’

conditions can act as precursors for AApoA-I

fibrillogenesis.

P-040

A single mutation promotes amyloidogenicity

through a highly promiscuous dimer interface

M. Ramirez-Alvarado1, F. C. Peterson2,

E. M. Baden1, B. A. L. Owen3, & B. F. Volkman2

1Department of Biochemistry and Molecular Biology,

College of Medicine, Mayo Clinic, Rochester, Minnesota,

USA, 2Department of Biochemistry, Medical College of

Wisconsin, Milwaukee, Wisconsin, USA, and
3The Hematology Research, College of Medicine, Mayo

Clinic, Rochester, Minnesota, USA

Light chain amyloidosis is a devastating protein

misfolding disease characterised by the accumulation

of amyloid fibrils that causes tissue damage and

organ failure. These fibrils are composed of mono-

clonal light chain protein secreted from an abnormal

proliferation of bone marrow plasma cells. We

previously reported that amyloidogenic light chain

protein AL-09 adopts an altered dimer while its

Figure 1.
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germline protein (kI O18/O8) forms a canonical

dimer observed in other light chain crystal structures

(Baden et al. JBC 2008;283:15853–15860, panel

A,C). In solution, conformational heterogeneity

obscures all NMR signals at the AL-09 and kI

O18/O8 dimer interfaces, so we solved NMR

structures of two related mutants. AL-09 H87Y

restores thermodynamic stability and delays amyloid

formation similar to kI O18/O8. In addition, it

adopts the canonical dimer interface using crystal-

lography (Baden et al. JBC 2008;283:30950–30956).

Our NMR studies on AL-09 H87Y confirm our

crystallographic findings (panel D). kI Y87H is

destabilised and forms fibrils faster than kI O18/

O8. Using crystallography, we reported that kI Y87H

adopts a canonical dimer interface. However, kI

Y87H solution structure presents an altered interface

that is rotated 1808 relative to the canonical dimer

interface and 908 from the AL-09 arrangement.

Direct comparison of the AL-09, kI O18/O8 and kI

Y87H structures (panel F) shows how variation in

the position of the unaligned monomer sweeps like

the hands of a clock across the surface of the other

monomer at intervals of *908 (shown as grey surface

below in all panels). While a portion of the interface

is common to all three dimers, each one forms

additional intermolecular contacts distinct from the

others, and the combination of all three interfaces

correlates well with the region of unassigned NMR

signals in kI O18/O8 and AL-09. Our results suggest

promiscuity in the light chain dimer interface may

promote new intermolecular contacts that may

contribute to amyloid fibril structure.

P-041

aB-crystallin (HspB5) in familial amyloidotic

polyneuropathy

J. Magalhães1,2, S. Duque Santos1, &

M. J. Saraiva1,2

1IBMC, Instituto de Biologia Molecular e Celular and
2ICBAS , Instituto de Ciências Biomédicas Abel

Salazar, Universidade do Porto, Porto, Portugal

The small heat shock protein aB-crystallin

(HspB5) is known to be overexpressed in several

neurodegenerative disorders. In familial amyloidotic

polyneuropathy (FAP), a neurodegenerative disorder

characterised by extracellular deposition of mutated

transthyretin (TTR), activation of heat shock factor

1 – HSF1 – by extracellular TTR deposition has

been shown as well as induction of the expression of

heat shock proteins, HSP27 and HSP70. Here we

investigate the expression of aB-crystallin in FAP.

We first detected aB-crystallin in aggregates ex-

tracted from tissues of both patients with FAP and

transgenic mice for the human V30M mutant TTR;

however, subsequent studies by confocal fluores-

cence microscopy did not confirm the association of

aB-crystallin with TTR aggregates; thus the presence

of aB-crystallin in aggregate extracts might derive

from the extraction procedure. Increased levels of

aB-crystallin were observed by immunohistochem-

istry in human FAP skin, as compared to normal

skin. Furthermore, skin, stomach and dorsal root

ganglia from V30M transgenic mice showed in-

creased expression of aB-crystallin as compared to

controls without deposition. A human neuroblasto-

ma cell line incubated with TTR aggregates dis-

played increased expression of aB-crystallin. Overall,

these results show that extracellular TTR deposits

induce an intracellular response of aB-crystallin.

This small heat shock protein, which is important for

anti-apoptotic and chaperone properties, may have a

protective role in FAP.

P-042

Scanning/transmission electron microscopy to

study how amyloid fibrils are extruded into the

matrix

G. A. Herrera, J. Teng, & E. A. Turbat-Herrera

Nephrocor, Tempe, Arizona, USA

It has been shown that the formation of mesangial

AL-amyloid (amyloid derived from light chains)

involves endocytosis of the precursor protein, deliv-

ery to the mature lysosomal compartment and

formation of fibrils by lysosomes. It remains unclear

as to how amyloid fibrils are extruded into the

mesangial matrix once amyloid is formed by mesan-

gial cells. By using scanning electron microscopy, the

surface interactions between mesangial cells and

matrix can be documented providing important

details regarding the process of amyloid delivery to

the outside of the cells. Transmission electron

microscopy allows to study the relationship between

cellular organelles and amyloid fibrils and their

relationship to the mesangial cell membranes. Hu-

man mesangial cells were incubated with amyloido-

genic light chains obtained from the urine of patients

with renal biopsy-proven AL-amyloidosis for various

periods of time (up to 4 weeks) to study the process

of amyloidogenesis. Specimens were processed for

transmission and scanning electron microscopy and

the mesangial areas were carefully dissected to

observe the surface relationship between mesangial

cells and matrix. It was shown that amyloid fibrils

were in intimate contact with the mesangial cell

110 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



membranes and that they stick out of their surface

individually at about 908 angles. Small breaks at the

mesangial cell membranes are associated with the

areas where the amyloid fibrils were extruded into

the matrix. Lysosomes were confirmed to be closely

related to the areas with amyloid fibril formation and

often abutted on the cell membranes as fibrils were

noted extruding into the matrix. The disorganised

arrangement of amyloid fibrils which characterises

amyloid appears to occur later, after the fibrils are

delivered to the outside of the cells. Lysosomes were

confirmed to be intimately associated with the

formation of amyloid fibrils. The delivery of fibrils

to the extracellular matrix involves breaks in the

membranes of the mesangial cells and delivery of

apparently individual fibrils. It remains unequivo-

cally unsettled whether amyloid fibrils are formed

intracytoplasmically and then extruded or are formed

at the mesangial cell surface and delivered to the

outside, without virtually never being located in-

tracytoplasmically, but this last hypothesis appears to

be more likely.

P-043

Animal model of AL-amyloidogenesis

recapitulates in vitro findings

G. A. Herrera, E. A. Turbat-Herrera, & J. Teng

Nephrocor, Tempe, Arizona, USA

An in vitro model of AL-amyloidogenesis has

provided insights into mechanisms involved in the

formation of amyloid fibrils by mesangial cells. The

sequence of events involved has demonstrated

internalisation of the precursor protein into mesan-

gial cells using purported receptors for glomerulo-

pathic light chains, intracytoplasmic trafficking in

mesangial cells of the internalised protein to reach

the mature lysosomal compartment where fibrils are

formed, and eventually extruded into the extracel-

lular compartment.

Glomerulopathic light chains purified from the

urine of patients with renal biopsy-proven AL-

amyloidosis (n¼ 4) were injected into the penile vein

of mice (n¼ 10) 1 mg/ml daily for up to 2 weeks.

Renal glomeruli were obtained for light, immuno-

fluorescence, transmission and scanning microscopic

evaluation at 1, 2, 6, 8, 10 and 12 h, as well as 1, 2, 5,

7, 10 and 14 days post injection. Controls were used

where tubulopathic light chains from patients with

biopsy proven light chain cast nephropathy (n¼ 4)

were injected similarly in mice (n¼ 6) and subjected

to the same evaluation.

The steps delineated in the in vitro model were

recapitulated in the in vivo model. Mesangial cells

from mice injected with AL-light chains engaged in

endocytosis of light chains within minutes after

injection and amyloid formation could be detected

approximately 8 h after. Delivery to mature lyso-

somes in mesangial cells was identified, just as

previously documented in the in vitro model. The

process of amyloid delivery to the extracellular space

was carefully monitored.

In vitro and in vivo events associated with AL-

amyloidogenesis in mesangial cells were virtually

identical. This study provided unique insights into

the process of amyloid formation in mesangial cells

and delivery to the mesangial matrix. The morpho-

logical characteristics of amyloid (i.e. randomly

arranged 8–12 nm in diameter, non-branching fibrils

of various lengths) were clearly revealed by scanning

electron microscopy. To our knowledge, this is the

first in vivo animal model of glomerular AL-

amyloidogenesis used for studying the process of

amyloid formation by mesangial cells.

P-044

Structural and functional analysis of amyloid

fibril formation by two closely related light

chains

M. Ramirez-Alvarado & D. J. Martin

Department of Biochemistry and Molecular Biology,

Mayo Clinic, Rochester, Minnesota, USA

Light chain amyloidosis (AL) is a haematological

disorder in which a clonal population of B cells

expands and secretes enormous amounts of immu-

noglobulin light chain protein. These light chains

misfold and aggregate into amyloid fibrils, leading to

organ dysfunction and death. In AL the sequence of

the light chain is unique for each individual, giving

rise to a highly variable course of disease. We are

studying two proteins, designated AL-09 and AL-

103, derived from the kI O18:O8 germline that are

highly similar in sequence, yet had significant

differences in the disease phenotype. We have

studied the in vitro kinetics of fibril formation and

the structure of the resulting fibrils in order to

explain this phenomenon.

We have begun by undertaking a systematic study

of different solution properties and co-solutes that

may affect fibril formation in these two proteins. We

find that even though the proteins have similar

thermodynamic properties, their fibril formation

behaviour is very different. AL-09 readily forms

fibrils under virtually every condition studied, while

AL-103 forms fibrils both more slowly and under

fewer conditions. We have also explored the poten-

tial role of different glycosaminoglycans (GAGs) in
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the fibril formation process, specifically looking at

the role of the size and charge of the GAG molecules.

We found that the fibril formation rate depends

weakly on the length, sulphation, and concentration

of the GAGs. Furthermore, we have analysed fibrils

formed by these two disease proteins using limited

proteolysis and mass spectrometry and have deter-

mined that in spite of their different phenotype the

fibrils share a significant portion of their amyloid-

forming core residues. Further structural studies are

ongoing to determine how proteins with such

different fibril formation kinetics can share a com-

mon amyloid structure.

P-045

The low plasma concentration of amyloidogenic

apolipoprotein A-I can be explained by a

reduced efficiency of its cellular secretion

M. Marchesi1, C. Parolini1, C. Valetti2,

P. Mangione3, L. Obici4, S. Giorgetti3,

S. Raimondi3, S. Donadei4, G. Gregorini5,

G. Merlini3,4, M. Stoppini3, G. Chiesa1, &

V. Bellotti3,4

1Department of Pharmacological Sciences, Università

degli Studi di Milano, Milan, Italy, 2MicroSCoBiO

Research Center and IFOM Center of Cell Oncology and

Ultrastructure, Dipartimento di Medicina Sperimentale,

Università di Genova, Genoa, Italy, 3Department of

Biochemistry, University of Pavia, Pavia, Italy,
4Amyloidosis Research and Treatment Center,

Biotechnology Research Laboratories, Fondazione

IRCCS Policlinico San Matteo, Pavia, Italy,

and 5Divisione di Nefrologia, Spedali Civili, Brescia,

Italy

Hereditary systemic amyloidosis caused by apolipo-

protein A-I variants is a dominantly inherited disease

characterised by fibrillar deposits formed by N-

terminal fragments of apolipoprotein A-I, mainly

localised in the kidneys, liver, testis and heart.

Previous studies showed that apolipoprotein A-I

mutants circulate in the high-density lipoproteins

isolated from the plasma of affected patients at

significantly lower levels that those of wild-type

apolipoprotein A-I, thus raising the possibility that

these proteins are rapidly entrapped in the target

tissues and absorbed by amyloid deposits, but also

possibly retained inside the cell and not efficiently

secreted. In the present study, plasma levels of the

wild-type and the variant Leu75Pro apolipoprotei-

nA-I were measured in two young heterozygous

carriers in which tissue amyloid deposition was still

absent. In both cases, the mutant was present at a

significantly lower level than the wild-type form, thus

indicating that the low plasma concentration of the

apolipoprotein A-I variant is not mainly consequence

of tissue deposition/entrapment. In order to explore a

possible impairment in the secretion of amyloido-

genic apolipoprotein A-I variants, we investigated

apolipoprotein A-I production by the COS-7 cell line

transiently expressing either wild-type protein or two

amyloidogenic mutants: Leu75Pro and Leu174Ser.

Quantification of intracellular and extracellular

apolipoprotein A-I and visualisation of the intra-

cytoplasmatic localisation indicate that, differently

from wild-type protein, both variants are highly

retained within the cells and mainly accumulate in

the endoplasmic reticulum. Altogether these results

suggest a possible impairment in cellular secretion of

amyloidogenic isoforms as a major determinant of

their low plasma concentration.

P-046

Light chain deamidation in ALk

amyloid-associated proteins

M. Eulitz, C. Murphy, D. Weiss, &

A. Solomon

Human Immunology and Cancer Program, Department

of Medicine, University of Tennessee Graduate School of

Medicine, Knoxville, TN, USA

Characteristically, AL amyloid deposits consist of

light chain (LC) fragments composed of the entire

variable (V) region plus varying amounts of the

constant (C) portion of the molecule. In regard to

ALl proteins, we previously had reported that, in

one such case, chemical analysis of the amyloid

indicated that the arginyl residue at position 22 in the

Cl domain was deamidated, in contrast to the

amyloidogenic precursor, i.e., Bence Jones protein.

Thus, we postulated that fragmentation of amyloid

LCs resulted from post-translational modification

which caused them to be targets for site-specific

proteolysis. Further support for this hypothesis has

come from our tandem mass spectrometric (MS/

MS) analyses of 17 additional ALl extracts from Cl1

and Cl2/3 proteins where tryptic peptides, encom-

passing positions 5 to 23, were generated; all had

ragged C-termini, lacking 1 to 5 residues. Amino

acid sequencing of these components confirmed that

the arginine at position 22 was deamidated. We posit

that this post-translational modification created a

break in the peptide backbone, thus exposing an area

that was subjected first to chemical cleavage and then

to enzymatic proteolysis by a carboxypeptidase or

angiotensin-converting enzyme. The results of our

studies suggest that deamidation at a particular

location on amyloidogenic l LCs can lead to

112 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



their proteolytic cleavage and subsequent fibril

formation.

P-047

Proteomic characterisation of amyloid deposits

in transthyretin amyloidosis associated with

various mutations

V. Valentini1, F. Lavatelli1, L. Obici1,

S. Donadei1, S. Perlini2, G. Palladini1, &

G.Merlini1

1Amyloidosis Research and Treatment Center,

Department of Biochemistry and 2Department of Internal

Medicine, Fondazione IRCCS Policlinico San Matteo

and University of Pavia, Pavia, Italy

We reported that two-dimensional polyacrylamide

electrophoresis (2D-PAGE)- and mass spectrometry

(MS)-based proteomics is a useful approach to

identify and characterise protein deposits in amyloid

affected tissues (Lavatelli et al. MCP 2008;7:1570-

1583). We adopted this approach for a detailed

analysis of the deposited species of transthyretin

(TTR) in fat tissue of patients with ATTR amyloi-

dosis associated to various mutations.

The presence of genomic TTR mutations was

assessed by DNA analysis. Fat aspirates or surgical

samples were subjected to protein extraction and

separation by 2D-PAGE. Matched serum was also

studied by the same proteomics techniques. Spots

uniquely present in patients were located by com-

parison with control fat 2D maps and investigated by

immunoblot and MALDI-TOF MS (after tryptic

digestion).

Samples from eight patients with ATTR were

included (three V30M, of which one recipient of

domino liver transplant, S50R, Gly57R, V122I,

E89Q, E92L, all heterozygous). In all, tissue-

deposited TTR was visible as a main train of spots

with a molecular weight (MW) of 14 kDa (isoelectric

point close to 5.4). Immunoblot and MS confirmed

the nature of the spots; MS allowed to detect the

amino acid variants as mass shifts in affected

peptides. In three cases (S50R, Gly57R and E89Q)

an additional train of spots of almost equal intensity,

but shifted to higher pI was also present, containing

the variant TTR. All samples but two V30M cases

(which had only minute amounts of truncated forms)

showed abundant C-terminal fragments, with a very

similar migration pattern across various mutations.

Fragments were not visible in serum samples

analysed. In accordance with observations by Ihse

et al. (Ihse et al. J Pathol 2008:216:253–261), all

patients with abundant fragments (and not those

without) had cardiac deposits.

2D-PAGE-based proteomics provides very char-

acteristic maps in ATTR amyloidosis, confirming the

method as a convenient way to dissect the composi-

tion of amyloid deposits in minute amounts of tissue

and demonstrates the presence of variant TTR.

P-048

Mass spectrometry-based proteomics as a

diagnostic tool when immunoelectron

microscopy fails in typing amyloid deposits

F. Lavatelli1, V. Valentini1, G. Palladini1,

L. Verga1, P. Russo1, A. Foli1, L. Obici1, G. Sarais1,

V. Perfetti2, S. Casarini1, & G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry and 2Medical Oncology,

Fondazione IRCCS Policlinico San Matteo and

University of Pavia, Pavia, Italy

Mass spectrometry (MS)-based proteomics is effec-

tive for direct biochemical identification (ID) of

amyloid deposits. We previously reported that

immunoelectron microscopy (IEM) could reliably

characterise amyloid fibrils in fat tissue aspirates.

However, it is recognised that immunohistochemical

techniques can fail in correct disease typing. We

describe the proteomic identification of amyloid

deposits in fat aspirates from two patients in which

IEM had not provided conclusive typing.

IEM was performed with antibodies against k and

l light and m heavy chains, TTR, SAA, Apo A-I and

II, fibrinogen, lysozyme. Cases with fibrils not

stained by any of the antibodies were referred for

proteomics. Extracted proteins were separated by

2D-PAGE. Upon comparison with control 2D map,

spots only present in patients were analysed by

MALDI-TOF MS. Protein ID was performed by

database search (Mascot) against NCBInr. The

aminoacid sequence of monoclonal free light chains

(mFLC) was deduced from the genomic one.

IEM could detect but not characterise amyloid

fibrils in 2 of the 360 cases analysed by IEM in 2009.

In both, 2D gels displayed prominent novel spots

(molecular weight 25 kDa and lower). Patient 1 had

echo and biochemical signs of cardiac amyloidosis, a

serum monoclonal IgMl component, high l FLC

(367 mg/L; k/l ratio 0.03) and free m heavy chains;

the latter result had lead to hypothesise heavy chain

amyloidosis. Analysis of MS spectra assigned the

novel spots to a l LC; the peptide ions matched

those predicted from the genomic-derived sequence

of the l monoclonal LC. Patient 2 had clinical and

biochemical signs of cardiac, renal and GI amyloi-

dosis, high k FLC (1350 mg/l; k/l ratio 76); serum

immunofixation showed a faint k band. MS and data
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base search assigned the novel spots to a k LC. DNA

analysis for hereditary amyloidosis was negative in

both.

2D-PAGE and MS-based proteomics is a useful

complement to diagnosis when IEM fails in provid-

ing conclusive amyloid typing.

P-049

Mass spectrometry-based proteomic analysis of

iatrogenic insulin-mediated amyloidosis (AIns)

A. Dogan, J. A. Vrana, J. D. Theis, J. D. Gamez,

P. J. Kurtin, & K. L. Grogg

Department of Laboratory Medicine, Mayo Clinic,

Rochester, MN, USA

Localised amyloidosis at subcutaneous insulin injec-

tion sites is rare but recognised complication of

insulin dependent diabetes mellitus (IDDM).

Although immunohistochemical studies have sug-

gested that it is caused by deposition of insulin,

biochemical analysis of amyloid plaques has not been

performed. In this study, we report mass spectro-

metry (MS)-based proteomic analysis of AIns in

eight cases (See Vrana et al. Blood 2009;114:4957

for method details). All cases presented with

localised subcutaneous masses and had history of

IDDM managed by subcutaneous recombinant hu-

man insulin injections. Histologically, there was

extensive subcutaneous amyloid deposition. MS

performed on microdissected Congo red positive

amyloid plaques identified human insulin as the

main constituent of the amyloid. In addition

peptides, representing APOE, SAP and APOAIV

was present. Proinsulin consists of an A-chain and a

B-chain connected by a middle peptide known as the

C-peptide. C-peptide allows proper folding for

formation of the biologically active A-B dimer, and,

then, is cleaved. Human recombinant insulin only

contains the A-B dimer and lack the C-peptide. As

expected MS showed the presence of complete A

and B chains of the insulin but no C-peptide was

present. In conclusion, AIns is caused by deposition

of recombinant human insulin at injection sites. Both

A and B chains of the insulin molecule are integrated

into the amyloid structure. Additionally, proteins

such as APOE, APOAIV which are major constitu-

ents of AIns deposits may be important in the

pathogenesis of AIns amyloidosis.

P-050

Inhibitory effects of anti-IL-1 beta antibody in

murine AA amyloidosis model

S. Murata1, M. Ueda1, Y. Tanabe1,

N. Kurata2, N. Demura2, H. Gram3, M. Tasaki1,

Y. Su1, H. Jono1, M. Shono1, K. Obayashi1, &

Y. Ando1

1Department of Diagnostic Medicine, Graduate School of

Life Sciences, Kumamoto University, Kumamoto,

Japan, 2Department of Transitional Sciences, Novartis

Pharma K.K, Tokyo, Japan, and 3Novartis Institutes

for Biomedical Research, Novartis Pharma AG, Basel,

Switzerland

Background and Purpose: Recently, it has been

well documented that elevation in blood concentra-

tion of serum amyloid A (SAA) is a critical risk factor

and AA amyloidosis in convalescence was satisfac-

tory when blood concentration of SAA lowered

within normal ranges by administration of biologics

targeting to proinflammatory cytokines such as

TNF-a and IL-6. The aims of the present study

were not only to examine the inhibitory effect of

monoclonal anti-IL-1b antibody on amyloid-deposi-

tion but also to observe change in the pathophysio-

logical indices, such as SAA in blood in murine AA

amyloidosis models.

Methods: Amyloidosis was induced in male 8 week-

old C3H/HeN mice by a concomitant subcutaneous

administrations of 2% of AgNO3 (0.5 ml) and

intraperitoneal injection of amyloid-enhancing factor

(0.3 ml), which was believed to be a core for

developing and accelerating amyloidosis. Mice were

injected intraperioneally with the anti-mouse IL-1b
antibody on day 0 and day 3 after AA amyloidosis-

induction. These mice were killed at day 6, then

tissues were removed. Tissue specimens were histo-

logical stained with Congo red to evaluate the change

in amyloid-deposition. Blood sampling was per-

formed at 8 h, 3 days and 6 days after amyloid-

induction and serum concentrations of SAA, IL-1b,

IL-6 and TNF-a were measured by means of ELISA.

Hepatic signal strength of mRNA of SAA subtypes

Saa1, Saa2, Saa3 and Saa4 was analysed by mean of

a real-time PCR.

Results: Remarkable inhibitory effect of anti-IL-1b
antibody on amyloid-deposition in the murine AA

amyloidosis model, especially the deposition in

spleen was suppressed depending on the dosage of

the antibody. Both concentrations of SAA and

inflammatory cytokines IL-6 were significantly de-

creased, compared with those in control group.

Hepatic mRNA signals of Saa1, Saa2 and Saa3 were

also significantly decreased in treatment group. In the

present experiments, serum TNF-a was under

detectable level and obvious change in serum IL-1b
was not confirmed because serum IL-1b levels in

both control and treatment groups were marginal for

determination.
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Conclusions: Anti-IL-1b antibody is possibly a

novel therapeutics for AA amyloidosis. Amyloid

deposition may be suppressed by administration of

anti-IL-1b antibody, which decreases the concentra-

tions of SAA and IL-6 in blood.

P-051

Neurologic and metabolic phenotypes in an AL

amyloidosis transgenic mouse model

J. E. Ward1,2, P. SooHoo1,3, G. Tordaldo2,

R. Jasuja2, L. H. Connors1,4, C. O’Hara1,3, &

D. C. Seldin1,2

1Gerry Amyloid Research Laboratory, 2Department of

Medicine, 3Department of Pathology, and 4Department

of Biochemistry, Boston University School of Medicine,

Boston, MA, USA

In an attempt to elucidate the in vivo process of

protein aggregation and mechanisms of amyloid

organ disease, we have created a genetically defined

mouse model of AL amyloidosis. These transgenic

mice broadly expressing a human amyloidogenic l6

immunoglobulin light chain (LC) using a CMV

promoter were generated that have circulating LC

and develop amyloid deposits in the stomach. We

have observed that the mice are obese and display

significant metabolic dysregulation, accompanied by

a decreased respiratory exchange ratio (RER),

indicating preferential lipid oxidation. With age, the

mice develop hyperglycemia to glucose challenge.

We hypothesise that this may be due to pancreatic

insufficiency caused by high level expression of LC,

without amyloid formation in the pancreas. The mice

also have a neurologic phenotype, characterised by a

gait disturbance and limb clenching, as seen in other

mouse models of neurodegenerative diseases.

Although no amyloid forms in neurologic tissues,

the LC itself is present in the cerebrospinal fluid, and

axons of neurons in the spinal cord and medulla were

dystrophic. Further investigation of these mice may

shed light upon mechanisms of neurologic dysfunc-

tion in patients with amyloidosis and provide

opportunities to identify new targets for treatment.

P-052

Depletion of macrophages influences amyloid

deposition in spleen

K. Lundmark1, A. Vahdat Shariatpanahi1,

P. Westermark 2, & G. T. Westermark3

1Department of Clinical and Experimental Medicine,

Linköping University, Linköping, Sweden, 2Rudbeck

Laboratory, Department of Genetics and Pathology,

Uppsala University, Uppsala, Sweden, and

3Department of Medical Cell Biology, Uppsala

University, Uppsala, Sweden

Experimental AA amyloidosis develops after long-

standing inflammation. Time for amyloid deposi-

tion can be dramatically reduced by administration

of an extract from amyloid-laden tissue, known as

amyloid enhancing factor (AEF). The active

principle of AEF is proposed to be fibrils acting

as a seed for further amyloid formation (Niewold

et al. Lab Invest 1987;56:544–549, Lundmark et al.

Proc Natl Acad Sci USA 2002;99:6979–6984).

Amyloid deposits can earliest be detected in the

marginal zone of the spleen and marginal zone

macrophages (MZM) are supposed to be associated

with formation of amyloid (Kuroiwa et al. J

Electron Microsc 2003;52:407–413). The aim of

this study is to examine if depletion of spleen

macrophages affects amyloid deposition in mouse

model of experimental AA amyloidosis with rapid

amyloid induction.

Liposomes containing clodronate were prepared

as described (Van Rooijen et al. J Immunol Methods

1994;174:83–93). AEF was isolated from livers of

amyloidotic mice (Lundmark et al. Proc Natl Acad

Sci USA 2002;99:6979–6984). Mice in the experi-

mental group were injected with 0.2 ml clodronate-

liposomes 2 days prior to amyloid induction with an

intravenous injection of 0.1 ml AEF followed by a

subcutaneous injection of 0.3 ml 1% silver nitrate.

Mice in the control group received AEF and silver

nitrate as above. Three mice were killed 2 days after

clodronate-liposomes injections, and their spleens

were examined for presence of red pulp macrophages

(RPM) and MZM with specific antibodies. Remain-

ing mice were killed 4 days after amyloid induction.

Spleens were recovered and examined for amyloid

with Congo red staining.

Neither RPM nor MZM macrophages were de-

tected in the spleens 2 days after clodronate-liposomes

injections. Minimal amyloid deposits were found in

the marginal zone of the spleen in 9 of 17 mice injected

with clodronate-liposomes prior to the amyloid

induction. Sixteen of 17 mice treated with AEF and

silver nitrate developed moderate amyloid deposits.

Depletion of macrophages reduced the number of

mice with splenic amyloid deposits and markedly

reduced the amount of amyloid deposited. This

result points to an important role for macrophages in

rapid amyloid induction.

P-053

Mouse ApoA-II amyloid fibrils deposit

in skeletal muscle and exhibit

amyloidosis-enhancing activity

Abstracts 115

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



K. Higuchi, J. Qian, J. Yan, F. Ge, B. Zhang,

X. Fu, H. Tomozawa, J. Sawashita, & M. Mori

Department of Aging Biology, Institute on Aging and

Adaptation, Shinshu University Graduate School of

Medicine, Matsumoto, Japan

Amyloidosis describes a group of protein folding

diseases in which amyloid proteins are abnormally

deposited in organs and/or tissues as fine fibrils.

Mouse senile amyloidosis is a disorder in which

apolipoprotein A-II (apoA-II) deposits as amyloid

fibrils (AApoAII). ApoA-II is present in serum high

density lipoprotein (HDL) of humans, mice and rats.

In laboratory mice, three major alleles (Apoa2a,

Apoa2b and Apoa2c) of the apoA-II gene encode

three variants of the apoA-II protein and the Apoa2c

allele markedly accelerates age-associated deposition

of AApoAII. Mouse AApoAII amyloidosis has been

demonstrated to be a transmissible disease by a

prion-like infectious process occurring through a

seeding-nucleation mechanism and can be trans-

mitted from one animal to another both by the faeces

and milk excreted by mice with amyloidosis

(Korenaga et al. Am J Pathol 2006;168:898–906).

In this study, to further characterise the transmissi-

bility of amyloidosis, AApoAII amyloid fibrils were

injected into transgenic Apoa2cTgþ/7 and normal

R1.P1-Apoa2c mice to induce AApoAII systemic

amyloidosis. Two months later, AApoAII amyloid

deposits were found in the skeletal muscles of

amyloid-affected mice, primarily in the blood vessels

and in the interstitial tissues surrounding muscle

fibres (endomysium) both in Apoa2cTgþ/7 and

R1.P1-Apoa2c mice. When amyloid fibrils extracted

from the skeletal muscles were subjected to Western

blot analysis, apoA-II was detected. Amyloid fibril

fractions isolated from the muscles not only demon-

strated the structure of amyloid fibrils in electron

microscope, but could also induce amyloidosis in

young mice in a fibril-conformation-dependent

manner. These findings present a possible pathogen-

esis of amyloidosis: transmission of amyloid fibril

conformation through muscle, and shed new light on

the aetiology involved in amyloid disorders.

P-054

Strategies to modelise AL amyloidosis in mouse

C. Sirac, S. Bender, F. Bridoux, A. Jaccard,

C. Lacombe, G. Touchard, & M. Cogné

CNRS UMR 6101 and Service d’Hématologie, CHU,

University of Limoges, Limoges, France

Monoclonal immunoglobulin deposition in AL

amyloidosis in various organs and tissues is a severe

complication of lymphoproliferative disorders. Re-

search on this disease suffers from the lack of an

animal model, allowing the design of new innovative

therapeutic strategies. We try to develop transgenic

animal model for AL amyloidosis by overexpressing

light chain (LC) sequences cloned from patients with

AL amyloidosis. We currently follow two strategies

with the aim of obtaining high expression of a

transgenic Ig sequence in the B cell lineage: one by

additional transgenesis, and the other one by

homologous recombination-mediated insertion of

human LC sequences in the mouse endogenous

kappa LC locus. Several models with the first

strategy were obtained but did not permit to observe

any light chains deposits even in old or AEF-injected

mice. This is probably due to a too low level of

human free LC and/or the absence in mouse of a yet

unknown essential component for the initiation of

fibrils formation. To definitely answer this last

assumption, optimisation of human LC expression

is currently carried out by replacing random integra-

tion of the transgene into the mouse genome by

homologous recombination within the highly ex-

pressed kappa LC locus, a strategy that proved

successful in our hands for setting up a Fanconi

Syndrome model. To that goal, we have selected a

kappa chain sequence from patient DEL with

predominant cardiac deposits. The sequence is

related to Vkappa1-33, a germline gene commonly

involved in AL-amyloidosis. The rearranged VJ

sequences have been cloned under the control of

an Ig promoter in a position where they replace the

mouse Jkappa region and thus prevent endogenous

kappa rearrangements. Once inserted into the kappa

locus, this human VJkappa region will be spliced

onto the murine Ckappa exon and should allow high

expression of a chimeric LC in a vast majority of B

lineage cells. The first founders will be soon analysed

and the same strategy is currently applied to a highly

amyloidogenic lambda LC from patient MALT.

Absence of amyloid deposits in such models would

raise the possibility of a resistance to AL amyloidosis

in mouse and question the feasibility of a reliable

animal model for this pathology.

P-055

Dose ranging and efficacy study of low-dose

doxycycline/tauroursodeoxycholic acid

(TUDCA) in FAP mouse models

I. Cardoso1,2, D. Martins1, T. Ribeiro1,

G. Merlini3, & M. J. Saraiva1,4

1Molecular Neurobiology Unit, IBMC – Instituto de

Biologia Molecular e Celular, Porto, Portugal, 2Escola

Superior de Tecnologia da Saúde do Porto, Instituto

Politécnico do Porto, 3Amyloidosis Research and
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Treatment Center, Department of Biochemistry,

University Hospital IRCCS Policlinico San Matteo,

University of Pavia, Italy, and 4ICBAS – Instituto de

Ciências Biomédicas Abel Salazar, Universidade do

Porto, Portugal

Several molecular markers are now identified and

associated to different disease stages of familial

amyloidotic polyneuropathy (FAP), such as inflam-

matory, oxidative, and endoplasmic reticulum (ER)

stress markers, associated to early disease stages, and

extracellular matrix (ECM) markers, mainly associated

to amyloid deposits observed in advanced stages.

We had previously shown that doxycycline admini-

strated at 40 mg/kg/ml in the drinking water for 3

months, was capable of removing TTR amyloid

deposits present in stomachs of old TTR-V30M mice

in a TTR null background; this removal was accom-

panied by a decrease in MMP-9, TIMP-1 and NGAL

levels (Cardoso and Saraiva FASEB J 2006;20:234–

239; Cardoso et al. Dis Markers 2008;25:37–47), thus

establishing doxycycline as a TTR fibril disrupter

in vivo and as a possible therapeutic agent in FAP.

However, doxycycline is not effective at lowering

molecules associated to pre-fibrillar TTR, character-

istic of the early disease stages. Furthermore, TUD-

CA, a biliar acid was also administrated to the same

mouse model and shown to be effective at lowering

deposited TTR, as well as the levels of ER stress

markers BiP and eIF2alpha, the Fas death receptor

and oxidation products such as 3-nitrotyrosine, in

young animals with deposited pre-fibrillar TTR but

without CR-positive amyloid deposits (Macedo et al.

BBA 2008;1782:517–522).

Here we evaluate different doxycycline administra-

tion schemes, including different periods of treat-

ment, dosages and animal models. Evaluation was

performed by CR staining, immunohistochemistry for

TTR, MMP-9 and SAP. We determined a minimum

period of treatment of 15 days and the lowest dosage

responsive was 8 mg/kg/day; a maximum period of

suspension was determined to be 15 days.

Next, combined doxycycline and TUDCA were

administrated in alternating cycles. Here we show

that joint drug administration is more effective than

either doxy or TUDCA alone, and that levels of

markers associated both to initial disease and to

amyloid deposits are restored to normal levels.

This work determined the optimal conditions of

doxycycline/TUDCA treatment in FAP mouse

models and established this combination as a

promising treatment of amyloidosis, namely FAP.

P-056

AA amyloidosis: potential therapy with

antisense oligonucleotides

B. Kluve-Beckerman1 & M. D. Benson1,2

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine and 2Richard

L. Roudebush Veterans Affairs Medical Center,

Indianapolis, Indiana USA

Patients with AA amyloid who experience disease

progression and develop renal failure have not

sufficiently benefited from agents that treat inflam-

mation or infection. We are investigating SAA-

specific antisense oligonucleotides (ASO) as a means

to specifically suppress SAA production and thereby

slow amyloid deposition. ASOs, delivered by sub-

cutaneous injection, localise predominantly to the

liver where they hybridise to a specific mRNA and

disrupt production of the target protein, making

them potential therapeutic agents for diseases in

which one particular protein plays a key role, as in

AA amyloidosis, and when the target protein like

SAA is of hepatic origin. SAA-specific ASOs used in

this study are 20 nucleotides long with a chimeric

DNA/RNA structure and phosphorothioate back-

bone. By comparing the SAA-suppressive capacity of

various ASO sequences, we identified ASO #145020

for use in ongoing studies. Mice were given ASO or

saline (50 mg/kg, 3 injections over 8 days), and then

SAA production was induced by injection of

azocasein. Blood was collected 24 h after ASO/saline

injection and 24 h and 48 h after azocasein injection.

SAA levels in ASOþ azocasein-treated mice were

suppressed 65% at 24 h and 55% at 48 h relative

to levels in salineþ azocasein-treated mice (24 h:

437+ 168 vs. 1240+ 292 mg/ml; 48 h: 71+ 26 vs.

157+ 37 mg/ml). In ongoing studies, splenic amy-

loid is first established by injection of AEF and

azocasein. After 8 days, treatment with ASO is

initiated (26 per week). Azocasein injections are

continued to allow progression of amyloid to liver,

intestine and kidneys. Analyses to date reveal

reduced amyloid loads in livers of ASO-treated mice

sacrificed after 4 weeks. These emerging data

show SAA to be an excellent candidate for down-

regulation by ASO and a protein whose down-

regulation may significantly impact amyloid disease

progression.

P-057

Kidney transplantation in AA amyloidosis

T. N. Wien1, T. Leivestad2, A. V. Reisæter1,

A. Foss3, & A. Hartmann1

1Department of Medicine, 2Institute of Immunology, and
3Department of Transplant Surgery, Oslo University

Hospital, Oslo, Norway
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We report clinical outcome of 89 patients with AA

amyloidosis (AA) in Norway receiving a first renal

graft from 1989 throughout 2008. Recipients with

diabetic nephropathy (DIA, n¼ 416) and chronic

glomerulonephritis (CGN, n¼ 1195) served as con-

trol groups. Mean age (SD) at first transplantation

was 50 (14) years for AA, 48 (12) years for DIA and

49 (16) years for CGN (n.s.). The AA group

comprised more females (52%) compared with

controls (CGN 26% and DIA 30%) and more were

sensitised for HLA antigens (12%), compared with

controls (CGN 7% and DIA 4%). The proportion of

live donors was lower in DIA (26%) than AA (49%)

and CGN (47%). Neither time in dialysis prior to

transplantation nor rejection episodes, differed sig-

nificantly between the groups. Survival data were as

tabulated below:

Kaplan–Meier survival curves were compared by

Mantel–Haenszel log rank test. Patient and graft

survival curves for patients with AA were not

significantly different from DIA, but differed from

patients with CGN, p5 0.001. Graft survival curves

censored by death did not differ significantly

between the groups. The major causes of death were

cardiovascular events and infections in all groups.

Septicaemia was the cause of death in 29% of

patients with AA, significantly higher than in patients

with CGN (8%) and DIA (11%). Seventy-

six per cent of deaths in the AA group were with a

functioning graft, and only 13% of graft losses

were due to recurrent AA amyloid deposition in

the graft.

In a multivariable Cox model for mortality in-

dependent risk factors were: AA versus CGN (HR

2.87, p5 0.0001), recipient age (HR 1.05/year,

p5 0.0001), and months in dialysis (HR 1.01/

month, p5 0.02). Recipient sex, deceased versus

live donor and donor age were not independent risk

factors.

Conclusion: Kidney transplantation appears an

acceptable treatment option in AA amyloidosis,

given that more than two thirds are alive after 5 years,

which is superior to historical data on dialysis

treatment and comparable to patients with DIA.

Septicaemia contributes to excessive mortality in AA

amyloidosis.

P-058

The p.Ala154fsX47 ApoAI frameshift variant is

a novel disulfide-linked ApoAI

F. Bridoux1, G. A. Tennent2, S. Delbes1,

E. Desport1, C. Lacombe3, A. Kalopissis1,

D. Rowczenio2, M. Boimard1, J. M. Goujon3,

G. Touchard1, & S. Valleix3

1Department of Nephrology, Urology, and Pathology,

Poiters, Chu Poitiers, France, 2Centre for Amyloidosis

and Acute Phase Proteins, Division of Medicine, Royal

Free Campus, University College London, London, UK,

and 3Molecular Biology Department, University

Hospital Cochin-Port-Royal, Paris, France

Apolipoprotein AI amyloidosis (AApoAI) is a rare

form of autosomal-dominant hereditary systemic

amyloidosis caused by mutations in the apoAI gene,

of which 14 amyloidogenic ones have been de-

scribed so far including the p.Leu75Pro variant

responsible for tubulo-interstitial amyloid deposits

without glomerular involvement. We report a

French family with late onset AApoAI characterised

by glomerular amyloid deposits, associated with the

p.Ala154fsX47 variant previously reported in one

German patient. A 58-year old French woman

(proband) and her 78-year old father (case 2)

presented with nephrotic syndrome and preserved

renal function. Haematology and biochemistry were

normal, as were serum free light chains, but a

serum IgGl paraprotein was found in case 2. ECG

and abdominal and cardiac ultrasound scans were

normal (except 14 mm septum thickness in case 2).

In the proband, EMG showed mild polyneuropathy.

Renal biopsy revealed diffuse amyloid deposits,

restricted to the glomeruli, that were stained only,

in the proband, with antibodies to apoAI. Sequen-

cing of the patients’ apoAI gene showed that they

were heterozygous for a GC duplication in exon 4

(c.524_533dupGC) that is predicted to shift the

reading frame at Ala154 of the mature protein and

thereby cause acquisition of 2 Cys and premature

termination 47 amino acids later (p.Ala154fsX47).

Plasma apoAI and HDL cholesterol were slightly

decreased, but apoAII levels in the proband were

markedly low (4.4 mg/dl). Western blotting (WB)

confirmed the presence in the proband’s plasma of

normal apoAI (*28 kDa) and far less abundant

quantities of variant apoAI molecules of lower Mr

(*23 kDa) that migrated with greater mobility in

non-reduced compared with reduced samples,

indicating the presence of a disulphide bond

Patient

survival (%)

Graft

survival (%)

Censored graft

survival (%)

1 year 5 years 1 year 5 years 1 year 5 years

AA amyloid

(n¼89)

91 70 90 66 98 88

CGN

(n¼1195)

95 85 92 78 95 89

DIA

(n¼416)

93 77 89 71 93 87
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(S-S), as predicted; WB also suggested that the

variant formed S-S complexes with apoAII. Con-

firmation of the chemical composition of the

amyloid fibrils awaits availability of more tissue.

This is the first description of an amyloidogenic

apoAI frameshift mutation in a French kindred, one

that causes a new renal phenotype. It is also the first

reported S-S linked apoAI variant with in vivo

amyloidogenic propensity that, like some other non-

amyloidogenic Cys containing apoAI variants, is

associated with mild HDL deficiency and forms

circulating complexes with apoAII.

P-059

Hereditary systemic amyloidosis associated

with three novel apolipoprotein AI variants

D. M. Rowczenio, H. J. Lachmann, S. D. J. Gibbs,

J. A. Gilbertson, T. Hunt, T. L. Russell,

P. T. Sattianayagam, H. Trojer, A. D. Wechalekar,

C. J. Whelan, P. N. Hawkins, & J. D. Gillmore

Centre for Amyloidosis and Acute Phase Proteins,

Division of Medicine, Royal Free Campus, University

College London, London, UK

We report here three novel amyloidogenic apolipo-

protein AI mutations in three patients who were

referred to the UK National Amyloidosis Centre

with very differing phenotypes. Extensive amyloid

deposits were identified in vocal cord and testicular

biopsies from patient 1, a palatal biopsy from patient

2, and a rectal biopsy from patient 3. The amyloid

deposits stained specifically with antibodies to

apoAI. Direct DNA sequencing of exons 3 and 4

of the apolipoprotein AI (apoAI) gene revealed these

three patients were heterozygous for novel apoAI

mutations encoding the following variants A175P,

F71Y and E34K. The patient with A175P was a

35-year old male who presented with hoarseness and

testicular pain, in whom amyloid deposits were

present in both these sites. SAP scintigraphy did

not show any visceral deposits. The patient with

F71Y was 51-year old woman whose only clinical

feature was a soft tissue palatal mass; sub clinical

hepatic amyloid deposits were evident on SAP

scintigraphy. The patient with E34K was a 29-year

old Polish woman who presented with nephrotic

syndrome and had extensive hepatic and splenic

deposits on SAP scintigraphy. None of the

patients had any family history. The phenotypes

associated with these mutations emphasise the

clinical diversity of AApoAI, and support sequencing

of the apoAI gene in patients with apparent localised

amyloidosis. The absence of a family history is

unusual in AApoAI, but we have not had the

opportunity to determine the basis for this in these

three patients.

P-060

Rapidly progressive AA cardiomyopathy

W. Ishii1, B. Kluve-Beckerman1, J. J. Liepnieks1,

S. T. Vakili1, & M. D. Benson1,2

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine and
2Roudebush Veterans Affairs Medical Center,

Indianapolis, IN, USA

Systemic reactive (AA) amyloidosis is a serious

complication of chronic inflammatory diseases. AA

amyloidosis often affects the kidneys and gastro-

intestinal tract. While cardiac involvement may

occur with AA amyloidosis, extensive deposition in

the heart is rarely seen. Here, we report a 58-year old

man who on autopsy showed massive cardiac AA

amyloid deposition and no renal involvement. The

patient’s history included coronary artery disease,

congestive heart failure, type 2 diabetes and a

diagnosis of Brugada syndrome as an explanation

for cardiac arrhythmia, but no chronic inflammatory

condition. He was admitted to our hospital with

abdominal pain and shortness of breath and died

suddenly prior to diagnosis of amyloidosis. Autopsy

revealed marked left ventricular hypertrophy and a

heart weight of 1015 g. Although extensive eosino-

philic deposits were present in cardiac and adrenal

tissues, the deposits stained weakly with Congo red.

Deposits in periadrenal tissues stained with Congo

red and produced characteristic green birefringence

under polarised light. Electron microscopy of

cardiac tissue demonstrated fibrils 10–13 nm in

diameter, consistent with amyloid. Biochemical

analysis of fibrils extracted from heart gave a protein

sequence showing identity to serum amyloid A.

Immunohistochemistry with anti-human AA mono-

clonal antibody revealed strong staining of amyloid

deposits in cardiac and adrenal tissues. Based on

these findings, a diagnosis of systemic AA amyloi-

dosis was made. This case highlights the importance

of considering AA amyloidosis when the causes of

congestive heart failure and an abnormal electro-

cardiogram are unknown, and demonstrates the

usefulness of biochemical analysis for diagnosing

amyloid type.

P-061

Nature of Os labrum-associated amyloid

deposits

Abstracts 119

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



C. Murphy1, S. Wang1, S. Macy1, J. Makovitzky2,

N. Athanasou3, P. Westermark4, D. Weiss1, &

A. Solomon1

1Human Immunology and Cancer Program, Department

of Medicine, University of Tennessee Graduate School of

Medicine Knoxville, TN, USA, 2Department of

Neuropathology, University of Heidelberg, Heidelberg,

Germany, 3Nuffield Orthopaedic Centre, Oxford, UK,

and 4Department of Genetics and Pathology, Uppsala

University, Uppsala, Sweden

The presence of localised amyloid deposits in the Os

labrum commonly is associated with joint trauma or

degeneration, but heretofore, the chemical nature of

the congophilic material had not been definitively

established. We now report the results of tandem

mass spectrometric (MS/MS) analyses of protein

fibrils extracted from five such specimens. In four,

varying proportions of both transthyretin- (TTR)

and apolipoprotein AI- (Apo AI) related peptides,

encompassing virtually the entire amino acid se-

quence of each molecule, were identified while, in

the fifth, only TTR was found. In all instances, no

mutations were detected. Immunohistochemical

studies revealed that the Apo AI and TTR compo-

nents were not co-deposited; rather, the former

(which was less congophilic) was widely distributed,

whereas the latter appeared as strongly green,

birefringent, globular, discrete nodules. Addition-

ally, transcripts for the two proteins were evident by

in situ FISH analysis. We conclude that Os labrum-

associated amyloid represents yet another form of

amyloidosis affecting joint tissue where, remarkably,

the deposits may be composed independently of

TTR and Apo AI. Whether amyloid deposition in

the Os labrum initiates or is a consequence of joint

dysfunction remains to be determined.

P-062

Serum levels of soluble receptor for advanced

glycation end products in AA amyloidosis are

increased and related to loss of renal function

H. L. A. Nienhuis, J. Bijzet, R. Bos, C. G. M.

Kallenberg, M. Bijl, & B. P. C. Hazenberg

Department of Rheumatology and Clinical Immunology,

University Medical Center Groningen, University of

Groningen, Groningen, The Netherlands

Background: Amyloid fibrils can exert effect

through binding with the receptor for advanced

glycation end products (RAGE). RAGE is upregu-

lated at sites were its ligands accumulate and

increased expression of RAGE was shown in tissues

with amyloid A deposition. RAGE expression might

be reflected by serum levels of soluble RAGE

(sRAGE) which is predominantly produced by

proteolytic cleavage of membrane-bound RAGE.

Therefore, we hypothesised that levels of sRAGE

are increased in amyloid A (AA) amyloidosis and

related to accumulation of amyloid.

Objective: To determine whether levels of sRAGE

are increased and related to the amount of amyloid in

fat tissue, serum amyloid A protein (SAA), and renal

function in patients with AA amyloidosis.

Methods: Eighteen patients with chronic arthritis

and biopsy-proven AA amyloidosis, 30 patients with

rheumatoid arthritis (RA) without amyloidosis and

29 healthy controls were included. Serum levels of

sRAGE and SAA were measured using enzyme-

linked immunosorbent assays. Amyloid amount in

fat tissue was graded semi-quantitatively.

Results: Levels of SAA did not differ between

patients with AA and RA. Levels of sRAGE were

significantly increased in patients with AA compared

to both patients with RA (p¼ 0.04) and healthy

controls (p¼ 0.01). After merging data of patients

with AA and RA, levels of sRAGE correlated

positively with creatinine (r¼ 0.503, p¼ 0.001) and

negatively with SAA (r¼70.344, p¼ 0.017) and

creatinine clearance (r¼70.596, p5 0.001). In

multivariate analysis, creatinine clearance was the

only independent predictor of sRAGE.

Conclusions: Levels of sRAGE are increased in

patients with AA amyloidosis but this is related to

loss of renal function and not to amyloid accumula-

tion. Interestingly, SAA was negatively related to

sRAGE suggesting a suppressive effect of inflamma-

tion on sRAGE levels. Which mechanism underlies

the relation between decreased renal function and

increased sRAGE levels in these patients will be

subject for further investigation.

P-063

Clinical and genetic features of familial

Mediterranean fever in Japan

A. Tsuchiya-Suzuki, Y. Masahide, A. Nakamura,

K. Yamazaki, K. Agematsu, M. Matsuda, &

S. I. Ikeda

Department of Neurology and Rheumatology, Shinshu

University, Matsumoto, Japan

Objective: Familial Mediterranean fever (FMF) is

still recognised as quite a rare disorder in Japan and

the clinical features of Japanese patients with FMF

remain rather unclear. The aim of this study is to

elucidate the clinical characteristics of Japanese

patients with FMF.
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Methods: We analysed clinical and genetic data of

80 patients based on the results of a nation-wide

questionnaire survey and by review of the literature.

Results: In the clinical pictures of these 80 Japanese

patients, high-grade fever was observed in 98.8% of

them, chest attacks in 61.2%, abdominal attacks in

55.0% and arthritis in 27.5%. Twenty-four percent

of patients experienced their first attacks before

10 years, 40% in their teens and 36% after 20.

Colchicine was effective in the majority of Japanese

patients at a relatively low dose (less than 1.0 mg/

day). Amyloid A (AA) amyloidosis was seen in only

one patient. Compared with Mediterranean patients,

Japanese patients with FMF showed relatively late

onset, low frequency of abdominal attacks, and low

prevalence of reactive AA amyloidosis, and required

low-dose of colchicine to control symptoms. Com-

mon MEFV mutation patterns were E148Q/M694I

(25.0%), M694I alone (17.5%) and L110P/E148Q/

M694I (17.5%), and no patients carried the M694V

mutation, which is the most common mutation in

Mediterranean patients with FMF.

Conclusion: Our study indicates that a large

number of patients with FMF exist even in Japan

and that the clinical picture of Japanese patients with

FMF seem to be relatively milder than that of

Mediterranean patients with FMF. In addition, AA

amyloidosis rarely occurs in Japanese patients,

probably due to the difference in patterns of the

MEFV genotype between Japanese and Mediterra-

nean patients with FMF.

P-064

Do inflammatory rheumatic diseases still cause

as much harm through amyloidosis?

J. Hunter1 & L. McGregor2

1Gartnavel General Hospital, Glasgow, Scotland, UK

and 2Wishaw General Hospital, Wishaw, Glasgow,

Scotland, UK

Background: The priority in treating inflammatory

rheumatic diseases in the 1980s was symptom

control but now controlling inflammation both limits

symptoms and reduces joint damage. As a conse-

quence disease modifying drugs, which suppress the

acute phase response, are used earlier so that mean

CRP and SAA levels should run lower. Such drugs

(e.g. Gold and Penicillamine) in the early 1980s

required regular urine checks whereas this is now less

common (e.g. with Methotrexate and Sulphasala-

zine).

Methods: This study compares cases of Amyloid A

(AA) amyloid at the West of Scotland amyloid clinic

in the 1980s to those presenting in the last decade.

Results: Of 35 biopsy proven cases presented in the

1980s, 28 had rheumatoid arthritis (RA), 4 juvenile

idiopathic arthritis (JIA) and 1 each ankylosing

spondylitis (AS), psoriatic arthritis (PsA) and poly-

articular gout. The median duration of arthritis

before diagnosis of amyloid (renal biopsy, n¼ 19)

was 12.5 years (range73 to 32). Other inflammatory

(most often chest) disease accompanied the arthritis

in 20 cases. Sixty-nine percent (24) presented with

proteinuria, of whom 24% (6) were nephrotic. The

median serum creatinine at diagnosis was 90 mmol/l

(range 40–540). 14 (42%) of 33 patients had a

creatinine at or above the upper limit of normal and

16 were alive without needing dialysis at 5 years. Of

19 patients seen first between 2000 and 2009, 15 had

RA, and 1 each had PsA, JIA, AS and vasculitis. The

median duration before demonstration of amyloid

(renal biopsy, n¼ 15) was 28 years (range 5–40).

Other inflammatory disease (chest, urinary tract,

bone or joint sepsis, gout, hepatitis, colitis) may have

contributed to the amyloid in 13 cases. Sixty-eight

percent (13) presented with proteinuria, of whom

48% (5) were nephrotic. The median serum creati-

nine at diagnosis was 125 (range 57–470). Twelve

(71%) of 17 patients had a creatinine at or above the

upper limit of normal. Because of deaths and starting

dialysis it is already clear that at most 44% will be

alive and dialysis-free at 5 years.

Conclusion: There has been a fall in numbers of

patients with AA amyloid presenting to rheumatol-

ogy. Characteristics and outcome remain similar

though there is a trend to presentation at more

advanced stages of renal impairment – this may be

impacting on outcome. Those at most risk need

effective screening. Do inflammatory rheumatic

diseases still cause as much harm through

amyloidosis?

P-065

The diagnosis challenge of cerebral amyloid

angiopathy: case series

M. Di Girolamo, S. Vollaro, D. Landi,

F. Passarelli, P. M. Rossini, & D. Lupoi

Department of Internal Medicine, Fatebenefratelli

Hospital, Rome, Italy

Cerebral amyloid angiopathy (CAA) is a form of

vasculitis restricted to the central nervous system,

related to the deposition of b-amyloid (Ab40/42

fragments) in the cortical and subcortical vessels.

Among its clinical expressions there are multiple

cerebral ischaemic lesions, atypical cerebral haemor-

rhages, focal transitory neurological symptoms and

vascular dementia. CAA is considered a rare clinical
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entity, but anatomopathological studies show a very

high prevalence of Ab 40/42 load in elderly brains,

probably due to an impairment of perivascular

drainage coming with aging. Although some markers

have been proposed to predict recurrences of

vascular events (e.g. apolipoprotein E polymorph-

isms), no tools neither for an early nor definite

diagnosis are available today in vivo. We will describe

five cases of patients presenting relapsing cerebral

ischaemias and/or haemorrhages, observed in our

Neurology Department between 2008 and 2009

(three females, two males; age between 70 and

86 years old, median age 79), meeting the Boston

Criteria for probable CAA. The diagnosis was mainly

based upon magnetic resonance imaging (MRI),

includingT2* Gradient Echo (GRE) sequences, able

to show a pattern of multiple ischaemias and

(micro)haemorrages, with a predominantly lobar

distribution. MRI represents today the only com-

monly available way to support CAA diagnosis. We

therefore suggest to include GRE sequences in the

routine MRI evaluation of unexplained and recur-

rent bleeding and/or ischaemic lesions, above all in

patients who are 70 years old or older, to shorten the

time to CAA diagnosis.

P-066

Systemic reactive (AA) amyloidosis in the

course of common variable immunodeficiency

D. Firinu, L. Serusi, M. M. Lorrai, A. Frau,

G. Murgia, M. P. Barca, F. Collu, S. Spiga,

M. M. Peralta, & P. E. Manconi

Department of Internal Medicine, Allergy and Clinical

Immunology, Azienda Ospedaliero-Universitaria of

Cagliari, Cagliari, Italy

Patients with primary immunodeficiencies (PIDs) are

currently at low risk for the development of systemic

reactive AA amyloidosis, leading to nephrotic syn-

drome and renal failure. A 66-year-old patient with

common variable immunodeficiency and nephrotic

syndrome was referred to our clinic from a nephrol-

ogy unit. She had been diagnosed at the age of

31 years as having severe hypogammaglobulinemia,

presenting with a history of recurrent sinu-pulmonary

infections, otitis as well as diarrhoea and mal-

absorption due to gastrointestinal infections and

giardiasis. Monthly intra-muscular immunoglobulin

(Ig) substitution treatment was started in 1979. Dose

had been increased over the 3 years following and

subsequently switched to intravenous route (IVIG).

Between 1984 and 2007, the patient experienced

relapsing infections (mainly of sinuses, lung and

bladder) and did not have follow-up visits in an

Immunology Centre. Replacement therapy without

accomplishing adequate IgG trough levels was dis-

continued in 2008 for moderate adverse events

related to IVIG infusion; since then she was admitted

for recurrent cellulitis, sepsis and pneumonia. In

early 2009, patient developed massive proteinuria

(exceeding 20 g/24 h) and renal failure due to

clinically overt reactive systemic AA amyloidosis.

Despite we promptly started high-dose intravenous

and subcutaneous Ig replacement and antibiotic

prophylaxis she was admitted for relapsing infections,

impossibility to achieve adequate IgG levels and to

suppress SAA concentration. This patient died of

complications caused by reactive amyloidosis. Delay

in diagnosis and inadequate treatment of PIDs result

in increased irreversible complications and mortality,

including AA amyloidosis.

P-067

The influence of some polymorphisms on

development of AA amyloidosis

Z. Potysova, R. Rysava, & V. Tesar

General Teaching Hospital and the 1st Medical Faculty,

Charles University, Prague, Czech Republic

Introduction: Available data suggest an association

between presence of AA amyloidosis and MCP-1

(monocyte chemoattractant protein) and MIP-1a

(macrophage inflammatory protein) genes poly-

morphisms. An association could exist also between

severity of underlying diseases or specific phenotype

characters and genotype. G/G genotype of MCP-1

was identified as a significant risk factor for the

development of carpal tunnel syndrome in patients

undergoing haemodialysis. Some studies have also

shown an impact of polymorphisms in exon 3 of SAA

1 (serum amyloid A) gene on the incidence of AA

amyloidosis in different populations.

Methods: DNA of patients with AA amyloidosis

(45), rheumatoid arthritis (RA) (50) and healthy

control group (100) were examined by using PCR,

RFLP and electrophoresis.

Results: In case of SAA 1, 70.5% of patients with

AA amyloidosis and only 42% of patients with RA

had 1.1/1.1 genotype although the 1.1 allele was

present in 75% of patients with AA amyloidosis, in

82% of patients with RA and in 71% of controls. A/A

genotype was identified in 54.5% of patients with AA

amyloidosis and in 58% of patients with RA in case

of MCP-1. G/G genotype was detected much less

frequently (7% of patients with AA amyloidosis and

controls and 4% of patients with RA). There was

substantially low occurrence of (TA)4/(TA)4 in

MIP-1a in all groups of patients. (TA)6/(TA)6

122 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



genotype prevailed in patients with AA amyloidosis

(62%), while in RA and control group (TA)6/(TA)6

and (TA)6/(TA)4 genotypes were represented

approximately equally.

Conclusion: These observations could show possi-

ble impact of some genes polymorphisms on the

development of AA amyloidosis. This could have

therapeutic consequence – earlier and more assertive

therapy of underlying diseases in patients with

appropriate genotype in order to prevent or interfere

with occurrence of AA amyloidosis. Further studies

in larger populations of patients are warranted.

P-068

Early diagnostics of kidney damage in

longstanding rheumatoid arthritis and

amyloidosis

A. Tishko, S. V. Lapin, T. V. Vavilova, &

A. A. Totolian

Saint-Petersburg Pavlov State Medical University,

Saint-Petersburg, Russia

The systemic amyloidoses are characterised by

progressive extracellular deposition of amyloid fi-

brils. More than 80% of patients with AA amyloi-

dosis have renal involvement at time of diagnosis.

Our aim was to work out effective laboratory

methods for early kidney damage diagnostics in

asymptomatic amyloidosis. We studied groups of

patients with longstanding rheumatoid arthritis (RA)

(n¼ 27), with different degree of kidney insufficiency

(n¼ 8) and in five healthy people. We carried out

comparison between biochemical characteristics

(serum creatinine level, cystatin C), calculated data

of glomerular filtration rate (GFR) according to

modification of diet in renal disease (MDRD),

cystatin C (Cys C) and Cockroft–Gault (CG)

formulas, results of screening for microalbuminuria

and presence or absence of amyloid deposits in

subcutaneous fat tissue. The mean value of Cys C in

patients with RA was 1.47+ 0.91 mg/l and was

higher than cut-off in 75% of cases. Pathologic values

of creatinine were found only in 33.3% of cases.

Dependent correlation was shown between Cys C

and serum creatinine values (r¼ 0.88; p5 0.05), it

was present both in patients with increased and with

normal meaning of serum creatinine. The calculation

of GFR in patients with longstanding RA showed

decreased filtration rate irrespective to the calculation

method: GFRMDRD¼ 80.4+ 29.6 ml/min/1.73 m2;

GFRCG¼ 65.7+ 21.1 ml/min/1.73 m2; GFRCysC¼
70.8+ 43.4 ml/min/1.73 m2. Increased level of

Cys C was found in 87.5% of patients with

microalbuminuria (r¼ 0,39; p¼ 0,05), whereas

increased level of serum creatinine was found only

in 33.3% of patients (r¼ 0.36; p4 0.05). There was

high correlation between Cys C level and GFRMDRD

(r¼70.71; p5 0.05). Amyloidosis was found in six

patients with longstanding RA and microalbuminur-

ia. In comparison between patients with RA with and

without amyloidosis the largest difference was shown

in serum creatinine (p¼ 0.05) and Cys C (p¼ 0.07)

values. The calculated values of GFR occurred to be

lower in patients with amyloidosis. As a result of our

investigation we showed that a complex of laboratory

methods should be used for kidney damage diagnos-

tics in patients with longstanding RA. The most

informative of them are serum Cys C and calculation

of GFR by MDRD and Cys C formulas. Calculation

of GFR by Cockroft–Gault formula showed to be less

informative.

P-069

Nodular localised cutaneous amyloidosis: a case

report and review of literature

G. Giglio1, G. Antuzzi1, F. Carrozza1,

M. Musacchio1, A. Antrilli2, & G. Palladini3

1U.O.C. di Oncologia e U.O.S. di Ematologia,

O. C. ‘‘A. Cardarelli’’, ASREM, Campobasso, Italy,
2U.O.S. di Dermatologia – O.C., A. Cardarelli,

ASREM, Campobasso, Italy, and
3Amyloidosis Research and Treatment Center and

Department of Biochemistry, Fondazione IRCCS

Policlinico San Matteo, University of Pavia, Pavia,

Italy

We report nodular localised cutaneous amyloidosis

(LCA) in a 35-year-old woman with chin and back

nodules without systemic involvement. LCA is a

condition characterised by the deposition of amyloid

proteins in the dermis. Nodular localised cutaneous

amyloidosis (NLCA) is the rarest type of LCA: 50

patients are reported in literature. In September

2000, our patient presented a small nodular skin

lesion on the chin, surgically removed. Histology

showed deposits of amyloid. In 2003, for local relapse

a new biopsy confirmed amyloidosis. Local therapy

with clobetasol was performed. In 2006, a second

progressively enlarging lesion appeared on the pa-

tient’s back. In June 2007, systemic amyloidosis was

excluded. A new skin biopsy confirmed amyloid

deposits and plasma cell infiltrate. The amyloid fibrils

were characterised as l type by immuno-electron

microscopy. In January 2008, the patient began

therapy with high-dose dexamethasone for three

cycles, followed by local therapy with dexametha-

sone. Intravenous administration of dexamethasone

was then resumed for three cycles due to local
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progression, without improvement. The skin nodules

remained stable from February to October 2009.

Local therapy with chlortetracycline-3% was asso-

ciated with a moderate improvement. The patient is

currently being treated with topical dexamethasone

cream. NLCA is a rare condition with few reported

cases occurring in the sixth or seventh decade.

Typically it is benign and limited to the skin, often

with facial involvement. The lesions consist of

isolated, purpuric or pink or brown small plaques.

Progression to systemic disease occurs in 15–50% of

patients.

P-070

Amyloidosis and renal involvement: clinical

course and prognosis

M. G. Chiappini, M. Di Girolamo, A. Grosso, &

L. Muzi

Nephrology and Dialysis Unit, Department of Internal

Medicine, Fatebenefratelli Hospital, Isola Tiberina,

Rome, Italy

Early diagnosis and supportive therapy are of primary

importance in prognosis of patients (pts) with

systemic amyloidosis. The effort increasing the

awareness and the medical approach allowed to

achieve earlier diagnosis in this rare condition. The

aim of this study was to evaluate the clinical features,

the course and the prognosis of 79 pts with systemic

amyloidosis, AAA 9%, AAL 62%, myeloma asso-

ciated (MA) 8%, undetermined type (AX) 21%,

referred in our centre during a period of 20 years.

Among them we considered those with renal involve-

ment: (n¼ 45) 31 M, 15 F, mean age 65 years, [AAA

8%, AAL 62%, MA 12%, AX 18%]. The diagnosis

was confirmed in 71% patients by immunohisto-

chemical testing and in 28% by non-invasive means.

Pts were followed from diagnosis to death or to last

available clinical control. We considered age, type of

amyloidosis, organs involved, clinical signs at the

onset of disease, clinical signs at diagnosis, time

passed from onset to diagnosis, treatment done,

mortality and causes of death. At the onset of disease,

31 pts (69%) showed clinical signs related to renal

involvement, at the diagnosis 100%. The average

time passed from the onset to diagnosis was: AAA 32

months, AAL 12.9 months, MA 17.3 months, AX

14.4 months. Seventy percent of patients had cardiac

and 41% liver involvement. Seventeen patients (37%)

underwent dialysis treatment for ESRD. Overall

morality rate was 55%, 60% in dialysis patients,

53% in non-dialysis patients. In all patients, mortality

was due to cardiovascular complications. The average

survival rate was: AAA 54.2 months, AAL 33.3

months, MA 34.1 months. AX 32.3 months

(p5 0.01). Survival was significantly higher in pts

who underwent specific therapy and in those with

earlier diagnosis. Our data suggest that in the majority

of cases the diagnosis of amyloidosis is too late respect

to the onset of the disease and that the cardiac but not

the renal involvement influences the response to

therapy and the prognosis of the patients.

P-071

Localised amyloid at injection sites derived

from porcine and human insulin

J. A. Gilbertson, T. Hunt, A. D. Wechalekar,

H. J. Lachmann, P. N. Hawkins, &

J. D. Gillmore

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Amyloidosis is characterised by deposition of abnor-

mal fibrillar protein. Localised cutaneous amyloid is

well-recognised and is usually AL type. Insulin is one

of many hormone proteins that can form amyloid

fibrils in vitro and there have been rare reports of

patients with insulin-derived amyloidosis. We report

here 10 patients with amyloid formation at the site of

exogenous insulin injections. Ten insulin dependent

diabetic patients presented with firm cutaneous

lumps at sites of their insulin injections. The

cutaneous lumps were biopsied and histology showed

amyloid. The patients were referred to the UK

National Amyloidosis Centre and their biopsies were

re-stained with Congo red and a panel of mono-

specific antibodies reactive against known amyloid

fibril proteins. No patient had any evidence of

systemic amyloidosis. The median age of onset of

diabetes was 40 years and the duration of insulin

therapy prior to the diagnosis of amyloidosis ranged

from 4 to 25 years. Four patients had used only

porcine insulin, one had used only human insulin and

five had used both porcine and human insulin.

Histological examination of the biopsies revealed

apple green birefringence under crossed polarised

light after staining with alkaline alcoholic Congo red

dye, confirming amyloid. Immunohistochemical

staining demonstrated specific staining of the amyloid

deposits with an antibody reactive against human

insulin. No staining was observed with the other

antibodies. This study confirms that both exogenous

human and porcine insulin can form amyloidomas at

injection sites. This complication of insulin therapy

appears to be rare and of limited clinical significance,

but it remains vital to distinguish this type from other

more serious forms of amyloidosis.
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P-072

Lysozyme amyloidosis (ALys) affecting a

family with a new variant of lysozyme gene

(LYZ) and hereditary haemorrhagic

telangiectasia

M. Q. Lacy1, J. D. Theis2, J. A. Vrana3,

S. Madan1, L. Frederick1, D. S. Viswanathan1,

M. A. Gertz1, & A. Dogan3

1Department of Hematology, 2Department of Molecular

Pharmacology and Experimental Therapeutics,

Medicine/Division of Cardiovascular Diseases, and
3Department of Laboratory Medicine and

Pathology, Mayo Clinic, Rochester, MN, USA

Lysozyme-associated systemic amyloidosis (ALys) is

a rare type of hereditary amyloidosis. The patients

typically present with liver, gastrointestinal tract and

kidney involvement and point mutations identified in

the second exon of the lysozyme gene (LYZ) have

been implicated in the pathogenesis. In this study, we

report a family affected by ALys caused by a new

genetic variant of the LYZ. The index case was a

61-year-old female with a 20-year history of systemic

amyloidosis first identified on a gastrointestinal

biopsy specimen and a 40-year history consistent

with type 2 hereditary haemorrhagic telangiectasia

(HHT). Her family history was significant for

systemic amyloidosis with cardiac involvement af-

fecting her mother, brother, maternal aunt and

maternal cousin as well as HHT affecting the same

individuals. In 2009, she was seen at Mayo Clinic for

investigation of cardiac involvement. As the previous

attempts to type the amyloidosis by immunohisto-

chemistry and genetic screening for common types

hereditary amyloidosis (TTR, FIBA, APOA1) were

unsuccessful, a fat aspirate specimen was obtained

for amyloid typing by mass spectrometry (MS)-based

proteomic analysis (see Vrana et al. Blood 2008;

112:2710 and Blood 2009;114:4957 for methods).

MS gave a peptide profile consistent with ALys. A

bronchial biopsy involved by amyloidosis obtained

from the mother 20 years ago was also tested by MS

which gave an identical peptide profile. LYZ was

sequenced using genomic DNA from peripheral

blood obtained from the index case and the mother.

Sequence analysis identified a novel heterozygous

nucleotide substitution at position 54 (TAT/AAT) in

both patients, which changed the amino acid

sequence (Tyr54Asn). Further analysis of MS data

showed the presence of abnormal peptide coded by

the mutation in the amyloid deposits confirming that

the mutation was pathogenetic. In conclusion, we

describe ALys affecting a family with a new variant of

LYZ and a unique phenotype characterised by

cardiac involvement and HHT. Most cases of

HHT are caused by mutations of the ACVRL1

gene, which is located on chromosome 12q, 17

megabases upstream of LYZ. The close proximity

between these genes may explain why these two rare

genetic traits were inherited together.

P-073

Report and recommendations from the 1st

International Workshop on the Hereditary

Renal Amyloidoses, FAP Symposium, London,

2008

A. J. Stangou1, L. Lobato2, S. Zeldenrust3,

B. Portmann1, R. Linke4, G. Otto5, H. Wilczek6,

O. Suhr7, D. Azoulay8, G. Grateau9, M. Picken10,

J. O’Grady1, B. G. Ericzon6, N. Heaton1, &

M. D. Benson11

1Institute of Liver Studies and Amyloidosis Treatment

Centre, King’s College Hospital, London, UK,
2S Nefrologia, Hospital Geral de Santo António, Porto,

Portugal, 3Department of Medicine, Amyloidosis

Programme, Mayo Clinic, Rochester, MN, USA,
4Reference Centre for Amyloid Diseases, Martinsried,

Germany, 5Department of Transplantation Surgery,

Mainz University, Mainz, Germany, 6Division of

Transplantation Surgery, CLINTEC, Karolinska

University Hospital, Huddinge, Sweden, 7Department of

Medicine, Umeå University Hospital, Umeå, Sweden,
8Centre Hepatobiliaire, Hopital Paul Brousse, Villejuif,

France, 9Service de Médecine Interne, Hôpital Tenon,

Assistance Publique–Hôpitaux de Paris (APHP),

Université, Paris, France, 10Department of Pathology,

Loyola University Medical Centre, Chicago, IL, USA,

and 11Department of Pathology and Laboratory

Medicine, Indiana University School of Medicine,

Indianapolis, IN, USA

The 1st International Workshop on Hereditary

Amyloidosis focused on fibrinogen A a-chain (AFib)

and apolipoprotein AI (ApoAI) amyloid, the two

leading causes of hereditary renal amyloid in Europe

and the USA. We present our report and recom-

mendations.

AFib: Six mutations have been identified, all

associated with renal amyloidosis and nephrotic

syndrome. Fibrinogen is produced by the liver and

outcomes of isolated renal transplantation are poor

due to amyloid recurrence (10-year renal graft

survival 6%). Studies on AFib disease phenotype

reported autonomic neuropathy and systemic amy-

loidosis including spleen, heart, gut and coronary/

cardiovascular disease including splanchnic and

peripheral vessels in association with fibrinogen

amyloid deposition. High incidence of cardiovascular

disease was observed in non-nephropathic carriers.
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These findings have implications for the counselling

of carriers and patients, as well as, treatment.

Combined liver and kidney transplant (LKT) for

cases of end-stage renal failure is curative, but side-

effects of haemodialysis (HD) and advanced amyloid

disease pose significant transplant risks. LKT before

HD or possibly pre-emptive isolated liver transplant

(LT) at early stages of amyloid nephropathy (GFR

greater than 50–60 mls/min) are preferable options.

ApoAI: Fourteen mutations are identified, asso-

ciated with renal amyloidosis. Heart, liver, systemic

vessels, skin and larynx are other sites of amyloid

involvement. Fifty percent of ApoAI is produced by

the liver, but disease course appears slow and

isolated kidney or combined heart/kidney transplant

outcomes are satisfactory. Even though the addition

of LT may be curative, the indication of LT in

ApoAI is for amyloid liver failure. If LT is indicated,

timing for LT or LKT should be determined by the

course of hepatic amyloidosis.

The Familial Amyloid Polyneuropathy World

Transplant Registry (FAPWTR) has been expanded

to include the hereditary amyloidoses, and we

strongly encourage reporting of all transplant proce-

dures performed for these new indications.

P-074

Non-hereditary apolipoprotein AI-associated

pulmonary amyloid

D. Kestler, C. Murphy, D. Weiss, & A. Solomon

Human Immunology and Cancer Program, Department

of Medicine, University of Tennessee Graduate School of

Medicine, Knoxville, TN, USA

Typically, the apolipoprotein (Apo) AI-associated

amyloidoses are autosomal, dominant, familial dis-

orders characterised by the pathologic deposition as

fibrils of N-terminal fragments of mutated Apo AI

molecules in the nerves, kidney, liver, heart or other

organs. Notably, however, inheritable variations in

Apo AI sequence may not necessarily render this

component amyloidogenic, as demonstrated by the

discovery that the Apo AI amyloid seen in the aortic

intima of older humans, as well as the pulmonary

vasculature of aged dogs, is comprised of wild-type

protein. We now report our analysis of amyloid

contained in a 1.6 cm lung nodule from an otherwise

healthy, non-smoking, 76-year-old Caucasian female

that was composed of unmutated Apo AI. This

material was extracted from sections cut from

a formalin-fixed, paraffin-embedded CT-guided

needle biopsy specimen, reduced, alkylated, digested

with trypsin, and subjected to tandem mass spectro-

metry (MS/MS) where peptides spanning residues

24–40 and 62–77 of normal Apo AI were identified.

Further, no mutations were found in Apo AI

encoding exons of the patient’s genomic DNA. Our

results provide evidence for yet another manifestation

of Apo AI-related disease in an elderly individual

where the amyloid deposit consisted of wild-type

protein.

P-075

Assessment of cardiac structural and

functional alterations in APO A-I amyloidosis

(Leu75Pro)

M. Salvetti1, M. L. Muiesan1, A. Paini1,

C. Agabiti Rosei1, C. Aggiusti1, D. Stassaldi1,

F. Beschi1, L. Obici2, A. Negrinelli3, M. Nardi4,

G. Gregorini3, G. Cancarini3, & E. Agabiti Rosei1

1Department of Internal Medicine, University of Brescia,

Brescia, Italy, 2Amyloidosis Research and Treatment

Center, Biotechnology Laboratories, Fondazione IRRCS

Policlinico San Matteo, Pavia, Italy, 3Department of

Nephrology, University of Brescia, Brescia, Italy, and
4Department of Cardiology, University of Brescia,

Brescia, Italy

Background: Hereditary amyloidosis is a late-onset

autosomal dominant disorder characterised by amy-

loid deposition in various tissues. Among them,

Apolipoprotein A-I amyloidosis (Leu75Pro) is a rare,

autosomal dominant condition in which renal,

hepatic and testicular involvement has been demon-

strated. Few data are available about cardiac

involvement in this condition.

Aim: The aim of the study was to evaluate cardiac

structure and function in patients with Apolipopro-

tein A-I amyloidosis (APO A-I amyloidosis).

Patients and Methods: In 104 patients with

Apolipoprotein A-I amyloidosis (Leu75Pro) (mean

age 52+ 16 years, 56 F, 57% hypertensives) and in

104 subjects matched for age, sex, body mass index

(BMI) and clinic blood pressure (BP), left ventri-

cular (LV) structure and function were evaluated by

echocardiography (Mono-bidimensionalþ conven-

tional and tissue Doppler analysis).

Results: By definition, no differences were observed

for age, sex, BMI, BP and heart rate. LV mass index

was significantly greater in patients with APO A-I

amyloidosis than controls (35.6+ 12.8 vs. 32.7+
7.3, p5 0.05). Relative wall thickness was similar in

the two groups (0.32+ 0.07 vs. 0.30+ 0.05, p¼ ns).

The absolute value of mitral annular E velocity (Em)

was significantly lower in patients with APO A-I

amyloidosis (8.6+ 3.4 vs. 9.7+ 2.2, p5 0.05), and

the ratio of transmitral E velocity (E) to Em, (E/Em

ratio) a sensitive index of LV filling pressure, was

significantly greater (9.7+ 4.2 vs. 8.0+ 2.1,
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p5 0.005). Ejection fraction, fractional shortening

and midwall fractional shortening were significantly

lower in amyloidosis as compared to controls

(64.0+ 7.0 vs. 66.3+ 5.9, p5 0.05; 37.2+ 8.3 vs.

40.2+ 7.4, p5 0.005 and 19.2+ 3.8 vs. 20.8+ 3.0,

p5 0.001, respectively).

Conclusion: In patients with Apolipoprotein A-I

amyloidosis (Leu75Pro) a significant increase in LV

mass associated with an impairment of systolic and

diastolic function has been observed. These results,

obtained in a wide sample of patients, may add

significant information to the clinical features of this

rare genetic disorder.

P-076

Renal transplantation for homozygous AGel

amyloidosis: a 21-year follow-up

C. P. J. Maury

Department of Medicine, University of Helsinki,

Helsinki, Finland

Familial amyloidosis of Finnish type (FAF, AGel) is

an autosomal dominant form of systemic amyloidosis

caused by a point mutation (G654A/T) in the

gelsolin gene resulting in the polymerisation of

mutant gelsolin fragments into amyloid fibrils. The

G654A mutation occurs with high frequency in

Finland; the number of diagnosed patients exceeding

400. AGel amyloidosis is characterised by corneal

lattice dystrophy, cranial neuropathy and cutis laxa,

as well as renal and cardiac manifestations. In the

rare case of homozygosity for the Asn187 mutation,

glomerular amyloid deposition has an early onset and

may lead to end-stage kidney failure by the age of

about 30 years. Here, the long-term outcome of

kidney transplantation in a patient with AGel

amyloidosis homozygous for the G654A gelsolin

mutation is presented. The patient’s parents were

first cousins and both affected. They had six

children, two of them were homozygously affected.

The elder homozygous sister died in uremic com-

plications at the age of 39. The younger sister

developed proteinuria at the age of 13 and nephrotic

syndrome at 20. Peritoneal dialyses were started at

the age of 31 and 1 year later she received a cadaveric

renal transplant. Kidney function was normalised

and remained stable for about 12 years, where after a

slight elevation of plasma creatinine occurred.

During the last few years plasma creatinine has been

moderately elevated (114–135–119 mmol/l), but

no proteinuria has been detected. The case

demonstrates that renal transplantation may be an

effective therapy for end stage renal failure in

homozygous AGel amyloidosis.

P-077

Assessment of arterial stiffness and vascular

alterations in APO A-I amyloidosis

(Leu75Pro)

A. Paini1, M. L. Muiesan1, M. Salvetti1,

C. Agabiti Rosei1, C. Aggiusti1, F. Bertacchini1,

F. Beschi1, L. Obici2, A. Negrinelli3, G. Gregorini3,

G. Cancarini3, & E. Agabiti Rosei1

1Department of Internal Medicine, University of Brescia,

Brescia, Italy, 2Amyloidosis Research and Treatment

Center, Biotechnology Laboratories, Fondazione IRCCS

Policlinico San Matteo, Pavia, Italy, and 3Department

of Nephrology, University of Brescia, Brescia, Italy

Background: Hereditary amyloidosis is a late-onset

autosomal dominant disorder characterised by amy-

loid deposition in various tissues. Among them,

Apolipoprotein A-I amyloidosis (Leu75Pro) is a rare,

autosomal dominant condition in which renal,

hepatic and testicular involvement has been demon-

strated. No data are available about vascular altera-

tions in this condition.

Aim: The aim of the study was to evaluate

arterial stiffness, as assessed by pulse wave velocity

(PWV), and carotid artery intima-media thickness

(IMT), as evaluated by ultrasound, in patients

with Apolipoprotein A-I amyloidosis (APO A-I

amyloidosis).

Patients and Methods: In 104 patients with APO

A-I amyloidosis (mean age 52+ 16 years,56 F) and

in 104 subjects matched for age, sex, body mass

index (BMI) and clinic blood pressure (BP), PWV

and IMT were measured.

Results: By definition, no differences for age, sex,

BMI, BP, heart rate were observed. PWV was sig-

nificantly higher in patients with APO A-I amyloi-

dosis than controls (11.5+ 2.9 and 10.7+ 2.3,

p5 0.05), even after adjusting for cholesterol, crea-

tinine and mean BP and heart rate measured during

PWV assessment. In patients with APO A-I amyloi-

dosis the prevalence of increased arterial stiffness

(defined as PWV4 12 m/s) was significantly greater

than in controls (31% vs. 17%, p5 0.05). Mean,

common bifurcation and internal carotid artery IMT

were comparable in the two groups (0.87+ 0.21 vs.

0.88+ 0.17; 1.23+ 0.41 vs. 1.25+ 0.38 and

0.95+ 0.33 vs. 0.95+ 0.28 respectively for APO A-

I amyloidosis vs. controls, p¼ns). Similar results

were obtained for MeanMax IMT and t-Max

(1.02+ 0.29 vs. 1.03+ 0.26 and 1.60+0.69 vs.

1.56+ 0.58, p¼ns).

Conclusion: In patients with Apolipoprotein A-I

amyloidosis (Leu75Pro), a significant increase in

arterial stiffness is observed, on the contrary carotid

artery intima-media thickness is comparable to that
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of matched control subjects. These results, obtained

in a wide sample of patients, may add significant

information to the clinical features of this rare

genetic disorder.

P-078

Leu75Pro apolipoprotein A-I amyloidosis:

prevalence and clinical features of liver

involvement

L. Biasi1,2, K. Prestini1,2, M. Mendeni1,2,

A. Negrinelli1,2, T. Scalvini3, L. Obici4,

G. Gregorini1, & G. Merlini4

1Department of Infectious Diseases, 2Department of

Nephrology, 3Department of Internal Medicine,

Spedali Civili, University of Brescia, Brescia, Italy, and
4Department of Biochemistry, Amyloidosis Research and

Treatment Center, Fondazione IRCCS Policlinico San

Matteo, University of Pavia, Pavia, Italy

Leu75Pro Apo A-I amyloidosis is an autosomal

dominant hereditary disorder with amyloid deposits

especially involving kidney, liver and testicles. We

examined the frequency and the clinical appearance

of hepatic involvement. Between January 2007 and

December 2009, we evaluated 129 out of 232

carriers of Leu75Pro Apo A-I mutation (mean age

55 years, range 17–84 years; 54% males). All

patients underwent medical history, complete liver

blood tests, including viral serology, ultrasonogra-

phy and elastography. In 86 patients (67%), mean

age 50 years (range 17–84 years), 50% males, we

did not observe changes in the hepatic tests. The

average stiffness value was 4 kPA (normal values

56 kPa). Ultrasonography showed hepatic steatosis

in 20 patients (23%). In 43 patients (33%), mean

age 65 years (range 39–78), 63% males, hepatic

tests were altered, the average stiffness value was

22 kPa, ultrasonography was normal in two

patients, showed hepatic steatosis in 15, non-

cirrhotic liver changes in 12, cirrhosis in 14. To

find the parameters for prognosis and clinical

staging we subdivided patients with altered hepatic

test in two subgroups on the basis of the level of

ALP (group A: normal ALP level; group B

increased ALP level) (Table I).

In conclusion, (1) nearly 70% of carriers of

Leu75Pro Apo A-I mutation seem not develop

clinical liver involvement (2) liver involvement in

carriers of this mutation is highly predicted by

changes in ALP blood levels and stiffness index.

P-079

Fibrinogen A a-chain amyloidosis: phenotypic

characterisation and the role of liver

transplantation

A. J. Stangou1, N. R. Banner2,3, B. M. Hendry4,

M. Rela1, B. Portmann1, J. Wendon1,

M. Monaghan5, P. MacCarthy5,

M. Buxton-Thomas6, C. J. Mathias6,7,

J. J. Liepnieks8, J. O’Grady1, N. D. Heaton1, &

M. D. Benson9

1Institute of Liver Studies and Amyloidosis Treatment

Centre, King’s College Hospital, London, UK,
2Department of Cardiology and Transplant Medicine,

Royal Brompton and Harefield NHS Trust, Harefield,

Middlesex, London, UK, 3Faculty of Medicine, Imperial

College London, London, UK, 4Renal Medicine, King’s

College London, London, UK, 5Department of

Cardiology, King’s College Hospital, London, UK,
6Department of Nuclear Medicine, King’s College

Hospital, London, UK, 7Department of Neurovascular

Medicine, National Hospital for Neurology and

Neurosurgery, London, UK, 8Department of

Neurovascular Medicine, St Mary’s Hospital, Imperial

College London, London, UK, and 9Department of

Pathology and Laboratory Medicine, Indiana University

School of Medicine, Indianapolis, IN, USA

Fibrinogen A a-chain (AFib) amyloidosis has hither-

to been regarded as predominantly renal amyloid

disease. We report the phenotypic and clinical

features and outcome of 22 patients with AFib who

were assessed for combined liver and kidney

transplantation (LKT). Twenty-one had E526V,

and one the R554L variant. Coronary atherosclerosis

was identified in 68% of cases, and carotid or aortic

atheromatosis in 55%. Vascular atheroma excised at

endarterectomy contained abundant amyloid solely

derived from variant fibrinogen. Endomyocardial bio-

psies revealed deposition of fibrinogen amyloid. Half

of cases had autonomic neuropathy. Nine patients

Table I. Clinical features according to ALP concentration

(A: normal; B: increased).

Groups A B p

Patients: n (%) 11 (9) 32 (25)

Males: n (%) 6 (55) 21 (64) NS

Mean age (range) 62 (39–78) 67 (40–74) NS

ALT (n.v 5–45) 58+13 64+ 18 NS

gGT (n.v. 5–50) 73+12 186+ 130 0.007

ALP (n.v. 40–129) 108+19 275+ 180 0.004

Ultrasonographic pattern

Normal 1 1

Steatosis 10 5

Liver disease 12

Cirrhosis 14

Stiffness (mean+DS) 8.6+3.8 27.8+ 15.4 50.001
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received LKT, three pre-emptively and six after

long-term renal replacement therapy (RRT). At

median follow-up for 67 (33–155) months, all three

patients who received preemptive LKT are alive and

well, but LKT survival was 50% amongst the cases

who had been on long-term RRT. Cumulative

survival was 67%. The three fatal outcomes occurred

in the short-term post-operative period, and were due

to complications of biliary dyskinesia and resultant

acute necrotising pancreatitis and biliary leaks (two

cases), poor quality tissues, bradyarrhythmia and

ischaemic coronary events, and hepatic artery throm-

bosis in one case. There is no evidence of progressive

amyloidosis post LKT, and neurology has improved.

In contrast to inexorable progression to complete

ESRF in the disease natural course, serial 99mTc-

DMSA renal scintigraphy in two cases of preemptive

LKT demonstrates preserved native kidney residual

function up to 5 years follow-up. Four explanted livers

were used successfully for domino liver transplant.

AFib is a systemic disease with diverse phenotype

including visceral, vascular, cardiac amyloid deposi-

tion, atheromatosis and neuropathy. LKT can be

curative, with best results obtained in patients

transplanted before RRT. Our data encourage eva-

luation of solitary liver transplantation early in the

course of amyloid nephropathy to prevent require-

ments for RRT and kidney grafts.

P-080

Mutation in APOA1 predicts increased risk of

ischaemic heart disease and mortality without

low HDL cholesterol

C. L. Haase1, R. Frikke-Schmidt1,

B. G. Nordestgaard2,3, A. K. Kateifides4,5,

D. Kardassis4, L. B. Nielsen1,6, A. H. Johnsen1,

P. Grande7, V. I. Zannis4,5, &

A. Tybjærg-Hansen1,3

1Department of Clinical Biochemistry, Rigshospitalet,

Copenhagen University Hospital, Faculty of Health

Sciences, University of Copenhagen, Copenhagen,

Denmark, 2Department of Clinical Biochemistry, Herlev

Hospital, Herlev, Denmark, 3The Copenhagen City

Heart Study, Bispebjerg Hospital, Copenhagen

University Hospital, Faculty of Health Sciences,

University of Copenhagen, Copenhagen, Denmark,
4Department of Biochemistry, University of Crete

Medical School, Heraklion, Greece, 5Department of

Molecular Genetics, Whitaker Cardiovascular Institute,

Boston University School of Medicine, Boston, MA,

USA, 6Department of Biomedical Sciences, University of

Copenhagen, Copenhagen, Denmark, and 7Department

of Cardiology, Rigshospitalet, Copenhagen University

Hospital, Faculty of Health Sciences, University of

Copenhagen, Copenhagen, Denmark

Background: Apolipoprotein A-I (apoA-I) is the

major protein constituent of high-density lipopro-

tein. Rare mutations in APOA1 may associate with:

(1) low HDL cholesterol (HDL-C) with an unclear

association to ischaemic heart disease (IHD); (2)

hereditary amyloidosis, sometimes characterised by

amyloid deposition in the vascular wall and/or in the

heart and misdiagnosed as IHD.

Objectives: To determine if mutations in APOA1

affect levels of HDL-C, and predict risk of IHD and

total mortality in the general population.

Method: We re-sequenced APOA1 in 190 indivi-

duals, and examined the effect of mutations on

HDL-C, risk of IHD, myocardial infarction (MI)

and mortality in 10,440 individuals in the prospec-

tive Copenhagen City Heart Study followed for

31 years. Results were validated in an independent

case–control study (n¼ 16,035). Additionally, we

determined plasma ratios of mutant to wildtype

apoA-I in human heterozygotes, and functional

effects of mutations in adenovirus transfected mice.

Results: We identified a new mutation, A164S

(1:500 in the general population) in an ‘amyloido-

genic’ part of APOA1, which in heterozygotes

predicted hazard ratios for IHD, MI and total

mortality of, respectively, 3.2 (95% CI: 1.6–6.5),

5.5 (2.6–11.7) and 2.5 (1.3–4.8). Mean reduction in

survival time was 10 years. Results for IHD and MI

were confirmed in the case–control study. Further-

more, the ratio of mutant S164 to wildtype A164

apoA-I in plasma of heterozygotes was reduced.

Finally, A164S heterozygotes had normal plasma

lipid and lipoprotein levels, including HDL-C and

apoA-I, and this finding was confirmed in adenovirus

transfected mice. Since obstructive intramural cor-

onary vascular amyloidosis may present as sympto-

matic IHD, we speculate that the mechanism

underlying the effect of this mutation on IHD and

mortality might be amyloid deposition.

Conclusions: This is the first mutation in APOA1

to predict an increased risk of IHD, MI and total

mortality without low HDL-C.

P-081

A new transthyretin mutation associated with

leptomeningeal amyloidosis

J. J. Liepnieks1, D. W. Dickson2, &

M. D. Benson1,3

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine, Indianapolis,

IN, USA, 2Department of Neuropathology, Mayo

Clinic, Jacksonville, FL, USA, and
3Richard L. Roudebush Veterans Affairs Medical Center,

Indianapolis, IN, USA
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Leptomeningeal amyloidosis associated with muta-

tions in transthyretin (TTR) is an uncommon but

fatal form of amyloidosis and often is manifest with

varying degrees of seizure, hydrocephalus, intra-

cerebral haemorrhage or dementia. Here, we present

a new mutation associated with hydrocephalus and

dementia. A 49-year-old woman presented with

symptoms of transient ischaemic attacks. Neurologi-

cal evaluation including brain CT showed evidence

of moderate hydrocephalus. A biopsy from the

temporal lobe revealed cerebral amyloid angiopathy.

The patient was treated with a ventricular shunt and

anti-seizure medication. Her medical condition has

remained stable for 2½ years. The patient’s mother

developed hydrocephalus by age 56, was treated with

a ventricular shunt, but the disease progressed with

dementia. She died at age 77. Autopsy revealed

marked thickening of leptomeninges and severe

amyloid angiopathy. Amyloid deposition was espe-

cially prominent along the ependymal lining of the

lateral, third and fourth ventricles. There was

extensive amyloid deposition in the choroid plexus

of the lateral, third and fourth ventricles. The

amyloid deposits stained positive for TTR. Amyloid

protein was isolated from leptomeninges dissected

from brain tissue obtained at autopsy of the

propositus’s mother and stored frozen. Biochemical

characterisation of the amyloid protein indicated the

vast predominance of variant Arg53 TTR (�97%)

over normal Gly53 TTR (�3%) in the leptomenin-

geal deposit. DNA sequencing of TTR exons 2, 3

and 4 of the propositus demonstrated a G to A

transition at the first nucleotide of codon 53 resulting

in a Gly to Arg mutation at residue 53 in the TTR

protein. This newly discovered mutation in TTR

gives a clinical picture similar to that reported for

Gly53Glu, but other leptomeningeal associated TTR

mutations have been described for exons 2, 3 and 4.

P-082

Transthyretin-derived amyloid deposition in

ligaments and tendons of various organ sites

T. Sueyoshi1,2, M. Ueda2, H. Jono2, Y. Horibata2,

M. Shono2, K. Obayashi2, A. Sei1, H. Mizuta1, &

Y. Ando2

1Departments of Orthopaedic Surgery and 2Department

of Diagnostic Medicine, Graduate School of Life

Sciences, Kumamoto University, Kumamoto, Japan

Transthyretin (TTR)-derived amyloid deposition is

commonly found in transverse carpal ligaments of

patients with senile systemic amyloidosis (SSA).

However, that in ligaments of other organ sites

remains to be elucidated. The purpose of this study

was to determine the frequency and types of amyloid

deposits found in ligaments and tendons of various

organ sites. Meaning of this phenomenon was also

discussed. We investigated 111 specimens of patients

with carpal tunnel syndrome (54 specimens), rotator

cuff tears (21 specimens) and lumbar canal stenosis

(36 specimens). Those patients were diagnosed at the

Department of Orthopaedic Surgery in Kumamoto

University Hospital and its associated faculties based

on clinical findings and radiological examinations

from 2008 to 2009. The patients’ age at the surgery

was from 17 to 83 years old (mean 61.4 years old; 56

males and 55 females). Transverse carpal ligaments,

rotator cuff tendons, and the yellow ligaments of

those specimens were subjected to Congo red

staining. To identify precursor proteins of amyloid

deposits, we performed immuno-histochemical stain-

ing using antibodies reacted with TTR, immunolo-

bulin light chain (AL) (l and k), amyloid A protein

(AA) and b2-microglobulin (b2m). To exclude

familial amyloidotic polyneuropathy (FAP), we per-

formed genetic testing for the presence or absence of

mutated TTR gene. We identified 47 (39%) amyloid

positive samples including 39 (36%) wild-type TTR

cases (18 cases, 33.3%, in transverse carpal liga-

ments, 5 case, 23.8%, in rotator cuff tendons and 16

cases, 44.4%, in the yellow ligaments). The mean age

in TTR cases was higher compared to non-TTR

cases in transverse carpal ligaments and the yellow

ligaments (70.4+ 9.1 vs. 59.5+ 10.2 years old,

p5 0.001, 71.9+ 7.6 vs. 55.5+ 16.0 years old,

p5 0.01, respectively), but not significantly in rotator

cuff tendons (65.8+ 6.3 vs. 58.8+ 15.4 years old,

p¼ 0.34). In the elderly, TTR-derived amyloid

deposits were frequently found in ligaments and

tendons of various organ sites. Those amyloid

deposits may involve the pathogenesis of the ligament

and tendon disorders in elderly patients.

P-083

Novel therapy for transthyretin-related ocular

amyloidosis

R. Hara1, T. Kawaji1, H. Tanihara1, & Y. Ando2

1Department of Ophthalmology and Visual Science,

Graduate School of Life Sciences, Kumamoto University,

Kumamoto, Japan and 2Department of Diagnostic

Medicine, Graduate School of Life Sciences, Kumamoto

University, Kumamoto, Japan

Objective: Transthyretin (TTR)-related familial

amyloidotic polyneuropathy (FAP) is characterised

by systemic accumulation of mutant amyloidogenic

TTR (ATTR) in organs and peripheral nerves.

Inasmuch as the liver mainly synthesises ATTR found

in serum, liver transplantation has been believed to be
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promising for halting progression of neurologic

complications in patients with FAP. The occurrence

of ocular complications associated with FAP increases

with time even after liver transplantation, because

ocular tissues, mainly retinal pigment epithelium

(RPE), also synthesised ATTR. Laser photocoagula-

tion is a common treatment used for many retinal

diseases. Because melanin in the RPE is the main

substance in the retina that absorbs laser light, laser

photocoagulation can clearly damage the RPE.

Therefore, we hypothesised that laser photocoagula-

tion would lead to prevent ocular amyloid formation.

Participants: Two patients were enrolled: a

64-year-old Japanese man with ATTR Val30Met

and a 41-year-old Japanese woman with ATTR

Tyr114Cys. They had progressive ocular manifesta-

tions and had already received liver transplants.

Methods: We used pan-retinal laser photocoagula-

tion (PRP), which damages the retinal pigment

epithelium, the main location for synthesis of

amyloidogenic transthyretin in ocular tissues, to

treat one eye of each patient. After laser photo-

coagulation, we performed general ophthalmic ex-

aminations every 3 months for 3 years.

Results: PRP clearly prevented progression of

amyloid deposition in the vitreous and on the retinal

surface during 3 years of follow-up. No serious

complications occurred.

Conclusions: As a result of longer life expectancies

of patients with FAP that are obtained via liver

transplantation, ocular manifestations, especially

vitreous opacity and glaucoma, may become more

frequent, serious complications for these patients.

PRP is a safe and well-known procedure that offers a

new treatment option to mitigate ocular manifesta-

tions in patients with FAP.

P-084

Effect of liver transplantation on the survival of

patients with ordinary onset FAP in Japan

T. Yamashita, Y. Ando, S. Okamoto, M. Yohei,

T. Hitahara, M. Ueda, K. Obayashi, M. Nakamura,

H. Jono, K. Asonuma, Y. Inomata, & M. Uchino

Department of Neurology, Department of Diagnostic

Medicine and Department of Pediatric Surgery and

Transplantation Graduate School of Life Sciences,

Kumamoto University, Kumamoto, Japan

Introduction: Familial amyloid polyneuropathy

(FAP), a fatal disorder inherited in an autosomal

dominant fashion, is characterised by systemic

accumulation of polymerised mutated amyloido-

genic transthyretin (ATTR) in peripheral nerves

and systemic organs. Liver transplantation has

become an acceptable treatment for this systemic

amyloid disorder. Liver transplantation removes the

major source of variant transthyretin (TTR) produc-

tion and replaces it with a source of normal TTR.

However, even after liver transplantation, amyloido-

sis including cardiomyopathy can worsen in some

patients. Actually, improvement in survival from the

onset of disease in transplanted patients compared to

that in non-transplanted subjects has not been

demonstrated enough. To determine whether trans-

plantation has positive effects, we compared the

survival of transplanted FAP patients with that of

non-transplanted patients.

Patients and Methods: Consecutive 58 Japanese

patients with FAP Val30Met who visited Kumamoto

University Hospital from January 1990 to December

2008 were studied. The transplanted group consisted

of 32 patients, who could find a donor in their family

for living donor liver transplantation with a partial

hepatic graft or could afford to pay for liver

transplantation abroad. The non-transplanted group

consisted of 26 patients. Survival from the onset of

disease was analysed by Kaplan–Maier analysis and

difference between the survivals groups was tested by

the Log rank test.

Results: Significantly prolonged survival was found

in the transplanted group (p5 0.01) compared with

non-transplanted group. The estimated probability

of survival at 10 years of the non-transplant group

was 45.2%, while that of transplanted group

was 100%.

Discussion: Our study found that liver transplanta-

tion prolongs the survival period of patients with

FAP Val30Met, leading us to speculate that the liver

transplantation might halt the progression of clinical

manifestations of FAP and that liver transplantation

might be also effective on patients with FAP with

other types of ATTR mutations.

Conclusion: In this study, we have demonstrated

that liver transplantation prolongs survival period of

patients with FAP Val30Met compared to non-

transplanted patients with FAP Val30Met.

P-085

Experience of ATTR in a single centre: findings

among 220 patients

D. M. Rowczenio, H. J. Lachmann, S. D. J. Gibbs,

J. A. Gilbertson, T. Hunt, T. L. Russell,

P. T. Sattianayagam, H. Trojer, A. D. Wechalekar,

C. J. Whelan, P. N. Hawkins, & J. D. Gillmore

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Sequencing of the genes associated with hereditary

systemic amyloidosis was introduced into the clinical
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service at the UK National Amyloidosis Centre

(NAC) in 2002. The repertoire of testing includes

the genes for apolipoprotein AI (apoAI) exons 3 and 4,

apolipoprotein AII (apoAII) exon 4, fibrinogen A a
(FGA) exon 5, gelsolin (GSN) exon 4, lysozyme

(LYZ) exons 2 and 4, and transthyretin (TTR) exons 2

to 4. We report here the results of genetic testing

performed between January 2002 and December

2009. The TTR gene was sequenced in 1100 patients

in order to exclude or confirm the clinical suspicion of

hereditary TTR amyloidosis, accounting for 41% of all

requested genetic tests. FGA and apoAI were the next

most frequently requested tests accounting for 30%

and 17%, respectively. TTR mutations were identified

in 220 (20%) cases. Known amyloidogenic variants

were detected most frequently, encoding V30M in

17%, T60A in 32% and V122I (including 6 homo-

zygotes) in 28% of cases. Fourteen novel or rare

amyloidogenic variants were identified, with great

diversity with respect to geographic distribution, age of

onset, penetrance, amyloidotic organ involvement and

outcome: C10R, S23N, R34G, A36P, G47R, R49S,

G53A, E54L, S77Y, A81V, I84S, E89K, H90D and

V94A. Amyloid deposits in each case were confirmed

to be of TTR type immunohistochemically. The two

patients with G53A had severe CNS disease, which

was the sole clinical feature in one case. Wild-

type TTR amyloidosis was confirmed in 88 patients.

Two such male patients who presented below age

60 years (53 and 57 years) received cardiac transplants,

one of whom has survived for 19 years. These findings

confirm the need for genetic screening in the routine

clinical evaluation of patients with amyloidosis.

P-086

Haemodynamic responses after tilt reversal

in FAP

K. Obayashi1,2, R. Hörnsten3, U. Wiklund4,

M. Karlsson4, S. Okamoto2, Y. Ando1, &

O. B. Suhr2

1Department of Medicine, Umeå University Hospital,

Umeå, Sweden, 2Department of Diagnostic Medicine,

Graduate School of Life Sciences, Kumamoto University,

Kumamoto, Japan, 3Department of Clinical Physiology,

and 4Heart Centre, Department of Biomedical

Engineering and Informatics, Umeå University Hospital,

Umeå, Sweden

The pathophysiology of the haemodynamic responses

to postural stress in FAP remains to be elucidated.

Recently, attention has been focused on blood

pressure changes after tilt reversal. Patients with

autonomic failure show an increase in blood pressure

(BP) after tilt reversal, as compare to baseline values

before head-up tilt. The aim of the study was to

evaluate haemodynamic responses after tilt reversal in

FAP. Systolic BP and heart rate variability (HRV)

were analysed in the baseline, 708 upright position,

and after tilt reversal in 15 patients with FAP and 14

healthy controls. Beat-to-beat blood pressure was

recorded with a Finapres device. Maximum systolic

BP after tilt reversal was increased with 22+
13 mmHg in FAP patients as compared to baseline

(BP overshoot), whereas controls showed a signifi-

cantly lower BP overshoot (8+ 6 mm Hg,

p5 0.001). In all states, total spectral power and the

power of the low- and high- frequency components

were all significantly lower than those of the controls

(p5 0.01). In a linear regression analysis adjusted for

age, we found a significant inverse relation between

BP overshoot and HRV (total spectral power, power of

the low-frequency and high-frequency components)

in all three states (standardised b between 70.74 and

70.53, p5 0.01). Five patients with FAP were

excluded because of atrial arrhythmia precluding

HRV analysis: four of those presented BP overshoots

�12 mmHg. BP overshoot may be a useful marker to

assess the progression of cardiac autonomic dysfunc-

tion, especially since heart arrhythmia in many FAP

patients prevents HRV-analysis. It may also be useful

as a guide for treatment of orthostatic hypotension in

these patients.

P-087

Liver transplantation promoted amyloid

turnover in FAP

K. Obayashi1, M. Ueda1, Y. Misumi2,

T. Yamashita2, H. Jono1, M. Tasaki1, M. Shono1,

M. Yazaki3, F. Kametani4, Y. Ohya5, K. Asonuma5,

Y. Inomata5, S. Ikeda3, & Y. Ando1

1Department of Diagnostic Medicine, 2Department of

Neurology, Graduate School of Life Sciences, Kumamoto

University, Kumamoto, Japan, 3Department of

Medicine (Neurology), Shinshu University School of

Medicine, Matsumoto, Japan, 4Department of Molecular

Neurobiology, Tokyo Institute of Psychiatry, Tokyo

Metropolitan Organization for Medical Research,

Tokyo, Japan, and 5Department of Pediatric Surgery

and Transplantation, Graduate School of Life Sciences,

Kumamoto University, Kumamoto, Japan

Liver transplantation is now widely performed to halt

progression of the clinical manifestations of FAP.

However, whether the amount of amyloid deposited

decreases or increases in amyloid-targeted tissues

after liver transplantation over the long-term course

of the disease is unclear. The present study aimed to

elucidate the effect of liver transplantation on

changes in clinical manifestations, amount of amy-

loid deposited, and biochemistry of amyloid fibrils in

amyloid-targeted organs in patients with FAP. We
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examined autopsy results for two Japanese patients

with FAP ATTR Val30Met who died after ortho-

topic liver transplantation. One died of sudden

cardiac arrest 13 years and 10 months after surgery,

the other, of severe congestive heart failure 10 years

after surgery. We compared these results with those

for five non-liver transplanted patients with FAP who

have passed 5–7 years after the onset of disease. We

evaluated changes in clinical manifestations and the

amount of amyloid deposited. We also used liquid

chromatography-ion trap mass spectrometry to

analyse the ratio of wild-type TTR to ATTR

Val30Met in amyloid fibrils obtained from hearts of

the two autopsy cases. Both cases showed no

progression of clinical manifestations after transplan-

tation. Autopsy revealed scarce amyloid deposition

in all organs except the heart and minor salivary

gland in Case 1 and the heart in Case 2 compared

with non-transplanted patients. The contribution of

wild-type TTR to the ratio of wild-type TTR to

ATTR Val30Met in amyloid fibrils was 81% in Case

1 and 78% in Case 2. Rapid tissue turnover and the

duration of disease before the operation may con-

tribute to reduced amyloid deposition in most organs

after liver transplantation. On the other hand, wild-

type TTR produced by the transplanted liver

becomes a new source of post-transplantation

amyloid deposited in the heart. The reasons for the

affinity between amyloid and the minor salivary

gland of the tongue are not yet understood. Similar

factors that support amyloid deposition may exist in

the heart and the minor salivary gland of the tongue.

Liver transplantation effectively promoted amyloid

turnover, the results being the absence of variant

TTR in the blood and the stability of most clinical

manifestations of FAP.

P-088

A homozygote case of FAP ATTR Val30Met in a

non-endemic area

Y. Kumabe, A. Miura, T. Yamashita, T. Oshima,

Y. Misumi, M. Ueda, K. Obayashi, Y. Horibata,

H. Jono, Y. Ando, & M. Uchino

Graduate School of Life Sciences, Kumamoto University,

Kumamoto, Japan

Introduction: Recently, instability of variant trans-

thyretin (TTR) structures is believed to be the course

of dissociation of the tetramer and amyloid fibril

formation. Homozygote case of FAP is expected to

show late onset and mild clinical manifestations. We

report clinical features in a homozygote case of FAP

ATTR Val30Met.

Case Report: A 72-year-old Japanese female living

in Hiroshima city was admitted to Kumamoto

University Hospital in June 2009 surfing from

bilateral vitreous opacities and polyneuropathy. She

had slowly progressive visual loss on her eyes at age

of 58. She developed vitreous opacities at age of 58,

and dysesthesia in the sole was developed at the age

of 68. Upon admission, neurological examination

revealed visual loss, distal dominant muscle atrophy

and weakness in her lower extremities, absent

Achilles’ tendon reflexes, dysesthesia and decreased

pain and light touch sensation under knees and

elbow with dissociated sensory loss, alternating

constipation and diarrhoea, and mild orthostatic

hypotension. Echocardiography did not show gran-

ular sparkling sign, thickening of the intra-ventricular

septum, and dilatation of left atrial diameter. The

total TTR levels in the serum were 21.8 mg/dl

showing higher than usually found in patients with

FAP ATTR Val30Met. After confirming the im-

munoreactivity of TTR in the amyloid deposits of

abdominal fat using an anti-TTR polyclonal anti-

body, SELDI-TOF-MM was employed. A single

peak corresponding to ATTR Val30Met was de-

tected in her serum. Direct sequence analysis

confirmed the homozygotic mutation in the TTR

gene presenting one base substitution at codon 30

from GTG (Val) to ATG (Met).

Discussion: This case showed late onset, slow

progression, visual loss as an initial symptom, small

fiber neuropathy, autonomic dysfunction, differing

from those in the endemic area, suggesting the

attribution to homozygote of this mutation in endemic

areas. Although characteristics of homozygous cases

of FAP Val30Met have been reported to have late

onset and slow progression, homozygote case with

early onset and severe manifestations was reported

recently. To clarify the clinical feature of homozygote

case of FAP ATTR Val30Met, further observation of

this case and accumulation of cases is necessary.

P-089

A prospective evaluation of the morbidity and

mortality of transthyretin amyloid

cardiomyopathy (ATTR-CM): The

Transthyretin Amyloidosis Cardiac Study

(TRACS)

F. L. Ruberg1, M. Maurer2, D. P. Judge3,

S. Zeldenrust4, M. Skinner5, A. Y. Kim6,

R. H. Falk7, K. Cheung8, J. Packman8, &

D. Roy Grogan8

1Department of Medicine, Section of Cardiology, Boston

University School of Medicine, Boston, MA, USA,
2Clinical Cardiovascular Research Laboratory for the

Elderly, Columbia University Medical Center, Allen

Pavilion of New York Presbyterian Hospital, New York,

NY, USA, 3Department of Medicine/Cardiology, Johns

Hopkins University, Baltimore, MD, USA, 4Department

of Hematology, Mayo Clinic, Rochester, MN, USA,
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5Amyloid Treatment and Research Program, Boston

University, Boston, MA, USA, 6Department of Medicine,

University of Chicago, Chicago, IL, USA, 7Department

of Cardiology, Harvard Vanguard Medical Associates,

Boston, MA, USA, and 8FoldRX Pharmaceuticals, Inc.,

Cambridge, MA, USA

ATTR-CM is believed to have a relatively indolent

course with a median survival of 60–75 months

reported in the literature at the inception of this

study (Ng et al. Arch Intern Med 2005;165:1425–

1429; Kyle et al. Am J Med 1996;101:395–400).

ATTR-CM is associated with genetic variants

including V122I (*3.5% of African Americans) or

wild-type TTR (senile systemic amyloidosis [SSA]).

Liver with or without heart transplantation is a

treatment option, although therapies that slow or halt

amyloid deposition are in development. This study

characterised the natural history of ATTR-CM,

including that due to the V122I mutation, to support

future therapeutic trials. Patients with ATTR-CM

(V122I: n¼ 11; SSA: n¼ 18) were assessed every 6

months for upto 2 years by echocardiography and

cardiac magnetic resonance imaging (CMR). Func-

tional capacity (6-min walk test [6MWT] and

NYHA class) and cardiac biomarkers (troponins

and NT-pro-BNP) were assessed. Patients with SSA

were older than V122I patients (75 vs. 71 years), with

more Caucasians (100% vs. 0%) and atrial fibrilla-

tion history (83% vs. 27%). Over *16 months, there

were 12 deaths/transplants (SSA: 4 [22%]; V122I: 8

[73%]; p¼ 0.02); 16 patients (6 [33%]; 10 [91%])

met a combined endpoint of death or cardiovascular

hospitalisation. For the entire cohort at 12 months,

increases in BNP (51%) and troponins (450%)

were observed; 28% of patients had worsening

NYHA class; 6MWT distance decreased by 14%.

Echocardiographic and CMR measures of wall

thickness, mass, chamber size, and function were

consistent with advanced amyloid cardiomyopathy

with no consistent differences between variants. In a

multivariate model, disease duration and stroke

volume by echocardiogram were significant

predictors of mortality. Despite reports of a relatively

indolent course, significant morbidity and mortality

were observed among this cohort of patients

with ATTR-CM over 16 months. Disease pro-

gression was observed, providing potential endpoints

for interventional trials of disease-modifying

therapies.

P-090

Prognostic value of cardiomyopathy in Swedish

liver transplanted patients for familial

amyloidotic polyneuropathy

S. Okamoto1, J. Wixner1, B. G. Ericzon2,

S. Friman3, P. Lindqvist4, M. Henein1, &

O. B. Suhr1

1Department of Medicine and the Heart Centre, Umeå

University Hospital, Umeå, Sweden, 2Department of

Transplantation Surgery, Karolinska University

Hospital, Huddinge, Sweden, 3Department of

Transplantation Surgery, Sahlgrenska University

Hospital, Göteborg, Sweden, and 4Department of

Surgical and Perioperative Sciences, Clinical Physiology,

Umeå University, Umeå, Sweden

Background: Liver transplantation (LTx) for famil-

ial amyloidotic polyneuropathy (FAP) is a recognised

treatment for halting disease progression. Since

cardiac complications are the main cause of post-

operative death in patients with FAP, we studied the

potential relationship between amyloid heart disease

and post LTx mortality.

Patients and Methods: Seventy-five Swedish pa-

tients (41 males and 34 females), who had under-

gone LTx from 1996 to 2008 and were examined

with echocardiography 1-20 months before LTx as

part of the pre-transplant evaluation, were available

for the study. The inter-ventricular septal (IVS)

thickness was used as a marker for cardiac involve-

ment, values 415 mm were considered consistent

with cardiomyopathy. The patients were divided into

two groups: those with an early onset of the disease

(550 years) and those with a late onset of the disease

(�50 years). Non-parametric methods were used for

descriptive statistics. Survival analysis was performed

by Kaplan–Meier analysis, and differences between

groups were tested using Cox–Mantel test.

Results: The number of patients with cardiomyopathy

at LTx was significantly higher in the late onset group

as compared with that in early onset group (12/36 late

onset vs. 1/39 early onset, p50.01). Nine males of 75

patients died, all had late onset FAP and six of them

had an IVS thickness 412 and 4 above 15 mm.

Survival was significantly higher in patients with

normal IVS thickness at LTx compared to those with

increased IVS thickness (IVS4 12 mm) (p50.01).

Conclusion: Our results suggest that the severity of

cardiomyopathy at LTx has an important prognostic

value after the procedure. However, the small sample

volume in this study limits proposing a definitive

independent prognosticator.

P-091

Hereditary amyloidosis by transthyretin:

diagnosis of heterozygous mutation Val30Met in

two brothers

G. Giglio1, G. Antuzzi1, F. Carrozza1, L. Obici2, &

M. Musacchio1
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1U.O.C. di Oncologia e U.O.S. di Ematologia,

O. C. ‘‘A. Cardarelli’’, ASREM, Campobasso, Italy

and 2Amyloidosis Research and Treatment Center,

Fondazione IRCCS Policlinico San Matteo Pavia,

Pavia, Italy

Transthyretin amyloidosis is a disease caused by the

abnormal deposit of blood protein transthyretin that

normally transports thyroid hormone and vitamin A.

The atypical transthyretin protein has the tendency

to accumulate in tissues such as the heart, kidneys,

nerves, and intestine and interferes with the normal

functions of the organs. It occurs after age 20 and

begins after age 50. We report two brothers from

Molise region who were studied to identify whether

they were carriers or not of hereditary amyloidosis,

because their mother died decade earlier due to

systemic amyloidosis. Their DNA molecular inves-

tigation showed heterozygous mutation val30Met. In

both brothers, the laboratory investigations and

echocardiography were negative but the peri-

umbilical fat yields results instead positive in both;

electromyography in one of them showed a mild

sensory-motor peripheral neuropathy. They are in

careful observation. The psychological impact has

been significant more to the absence effective

therapies except the liver transplant. The transthyr-

etin is synthesised primarily by the liver and

physiologically for the carriage of thyroxine and

retinol-binding protein. More than 100 mutations of

this gene are known and some of these are recurrent

significantly in some geographical Italian regions.

The clinical factors are dominated by the involve-

ment of the peripheral nervous system and auto-

nomic nervous system and often begins with an

bilateral carpal tunnel syndrome. The patients

usually have impotence, chronic constipation or

diarrhoea, and symptomatic orthostatic hypotension;

almost always associated with a gradually progressive

restrictive cardiomyopathy. The liver transplantation

is the cure of this disease but it is not available in all

individuals. Many ongoing studies are done to

develop therapeutic agents which might interfere

with the formation of amyloid tissue deposits and

with manufacture of abnormal transthyretin by the

liver.

P-092

Combined liver–kidney transplantation in FAP

TTR V30M: nephrological assessement

L. Lobato1,2, I. Beirão1,2, R. Seca3,

H. Pessegueiro3, M. J. Rocha1, J. Queiroz4,

M. Gomes2,4, A. Castro Henriques1,

M. Teixeira5, & R. Almeida6

1Department of Nephrology, 2Unidade Clı́nica de

Paramiloidose, 3Department of Internal Medicine,
4Department of Urology, 5Departement of Surgery, and
6Department of Vascular Surgery, Hospital de Santo

António, CHP, Porto, Portugal

Introduction: Nephrological indications for com-

bined liver–kidney transplantation (LKT) increased

in recent years. The aim of liver transplantation in

hereditary amyloidosis is not similar to that of liver

diseases and we can expect that the proposal and

the benefit of LKT may differ. Usually, patients

with FAP and end-stage renal disease (ESRD)

have a progression of neuropathy higher than

10 years when reaching dialysis, which is substan-

tially longer than the recommended for liver

transplantation.

Objective: To review our results in LKT recipients

with FAP and TTR V30M mutation.

Methods: Retrospective, single centre analysis of

patients with FAP who received LKT from the

same donor. Between 1983 and 2009 we per-

formed 1816 kidney transplants, 12 LKT. Contra-

indications for LKT in FAP: permanent bladder

catheter, decubitus ulcers, dialysis-related syncope

and persistent vomiting. The immunosuppressive

induction therapy included ATG, cyclosporine,

prednisone, azathioprine or mycophenolic acid.

Long-term protocol was cyclosporine and myco-

phenolic acid.

Results: Six patients (3 M, 3 F) were submitted

to LKT with a mean follow-up of 84 months. All

patients except one received haemodialysis. A

patient received a pre-emptive renal graft. The

age at LKT was 45.8+ 4.6 years, with an

evolution of disease of 8 years; time on dialysis

before transplantation was 14.25+ 7.9 months. All

kidneys had immediate function. The recovery of

liver function occurred in all except one who

developed liver graft rejection. This patient was re-

transplanted on Day 13 and died 2 months later

due to septic shock. We did not observe acute

kidney rejections. During follow-up, infections

were the leading cause of morbidity, namely of

urinary tract. We registered 0.48 re-admissions/

year/patient. One patient had an ischaemic stroke,

and other one was submitted to partial colectomy.

Now, evolution of FAP was 15.4+ 4.8 years,

average serum creatinine was 1.2 mg/dl, proteinur-

ia was absent and liver function was normal. The

weight was stabilised and the serum albumin levels

were between 3.6 and 8 g/dl.

Conclusions: The LKT in FAP was valid, gave a

long-time substitution therapy for ESRD and

avoided clinical recurrence of nephropathy. The

survival of kidney graft was 100%.
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P-093

The outcome after liver transplantation in

ATTR non Met30 familial amyloid

polyneuropathy – the French experience

N. Sanda1,2,3, V. Algalarrondo1,3,4,5,

T. Antonini1,6,5,7,3, P. Lozeron1,2,3,

L. L. Mariani1,2,3, C. Lacroix1,2,3, H. Husson1,2,

S. Dinanian1,4,3, P. Azulay1,3,5,7,6,

D. Castaing1,3,5,7,6, M. Slama1,4,5,3,

D. Samuel1,6,5,7,3, & D. Adams1,2,5,8,3

1French Reference Center for FAP, 2Department of

Neurology, CHU Bicetre, 3APHP, 4Department of

Cardiology, CHU Beclere, 5Univ Paris Sud 11, 6CHU

Paul Brousse, Centre Hepato-Biliaire, 7U785, and
8INSERM U788, France

The ‘familial amyloid neuropathy’ (FAP) is a severe

genetic neuropathy due to endoneurial amyloid

deposits. The only proposed treatment for FAP is

the liver transplantation (LT). The most common

mutation of the transthyretin (prealbumin) gene,

causing the FAP, is the ATTRMet30. It has been

suggested the LT has lesser benefits in patients

with other mutations. Fifty-three patients with

consecutive FAP, 72% men (n¼ 38), non

Met30TTRFAP, underwent LT between 1999

and 2008 in a single centre. They were retro-

spectively analysed to study the effect on the

survival, the neuropathy and the cardiopathy. The

average onset age at the time of diagnosis was

53.6 years (35–69). There were 15 different TTR

gene mutations, usually Tyr77 or Phe77 (59%). LT

was made within an approximate delay of 2 years

from the moment of diagnosis and 4.3 year. from

the first symptom. At time of LT, 47% (n¼ 23) of

patients had walking difficulties including 22%

needing aid for walking; 92% of patients had

autonomic dysfunction and all except one had a

cardiopathy which required pace maker implanta-

tion in 22 before LT. The survival rate after LT

was 81% (at 1 year), 80% (at 3 years) and 45% (at

5 years). Death was usually due to cardiac origin

(11/21; 48%), sepsis (4/21; 19%), multiple organ

dysfunction syndrome (4/21; 19%), massive stroke

(1) and mesenteric infarction (1). A bad outcome

was associated with a severe neurological deficit,

survival at 1-year being of 30% and at 5 year of

18% in the patient subgroup with walking defi-

ciencies (n¼ 23). The bad outcome was also

associated with a modified Norris score of less

than 65/75 points. The LT in AFP non ATTR

Met30 patients shows higher general and cardiac

mortality rate than Met30TTR patients. A better

outcome was seen if the transplant was made in the

early stages of the disease. Thus, the benefits on the

cardiac dysfunction progression remain uncertain.

P-094

De novo amyloid polyneuropathy in FAP

domino liver recipients: The French

experience

D. Adams1,2,3,4,5, C. Lacroix1,2,5, T. Antonini1,6,5,

P. Lozeron1,2,5, C. Denier2,5, S. Epelbaum2,5,

F. Blandin1,6,5, V. Karam6,5, D. Azoulay1,6,3,7,5,

R. Adam6,3,7,5, D. Castaing1,6,3,7,5, &

D. Samuel1,6,3,7,5

1French Reference Center for FAP, Universitè Paris Sud,

Paris, France, 2Department of Neurology, CHU Bicetre,

Paris, France, 3Univ Paris Sud 11, Paris, France,
4INSERM U788, Universitè Paris Sud, Paris, France,
5APH, Hopitaux de Paris, Paris, France, 6CHU Paul

Brousse, Centre HepatoBiliaire, Villejuif, France, 7U785

Lyon, Paris, and 8Department of Cardiology, CHU

Beclere, Clamart, France

Background: Familial amyloid polyneuropathy

(FAP) is a disabling and life-threatening neuropathy

that develops in the adult and which may be

successfully treated by liver transplantation. Domino

transplantation (DT) using the liver from an patient

with FAP for another recipient has been developed

since the mid-1990s because liver transplants are rare

and FAP livers are normal except for production of

the mutant TTR.

Objective: To report de novo amyloid polyneuro-

pathy due to mutated transthyretin (TTR) in FAP

domino recipients. One hundred fourteen patients

(mean age 55+ 10 years) received an FAP domino

graft between 1997 and 2008. All donors and

recipients gave written assent. Indications for DT

were cancer (n¼ 70), non-cancer (n¼ 44 cirrhosis).

All patients receiving domino graft had an annual

neurological evaluation with nerve conduction stu-

dies, and eventually a nerve biopsy in case of

progressive peripheral neuropathy. Patients under-

went a labial salivary gland biopsy (LSGB) after

5 years from LT to look for amyloid deposits. At first

visit, 12 patients had a peripheral neuropathy due to

diabetes (n¼ 6), alcohol (1), iatrogenic toxicity (2)

and of unknown origin (3). Seven patients developed

neuropathy (n¼ 5) or worsened (n¼ 2) during

follow-up. Nerve biopsy showed endoneurial amy-

loid deposits (4) (after 6–9 years from LT) but also

inflammatory demyelinating neuropathy (2),

severe diabetic neuropathy (1). Two of the four

proven amyloid polyneuropathies underwent re-

transplantation, including one who improved during

18 months of follow-up. Fourteen out of 21 patients
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had positive amyloid deposits on LSGB. Long term

neurological monitoring of domino FAP recipients

and eventually nerve biopsy are required to prove

de novo amyloid polyneuropathy and to lead

retransplantation.

P-095

Frequency of arrhythmia in Swedish familial

amyloidotic polyneuropathy (ATTR Val30Met)

transplanted

S. Okamoto1,2, R. Hörnsten3, & O. B. Suhr1

1Department of Medicine, Umeå University, Umeå,

Sweden, 2Department of Neurology, Graduate School of

Medical Sciences, Kumamoto University, Kumamoto,

Japan, and 3Clinical Physiology, Heart Center, Umeå

University Hospital, Umeå, Sweden

Liver transplantation (LTx) is the only therapy that

halts the progression of familial amyloidotic poly-

neuropathy (FAP). However, in some cases, the

progression of cardiac amyloidosis continues after

LTx. According to the World Transplant Registry,

one of the main causes of post-operative death of

transplanted patients is cardiac complications.

Therefore, increased attention has been focused on

cardiac complication in patients with FAP. We

aimed to elucidate the frequency of pacemaker

implantation (PMI) in transplanted Swedish FAP

patients. One hundred and five transplanted ATTR

Val30Met patients (58 males, 47 females) were

included in the study. The median age at onset of

disease was 45 (range 22–67) years. The median

duration of disease at LTx was 43 (range 11–151)

months, and the median follow-up from onset was

11 (2–25) years, and from LTx was 6 (0–18) years.

The patients were divided into two groups: those

with an early onset of the disease (550 years) and

those with a late onset of the disease (�50 years).

The frequency of PMI was tested with Kaplan–Meier

analysis, and differences between groups were tested

with the Cox–Mantel test. A total of 27 patients

received a pacemaker (26%). The median duration

of disease at PMI was 8 (2–18) years. Among the 27

patients, two patients had PMI before LTx as

precautionary therapy. The causes of PMI for the

remaining 25 patients were as follows: conduction

disturbances: 20 patients, atrial fibrillation/flutter: 2

patients, multifocal atrial rhythm and non-conducted

supra-ventricular beats with bradycardia episodes: 1

patient, conduction disturbance and non-conducted

supra-ventricular beats: 1 patient, conduction dis-

turbance and ventricular tachycardia: 1 patient. The

number of PMI and the duration of disease at PMI

were similar for early and late onset patients. Liver

transplantation does not prevent the development of

heart arrhythmia necessitating pacemaker treatment.

The development of arrhythmia is not related to age

at onset of the disease.

P-096

Gastric emptying in familial amyloidotic

neuropathy: impact of autonomic

neuropathy

J. Wixner1,2, U. Wiklund3, A. Rydh4,

R. Hörnsten3, & O. B. Suhr1,2

1Department of Public Health, 2Department of Clinical

Medicine, 3Heart Centre, Clinical Physiology, and
4Department of Diagnostic Radiology, Umeå University

Hospital, Umeå, Sweden

Gastrointestinal complications such as nausea and

vomiting are commonly encountered in patients with

familial amyloid polyneuropathy (FAP). The dis-

turbances are attributed to autonomic dysfunction,

where gastric retention has been regarded as a

symptom of parasympathetic neuropathy. The aim

of the present investigation was to investigate the

occurrence of gastric retention in patients with FAP

at first evaluation after diagnosis and relate the

findings to autonomic neuropathy measured by

spectral analysis of heart rate variability (HRV),

where the high-frequency component in supine

position is regarded as representing parasympathetic

modulation of the heart rate (HFsup). One-hundred

and eighty-eight patients were included in the study

(117 males and 71 females; age at onset mean 53.6;

range 22–82 years). Gastric emptying scintigraphy

(GES) by a 99mTc-labelled meal and upper gastro-

intestinal tract endoscopy (UGE) were utilised to

evaluate gastric emptying and retention. Patients

with heart arrhythmia were excluded from HRV

analysis. Nutritional status was measured by the

modified body mass index (mBMI). Gastrointestinal

symptoms were reported by 67% of the patients,

39% had gastric retention at UGE, and in 11% of the

patients, arrhythmia precluded analysis of HRV. A

weak correlation was noted between GES and mBMI

(rS¼ 0.23; p¼ 0.003). Likewise was a weak correla-

tion found between HFsup and GES (rs¼ 0.28;

p¼ 0.001). Patients with UGE retention display

lower HFsup compared with those without

(p¼ 0.025). However abnormal HFsup values were

observed in patients with normal GES and UGI-

findings, as were normal HFsup found in patients

with gastric retention. Delayed gastric emptying and

retention is common in patients with FAP at

diagnosis, and even though it correlates with para-

sympathetic autonomic neuropathy measured by
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HRV, other factors appear to contribute to its

development.

P-097

The interstitial cells of Cajal but not the enteric

nerves are depleted in the gastric wall of

patients with familial amyloid polyneuropathy

I. Anan1, J. Wixner1, K. Obayashi2, Y. Ando2, &

O. B. Suhr1

1Department of Medicine, Umeå University Hospital,

Umeå, Sweden and. 2Department of Diagnostic

Medicine, Graduate School of Life Sciences, Kumamoto

University, Kumamoto, Japan

Familial amyloidotic polyneuropathy (FAP) is a

hereditary systemic neuropathic amyloidosis caused

by a transthyretin (TTR) mutation (TTR Val30Met).

Gastrointestinal symptoms are common in FAP and

they are, at least partly, believed to be caused by

amyloid deposits in the enteric nervous system and

autonomic neuropathy. The Interstitial cells of Cajal

(ICC) work as pacemaker cells in the gastrointestinal

tract and are important for gastrointestinal motility.

The aim of this study was to compare the amount of

gastric ICC in patients with FAP with those of healthy

controls. Full-thickness gastric wall biopsy specimens

from 11 diseased Japanese patients with FAP and 10

diseased controls were analysed with immunohisto-

chemistry and computerised picture analysis. Anti-

bodies against ICC and a non-specific marker for

nervous tissue (PGP) were used for the study. Six

patients had been investigated by electrogastrography

(EGG) to measure gastric emptying. All patients

suffered from diarrhoea and/or constipation. The

number of the ICC was significantly lower in both the

circular and in the longitudinal muscle layers in

patients with FAP compared to controls (p¼ 0.005).

No correlation was found between the amount of

PGP and the number of ICC, neither was there any

correlation between the number of ICC cells and the

outcome of EGG. PGP immuno positivity was not

decreased in patients compared to controls. Although

this study is based on a small number of patients, it

indicates that the depletion of ICC may contribute to

the development of gastrointestinal disturbances in

patients with FAP. However, no depletion of gastric

nerves, measured by a general marker for nervous

tissues was noted. Thus, a destruction of the enteric

nervous system could not be detected.

P-098

Relationship between objective measures of

neuropathy and quality of life in stages of

severity of transthyretin familial amyloid

polyneuropathy

T. Coelho1, I. Merkies2,3, A. Vinik4,

E. J. Vinik4, J. Chan5, J. Packman5, &

D. R. Grogan5

1Hospital Santo Antonio, Porto, Portugal, 2Spaarne

Hospital, Hoofddorp, The Netherlands, 3University

Medical Centre Maastricht, Maastrich, The

Netherlands, 4Eastern Virginia Medical School, Strelitz

Diabetes and Neuroendocrine Center, Norfolk, VA,

USA, and 5FoldRx Pharmaceuticals Inc., Cambridge,

MA, USA

Background: Transthyretin familial amyloid poly-

neuropathy (TTR-FAP) is a fatal neurodegenerative

disease characterised by progressive loss of sensor-

imotor and autonomic function. Instruments sensi-

tive to measure changes in disease progression are

needed.

Objective: To determine whether the Neuropathy

Impairment Score-Lower Limb (NIS-LL, a compo-

site assessment of peripheral neuropathy severity),

Norfolk Quality of Life-Diabetic Neuropathy tool

(QOLN, a patient-reported outcome measure that

quantifies the impact of neuropathy on quality of

life), and other outcome measures were able to

discriminate disease severity in patients with different

stages of TTR-FAP.

Methods: An observational, non-interventional,

cross-sectional, single-centre study in patients with

Stage 1 (mild, n¼ 29), Stage 2 (moderate, n¼ 16),

and Stage 3 (severe, n¼ 16) V30M TTR-FAP, and

healthy volunteers ([HV] n¼ 16). The NIS-LL,

Norfolk QOLN (total quality of life [TQOL] scores),

and modified body mass index (mBMI) were

assessed in all participants. Objectively-determined

assessment of large and small fibre function was

completed in patients only. One neurologist con-

ducted all neurological assessments.

Results: Mean age and duration of disease increased

with disease severity; mean age at symptom onset was

*39 years. Mean (+SD) NIS-LL (HV: 52; Stage 1:

6.9+ 6.3; Stage 2: 55.3+ 6.7; Stage 3: 69.0+ 9.8)

and TQOL (HV: 2.6+ 5.0; Stage 1: 21.0+ 14.5;

Stage 2: 73.1+ 27.5; Stage 3: 95.4+ 21.7) increased

with disease severity and differentiated among groups

(all p-values �0.002). There were significant correla-

tions between disease duration and both NIS total

score (r2¼ 0.746, p5 0.0001) and TQOL (r2¼
0.528; p5 0.0001).

Conclusions: The study demonstrated the discri-

minative validity of the NIS-LL and Norfolk

QOLN tool as they differentiated disease severity

stages in TTR-FAP. These outcome measures are

considered relevant endpoints to monitor disease
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progression in a disease-modifying interventional

trial.

P-099

High incidence of paroxystic AV block and

prophylactic pacing in familial amyloid

polyneuropathy

V. Algalarrondo, S. Dinanian, C. Juin,

S. L. Bennani, C. Sebag, D. Adams, & M. S. Slama

Antoine Beclere Hospital, Clamart, France

Introduction: Familial amyloid polyneuropathy

(FAP) is a dominantly inherited disease caused by

mutated transthyretin. FAP cardiopathy is charac-

terised by conduction disorders, denervation and

cardiac infiltration. Because of the risk of high-

degree atrioventricular (AV) block, prophylactic

pacing can be suggested when there is evidence of

amyloid infiltration of the AV conduction pathways.

By using pacing systems which preserve physiological

AV conduction, our purpose was to estimate

prevalence of AV block and pacing dependence for

patients with FAP.

Methods: In a cohort of 35 patients with FAP with

conduction disorders leading to prophylactic pacing,

we studied AV conduction using the ‘AAI Safe R’

system (ELA medical). Data were collected by using

the Holter memories of pacemakers.

Results: Patients were 50+ 15 years old and were

followed during 13.7+ 11.9 months after pace maker

insertion (12,080 days cumulated). Before pace

maker insertion, ECG was normal in 23% of cases.

Electrophysiological study showed 118+ 12 ms for

AH interval and 62+ 6 ms for HV interval. Average

percentage of ventricular pacing was 15+ 25% and

31+ 34% for atrial pacing. We noted AV blocks

episodes for all patients but three (90%). Frequency

of AV conduction disorders was 356+ 514 events

per month (epm) and was distributed in 17+ 56 epm

for type III AV block, 288+ 483 epm for type II AV

block, 39+ 61 epm for type I AV block and 1+ 4 for

pauses. During the follow-up, 28% of the patients

became dependant of the ventricular pacing because

of the progression of the conduction disorders toward

high degree of AV block.

Conclusions: Patients with FAP cardiopathy can

present unpredictable paroxystic high degrees AV

blocks. For patients with FAP with involvement of

the AV conduction pathways, prophylactic pace-

maker insertion should be performed. Pacemaker

features designed to promote spontaneous atrioven-

tricular conduction allow a good AV conduction

monitoring in patients with FAP.

P-100

Does genetic variation in TTR identified in the

general population predict attenuated

phenotypes?

L. S. Hornstrup, R. Frikke-Schmidt,

C. L. Haase, & A. Tybjærg Hansen

Department of Clinical Biochemistry KB3011,

Rigshospitalet, Copenhagen University Hospital,

Copenhagen, Denmark

Hereditary amyloidosis is caused by mutant genes

encoding variant proteins with structures which

make them amyloidogenic. Mutations in transthyr-

etin (TTR) is the most common underlying cause.

Hereditary amyloidosis is thought to be extremely

rare; however, population and haplotype studies have

suggested that amyloidogenic mutations may be

more common than previously assumed. In an

ongoing study, we test the hypothesis that mutations

in TTR can be identified in the general population

and cause attenuated phenotypes. We are currently

re-sequencing the TTR gene in all participants of the

Copenhagen City Heart Study (n¼ 10,590), a

prospective study of the Danish general population

followed for 33 years. Identified mutations will be

correlated with intermediate plasma parameters

(renal function, liver function, cardiac function)

and with disease outcomes and mortality from the

extensive Danish registries. For a start, two muta-

tions, V30M and T60A, previously identified in

several Caucasian patients with amyloidosis with

variable penetrance, were genotyped in the entire

population, including positive controls, in a

TaqMan-based assay. Furthermore, in a pilot study

TTR exon 2 was re-sequenced in 455 individuals

from the general population. V30M and T60A were

not identified in the general population (0/10,590).

However, upon re-sequencing exon 2 in only 455

individuals, we identified four non-synonymous

genetic variants. Of these, one was a well-known

common variant (Gly6Ser, 410%) reported not to

associate with amyloidosis, while the remaining three

were mutations, none of which have been previously

reported. These preliminary data suggest that

non-synonymous mutations in TTR are common in

the Danish general population, and some of these are

likely to associate with attenuated disease pheno-

types.

P-101

Clinical phenotype and course of transthyretin

Val107 and late onset Met30 familial amyloid

polyneuropathy
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L. L. Mariani, P. Lozeron, C. Lacroix,

M. Misrahi, & D. Adams

CHU Bicêtre Reference Center for FAP and Other

Peripheral Neuropathy, Le Kremlin Bicêtre, France

Objectives: Met30 is the most common transthyr-

etin (TTR) mutation associated with FAP usually

with early onset and a mean survival of 11 years

after onset in Portugal. We compared clinical

phenotype and natural history of Val 107 TTR-

FAP to late-onset Met30 TTR-FAP (older than

50 years).

Methods: Retrospective review of patients with

biopsy proven amyloidosis and positive Val107 or

Met30TTR gene mutation. Clinical evaluation

included walking disability score, MRC score,

autonomic dysfunction, cardiac evaluation.

Results: Twelve Val107 and 22 Met30 patients

were reviewed over the 1992–2008 period. Mean age

at onset was 63.5 years and mean delay to first

neurological examination was 21 months for both

groups. Male–female ratio were respectively 11:1 and

3.4:1. Initial complaints were paresthesiae in the

limbs in both groups (100% of Met30TTR, 67% of

Val107TTR) but also muscle weakness in 33% of

Val107TTR. Pain, weight loss and early autonomic

dysfunction were frequent (respectively 60%, 65%

and 85% of both groups) At first examination, all

patients had distal symmetric sensory loss and

muscle weakness was common (87%) but more

severe in proximal lower limbs for Val 107. Most

patients (85%) had cardiac impairment with ventri-

cular hypertrophy. During follow-up, patients

rapidly developed severe tetraparesia with both

proximal (mean MRC¼ 3) and distal (mean

MRC¼ 2) impairment, ending with severe walking

disability worse in Val107TTR: after 37 months 11

(92%) vs. 10 (45%) Met30 required a cane, and at

the end 8 (67%) became wheelchair bound com-

pared to 9 (41%) in the Met30 group. All patients

developed autonomic dysfunction, severe in nine

cases. Four (33%) Val107 patients vs. 10 (45%)

Met30 eventually required permanent cardiac pa-

cing. Median survival after onset is 6 years in Val107

vs. 6.6 in late-onset Met 30.

Conclusion: Val107 and late-onset Met30

TTR-FAP are rapidly paralysing neuropathies

with a much shorter survival than early-onset

Met30TTR.

P-102

Elastorrhexia, macroglossia and enlarging

salivary glands: three new clinical features of

the Y78F transthyretin mutation

N. Magy-Bertrand1, M. D. Benson2,

N. Meaux-Ruault1, S. Valleix3, & H. Gil1

1Department of Internal Medicine, University Hospital

Jean Minjoz, Besancon, France, 2Department of

Pathology and Laboratory Medicine, Indiana University

School of Medicine, Indianapolis, IN, USA, and
3Department of Molecular Biology, University Hospital

Cochin-Port-Royal, Paris, France

Introduction: Transthyretin (TTR) amyloidosis is

usually associated with a polyneuropathy. However,

among the hundred mutations reported some are

associated with uncommon clinical features. We

described in 2003 the first family presenting with the

TTR Y78F mutation. The clinical features of the

propositus were an axonal polyneuropathy and a

carpal tunnel syndrome. The third family member

detected with the mutation is presenting with other

clinical symptoms.

Case Report: A woman of 79 years old presented

with dysphonia, dysphagia and cervical masses. Her

medical past showed a surgery for bilateral carpal

tunnel syndrome and arterial hypertension. Two of

her brothers were positive for Y78F TTR mutation.

Both of them presented with an axonal polyneuro-

pathy and a carpal tunnel syndrome. The patient

clinical examination revealed salivary gland (parotid

and submaxillary) hypertrophy and macroglossia.

Mildly elevated yellowish skin lesions (like chicken

skin) were observed on the neck and on both

shoulders. They were related to an elastorrhexia.

There was a slightly IgA k oligoclonal gammopathy

without plasmocyte dyscrasia. Electromyogram was

normal. Amyloid deposits were identified on a yellow-

ish skin lesion biopsy and on accessory salivary gland

biopsy. Immunohistochemistry was positive for TTR.

Automatic sequencing of TTR DNA showed an

heterozygosity for the Y778F TTR mutation. Screen-

ing of other family members identified the mutation in

four brothers and one sister and in two nephews and

one niece. We confirmed the diagnosis of TTR

amyloidosis related to the Y78F TTR mutation

segregating in a French family of Italian origin.

Conclusion: This case report illustrates three new

clinical symptoms associated with the Y78F TTR

mutation. The first clinical symptoms related to this

mutation appear usually in the 7th decade. Some

family members have the mutation without any

clinical symptom or amyloid deposit in the middle

of the 8th decade.

P-103

99mTc-labelled serum amyloid P component as

a tool for evaluating novel amyloid imaging

agents
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J. S. Wall1, T. Richey1, P. N. Hawkins2,

A. Solomon1, & S. J. Kennel1

1Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA and 2National Amyloidosis Center,

Royal Free and University College Medical School,

London, UK

Peripheral amyloidosis, characterised by the deposi-

tion of insoluble fibrils in tissues and organs, is

associated with a growing number of diseases.

Currently in the US, there are no clinical means of

imaging this amyloid as traditional radiopharmaceu-

ticals are non-specific or ineffective and serum

amyloid P component (SAP) scintigraphy has not

been approved for use by the US FDA. We have

begun studying several amyloid-reactive reagents in

preclinical animal models of AA amyloidosis by using

microSPECT/CT imaging. In order to compare the

efficacy of these new radiotracers with SAP we

deemed it necessary to study the biodistribution of

both agents in the same animal by using dual-energy

SPECT/CT imaging. We have therefore developed

and evaluated 99mTc-coupled human SAP as a tool

for these studies in mice with severe systemic AA

amyloidosis. Labelling of the SAP was achieved with

succinimidyl-6-hydrazinonicotinamide (HYNIC) as

the chelator using a molar ratio of 8 succinimidyl-

HYNIC:1 SAP yielding a product with *1.6

molecules of HYNIC per SAP decamer. 99mTc

was incorporated by reduction of the pertechnetate

with SnCl2:SnCl2 � 2H20 suspended in 1 N HCI.

The labelled protein was purified by gel filtration and

shown to have495% of the 99mTc incorporated in

monomers of SAP. Biodistribution of 99mTc-HY-

NIC-SAP in healthy or AA amyloidotic mice was

determined using microSPECT/CT imaging and by

measuring tissue-associated radioactivity. Images

acquired 4 h pi revealed hepatosplenic accumulation

of 99mTc-HYNIC-SAP in mice with AA. Tissue

measurements confirmed *60% injected dose per

gram in the spleen at 4 h with 52% injected dose in

the kidney and heart; however, persistence of the

99mTc-HYNIC adduct in the liver of control mice

complicated interpretation of the images. Given this

limitation, the ability to radiolabel SAP with 99mTc

such that it retains its ability to rapidly accumulate at

the site of amyloid provides an essential tool for the

comparison of novel amyloid imaging agents with

respect to the gold standard in the same animal.

P-104

ALchemy – a nationwide study of

chemotherapy for systemic AL amyloidosis in

the UK

T. Lane, D. M. Foard, A. D. Wechalekar,

S. D. J. Gibbs, H. J. Lachmann,

P. T. Sattianayagam, J. H. Pinney,

L. G. Rannigan, J. D. Gillmore, & P. N. Hawkins

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

The National Amyloidosis Centre (NAC) provides a

diagnostic, monitoring and management advisory

service for the national caseload of patients with

amyloidosis in the United Kingdom (UK), whilst

administration of chemotherapy is usually performed

in local hospitals. Drug trials in AL amyloidosis have

been hampered by regulatory challenges, cost, selec-

tion of good prognosis patients and small numbers of

participants. The present study was designed to

formally collect comprehensive treatment, outcome

and toxicity data in the majority of newly diagnosed

patients with AL amyloidosis over a 2–3 year period,

whilst also promoting shared care and expertise

between the NAC and local treating clinicians. The

aim is to support development of a UK Amyloidosis

Network (UKAN) comprising clinicians, nurses and

researchers as a forum for promoting clinical excel-

lence and developing research in amyloidosis. Patients

are recruited into the study at their initial visit to the

NAC, and thereafter have regular telephone contact

with the NAC research nurse team. Treatment and

toxicity data are collected by means of a one-page

Treatment Form which is completed by the local

haematologist or haematology nurse after each cycle of

chemotherapy. Patients return the completed form by

post to the NAC, together with a blood sample for

monitoring of clonal response. Patients return to the

NAC every 6 months according to standard practice,

but also undergo an additional NAC assessment after

receiving three cycles of chemotherapy with a view to

optimisation of treatment dose, type and duration. A

quality of life questionnaire is completed at baseline,

after three cycles of chemotherapy and 12 and 24

months from baseline. The study opened to recruit-

ment on 1st September 2009 and within 4 months 52

out of 67 clinically eligible patients have enrolled.

Fifteen patients declined study entry, mainly due to

inconvenience and expense of travel to the NAC for

the extra visit. ALchemy will promote widespread

expertise in management of AL amyloidosis through-

out the UK, and will quickly become the largest

systematic study of chemotherapy and its effects in AL

amyloidosis.

P-105

Knowledge management for clinical decision

support in amyloidosis
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S. Rubrichi1, M. Stefanelli1, S. Quaglini1,

P. Russo2, G. Palladini2, F. Lavatelli2, &

G. Merlini2

1Laboratory for Biomedical Informatics, Computer

Engineering and Systems Science, Università di Pavia,

Pavia, Italy and 2Amyloidosis Research and Treatment

Center and Department of Biochemistry, Fondazione

IRCCS Policlinico San Matteo and University of Pavia,

Pavia, Italy

Medical knowledge management (KM) is consid-

ered a valuable strategic asset that can lead Health

Care Organisations (HCO) to enhance competitive

advantage. KM technology in medicine may provide

effective methods and tools that, through improved

knowledge-sharing and a more effective utilisation of

information, will speed up the diffusion of innovative

medical procedures. This is especially necessary in

the context of rare diseases, such as Amyloidosis, in

which increased cooperation and free flow of knowl-

edge, within and across organisations, are strikingly

essential. Making the current wealth of knowledge

throughout HCOs accessible is therefore crucial in

improving the practitioners’ ability to make decision.

Health information technology may support these

processes through Clinical Decision Support Sys-

tems (CDSSs). They are potent tools for improving

the quality, safety and effectiveness of clinical

decisions, and thus healthcare outcomes. They

integrate evidence-based knowledge into care deliv-

ery, providing clinicians with knowledge and patient-

specific data, intelligently filtered, and presented at

appropriate times. We developed decision support

modules, to be linked to the Amyloidosis portal,

including computerised versions of the diagnostic

and therapeutic protocols. We adopted a flowchart-

like representation formalism, providing a more

immediate way of reading and an easier integration

with the daily clinical workflow. They can be used

with a range of options, ranging from educational

and simulation tools, to computerised feedback that,

taking patients’ data into account, alert the user

according to adherence to protocols and best

practices. With respect to a standard clinical chart,

this system is likely to improve learning and

absorbing of protocols content. The economical

factor is also relevant, given the increasing pressure

on HCOs to ensure efficiency and cost saving: we

used the decision analysis theory to build models for

cost-effectiveness analysis, that rely on probabilistic

estimates to determine the best strategy on the basis

of costs and outcomes. These formalisms can

improve the reasoning process, usually more quali-

tative, by providing a quantitative and more rational

basis for comparing different diagnostic/therapeutic

strategies.

P-106

Change in amount of amyloid in fat and bone

marrow after treatment of AL amyloidosis with

HDM/SCT

C. A. Libbey, L. H. Connors, A. Badiee,

C. O’Hara, & M. Skinner

Amyloid Treatment and Research Program, Boston

University School of Medicine and Boston Medical

Center, Boston, MA, USA

Introduction: Whether or not amyloid deposits

regress after successful treatment of AL amyloidosis

is not known. We studied two sites, abdominal fat

and bone marrow, in serial samples to examine this

question and correlated changes with haematologic

response.

Materials and Methods: Abdominal fat aspirates

and bone marrow biopsies were evaluated in 377

patients who were treated with HDM/SCT and had

1–11 subsequent samples of tissue (avg. 4.6

samples). Patients treated between 1994 and 2004

and had the opportunity for 5 years of follow-up

were evaluated.

Results: Of the 377 patients, 121 had more than

one fat sample and 252 had multiple bone marrow

samples. Of the 121 patients with multiple fat

aspirates, 85 had a positive fat at baseline of which

57 fat aspirates stayed positive. Twenty-eight/85

(33%) improved going from positive to negative.

Of the 36 patients with a negative fat at baseline, 8

(22%) worsened going from negative to positive.

Of the 28 patients in whom the fat improved, 17

had a haematologic complete response (CR). All

eight patients in whom the fat worsened had a

non-CR. Of the 252 patients with multiple bone

marrow biopsies, 168 were positive at baseline of

which 115 stayed positive. Fifty three/168 (31%)

improved going from positive to negative. Of the

84 patients with a negative bone marrow at

baseline, 37 (44%) worsened going from negative

to positive. In the bone marrow, the changes in

amyloid deposits did not correlate with haemato-

logic response.

Conclusion: In the 377 patients who had stem

transplants performed from 1994 and 2004, there

was little change in amyloid deposits in fat biopsy or

marrow biopsies over time compared with their

baseline values.

P-107

AMOnto: an ontology-based service for the

AMICA project
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G. Leonardi1, M. Stefanelli1, S. Panzarasa1,

S. Rubrichi1, P. Russo2, G. Palladini2,

F. Lavatelli2, & G. Merlini2

1Laboratory for Biomedical Informatics, Computer

Engineering and Systems Science, Università di Pavia,

Pavia, Italy and 2Amyloidosis Research and Treatment

Center, Department of Biochemistry, Fondazione

IRCCS Policlinico San Matteo, University of Pavia,

Pavia, Italy

The collaboration of all the agents operating in the

non-specialised and specialised health-care centres

and the exchange of documentation and knowledge

between them, are key factors in the successful

management of rare diseases. In our laboratory, we

tackled this issue in the field of amyloidosis, with

the project AMICA that involves the development

of an Electronic Patient Record (EPR), which can

be used by all the authorised physicians to manage,

share and consult the patients’ information and

documentation. On the other hand, we are devel-

oping Clinical Decision Support Systems (CDSS)

based on the clinical guidelines and protocols

developed within the amyloidosis group, with the

aim to suggest the best diagnostic insight or

treatment for a patient, given her/his current health

status. The integration of these systems (i.e. data

and knowledge) and the need to exchange informa-

tion between different systems and personnel, sets

the problem of the terminology management: all the

agents involved (human operators or software

systems) must share a common vocabulary, to

avoid ambiguities and problems in the interpreta-

tion of the information exchanged. An ontology is ‘a

formal representation of a domain concepts and of

their relationships’. It is used to ‘name’ concepts

and to reason about them. We developed AMOnto,

on top of the three main classes ‘Agent’, ‘Clinical

information’ and ‘Action’. While specifying the

classes in terms of a hierarchy of subclasses (e.g.

Action-Diagnostic action-Biopsy-Biopsy of perium-

belical fat) and their relationships, it defines all the

meaningful terms in the context of amyloidosis. It

thus provides a structured and shared dictionary of

terms and relationships, to support the management

of the information used within the AMICA portal,

the EPR, and all the knowledge-based CDSS tools

developed in our laboratory. The novelty of this

research is to use AMOnto as the main service for

the system integration. As a matter of fact, it acts

proactively: each time a user asks for a patient’s

data, or a patient’s data are updated, it ensures the

correct propagation of the information through all

the system modules. It will also support the

development of new tools, ensuring their termino-

logical compatibility with the existing ones.

P-108

A workflow management system for the

biological samples exchange within the

amyloidosis network

S. Panzarasa1, S. Quaglini1, R. Ferrari1,

M. Stefanelli1, A. Foli2, G. Palladini2, P. Russo2,

F. Lavatelli2, & G. Merlini2

1Laboratory for Biomedical Informatics, Computer

Engineering and Systems Science, Università di Pavia,

Pavia, Italy and 2Amyloidosis Research and Treatment

Center, Department of Biochemistry, Fondazione

IRCCS Policlinico San Matteo, University of Pavia,

Pavia, Italy

The management of rare diseases, particularly in

the frame of clinical trials, often requires highly

specialised tests, that can be carried out only in

centralised laboratories. This poses particular diffi-

culties in sample handling. A Workflow Manage-

ment System (WfMS) is a computerised system for

process automation, which executes a number of

tasks, based on a computer representation of the

process logic. We propose to implement a web-

based WfMS for processing the biological samples

sent from the peripheral network institutions (PNI)

to the referral coordinating centre (RC) for special

tests. There are 3 cases: (a) samples are sent to RC

within a clinical trial; (b) the RC requires a sample

due to a mismatch between previous data and a new

test performed by a PNI; (c) the PNI itself requires

a special test. The WfMS can support such process

by implementing a finite-state machine for the

request: (1) A centre, through the portal, requires

sending a sample: this fires a Wf instance for that

request (State: to be confirmed). The user enters

the test type, the sample characteristics and detailed

clinical motivation; the pdf version of the referral

(for outpatients) or the hospital authorisation (for

inpatients), (2) The request is managed by RC, with

the help of the WfMS that checks the lab tests’

agenda, the resource availability, and suggests a

possible shipment date (confirmed), also consider-

ing priority and sample storage constraints, (3) The

PNI sends the sample, by courier, and supplies

the tracking number to the web-site (sent), so that

the WfMS can check for possible problems (Lost or

dispatch exception), (4) When the sample arrives

(under check), RC enters date/time, sample condi-

tions, and accompanying documents. After the

WfMS controls, the request will be: in Stand-by

(e.g. if the appropriate sample for one of the tests

required is lacking), Rejected (e.g. the sample is

damaged), or in elaboration (all is ok) and the new

request state is notified to the PNI, (5) After the

examination, in cases a and b, a report is produced
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and sent to the PNI; in case c, only the test results

are sent to the PNI (in any case, State: reported).

Currently, the process is managed by PNIs and RC

basically through telephone calls, a number of

controls (about dispatch date, time of arrival, etc.)

are made manually, and some documents are

exchanged by regular mail. The WfMS introduction

allows to highly reduce the paper exchange and to

save time by automating most of the necessary (also

burocratic) controls.

P-109

Measurable regression of systemic AL amyloid

in fat tissue after response of serum free light

chain

I. I. Van Gameren, J. Bijzet, R. Bos, P. C. Limburg,

E. Vellenga, & B. P. C. Hazenberg

Department of Rheumatology and Clinical Immunology

and Haematology, UMCG, Groeningen,

The Netherlands

Background: Amyloid regression in tissue has not

been studied systematically. Fat tissue is an easily

accessible site for studying changes in the amount of

amyloid in tissue.

Objectives: To analyse the quantitative change of

amyloid deposition in fat tissue in patients with

AL amyloidosis following chemotherapy and to

study the relation with type of haematological

response.

Methods: Between 1994 and 2007 all consecutive

patients with AL amyloidosis were evaluated in

whom fat tissue aspirates had been obtained before

and following chemotherapy. Patients were divided

into three groups depending on response of

serum free light chain: complete, partial or non-

responders. The free light chain concentration of fat

tissue amyloid was measured after extraction in

guanidine. Control reference values for k and

l were 524.4 and 510.6 ng/mg fat tissue,

respectively.

Results: Hundred and twenty patients were studied

of whom 38 patients had undergone at least two

evaluable fat aspirates. Twenty-six patients had a

complete response of the amyloidogenic free light

chain. Tissue amyloidogenic free light chain con-

centration decreased from median 33 to 5.8 ng/mg

fat tissue (p5 0.001). Regression to normal refer-

ence values was only observed in 30% of complete

responders. The six partial responders showed a

decrease from median 56 to 27 ng/mg fat tissue

(p5 0.05). The six non-responders did not show a

significant change from median 11.6 to 29 ng/mg fat

tissue. The non-amyloidogenic free light chain

concentrations of fat tissue were all in the normal

range and remained so during the study.

Conclusion: This study in a selected group of

patients with AL amyloidosis shows significant

quantitative regression of amyloid in fat tissue after

a complete or partial response of the amyloidogenic

free light chain in serum.

P-110

How can I understand?

P. Neely

Amyloidosis Services,The Leukaemia Foundation, South

Brisbane, QLD, Australia

Have you met anyone else with amyloidosis? How

can I understand? These are the two most frequently

asked questions by newly diagnosed amyloidosis

patients and their families. This poster will discuss

how these questions have acted as the catalyst for the

Leukaemia Foundation’s education and support

services for patients and families. These services are

constantly evolving always using the input of patients

and families. The development of services to be

illustrated will be: Individual support, counselling

and education; family support counselling and

education; support luncheon meeting (4 a year);

education meetings; over seas speakers; twice yearly

(amyloidosis news); An information paper with

personal stories and education articles; Amyloidosis

T shirts for awareness raising; Raising money for

amyloidosis services and research; Unpublished

results of psychosocial research done by Pat

Neely in conjunction with the MM8 Australian

amyloidosis treatment trial looking at how patients

and families gain information; A booklet ‘Under-

standing amyloidosis’, put together over the last year

with the help of patients and families and medical

and nursing staff, is currently being prepared for

publication; Grief service for families. Links illustrat-

ing close working relationships with other support

organisations.

P-111

Biochemical characterisation of nerve amyloid

in hereditary transthyretin amyloidosis patients

with and without liver transplant

J. J. Liepnieks1, L. Q. Zhang1, &

M. D. Benson1,2

1Indiana University School of Medicine, Indianapolis,

IN, USA and 2Richard L. Roudebush Veterans Affairs

Medical Center, Indianapolis, IN, USA
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The most common manifestations of transthyretin

(TTR) familial amyloidotic polyneuropathy (FAP)

are peripheral neuropathy and cardiomyopathy.

Biochemical analyses of cardiac amyloid deposits

in patients heterozygous for a TTR mutation have

shown a predominance of variant TTR over wild-

type TTR. However, in orthotopic liver transplant

(OLT) patients, analysis of cardiac amyloid indi-

cated a predominance of wild-type over variant

TTR indicating continued deposition of wild-type

TTR after OLT. The present study was initiated to

address the question whether progression of per-

ipheral nerve amyloid deposition continues after

OLT. Amyloid protein was isolated from nerve

tissue at post mortem of a Val30Met and two

Thr49Ala TTR amyloidosis patients who had not

undergone OLT, and a Thr60Ala TTR amyloidosis

patient who died 5 years after OLT. The relative

amounts of variant and wild-type TTR in nerve

amyloid was estimated from the recoveries of tryptic

peptides containing the variant or wild-type TTR

residue. Nerve amyloid in non-OLT patients was

enriched in variant TTR (60–65%) compared to

wild-type TTR (35–40%). In contrast, nerve

amyloid in the patient with OLT contained only

25% variant TTR and 75% wild-type TTR. The

ratios of variant to wild-type TTR in nerve tissue of

heterozygous TTR amyloid patients without OLT

are similar to published ratios for amyloid fibrils in

cardiac tissue. Previous studies of cardiac TTR

amyloid in patients after OLT have shown pre-

dominance of wild-type over variant TTR. Simi-

larly, wild-type TTR predominates over variant

TTR in nerve amyloid of the OLT patient 5 years

after OLT. Survival after OLT for TTR amyloiosis

may be associated with progression of neuropathy

due to continued deposition of amyloid derived

from wild-type TTR.

P-112

Current practice in amyloid detection and

typing among renal pathologists

M. M. Picken

Department of Pathology, Loyola University Medical

Center, Chicago, IL, USA

In preparation for the consensus discussion on

amyloid detection and typing, assessment of its

current status among renal pathologists was per-

formed using a survey questionnaire. To date, 39

responses have been received: US/Canada – 19,

EU – 10, Turkey – 3, Saudi Arabia – 1, Russia – 1,

SE Asia – 2, Brazil – 3. Four responders evaluated

55 and 22 responders 411 patients/year. For

generic diagnosis, all respondents used Congo red

(CR) stain under polarised light but 16 centres

used, in addition, CRþ immunofluorescence (IF),

CRþ immunoperoxidase (IP) or Thioflavin (n¼ 8).

Electron microscopy (EM) was used routinely by

28, CR negative/EM (þ) amyloid was reported by

15. Variability in CR stain was reported by 26

responders, most frequently for AL (n¼ 10). All

responders examined kidney biopsies, followed by

gastrointestinal (n¼ 16), fat (n¼ 14) and cardiac

(n¼ 11) specimens; paraffin embedded (n¼ 32);

frozen (n¼ 18). Amyloid typing was done by IP in

paraffin/frozen (n¼ 29/6) and/or by IF in paraffin/

frozen (n¼ 7/19); commercial antibodies were

reported by all, in-house antibodies by one respon-

der. IHC/IF testing was reported as follows: for the

light chains in n¼ 21/27, for AA protein in n¼ 32/5,

for transthyretin in n¼ 16/4, amyloid P component

in n¼ 14/5; other in n¼ 6/3 cases in paraffin/frozen

sections, respectively. The best results were re-

ported for IF on frozen sections; in one centre

where in-house mass spectrometry was available, it

was used to supplement IF only in unusual cases.

Deposits could not be typed in 55% of cases by 15

responders, but 5 responders using IHC in paraffin

sections reported higher values. Detection of light

together with heavy chain was reported in 20% of

cases by one responder. Validation of typing results

was done with antibodies and control tissues/

clinico-pathologic correlation (n¼ 13 each), by

other methods (n¼ 1), at least 5 responders referred

difficult cases to a specialised laboratory. AL was

typed most frequently (451% n¼ 29) followed by

AA (range from 510% to450% with great

geographic variation). Detection of ATTR was

reported in 53% of cases by 12 responders;

AFib 51% by 8 responders. Other types were

reported 55% by five and 45–510% by two

responders. Renal pathologists are routinely in-

volved in detection of renal and non-renal amyloid

and report best results with IF typing on frozen

sections.

P-113

Identification of four chemically different

amyloid types in 24 patients via routine

endomyocardial biopsies and validated

immunohistochemistry

D. Lassner1, U. M. Gross1, R. P. Linke2,

F. Escher3, H. P. Schultheiss3, & U. Kühl3

1Institute Cardiac Diagnostics and Therapy

IKDT, Berlin, Germany, 2Reference Center of

Amyloid Diseases, amYmed, Martinsried, Germany,

and 3Medical University Clinic II, Charité
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Campus Benjamin Franklin Berlin, Berlin,

Germany

Amyloidoses must be classified by identifying the

chemical nature of the amyloid protein in each

patient since every protein causes a different disease

with its specific variants, and every amyloid type,

with more than 25 different diseases known to date,

has a different prognosis and requires a different

therapy. Since efficient therapies are known for

some of the amyloidoses, it is mandatory to identify

the particular amyloid type in order to design the

most efficient therapy for each patient. From 3925

patients with heart failure symptoms were taken

endomyocardial biopsies for routine biopsy diag-

nostics. Two hundred seventy-five of these patients

with hypertrophic or restrictive cardiomyopathy

were analysed for the presence of amyloid since

they had suspected diagnosis of a storage disease.

These 275 biopsies were examined using Congo red

staining and then evaluated in polarised and

fluorescent light. The results revealed amyloid in

31/275 (11.5%). The classification of 25 of the 31

using immunohistochemical routine typing in a

blind fashion with a panel of 10 validated anti-

bodies, which can distinguish 8 different amyloid

types (Linke RP. Arch Path Lab Med 2010;134:in

press), resulted in 24/25 in a clear amyloid type but

remained unclear in 1 (4 %) for lack of sufficient

tissue. The prevalence of the amyloid classes

identified in myocardial tissue were, in decreasing

order, ATTR (15/25) in 60.0%, AL l(6/25) in

24.0%, AL k(2/25) in 8%, and AA (1/25) in 4%.

The predominant amyloid was ATTR. The clinical

syndrome conformed to the amyloid class was

detected in all cases. These data show that 96%

of patients in this panel could be classified correctly

using validated immunohistochemistry.

P-114

Diagnostic performance of transthyretin

measurement in fat tissue of patients with

ATTR amyloidosis

B. P. C. Hazenberg1, B. van Schijndel1,

J. Bijzet1, P. C. Limburg1, R. Bos1, &

E. B. Haagsma2

1Departments of Rheumatology & Clinical Immunology

and 2Gastroenterology and Hepatology, UMCG,

Groningen, The Netherlands

Background: The diagnostic performance was stu-

died of a transthyretin (TTR) ELISA for detection

and characterisation of transthyretin-derived

(ATTR) amyloid in abdominal subcutaneous fat

tissue.

Methods: Fat tissue specimens were analysed of 38

consecutive patients with hereditary ATTR amyloi-

dosis, 70 controls (30 disease controls, 20 AA

amyloidosis and 20 AL amyloidosis) and 17 muta-

tion carriers. The amount of amyloid was graded

semi-quantitatively in Congo red-stained specimens

(0–4þ). Amyloid was extracted from tissue in

guanidine and the TTR concentration was measured

using a TTR-ELISA.

Results: Mean TTR concentration in all controls

was 0.006 ng/mg fat tissue with a 95% interval

(mean+ 2SD) ranging from 0.0001 to 0.33 ng/mg

fat tissue. The TTR concentration of patients with

ATTR amyloidosis (mean 0.84 ng/mg fat tissue;

95% interval 0.012–58.4 ng/mg fat tissue) was

significantly higher than controls (p5 0.001).

When a TTR concentration of 0.13 ng/mg fat

tissue was taken as cut-off value, 32 of the 38

patients with ATTR were identified resulting in

sensitivity 84% (95% CI, 68–94%). Sixty-seven of

the 70 controls had values below the cut-off value

resulting in specificity 96% (95% CI, 88–99%).

Sixteen of the 17 carriers had values below the cut-

off value. ANOVA showed a linear trend

(p5 0.0001) between TTR and amyloid grades:

mean TTR 0.027, 0.13, 0.29, 0.60 and 7.2 for

grade 0, 1þ, 2þ, 3þ and 4þ, respectively. Patients

with ATTR with TTR values above the upper

reference limit increased from 33% for grade 0 to

33, 88, 91, and 100% for grade 1þ, 2þ, 3þ, and

4þ, respectively.

Conclusions: Measuring TTR in fat tissue is useful

for detecting hereditary ATTR amyloidosis and

for characterising amyloid as ATTR-type. There is

good concordance between the TTR concentration

and the amount of amyloid in fat tissue.

P-115

Twenty years experience of subcutaneous fat

tissue aspirates: benefits and limits

F. Bergesio, G. Curciarello, S. Di Lollo,

F. Manescalchi, S. Nigrelli, S. Farsetti,

L. Caroti, S. Audino, & F. Perfetto

Centro di Riferimento per l’Amiloidosi, Azienda

Ospedaliero-Universitaria di Careggi e Azienda

Sanitaria Fiorentina, Firenze, Italy

Subcutaneous fat tissue aspirates (FTA) was first

introduced in 1971 by Westermark and Stenkvist.

Since the late eighties it became the first diagnostic

approach used for the diagnosis of amyloidosis

making it safer and easier than ever. We adopted
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the method since 1989 using a self made solution

from commercially available Congo Red dye,

according to the recommendations of the Italian

Society of Amyloidosis. The method proved to be

safe, easy to do and effective. Reliability however

was highly dependent on the operator’s experience

and type of training. Apple-green birefringence

under polarised light, which means the presence of

amyloid fibrils, proved not always easy to be

recognised. Four centres have been active in our

district to which FTA specimens were referred and

evaluated, two directed by pathologists and two by

clinicians. We managed to standardise in our district

the preparation procedures of Congo Red solution

and to find an agreement on the evaluation criteria

leading to a positive diagnosis. Periodic meetings

were organised aimed to re-evaluate the diagnosis.

Pathologists tended to overdiagnose the disease

giving a positive result whenever they found amyloid

fibrils regardless of the entity of the deposits. By

contrast, clinicians made diagnosis only when the

deposits were evident and there was a highly

suggestive clinical picture or other positive organ’s

biopsies. As a consequence, we observed a certain

number of false positive and false negative diagnosis

and it was only clinical follow-up, repeated FTA

and/or other organ biopsies which confirmed or not

the initial diagnosis. From 2005 to 2009, the

number of FTA reduced from 215 to 140/year with

an overall rate of positive diagnosis ranging from

30% to 13%/year. In doubtful cases we used to

make salivary gland biopsies or, eventually the

biopsy of the affected organ. Haematologists used

the method as a screening part for management of

myeloma leading to a consistent number of positive

results without evidence of organ involvement

(‘subclinical cases’ *7%). The easiness of the

method deserves a wide use of it although restricted

by rigorous clinical and laboratory criteria. The

problem of the reliability of the method is of great

concern and asks for a dedicated consensus con-

ference which works it out the correct way of

reading the specimens and making the diagnosis.

P-116

Patterns of myocardial infiltration in

cardiac amyloidosis: a morphometric histologic

study

S. Longhi1, O. Leone2, C. C. Quarta1,

C. Villani1, C. Gagliardi1, G. Galati1, &

C. Rapezzi1

1Institute of Cardiology and 2Department of Pathology,

University of Bologna and S. Orsola-Malpighi Hospital,

Bologna, Italy

Background: To define histological pattern of

amyloid infiltration in macrosection of myocardium.

Methods: We analysed nine hearts of patients with

AL amyloidosis (five patients) and ATTR (four

patients) explanted during heart transplantation

(four cases) or obtained from autopsy (five cases).

For each heart, it was made an histological macro-

section at the papillary muscle and Mallory

Trichrome staining was used to document amyloid

infiltration. Image Plus Software was used for

colorimetric identification of muscle cells, fibrosis

and amyloid deposition. The software, after recog-

nising these three tissues in each macrosection,

quantified amyloid infiltration in a prefix field. We

also implemented the software to identify subendo-

cardial, middle and subepicardial trabecular layers of

the left ventricle and six predefined myocardial

segments outlining the left ventricle: inter-ventricular

septum anterior and posterior, anterior, posterior,

inter-papillary and lateral. Such software proceeded

as further explained: initially it was made a manual

identification of the edges, inside and outside, of the

region of interest; then the central point in each

region was automatically identified as the centre of

the smaller rectangle in a position outlining the inner

edge of the ventricle. At this point, the system

automatically generated three concentric layers and

six segments (Figure 1).

Results: Figures reports, for every patient, the

percentage of amyloid infiltration present in each

one of the six segments (Figure 2A) and layers

(Figure 2B) of the profile previously defined. On the

whole, the extreme heterogeneity of distribution of

the amyloidotic infiltrated is obvious for either the

segments or the layers.

Conclusions: Amyloid does not uniformly infil-

trates myocardium; on the contrary it tends to

aggregate in large areas leading to heterogeneous

and variable patient profiles. The awareness of this

phenomenon is necessary in order to interpret MRI

images and electrocardiogram of patients with

cardiac amyloidosis.

Figure 1.
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P-117

Role of minor salivary gland biopsy in the

diagnosis of systemic amyloidosis: results of a

prospective study in 62 patients

A. Foli1, G. Palladini1, R. Caporali2,

L. Verga1, P. Morbini3, L. Obici1, P. Russo1,

G. Sarais1, S. Donadei1, C. Montecucco2, &

G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry, 2Rheumatology Unit, and
3Pathology Unit, Fondazione IRCCS Policlinico San

Matteo, University of Pavia, Pavia, Italy

The diagnosis of amyloidosis requires histological

demonstration of amyloid deposits. A reportedly

increased bleeding risk and ready accessibility of

alternative sites discourages organ biopsy in patients

in whom amyloidosis is suspected. Fine-needle

aspiration of abdominal fat and salivary gland biopsy

represent valid alternatives to organ biopsy. We

reported that in AL amyloidosis the sensitivity of

abdominal fat is 87%. Here, we report the results of a

sequential diagnostic approach, including salivary

gland biopsy as second step in 62 consecutive

patients referred to our Centre between 2002 and

2007 for suspected systemic amyloidosis, in whom

amyloid deposit were not detected in the abdominal

fat aspirates. Seventy-four percent of patients had

41 sign or symptom suggesting systemic amyloido-

sis. Light microscopy examination of salivary gland

biopsies detected amyloid deposits in seven patients

(11%). In all these samples, immuno-electron

Figure 2.
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microscopy was performed and AL l deposits were

detected in four cases (57%), AL k in two (29%) and

AA in one (14%). In the remaining patients

amyloidosis was eventually diagnosed in five addi-

tional subjects (8%) based on renal (2 AL l) and

cardiac (3 AL k) biopsies. In all the patients

hereditary amyloidosis was excluded by DNA

analysis, in the patients with AL a monoclonal

component of the same type of that observed in the

deposits was detected in serum and/or urine, the

patient with AA had persistently elevated SAA

concentration, but the underlying cause of inflam-

mation remained undetermined. At the end of 2 years

follow-up, the diagnosis of amyloidosis was excluded

in the remaining 50 patients. In 90% of patients in

whom systemic amyloidosis was diagnosed at least

two suggestive clinical features were present, com-

pared to 70% in patients without amyloidosis

(p¼ 0.13). Overall, the diagnostic sensitivity of the

salivary gland biopsy in patients with negative fat

aspirate was 58%, the specificity was 100% and the

negative predictive value was 91%. A sequential

diagnostic approach based on second step salivary

gland biopsy after negative abdominal fat aspirate

can spare the biopsy of the organ involved to more

than half the patients with systemic amyloidosis.

P-118

Solid organ transplantation in AL amyloidosis

P. T. Sattianayagam, S. D. J. Gibbs,

A. D. Wechalekar, H. J. Lachmann, C. J. Whelan,

J. H. Pinney, P. N. Hawkins, & J. D. Gillmore

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Despite recent advances in chemotherapy, vital

organ failure remains common in AL amyloidosis.

However, solid-organ transplantation is controversial

because of the multisystem nature of this disease and

risk of recurrence in the graft. We report here the

outcome of all patients with AL who were evaluated

and followed-up at the UK National Amyloidosis

Centre and received solid-organ transplants between

1984 and 2009. Renal, cardiac and liver transplants

were performed in 22, 14 and 9 patients respectively,

representing 52% of all patients with AL assessed

during the period. One and 5-year patient survival

was 95% and 67% among kidney recipients, 86%

and 45% among heart recipients, and only 33% and

22% among patients who underwent liver transplan-

tation. No renal graft failed due to recurrent amyloid

deposition during median (range) follow-up of 4.8

(0.2–13.4) years. Median patient survival was

9.7 years among 8/14 cardiac transplant recipients

who underwent subsequent stem-cell transplantation

(SCT) compared to 3.4 years in the six other patients

who did not undergo SCT (p¼ 0.01). All patients

who had liver transplants had substantial amyloid

deposits in other organ systems that compromised

their subsequent clinical course including their

ability to receive effective adjunctive chemotherapy.

Solid-organ transplantation is rarely performed in

AL amyloidosis, but outcomes among patients

selected for renal and cardiac transplants were good.

These findings support kidney transplantation in

patients whose underlying clonal disease has re-

sponded well to prior chemotherapy, and heart

transplantation in patients with essentially cardiac

limited disease who are deemed likely to be fit

enough to undergo SCT afterwards.

P-119

Decline in the incidence of renal failure due to

amyloidosis associated with inflammatory

rheumatic diseases

K. Immonen, T. Pettersson, P. Finne,

C. Grönhagen-Riska, T. Klaukka, H. Kautiainen, &

M. Hakala

Departments of Medicine, North-Karelia Central

Hospital, Joensuu and Helsinki University Central

Hospital, Helsinki, Social Insurance Institution,

Helsinki, Rheumatism Foundation Hospital, Heinola,

Department of Musculoskeletal Medicine and

Rehabilitation, Medical School, University of Tampere,

Tampere, Finland

In AA amyloidosis the kidneys are the primary

targets for amyloid-induced organ damage and

dysfunction. Amyloidosis is indeed one of the most

feared complications of inflammatory rheumatic

diseases and implies a poor prognosis especially after

renal failure has occurred. There is a clinical

impression that the incidence of AA amyloidosis

including amyloid-induced renal failure has de-

creased over the last decade. The aim of the present

study was to assess the changes over a 20-year period

in the incidence of renal failure due to amyloidosis

associated with inflammatory rheumatic diseases.

We scrutinised the files of the Finnish Registry for

Kidney Diseases over the period 1987–2006 for

patients suffering from amyloidosis associated with

rheumatoid arthritis, ankylosing spondylitis or juve-

nile idiopathic arthritis and admitted to renal

replacement therapy (dialysis or kidney transplanta-

tion). The registry has 97–99% coverage of all

patients accepted for renal replacement therapy in

the whole country. Altogether 451 patients with
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amyloidosis as a complication of an inflammatory

rheumatic disease were identified. Up to 2003 there

were constant numbers of around 100 (range 97–

106) new patients admitted to renal replacement

therapy per 4-year period. In contrast, the number of

new admission during the 4-year period 2003–

2006 was only 50. Our study shows that the

incidence of end-stage renal disease due to amyloi-

dosis associated with inflammatory rheumatic dis-

eases is decreasing. An obvious reason for this is

effective anti-inflammatory and immunosuppressive

anti-rheumatic therapy, which leads to a successful

suppression of the acute phase reaction including the

amyloid precursor serum amyloid A. We conclude

that the policy with intensified treatment of inflam-

matory rheumatic diseases introduced in the early

1990s is with a lag of 10–15 years reflected in a

decrease in renal failure due to amyloidosis.

P-120

Regression of cardiac wall thickness following

chemotherapy and stem-cell transplantation

for AL amyloidosis

H. K. Meier-Ewert, V. Sanchorawala, J. Berk,

K. T. Finn, M. Skinner, D. C. Seldin, &

F. L. Ruberg

Amyloid Treatment and Research Program, Boston

University School of Medicine and Boston Medical

Center, Boston, MA, USA

Increased cardiac wall thickness is a hallmark of

amyloid cardiomyopathy. High-dose melphalan

chemotherapy and stem-cell transplantation (HDM/

SCT) can effectively eliminate the plasma cell

dyscrasia associated with primary amyloidosis (AL).

Sporadic reports have suggested there may be a

regression of cardiac wall thickness after successful

therapy of AL, however no systematic studies exist.

To assess the reduction in cardiac wall thickness after

HDM/SCT for AL, we retrospectively analysed serial

measures of wall thickness in sequential patients with

AL disease and cardiac involvement (ALC) under-

going HDM/SCT at our centre between 2003

and 2006. ALC was diagnosed by experienced

clinicians taking into account echocardiographic,

electrocardiographic, laboratory and clinical data.

Haematologic response to HDM/SCT was classified

as complete (CR) or non-CR. CR was defined as

absence of monoclonal protein in serum and urine by

immmunofixation electrophoresis, absence of clonal

plasma cells in bone marrow biopsy and normal-

isation of serum free light chain concentration and

ratio. Echocardiographic wall thickness data were

obtained from the electronic medical record. Eighty-

five patients with ALC underwent a first HDM/SCT

at our centre between January 2003 and December

2006. Serial wall thickness data was available for 55

patients. Haematologic response was CR in 21 (38%)

patients after a mean interval of 1135 days from

HDM/SCT, and non-CR in 34 (62%) patients after a

mean interval of 740 days. In subjects with CR, wall

thickness decreased 1.07+ 1.98 mm. In non-CR,

wall thickness increased 0.37+ 2.21 mm. The

change in wall thickness was significantly different

between the two groups (p¼ 0.0018). The fraction of

analysed walls (septum or posterior wall) with a

decrease in thickness 41 mm in the interval was 38%

in CR and 19% in non-CR. In this systematic analysis

of patients with AL cardiac amyloidosis treated with

HDM/SCT, echocardiographic regression of wall

thickness was observed in a substantial fraction of

subjects with ALC and CR after HDM/SCT, but was

also observed in a subset of non-CR patients. Further

evaluation of the clinical and prognostic significance

of these findings is warranted.

P-121

Survival and prognostic factors amongst

Australian patients with AL amyloidosis

P. Mollee1, J. Tate2, K. Morris3, J. Wellwood4,

M. Browne5, P. Marlton1, R. Bird1, A. K. Mills1,

P. Wood1, S. Mapp1, & D. Gill1

1Department of Clinical and Laboratory Haematology,

Pathology Queensland and Princess Alexandra Hospital,

Brisbane, Australia, 2Department of Chemical

Pathology, Pathology Queensland, Royal Brisbane and

Women’s Hospital, Brisbane, Australia, 3Division of

Cancer Care Services, Royal Brisbane and Women’s

Hospital, Brisbane, Australia, 4Department of

Haematology, Gold Coast Hospital, Southport,

Australia, and 5Cancer Centre, Coffs Harbour, Australia

Aim: As there are few reported cohorts of patients

with AL amyloidosis in Australia, we aimed to assess

the characteristics and outcomes of such patients

referred to a single centre.

Methods: A retrospective analysis of consecutive

patients with symptomatic AL amyloidosis was

performed, identifying prognostic variables and the

impact of haematologic and organ responses on

survival. AL amyloidosis associated with overt

myeloma was excluded. Organ involvement, and

haematologic and organ responses were defined as

per the International Society of Amyloidoses con-

sensus criteria.

Results: Fifty-two patients with AL were referred

between June 2001 and June 2009: median age

61 years; 33% female. AL was lambda light chain
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restricted in 67% and the FLC ratio was abnormal in

94%. 47% had an ECOG performance status of �2.

Organ involvement: renal 62%; cardiac 69%; liver

22%; and neurologic 41%. Initial therapy was

autologous stem cell transplantation (n¼ 12), mel-

phalan and dexamethasone (n¼ 29), other che-

motherapy regimens (n¼ 2), and nine received no

treatment. On an intent-to-treat basis 30% achieved

haematologic CR, 28% PR and 42% had no

response. Twenty-nine per cent (29%) achieved an

organ response at a median of 5 months post-therapy

(range 1 to 16 months). With a median follow-up of

19 months, median overall survival was 25 months. In

univariate analysis, inferior survival was predicted by

worse ECOG performance status (p5 0.0001),

weight loss (p¼ 0.0005), syncope (p¼ 0.04), absence

of renal involvement (p¼ 0.02), cardiac involvement

(p¼ 0.005), liver involvement (p¼ 0.004), a postural

drop in blood pressure �20 mmHg, and number of

organs involved (p¼ 0.05). Amongst treated patients,

haematologic response (p5 0.0001) and organ re-

sponse (p5 0.0001) strongly predicted survival,

although CR did not provide additional benefit

over PR.

Conclusions: Patients with AL amyloidosis con-

tinue to have a poor prognosis which is predomi-

nantly influenced by performance status and extent

of organ, particularly cardiac, involvement. Achieve-

ment of a haematologic PR is a powerful predictor of

survival and is the critical initial goal of therapy.

P-122

Systemic AL amyloidosis with renal

involvement in a region of Western France

E. Moumas, E. Desport, C. Lacombe,

J. M. Gombert, J. M. Goujon, F. Bridoux, &

G. Touchard

Department of Nephrology, CHU Poitiers, Poitiers,

France

The aim of this retrospective study was to describe

the epidemiology, clinico-pathological features and

prognosis of AL amyloidosis with renal involvement

in the Poitou-Charentes region. Forty-one patients

with biopsy-proven AL amyloidosis (median age

65+ 11 years) were included over a 10 years period.

Of these, 38 had renal involvement, as demonstrated

by kidney biopsy in 32 cases (including four without

significant proteinuria), or by evidence of proteinuria

40.5 g/day with positive biopsy of another site in

six cases. At diagnosis, renal symptoms were:

proteinuria 40.5 g/day in 34 patients, of whom 24

had nephrotic syndrome. Microscopic haematuria

was present in 12 patients, and 10 had hypertension

(which preceded the diagnosis of AL in all cases).

Mean serum creatinine level was 16+ 20 mg/dl, and

11 patients had �stage three chronic kidney disease.

The average kidney size on ultrasound scan was

10.4 cm. Extra-renal localisations were: neurologic

(n¼ 20), cardiac (n¼ 13), hepatic (n¼ 11), digestive

(n¼ 3), other (n¼ 16). Eighteen patients had more

than three organs involved. The underlying plasma

cell disorder was MGUS/stage 1 myeloma (n¼ 26),

stage �2 myeloma (n¼ 3), or Waldenström’s disease

(n¼ 6). Raised serum free light chains levels, with

abnormal ratio was observed in 71% of cases. In 38

patients, first line treatment included: high-dose

therapy followed by autologous stem-cell transplan-

tation (n¼ 3), melphalan containing regimen

(n¼ 21), Thalidomide (T)/Bortezomib (B) or Lena-

lidomide (L)-based regimens (n¼ 3), other (n¼ 11).

Seventeen patients required second-line treatment

(including T, B or L-based regimens in 11 cases),

and five patients underwent �3 lines of therapy.

After a mean follow-up period of 29+ 27 months,

18 patients had died. The estimated median survival

was 42 months. In 15 patients who did not achieve a

haematological response (HR), median survival was

12 months whereas it was not reached in those who

achieved HR (n¼ 23) (p¼ 0.001). Thirteen patients

had an organ response. Renal function decreased by

1.14 ml/min/month and eight patients progressed to

the end-stage renal disease. Median renal survival

was significantly lower in patients with initial serum

creatinine �16 mg/dl (12 months, p¼ 0.001). In the

Poitou-Charentes region, the incidence of AL

amyloidosis with renal involvement is 2.1/million/

year and represents 3.5% of all causes of renal

disease diagnosed by biopsy of native kidneys.

Whereas glomerular symptoms are frequent, some

patients present with symptoms of tubulo-interstitial

nephritis, and kidney volume is usually not in-

creased. HR and serum creatinine level at diagnosis

predict patient and renal survival, respectively.

P-123

Double autologous bone marrow

transplantation (ASCT) and orthotopic liver

transplantation (OLTX) in a patient with

primary AL amyloidosis

G. Binotto1, A. Pavan1, L. Trentin1, P. Boccagni2,

M. Zaninotto3, G. Semenzato1, & F. Adami1

1Hematology and Clinical Immunology Section,

Department of Clinical and Experimental Medicine,
2Hepatobiliary and Liver Transplant Unit, Department

of General Surgery and Organ Transplant, and
3Department of Laboratory Medicine, all from the

Padova University School of Medicine, Padova, Italy
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A 50-year-old woman was diagnosed with primary

AL amyloidosis in May 2002 on the basis of liver

biopsy, serum and urine immunofixation electro-

phoresis and 40% clonal (k) plasma cell infiltration

of bone marrow. No other organ was involved.

After four unsuccessful courses of melphalan–

dexametazone, the patient underwent a first auto-

logous bone marrow transplantation (ASCT)

(melphalan 100 mg/m2) with partial haematological

response; a second ASCT (melphalan 200 mg/m2)

was therefore performed in October 2004 with

achievement of complete haematological remission.

Nevertheless the patient developed life-threatening

liver failure with hepatic encephalopathy, fluid

retention, severe weight gain. Since the patient was

still in complete haematological remission and there

was no evidence of extrahepatic amyloid localisa-

tions, she successfully underwent orthotopic liver

transplantation (OLTX) in June 2005. Few months

later, small amount of Bence Jones (k) proteinuria

reappeared; liver biopsy 1 year after OLTX did not

show amyloid deposits. Albuminuria gradually in-

creased to reach the nephrotic range in January 2007.

The patient was started on therapy with bortezomib–

dexametazone which was effective as shown by

transient normalisation of the k/l ratio of the serum

Free Light Chain, but was not completed due to

paralytic ileus. Albuminuria did not decrease. In

January 2009, the patient started lenalidomide–

dexametazone which was discontinued shortly after

because of recurrent grade 3 thrombocytopaenia and

severe fatigue. Again, no haematological response

was obtained. A trial with thalidomide, dexameta-

zone and reduced doses of pegylated liposomal

doxorubicin was started in June 2009 and discon-

tinued after four courses due to doxorubicin-related

cardiac toxicity. The heart failure resolved with

conservative measures. Two months after the com-

pletion of the therapy, the k/l ratio dropped to

normal limits, suggesting a late haematological

response. Although proteinuria still persists un-

changed, liver (including alkaline phosphate) and

kidney function tests are normal and there is no

clinical and instrumental evidence of cardiac invol-

vement. This case demonstrates that effective ther-

apeutic options now exist and improve life

expectancy of patients with AL (primary) amyloido-

sis. Therefore, solid organ transplantation should be

considered in selected patients.

P-124

Vesicular senile systemic amyloidosis

C. Murphy1, S. Wang1, D. Kestler1,

F. Klein2, A. Stewart3, D. Weiss1, &

A. Solomon1

1Human Immunology and Cancer Program, Department

of Medicine, 2Department of Urology, University of

Tennessee Graduate School of Medicine, and
3Department of Surgery, University of Tennessee Medical

Center, Knoxville, TN, USA

Senile systemic amyloidosis (SSA) typically occurs

in men over 80 years of age and the pathologic

deposits are composed of wild-type (i.e. unmutated)

transthyretin (TTR). Most often, the heart repre-

sents the principal site of deposition, though, less

commonly, the lung may be involved. We now

report a case of SSA in an 81-year-old Caucasian

male in whom the urinary bladder was the major

organ affected. The patient, who had a relatively

normal 2D electrocardiogram (IVS¼ 1.3 cm) and

chest computed tomography, presented with gross

haematuria and on cystoscopic examination was

found to have patchy, erythematic, raised, submu-

cosal lesions throughout the entire bladder. A

biopsy of one such area revealed the presence of

extensive congophilic deposits which exhibited the

characteristic tinctorial features of amyloid. This

material was extracted from sections cut from the

formalin-fixed, paraffin-embedded block and, after

reduction, alkylation, and trypsin digestion, was

subjected to tandem mass spectrometry (MS/MS)

where peptides spanning residues 22–34 and 81–

127, identical to those expected for TTR, were

identified. That the amyloid was derived from the

unmutated protein was evidenced at both the

protein and molecular levels through analyses,

respectively, of the patient’s immunoprecipitated

serum TTR and genomic cDNA. Additionally, the

deposits were immunostained by an anti-TTR

antiserum. Taken together, these findings provided

confirmatory evidence of an unusual (i.e. non-

cardiac) form of SSA. We posit that factors, in

addition to ageing, are implicated in the pathogen-

esis of this disease and that vesicular amyloid

comprised of wild-type TTR may be more common

in the elderly male than realised.

P-125

Is it of value to restore sinus rhythm in cardiac

amyloidosis?

R. H. Falk, J. L. Kruger, G. F. Michaud,

U. Tedrow, & R. M. John

Cardiac Amyloidosis Program and Electrophysiology

Section, Brigham and Women’s Hospital, Boston, MA,

USA

Atrial arrhythmias are common in cardiac amyloi-

dosis (CA) but the value of correcting them is
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unknown, as the atrium in CA is usually dysfunc-

tional even in sinus rhythm (SR) due to amyloid

infiltration. Furthermore, sinus node dysfunction

after restoration of SR is a concern in these patients

and CA patients have a particularly high risk of

thromboembolism. We sought to determine the

value of correction of atrial arrhythmias in CA by a

retrospective review. All patients had significant

amyloid infiltration by echocardiography and all

had congestive heart failure.

Ten patients with senile amyloidosis (SSA) and

seven with AL underwent cardioversion, which was

successful in nine and six, respectively. All patients

had clinical improvement after restoration of SR. An

ablation procedure was considered in an additional

eight patients. Of these, one patient had left atrial

flutter and received CV instead of ablation and one

was found to have AF by intracardiac electrogram

and had CV. Of the remainder, three SSA and two

AL patients had successful flutter ablation, with

clinical improvement in 4/5. One AL patient had AV

node ablation and pacemaker placement and one

SSA had atrial tachycardia ablation. Both improved.

After restoration of SR, atrial function remained

impaired in almost all patients. Sinus node dysfunc-

tion after restoration of SR was only apparent in one

patient, and resolved after 48 h. There were no

embolic events.

Both cardioversion and atrial ablation procedures

can be effective in cardiac amyloidosis and clinical

improvement is the rule, despite persistent atrial

contractile dysfunction. This implies that excessive

heart rate and/or irregular rhythm is detrimental in

CA, and a vigorous attempt should be made to

restore SR in order to improve quality of life.

P-126

Safety and value of endomyocardial biopsy in

cardiac amyloidosis

R. H. Falk, J. L. Kruger, G. L. Winters,

R. N. Mitchell, & R. F. Padera

Cardiac Amyloidosis Program and Electrophysiology

Section, Brigham and Women’s Hospital, Boston, MA,

USA

Introduction: Endomyocardial biopsy (EMB) is an

established tool for the diagnosis and follow-up of

various cardiac conditions. It is best performed in

specialised centres that perform a high volume of

procedures and have expert cardiac pathologists

available. EMB offers the advantage of a relatively

large amount of tissue and multiple samples that can

be examined by different techniques. It is a quick

procedure and the patient usually leaves the hospital

within 2 h. Despite these advantages, there appears

to be a reticence to utilise EMB in suspected

amyloidosis, possibly because of the fear of

complications.

Methods: We sought to determine the safety of

EMB among a group of 105 patients with suspected

cardiac amyloidosis predominantly involving the

heart. There were 73 cardiac biopsies in 68 patients.

35/73 biopsies were performed in our institution and

the remainder at outside hospitals. We routinely

obtain four to six samples which can be examined, as

indicated, by immunofluorescence, standard micro-

scopy and standard or immunogold electron

microscopy.

Results: Of the 35 consecutive biopsies done locally

there was a single complication of asymptomatic

cardiac perforation, diagnosed by the presence of

mesothelium in the biopsy specimen. Of 38 outside

biopsies, there were three complications. Two

patients had cardiac tamponade (successfully trea-

ted) and one had damage to the tricuspid valve

resulting in significant tricuspid regurgitation. Of 15

biopsies performed in our institution for suspected

amyloidosis, 3 were negative for amyloid, revealing

non-specific changes in two (one patient with

myeloma) and an unsuspected mitochondrial cardi-

omyopathy in the third. Immunofluorescence and/or

immunogold electron microscopy provided impor-

tant diagnostic information for at least one-third of

the patients in whom there was uncertainty as to the

precise type of amyloid.

Conclusions: Cardiac biopsy is a safe and useful

tool in the workup of a patient with suspected

amyloidosis or documented amyloidosis of uncertain

type involving the heart. EMB supplies a relatively

large amount of tissue and permits amyloid typing as

well as exclusion of amyloidosis in the occasional

patient whose non-invasive evaluation suggests the

presence of cardiac amyloidosis.

P-127

Predictors of survival for more than 1 year in

primary cardiac amyloidosis

H. Suradi1, K. Hamidi ASL2, M. K. Das1,3, &

M. D. Benson2,3

1Indiana University School of Medicine, Krannert

Institute of Cardiology, Indianapolis, Indiana USA,
2Indiana University School of Medicine, Department of

Pathology and Laboratory Medicine, Indianapolis,

Indiana USA and 3Richard L. Roudebush Veterans

Affairs Medical Center, Indianapolis, Indiana, USA

Cardiac involvement in primary amyloidosis (AL) is

associated with poor prognosis. We postulated that
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prognosis of primary cardiac amyloidosis (CA) is

better than reported. Clinical, electrocardiograph,

echo and mortality data of 172 patients with

histologically proven primary amyloidosis were

studied.

One hundred twenty-one patients [age: 60+
13.7 years; male, 66%) had CA (57 patients had

positive cardiac biopsy or autopsy, and 64 patients

had CA by clinical criteria (CHF, with LVH or low

voltage ECG)]. The median survival was 15.9+ 3.2

months and 55% patients survived 41 year. CHF

was present in 81(72%) patients. Low voltage ECG,

Q wave, and LVH were present in 39.9%, 43%, and

13%, respectively. Echo revealed LVH, mitral

regurgitation (MR), left atrial enlargement and

speckled appearance in 85%, 13%, 14% and 14.5%

patients, respectively. Univariate predictors of survi-

val for 41 year were absence of CHF (class II–IV),

MR and pericardial effusion, as well as presence of

interventricular septum 51.5 cm (all p5 0.05).

Absence of CHF [p¼ 0.028, RR 1.86(95% CI:

1.1–3.25)] was the only multivariate predictor of

survival. Multiorgan involvement, low voltage ECG,

speckled appearance, LVEF and pulmonary hyper-

tension were not predictors for survival. Median

survival with CHF was 8.9+ 2.1 months compared

to 31+ 6.3 months without CHF (p5 0.001). (1)

Contrary to previous reports, the median survival of

patients with primary CA is 15.6 months and 55%

patients survive412 months. (2) CHF is the only

multivariate predictor of mortality in these patients.

P-128

High sensitivity troponin assay (hsTnT): utility

in patients with AL

A. Dispenzieri1, M. A. Gertz1, A. K. Saenger1,

S. K. Kumar1, M. Q. Lacy1, R. A. Kyle2, N. Leung3,

S. R. Zeldenrust1, S. R. Hayman1, F. Buadi1,

P. R. Greipp2, S. V. Rajkumar1, S. R. Russell1,

K. Detweiler-short1, D. Dingli1, J. A. Lust1,2, &

A. S. Jaffe3,4

1Department of Hematology, 2Department of Laboratory

Medicine and Pathology, 3Department of Nephrology

and Hypertension, 4Department of Cardiovascular

Diseases Mayo Clinic, Rochester, MN, USA

Background: Cardiac involvement is the major

cause of death in patients with AL. Detection of

cardiac involvement and risk stratification has been

facilitated by cardiac biomarkers like NTproBNP

and troponin T (TnT). A novel high sensitivity

troponin (hsTnT) assay has been developed, and we

evaluated its diagnostic use.

Methods: Stored serum samples (7208C) from

224 patients with AL were analysed for concentra-

tions of hsTnT, TnT, and NT-proBNP on the E170

Modular analyzer (Roche Diagnostics, Penzberg,

Germany). 99th percentile reference limits were

50.014 and 50.010 mg/l for hsTnT and TnT,

respectively.

Results: Median values for hsTnT, TnT, and

NT-proBNP were 0.038 mg/l (range 0–0.754),

0.017 mg/l (50.01–0.904), and 1230 ng/l (0–32,

226), respectively. The correlation coefficient be-

tween hsTnT and TnT was 0.972. Those classified by

echocardiographic parameters as having (n¼ 143) or

not having (n¼ 81) cardiac involvement had TnT

concentrations of 0.04 and 0.01 mg/l and hsTnT levels

of 0.0522 and 0.0156 mg/l, respectively. Among the 51

patients with a negative TnT (50.01 mg/l), 33 had

elevated hsTnT measurements. With median follow-

up of 46.5 months, there was no difference in survival

among patients with discordant troponin values. The

performance of the assays is shown below.

hsTnT identified more pts with cardiac involve-

ment but was clinically similar to TnT when combined

Table I. Relative role of troponins in predicting overall survival.

Threshold mg/l N* OS, mo* RR** (95%CI)

TnT

Continuous{ – – – 27.0 (8.8, 69)

Median 0.017 110/114 63/8 3.8 (2.7, 5.5)

100-day mortality, all{ 0.047 152/72 52/5.5 3.0 (2.2, 4.2)

SCT 0.017 52/29 NR/32 3.5 (1.7, 7.4)

no SCT 0.047 88/55 13/2.5 2.7 (1.8, 3,8)

hsTnT

Continuous{ – – – 33.0 (10, 88)

Median 0.038 111/113 58/9 2.6 (1.9, 3.6)

100-day mortality, all{ 0.054 130/84 52/6 2.6 (1.9, 3.6)

SCT 0.019 35/46 NR/97 1.6 (0.8, 3,5)

no SCT 0.062 91/52 18/4 2.3 (1.6, 3.3)

OS, overall survival NR, not reached; SCT, stem cell transplantation.

*Values above and below threshold; {Risk over entire range; {Threshold selected using ROC curves. **RR, relative risk.
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singly with NT-proBNP or in combination with NT-

proBNP, serum immunoglobulin free light chain, and

beta-2 microglobulin (data not shown).

Conclusions: hsTnT facilitates the earlier diagnosis

of cardiac involvement in AL patients but did not

provide additional prognostic information perhaps

because higher concentrations are necessary to

presage marked changes in mortality.

P-129

Can estimates of heart rate variability

secondary to fluctuations in autonomic nerve

activity be used for detection of peripheral

small fiber neuropathy in Val30Met TTR

amyloidosis?

V. Heldestad1, R. Hörnsten2, U. Wiklund3,

O. B. Suhr4, & E. Nordh1

1Department of Pharmacology and Clinical

Neurosciences, 2Department of Surgical and

Perioperative Sciences, 3Department of Radiation

Sciences, and 4Department of Public Health and Internal

Medicine, Umeå University, Umeå, Sweden

Introduction: In TTR amyloid polyneuropathy,

the Val30Met mutation is the most common genetic

variant. Symptomatic patients are often affected in

their small nerve fibres, and report deficits in thermal

perception or in autonomic nervous system (ANS)

function at early stages. Heart rate variability (HRV)

is a well-recognised method to quantify ANS defects,

and increased thermal perception thresholds (TPT)

have also been demonstrated at an early clinical stage

in TTR amyloidosis patients. The aim of this study

was to evaluate a possible relationship between TPT

and HRV in such patients.

Material and methods: A retrospective study of

patients with TTR amyloidosis and a Val30Met

mutation; 12 with early (�50 years of age) and 12

with late (450 years) onset. Electrocardiograph

power spectra were analysed for high (HF) and low

frequency (LF) components during HRV-examina-

tions, together with assessments of systolic blood

pressure at resting and supine positions (SBPdiff),

and TPT by the method-of-limits for cold (CT) and

warmth (WT), at the dorsal foot (DF), the medial

lower leg (ML), the ventral thigh (VT), and the

thenar eminence (TE).

Results: TPT were significantly higher in early than

in late onset patients, despite no difference in average

disease duration. The late onset group showed

significant correlations between HF and CT at the

DF, and WT at the ML, and between LF and WT at

the ML and the TE. Significant correlations were

also found between the SBPdiff and the CT at the

DF, ML and VT. In the early onset group, no

correlations were found.

Conclusion: The late onset TTR amyloidosis pa-

tients showed a relation between impaired thermal

detection capacity and disturbed heart rate regula-

tion, but the early onset group showed no such

relationship. The correlations found between HRV

or SBPdiff and TPT might indicate a relationship

between the impairment in thermal sensory and ANS

regulating fibres, but this has to be further eluci-

dated. The study contradicts the notion of a relation-

ship between the degree of loss of thermal detection

capacity and the degree of disturbance in HR

regulation, and also the notion that estimates of

HRV may be used as an indicator of neuropathic

changes in TTR amyloidosis. The findings empha-

sise the importance of both TPT and HRV tests at an

initial stage of the disease, to assure early detection of

all types of neuropathic changes in TTR amyloidosis.

P-130

Interference of cardiac amyloidosis on

atrio-ventricular and intraventricular electrical

conduction

F. Salinaro1, I. Zunino1, E. Demichele1,

I. Fracchioni1, G. Palladini2, C. C. Quarta3,

S. Longhi3, F. Musca1, L. Obici2, P. Russo2,

A. Foli2, V. Perfetti2, C. Rapezzi3, G. Merlini2, &

S. Perlini1,2

1Department of Internal Medicine, 2Department of

Biochemistry, Amyloidosis Research and Treatment

Center, Fondazione IRCCS Policlinico San Matteo and

University of Pavia and 3Institute of Cardiology,

S.Orsola-Malpighi Hospital, University of Bologna,

Italy

Background: In cardiac amyloidosis extracellular

amyloid deposition leads to marked increases in

myocardial electrical impedance and enhanced ani-

sotropy in impulse conduction. This is associated

with different degrees of conduction delays and may

participate to the development of re-entry circuits,

that in turn may explain repetitive supraventricular

or ventricular arrhythmias.

Methods: To assess the prevalence of atrio-

ventricular and intra-ventricular conduction delays,

12-lead electrocardiograms (EKG) were evaluated in

228 consecutive newly diagnosed patients with

cardiac AL amyloidosis and sinus rhythm, who were

referred between 2006 and 2009. Patients in whom

cardiac involvement was excluded served as controls

(n¼ 81). EKG tracings were analysed in order to

measure PQ, QRS, and QT intervals, and to

annotate the presence of intraventricular conduction
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delays (complete or incomplete right/left bundle

branch block, left anterior or posterior hemiblock).

Patients with atrial fibrillation or with a pacemaker

were not included in the present analysis.

Results: When compared with patients without

myocardial involvement, patients with cardiac AL

showed higher heart rate (75+ 14 vs. 69+ 13

b/min, p5 0.001) and a longer PQ interval

(179+ 31 vs. 205+ 49 ms, p5 0.001), without

significant changes in mean QRS interval (83+ 12

vs. 84+ 11 ms, p¼ns) or in QT duration (400+ 36

vs. 400+ 49 ms, p¼ns). The prevalence of intra-

ventricular conduction delays (ranging from incom-

plete to complete bundle branch block) was not

increased in patients with cardiac AL. In contrast,

patients with newly diagnosed cardiac AL showed a

much higher prevalence of atrio-ventricular conduc-

tion delays (29% vs. 3%, p5 0.001), ranging from

first-degree to third-degree atrio-ventricular block.

No difference between the two groups was observed

in terms of treatment with drugs having negative

dromotropic effects, such as digoxin, beta-blockers

or non-dihydropyridine calcium antagonists.

Conclusions: In evaluating patients with cardiac

AL amyloidosis at diagnosis, care should be taken to

identify atrio-ventricular conduction delays, by a

simple 12-lead electrocardiogram. This will help

selecting patients in whom further diagnostic steps

are needed to warrant a proper cardiological support

to AL treatment.

P-131

The contribution of the EKG/

echocardiographic mass ratio to the diagnosis

of cardiac AL amyloidosis

F. Salinaro1, I. Fracchioni1, G. Palladini2,

C. C. Quarta3, S. Longhi3, F. Musca1, I. Zunino1,

E. Demichele1, A. Milan4, F. Veglio4, L. Obici2,

V. Perfetti2, C. Rapezzi3, G. Merlini2, & S. Perlini1,2

1Department of Internal Medicine, 2Department of

Biochemistry, Amyloidosis Research and Treatment

Center, Fondazione IRCCS Policlinico San Matteo and

University of Pavia, 3Institute of Cardiology,

S. Hospital, University of Bologna, and 4Department of

Internal Medicine, Torino, Italy

Background: In cardiac amyloidosis the increase in

wall thickness caused by extracellular amyloid

deposition leads to marked increases in left ventri-

cular (LV) mass. At variance with other forms of

cardiac hypertrophy, this is often associated with

abnormally low electrocardiographic (ECG) vol-

tages, due to the negative effects of amyloid

infiltration on intracardiac electrical conduction.

Although almost 1/3 of cardiac AL patients do not

strictly fulfil the definition of ECG low voltages

(55 mV in all peripheral leads), such a discrepancy

(low ECG ‘electrical’ LV mass/high echo-derived LV

mass) might be a powerful clue suggesting the

diagnosis of cardiac amyloidosis.

Methods: To evaluate the possible relevance of this

finding, we compared an index of the ECG/echo

mass estimate in patients with cardiac AL (n¼ 218),

non-cardiac AL (n¼ 69), hypertension with different

degrees of LV hypertrophy (n¼ 125), and in

normotensive patients with normal LV mass

(n¼ 99). Echo-derived LV mass was estimated via

the Devereux’s formula and indexed to body surface

area (g/m2), whereas the peripheral lead QRS score

(i.e. the sum of QRS voltages in the conventional

peripheral leads, mV) was used as an index of

‘electrical’ LV mass. ECG/Echo ratio was expressed

as [mV/(g/m2)]. Care was taken to exclude patients

with other possible causes of low EKG voltages, such

as large pericardial effusions, obesity, chronic ob-

structive lung disease, and severe peripheral oedema.

Results: No difference was observed in the ECG/

echo mass ratio when comparing patients with non-

cardiac AL with either normotensive or hypertensive

subjects, indicating a ‘normal’ relationship between

LV mass and ECG voltages [0.51+ 0.12,

0.54+ 0.13, and 0.49+ 0.15 mV/(g/m2), respec-

tively]. In contrast, the ECG/echo mass ratio was

markedly depressed in patients with cardiac AL

[0.19+ 0.10 mV/(g/m2), p5 0.001]. The area under

the ROC curve for the detection of cardiac AL

involvement was high: 0.96 (95% CI, 0.93 to 0.98).

The best cut-off for the diagnosis of heart involve-

ment was 0.33 mV/(g/m2), giving a 93.8% sensitivity

and a 91.1% specificity.

Conclusions: In patients with unexplained LV

hypertrophy, an abnormally low ECG/echo mass

ratio might be a powerful clue suggesting the

diagnosis of cardiac amyloidosis.

P-132

Functional correlates of increased NT-proBNP

and troponin I in cardiac AL amyloidosis

F. Musca1, F. Salinaro1, I. Fracchioni1,

G. Palladini2, L. Obici2, R. Albertini3, R. Moratti3,

G. Palladini1, C. Rapezzi4, G. Merlini2, &

S. Perlini1,2

1Department of Internal Medicine, 2Amyloidosis

Research and Treatment Center, 3Clinical Chemistry

Laboratory, Department of Biochemistry, Fondazione

IRCCS San Matteo, University of Pavia, and 4Institute

of Cardiology and S.Orsola-Malpighi Hospital,

University of Bologna, Italy
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Background: Increased concentrations of both

NT-proBNP and Troponin I (TnI) characterise

high-risk patients with cardiac AL amyloidosis. Little

is known on the functional correlates of the increase

of these biomarkers.

Methods: To evaluate the relationships between

NT-proBNP and TnI serum concentrations and

indices of both systolic and diastolic function in

cardiac AL amyloidosis, a complete echocardio-

graphic evaluation was performed in 221 consecutive

newly diagnosed patients with cardiac AL amyloi-

dosis, referred between 2006 and 2009. Patients in

whom cardiac involvement was excluded served as

controls (n¼ 81). Diastolic function was charac-

terised in terms of: transmitral Doppler early (E) and

atrial (A) velocities, E deceleration time, pulmonary

venous flow velocity, early Tissue Doppler (TDI)

peak velocity (E’) and E/E’ ratio. Systolic function

was evaluated as: left ventricular (LV) ejection

fraction (EF), longitudinal mitral annulus septum

excursion (MAPSE), isovolumic (IVVm) and systo-

lic (Sm) TDI peak velocity. Serum NT-proBNP and

TnI were concomitantly assessed. Patients with

significant valve disease, previous myocardial infarc-

tion, atrial fibrillation, or chronic obstructive lung

disease were excluded.

Results: When compared with AL patients without

myocardial involvement, cardiac AL was charac-

terised by increased wall thickness (p5 0.001) and

reduced end-diastolic LV volumes (p5 0.001).

Global systolic function, as assessed by LV ejection

fraction, was preserved. In cardiac AL patients,

highly significant univariate correlations were found

between NT-proBNP concentrations and indices of

both diastolic and systolic dysfunction. In contrast,

TnI concentrations did only correlate with MAPSE,

IVVm, and Sm, i.e. with indices of depressed

regional systolic function, whereas no correlation

was found with markers of diastolic function. At

multivariate regression analysis, the main NT-

proBNP determinant was the diastolic index E/E’

ratio, whereas MAPSE and TDI systolic peak

velocity resulted as TnI determinants. Patients with

increased TnI concentrations showed the higher

extent of regional systolic dysfunction.

Conclusions: In cardiac AL amyloidosis, higher

TnI concentrations (characterising a subset of

patients with a worse prognosis) are related to a

more profound extent of myocardial systolic

dysfunction.

P-133

Rotational mechanics of the left ventricle in AL

amyloidosis

F. Cappelli, M. C. Porciani, F. Perfetto,

F. De Antonis, G. Castelli, M. Ciaccheri, G. Filice,

L. Padeletti, & F. Bergesio

Azienda Ospedaliero-Universitaria di Careggi e Azienda

Sanitaria Fiorentina, Firenze, Italy

Aims: The aim of this study was to investigate

whether in patients with systemic AL amyloidosis

alterations in left ventricular (LV) twisting and

untwisting motion could be induced by cardiac

involvement.

Methods and results: Forty-five patients with AL

amyloidosis and 26 control subjects were evaluated.

After a standard echocardiographic measurement,

using 2D speckle tracking echocardiography LV

rotation at both basal and apical planes, twisting,

twisting rate, untwisting rate and longitudinal strain

were measured. The early diastolic peak velocity,

(tissue Doppler imaging) at septal mitral annulus

(E’) was also evaluated. Among the 45 patients with

systemic amyloidosis 26 were classified as having

cardiac amyloidosis (CA) if the mean value LV wall

thickness was �12 mm or not cardiac amyloidosis

(NCA) if this criterion was not satisfied.

NCA patients had the highest degree of both LV

twist and untwisting rate; twisting was similar in

control and CA groups, while untwisting rate was

lower in CA than in control group. Longitudinal

strain was lower in CA than in NCA and control and

Table I. Tissue Doppler and rotational findings in AL amyloidosis and control subjects.

Control group NCA group CA group p

E’ cm/s 9.1+2.2 7.6+ 2.1** 4.6+ 1.1* 50.0001

LongSt% 719.1+2.5 718.3+ 4.8 711.1+ 5.1* 50.0001

Rotbase degrees 76.7+2.9 78.5+ 3.2{ 74+ 4.4x 50.0001

Rotapex degrees 5.2+3.7 6.9+ 4.1 5+ 2.4 NS

LV Twistdegrees 10+4 13.3+ 5.7{{ 8.1+ 3.9{ 50.001

LV twistsyst time% 96.1+12.9 94.2+ 31.6 92.8+ 14.8 NS

LV Twist rate/s 73.9+25.2 94.2+ 31.6** 68.3+ 27.9 50.01

Untwist rate/s 781.5+34.1{ 7102.8+ 25.1{ 760.7+ 27.5 50.0001

LVuntwistdiast time% 20.3+11.4{ 30.1+ 15.7 32.4+ 17.8 50.05

p50.0001 CA vs. others; {p50.0001 NCA vs. CA; {p5 0.05 control vs. others; xp50.05 CA vs. control; {p5 0.01 CA vs. NCA;

**p50.05 NCA vs. others; {{p5 0.05 NCA vs. control.
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similar in NCA and control groups. In NCA patients

E’ value was lower than in control group and higher

than in CA patients. Detailed results are reported in

Table I.

Conclusions: Both twisting and untwisting mo-

tions were increased in NCA and reduced in CA

patients. This suggests that early in the disease, the

impaired LV relaxation induces a compensatory

mechanism that fails in more advanced stage of the

disease where both twisting and untwisting rate are

reduced.

P-134

Tissue Doppler and strain imaging: a new tool

for early detection of cardiac amyloidosis

F. De Antonis, M. C. Porciani, F. Perfetto,

F. Cappelli, G. Castelli, M. Ciaccheri, G. Palladini,

L. Padeletti, & F. Bergesio

Azienda Ospedaliero-Universitaria di Careggi e Azienda

Sanitaria Fiorentina, Firenze, Italy

Background: Amyloidosis is a systemic disease

characterised by extracellular deposition of protein-

derived fibrils in various organs including the heart.

Using traditional echocardiography, diagnosis of

cardiac amyloidosis (CA) is often possible only in

advanced stages when recommended therapies may

have adverse effects. The aim of our study was to

evaluate whether early additional information can be

derived from tissue and strain Doppler imaging (TDI

and SDI).

Methods: Forty consecutive patients with systemic

amyloidosis and 24 healthy subjects underwent

traditional, tissue and strain Doppler echocardiogra-

phy. Patients were classified having CA or not

cardiac amyloidosis (NCA) according to (�12 or

512 mm) mean wall thickness (MeanT). Among

control group 12 subjects who were 550 years old

constituted the young control (CON-y) group and

12 subjects who were older than 50 years constituted

the old control (CON-o) group. The following

parameters were evaluated: fraction shortening

(FS), ejection fraction (EF), Cardiac Index (CI),

Myocardial Performance Index, peak early diastolic

velocity at lateral mitral annulus (Em) as index of

ventricular relaxation, mitral E-wave to Em ratio (E/

Em) as index of left ventricular (LV) filling pressure

and mean LV strain peak curves (mSt) as global

long-axis contraction index. Traditional diastolic

(E/A, DTE, IVRT) echo/Doppler parameters were

also calculated.

Results: see Table.

Conclusions: Our study shows the effectiveness of

systolic and diastolic TDI–SDI derived parameters

in disclosing myocardial infiltration in such an early

stage of cardiac involvement that cannot be evi-

denced by using traditional echocardiography.

P-135

Holter monitoring in AL amyloidosis:

prognostic relevance in the era of cardiac

biomarkers

G. Palladini1, S. Perlini2, P. Russo1, F. Salinaro2,

A. Foli1, R. Albertini3, L. Zenone Bragotti1,

F. Lavatelli1, M. Nuvolone1, L. Obici1, R. Moratti3,

& G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry, 2Department of Internal

Medicine, and 3Clinical Chemistry Laboratory,

Fondazione IRCCS Policlinico San Matteo and

University of Pavia, Italy

The majority of patients with AL amyloidosis die a

cardiac death, that is sudden in approximately 1/4 of

cases. We reported (Palladini et al. Pacing Clin

Electrophysiol 2001;24:1228-1233) that complex ven-

tricular arrhythmias (CVA), i.e. couplets or non-

sustained ventricular tachycardia, at 24 h Holter

Table I. Echocardiographic findings in patients and controls.

CON-y

(n¼ 12)

CON-o

(n¼ 12)

NCA

(n¼ 12)

CA

(n¼ 28) ANOVA

p vs. CON-o
p CA vs.

NCACON-y NCA CA

MeanT (mm) 8.79+ 0.99 9.10+ 1.14 10.79+ 0.73 15.64+ 3.84 50.001 50.001 50.0001

FS (%) 36.61+ 5.65 34.39+ 7.43 36.89+ 12.72 32.74+ 11.50

EF (%) 59.58+ 4.17 59.83+ 5.42 58.33+ 10.39 53.62+ 11.18

CI (l/min/m2) 2.20+ 0.64 2.26+ 0.52 2.03+ 0.56 1.95+ 0.78

E/A 1.35+ 0.25 0.90+ 0.39 0.79+ 0.20 1.20+ 0.86

DTE (ms) 185.42+ 32.17 211.58+ 34.52 217.92+ 64.02 218.11+ 88.67

IVRT (ms) 77.75+ 14.18 76.64+ 12.63 106.50+ 19.87 99.52+ 24.07 50.001 50.01 50.01

MPI 0.37+ 0.13 0.43+ 0.09 0.38+ 0.16 0.50+ 0.21

Em 11.83+ 2.63 9.33+ 2.69 7.05+ 1.6 4.4+ 1.34 50.0001 50.01 50.05 50.0001 50.01

E/Em 6.62+ 2.7 7.48+ 2.01 9.69+ 2.49 19.20+ 1.04 50.0001 50.0001 50.01

mSt 723.23+ 3.08 723.08+ 4.68 16.43+ 4.93 11.81+ 5.22 50.0001 50.01 50.0001 50.05
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electrocardiogram (H-ECG), were an independent

prognostic factor. Since then, the prognostic stratifica-

tion of patients with AL amyloidosis has improved with

the introduction of cardiac biomarkers, N-terminal

natriuretic peptide type B (NT-proBNP) and tropo-

nins (cTn). We report the prognostic relevance of H-

ECG in 154 consecutive newly diagnosed patients with

AL amyloidosis evaluated between 2004 and 2008. All

the patients in whom CVA were detected received

amiodarone (200 ng/day).

Echographic heart involvement was present in 111

patients (72%), median (range) NT-proBNP was

1679 ng/l (42–34049 ng/l), cTnI 0.04 ng/ml (0–

2.09 ng/ml), mean left ventricular wall thickness

(mLVW) 13 mm (8–23 mm), ejection fraction (EF)

57% (30–77%), 86 (56%) patients had NYHA class

�2 heart failure and 37 (24%) had CVA. There was a

significant correlation between CVA and cTnI

(p5 0.001), heart failure (p¼ 0.001), NT-proBNP

(p¼ 0.002) and EF (p¼ 0.039). Forty-seven (30%)

patients died. Sudden death (10 cases) was asso-

ciated with CVA (p¼ 0.05). Median survival was not

reached and median follow-up of living patients was

39 months. The presence of CVA predicted shorter

survival (51% vs. 73% at 3 years, p¼ 0.008). At

univariate analysis mLVW, EF, heart failure, NT-

proBNP, cTnI and CVA were all predictors of

survival. However, at multivariate analysis, only

ln(NT-proBNP) (HR 1.344, p¼ 0.006) and CVA

(HR 1.978, p¼ 0.029) were independent prognostic

determinants. It was possible to divide the patient

population into 3 groups with significantly different

survival, according to a 1100 ng/l NT-proBNP cutoff

and to the presence of CVA. Estimated 3 year

survival was 82% in patients without CVA and with

NT-proBNP below the cut-off, 67% in patients with

either CVA or NT-proBNP above the cutoff and

43% in patients with both CVA and NT-proBNP

above the cut-off (Figure 1).

Despite treatment with amiodarone, H-ECG adds

prognostic information to cardiac biomarkers and

should be considered in risk stratification of patients

with AL amyloidosis. Antiarrhythmic prophylaxis

warrants investigation in randomised clinical trials.

P-136

N-terminal pro natriuretic peptide type B

(NT-proBNP) is a reliable marker of cardiac

response in patients with AL amyloidosis and

renal failure

G. Palladini1, P. N. Hawkins2, A. Foli1,

H. J. Lachmann2, S. Perlini1, J. Gillmore2,

G. Merlini1, & A. D. Wechalekar2

1Department of Biochemistry, Amyloidosis Research and

Treatment Center, Fondazione IRCCS Policlinico San

Matteo and University of Pavia, Italy, and 2National

Amyloidosis Centre, University College London, London

N-terminal pro natriuretic peptide type B (NT-

proBNP) is an indicator of cardiac dysfunction and

prognosis in AL amyloidosis, and changes in NT-

proBNP predict survival. However, NT-proBNP

concentration is influenced by glomerular filtration

and there is concern that NT-proBNP changes lose

prognostic relevance in patients with renal failure.

From a database of 300 newly diagnosed con-

secutive patients with AL amyloidosis evaluated at

the Amyloidosis centers in London, UK and Pavia,

Italy, prior to and 6 months after treatment initiation,

we identified 75 subjects with estimated glomerular

Figure 1.
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filtration rate (eGFR) at the time of evaluation of

response between 30 and 59 ml/min/1.73 m2 (Group

1) and 67 with eGFR 530 ml/min/1.73 m2 (Group

2), 20 of whom were on dialysis. Response and

progression in NT-proBNP were defined as both

�30% and �300 ng/l changes.

The median number of organs involved was 2 in

Group 1 and 3 in Group 2 (p¼ 0.04). The rate of

cardiac involvement at echocardiography was not

significantly different (72% in Group 1, 57% in

Group 2). The median decrease in eGFR compared

to baseline was 13% in Group 1 and 46% in Group 2

(p5 0.001). A NT-proBNP response was observed

in 16% of patients in Group 1 and 15% in Group 2

and a progression in 47% and 57%, respectively.

Overall, there was a NT-proBNP response in 13% of

patients in whom eGFR decreased by �25% and in

18% of those in whom eGFR increased by �25%

(p¼ 0.56). Haematologic response (HR) rate was

61% in Group 1 and 48% in Group 2. Changes in

NT-proBNP, but not in eGFR, correlated with HR

in both groups (p5 0.001). Median survival was

similar in Groups 1 and 2 (31 and 37 months). A

NT-proBNP response predicted longer survival (at 3

year: 82% vs. 50% in Group 1, p¼ 0.04, and 86% vs.

48% in Group 2, p¼ 0.02). A progression in NT-

proBNP predicted a poor outcome (3 year survival

68% vs. 40% in Group 1, p¼ 0.008, and 85% vs.

30% in Group 2, p5 0.001). Changes in eGFR did

not predict survival. At multivariate analysis, NT-

proBNP decrease or increase was independently

associated with survival (p¼ 0.009 in Group 1 and

p¼ 0.03 in Group 2), with HR as an additional

independent prognostic factor in Group 2 (p¼ 0.04).

Changes in NT-proBNP are independent prognostic

determinants in patients with AL amyloidosis having

moderate and severe renal impairment and can be

used as surrogate markers of cardiac response in such

cases.

P-137

High-sensitivity cardiac troponin is the most

powerful prognostic determinant and predicts

progression of cardiac dysfunction in AL

amyloidosis

G. Palladini1, A. Barassi2, G. Sarais1,

R. Capra2, P. Milani1, R. Albertini3,

S. Perlini4, A. Foli1, P. Russo1, L. Zenone Bragotti1,

L. Obici1, R. Moratti3, G. V. Melzi D’Eril2, &

G. Merlini1

1Department of Biochemistry, Amyloidosis Research and

Treatment Center, Fondazione IRCCS Policlinico San

Matteo and University of Pavia, 2Department of

Medicine, Surgery and Dentistry, Ospedale San Paolo

and University of Milan, 3Clinical Chemistry

Laboratory Fondazione IRCCS Policlinico San Matteo,

Pavia, and 4Department of Internal Medicine,

Fondazione IRCCS Policlinico San Matteo and

University of Pavia, Italy

In AL amyloidosis the severity of heart involvement

dictates prognosis. Cardiac dysfunction is assessed

by measuring N-terminal natriuretic peptide type B

(NT-proBNP) and troponins (cTn). Recently,

more sensitive assays for cTn have been developed,

aiming at identifying minimal cardiac damage. We

tested a highly sensitive (hs) cTnT assay in 171

consecutive newly diagnosed patients with AL

amyloidosis evaluated between January 2004 and

May 2008.

The hs-cTnT was measured on a Modular E

instrument with a pre-commercial immunoassay

from Roche Diagnostics. The 99th centile of

hs-cTnT concentration in sera from healthy volun-

teers is 14 ng/l. NT-proBNP and cTnI were

measured with commercial assays. The upper

reference limits of NT-proBNP and cTnI are 332

ng/l and 40 ng/l, respectively. Heart involvement was

defined as mean left ventricular wall thickness

(mLVW)412 mm. Response to therapy was eval-

uated 6 months after treatment initiation.

Seventy-three per cent of patients had heart

involvement. Of them, 100% had elevated NT-

proBNP, 84% had high hs-cTnT and 65% had

elevated cTnI. Sixty-two patients (36%) died, med-

ian survival was not reached and median follow-up of

living patients was 48 months. A multivariate analysis

including cardiac biomarkers, mLVW, ejection frac-

tion and NYHA class at presentation showed that hs-

cTnT was the only independent prognostic determi-

nant. The hs-cTnT cutoff best predicting survival was

75 ng/l (4 year survival 74% vs. 28%, p5 0.001). An

increase in hs-cTnT at 6 months was associated with

lack of haematologic response and shorter survival.

However, at multivariate analysis, only NT-proBNP

modifications after chemotherapy, and not hs-cTnT

changes, independently predicted survival. Among

patients who achieved a haematologic response the

rate of cardiac progression (as assessed by430%

and4300 ng/l NT-proBNP and �2 NYHA class

increase) was higher in those who presented with hs-

cTnT414 ng/l (18% vs. 0%, p¼ 0.01). Twelve

patients in whom cardiac dysfunction progressed

despite haematologic response had a significantly

higher pre-treatment hs-cTnT concentration (med-

ian 54 vs. 28 ng/l, p¼ 0.05). These data suggest that

two components of cardiac damage exist in AL

amyloidosis: a structural injure detected by hs-cTnT

and a potentially reversible dysfunction reflected by

NT-proBNP.
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P-138

99mTcDPD scintigraphy detects transthyretin

cardiac amyloidosis across a wide spectrum of

involvement

C.C. Quarta1, P. L. Guidalotti2, S. Longhi1,

P. Ciliberti1, O. Leone3, G. Galati1, A. Ferlini4,

E. Biagini1, C. Villani1, C. Gagliardi1,

C. Pettinato1, & C. Rapezzi1

1Institute of Cardiology, 2Nuclear Medicine Unit,
3Department of Pathology, University of Bologna and

S.Orsola-Malpighi Hospital, Bologna, and 4 Section of

Medical Genetics, University of Ferrara, Ferrara, Italy

Purpose: We previously reported, in a small series of

patients, that Usefulness of 99mTc-3,3-Diphosphono-

1,2-Propanodicarboxylic Acid Scintigraphy (99mTc-

DPD) tests positive in transthyretin-related (TTR)

(both mutant and wild-type) but not in primary (AL)

echocardiographically diagnosed cardiac amyloidosis

(CA). In this study we extended the study population

and assessed the usefulness of 99mTc-DPD scintigra-

phy for detecting TTR-related cardiac involvement

within a wide spectrum of myocardial amyloid

infiltration.

Methods: We evaluated three groups of subjects:

(1) 40 patients with AL-related CA; (2) 56 patients

with TTR-related CA (37 mutant; 19 wild-type); (3)

21 patients carrying TTR mutations (6 with Val30-

Met, 15 with non-Val30Met mutations) without any

echocardiographic sign of CA. Myocardial uptake of
99mTc-DPD (740 MBq iv) was semiquantitatively/

visually assessed by experts at 3 h (and also 5 min).

Results: Semiquantitative measures of late (3 h)
99mTc-DPD uptake were *2–3 fold higher in TTR-

related CA (Table I). Among the TTR mutation

carriers without any echocardiographic sign of CA,
99mTc-DPD myocardial scintigraphy tested positive

in four cases, all with non-Val30Met TTR mutations

(Ala36Pro, Gly47Ala, Thr49Ala and Glu89Gln

mutations, respectively). All these cases showed

ECG abnormalities, and endomyocardial biopsies

documented the presence of mild to moderate

amyloidotic infiltration in the heart.

Conclusions: In a large cohort of patients with CA,

99mTc-DPD scintigraphy was confirmed to be

accurate for differentiating TTR-related from AL-

related aetiology. 99mTc-DPD scintigraphy was able

to detect cardiac amyloidosis across a wide spectrum

of myocardial involvement, ranging from mild

myocardial infiltration with (still) normal echocar-

diogram to overt symptomatic diseases.

P-139

A novel mechanism of diversification and

structural modification of amyloid light chains:

evidence of a large nucleotide deletion in the

framework 1 of a k I variable region

V. Perfetti1, S. Casarini2, P. Rognoni1, F. Lavatelli2,

G. Palladini2, L. Obici2, & G. Merlini2

1Medical Oncology, 2Amyloidosis Research and

Treatment Center, and Department of Biochemistry

Foundation IRCCS Policlinico San Matteo and

University of Pavia, Pavia, Italy

AL amyloidosis is generated by neoplastic transfor-

mation of post-germinal centre, antigen-selected

B-lymphoid cells, undergoing terminal plasma cell

differentiation in the bone marrow. Consequently,

most AL light chains (LC) present somatic muta-

tions with a distribution pattern consistent with

affinity maturation. In frame insertions and deletions

of nucleotides in the V region has long been

considered a further, albeit very rarely observed,

mechanism of additional diversification of V regions

Table I. Left ventricular mass, heart tracer retention and uptake according to amyloid type.

AL CA (n¼40) TTR-related CA (n¼56) TTR mutation carriers (n¼21) p

Age, year 62.4+ 8.3 63+ 14.1 40+ 10 0.0001

Left ventricular mass index, g/m2 168+ 53 220+ 76 95+ 23 0.0001

Heart tracer retention 0.0001

Median 3.5 7.9% 1.3

Interquartile range (3.2–5.7) (6.1%–8.6%) (0.8–3.11.3)

Heart/body retention ratio 0.0001

Median 5.2 10.3 3.1

Interquartile range (4.4–7.0) (7.5–11.8) (1.5–5.4)

Visual cardiac score 0.0001

0 (no uptake) 28 (71.8) 0 (0) 17 (80.9)

1 (mild uptake) 5 (12.8) 0 (0) 0 (0)

2 (moderate uptake) 6 (15.4) 19 (34.5) 3 (14.3)

3 (strong uptake) 0 (0) 36 (65.5) 1 (4.8)
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linked to the somatic hypermutation. This phenom-

enon has been mostly reported in PCR-based studies

using cDNA from B lymphocytes, mainly in VH and

in CDR, but never in amyloid LC. By sequencing the

Vl from a patient with AL amyloidosis, we reported

an in frame deletion of 12 nucleotides at the 5’ end of

CDR1 (Kabat numbering). The breakpoints of the

deletion occurred within the codons of Cys 23 and

Ser 27, at canonical mutational hot-spots (both

‘‘wrcy’’ motif), with loss of four amino acids from

CDR1, while recombination joining restored the

nucleotide triplet for the critical Cys 23. The most

likely explanation for this deletion was the removal of

a repeated sequence at the above codons, in

agreement with the proposed DNA misalignment

model. As a consequence, a change in conformation

of the CDR1 loop is expected. Analysis of the

distribution of replacement and silent somatic

changes was consistent with preservation of the

framework architecture. Since deletions could be

PCR or cloning artefacts, we repeated inverse PCR

cloning twice with identical results and demon-

strated by mass spectrometry that the deletion was

indeed present in the monoclonal LC isolated from

patient’s urine. In summary, these results show that

in frame nucleotide deletion, a mechanism likely

linked to the somatic hypermutation process, is a

further mechanism of amyloid LC diversification

and provide formal demonstration that secreted,

antigen–selected LC can present such structural

modifications.

P-140

In vivo visualisation of amyloid deposits in the

heart using [11C] PIB and positron emission

tomography (PET)

G. Antoni1, J. Sörensen2, G. Wikström2,

J. Axelsson1, K. Carlson2, O. Vedin2,

B. Långström3, & P. Westermark4

1Uppsala Imanet AB, 2Department of Medical Sciences,
3Department of Biochemistry and Organic Chemistry,

and 4Department of Genetics and Pathology, Uppsala

University, Uppsala, Sweden

We examined one healthy volunteer and 9 patients

with systemic amyloidosis affecting the heart

with N-[methyl-11C]2-(40-methylaminophenyl)-6-

hydroxybenzothiazole ([11C]PIB) and [11C]acetate

using PET. [11C]PIB is a PET amyloid imaging

agent used for the study of aggregated fibrillar Ab
deposits in the brain of Alzheimer patients and

[11C]acetate can, for example, be used to measure

blood flow in the heart. The patients in this study

were diagnosed to suffer from AL or ATTR (familial

and senile systemic) amyloidosis by typing biopsies

with IH or western blot. All patient showed [11C]PIB

retention in the heart whereas the uptake in the

healthy volunteer followed blood kinetics without

any sign of retention. Our data thus indicates that we

can visualise amyloid deposits in the myocardium of

patients diagnosed with systemic amyloidosis mea-

sured as uptake and retention of the radiotracer

[11C] PIB. [11C]PIB and [11C]acetate had different

uptake patterns in patients which show that [11C]PIB

uptake is not representing blood flow and probably is

a measure of binding to amyloid. The preliminary

evaluation of the data show different patterns and

degree of [11C]PIB uptake which tentatively could be

interpret as heterogeneous amyloid deposits in the

heart To improve signal to noise in the [11C]PIB

PET images a hotelling filter was employed to

enhance the image quality while conserving image

resolution and the quantitative radioactive uptake

values. We attempt to develop a tracer kinetic model,

based on the assumption that the [11C]PIB uptake

represents binding to amyloid, to quantify the

amounts of amyloid deposits in the myocardium

which could be correlated with the severity of the

disease. The use [11C]PIB and PET could be a

method to study the distribution of deposits in

systemic amyloidosis affecting the heart and most

importantly, a non-invasive method for treatment

follow-up. Work is in progress to investigate five

additional healthy volunteers and one patient.

P-141

Prevalence of senile systemic amyloidosis in

patients with idiopathic carpal tunnel

syndrome

Y. Sekijima, S. Uchiyama, K. Tojo, K. Sano,

T. Imaeda, H. Kato, & S. Ikeda

Department of Neurology, Shinshu University School of

Medicine, Matsumoto, Japan

Background: Carpal tunnel syndrome (CTS) is the

most common entrapment neuropathy, however, the

aetiology of CTS is unknown in most patients. On

the other hand, senile systemic amyloidosis (SSA),

induced by wild-type transthyretin (TTR) deposi-

tion, is a prevalent disease in the elderly and often

accompanied by CTS, but is usually diagnosed at

microscopic examination after autopsy. Therefore,

we prospectively investigated the prevalence of SSA

in patients with idiopathic CTS.

Methods: A series of 83 patients who were diag-

nosed with idiopathic CTS and subsequently under-

went carpal tunnel release surgery were analysed.

There were 23 men and 60 women with an average
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age of 66.8+ 13.2 years. Tenosynovial tissues

obtained at surgery were analysed by Congo red

and immunohistochemical staining using antibody

against TTR, IgG light chain-k, IgG light chain-l,

and b2-microglobulin. If the stain for TTR is

positive, entire TTR gene was analysed by direct

DNA sequencing. We also analysed tenosynovial

tissues from 31 autopsied patients who did not have

CTS as controls.

Results: Twenty-eight (35%) of the 83 patients

with idiopathic CTS showed amyloid deposition in

the tenosynovial tissue and all amyloid depositions

were specifically immunolabelled only by the anti-

TTR antibody. Direct DNA sequencing of all four

exons of TTR gene did not detect any mutation,

indicating that all amyloid deposits were derived

form wild-type TTR. The prevalence of wild-type

TTR deposition separated by age was as follows:

0% (550 years old), 11% (50–59 years old), 25%

(60–69 years old), 55% (70–79 years old), and 63%

(80 years old T). The prevalence of wild-type TTR

deposition in men and women were 65% and 23%,

respectively. Statistical analysis using multivariate

logistic regression showed that the prevalence of

wild-type TTR deposition in CTS group was

significantly high compare to that in control group,

and age and male gender are independent risk

factor for wild-type TTR deposition.

Conclusions: Senile systemic amyloidosis is

thought to be a common cause of idiopathic CTS

in elderly. It is likely that many patients develop CTS

as an initial symptom of SSA. Long-term follow-up

of patients who have wild-type TTR deposition in

the tenosynovial tissue is necessary to elucidate the

clinical picture of SSA.

P-142

Clinicopathologic findings in Japanese patients

with senile systemic amyloidosis (SSA) – first

report elucidating the prevalence of SSA in an

Asian country

Y. Su, Y. Horibata, M. Ueda, M. Tasaki,

Y. Misumi, J. Guo, M. Shono, H. Jono,

K. Obayashi, H. Ogawa, & Y. Ando

Department of Diagnostic Medicine, Graduate School

of Life Sciences, Kumamoto University, Kumamoto,

Japan

Background and purpose: Although in Western

countries the prevalence of SSA in the elderly

(480 years) was found to be about 25% based on

examination of autopsy-derived cardiac specimens,

that in Asian countries remains to be unclear. The

aims of the study are to elucidate the prevalence of

SSA and distribution of amyloid deposits in various

organs in Japanese patients.

Methods: Autopsy-derived cardiac specimens of

consecutive 181 individuals over 40 years of age

stored at the Department of Pathology, Kumamoto

University Hospital, were examined in our studies.

Patients with familial amyloidotic polyneuropathy

(FAP) were excluded by genetic test and/or clinical

findings. Cardiac specimens were stained with

Congo red and an anti-human TTR, k and l chains

of immunoglobulin light chain, and b2-microglobu-

lin antibodies. In the SSA patients, specimens of

other systemic organs were also stained with

Congo red.

Results: Histopathological analyses revealed amy-

loid deposition in 17 cases (9.7%). Immunohisto-

chemical analyses revealed that the anti-TTR

antibody reacted with the amyloid positive lesions in

eight cases (4.6%). All of those cases were suspected of

SSA without the findings of FAP. TTR-derived

amyloid deposition was not observed in patients

569 years of age. The incidence of SSA was increased

with age: 3 of 63 (5%) in seventies, 3 of 20 (15%) in

eighties, 1 of 5 (20%) in nineties, and 1of 1 (100%) in

centenarians. In patients over 80 years old, the

incidence of amyloid deposition in the heart was

observed in 19% of the patients. In the SSA cases,

amyloid deposits were also found in other tissue sites,

such as lung (7/8), oesophagus (3/5), stomach (5/8),

duodenum (4/5), small intestine (6/8), large intestine

(5/6), kidney (3/8), tongue (4/5), aorta (7/7), thyroid

gland (3/5), spleen (2/5), pancreas (4/5), and bladder

(4/4), in which amyloid deposits frequently limited to

small arteries.

Conclusions: In elderly Japanese, the prevalence of

SSA is also high as is the cases with Caucasian. In

those cases, systemic amyloid deposits were more

frequently formed than previously reported. Biopsies

of those tissue sites, such as gastrointestinal tract,

could be the preferred method for screening and

diagnosing SSA.

P-143

Left ventricular dyssynchrony contributes to

the reduced heart rate variability in familial

amyloidosis

R. Hörnsten1,2, Z. Ying3, P. Lindqvist1,2,

U. Wiklund1,2, O. B. Suhr3, & M. Y. Henein3

1Clinical Physiology, Heart Centre, University Hospital,

Umeå, Sweden, 2Department of Surgical and

Perioperative Sciences, Clinical Physiology, Umeå

University, Umeå, Sweden, and 3Department of Public

Health and Clinical Medicine, Umeå University, Umeå,

Sweden
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Background: Cardiac complications are common

in Swedish patients with familial amyloidotic poly-

neuropathy (FAP). Reduced heart rate variability

(HRV) is common in FAP-patients and could

worsen cardiac dysfunction. Although, autonomic

disturbances are a well-established mechanism for

reduced HRV, the impact of a compromised left

ventricular (LV) function in FAP is not well

understood.

Methods: We prospectively studied 29 patients,

age 60+ 12 year, 12 female, using detailed Doppler

echocardiography including tissue Doppler, and

compared them with 46 normals, age 63+ 12 year,

23 female Echocardiographic indirect markers of

LV relaxation (early diastolic myocardial velocity,

Em), LV filling pressures (early diastolic blood flow

velocity divided by Em, E/Em) and LV dyssyn-

chrony (total isovolumic time, T-IVT). Power

spectrum analysis of HRV was studied from

24 Holter ECG-recordings, measuring log-trans-

formed total power (Ptot), and power of the high

(Phf) and low frequency (Plf) components of HRV.

A total power 5300 ms2 was defined as reduced

HRV.

Results: In FAP patients, LV ejection fraction, was

higher (66+ 7 vs. 59+ 9 %, p5 0.01) and cycle

length and relative filling time (to RR interval) were

significantly shorter compared to normals 810+ 142

vs. 969+ 141 ms, p5 0.05, and 46+ 8 vs. 53+ 8

%, p5 0.001, respectively. T-IVT (11.3+ 3.9 vs.

7.6+ 5.9 s/min, p5 0.05) was longer and E/Em

(11.5+ 6.7 vs. 8.3+ 2.9, p5 0.05) higher than

normals. In patients T-IVT correlated negatively

with LV stroke volume (r¼70.54, p� 0.019).

Spectral analysis showed reduced HRV in 9/29

(31%) patients and 14 had significant cardiac

arrhythmia on Holter ECG. T-IVT was the only

measurement that correlated with HRV: Ptot,

r¼ 0.46, Plf r¼ 0.43, and Phf r¼ 0.40, p5 0.05

for all.

Conclusion: In a subset of patients with familial

amyloidosis with polyneuropathy HRV is signifi-

cantly reduced and seems affected by the prolonged

T-IVT. These findings suggest that ventricular

dyssynchrony, in addition to autonomic distur-

bances, exert an effect on HRV. Cardiac resynchro-

nisation may thus be a treatment option for some of

the severely symptomatic FAP patients who demon-

strate dyssynchrony related compromised stroke

volume.

P-144

Echocardiographic evaluation of left and right

ventricular functions in familial amyloidosis

polyneuropathy

S.L. Bennani, V. Algalarrondo, S. Dinanian,

J. Guiader, D. Adams, & MS. Slama

Department of Cardiology, Hopital Antoine Béclère,

Clamart, France

Familial amyloidosis polyneuropathy (FAP) is an

inherited disease caused by mutated transthyretin,

with neuropathy, conduction disorders and cardiac

denervation. Orthotopic liver transplantation is the

only treatment improving prognosis. Preoperative

cardiac evaluation is important. The aim of this study

is to assess left ventricular (LV) and right ventricular

(RV) systolic functions in 32 consecutive patients

prospectively included between January 2007 and

August 2008, compared to 36 healthy controls. LV

global systolic function (ejection fraction, tei index,

MAPSE) was normal in all subjects but significantly

lower in patients. Cardiac index was higher in

controls (p¼ 0.02). LV regional systolic function

analysed by peak systolic velocity at tissue Doppler

imaging at the 4 walls, showed an impairment in

FAP patients (p5 0.0001).Elevated LV filling pres-

sure was more frequent in FAP(p5 0.0001). FAP

patients presented with significantly lower RV

systolic function (TAPSE, systolic peak at tricuspid

annulus). Elevated RV filling pressure was more

frequent in patients (p¼ 0.001). Although the LV

and RV systolic function is classically preserved at

FAP, this study shows that it is significantly

decreased compared to controls, with an early

regional systolic dysfunction. Echocardiographic

evaluation allows early detection of restrictive car-

diopathy.

P-145

Echocardiography and right heart

catheterisation for the diagnosis of restrictive

cardiopathy in FAP

S. L. Bennani, V. Algalarrondo, S. Dinanian,

C. Juin, J. Guiader, D. Adams, & M. S. Slama

Department of Cardiology, Hopital Antoine Béclère,

Clamart, France

Familial amyloidosis polyneuropathy (FAP) is an

inherited disease caused by mutated transthyretin,

with neuropathy and infiltrative cardiomyopathy.

The cardiac manifestations included conduction

disorders, cardiac denervation, and in the later stage,

leads to congestive heart failure. Orthotopic liver

transplantation (OLT) is the only treatment that

improves prognosis. Because of high incidence of

haemodynamic instability during OLT in

FAP patients, pre-operative cardiac evaluation is

164 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



important. The aim of this study was to compare

echocardiography and right heart catheterisation for

the diagnosis of restrictive cardiomyopathy in 35

consecutive patients with FAP considered for OLT,

prospectively included between January 2007 and

August 2008, using modern echocardiographic tools.

The objective is to disclose early stages of cardiac

dysfunction preceding symptoms of heart failure.

61.3% of patients had a left ventricular (LV)

hypertrophy, and 45.2% an LV elevated filling

pressure at echocardiography. Myocardial granular

sparkling was detected in 45.2 % and abnormal

interventricular septum contractility in 29% of

patients. Echocardiography detected restrictive

cardiomyopathy in 48.4% and right heart catheter-

isation showed it in 87.1%. The sensitivity of

echocardiography was 51.9%; the specificity was

75%; Positive predictive value was 93.3% and

negative predictive value was 18.8%. Right heart

catheterisation is still the gold standard for the

diagnosis of restrictive cardiomyopathy in FAP.

P-146

MRI assessment of cardiac involement in

patients with amyloidosis

P. Di Renzi1, M. Di Girolamo2, G. Della Longa1,

A. Coniglio3, & S. Bianchi4

1UOC Radiologia, 2Reparto Medicina Interna,
3UOC Fisica Sanitaria, and 4Reparto Cardiologia,

Ospedale Fatebenefratelli – Isola Tiberina – Roma, Italy

Magnetic resonance imaging (MRI) is a non invasive

tool with high reproducibility and low inter and

intra-observer variability. It is well established its role

in morphological and functional investigations of

almost all cardiac diseases. Furthermore, the clinical

application of Delayed Enhancement (DE) study

post i.v. contrast injection has been recent increase

the interest for assessment of cardiac amyloidosis

(CA). Subendocardial and transmural DE caused by

amyloid-associated myocardial fibrosis rather amy-

loid deposition itself have been reported in the

literature. We report our initial MRI experience in

patients affected by CA. Six (2 F, 4 M) patients with

histologically proved CA underwent MRI study. Age

rang was 55-78 years (mean 72 years). MRI study

was performed by a 1.5T superconductive unit.

Morphological (T1, T2 and T2-SPIR sequences),

functional (cine-balance sequences) and post con-

trast study were used. DE study was performed from

10 up to 20 min after i.v. injection of Gadolinium

chelate. Examination time was 40–60 min and all

patient were able to correctly hold the breath at late

expiration. In no case a typical pattern of restrictive

cardiomyopathy was present. 1/6 presented normal

heart with only a minimal interventricular septum

(IVS) asymmetry. 5/6 cases showed moderate or

severe hypertrophied IVS (and only in1/6 cases with

harmonic concentric involvement of left ventricle).

2/6 presented moderate pericardial effusion and 2/6

bilateral pleural effusion. Only in 1/6 case a

depressed LVEF (34%) was present. 1 patient with

severe LV hypertrophy dead for arrhythmias. Only in

2/6 cases a DE was present: in one case with a diffuse

basal sub-endocardial involvement as well as with a

focal area in the posterior wall of LV; in one case with

suspected sub-epicardial zone at level of postero-

lateral wall. Our experience in term of cases is too

limited, but MRI study of CA adds useful and,

maybe, prognostic information about this pathology.

P-147

Assessment of left ventricular wall thickness in

cardiac amyloidosis by different imaging

modalities

C. J. Whelan, B. Pawarova, M. De Cruz,

H. J. Lachmann, P. T. Sattianayagam,

S. D. J. Gibbs, J. H. Pinney, J. D. Gillmore,

P. N. Hawkins, & A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Left ventricular (LV) wall thickness is the diagnostic

parameter of cardiac involvement in the international

amyloidosis consensus criteria. Serial measurement

is used to assess cardiac response or progression after

treatment. Echocardiography is the current gold

standard but cardiac magnetic resonance (CMR) is

being increasingly used. There is a perception that

the wall thickness by CMR and echo are not directly

comparable. The purpose of the study was to

compare 2D echocardiography (echo) and CMR

measurements in a cohort of patients with cardiac

amyloidosis. Twenty-nine patients with cardiac

amyloidosis were studied. LV wall thickness was

measured at three different levels of the left ventricle

in the short axis view. The CMR images were

manipulated to ensure measurements were taken at

exactly the same levels. The echo and CMR

measurements were made separately by two cardiac

physiologists who were blinded to the results of the

alternative imaging modality. LV ejection fraction

(EF) by biplane Simpson’s method, LV mass, LV

end diastolic volume (EDV) and LV end systolic

volume (ESV) were also calculated by the two

methods. No statistically significant differences were

found between echo and CMR in measurements

Abstracts 165

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



taken from the apical, basal or mid ventricular levels,

or of LV mass (median 206 g by echo and 188 g by

CMR), or of LVESV. The mean left ventricular wall

thickness measurements also correlated (1.26 cm by

echo and 1.34 cm by MRI, p5 0.0001). However,

there were significant differences between EF ob-

tained by echo and CMR (p¼ 0.008), with median

echo EF 52% and median CMR EF 63%, and for

LVEDV (p¼ 0.001). Echo and CMR measurements

of left ventricular wall thickness, LV mass and

LVESV are comparable but differ for EF or LVEDV.

The correlation for wall thickness between these two

modalities is reassuring, but the precise positions at

which measurements are made need to be standar-

dised. Consideration of EF measurements obtained

by the different modalities need to be made with

caution given the lack of correlation. The reliability

of serial CMR measurements for assessing changes

needs further study.

P-148

Changes in serum NT-proBNP correlate with

changes in both systolic and diastolic function

in AL amyloidosis

C. J. Whelan, B. Pawarova, M. De Cruz,

H. J. Lachmann, P. T. Sattianayagam,

S. D. J. Gibbs, J. H. Pinney, J. D. Gillmore,

N. Wassef, P. N. Hawkins, & A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Serum NT-proBNP is a cardiac biomarker that has

prognostic significance in AL amyloidosis and which

can change very rapidly and dramatically after

chemotherapy. By contrast it is exceptionally rare

to demonstrate changes by echocardiography that

meet the consensus criteria for progression or

improvement of cardiac amyloidosis. We report here

studies into this apparent paradox which demon-

strated correlation between changes in NT-proBNP

and subtle changes in left ventricular systolic and

diastolic function. We studied 97 AL patients who

had normal renal function and had a 30% change in

NT-proBNP concentration following chemotherapy.

Patients were assessed before treatment and 6

months later with respect to clonal disease, organ

responses and amyloid load. Ejection fraction (EF),

lateral TDI S wave (a marker of LV systolic

function), E/E’ (a marker of diastolic function), and

mean left ventricular wall thickness were analysed.

There was an increase in NT-proBNP in 76 patients

and a decrease in 21 patients. None of the patients

met the echocardiographic criteria for cardiac

progression or improvement according to consensus

criteria. In patients with a decrease in NT-proBNP,

there was a significant improvement in systolic

function demonstrated by improvement in the mean

lateral TDI S wave from 0.07 to 0.08m/s (p¼ 0.002)

but no improvement in EF. There was a suggestion

of improvement in diastolic function with a decrease

in E/E’ from 13.6 to 12.7 (p¼ 0.058). Among

patients with an increase in NT-ProBNP, mean EF

decreased from 60 to 56% (p¼ 0.032), the lateral

TDI S wave worsened from 0.09 to 0.07m/s

(p5 0.001), and the E/E’ worsened from 10.7 to

11.4 (p¼ 0.002). In conclusion, we found strong

correlations between changes in NT-proBNP follow-

ing chemotherapy with lateral TDI S wave and E/E’

measurements, which are sensitive, robust and

reproducible markers of systolic and diastolic func-

tion, respectively. The findings need validation in a

larger cohort of patients, and their wider clinical

significance remains to be determined.

P-149

Outcomes of implantable defibrillators in

patients with cardiac amyloidosis

G. Lin1, A. Dispenzieri2, M. Grogan1, R. Kyle3, &

P. A. Brady1

1Cardiovascular Diseases Department, 2Department of

Hematology, and 3Department of Laboratory Medicine

and Pathology, Mayo Clinic, Rochester, MN, USA

Background: Cardiac amyloidosis is associated

with increased risk of sudden cardiac arrest.

Although ICD therapy is highly effective in patients

with cardiomyopathy due to other aetiologies the

benefit of ICD therapy in patients with cardiac

amyloidosis is unclear due in large part to limited

data on the precise mechanism of sudden cardiac

arrest as well as the most appropriate selection of

patients with cardiac amyloidosis for ICD therapy.

Methods: We reviewed all ICD implant indications,

procedures and therapies, of cardiac amyloidosis

patients evaluated at Mayo Clinic between 2000 and

2009. Rate of appropriate and inappropriate shocks

was determined using Kaplan–Meier estimates.

Survival of patients with AL type amyloidosis and

ICD was compared to a control group without ICD.

Results: Fifty-three patients with proven cardiac

amyloidosis (33 AL amyloidosis, 10 senile, 9 familial,

and 1 AA) who underwent ICD implantation were

included. Indication for ICD implantation was for

primary prevention of sudden cardiac arrest in 41

(77%) patients and secondary prevention in 12

(23%) patients. The rate of appropriate ICD shocks

was 32% in the first year and was observed almost
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exclusively in AL amyloidosis patients, occurring in

15 patients (12 AL amyloidosis, 2 senile, 1 AA).

Appropriate ICD shocks were more frequent in

patients with prior sudden cardiac arrest or sustained

ventricular arrhythmias (secondary prevention indi-

cation), and less frequent in patients who presented

with decreased ejection fraction or syncope.

Troponin T4 0.035 mg/dl, present in 22 (76%)

patients, was a powerful predictor of poor prognosis

in patients with AL type amyloidosis, regardless of

whether an ICD was present.

Conclusions: A high rate of appropriate ICD

shocks for ventricular arrhythmias was observed

especially in patients with AL-type amyloidosis

suggesting benefit in terms of preventing arrhythmia

death, yet this did not translate into an overall

survival benefit that current methods of selecting

patients with cardiac amyloidosis who might benefit

from ICD therapy is imprecise.

P-150

Does the presence or severity of late gadolinium

enhancement by cardiac MRI predict outcomes

in cardiac amyloidosis?

G. Lin1, J. Glockner2, A. Dispenzieri3, &

P. A. Brady1

1Cardiovascular Diseases Department, 2Department of

Radiology, and 3Department of Hematology, Mayo

Clinic, Rochester, MN, USA

Background: Patients with cardiac amyloidosis

(CA) are at increased risk of SCD but risk

determinants are not well defined. Late gadolinium

enhancement (LGE) on cardiac magnetic resonance

imaging (CMR) may predict increased risk of sudden

cardiac death (SCD) in patients with cardiomyo-

pathy. Whether the presence or severity of LGE on

CMR also predicts increased risk of SCD in patients

with CA is unclear.

Methods: All consecutive patients at Mayo Clinic

with biopsy proven CA who underwent CMR to

determine presence and severity of LGE between

October 2001 and September 2008, were included.

An LGE ratio (signal intensity post-signal intensity

pre/signal intensity pre) was calculated to quantify

the severity of LGE. Prognostic value of LGE ratio

was determined using univariate risk modelling.

Results: A total of 44 patients (28 AL, 9 senile, 6

familial) with CA were included. Mean age was

61+ 12 years, with 34 (79%) males. Ejection

fraction was preserved (54+ 12%) and similar in

all groups. Mean septal thickness was 16.09 mm+
3.11 mm, and was highest in patients with senile and

familial forms. LGE was present in all but one

patient, with mean LGE ratio 3.43+ 2.99. One year

survival of the study group was 65%. LGE ratio was

similar amongst patients who died (3.54+ 2.60) and

those who survived (3.36+ 3.28, p¼ 0.88). There

was no difference in left (176.53+ 42.68g vs.

200.12+ 65.52g, p¼ 0.16) and right (44.38+
13.80g vs. 44.46+ 16.68g, p¼ 0.99) ventricular

mass. Troponin T levels were higher in patients

who died (0.11+ 0.11 ng/dl) compared with survi-

vors (0.04+ 0.06 ng/dl, p¼ 0.04). In univariate risk

modelling, only Troponin T was a significant

predictor of increased mortality. Amongst patients

with AL type CA, 1 year survival was 51%, and LGE,

left and right ventricular mass were also similar

amongst survivors and those who died.

Conclusions: In patients with CA presence or

severity of LGE by CMR imaging does not

predict SCD risk and therefore does not provide

early or incremental prognostic information beyond

currently used risk factors such as Troponin

T level.

P-151

Troponin as a prognostic marker in cardiac

amyloidosis

T. Apridonidze1, R. Steingart1, R. Comenzo2,

J. Hoffman3, Y. Goldsmith4, J. Bella5, & J. Liu1

1Memorial Sloan-Kettering Cancer Center, New York,

NY, USA, 2Tufts Medical Center, Boston, MA, USA,
3Cleveland Clinic, Weston, FL, USA, 4Baylor College of

Medicine, Houston, TX, USA, and 5Albert Einstein

College of Medicine, New York, NY, USA

Raised troponin (Tn) has been shown to predict poor

survival in patients with AL amyloidosis with cardiac

involvement (CAL). However, the effect of raised Tn

on cardiac structure and function remains unclear.

114 CAL patients were divided into two groups:

normal Tn (50.06 ng/ml; n¼ 41) or raised Tn

(�0.06 ng/ml; n¼ 73). Patients in the raised Tn

group were slightly older in age (63 versus 58 years,

p¼ 0.04), with higher B-type natriuretic peptide

(BNP) (1417 versus 936 pg/ml; p¼ 0.0004). The

raised Tn group also had a higher E/A ratio (early [E]

to late [A] mitral inflow [2.2 versus 1.4, p¼ 0.005])

and myocardial performance index (0.59 versus

0.45, p¼ 0.04), with lower stroke index (28 versus

38 ml/beat/m2, p5 0.0001) and left atrial systolic

force (5.9 versus 8.4 k-dynes, p¼ 0.037) than the

normal Tn group. Median survival was shorter in the

raised Tn group (11 versus 45 months, p5 0.001).

Baseline predictors of all-cause mortality included

raised Tn, older age, male sex, clinically significant

heart failure (New York Heart Association
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class III–IV), 42 organs involved, higher BNP,

lower creatinine clearance, higher interventricular

septal thickness and myocardial performance index.

However, by multivariate Cox survival analysis, only

raised Tn was a significant predictor for all-cause

mortality (hazard ratio 3.1, p¼ 0.002). Raised

troponin is associated with worse cardiac function

in patients with CAL. Among baseline variables, it is

the strongest predictor of all-cause mortality on

multivariate analysis. This study extends the finding

that troponin is the most powerful tool in the

prognostic assessment of patients with CAL.

P-152

Long-term outcome after kidney

transplantation with or without stem cell

transplantation in immunoglobulin light chain

(AL) amyloidosis

N. Leung1, S. M. S. Herrmann2, A. Dispenzieri2,

S. Kumar2, M. Q. Lacy2, S. J. Russell2, F. K. Buadi2,

S. R. Hayman2, S. R. Zeldenrust2, D. Dingli2,

P. G. Dean3, M. Prieto3, S. Nyberg3, M. Stegall3,

F. C. Fervenza1, & M. A. Gertz2

1Department of Nephrology and Hypertension,
2Department of Hematology, and 3Transplant Center

Mayo Clinic, Rochester, Minnesota, USA

Kidney involvement is common in patients with

immunoglobulin light chain amyloidosis (AL). Poor

patient survival and recurrent disease have been

major obstacles to kidney transplantation (KTX).

Recent improvements in the treatment of AL,

including autologous stem cell transplantation

(ASCT), have changed the long-term survival of

these patients. This study examines the impact of the

new treatments on kidney transplant outcomes.

Nineteen patients (median age 57 years, 6 women)

with AL underwent living (n¼ 18) or deceased

(n¼ 1) KTX at our Institution from 1999 to 2008.

The primary endpoints were patient and kidney

allograft survival as well as recurrence of AL in the

allograft. The secondary endpoint was KTX rejec-

tion. Outcomes data were stratified according to

three treatment modalities: (Group 1, n¼ 6) ASCT

followed by KTX, (Group 2, n¼ 8) KTX followed

by ASCT, and (Group 3, n¼ 5) KTX after complete

remission (CR) achieved with non-myeloablative

therapy. The median follow-up was 41.4 months,

and 79 % of the patients were alive at the time of the

study (Figure 1). Median graft survival did not differ

from median overall survival. Patient survival was

similar among the groups. Five patients had a

documented cellular rejection of the KTX. Two of

the three patients with a rejection in group 1 died but

neither patient in group 2 and 3 with rejection did.

Amyloid recurred in one patient in group 1 prior to

stem cell transplant and in another patient in group

3. In this study, no differences were noted in patient

or graft survival among the three treatment mod-

alities. Kidney transplantation after achievement of

haematologic CR in non-myeloablative treated pa-

tients showed similar patient and kidney allograft

survival as the ASCT treated patients. Our study

suggests good long-term patient and kidney allograft

survival can be attained if haematologic CR can be

achieved.

P-153

Salvage therapy with lenalidomide and

dexamethasone (LDex) for patients with

advanced refractory AL amyloidosis

G. Palladini1, A. Foli1, P. Milani1, P. Russo1,

L. Zenone Bragotti1, S. Perlini2, V. Perfetti3,

F. Lavatelli1, L. Obici1, & G. Merlini1

1Department of Biochemistry, Amyloidosis Research and

Treatment Center, 2Department of Internal Medicine,

and 3Oncology Unit Fondazione IRCCS Policlinico San

Matteo and University of Pavia, Pavia, Italy

The availability of several therapeutic opportunities

for AL amyloidosis renders now possible the

sequential use of new drugs in patients who do not

respond to first line treatment. Given its manageable

toxicity, lenalidomide (L) is an appealing option for

subjects with advanced disease. However, little is

known on the efficacy of L in patients refractory to

the most effective agents. Here we report the

outcome of 24 consecutive patients refractory to

both melphalan (M, oral Mþdexamethasone in 17

cases and autologous stem cell transplant in 7) and

Figure 1.
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bortezomib (B)þdexamethasone (Dex), who were

treated with LDex between July 2007 and July 2009.

Patients received L (15 mg on days 1–21, with

dose reductions for renal failure) and Dex (20 mg on

days 1, 8, 15 and 22) in 28 days cycles. Response was

evaluated after two cycles according to the Interna-

tional Society of Amyloidosis criteria.

Nineteen patients (79%) were also refractory to

previous thalidomide (associated with cyclophospha-

mide and Dex in 10 cases and with Dex alone in 9).

The median number of previous treatment lines was

3 (range 2–5). Sixteen patients (67%) had heart

involvement, all with NHYA class �2, 18 (75%) had

renal involvement, with glomerular filtration rate

530 ml/min in four cases and six patients on

dialysis, and three (13%) with liver involvement.

Patients received a median of three cycles (range 1–

10). Eleven patients (46%) experienced severe

(grade 3 or 4), though not fatal, adverse events:

thrombocytopaenia in four, neutropaenia in three,

renal failure in two and skin rash in two. Two of

them discontinued treatment during cycle 1 due to

toxicity (thrombocytopaenia and rash). Three pa-

tients (13%) died on treatment due to progressive

disease. Overall, 10 patients (42%) died, median

survival was not reached and median follow-up of

living patients was 13 months. Nine patients (38%)

achieved a partial haematologic response with neither

complete remissions nor organ responses. Despite

the lack of organ improvement, partial haematologic

response prolonged survival (85% vs. 35% surviving

at 1 year, p¼ 0.03).

Treatment with LDex proved effective in patients

refractory to M, B and in most cases thalidomide,

with almost half of the subjects who completed two

cycles responding to therapy. A prolonged treatment

duration may improve the quality of response.

P-154

A phase II trial of cyclophosphamide,

lenalidomide and dexamethasone (CLD) in

previously treated patients with AL amyloidosis

P. Russo1, G. Palladini1, L. Zenone Bragotti1,

F. Musca2, A. Foli1, F. Lavatelli1, V. Perfetti3,

M. Nuvolone1, L. Obici1, S. Perlini2, & G. Merlini1

1Department of Biochemistry, Amyloidosis Research and

Treatment Center, 2Department of Internal Medicine,

and 3Medical Oncology Unit, Fondazione IRCCS

Policlinico San Matteo and University of Pavia, Pavia,

Italy

The association of cyclophosphamide (C), thalido-

mide (T) and dexamethasone (D) grants a high

response rate in AL amyloidosis. Lenalidomide (L) is

a potent analogue of T and is effective in AL

amyloidosis. We report the results of a phase II trial

of CLD in 21 previously treated patients with AL

amyloidosis. Patients received �9 cycles of C

(500 mg on days 1, 8 and 15), L (15 mg on days

1–21) and D (40 mg on days 1, 8, 15 and 22) q28

days. A protocol amendment allowed D 20 mg in

patients with fluid retention 43% of body weight.

Aspirin and omeprazole were administered.

Response was evaluated according to the 2005

International Society of Amyloidosis criteria.

Organs involved were heart (57%), kidney (76%),

liver (29%) and nerve (19%). Median number of

organs involved was 2 (range 1–4). Ten subjects

(48%) received 41 previous treatment. All the

patients were exposed to melphalan, 6 (29%) to T

and 4 (19%) to bortezomib. Twelve (57%) were

refractory to previous treatments. Severe, though not

fatal, adverse events were observed in 12 patients

(57%, grade 3 in all cases): neutropaenia in 6 (29%),

fluid retention in 2 (9%), renal failure in 2 (9%),

thrombocytopaenia and rash in one patient (5%)

each. Only skin rash required treatment discontinua-

tion. Fluid retention, though not severe, was

common and D was reduced to 20 mg in 11 of the

19 patients who started with 40 mg. Six patients

(29%) required L reduction. Notably, NT-proBNP

increased by �30% and �300 ng/l in 14 subjects

(67%) after cycle 1. This occurred in all the 12

patients with heart involvement, was accompanied by

a cTnI increase �0.05 ng/ml in six cases, was

asymptomatic and was not associated with changes

in NYHA class, ejection fraction, creatinine, fluid

retention, response and survival. Nine patients

(43%) obtained a haematologic response that was

complete in 1 (5%). Median time to response was

2.2 months (range 0.8–3.9 months). Organ response

was reached in three patients (proteinuria in two

cases, neuropathy in 1). Six patients died, after a

median of 10 months, due to heart failure (4) and

sudden death (2). Median follow-up of living

patients is 15 months and median survival was not

reached. Treatment with CLD proved effective in

pretreated patients. Adverse events were common

but manageable. An asymptomatic increase in NT-

proBNP was observed that should be considered in

evaluating organ response.

P-155

Outcome of stem cell transplantation in

patients with AL amyloidosis and autonomic

neuropathy

D. Dingli, F. K. Buadi, A. Dispenzieri,

S. R. Hayman, M. Q. Lacy, S. Kumar,
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D. A. Gastineau, W. J. Hogan, &

M. A. Gertz

Department of Hematology, Mayo Clinic, Rochester,

Minnesota, USA

Aim: The peri-transplant period can be a challen-

ging time for homeostatic responses due to fluid

shifts, sepsis and cardiac dysrhythmias that can

occur. The autonomic nervous system plays an

essential role in maintaining homeostasis and the

stress response. AL amyloidosis may lead to sig-

nificant autonomic neuropathy (AN) that increases

the risk during the peri-transplant period. The

purpose of this study was to compare a cohort of

patients with AL amyloidosis complicated by AN

with a matched cohort without AN to determine the

outcome of patients with AN during and after

autologous peripheral blood stem cell transplanta-

tion (PBSCT).

Methods: We searched the Mayo Clinic dysprotei-

naemia transplant database for all patients with AL

amyloidosis who underwent PBSCT. Patients with

proven AN were identified and compared to a large

cohort of matched controls. Complete follow-up was

available for all the patients. The main outcome

variables were overall survival (OS), the duration of

hospitalisation, incidence of sepsis, peri-transplant

atrial fibrillation (AF) and engraftment kinetics.

Comparisons between groups were performed with

the Mann–Whitney U test for continuous variables

and the chi squared test for nominal variables.

Overall survival was determined by the Kaplan–

Meier method. A stepwise Cox proportional hazards

model was used to evaluate the impact of various

parameters on OS.

Results: Thirteen patients with AN who underwent

PBSCT were identified and compared to a control

group of 95 patients. The two cohorts were well

matched for many of the relevant clinical and

laboratory characteristics prior to PBSCT. However,

patients with AN tended to have more organs

involved (2.5 versus 1, p5 0.001) and as a result

the conditioning dose of melphalan was often

reduced (p¼ 0.0015). There was no difference in

the number of apheresis sessions required for

CD34þ cell collection (2.5 versus 2.0, p¼ 0.99), or

the number of CD34þ cells collected (6.75 versus

8.156106/kg, p¼ 0.99) between the two cohorts.

The median hospital duration was 10 (1–78) and 8

(0–78) days (p¼ 0.99), respectively. Engraftment

kinetics, as measured by the time to reach a

neutrophil count4 500/ml (p¼ 0.85), a platelet

count4 20,000/ml (p¼ 0.99) and a platelet

count4 50,000/ml (p¼ 0.99) were similar in the

two cohorts. Culture positive sepsis was more

common in patients with AN (75% versus 47%,

p¼ 0.014). All patients with AN developed atrial

fibrillation in the peritransplant period, compared to

one patient from the control group (p5 0.0001).

The median OS from PBSCT was 45.2 months for

the combined groups. However, the median OS for

patients with AN was 29 months but not yet reached

for the controls (p5 0.0001) (Figure 1). On uni-

variate analysis, cardiac involvement (p¼ 0.0132),

AN (p¼ 0.0011), GFR (p¼ 0.038), number of

organs involved (p¼ 0.0064) and NT-pro-BNP

(p¼ 0.039) all had an impact on OS. On multivariate

analysis, AN remained an independent adverse

determinant of OS.

Conclusion: Patients with autonomic neuropathy

secondary to AL amyloidosis are at a higher risk of

peri-transplant atrial fibrillation and sepsis although

their hospitalisations are not longer compared to

controls. Patients with AN generally have more

organ involvement by AL amyloidosis. However,

AN remains an independent, adverse determinant of

OS in AL amyloidosis.

P-156

A phase II trial of lenalidomide,

cyclophosphamide and dexamethasone (RCD)

in patients with primary amyloidosis

F. Buadi1, A. Dispenzieri1, S. Hayman1, J. Allred1,

K. Laumann1, V. Roy1, M. Lacy1, M. Gertz1,

K. Detweiler-Short1, A. Birgin1, L. Bergsagel2,

D. Dingli1, J. Mikhael2, C. Reeder2, K. Stewart2,

S. Zeldenrust1, S. V. Rajkumar1, & S. Kumar1

1Department of Hematology, Mayo Clinic, Rochester,

Minnesota, USA, and 2Department of Hematology,

Oncology and Transplantation, Mayo Clinic, Scottsdale,

Arizona, USA

Background: Light chain amyloidosis (AL) occurs

as a result of deposition of amyloidogenic protein

Figure 1.
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produced by clonal plasma cells. Current goal of

therapy is eradication of the clonal plasma cells.

Recent availability of novel drugs such as Lenalido-

mide (L) with high activity against plasma cell led us

to design a phase 2 study combining Len, Cyclopho-

sphamide (C) and Dexamethasone (D).

Method: All AL patients were eligible for this study,

provided they had measurable disease, defined

as either a serum M-protein41 g/dl, urinary

M-protein4 200 mg/24-h, or serum immunoglobu-

lin free light chain (FLC)410 mg/dl. Protocol

treatment consisted of L15 mg daily (days 1–21),

oral C 300 mg (days 1, 8, 15) and D 40 mg weekly

repeated every 28 days until disease progression. C

was discontinued after 1 year.

Results: Thirty-five patients were enrolled between

December 2007 and December 2008. Median age

was 64 years (range 44–82), 19 (54%) were male.

Ten patients (28%) had three or more organs

involved and 9 (26%) had two organs involved.

Eleven (31%) were previously treated with 7(20%)

having received an SCT. Median time from diag-

nosis to enrollment was 1.6 months (range; 0.1–129)

and 22 (63%) were alive at the time of analysis with a

median follow-up of 13 months (range; 6.7–20.5).

Nine patients still remain on study, with the most

common reason for discontinuation being toxicity

[11 patients, 42%). There were 15 (43%) and 24

(69%) episodes of Grade 3 or 4 haematologic and

non-haematologic adverse events respectively. The

most common non-haematologic toxicities were

fatigue, oedema, constipation and rash. The overall

haematologic response rate was 57% (20 patients);

CR (1), VGPR (10) and PR (9)]. Among those

patients receiving at least four cycles, the response

rate was 20/23 (87%); 1CR, 10 VGPR and 9 PR. At

least one organ response was documented in eight

(24%) patients. The median overall survival for all

patients is 16.1 months. Among the 31 patients with

measurable FLC, (n¼ 24)450% decrease in FLC

difference had superior OS (NR vs. 5.4 months).

The seven patients who died on study all had cardiac

involvement and significantly higher troponin and

NT-proBNP compared to the rest.

Conclusion: The RCD produces significant hae-

matologic and organ response in AL. Patients with

advanced cardiac involvement are at a higher risk for

toxicity. Toxicity is manageable with dose reduc-

tions. This regimen should be further studied in

prospective randomised trials.

P-157

Cyclophosphamide-bortezomib-

dexamethasone (CYBORD) is highly effective

in producing rapid and complete responses in

patients with AL amyloidosis not eligible for

transplant

J. Mikhael, V. H. Jimenez-Zepeda, C. B. Reeder,

A. K. Stewart, P. L. Bergsagel, & R. Fonseca

Department of Hematology, Oncology and

Transplantation, Mayo Clinic Arizona, Scottsdale, AZ,

USA

Background: CYBORD has been proven to be a

very active regimen in newly diagnosed and relapsed

multiple myeloma. Based on these results, we aimed

to evaluate the role of CYBORD in AL amyloidosis

as a way to effectively and rapidly eradicate

amyloidogenic light chains.

Method: We report a series of patients with sym-

ptomatic AL who were not eligible for autologous

stem cell transplant. Treatment was provided with

bortezomib (1.3 mg/m2 day 1,4,8,11 q21 days or

weekly), cyclophosphamide (300 mg/m2 orally

weekly) and dexamethasone (20–40 mg weekly).

Results: Nine patients have been treated with this

regimen. After a median of four cycles of CYBORD

(range 2–6), eight patients achieved complete hae-

matologic response while on therapy, and one had a

residual minimal elevation of the serum free light

chain, however this was with a normal light chain

ratio. Despite median follow-up of only 11 months,

three patients achieved organ response. Toxicity was

manageable with neuropathy only limiting therapy in

one patient.

Conclusion: CYBORD rapidly and profoundly

produces haematological complete response in AL

patients with advance disease stage not eligible for

ASCT. Treatment is well tolerated with minimal

toxicity. CYBORD is a promising alternative for the

treatment of this incurable and difficult to manage

disease.

P-158

Serum angiogenic cytokines in patients with AL

amyloidosis

E. Kastritis, M. Michail, E. Terpos, M. Roussou,

M. Migkou, S. Delimpasi, E. Michalis, P. Repoussis,

M. C. Kyrtsonis, & M. A. Dimopoulos

Department of Clinical Therapeutics, University of

Athens, School of Medicine, Athens, Greece

Induction of angiogenesis is a significant step for the

progression and evolution of plasma cell dyscrasias,

such as myeloma (MM). However, there are no data

about the role of growth factors that regulate

angiogenesis and possible correlations with disease

features or outcome in AL amyloidosis. We measured

Abstracts 171

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



the levels of Ang-1, Ang-2, VEGF, and VEGF-A,

angiogenin, and bFGF using ELISA, in the serum of

82 patients with AL amyloidosis, collected at the time

of initial diagnosis, and we compared to their

respective serum levels in normal individuals and

MM patients. The median age of the patients was

63 years (39–86) and the median number of involved

organs was 2; most of them had kidney (76%) and/or

heart involvement (56%). Median NTproBNP was

1826 ng/l, and 69% were Mayo stage II or III. Serum

levels of VEGF were almost six times higher in AL

patients than in controls (p5 0.001). Serum levels of

bFGF (50.001) and angiogenin (p5 0.001) and

both Ang-1 (p5 0.001) and Ang-2 (p5 0.001) were

also higher but the respective Ang-1/Ang-2 ratio was

lower in AL patients than in healthy controls

(p¼ 0.036). When compared to patients with MM,

VEGF was twice higher in patients with AL than in

MM patients (p5 0.001); angiogenin (p5 0.001)

and Ang-1 (p¼ 0.001) were also higher in AL, but

Ang-2 was higher in MM patients (p¼ 0.086) thus,

the resulting Ang-1/Ang-2 ratio was higher in AL

than in MM patients (p5 0.001). The levels of

VEGF in AL patients were not correlated with the

clinical features, organ involvement or bone marrow

plasma cell infiltration. Serum levels of ang-2 were

correlated with cardiac involvement (p¼ 0.001),

NYHA class and NT-proBNP levels. None of the

angiogenic growth factors were associated with

disease outcome in multivariate analysis –

NTproBNP was independently associated with sur-

vival. The serum levels of angiogenic cytokines are

significantly elevated in patients with AL amyloidosis,

however, in a pattern different than in myeloma

patients. Furthermore, it seems that the levels of

angiogenic cytokines are not related the burden of the

clonal plasma cells and also are not related to disease

features or pattern of organ involvement. The high

levels of cytokines, such as VEGF, may be the result

of direct or indirect activity of amyloid fibrils or light

chains on tissues or may be the result of a

compensatory response to organ dysfunction.

P-159

Engraftment syndrome presenting as acute

renal failure in light chain amyloidosis patients

after autologous stem cell transplantation

N. Leung1, M. A. Gertz2, A. Dispenzieri2,

M. Q. Lacy2, F. Buadi2, S. R. Hayman2, D. Dingli2,

W. J. Hogan2, M. V. Irazabal2, A. Eirin2, &

S. Kumar2

1Department of Nephrology and Hypertension,
2Department of Hematology, Mayo Clinic, Rochester,

MN, USA

Engraftment syndrome (ES) is a complication of

stem cell transplantation classically characterised by

fever, rash, diarrhoea, weight gain and non-

cardiogenic pulmonary oedema. Renal failure has

been observed but is not considered to be a major

part of the syndrome. We have noted that acute renal

failure (ARF) is common around the time of

leukocyte engraftment in light chain amyloidosis

(AL) patients after autologous stem cell transplant

(ASCT). We suspect this is due to ES and this

retrospective review was conducted to further study

this entity. Data were collected from 377 AL patients

who underwent ASCT from 7/1997 to 10/2009.

Patients who experienced an elevation of serum

creatinine (Scr)40.5 mg/dl within 4 days of leuko-

cyte engraftment were selected. Patients who carried

a diagnosis of ES were also included regardless of Scr

elevation. Nephrotoxic insults were reviewed. Vitals

were collected. Forty-one patients met criteria. Four

patients were found not to have ES, two sepsis, one

allergic interstitial nephritis (AIN), one acute cellular

rejection. ES was noted in 37 (9.8%) patients, two

presented with mainly pulmonary ES and eight had

both pulmonary and renal involvement. The degree

of renal failure varied from mild and self-limited to

severe and dialysis requiring. The renal failure is

usually preceded by fever, rash, increasing oedema,

relative hypotension and low urine sodium. Treat-

ment with glucocorticoids (60 mg/day) was success-

ful in reversing the renal failure in most patients but

those with pulmonary involvement required higher

doses. Our study showed that ES presents more

commonly with renal failure than pulmonary invol-

vement in AL patients. Early steroids use should be

considered once infection is ruled out. Dosing

depends on concurrent pulmonary findings. Distin-

guishing ES with AIN is difficult as presentations are

similar but AIN will continue until the offending

drug is removed while ES generally respond quickly

to steroids alone.

P-160

Nutritional status and quality of life in

outpatients with systemic immunoglobulin

light-chain amyloidosis (AL) at diagnosis

R. Caccialanza1, G. Palladini2, C. Klersy3,

C. Bonardi1, B. Cameletti1, E. Cereda1, P. Russo2,

A. Foli2, L. Zenone Bragotti2, & G. Merlini2

1Nutrition and Dietetics Service, Fondazione IRCCS

Policlinico San Matteo, Pavia, Italy, 2Department of

Biochemistry, Amyloidosis Research and Treatment

Center, Biotechnology Research Laboratories,

Fondazione IRCCS Policlinico San Matteo and

University of Pavia, Pavia, Italy, and 3Biometry and
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Clinical Epidemiology Service, IRCCS Policlinico San

Matteo, Pavia, Italy

Background: Nutritional status influences quality

of life (QoL) in several chronic diseases and was

proven an independent predictor of survival in

outpatients with immunoglobulin light-chain amy-

loidosis (AL). The association between nutritional

status and QoL has never been investigated in AL

patients.

Objective: The aim of this cross-sectional study

was to prospectively investigate the association

between nutritional status and QoL in AL out-

patients at diagnosis.

Design: One hundred and four consecutive patients

(40 females; age, mean+SD: 65+ 9 years) with

newly diagnosed AL were assessed for nutritional

status by anthropometry [body mass index (BMI)

and mid-arm muscle circumference (MAMC)]

and biochemistry (serum transthyretin) at referral.

QoL was assessed by the Medical Outcomes

Study 36-item Short Form General Health Survey

(SF-36).

Results: BMI (in kg/m2) was 522 in 26 subjects

(25%); serum transthyretin was 5200 mg/l (lower

reference limit) in 49 patients (47%); MAMC was

below the sex- and age-matched 10th percentile in 47

patients (45%). The composite physical component

summary (PCS) and the mental component sum-

mary (MCS) for the AL patients were 34.9+ 10.0

and 42.7+ 10.4, respectively, versus the population

norms of 50 (p5 0.001 for both). In multivariate

linear regression models adjusted for sex, age,

New York Heart Association class, Eastern Coop-

erative Oncology Group performance status and the

number of organs involved, PCS was significantly

lower for serum transthyretin 5200 and MAMC

510th percentile (adjusted difference 4.9; 95% CI,

1.0–8.8; p¼ 0.014 and 5.9; 95% CI, 1.8–10.1;

p¼ 0.005, respectively). No association was found

between nutritional parameters and MCS.

Conclusions: Our data suggest that nutritional

status significantly and independently affects the

physical component of QoL in AL outpatients at

diagnosis and reinforce that nutritional evaluation

should be an integral part of the clinical assessment

of AL patients since the onset of disease.

P-161

Differences in clinical presentation and

outcomes of patients with vascular limited light

chain amyloidosis (AL) versus diffuse

N. Leung1, M. V. Irazabal2, A. Eirin2,

M. Q. Lacy2, A. Dispenzieri2, F. K. Buadi2,

S. R. Zeldenrust2, S. R. Hayman2, S. Kumar2,

S. J. Russell2, R. A. Kyle3, M. Ramirez-Alvarado4,

S. Sethi3, S. B. Erickson1, F. C. Fervenza1, &

M. A. Gertz2

1Department of Nephrology and Hypertension,
2Department of Hematology, 3Department of Laboratory

Medicine and Pathology, and 4Department of

Biochemistry and Molecular Biology, Mayo Clinic,

Rochester, Minnesota, USA

Light chain amyloidosis (AL) exists in two distinct

patterns of deposition in the kidney. Patients with

vascular limited AL (V-AL) present clinically differ-

ent than those with diffuse (D-AL). Our study aims

to describe these differences. Renal biopsy records

were reviewed. A nested case–control study was

performed. V-AL was defined by the presence of

amyloid deposits limited to renal vessels. Deposits in

the glomeruli or mesangium are considered diffuse.

Serum creatinine (SCr), light chain type, creatinine

clearance (CrCl), and proteinuria were analysed.

Controls were matched 2:1 to cases for age, sex, and

date of renal biopsy. There were 12 cases of V-AL

(mean age 61+ 11 years). Mean follow-up was

1.9+ 1.7 years for V-AL and 3.2+ 2.7 years for

D-AL, p¼ 0.17. The light chain subtype was split for

the V-AL (50% l) while D-AL were 83.3% l,

p¼ 0.04. Troponin T was measured in 58.3% of

V-AL and 75% of D-AL and they were similar

(p¼ 0.87). V-AL patients presented with lower renal

function (Scr¼ 2.1+ 0.9 vs. 1.3+ 0.5 mg/dl, p¼
0.02, eGFR 40+ 26 vs. 57+ 15 ml/min/1.73 m2,

p¼ 0.01 and CrCl 44.6+ 26.2 vs. 64.4+ 22.2 ml/

min/1.73 m2, p¼ 0.02, respectively). The biggest

distinction is proteinuria. V-AL patients presents

with nearly normal proteinuria (0.4+ 0.3 g/day)

while D-AL patients have nephrotic range proteinur-

ia (7.9+ 4.8 g/day, p5 0.001). Stem cell transplan-

tation (SCT) was performed on 62.5% of the D-AL

but only 25% of the V-AL, p¼ 0.075. Median

survival was significantly longer in patients with D-

AL (77.2 m) vs. V-AL (40.6 m, Log-Rank p¼ 0.02).

Our study found that V-AL patients present with

more severe renal insufficiency and much less

proteinuria than those with D-AL. There was a

preference for l in the D-AL that was not present in

the V-AL. Patients with D-AL in this study had a

longer median survival but more of them were SCT

candidates.

P-162

Transient elastography (FibroScan1) for

non-invasive assessment of liver

amyloidosis
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A. Jaccard1, A. Cypierre2, A. Rousseau3,

F. Yagoubi1, J. Abraham1, A. Lefebvre2, &

V. Loustaud-Ratti2

1Service d’Hématologie, Centre National de Référence

Amylose AL, CHU, Limoges, France, 2Service de

Médecine Interne, Fédération Hépatologie, CHU,

Limoges, France, and 3Service de Pharmacologie, CHU,

Limoges, France

Liver involvement is frequent in AL amyloidosis

patients, found in 70% of cases in autopsy series.

FibroScan, a non-invasive method for measuring

liver stiffness, is used to measure liver fibrosis in

patients with viral hepatitis. We postulated that

amyloid liver deposition in AL could enhance liver

stiffness and could be detect by FibroScan. Forty-

one consecutive AL patients with systemic disease:

17 with liver AL, 23 cardiac AL, and 13 no liver or

cardiac involvement according to the consensus

criteria and 76 controls: 16 healthy controls, 10

patients with multiple myeloma and 50 consecutive

patients infected with HCV were analysed. Liver

stiffness was interpretable in 32 (78%) AL patients

and in 68 (89%) patients of the control group. The

Mann–Whitney test with Bonferroni correction for

multiple comparisons was used to compare the

interpretable liver stiffness values between the

groups. The liver stiffness was not statistically

different between the healthy (median 4.6, 2.8 to

6.5) and the myeloma controls (median 5.4, 3.3 to

11.9) and both were considered as the negative

control group. The negative control group had a liver

stiffness significantly different from the HCV group

(median 6.8, 2.9 to 69.1, p5 0.001), but not from

the AL group without liver or cardiac involvement

(median 6.1, 4.2–17.5, p¼ 0.25). The liver stiffness

of AL patients with liver (with or without cardiac)

involvement, was significantly higher (median 27.4,

10.3 to 75) than the one of the negative control

group (p5 0.001), or the HCV group (p¼ 0.001),

and the AL group without liver or cardiac involve-

ment (p¼ 0.001). The relationship between AL liver

involvement and the liver stiffness value was tested

using ROC curve analysis with an optimal cut-off

value of 9.8 KPa, a sensitivity of 100% (95%CI 71.5–

100.0), a specificity of 75.6% (95%CI 64.6–84.7)

and a ROC AUC of 0.92 (p¼ 0.0001). In order to

favour specificity for the diagnosis of AL liver

involvement in non specific clinical situations, we

chose the cut-off value of 17.5 kPa (specificity

94.87%, sensitivity 63.64%). FibroScan is a useful

non-invasive tool which may suggest that a pt with

undefined signs (enlarged liver, asymptomatic

cholestasis, isolated monoclonal gammopathy) has

liver amyloidosis and may help to define liver

involvement in patients with proven amyloidosis,

especially when liver stiffness reaches the cut-off

value of 17.5 kPa.

P-163

Interphase and cytoplasmic-Ig FISH in 45

patients with primary amyloidosis (AL): which

technique is the most effective in revealing

chromosomal lesions?

P. Bernasconi1, C. Calvello1, I. Dambruoso1,

M. Boni1, V. Perfetti2, G. Palladini3, A. Foli3,

L. Obici3, & G. Merlini3

1Hematology Division, 2Oncology Unit, and
3Department of Biochemistry, Amyloidosis Research and

Treatment Center, Fondazione IRCCS Policlinico San

Matteo and University of Pavia, Pavia, Italy

In AL amyloidosis FISH studies, performed with

centromeric and IgH specific probes on plasma cells

(PC), either immuno-selected (iFISH) or recognised

by cytoplasmic staining of IgH (cIg-FISH), suggested

that AL amyloidosis and MGUS share common

pathways of karyotype instability. We compared the

results achieved by iFISH and cIgH-FISH and

evaluated clinical and prognostic implications in 45

newly diagnosed patients with AL amyloidosis.

PCs were isolated from marrow cell suspensions by

using anti CD138 immunobeads and an auto-

magnetic-activated cell sorter separation system or

recognised by immunostaining with anti-human k or

l light chain monoclonal antibodies. We performed

iFISH and cIg-FISH with the FGFR3/IGH, the

CCND1/IGH, the LSI D13S319/LSI 13q34, the LSI

ATM/CEP11, the LSI p53/CEP17 probes and with

the ON MM 1q21/8p21.1 and the 4q21 tricolour

probes.

At least one chromosomal lesion was detected by

iFISH and cIg-FISH in 80% and 73% of patients,

respectively (both techniques could not be carried

out in three patients due to insufficient PC). The

incidence of chromosomal defects as well as the

percentage of positive cells on iFISH and cIg-FISH

investigations were almost identical. Among the 39

patients with an abnormal FISH pattern, t(11,14)

was the most common defect (47%) and the only

IgH translocation. The 13q14 deletion was observed

in 39%, the 1q21 amplification in 36% and the

CCND1 amplification in 28%. In four patients both

the CCND1/IgH and the FGFR3/IgH probes

revealed a rearrangement of the IgH locus without

the involvement of the CCND1 or the FGFR3 loci

and a further investigation with the IgH/MAF probe

excluded a possible t(14,16) suggesting that the IgH

locus was rearranged with an unknown and uncom-

mon chromosomal partner, as observed in multiple
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myeloma. No patient lost the p53 gene. The t(11,14)

translocation did not correlate with clinical presenta-

tion or survival, whereas amplification of CCND1

was significantly associated with cardiac involve-

ment. The 13q14 deletion and 1q21 amplification

were more often revealed in patients with a high

marrow PC percentage.

Deregulation of CCND1 might be relevant in the

pathogenesis of AL amyloidosis and strengthen the

suggestion that 13q deletions and 1q21 amplifications

might be late events. Our series does not confirm the

prognostic relevance of the t(11,14) translocation but

reveals a significant association between cardiac

involvement and CCND1 amplification.

P-164

Clinical features and treatment response of AL

amyloidosis diagnosed in patients with

myeloma

S. Madan1, A. Dispenzieri1, M. Lacy1, F. Buadi1,

S. Hayman1, K. Detweiler-Short1, S. Zeldenrust1,

D. Dingli1, P. Greipp1, S. Russell1, J. Lust1,

R. Kyle2, S. V. Rajkumar1, M. Gertz1, & S. Kumar1

1Department of Hematology, 2Department of Laboratory

Medicine and Pathology, Mayo Clinic, Rochester,

Minnesota, USA

To identify and assess the clinical features and

treatment response of light chain (AL) amyloidosis

diagnosed in patients with previous diagnosis (dx) of

multiple myeloma (MM). From among 4319 MM

patients seen at our institution between January 1990

and December 2008, we identified 47 patients in

whom a histologic dx of AL followed the dx of MM

by at least 6 months. Treatment response (organ and

haematologic) for AL, and MM treatment response

were assessed per conventional criteria.

The median age at dx of MM and AL was 63 years

(range, 42–82) and 68 years (range, 45–86), respec-

tively; 29 (62%) were males. The median time to AL

dx after MM dx was 42 months (range, 8–134). The

median OS from dx of MM and AL was 68.5 months

and 9.1 months, respectively; and 41 (87%) patients

have died. At AL dx, 36 developed typical features,

3 had atypical features and 8 had an incidental

finding of AL. Cumulatively, AL was diagnosed by

biopsy of: bone marrow (24; 51%), subcutaneous fat

aspirate (19; 40%), organ (12; 26%) and carpal

tunnel tissue (6; 13%). None, 1, 2 and �3 organ

involvement was seen in 5 (11%), 29 (62%), 9 (19%)

and 2 (4%) patients, respectively. The haematologic

status of MM at AL dx included SD (22; 47%),

progression (12; 26%), PR (3; 6%), VGPR (3; 6%).

The subsequent haematologic and organ response

did not differ significantly among those who had a

treatment started or changed compared to the rest.

The best haematologic response to any treatment

after AL diagnosis was: SD (18; 38%), PR (4; 9%),

VGPR (6; 13%), CR (1), and progression (1).The

best organ response (excluding patients with carpal

tunnel surgery) to treatment(s) (21; 41%) was:

progression (13; 27%), stable (5; 11%) and organ

improvement (3; 6%). More patients with an

improved (2/3) and stable (2/4) organ response had

hematologic PR or better than those with progression

(0/13) of organ disease. The median OS for patients

with and without haematologic response (PR or

better) was 46 and 4.7 months (p¼ 0.005), respec-

tively (Figure 1). The median OS for pts with and

without cardiac involvement was 4.3 and 13 months

(p¼ 0.03), respectively (Figure 2). Of the six patients

Figure 2.

Figure 1.
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still alive, two had PBSCT after the dx of AL, and

none had cardiac or 41 organ involvement. Delayed

onset of AL can be rarely seen in MM patients and

requires a high index of suspicion for prompt dx.

Outcome of these pts is poor, especially in the

absence of haematologic response.

P-165

Approach to diagnosis in systemic amyloidosis:

initial findings and time from symptoms onset

to diagnosis

M. Di Girolamo1, D. Monn1, M. R. Pirro1, &

M. Nowakowski2

1Department of Internal Medicine, Fatebenefratelli

Hospital – AFaR, Isola Tiberina, Rome, Italy and
2Department of Internal Medicine, ‘S. Giovanni di Dio’

General Hospital, Melfi, Italy

Background: Early diagnosis in systemic amyloi-

dosis is difficult. There are many causes: variability

of findings, onset of the symptoms deceitful and

slow, organ involvement often silent in progress,

differences in amyloid fibrils. In amyloidosis AL, the

tissue damage is caused by the deposits of light

chains of Ig in insoluble fibrils. Transthyretin (TTR)

amyloidosis (or hereditary form) instead results in

self-aggregation into amyloid fibrils of the TTR for

mutation in the gene coding.

Materials and Methods: We investigate (1998–

2008 period) the onset events, the organ involvement

and the diagnostic procedures in 63 patients (median

age at the onset 58.4 years) – 46 patients, AL (29

males and 17 females) and 17 patients TTR (11

males and 6 females) – and calculate the delay time

from onset to diagnosis.

Results: The AL group presented more frequently

renal (77%) and cardiac (71%) involvement, while

the TTR group presented more involvement of the

nervous system (82%) and the heart (64%). The

initial clinical findings in the AL group were often

oedema and proteinuria (72%), while in TTR group

peripheric neuropathy (75%) was prevalent; these

factors were very important for the disease identifica-

tion and the prognosis, especially if the diagnosis is

delayed. In both the groups the time from the clinical

onset to diagnosis is frequently 41.5 years (2–96

months in AL; 4–119 months in TTR) with

inevitable disease progression.

Conclusions: Nephrotic onset events, performing

renal biopsy, make the diagnosis of AL amyloidoses

easier and more timely. The TTR amyloidoses are

recognised later because the onset is deceitful and

the symptoms are often incorrectly related to other

diseases. Increasing medical alertness of the natural

history of the systemic amyloidoses could reduce the

time to achieve the diagnosis and therapeutic

decisions, and also to improve prognosis. Moreover,

it would determine a more effectiveness and an

advantage for the patients with evidently favourable

consequences also on sanitary economy.

P-166

Severe intrahepatic cholestasis in systemic AL

amyloidosis: early reversal after bortezomib

therapy

N. Paudice, S. Farsetti, L. Caroti, G. Ciuti,

A.Tempestini, F. Perfetto, & F. Bergesio

Nephrology Unit, Azienda Ospedaliero-Universitaria di

Careggi, Firenze, Italy

Liver involvement is reported in AL amyloidosis but

is not very common. Usually patients present with a

moderate increase in gGT and alkaline phosphatase.

We report on a case of a 50-year-old female admitted

for acute abdominal pain. The patient underwent

immediate laparotomy with no other findings than

abundant chylous peritoneal effusion. Soon after the

patient developed nephrotic proteinuria with rapidly

progressive renal failure and moderate anaemia.

Laboratory tests showed a mild BJ proteinuria

(28 mg/24 h) with a negative serum IFX and a mild

increase of ë free light chains (FLC). Twenty days

later, the patient progressed to end stage renal

disease with a full blown anasarcatic picture which

made it necessary to start a dialysis therapy. The

patient was then diagnosed to have myeloma (30%

plasma cells) with AL amyloidosis. An echocardio-

graphy showed initial signs of myocardial infiltration

with moderate diastolic dysfunction suggestive for

amyloid cardiomyopathy. The patient was then

started on bortezomib (B) 1.3 mg/m2 plus dexa-

methasone 40 mg during days 1, 4, 8 and 11 and

discharged on regular dialysis treatment. Ten days

later, she was again admitted to the hospital for a new

episode of abdominal pain and jaundice (total/direct

bilirubin¼ 11/8 mg/dl). A computed tomography

scan and nuclear magnetic resonance ruled out all

secondary causes of cholangitis including neoplasms.

Acute intrahepatic cholestasis due to amyloid

deposition was then hypothesised. A second cycle

of B was then started. Liver function tests rapidly

improved and intrahepatic cholestasis was almost

completely over after 30 days. The patient felt better

and two other cycles were planned. After four cycles

of B, blood tests showed a complete haematological

response with full reversal of cholestasis. Kidney

function did not recover and the patient remained on

regular dialysis treatment. No adverse events were
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observed during bortezomib therapy. After 6 months

from diagnosis and 3 months from the last cycle of B,

the patient is fairly well with no signs or symptoms of

disease activity. IFX is negative and FLC values are

within normal limits. This case points out that

gravity of clinical picture does not necessarily go

alongside with serum and/or urine levels of mono-

clonal component. Bortezomib was well tolerated

and the response to therapy proved to be quick and

highly effective.

P-167

Amyloidosis presenting with Fabry disease

P. Tansinda1,2, L. Manenti2, M. Gregorini2,

M. Foroni2, & S. Pasquali2

1Aintree University Hospitals, Liverpool, UK and
2Arcispedale Santa Maria Nuova, Reggio Emilia, Italy

Amyloid A (AA) amyloidosis or secondary amyloi-

dosis is a complication of chronic inflammatory

diseases characterised by extracellular deposition of

amyloid fibrils. These are insoluble proteolytic

fragments of serum amyloid A (SAA). More than

95% of patients with AA amyloidosis have kidney

involvement. Progression of renal disease is often

associated with severe nephrotic syndrome and end

stage kidney disease (ESKD) is found in 10% of

patients at time of diagnosis.

A 69-year-old lady was referred to us for renal

failure. She had been suffering from rheumatoid

arthritis (RA) and had undergone treatment with

steroid, methotrexate then anti-tumour necrosis

factor Etanercept. She soon noticed mild pedal

oedema erroneously thought to be secondary to

amlodipine medication. On referral to our unit, she

was fluid-overloaded with pitting oedema above knee

level, lung crackles and oliguric. Haemodialysis

(HD) was started.

Renal biopsy revealed 16 glomeruli, 1 was totally

sclerotic and all others had mesangium expansion

positive to Congo red staining and green birefrin-

gence with the use of polarised microscopy. Same

findings were seen in the interstitium, basal mem-

branes of some tubules. Mild intimal fibrosis was

also seen. Electronic microscopy revealed lipidic

inclusions of epithelial and podocyte cytoplasm

(Zebra bodies). Similar findings were found in the

cytoplasm of tubular endothelial and epithelial cells.

Heterozygote Fabry disease was confirmed by

molecular studies using DHPLC technique and

direct nucleotidic sequence of GLA gene. She was

started with agalsidase therapy.

We present the case of two difficult-to-treat

disorders. AA amyloidosis is associated to chronic

inflammation which often leads to ESKD. Fabry

disease on the other hand is a rare X-linked recessive

metabolic disorder resulting from deficient activity of

the lysosomial enzyme alpha-galactosidase. This

causes deposition of glycosphingolipids in various

tissues. Proteinuria usually occurs in the fourth

decade of life leading to ESKD. In long-term

follow-up patients with RA confirmed as being

SAA 1.3, serial examinations with abdominal fat

aspiration biopsy might contribute to early detection

of AA. Genetic studies are on-going to enable a

better understanding and correlation between both

diseases.

P-168

Clues to diagnosis of AL-amyloidosis: two cases

H. Akar1, O. Cengiz1, H. Yuceturk1, H. Akdam1,

I. Meteoglu2, Y. Yavasoglu1, D. F. Kacar2,

G. Kadikoylu1, Y. Yenicerioglu1, & Z. Bolaman1

1Department of Internal Medicine and 2Department of

Pathology, Adnan Menderes University Medical School,

Aydin, Turkey

Diagnosis of AL-amylodosis rests upon serum and

urine immunofixation electrophoresis (SIFE and

UIFE) and bone marrow immunohistochemistry

along with tissue biopsy of amyloidosis. Two cases

of AL amyloidosis are presented here. A 53-year-old

man was hospitalised for the evaluation of high-

serum creatinine. He complained of a pain with the

palpation of the ribs. Laboratory values revealed the

following: urea 90 mg/dl, creatinine 3.5 mg/dl,

albumin 3.6 g/dl, globulin 2.2 g/dl, erythrocyte

sedimentation rate (ESR) 100 mm/h, 24-h urinalysis

revealed 6 g proteinuria. Ultrasonography demon-

strated grade 2 echogenic kidneys with an increased

size. Plain craniography revealed lytic lesions. A

peripheral smear was remarkable for rouleaux

formation. SIFE revealed IgA, lambda paraproteine-

mia. Serum lambda light chain (LC) concentration

was 279 mg/dl and serum kappa/lambda was 0.32.

Urine lambda LC concentration was 241 mg/dl.

Bone marrow aspirate revealed increased percentage

of plasma cells (58%). Renal biopsy revealed

AL-amyloidosis. A 51-year-old man was hospitalised

for the evaluation of high-serum creatinine and

proteinuria. The physical examination demonstrated

bilateral 2þ lower extremity oedema and periorbital

purpuric lesions. Laboratory values revealed the

following: urea 74 mg/dl, creatinine 2 mg/dl, albu-

min 2.6 g/dl, globulin 1.5 g/dl, ESR 89 mm/h, 24-h

urinalysis revealed 6.3 g proteinuria. Ultrasonogra-

phy demonstrated grade 2 echogenic kidneys with

normal size. Chest X-ray demonstrated bilateral
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pleural effusion. Echocardiography revealed mild

pericardial effusion and concentric hypertrophy in

the left ventricular myocardium. Renal biopsy

revealed AL amyloidosis staining positively with

lambda. Bone marrow aspirate revealed increased

percentage of plasma cells (55%). AL amyloidosis

should be considered in the differential diagnosis for

the patients presenting with renal failure and

proteinuria of unknown aetiology and one or more

of the following: pain on the ribs, periorbital purpuric

lesions, pleural effusion, lytic bone lesions, anaemia

and high ESR.

P-169

Do the immune modulatory drugs (IMiDs1)

affect levels of troponin T (TnT) and N-

terminal brain naturietic peptide (NTproBNP)

in patients with immunoglobulin light chain

amyloidosis (AL)?

A. Dispenzieri1, S. K. Kumar1, M. Q. Lacy1,

R. A. Kyle2, N. Leung3, S. R. Zeldenrust1,

S. R. Hayman1, F. Buadi1, P. R. Greipp1,

S. R. Russell1, K. Detweiler-Short1, D. Dingli1,

J. A. Lust1, S. V. Rajkumar1, & M. A. Gertz1

1Department of Hematology, 2Department of Laboratory

Medicine and Pathology, and 3Department of

Nephrology and Hypertension, Mayo Clinic, Rochester,

Minnesota, USA

Among patients (pts) with AL, treatment (Rx)

emergent events are often difficult to dissect from

those due to underlying disease. We have observed

that pts with cardiac AL occasionally worsen

clinically when treated with IMiD and have therefore

explored trends in serum cardiac biomarkers among

such pts.

From October 2004 to November 2009, 78 pts

with AL were treated at Mayo Clinic Rochester on 1

of 3 IRB approved IMiD containing Rx trials (seven

enrolled on two trials consecutively): lenalidomideþ
dexamethasone (RD), 38; cyclophosphamideþRD

(CRD), 26; and pomalidomideþ dexamethasone

(Pd), 21. Analyses focused on trends of and

correlations between TnT, NTproBNP, FLC and

creatinine. A change of TnT was any measurable

change from baseline. Changes in NTproBNP were

defined as 30% from baseline (but at least 200 pg/l).

Serum immunoglobulin-free light chain (FLC)

changes were according to published criteria.

Baseline TnT, NTproBNP, creatinine, FLC and

cardiac stage were similar among three trials. Median

All RD CRd Pd

N with baseline measurement 85 38 26 21

Off study before second

measurement, n (%)

12 (14) 8 (21) 2 (7.7) 2 (9.5)

Months to study* 8.9 (0.1–234) 9.4 (0.4–234) 1.8 (0.1–129) 45.8 (4.2–106)

Months on study 5.6 (0.2–61.5) 4.9 (0.2–61.5) 10.8 (0.9–24.1) 5.6 (0.2–12.7)

All patients [n], value

BL TnT, mcg/l [77] 0.02 (0.01–0.55) [36] 0.03 (0.01–0.55) [24] 0.04 (0.01–0.22) [17] 0.01 (0.01–0.12)

BL NT-proBNP, pg/l [73] 1829 (69–42844) [35] 2969 (103–42844) [21] 1349 (69–15675) [17] 1449 (88–36498)

Baseline Cr, mg/dl [81] 1.2 (0.5–2.9) [38] 1.3 (0.7–2.9) [26] 1.2 (0.5–2.8) [17] 1.0 (0.7–2.4)

Baseline FLC, mg/dl [62] 26 (6.0–259) [26] 31 (8.4–259) [22] 25 (10–182) [14] 31 (6.0–80)

Stage I/II/III [N], n, (%) [73] 11/32/30 (15/32/30) [35] 5/14/16 (14/40/46) [21] 4/7/10 (19/33/48) [17] 2/11/4 (12/65/24)

TnT measurements, n 228 91 72 65

NT-proBNP measurements, n 221 88 68 65

Patients with more than one cycle Rx[N], value

BL TnT, mcg/l [66] 0.01 (0.01–0.22) [28] 0.02 (0.01–0.17) [22] 0.015 (0.01–0.22) [16] 0.01 (0.01–0.12)

BL NT-proBNP, pg/l [62] 1434 (69–30930) [27] 1683 (103–11761) [19] 1292 (69–13762) [16] 1019 (88–30930)

Baseline Cr, mg/dl [69] 1.1 (0.5–2.9) [30] 1.3 (0.7–2.9) [24] 1.2 (0.5–26) [15] 0.9 (0.7–2.4)

Baseline FLC, mg/dl [62] 26 (6.0–259) [26] 31 (8.4–259) [22] 25 (10–182) [14] 31 (6.0–80)

Stage I/II/III [n], n, (%) [62] 11/29/22 (18/47/35) [27] 5/11/11 (18/41/41) [19] 4/7/8 (21/37/42) [16] 2/11/3 (12/69/19)

TnT measurements, n 217 83 70 64

NT-proBNP measurements, n 210 80 66 64

TnT trend up, stable,

down, n (%)**

29/22/4 (53/40/7) 14 /9/0 (61/39/0) 10/5/2 (59/29/12) 5/8/2 (33/53/13)

NT-proBNP trend up, stable,

down, n (%)**

35/9/4 (73/19/8) 14/4 /2 (70/20/10) 10/3/0 (77/23/0) 11/2/2 (73/13/13)

FLC trend up, stable,

down, n (%)**

4/22/31 (7/39/54) 2/11/11 (8/46/46) 0/6/14 (0/30/70) 2/5/6 (15/39/46)

p50.0001; **p¼not significant across studies.

178 Abstracts

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



time on Rx for all participants was 5.6 months and

was not significantly different among the trials.

Fourteen per cent of pts went off study before their

second cycle evaluation, and these pts had higher

TnT and NTproBNP values than those remaining

on study (p5 0.002). The best cut points to predict

for withdrawal during cycle 1 was TnT GTE 0.03

mcg/l or NTproBNP GTE 11,939 pg/L. Not all pts

had values available at each cycle. Of 55 pts with

serial TnT measurements, TnT improved in 4, was

stable in 22, and worsened in 29 during the course of

therapy. Of 48 pts with serial NTproBNP,

NTproBNP improved in 4, was stable in 9, and

worsened in 35. In contrast, among those 55 pts with

informative serial FLC, FLC improved in 31, was

stable in 22, and worsened in 4. Of 24 patients with

FLC improvement and assessable NTproBNP, 3

improved, 4 were stable and 17 worsened. Of 26

patients with FLC improvement and assessable TnT,

4 improved, 12 were stable and 10 worsened. Of 3

patients with FLC worsening and assessable

NTproBNP, 1 improved and 2 worsened. Of 4

patients with FLC improvement and assessable TnT,

2 were stable and 2 worsened.

The lack of correlation of NTproBNP or TnT

with FLC response could reflect either: NTproBNP

response is not valid for patients treated with IMiDs;

or IMiDs may be toxic to myocardium for some AL

patients. Larger prospective studies will be required

to clarify this point.

P-170

Rise in serum NT pro-BNP associated with

chemotherapy in patients with AL amyloidosis:

implications for organ response assessment

S.D.J. Gibbs, P. T. Sattianayagam, C. J. Whelan,

M. De Cruz, J. M. Abreu, J. H. Pinney, B. Pawarova,

N. L. Wassef, T. Lane, H. J. Lachmann,

J. D. Gillmore, P. N. Hawkins, & A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

Royal Free Campus, London, UK

NTpro-BNP is a biomarker that provides informa-

tion in AL amyloidosis on cardiac involvement and

prognosis as well as response to chemotherapy. We

report the new finding that NTpro-BNP often rises

transiently in association with chemotherapy, which

thus has the potential to confound clinical inter-

pretation. We studied NTpro-BNP concentration

along with renal and cardiac function at 0, 6 and 12

months post-chemotherapy in patients with AL with

creatinine clearance430 ml/min, in whom there was

a complete serum-free light chain complete response

(FLC CR) following treatment with either oral

cyclophosphamide, thalidomide and dexamethasone

(CTD) or oral melphalan and dexamethasone (Mel–

Dex). Fifty-six complete responders were identified

and studied. CTD was administered to 41 and Mel–

Dex to 15. A rise in NTpro-BNP at 6 months

occurred in 40 patients, representing more than two-

thirds of those in each treatment group. Median NT

pro-BNP rose from a baseline of 105 pmol/l to

151 pmol/l at 6 months, and decreased to 81 pmol/l

at 12 months. The rise may have been due to a

425% decline in renal function in 10 patients. Rises

in NTpro-BNP of 430% and 436 pmol/l above

baseline, i.e. by an amount that has been associated

with poor prognosis, occurred in 21 patients without

any decline in renal function. Fourteen patients had

an 4100% rise in NTpro-BNP, but only one had

evidence of progressive cardiac disease clinically and/

or on echocardiographic measurement of ventricular

wall thickness, systolic or diastolic function including

sensitive measurements of Doppler TSI s wave.

NTpro-BNP measurements were available at 12

months in 36/40 patients in whom there had been a

rise at 6 months, revealing a decrease in 34/36 (94%)

cases. This decrease was 430% and 436 pmol/l in

27/36 (75%) patients. In conclusion, NTpro-BNP

concentration rises during the first 6 months in most

AL patients who achieve a complete response to

chemotherapy and then subsequently falls in the

majority. This phenomenon occurs independently of

changes in renal function. In more than one-third of

cases there is a transient rise of NT pro-BNP by an

amount that has elsewhere been associated with a

poor prognosis, but a larger analysis will be required

to determine whether this translates into a survival

disadvantage in this setting. NTpro-BNP measure-

ments must be interpreted with due caution in the

early months following chemotherapy.

P-171

Serum immunoglobulin free light chain in AL

amyloidosis: prognostic value and correlations

with clinical features

S. Kumar1, A. Dispenzieri1, R. Clark1, D. Larson2,

C. Colby1, S. Zeldenrust1, M. Lacy1, S. Hayman1,

F. Buadi1, N. Leung1, M. Ramirez-Alvarado3,

R. A. Kyle4, J. A. Katzmann4, S. V. Rajkumar1, &

M. A. Gertz1

1Department of Hematology, 2Division of Biomedical

Statistics and Informatics, 3Department of Biochemistry

and Molecular Biology, and 4Department of Laboratory

Medicine and Pathology, Mayo Clinic, Rochester,

Minnesota, USA
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Immunoglobulin free light chains (FLCs) form the

substrate for amyloid fibrils in AL amyloidosis.

Development of FLC assay (Freelite) has allowed

us to better assess the plasma cell burden in patients

with AL amyloid. The relationship of the light chain

types and their levels in serum to the clinical feature

at presentation and the eventual outcome has not

been systematically studied. We identified 730

patients (pts) with biopsy-proven AL amyloidosis,

who were treated at Mayo Clinic between January

1980 and July 2006, within 90 days of diagnosis and

in whom FLC levels were performed or had stored

serum available for analysis. Clinical data and follow

up status, prospectively collected into a database,

were used for the study. The median age was 63 years

(range 32–90) and 63% were males. The plasma cell

clone was lambda in 528 (72%) pts. The median

absolute difference between the FLCs (FLC-diff)

was 19.6 mg/dl for the entire group (range 0.01–

2478), 29.4 mg/dl (range 0.01–1359) for kappa pts

and 18.2 mg/dl (range 0.03–2478) for lambda pts.

Kappa AL was associated with more involvement of

the gastrointestinal tract and liver as indicated by

higher alkaline phosphatase (1.8 vs. 1.3 fold;

p¼ 0.03), higher total bilirubin (0.95 vs. 0.78 mg/

dl, p¼ 0.04) and lower serum carotene (119 vs.

155 mg/dl; p¼ 0.0002). On the contrary, renal

involvement was more in the lambda AL with the

24 h urinary albumin higher in the lambda AL (2.4 g

vs. 1.4 g; p5 0.001) and lower serum albumin (2.77

vs. 2.97 mg/dl; p¼ 0.001). While there was no

difference in the overall survival (OS) between the

kappa and lambda AL, the median OS for those

without a heavy chain was significantly shorter (12.6

vs. 29.9 months; p¼ 0.01). Among the 202 kappa

AL pts, the median OS for those with a high FLC-

diff (429.4 mg/dl) was 13 vs. 48.8 months for

those with low difference (p¼ 0.001). Similarly

among the 528 pts with lambda AL, pts with high

FLC-diff (418.2 mg/dl) had a median OS of 9.3

vs. 33 months for those with low FLC-diff

(p5 0.001). The type of FLC impacts the spectrum

of organ involvement and the FLC burden corre-

lates with the degree of organ involvement, and is a

significant predictor of OS in AL. Lambda

FLC exerts similar effect as kappa FLCs, but at

lower levels, confirming the increased ‘amyloido-

genicity’ of lambda FLC. Finally, the lack of a

chaperone heavy chain is associated with a poorer

outcome.

P-172

Modified high-dose melphalan and stem cell

transplantation for AL amyloidosis: experience

of 14 years

V. Sanchorawala, D. C. Seldin, K. Quillen,

K. T. Finn, J. M. Sloan, N. T. Andrea,

G. Doros, J. L. Berk, L. M. Dember, A. Segal,

F. L. Ruberg, H. Meier-Ewert, J. Weisman, &

M. Skinner

Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA

Treatment of AL amyloidosis (AL) with high-dose

melphalan and autologous stem cell transplant

(HDM/SCT) offers a high rate of durable complete

hematologic responses and leads to clinical responses

and improvement in survival. However, only selected

patients meet the eligibility criteria for full high-dose

melphalan at 200 mg/m2. Here we report on

haematologic responses and survival of 201 patients

with AL amyloidosis treated with modified HDM

(mHDM) at 100–140 mg/m2 with SCT from 1995

to 2009. Patients over 65 years of age or with

significant organ dysfunction, not eligible to receive

full HDM, were offered mHDM. The median age

was 62 (range, 28–80). Forty-five per cent of patients

(n¼ 91) had two or more organs involved; 19%

(n¼ 39) had only a single organ involved; 26%

(n¼ 53) had predominant cardiac involvement and

11% (n¼ 23) were on dialysis for end-stage renal

failure. Cardiac biomarker data were available on 65

patients and the mean B-type natriuretic peptide

(BOP) was 292 pg/ml (range, 7–1364) and 25

patients had BOP of 4300 pg/ml. Seventy-

six per cent (n¼ 152) received 140 mg/m2 HDM

and 24% (n¼ 49) received 100 mg/m2 HDM.

Treatment-related mortality, defined as deaths with-

in 100 days of SCT, occurred in 12% (n¼ 24/201)

and of these, 23 of the deaths occurred prior to 2005.

There were four deaths (17%, n¼ 4/24) during stem

cell infusion. Haematologic response was assessed at

1 year following mHDM/SCT. Haematologic com-

plete response (CR) was defined as the absence of

monoclonal gammopathy by serum and urine by

IFE, absence of clonal plasma cells in the bone

marrow, and normalisation of serum free light chain

concentration and ratio since 2003. CR occurred in

35% (n¼ 49) of 139 evaluable patients. Of these 49

patients, 5 (10%) have had a subsequent relapse of

their plasma cell dyscrasia at a median of 3 years

(range, 3–13). The median survival for the entire

group of 201 patients is 42 months (95% CI, 26 and

58) from the time of SCT. The median survival is 42

months for those who received 140 mg/m2 mHDM/

SCT compared to 27 months for those receiving

100 mg/m2 mHDM/SCT (p¼ 0.982). However, the

median survival is 112 months (9.3 years) for the 49

patients achieving a CR compared to 42 months for

those not achieving a CR (p5 0.001). In conclusion,

HDM/SCT administered in a risk-adapted modified

dosing regimen can also lead to durable remissions
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and prolonged survival, particularly for those patients

who achieve a haematologic CR.

P-173

Changes in serum free light chain rather than

intact monoclonal immunoglobulin levels

predict outcome with therapy in patients with

light chain amyloidosis

S. Kumar1, M. Gertz1, M. Lacy1, S. Hayman1,

F. Buadi1, S. Zeldenrust1, M. Ramirez-Alvarado2,

N. Leung3, & A. Dispenzieri1

1Department of Hematology, 2Department of

Biochemistry and Molecular Biology, and 3Department

of Nephrology and Hypertension, Mayo Clinic,

Rochester, Minnesota, USA

Light chain amyloidosis (AL) is a plasma cell

proliferative disorder characterised by multiorgan

deposition of monoclonal light chain-derived amyloid

fibrils. Given the potentially long delay in observing

organ improvement, haematological response (HR)

has been the short-term marker of treatment efficacy.

However, conventional HR criteria give priority to

intact monoclonal protein (MP) rather than free light

chain (FLC), which is the amyloidogenic protein. We

hypothesised that an FLC response will correlate

better with outcome than changes in MP levels. We

identified a cohort of 347 patients (pts) who had

undergone stem cell transplant (SCT) for AL and a

second cohort of 105 pts receiving treatment with

melphalan and dexamethasone (M-Dex), in whom

serial tests results were available. We identified the

lowest value for MP and for the difference between

involved and uninvolved FLC (FLC-diff) following

therapy. Cox proportional hazards model was used

for multivariable analysis of factors influencing over-

all survival (OS). Receiver operating characteristic

(ROC) analysis was used to find optimal cutoffs for

MP and FLC-diff changes. We first examined the

impact of FLC reduction and MP reduction in a

multivariable analysis using OS as endpoint. For all

patients, FLC reduction, but not MP reduction

significantly impacted outcome, and results were

similar when considering patients with MP4 1.0 g/dl

and FLC-diff47.5 mg/dl at baseline. Reduction in

FLC-diff remained a better predictor of survival when

examined as a continuous variable or using a conven-

tional cutoff of 50% reduction. The best cutoff for

reduction in FLC-diff to predict OS at 5 years from

SCT was 90%. Among those with a baseline FLC-

diff4 7.5 mg/dl (n¼ 125), the overall survival was 35

months from SCT for those with less than 90%

decrease in FLC-diff (45 pts) compared to not reached

for those with at least 90% decrease (80 pts);

p5 0.001. Results were similar for the Mel-Dex group

as well. Serum FLC difference (involved–uninvolved

FLC) should be the primary marker for following

haematological response. More patients are evaluable

for response using FLC compared to serum protein

electrophoresis (SPEP) and FLC better predicts out-

come (survival) compared to M-spike by SPEP. A 90%

reduction in FLC best predicts outcome and should be

part of the response criteria akin to the very good partial

response (VGPR) in multiple myeloma.

P-174

The variability of serum protein electrophoresis

(SPEP) M-spike, serum free light chain (FLC)

quantitation and urinary protein

electrophoresis (UPEP) M-spike in monoclonal

gammopathies

J. A. Katzmann1, M. R. Snyder1, D. R. Larson2,

S. V. Rajkumar3, R. A. Kyle1, & A. Dispenzieri3

1Department of Laboratory Medicine and Pathology,
2Division of Biomedical Statistics and Informatics, and
3Department of Hematology, Mayo Clinic, Rochester,

Minnesota, USA

We have reviewed serial samples in clinically stable

patients to assess the total variability (analytic and

biologic) of SPEP M-spikes, serum free light chain

(FLC) quantitation and UPEP M-spikes in order to

evaluate recommendations for monitoring monoclo-

nal gammopathies. Patients were identified by the

availability of all the three test results (SPEP, UPEP

and FLC) in at least four serial samples that were

obtained 9 months to 5 years apart and whose serum

M-spikes were41 g/dl, urine M-spikes4200 mg/

24 h, or clonal FLC410 mg/dl; a subgroup of stable

patients was identified by no change in diagnosis plus

restricted laboratory test variability (serum M-spike

51 g/dl variability from the baseline, urine M-spike

550% variability from the baseline, or FLC 550%

variability from baseline). The coefficient of varia-

bility (CV) was determined for each methodology in

each patient, and the average CVs were determined.

The SPEP CV was derived from patients defined as

stable by restricted UPEP and serum FLC, the

UPEP CV was from patients defined as stable by

restricted SPEP and FLC, and the FLC CV was

from patients defined as stable by restricted SPEP or

UPEP. The CVs for serial SPEP M-spikes, serum

FLC and UPEP M-spikes were 12.9%, 32.1%, and

40.9%, respectively. The interassay analytic CV for

replicate control samples is 6–8% for SPEP

M-spikes, 6–7% for FLC quantitation and 5–7%

for urine M-spikes. The large CV for patients’ serum

FLC and UPEP M-spike must therefore reflect

biologic variability in FLC synthesis or renal

clearance. A review of each patient’s serial data
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indicates that changes in the urine M-spike and

serum FLC most often paralleled each other rather

changing in opposite directions suggesting that the

variability may be influenced more by synthesis than

by clearance of FLC. The variability of the serum

M-spike, serum FLC and urine M-spike measure-

ments confirm some of the IMWG recommenda-

tions for patient monitoring. If a patient has a

measurable M-spike41 g/dl, then the serum

M-spike should be used for disease monitoring. If

there is no measurable SPEP M-spike, then the

UPEP M-spike and serum FLC may provide

comparable assessments.

P-175

A novel prognostic staging system for light

chain amyloidosis (AL)

S. Kumar1, A. Dispenzieri1, M. Lacy1, S. Hayman1,

F. Buadi1, S. Zeldenrust1, N. Leung2,

M. Ramirez-Alvarado3, R. A. Kyle4,

S. V. Rajkumar1, & M. Gertz1

1Department of Hematology, 2Department of Nephrology

and Hypertension, 3Department of Biochemistry and

Molecular Biology, and 4Department of Laboratory

Medicine and Pathology, Mayo Clinic College of

Medicine, Rochester, Minnesota, USA

Primary systemic amyloidosis (AL) is characterised

by deposition of light chain-derived amyloid. Cardiac

involvement is a common feature of AL, and when

significant, is highly predictive of poor outcome.

The currently used prognostic classification is based

on cardiac biomarkers troponin-T (cTnT) and

N-terminal pro B-type Natriuretic peptide

(NT-ProBNP). However, this is driven primarily by

severity of cardiac involvement and does not take

into account the impact of plasma cell burden on the

disease course. We examined the baseline clinical

and laboratory data from 2119 patients with AL,

seen at our institution with in 90 days of diagnosis.

Cox proportional hazards analysis was performed to

estimate the prognostic values of different variables.

We first examined the impact of plasma cell clone

related characteristics namely, difference between

involved and uninvolved FLC (FLC-Diff), bone

marrow plasma cell (BMPC) %, plasma cell labelling

index (PCLI), b2 microglobulin (B2M), and the

presence of circulating plasma cells on the overall

survival (OS) from diagnosis. All variables were

dichotomised into high and low based on their

median value (FLC-diff: 20 mg/dl, BMPC: 10%,

PCLI as a continuous variable, B2M: 3 mg/dl and

circulating cells: absent or present), while all were

found to be prognostic for OS in univariate analysis;

in a multivariate analysis using a stepwise selection

only B2M and FLC-diff were significant. We then

used these two variables along with the cTnT and

NT-ProBNP that are used in the current model to

develop a staging system. The median values for all

four variables were used for developing the scores.

Patients were assigned a score of 1 for the presence of

each characteristic (FLC difference420 mg/dl,

troponin-T4 0.02, NT-ProBNP4 1000, and

B2M4 3) or 0 if the value was at or below the

cutoff. The scores were added to obtain a composite

prognostic score that grouped the 370 patients (who

had all the variables available for analysis) into five

groups with very different OS (4.4, 9.3, 24.4, 43, and

not reached for stages 4, 3, 2, 1, and 0, respectively;

see figure). Addition of plasma cell-related measure-

ments (B2M and serum FLC) to cardiac biomarkers

(cTnT and NT-ProBNP) allows better risk stratifi-

cation in AL and will allow development of risk-

adapted therapies for patients with AL.

P-176

Outcomes with high-dose therapy (HDT) and

peripheral blood (PB) stem cell transplantation

for AL amyloidosis with cardiac involvement

S. Madan, S. Kumar, A. Dispenzieri, M. Q. Lacy,

S. Hayman, F. Buadi, D. Dingli, & M. A. Gertz

Department of Hematology, Mayo Clinic, Rochester,

MN, USA

The degree of cardiac involvement is an important

predictor of outcome in light chain (AL) amyloido-

sis. Autologous peripheral blood stem cell transplan-

tation (SCT) is a commonly used and effective

treatment for AL. However, cardiac involvement due

to AL is associated with higher rates of transplant-

related mortality (TRM). Of the 382 patients (pts)

with AL who underwent SCT at our institution

between 1996 and 2008, 193 had documented

Figure 1.
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cardiac involvement. Excluding six pts who under-

went heart transplantation, 187 (49%) pts were

included. Haematologic and organ responses were

assessed using standard criteria. The median age of

pts at SCT was 57.3 years (range, 31–71); 122 (65%)

were males. The median time from AL diagnosis

(dx) to SCT was 3.6 months (range, 1–75). The

median follow up was 44 months and 39 months

from AL dx and SCT, respectively. Reduced dose

melphalan (100–160 mg/m2) was used for condition-

ing in 93 (50%) pts. One, 2 or (3 organs were

involved in 32 (17%), 105 (56%) and 50 (27%) pts,

respectively. Thirty (16%) pts had died within 100

days of SCT. Of the various factors examined, only a

low albumin pre-SCT was predictive of TRM. A

haematologic response was seen in 129 (69%) pts. A

conventional cardiac response was seen in 56 (30%)

pts. Any decrease and (30% decrease in NT-

ProBNP was seen in 58 and 45 pts, respectively.

The median overall survival (OS) was 77 months and

69 months from AL dx and SCT, respectively, and

107 (57%) pts were alive at last follow up. In

multivariate analysis, only reduced dose melphalan

was predictive of poorer outcome. The impact of

haematologic and organ response on the OS from

SCT was assessed only for pts surviving beyond 100

days (landmark analysis). The median OS for pts

with and without a haematologic response was not

reached (NR) and 22 months, respectively

(p5 0.01) and with and without a complete re-

sponse (CR) was NR and 75 months, respectively

(p5 0.01). OS with and without any decrease in

NT-ProBNP was NR and 26 months, respectively

(p5 0.01). All patients (n¼ 45) with (30% decrease

in NT-ProBNP were alive. SCT is an effective

approach in AL pts with cardiac involvement, with

haematologic and cardiac responses seen in 69% and

41% pts, respectively. Improved survival is asso-

ciated with haematologic and organ responses.

Cardiac biomarker improvement may be used as a

measure of organ improvement and correlates with

outcome.

P-177

The Florence Register of amyloidosis: 20 years’

experience in the diagnosis and treatment of the

disease in the Florence District Area

A. Cania, F. Bergesio, G. Curciarello,

F. Perfetto, A. M. Ciciani, S. Nigrelli, B. Minuti,

A. L. Caldini, S. Di Lollo, C. Nozzoli, &

M. Salvadori

Centro di Riferimento Regionale per l’Amiloidosi,

Azienda Ospedaliero-Universitaria di Careggi, Firenze,

Italy

Amyloidosis is a rare disease which usually accounts

for a poor prognosis. Early diagnosis and treatment

are the only means to improve patients’ outcome.

Little is known on actual incidence of the disease. In

order to improve the diagnosis and allow a standar-

dised therapeutic approach, we created a specific

centre in Florence with a register dedicated to the

disease 20 years ago. A local network was developed

including other hospitals in the district of Florence to

which patients could be referred. This provided us of

a wide database including 178 patients, 76 males and

102 females aged 75 years (range 50–97) of whom

118 were AL, 22 AA and 15 AF (familial cases).

Thirty-seven patients with AL were also affected by

multiple myeloma. Nine patients showed localised

amyloidosis, and in 14 the type of amyloidosis

remained unidentified. The mean annual incidence

from 2005 to 2008 was 24+ 9 cases per million

people. Heart was the most frequently involved

organ (n¼ 86) followed by the kidney (n¼ 82),

peripheral nervous system, gastrointestinal tract with

liver and soft tissues. Median survival of AL was 50

months in the overall population and 23 months in

patients with heart involvement. Renal involvement

did not show a significant influence on survival.

Patients with AA and AF showed a survival of 36 and

43 months, respectively Rheumatoid arthritis was the

most common cause of AA. Eighteen per cent of

these patients showed heart involvement which was

the final cause of death in three of them. Half

patients with AF showed a point mutation of

Ile68Leu. Treatment strategies were in agreement

with the guidelines of the Italian Society of Amyloi-

dosis. Most patients presented with a medium

clinical risk and were offered as first line therapy

either melphalan–desamethasone or bortezomib–

desamethasone if they showed an aggressive disease

and were under 60 years of age. Five patients

underwent high-dose melphalan plus stem cell

transplantation (HDT-SCT). Two patients showed

a complete haematological response with reversal of

morphological lesions. Despite the efforts made, late

diagnosis still remains the major problem. Search for

TTR mutations is highly recommended in routine

diagnosis as much as the use of free light chains

either at baseline or during follow-up in order to

evaluate the haematological response and work out

the best possible therapeutic options.

P-178

Endoscopic management of

laryngo-tracheobronchial amyloidosis:

a series of eight patients

L. Firrisi and L. de Campora
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Ospedale Fatebenefratelli Isola Tiberina, Roma, Italy

Between August 2002 and December 2009, eight

patients were treated for primary localised laryngo-

tracheobronchial amyloidosis (LTBA) at our institu-

tion. For enrolment in this retrospective study, at

least one positive biopsy with Congo red stain and a

diagnostic test battery excluding systemic or second-

ary amyloidosis were mandatory. The most common

presenting symptom was dyspnoea, which was

observed in six patients (75% of cases) and

dysphonia in three patients (37% of cases). Endo-

scopic appearance was described as submucosal

plaques and nodules with a cobblestone appearance

in 50% of patients, tumour-like in 28% and

circumferential wall thickening in 22% of cases.

Tracheobronchopatia osteochondroplastica was as-

sociated with LTBA in two patients, both at the first

treatment (one case) or during follow-up examina-

tions (one case). Synchronous or metachronous

disease in the larynx and tracheobronchial tree was

observed in five patients (62% of cases), while only

one patient showed lung involvement with extensive

amyloidosis of the trachea and bronchi. All patients

were endoscopically treated. Two of these were

affected by a tracheal amyloidoma cured by endo-

scopic debulking and further tracheal resection-

anastomosis. Another patient presented massive

laryngo-pharyngeal involvement and was therefore

treated by total laryngectomy. A total of 24 endo-

scopic procedures (range: 1–7; mean 3 per patient)

were carried out, 9 with CO2 laser (for supraglottic,

glottic and selected subglottic lesions) and 15 with

Nd:YAG laser (for the most part of subglottic lesions

and amyloid deposits located in trachea and

bronchi). Two patients required a tracheotomy and

one necessitated a T-tube stent during management,

which was subsequently removed in all cases. One

patient was lost to follow-up, three patients are

completely cured 5 years after surgery, and four are

asymptomatic with persistence of LTBA.

P-179

Renal papillary necrosis in systemic

amyloidoses

H. Hamberg1, G. T. Westermark2, E. Davey1, &

P. Westermark1

Departments of Genetics and Pathology1 and Medical

Cell Biology2, Uppsala University, Uppsala, Sweden

Renal papillary necrosis (papillitis necroticans) is a

serious condition at which compression of the ducts

of Bellini can lead to acute renal failure. A number of

conditions can be complicated by renal papillary

necrosis, particularly diabetes mellitus, pyelonephri-

tis, obstruction of the ureter and misuse of phena-

cetin. Here we describe four patients with papillitis

necroticans associated with systemic amyloidosis of

AA, AL or ATTR nature. Patient 1. A 80-year-old

woman was hospitalised due to general weakness.

She developed uremia (creatinine in serum 665

mmol/l) and died due to acute renal failure. Autopsy

revealed systemic AL-amyloidosis and chronic pye-

lonephritis. Patient 2. A 85-year-old woman with

rheumatoid arthritis for 20 years. She died due to

sepsis and uremia. Autopsy revealed senile systemic

amyloidosis with pronounced cardiac deposits.

Patient 3. A 73-year-old woman with rheumatoid

arthritis for many years and type 2 diabetes for

3 years. AA-amyloidosis was diagnosed 1 year before

death. She died due to uremia. Patient 4. A 64-year-

old man with systemic AL-amyloidosis known for 1

year. He died with a myocardial infarction. In all the

patients, there were pronounced renal amyloid

deposits particularly in the medulla. Several papillae

were necrotic and partially sloughed, leaving a

concave defect. In all the four cases, other parts of

the kidneys had less amyloid deposits and the

glomeruli were generally free. Papillitis necroticans

is a very serious condition which can lead to acute

renal failure. The condition is an infarction of the

papilla depending on compression of local arteries.

Heavy deposits of amyloid obviously constitute one

aetiological factor. It should be noted that renal

deposits in systemic amyloidosis can be confined to

the lower parts of the medulla, which are

not included in a kidney biopsy. This kind of

deposition pattern is often seen in AA-amyloidosis

in animals and renal papillary necrosis has been

observed in this disease in many species including

mouse, cheetah, tiger and dog. From our cases it is

also seen that several biochemically different forms of

amyloidosis can develop this serious complication in

human. It is most likely that the condition is under-

diagnosed.

P-180

A long-term follow-up study of three AH

amyloidosis patients

M. Yazaki, N. Katoh, D. Miyazaki, M. Matsuda,

S. Ikeda, & Y. Takenaka

Department of Neurology, Shinshu University,

Matsumoto, Japan

AH amyloidosis, resulting from the deposition of

immunoglobulin (Ig) heavy chain fragments, is

thought to be a rare disease, with only a small

number of patients thus far reported. Therefore, the
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clinical characteristics of AH amyloidosis, in parti-

cular the difference of clinical pictures from AL

amyloidosis, remains unclear. Here, we report the

long-term follow-up study of clinical courses of three

AH amyloidosis patients. Clinical pictures of three

Japanese patients with AH amyloidosis were studied.

The diagnosis of AH amyloidosis was made by

identification of Ig heavy chain sequence from

extracted amyloid fibrils. Patient 1 is a 78-year-old

female; patient 2, a 66-year-old female; patient 3, a

69-year-old man. The onset of age was 68, 61 and

66 years, respectively and the follow-up periods from

onset of the disease ranged from 4 to 10 years. Serum

M-protein was detected in all patients and bone

marrow analysis showed plasma cell dyscrasia in

patient 1, B-cell lymphoproliferative disorder in

patients 2 and 3. The most affected organ was

kidney in all patients and two patients (patients 1 and

3) started haemodialysis at age 75 and 67 years

because of progressive renal dysfunction. Patient 2

received repeated administration of rituximab but

patients 1 and 3 have not undergone any che-

motherapies or auto-PBSCT. All patients have

remained in good general condition and they have

shown no signs of cardiomyopathy, neuropathy or

gastroenteropathy. Clinical courses in all patients

have been relatively favourable except for nephro-

pathy. Involvements of other organs including the

heart, liver and peripheral and autonomic nerves,

where are frequently affected in AL amyloidosis,

were not seen. Our observation suggests that clinical

pictures of AH amyloidosis are considerably different

from those of AL amyloidosis and the prognosis of

AH amyloidosis may be relatively good, compared to

that of AL amyloidosis.

P-181

Efficacy of bortezomib (B) plus dexamethasone

(D) in a patient with AL amyloidosis resistant to

melphalan (M) and dexamethasone

A. Andriani1, N. Villivà1, S. Felici1, C. Gualandi1, &

G. Palladini2

1Hematology Department, Hospital Nuova Regina

Margherita, Rome, Italy and 2Amyloidosis Research and

Treatment Center and Department of Biochemistry,

Fondazione IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy

A 68-year-old male with normal blood test until the

end of 2006 was referred in January 2007, because of

weight loss. A liver ultrasound scan and magnetic

resonance imaging which showed liver inhomogene-

ity, alkaline phosphatase 257 U/L (upper reference

limit 126 U/L), albumin 1.6 g/dl, proteinuria

10.8 g/day, BNP 57 ng/L, creatinine 0.8 g/dl. Serum

and urine immunofixation electrophoresis showed a

biclonal gammopathy, IgGk and l free light chain

(FLC), k FLC concentration was 101 mg/L, l FLC

11.8 mg/l with 8.5 ratio. Echocardiogram showed

concentric left ventricular hypertrophy, septal thick-

ness (1.9 cm), and EF 47%. The diagnosis of AL

amyloidosis was made based on liver biopsy. The

amyloid deposits were characterised as k by im-

muno-electron microscopy. A bone marrow biopsy

showed 10% of restricted plasma cells and he began

four consecutive days/month of oral M (0.18 mg/kg

per day) and D (40 mg/day). After 4 months, there

was no response and treatment with B (1.3 mg/m2)

and D (40 mg) weekly was initiated. After six cycles,

proteinuria was 9.5 g/24 h, k FLC 18.2 mg/L, l FLC

12 mg/L with a 1.51 ratio, with a still positive

immunofixation; BNP was 130 ng/l and septal

thickness improved (1.2 cm) with 71% EF. Main-

tenance therapy with B 1 mg/m2 every 10 days was

administered. After two maintenance doses, the

patient referred severe leg paresthesia and an

electromyography showed an axonal asymmetric

sensory-motor neuropathy at lower limbs. The

patient had to discontinue B for this reason. After 3

months, a neurological improvement was seen. After

15 months from the last B dose, immunofixation was

negative and 18 months later, the patient is still in

complete haematologic remission, with persistence

of organ damage and with a complete regression of

neuropathy. In this patient refractory to MD, a

durable CR was achieved with bortezomib-based

treatment with transient and manageable toxicity.

P-182

Light chain deposition disease (LCDD): a case

series of 24 patients

S.D.J. Gibbs, J. H. Pinney, P. T. Sattianayagam,

A. D. Wechalekar, T. Lane, D. M. Rowczenio,

M. Offer, J. A. Gilbertson, T. Hunt, P. N. Hawkins,

J. D. Gillmore, & H. J. Lachmann

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

Royal Free Campus, London, UK

Light chain deposition disease (LCDD) is charac-

terised by granular deposition of monoclonal im-

munoglobulin light chains and clinical presentation

can mimic AL amyloidosis. The published descrip-

tions of the natural history and treatment of LCDD

are scanty. We report our experience at a single

centre over the last 11 years. Twenty-four patients

had a histological diagnosis of LCDD. Another six

patients with presumed LCDD were excluded from
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the analysis because electron microscopy was not

performed or unsuccessful. Males outnumbered

females, 2.4:1, and deposits were kappa class in

79% (19/24). Median age at diagnosis was 55 years

(range 36–72). Two patients had a bone marrow

plasmacytosis430%, and five patients had conco-

mitant AL amyloidosis. All patients presented with

renal involvement, and diagnosis was made on renal

biopsy in 96%. At presentation all had haematuria,

50% with nephrotic range proteinuria, and 96% had

marked hypertension. Seven patients had endstage

renal failure (ESRF) at diagnosis. There was clinical

evidence of cardiac, liver, gastrointestinal and skin

involvement in 4, 4, 3 and 1 cases, respectively. One

patient had a factor X deficiency. Chemotherapy was

administered to 96% of patients, including high-dose

steroids in 22 patients, CTD(a) in 14, ASCT in 5,

VAD in 3, Mel Dex in 3, and bortezomib/dex in 2.

Complete clonal responses (CR) were achieved in 3,

and partial responses in 9 out of 19 evaluable

patients. Median follow up was 40 months (range

1–91) with 18 patients alive at censor. Seven patients

progressed to ESRF in a median of 47 months.

Improvement in renal function was seen in five

patients, defined as improvement by a chronic

kidney disease (CKD) grade for46 months (four

patients CKD V to IV; one CKD III to II) including

two patients treated with short courses of steroids

only – all had490% reduction in light chain values.

One patient, in CR post-ASCT, had a kidney

transplant with good graft function at 10 months.

The median projected overall survival was 7.5 years.

Adverse prognostic features were heart or liver

involvement and poor response to chemotherapy.

Patients with LCDD are younger, with more kappa

light chain involvement, hypertension and haema-

turia than patients with renal AL amyloidosis.

Prolonged stabilisation or even improvement of renal

disease can be seen when clonal disease is sup-

pressed. An international registry would help deter-

mine optimal treatment and the role of renal

transplantation.

P-183

Bortezomib and high-dose melphalan with

stem cell transplantation for AL amyloidosis:

a pilot study

V. Sanchorawala, K. Quillen, J. M. Sloan,

N. T. Andrea, K. T. Finn, & D. C. Seldin

Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA

Aggressive treatment of AL amyloidosis (AL) with

high-dose melphalan and autologous stem cell

transplant (HDM/SCT) is effective in inducing

haematologic remission and clinical improvement.

Haematologic complete response (CR) with HDM/

SCT is a critical determinant of clinical improvement

and survival. Bortezomib (Bz) has been reported to

have activity in patients with AL. A synergistic effect

between Bz and melphalan has been demonstrated

in vitro and in vivo. Thus, the combination of Bz and

HDM is a logical approach to study. Because of the

importance of haematologic CR in treatment out-

come, we conducted a feasibility pilot study to

determine whether addition of Bz to HDM/SCT

would be tolerable and would increase haematologic

CR rates. Eligibility for the trial required diagnosis of

AL, and adequate performance status and cardio-

pulmonary function. Peripheral blood stem cells

were collected with G-CSF alone, and a minimum of

2.56 106 CD34þ cells/kg was required. Bz was

administered at 1 mg/m2 on D7 6, D7 3, Dþ 1,

and Dþ 4 and HDM at 140–200 mg/m2 in two

divided doses on D7 2 and D7 1. From October

2008 to November 2009, 10 patients were enrolled

(median age 55, range 46–68; median number of

involved organs 2, range 1–4; lambda clonal plasma

cell dyscrasia 8; predominant cardiac involvement 1;

median BNP 84 pg/ml, range 8–325). Of the 10

patients enrolled, 1 patient was removed from the

protocol because of cardiac arrhythmia during stem

cell collection that precluded HDM/SCT. Eight of

nine patients received 200 mg/m2 of HDM. Of the

nine patients who received Bz-HDM/SCT, there was

no treatment-related mortality and there were no

unexpected haematologic or non-haematologic toxi-

cities. The median times to neutrophil and platelet

engraftment was Dþ 10 and Dþ 14 after SCT,

respectively. Of nine patients evaluable for early

responses, normalisation of serum free light chain

levels and ratio occurred in 8 of 9 (89%) by Dþ 14

and one patient achieved a 45% reduction in serum

free light chain concentration at Dþ 14. Of the initial

four patients with longer follow-up, all have achieved

a haematologic CR at 6 and 12 months following

Bz-HDM/SCT. Follow-up is ongoing and haemato-

logic responses appear to be well-maintained. Thus,

this pilot study demonstrates that Bz-HDM/SCT

is tolerable for highly selected patients with AL

amyloidosis and leads to a high rate of haematologic

responses.

P-184

Treatment of light chain amyloidosis patients

with lenalidomide and dexamethasone after

failure of melphalan-containing

chemotherapies
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U. Hegenbart, T. Bochtler, S. Dietrich, A. D. Ho, &

S. Schönland

Amyloidosis Center, University of Heidelberg,

Heidelberg, Germany

Introduction: No standard treatment is available

for relapsed or refractory amyloid light-chain amy-

loidosis (AL). The efficacy of lenalidomide has been

proven in patients (pts) with multiple myeloma but

its role in AL is not yet defined.

Patients: Since 2006, 46 patients with AL were

treated with lenalidomide/dexamethasone (LD) at

our centre. The patient characteristics are shown in

the Table. Administration of at least six cycles was

planned. The starting dosage of L was 15 mg and

was adapted to renal function (15 mg every 48 h for

creatinine clearance 540 ml/min, 15 mg three times

a week for dialysis patients). The starting dosage of D

was 20 mg (days 1–4). Prophylaxis against infections

consisted of ciprofloxacin. The median time from

diagnosis to start of LD was 25 months.

Results: Median follow up is 13 (range 1–36

months). Twenty-five patients are alive, median

overall survival is 22 months (Figure 1). The median

number of administered LD cycles is 6 (range 1–15).

Four patients stopped therapy due to side effects after

receiving less than three cycles; two pts are still on

therapy with LD. Haematological toxicity 4NCI

grade 2 required dose reduction of L in 12 pts. Non-

haematological toxicity is shown in the Table. All

patients who developed deep vein thrombosis had

prophylaxis with ASS and additional risk factors for

thrombosis; no bleeding events 4NCI grade 1 were

observed. No further significant toxicities were

reported. Six and 17 patients achieved complete or

partial remission of the gammopathy after a median of

three LD cycles, respectively. Four of those patients

had organ response. Eight out of 22 evaluable

patients developed haematological relapse/progres-

sion at a median of 9 months after start of LD.

Conclusion: We report on 46 pts with AL treated

uniformly with dose-reduced LD. The haematologi-

cal remission rate is high (62% of 37 evaluable

patients) and survival is encouraging in these heavily

pre-treated patients with AL. Using prophylaxis

against infections and thrombosis the treatment was

feasible and not associated with undue toxicities

encountered in patients with far advanced AL.

Owing to the known increased risk for severe

bleeding, we recommend to give heparin only to

patients with previous deep vein thrombosis or

pulmonary embolism or proteinuria 48 g/day while

receiving LD. Treatment with dose-reduced LD is a

good treatment option in patients with relapse or no

response after standard therapy and might prolong

survival.

P-185

Early serum free light chain responses following

high-dose melphalan and stem cell

transplantation (HDM/SCT) for AL

amyloidosis

S. Girnius, F. Tsai, D. C. Seldin, K. Quillen,

K. T. Finn, N. T. Andrea, J. M. Sloan,

M. Skinner, & V. Sanchorawala

Amyloid Treatment and Research Program, Boston,

MA, USA

Background: In AL amyloidosis, high-dose mel-

phalan and stem cell transplantation (HDM/SCT)

Figure 1.

Table. Patient characteristics and toxicities.

Median age (range) 60 (42–74) years

Pretreatment with HDM/

conventional therapy

24 patients/

22 patients

Impaired renal function (creatinine

clearance540 ml/min) at start of LD

23 patients

9 on dialysis

Prophylaxis against thrombosis

– ASS 100 mg 42 patients

– low-weight heparin Four patients

Number of previous chemotherapy

regimens/cycles

2/5

Side Effects (NCI4grade 2) Number of

Patients (%)

– Fatigue 14 (30)

– Worsening of kidney function 9 (20) (3 patients

on dialysis)

– Infections 3 (7)

– Deep vein thrombosis 3 (7)

Causes of death during treatment

– Amyloidosis progression Eight patients

– Infection Two patients

– Not related to treatment 1 patient
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can induce remission and extend survival, but

response is assessed at 6 and 12 months. Serum free

light chain (FLC) assays can improve diagnosis of

AL amyloidosis, have prognostic significance, and

are routinely used to assess response to treatment. In

a small prospective series, we previously reported

that FLC levels 1–3 weeks after HDM/SCT correlate

with haematologic response at 1 year. This study was

performed to confirm these results on a larger scale.

Methods: A prospective analysis of patients with AL

amyloidosis treated with HDM/SCT was performed

to determine the extent to which early FLC

responses predict haematologic CR. Exclusion cri-

teria included initial normal FLCs and ratios and

chronic renal insufficiency (Cr4 1.2 mg/dl) with a

normal FLC ratio. Haematologic responses, as

defined by standard criteria, were determined at 6

and 12 months. FLC concentrations were measured

within 10 days and within 3 weeks of HDM/SCT.

CR for serum FLC was defined as normalisation of

FLC concentration and ratio or normalisation of the

ratio in renal insufficiency.

Results: Serum FLC levels or k/l ratios were

abnormal and informative in 124 patients (87%)

prior to HDM/SCT, and these patients were

included in subsequent analyses. Ten days after the

transplant, sensitivity of FLC to predict CR was

0.64, specificity was 0.67, positive predictive value

(PPV) was 0.49, negative predictive value (NPV) was

0.79, positive likelihood ratio (LR) was 1.92, and

negative LR was 0.54. For a 490% reduction in

FLC, sensitivity to predict haematologic CR was

0.36, specificity was 0.86, PPV was 0.54, NPV was

0.75, positive LR was 2.59, and negative LR was

0.74. Two to three weeks after transplant, sensitivity

of FLC to predict CR was 0.72, specificity was 0.74,

PPV was 0.57, NPV was 0.85, positive LR was 2.78,

and negative LR was 0.38. For a 490% reduction in

FLC, sensitivity to predict CR was 0.34, specificity

was 0.86, PPV was 0.52, NPV was 0.74, positive LR

was 2.40, and negative LR was 0.77.

Conclusion: Serum FLCs within 3 weeks of HDM/

SCT have poor predictive values and should not be

used to predict haematologic CR. However, failure

to reduce FLCs by 90% has a somewhat higher

negative predictive value and could be used to guide

additional post-transplant management.

P-186

Serum immunoglobulin heavy/light chain ratios

(HevyLite) in patients with systemic AL

amyloidosis

A.D. Wechalekar, S. Harding, H. J. Lachmann,

J. D. Gillmore, N. L. Wassef, M. Thomas,

S. D. J. Gibbs, P. Sattianayagam, C. J. Whelan,

A. R. Bradwell, & P. N. Hawkins

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

Systemic AL amyloidosis is associated with a subtle

underlying clonal plasma cell dyscrasia and concen-

trations of measurable paraprotein, which when

present, are often too low to be measured accurately

by standard techniques. Antibodies recognising epi-

topes spanning the junctional regions between bound

kappa or lambda light chains and their respective

heavy chain partners (HevyLite, The Binding Site)

allow accurate and specific quantification of serum

IgGk and IgGl, IgAk and IgAl, and IgMk and IgMl
proteins and the calculation of their ratios (heavy/light

chain (HLC) ratios). This study assessed the perfor-

mance of the assays in patients with systemic AL

amyloidosis.

One hundred fifty-five patients attending the

National Amyloidosis Centre (NAC) were cate-

gorised as having a detectable M-component in

serum only and/or urine only, or no detectable

M-component and normal free light chain ratio.

The assay was performed on archived sera obtained at

the time of diagnosis.

Fourteen patients had an IgA paraprotein detect-

able by immunofixation (IFE), of whom seven (50%)

were quantifiable by serum protein electrophoresis

(SPE) densitometry. All 14 (100%) patients had an

abnormal IgAk/IgAl ratio with 10 (71%) IgAl and

4 (29%) IgAk. Fifty eight patients had an IgG

paraprotein detectable IFE, of which 54 (93%) were

quantifiable by SPE. Fifty-five (94%) had an

abnormal IgGk/IgGl ratio (48 (89%) IgGl and 6

(11%) IgGk. Ten patients had only a serum light

chain (LC) band and 15 patients with only an LC

band in the urine by IFE, one in each case

respectively had an abnormal IgGl HLC ratio. Eight

patients had an IgM band on SPE/IFE, all of whom

had an abnormal IgMk:IgMl ratio (IgMk, six

patients and IgMl, two patients). Among 46 patients

with no detectable serum or urinary bands and a

normal serum free light chain ratio, the HLC ratio

was abnormal in nine (19%) identifying an IgAk in

two, IgA l in three, and IgGk in four cases. There

was an excellent correlation between the value of the

involved heavy/light chain and serum protein

concentration of paraprotein determined SPE densi-

tometry, when measurable (p¼ 0.001).

Measurement of heavy/light chains and their ratios

identifies and quantifies low-level paraproteins in

patients with AL amyloidosis with a high degree of

concordance with the standard measurements, and

identified an M-protein in 19% of patients in whom
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no clonal abnormality could be detected by other

means. Longitudinal studies are in progress.

P-187

Outcome of patients with AL amyloidosis who

do not achieve haematologic complete response

after autologous SCT: results in a series of 454

patients

M. T. Cibeira1,2, V. Sanchorawala1, D. C. Seldin1,

M. Sloan1, J. Blade2, & M. Skinner1

1Amyloid Treatment and Research Program, Boston,

MA, USA and 2Hospital Clinic de Barcelona,

IDIBAPS, Barcelona, Spain

Background: Treatment of AL amyloidosis pa-

tients with high-dose melphalan and autologous

stem-cell transplantation (HDM/SCT) results in

haematologic complete response (CR) in 40% of

patients, reversal of amyloid-related disease in a

substantial proportion of cases and a median survival

of almost 5 years.

Objective: To assess the outcome of patients with

AL treated with HDM/SCT (100 to 200 mg/m2)

who do not achieve a CR.

Design and Patients: Retrospective analysis of 454

patients with AL treated with HDM/SCT at a single

institution between July 1994 and December 2008

who were followed at least for 1 year to obtain CR

status. The subgroup of patients who did not achieve

a CR was analysed in detail to assess their outcome

in terms of organ response, time to progression (with

institution of rescue therapy) and overall survival.

Results: Three hundred forty-two patients survived

1 year or more after transplant. The CR rate among

the �1-year survivors was 44.3%, and 190 patients

(55.7%) obtained a partial response, remained stable

or progressed after therapy (non-CR), according to

the consensus definition of response and progres-

sion. Among those 190 non-CR patients, 49 (25.8%)

remained stable while 141 (74.2%) progressed after a

median time of 12 months (range, 2.3 to 104.1

months). Median overall survival of the non-CR

population of patients approached 5 years.

Conclusions: Treatment of selected patients with

AL by using HDM/SCT resulted in improved organ

response rate and overall survival even for those

patients who did not achieve a CR after transplant.

Factors predicting CR status and stable versus

progressive disease will be analysed.

P-188

Hepatocyte growth factor (HGF) measurement

in AL amyloidosis

E. Desport1, J. Abraham2, B. Marin3, S. Bender4,

C. Lacombe5, F. Yagoubi2, D. Lavergne2,

F. Bridoux1, & A. Jaccard2

1Service d’Hématologie, Centre National de Référence

Amylose AL, CHU, Limoges, France, 2Service de

Néphrologie, Centre National de Référence Amylose AL,

CHU, Poitiers, France, 3Unité de RC et biostatistiques,

Université Limoges, Limoges, France, 4Laboratoire

d’Immunologie, CHU, Limoges, France, and
5Laboratoire d’Immunologie, CHU, Poitiers, France

Hepatocyte growth factor (HGF) is a pro-angiogenic

cytokine involved in tumour growth. HGF serum

levels are high in patients with myeloma and correlate

with disease activity. Two small studies reported that

serum HGF level is higher in patients with AL

amyloidosis (AL) than in myeloma (Shikano et al.

Intern Med 2000;39:715–7159; Iwasaki et al. Br

J Haematol 2002;116:796–802). To determine

whether HGF may be used as a diagnosis marker

and prognosis factor in AL, we measured HGF serum

levels in two groups: patients with AL and patients

with plasma cell dyscrasia without AL. The HGF

levels were measured by ELISA at diagnosis. A ROC

analysis was performed to assess the diagnostic

accuracy of HGF for identification of AL among

patients with monoclonal gammopathy and to deter-

mine the best threshold for HGF and to calculate

sensitivity and specificity. Sixty-nine patients with AL

seen from 2004 to 2008 and 76 controls (56 patients

with MGUS, 17 with multiple myeloma, 3 with

POEMS) were included. The median age was 61

(32–90) for patients with AL and 60 (39–86) for

controls. Median creatinine levels were respectively

86 mmol/l (39–500) and 79 mmol/l (44–317); 57

patients with AL (82.6%) had renal involvement

and (57.9%) 40 had cardiac disease. HGF serum

levels were significantly higher in patients with AL:

11.2 ng/ml (0.5–200.4) compared with controls:

1.5 ng/ml (0.8–8.2), p5 0.0001 (healthy controls,

0.9 ng/ml). HGF levels at diagnosis seemed to be

discriminant with area under the ROC curve at 0.896

(p¼ 0.0001). The threshold value of 2.4 ng/ml

conferred the best sensitivity: 82.6% and specificity:

89.5% for the diagnosis of AL. Patients were treated

mainly by M-Dex, 65% of patients with AL were alive

after a median follow up of 18 months. Univariate

analysis showed a relative risk of mortality of 1.70 in

patients with AL with HGF levels upper than 11 ng/

ml, compared to those with HGF levels under 11 ng/l

who showed a trend for better survival (p¼ 0.22).

This study confirms that HGF levels are significantly

higher in patients with AL, than in other plasma cell

disorders. A threshold value of 2.4 ng/ml confers a

good sensitivity (80%) and specificity (90%) to

suggest AL. We found a trend towards reduced
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survival in patients with the highest levels of HGF.

This and the usefulness of HGF measurement in

predicting clinical responses should be confirmed in

larger studies. The physiopathology of this serum

levels rises and the clinical consequences will be

discussed in the meeting.

P-189

Effectiveness of second line treatment in AL

amyloidosis patients refractory to M-Dex

A. Jaccard1, J. Abraham1, H. Debarri2, A. Penot1,

E. Desport3, C. Aguilar4, D. Lavergne1, F. Auroy1,

X. Leleu2, A. Goldstein5, B. Kolb6, F. Bridoux3,

J. P. Fermand4, & V. Leblond7

1Service d’Hématologie, Centre National de Référence

Amylose AL, CHU, Limoges, France, 2Service des

Maladies du Sang, Hopital Huriez, CHRU Lille, Lille,

France, 3Service de Néphrologie, Centre National de

Référence Amylose AL, CHU, Poitiers, France, 4Service

d’Immuno-Hematologie, Hopital Saint-Louis, Paris,

France, 5Service de Néphrologie, CH, Le Mans, France,
6Hématologie, Hôpital R Debré, Reims, France, and
7Service d’Hematologie Clinique, APHP, Hopital

Pitie-Salpetriere, Paris, France

Since the trial comparing M-dex and high-dose

treatment (Jaccard et al. NEJM 2007;357:1083–

1093), M-Dex is our reference front-line therapy in

patients with AL, irrespective of the risk group.

Median survival with M-Dex was around 5 years in

our study as well as in the Italian series (Palladini

et al. Blood 2007;110:787–788), but survival of

refractory patients was poor (6 months for the 12

non-responder patients in our trial) in the absence of

valuable rescue treatment between 2000 and 2005.

New drugs used in multiple myeloma have been

reported to be effective in patients with AL. We

performed a retrospective multicentric study to

determine outcome of M-Dex refractory patients in

the era of these new drugs. Patients with AL

amyloidosis, treated with M-Dex, front line, since

June 2006 were included if they were considered as

refractory by there referent physician in 10 centres

belonging to the French network for AL amyloidosis.

We recorded the haematological response with

second-line treatment. Survival was analysed from

the first treatment date using Kaplan–Meier model.

We included 32 patients with a median age of 60,

5 years (32–76), 17 patients had cardiac and 21 renal

involvement. The median number of organ involve-

ment was 2 (1–5). Median abnormal free light chain

level was 158 mg/l (25.9–2100). Twenty-three pa-

tients were considered as non-responders because

they did not reach a 50% decrease in free light chain

serum level and nine patients with a partial haema-

tological response, because they did not have clinical

response. The median time between the first M-Dex

cycle and the second-line treatment was 5 months (1–

17). Second line consisted of thalidomide in 5

patients, lenalidomide in 7 patients, and bortezomib

in 20 patients, in combination with sequential

dexamethasone. Haematological response occurred

in 71% of the whole series, with 34% complete

response. Depending on treatment, partial haemato-

logical response was obtained in 4/5 patients with

thalidomide and 2/7 patients with lenalidomide. 17/

20 patients (85%) with bortezomib responded with

11 complete responses (55%). With a median follow-

up of 17.5 months (0–32), 23 patients (72%) are

alive. Introduction of new drugs for treatment of

refractory patients with AL gives a high level of

haematological response leading to a better survival.

Bortezomib seems to be particularly attractive with

haematological response rate of 85%, and 55%

complete response.

P-190

Inaugural light-chain amyloid polyneuropathy:

clinical presentation and course, a monocentric

study of 24 patients

D. Adams, P. Lozeron, V. Ribrag, C. Denier,

O. Fagniez, M. Theaudin, K. Rerat, J. H. Bourhis,

B. Ducot, & C. Lacroix

CHU Bicêtre Reference Center for FAP and Other

Peripheral Neuropathies, CHU Bicêtre, Le Kremlin

Bicêtre, France

Objectives: To learn more on the clinical presenta-

tion and outcome of light-chain amyloid polyneuro-

pathy (LCAP).

Methods: We reviewed the data of patients with

inaugural LCAP diagnosed and followed in our

department between 1982 and 2009.

Results: Twenty-four patients were diagnosed, in-

cluding 17 males. The mean age at diagnosis was

61 years (47–75). The mean duration of the sym-

ptoms at referral was 14.1 months and at diagnosis

was 20.9 months (range 3.5–60). Inaugural manifes-

tations were severe pains (n¼ 12/50%) of the feet (2),

diffuse or radicular in the lower limbs (5), of the trunk

(3), focal (2); paresthesiae of the feet (n¼ 6/25%) or

multifocal (1); chronic digestive disorders (n¼ 3/

12.5%); weakness of one limb (1); facial palsy (1).

Thirteen patients had a fibre-length dependent

polyneuropathy (FLDP); eight patients (33%) had a

multifocal neuropathy; one patient a motor and two a

painful neuropathy. Motor deficit was found in 17

patients, severe in three; autonomic dysfunction in
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19/24 patients that occurred late in four of them.

20/24 patients had lost weight (median 13 kg (4–70)).

Electrophysiological testing showed an axonal pattern

in 76% patients. A monoclonal protein in serum or

urine was identified in 22/24 patients which was a

monoclonal gammopathy in 14 (IgG (7), (IgM (3),

IgA (2)), free light chain (FLC) only in 8 (33%); 2

patients had a biclonal gammopathy. Diagnosis of

amyloidosis was made by nerve (15/19), labial

salivary gland (LSG) (9), or kidney (2) biopsy. All

except one received chemotherapy including six

High-Dose Melphalan and ASCT. Twenty patients

died, including 12 who became bedridden. The

median survival after diagnosis was 20 months

(2–108). The four patients who survived more than

5 years after diagnosis had received intensive or

prolonged therapy. Marked reduction of FLC

after therapy was usually correlated with clinical

improvement.

Conclusion: LCAP should be suspected in painful

neuropathy with weight loss. Combination of nerve

and/or LSG biopsy, serum immunofixation and

measure of FLC in serum and urine could help for

early diagnosis of this devastating neuropathy.

Patients may be responsive to an aggressive

treatment.

P-191

Unraveling the clonal B cell disease underlying

localised AL amyloidosis

T. Hunt, J. A. Gilbertson, H. J. Lachmann,

J. D. Gillmore, S. D. J. Gibbs, P. T. Sattianayagam,

C. J. Whelan, P. N. Hawkins, & A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

Royal Free Campus, London, UK

The clonal B cell dyscrasias that underlie localised

AL amyloidosis are usually extremely subtle and have

been little studied. Here we report the characterisa-

tion of the underlying clonal disease in 30 patients

with localised amyloidosis of presumed AL type.

Studies were also performed in two control patients

with non-AL localised amyloidosis, of insulin and

lichen types, respectively. The involved tissues

among the 30 presumed patients with AL were lung

in 14 cases, skin in 10 and conjunctiva in 6 cases.

Two patients had IgM kappa paraproteins and one

had an IgG lambda paraprotein. Immunohistochem-

istry was performed on 2-mm fixed sections using

commercial antibodies to kappa and lambda light

chains, CD138 (Dako) and anti-CD20, CD79a

(Leica). The amyloid deposits were confirmed to be

of lambda light chain type in 10 (33%) cases, but light

chain immunohistochemistry was not definitive in the

remainder. An abnormal cellular infiltrate was

identified in 28/30 (93%) cases: CD138 positive

plasma cells were present in 28/30 (93%) cases,

CD20/79a positive lymphoid aggregates in 15 (50%),

scattered lymphocytes in 8 (26%) and no lympho-

cytes in 5 (16%) cases. The two cases without cellular

infiltrate were both associated with a circulating

monoclonal protein, i.e. suggesting a systemic or

distantly located B cell dyscrasia. No abnormal

infiltrates were identified in the insulin and lichen

amyloid controls. The pattern of infiltration in the AL

cases varied from scanty plasma cells scattered

throughout the specimen to multiple clusters infil-

trating the amyloid deposits in an almost rosette-like

fashion. Plasma cells predominated in the cutaneous

amyloid deposits in contrast to a mixture of lympho-

cytes and plasma cells in the others. Demonstration

of clonal restriction was hindered by the scantiness of

the infiltrates and intensity of adjacent light chain

staining within the amyloid deposits. In conclusion,

abnormal plasma cell and/or lymphoid infiltrates

were identified in most patients, and there were some

specific tissue associations. Whilst this supports the

monoclonal immunoglobulin nature of the amyloid,

plus the possibility of therapeutic intralesional steroid

or rituximab injections, the frequent lack of definitive

light chain staining of the deposits raises the

possibility that the amyloid may be heavy chain

derived in some cases.

P-192

Melphalan, lenalidomide, and dexamethasone

combination therapy in patients with AL

amyloidosis

J.M. Sloan, V. Sanchorawala, S. Girnius,

K. T. Finn, & D. C. Seldin

Amyloid Treatment Research Program, Boston

University Medical Center, Boston, MA, USA

Organ function in AL amyloidosis is disrupted by the

deposition of amyloid fibrils formed from mono-

clonal immunoglobulin light chains. Standard op-

tions for treatment include high dose melphalan with

autologous stem cell rescue or oral melphalan and

dexamethasone. Newer agents such as thalidomide,

lenalidomide and bortezomib are also effective, but

their use is hampered by unique toxicities not seen in

multiple myeloma patients. To see if combination

therapy at reduced doses would be tolerable and

effective, a phase II study was undertaken of an oral

three drug regimen consisting of melphalan,

lenalidomide and dexamethasone (MLD) in AL

amyloidosis. Treatment consists of a 28 day cycle

of lenalidomide 10 mg/day (d1–21), melphalan
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5 mg/m2 (d1–4) and dexamethasone once weekly.

Stepwise reductions in each medication were allowed

for toxicity.

Ten patients have been enrolled, of which 8 are

evaluable for response at this time. The median age of

the patients is 65 years (range 57–74). Forty per cent

of patients had more than 2 organs involved, and an

equal number had cardiac involvement.

Twenty per cent of patients had previously received

high dose melphalan, and forty per cent had

previously received lenalidomide. Patients have re-

ceived a median of 3 cycles (range 1–6). Fifty per cent

of patients have had a haematologic partial response;

no patient has had a complete response. Of the five

patients who were naı̈ve to lenalidomide, 80% had a

partial response. There is significant toxicity asso-

ciated with this regimen in this group of patients.

Eighty per cent of patients had a grade 3 or 4 toxicity

(mainly haematologic, renal and metabolic) and all

patients receiving 42 cycles required a dose reduc-

tion of at least one medication. MLD is an active

combination of drugs for the treatment of AL

amyloidosis, particularly in patients who have not

been pretreated with lenalidomide or melphalan. The

current regimen and dosing strategy has significant

haematologic, renal and metabolic toxicities that may

limit its utility in this patient population. A modified

regimen may warrant further study in the context of

clinical trials, possibly in randomised comparisons to

two drug regimens in the future.

P-193

Expression of cancer testis (CT) antigens in

bone marrow of patients with AL amyloidosis

M. Rosenzweig1, H. Landau1, A. A. Jungbluth1,

N. Hanson1, D. Frosina1, M. Arcila1, R. Comenzo2,

& G. Koehne1

1Memorial Sloan Kettering Cancer Center, New York,

NY, USA and 2Tufts Medical Center, Boston, MA, USA

CT antigens (CTAs) such as MAGE-A, CT7 and

NY-ESO-1 are expressed in various malignant

tumours but in normal adult tissues solely in

testicular germ cells. Owing to this tumour-

associated expression, CTAs are potentially ideal

markers of malignancy as well as targets for vaccine-

based cancer immunotherapy. In multiple myeloma

(MM), CT7, CT10 and MAGE-A are homoge-

nously expressed in up to 75% of cases, and their

expression increases with disease stage and cell

proliferation. Anti-CTA immune responses of

donor-derived T and B cells have been reported

following allogeneic stem cell transplantation,

suggesting a natural target for graft-versus myeloma

effects. Systemic light-chain (AL) amyloidosis is a

plasma cell dyscrasia related to multiple myeloma

characterised by small numbers of non-proliferating,

clonogenic plasma cells producing pathologic light

chains. In this study, we investigated the expression

of several CT antigens in patients with AL amyloi-

dosis to identify potential targets for immunotherapy

and determine their prognostic significance. Fifteen

cases of AL amyloidosis were studied employing

standard IHC techniques on paraffin-embedded

archival tissues. The presence of plasma cells was

verified by CD138 immunostain. The following

monoclonal antibodies (to the following CTAs) were

used: mAb MA454 (MAGE-A1), 6C1 (several

MAGE-A antigens), 57B (MAGE-A4), E978

(NY-ESO-1), CT7-33(CT7), CT10#5 (CT10),

#26 (GAGE). Immunopositivity was graded based

on the amount of IHC-positive plasma cells. CT7-33

was present in 9/15 (60%) cases with focal reactivity

(55% of plasma cells) in the majority (8/9); and with

homogenous staining in one case. CT10 was focally

positive in only 1/15 AL amyloid cases. Plasma cells

did not stain with any other anti-CT mAb. This is

the first study identifying CT7 as the prevalent CT

antigen in plasma cells of patients with AL amyloi-

dosis. The almost exclusive presence of CT7 in AL

amyloidosis may have clinical significance. Further

studies are planned to determine the biology of

CTAs in AL amyloidosis and their value as a

potential target for immunotherapy.

P-194

Efficacy of the combination of bortezomib and

dexamethasone in systemic AL amyloidosis

W. Lamm1, W. Willenbacher2, A. Lang3, N. Zojer4,

E. Müldür4, H. Ludwig4, C. C. Zielinski1, &

J. Drach1

1Department of Medicine I, Clinical Division of

Oncology, Medical University of Vienna, Vienna,

Austria, 2Department of Hematology and Oncology,

University Hospital Innsbruck, Innsbruck, Austria,
3Department of Internal Medicine, Division of Oncology,

Landeskrankenhaus Feldkirch, Feldkirch, Austria, and
4Department of Medicine I, Wilhelminenspital Vienna,

Vienna, Austria

AL amyloidosis is characterised by misfolding of

structurally unstable light chains. Bortezomib is a

proteosome inhibitor which is useful in patients with

multiple myeloma. In this multicentre observation

we reported the effect of bortezomib in patients with

AL amyloidosis.

All patients with histologically proven systemic AL

amyloidosis have been included in this analysis. All
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patients received bortezomib at a dose of 1.3 mg/m2

in combination with dexamethasone at a dose of

8 mg. A physical examination, electrophoresis,

measurement of serum-free light chains, b- 2

microglobulin levels and renal function were ob-

tained every 4 weeks.

Starting in June 1991, 25 patients (males 13,

females 12) with a median age of 57 years (range

42–83) were treated with bortezomib and dexa-

methasone. Most of the patients had an ECOG

performance status of 0 or 1. Sixty-eight patients

were untreated. Twelve patients (48%) had only one

organ involved. Grade 3 and 4 toxicities were rare

and consisted of thrombopenia. Progression-free

survival was median 11.1 weeks (median 6.5–15.7).

Our results confirm the activity of bortezomib/

dexamethasone in patients with AL amyloidosis

(haematologic response rate 56% including a 20%

CR rate).

P-195

Bortezomib in systemic AL amyloidosis: a

single centre experience

D. Coriu, S. Badelita, R. Talmaci, C. Dobrea,

M. Dogaru, D. Ostroveanu, & M. Crisan

University of Medicine and Pharmacy ‘Carol Davila’,

Bucharest, Romania; Hematology Department, Fundeni

Clinical Institute, Bucharest, Romania

AL systemic amyloidosis is the most aggressive and

lethal form of amyloidosis. The treatment of AL

amyloidosis is directed at the underlying plasma cell

dyscrasia. Most of the regimes have been adapted

from myeloma and, recently, bortezomib began to be

used in AL amyloidosis therapy. This article presents

a report on the preliminary results observed in eight

patients with AL amyloidosis who received treatment

with bortezomib at our centre in the last 2 years. Five

of these eight patients had either relapsed or pro-

gressed following previous therapies including mel-

phalan and dexamethasone-based treatments. The

average age at diagnosis was 55 years (between

49 years and 72 years), six of these patients being

males and two females. The incidence of organ

involvement was as follows: seven patients had

cardiac involvement, five patients had renal involve-

ment, four patients had autonomic nervous system

involvement, three had liver involvement, and one

had gastrointestinal tract involvement. The majority

of patients (seven) had two or more organs involved.

Serum-free light chains (FLC) assays and immuno-

fixation showed a monoclonal protein in all patients:

seven patients had a lambda light chain and one

patient had a kappa light chain. Patients received a

median of 3.5 (range 1–6) cycles of bortezomib

1.3 mg/m2 on days 1, 4, 8, 11 and three patients

received simultaneously dexamethasone 20 mg i.v.

on days 1–4 of every 21-day cycle. Complete

haematologic responses were achieved in three

patients, while other three patients achieved partial

responses. Five patients had a response in at least

one affected organ. Haematologic responses were

obtained on an average of 1.5 months, while the

organ responses were achieved on an average of 4

months. Five patients experienced some degree of

toxicity, which in three cases resulted in discontinua-

tion of bortezomib. At this moment, seven patients

are still alive with a median follow-up of 13 months.

Two of these patients (refractory to initial therapy)

have currently reached 8 months after completion of

the six cycles of Bortezomib/Dex, presenting a good

clinical status, with complete haematologic response

and organ response. One patient with massive

myocardial involvement died during the first 2

months after diagnosis due to cardiac complications.

Findings from this study indicate that bortezomib

can be effective in treating AL amyloidosis.

P-196

Correlation between serum levels of free light

chain and circulating cytokines in a patient with

AL cardiac amyloidosis

F. Saltarelli, M. P. Bianchi, A. Moscetti,

G. Ferranti, F. Capogreco, M. T. Corsetti,

G. Salerno, P. Cardelli, & G. La Verde

U.O.S. Diagnosi e Cura delle Discrasie Plasmacellulari e

delle Amiloidosi and U.O.C. Patologia Clinica, Azienda

Ospedaliera Sant’Andrea, II Facoltà Medicina e

Chirurgia, Università Sapienza, Rome, Italy

AL amyloidosis is a clinical disorder caused by the

extracellular deposition of misfolded, insoluble

aggregated protein.

To investigate whether there is a correlation

between the serum levels of free light chains and

circulating cytokines, a cytokine panel biochip array

serum and a free light chain (FLC) analyses were

carried out in a 62-year-old patient with AL

amyloidosis and cardiac involvement.

At presentation, the patient showed congestive

heart failure (NYHA II), an ejection fraction of 44%,

IVS of 24 mm and increased serum cardiac I

troponin and pro-BNP. His renal function was

normal and both Bence Jones and proteinuria were

negative.

He was treated with six courses of melphalan and

dexamethasone achieving a partial response and

hence he was subsequently started on bortezomib

and dexamethasone. He received six courses
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showing a good haematological response without any

cardiac improvement. He was put in the waiting list

for cardiac transplantation but he suddenly died.

We collected blood samples from the disease

presentation through all the treatment periods.

Cytokine panel used included: IL-1, IL-4, IL-6,

IL-8, IL-10, TNF-a, IL-1-a, IL1-b, EGF, VEGF,

MCP-1.

Pearson correlation was statistically significant for:

l versus IL-2, IL-4, IL-6, IL-1, MPc1 and VEGF

versus IL4, IL-6, TNFa, IL1a. We did not find any

correlations between pro-Bnp and serum cytokines

levels.

During treatment we observed a VEGF and IL-4

serum levels increase to significant high values

(p¼ 0.003 and p¼ 0.002) despite a statistically

significant reduction of l free, k/l ratio and of all

the other inflammatory cytokines including IL-6.

We used VEGF/IL6 ratio and we unexpectedly

observed that while FLC values were almost normal,

VEGF/IL6 serum level continued to rise, even

during haematological remission achieving the high-

er value just before patient’s death.

This case suggests that VEGF could play a role in

AL amyloidosis pathogenesis and we believe that a

more exhaustive study about circulating cytokines

behaviour in patients with AL amyloidosis could give

useful tools to identify new prognostic factors.

P-197

Hairy cell leukaemia and AL amyloidosis

M.D. Benson1,2, G. Kramer3, & R. Abonour3

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine, Indianapolis,

Indiana, USA, 2Richard L. Roudebush Veterans Affairs

Medical Center, Indianapolis, Indiana, USA and
3Department of Medicine, Section of Hematology/

Oncology, Indiana University School of Medicine,

Indianapolis, Indiana, USA

Hairy cell leukemia is a monoclonal B-lymphocyte

disorder and, therefore, may be associated with

production of systemic monoclonal immunoglobulin

light chains, the first and foremost requirement for

AL amyloidosis. Perhaps due to the low frequency of

this type of leukaemia and the ‘random’ chance of

having monoclonal Ig-light chain proteins satisfying

the structural requirements to fold into required

b-sheet configuration, the reports of hairy cell

leukaemia with amyloidosis are rare.

A 76-year-old Caucasian man had presented with

heart failure, ecchymoses, and macroglossia. Fat pad

aspirate stained Congo red positive for amyloid.

Bone marrow aspirate had 35% plasma cells with

atypia and staining for l-light chain. Past medical

history included diagnosis of hairy cell leukaemia at

age 56 which therapeutically responded to splenect-

omy. Mediastinal lymphadenopathy occurred 5 years

later and histologically was consistent with hairy cell

leukaemia. Treatment with 2-CDA gave good

clinical response but several months prior to pre-

sentation, neuropathic symptoms occurred followed

by progressive macroglossia and signs of heart

failure.

While the occurrence of hairy cell leukaemia and

plasma cell dyscrasia in the same patient may be the

result of independent B-lymphocyte events, it is

possible that a single Ig clone may evolve to a more

differentiated pathologic state. This case, while

uncommon, emphasises that AL amyloidosis should

be considered in all B-lymphocyte monoclonal

dyscrasias when multiorgan disease occurs.

P-198

Perinasal dermatitis due to a local monoclonal

plasmocytoma with vicinal ALk amyloid

M. Laimer1, H. Hintner1, & R. P. Linke2

1Department of Dermatology, Paracelsus Medical

University Salzburg, Salzburg, Austria and 2Reference

Center of Amyloid Diseases amYmed, Martinsried,

Germany

An otherwise healthy 44-year-old male presented

with a 1-year history of slowly enlarging, asympto-

matic firm papules confined to the perinasal skin that

had previously been diagnosed as perinasal derma-

titis unresponsive to antiseptics and topical as well as

systemic antibiotics. A lesional skin punch biopsy

showed prominent nodular deposits of a homoge-

neous hyaline, pale eosinophilic and almost acellular

material throughout the entire dermis, including the

vessel walls, with dense vicinal clusters of uniform

plasmocytes. By specific binding of Congo red in

bright light and green birefringence in polarised light,

this material was diagnosed as amyloid and subse-

quently classified to be of ALl-type by immunohis-

tochemical analyses using a set of validated

antibodies directed against the most common

amyloid classes (Linke RP. Improved classification

of various amyloid diseases using validated anti-

bodies and Congo red fluorescence. Immunohisto-

chemical typing of 662 patients. Arch Path Lab Med.

134, in press). Concomitant l-restriction of vicinal

plasmocytes additionally indicated a local monoclo-

nal gammopathy (MG).

Inconspicuous serum and urine analyses, without

evidence of Bence Jones protein or monoclonal free

light chains, absence of amyloid or monoclonal
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plasmocytes in bone marrow, as well as normal bone

imaging led to the diagnosis of a local monoclonal

plasmocyte proliferation with restricted l-light chain

expression and local cutaneous nodular ALl-

amyloid deposits (LCNA). While at this stage no

aggressive therapy is necessary, a careful follow-up to

exclude the rarely reported progression to systemic

disease is highly advised.

P-199

AL amyloidosis: different therapeutical

approaches for long survivals

A. Moscetti, F. Saltarelli, M. P. Bianchi,

B. Monarca, L. De Biase, P. Menè,

B. Veggia, V. Naso, & G. La Verde

A.O. Sant’Andrea, U.O.S. Diagnosi e Cura delle

Discrasie Plasmacellulari e delle Amiloidosi,

Rome, Italy

Amyloidosis is a rare disease characterised by

extracellular deposition of proteinaceous material.

Actually the treatment of choice in fit patients

affected by systemic AL amyloidosis is the com-

bination of high-dose melphalan and autologous

PBSCT; however, patients with localised forms may

be treated with simple surgical endoscopic laser

excision.

We described four cases of AL amyloidosis

diagnosed between 2003 and 2006, two systemic

and two localised (three females and one male,

median age 63.5 years, range 60–67): patients with

systemic form had respectively heart, kidney, GI tract

involvement, and heart involvement; patients with

localised form had, respectively, tongue and bron-

chial amyloid deposition.

While patients with systemic AL amyloidosis

presented bone marrow plasmocytosis (8 and 7%),

lambda BJ proteinuria, increased lambda sFLC (269

and 76 mg/l), serum creatinine (1.3 and 1.1 mg/dl),

GGT (207 and 174 U/l), NT-proBNP (9018 and

3875 ng/l), serum troponine I (0.05 and 0.22 ng/ml),

IVS thickness (12 and 15 mm), those with localised

form had no blood, urine or echocardiographic

abnormalities.

Both patients with systemic impairment were

treated with oral high-dose melphalan (0.18 mg/kg

day 1–4) and dexamethasone (40 mg p.o days 1–4),

respectively 9 and 6 monthly courses, obtaining

complete response; because of relapse after 7 months

of complete remission, the former was also treated

with two courses of bortezomib (1.3 mg/m2 day 1, 4,

8, 11 q21) and dexamethasone (20 mg p.o days 1–2,

8–9 q21). Collateral effects were manageable with

supportive treatment.

On the other hand, both patients with localised

form did not require chemotherapy, but only local

conservative endoscopic surgery.

All patients are actually in good clinical conditions

with a median follow-up of 62.5 months, (range 52–

83) from diagnosis; clinical and biochemical assays

are performed every 3 months together with periodic

controls by ORL and fibre-optic bronchoscopy for

those with localised forms, resulting in stable disease.

P-200

Two cases of localised amyloidosis

A. Moscetti, F. Saltarelli, M. P. Bianchi,

B. Monarca, G. Bandiera, L. De Biase, &

G. La Verde

A.O. Sant’Andrea, U. O. S. Diagnosi e Cura delle

Discrasie Plasmacellulari e delle Amiloidosi, Rome, Italy

Amyloidosis is a disease characterised by the

presence of diffuse extracellular deposits of protei-

naceous material. Localised amyloidosis is almost

always secondary to systemic disease, but have an

excellent prognosis.

We observed a 66-year-old woman with dysarthria

and a 71-year-old man with haemoptysis, both with

an anatomopathological diagnosis of amyloid nodule

obtained by laryngeal microsurgery and broncho-

scopy, respectively.

At clinical examination, the female patient resulted

dysarthric and asthenic, with mild tongue basis

hypertrophy, hepatomegaly, constipation and loss

of weight; the male patient showed mild dyspnea and

amyosthenia, partially due to preexistent hyperten-

sive cardiopathy.

Both patients presented normal blood cell count,

no liver or renal impairment; serum and urinary

protein immunofixation did not show a monoclonal

component; serum kappa and lambda free light chain

analysis was into physiological range; echocardio-

graphy showed normal IVS thickness in both patients

(10 mm, 11 mm), with, respectively, good left

ventricular performance and LV dilatation with

impaired contractility (EF 32%); no plasma cells

and no amyloid deposits were revealed by bone

marrow sample and abdominal fat biopsy; serum

NT-proBNP was, respectively, 39.2 pg/ml and

170.4 pg/ml, both into range of normality; no

proteinuria was revealed.

The whole screening tests for systemic amyloidosis

excluded this disease and confirmed the diagnosis of

localised amyloidosis, a manifestation rarely de-

scribed in literature.

Both patients are actually in good clinical condi-

tions and have a follow-up period of, respectively, 52
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and 83 months from the diagnosis; clinical and

biochemical assays are performed every 3 months

together with periodic controls by ORL and fibreop-

tic bronchoscopy respectively, resulting in stable

disease.

The prognosis of localised forms of amyloidosis is

better than systemic ones although recurrences are

common and may be treated with simple surgical

endoscopic laser excision.

P-201

Serum vascular endothelial growth factor

(VEGF) in the differential diagnosis of amyloid

neuropathy and POEMS syndrome

F. Adami1, C. Briani2, L. Dorotea1, G. Binotto1,

G. M. Fabrizi3, & G. Semenzato1

1Department of Clinical and Experimental Medicine,

Hematology and Clinical Immunology Section
2Department of Neurosciences, Padova University School

of Medicine, Padova, Italy and 3Department of

Neurological and Visual Sciences, Clinical Neurology

Section, University of Verona, Verona, Italy

POEMS syndrome and primary (AL) amyloidosis

(AL-A) are two rare plasma cell diseases that may

share common features, with peripheral neuropathy

being one among them. Serum vascular endothelial

growth factor (sVEGF), currently considered as a

major diagnostic criteria of POEMS syndrome,

might be helpful in the differential diagnosis.

Although VEGF is secreted by neoplastic plasma

cells, sVEGF is not significantly increased in mono-

clonal gammopathy of undetermined significance

and multiple myeloma (MM). The objective of our

study was to investigate sVEGF in AL-A patients and

its possible changes according to the disease course

and therapy response. Twenty-two patients (16 men,

mean age 67.1+ 12.4) with biopsy-proven amyloi-

dosis were considered. Fourteen (8 men, mean age

64.1+ 12.4) had AL-A, 8 men (mean age

72.1+ 10.8) had transthyretin amyloidosis (TTR-

A). The latter were diagnosed with molecular

analysis confirmed by sural nerve biopsy. All eight

patients with TTR-A and six with AL-A presented

polyneuropathy. Serum samples were collected at

diagnosis and stored until analysed by ELISA. Sera

from eight patients with multiple myeloma and seven

with POEMS syndrome were also considered. The

Kruskal–Wallis test was applied. p5 0.05 was

considered as significant. Median sVEGF level in

AL-A patients was 430 pg/ml (range 140–1.640, SD

401) and in TTR-A patients was 210 pg/ml (range

80–1.190, SD 434.7), significantly lower than

sVEGF level in POEMS syndrome (median

2580 pg/ml, range 1250–3095, SD 686.2) (p 0.026

and 0.003, respectively). Median sVEGF level in

MM was 260 pg/ml (range 50–460, SD 164.8),

significantly lower than sVEGF level in POEMS

syndrome (p¼ 0.00041). Follow-up data (mean 6

months) from six patients with AL-A showed no

change in sVEGF with regard to disease status and

therapy response. sVEGF levels are not increased in

patients with both AL-A and TTR-A independent of

associated peripheral neuropathy. Different from

POEMS syndrome, sVEGF level in amyloid patients

does not mirror the course of the disease. Since there

are no pathognomonic findings of POEMS syn-

drome in sural nerve biopsy, and considering the risk

of missing the patchy distribution of amyloid,

sVEGF levels should be tested in patients with

overlapping clinical features and difficult differential

diagnosis.

P-202

Diagnostic and prognostic relevance of B-type

natriuretic peptide (BNP) and N-terminal

proBNP in patients with AL amyloidosis and

renal failure

G. Palladini1, S. Perlini2, A. Foli1, P. Russo1,

R. Albertini3, L. Zenone Bragotti1, F. Lavatelli1,

L. Obici1, G. Sarais1, R. Moratti3, & G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry, 2Department of Internal

Medicine and 3Clinical Chemistry Laboratory,

Fondazione IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy

In AL amyloidosis, N terminal natriuretic peptide

type B (NT-proBNP) and BNP are used to assess

cardiac dysfunction and response and to predict

survival. However, NT-proBNP and, to a lesser

extent, BNP clearance depends on glomerular

filtration and little is known on their usefulness in

amyloidosis and renal failure. We evaluated the

prognostic relevance of NT-proBNP and BNP and

their ability to detect cardiac involvement in 248

consecutive patients with AL amyloidosis stratified

according to glomerular filtration rate estimated by

the MDRD formula (eGFR).

Group 1 comprised 109 patients with eGFR

�60 ml/min/1.73 m2, Group 2 77 subjects with

eGFR 560 and �15 ml/min/1.73 m2, and Group 3

62 patients with eGFR 515 ml/min/1.73 m2 or

on dialysis. Heart involvement was defined as

412 mm mean left ventricular wall thickness at

echocardiography.

The frequency and severity of heart involvement at

echocardiography was not significantly different in
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the three groups, but the concentration of both

natriuretic peptides (NPs) significantly increased

with decreasing eGFR. Within each group, patients

with heart involvement had higher NPs (p5 0.001).

The ROC analysis showed no significant difference

in sensitivity and specificity of NPs in detecting heart

involvement in the three groups, but higher

NT-proBNP cutoffs were required in Groups 2

(534 ng/l) and 3 (2642 ng/l) than in Group 1

(332 ng/l). The BNP cutoffs were almost identical in

Groups 1 (73 ng/l) and 2 (78 ng/l), and higher in

Group 3 (221 ng/l). At multivariate analysis, NT-

proBNP was the most powerful prognostic marker in

patients with eGFR �15 ml/min/1.73m2, whereas

BNP was more powerful in Group 3. However, BNP

could substitute NT-proBNP in the multivariate

models in Groups 1 and 2, whereas NT-proBNP

could not substitute BNP in Group 3. The NT-

proBNP cutoff’s best predicting survival were 1149

ng/l in Group 1 (3-year survival 84% vs. 55%,

p¼ 0.001) and 4409 ng/l in Groups 2 and 3 (3-year

survival 77% vs. 32%, p5 0.001). For BNP, they

were 228 ng/l in Groups 1 and 2 (3-year survival 82%

vs. 40%, p5 0.001) and 509 ng/l in Group 3 (3-year

survival 72% vs. 20%, p5 0.001).

Both NPs are useful markers of cardiac dysfunc-

tion and prognosis also in patients with renal failure,

provided that eGFR is considered in interpreting

their clinical meaning. In patients with end-stage

renal failure, BNP should be preferred.

P-203

Pathogenetic associations of plasma cell cyclin

D1 overexpression in systemic AL amyloidosis

P. Zhou1, L. K. Iyer1, H. Hassoun1, J. Hoffman2,

H. Landau3, & R. L. Comenzo1

1Tufts Medical Center, Boston, MA, USA,
2Cleveland Clinic, Weston, FL, USA, and 3MSKCC,

New York, NY, USA

Cyclin D1 (CCND1) overexpression in AL plasma

cells (PC) is associated with production of FLC with

no intact Ig M-protein, increased cardiac biomarkers

and shorter survival. To study the FLC association,

we used CD138þAL PC for gene expression

profiling (GEP, Affymetrix U133A 2.0) of CCND1hi

(n¼ 5) and CCND1lo (n¼ 11) PC and for qRT-PCR

for CCND1 expression and validation (n¼ 53).

Supervised analysis of CCND1hi vs. CCND1lo

transcriptomes showed that in CCND1hi PC

IGHG1, IGHG3 and CCND2 were among the most

down-regulated, while (after CCND1) ASS1,

FAM129A, WARS, SEC63, PDIA6 and SEL1L

were among the most up-regulated genes. All are

involved in endoplasmic reticulum (ER) and protein

control processes: ASS1 and WARS in protein

production, FAM129A in autophagy and SEC63 in

ER protein transport. PDIA6 catalyses disulphide

bonds required for FLC folding in the ER and

SEL1L is the platform of a critical ER complex, has

partners such as the ATP-ase p97, and assists in

modifying misfolded proteins to channel them from

the ER lumen to cytosolic proteasomes. These GEP

results are consistent with the view that CCND1hi

PC clones adapt to the production of FLC without

partner Ig heavy chains. By qRT-PCR, median

CCND1 expression with RPLP0 control was 1.51

(range, 0–19.36) with clear-cut quartile differences

(25% 0.02, 75% 4.78). Median PDIA6 and SEL1L

expression levels were 0.589 (0.085–1.38) and 0.404

(0.04–2.84). Both PDIA6 and SEL1L expression

correlated with CCND1 (p¼ 0.018, r¼ 0.452;

p¼ 0.038, r¼ 0.395), and PDIA6 and SEL1L values

above and below the CCND1 median differed

significantly (p¼ 0.01, p¼ 0.04). Therefore,

CCND1hi PC clones in AL have significantly higher

levels of mRNA for these important ER protein

quality control genes. Furthermore, preliminary data

indicate that CCND1hi clones have a biased IgVL

germline gene repertoire (l, 3r), a finding that may

explain increased cardiac biomarkers and shorter

patient survival. These results support the concept

that clonal PC adapts to produce AL FLC and also

open expansive vistas to study the origins of AL

clones, the molecular adaptations involved in AL

FLC production and possibly even the notable

activity of bortezomib in AL. New therapies could

also be identified since both PDIA6 and p97 are

druggable targets whose inhibition may enhance PC

sensitivity to chemotherapy.

P-204

Liver failure in association with hepatic

amyloidosis and the role of liver

transplantation: the King’s College Hospital

experience

A. J. Stangou1, M. Rela1, M. Monaghan2,

C. J. Mathias3, G. Mufti4, N. Heaton1, &

J. O’Grady1

1Institute of Liver Studies and Amyloidosis Treatment

Centre, 2Department of Cardiology, 3Department of

Neurovascular Medicine, St. Mary’s Hospital, Imperial

College and 4Department of Haematology, King’s College

Hospital, London, UK

The liver is frequently involved in systemic amyloi-

dosis. Extensive hepatic amyloid can lead to liver

failure. We report the features, management and
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outcome of 28 patients with end stage hepatic

amyloidosis.

Twenty-six cases were managed in the UK and

two overseas. Median age was 53 (28–70) years. All

had hepatomegaly, 16 had jaundice, 10 ascites, 4 had

encephalopathy and 6 had renal failure, on dialysis.

Twenty-two patients had AL amyloidosis, 5 apoli-

poprotein ApoAI and one fibrinogen A a-chain

(AFib) amyloid. Extrahepatic amyloid deposits were

present in all. 11 of 22 patients with AL liver failure

were accepted for liver transplant (LT). The ApoAI

and AFib patients with liver and kidney involvement

were considered for combined liver/kidney transplant

(LKT).

Nine patients with AL received LT as a rescue

procedure and two patients died on the wait list with

complications of hepatic rupture or multiorgan

failure. The remaining 11 AL cases who were

rejected for LT died in 2–16 weeks with cholestasis

and subacute liver failure. Actuarial 1-year survival

amongst liver recipients in AL was 67%, 2-year

550%, and correlated with serum-free light chain

levels. Causes of early mortality were sepsis, CMV

and rapidly progressive nephrotic syndrome and

renal failure. Intermediate mortality was due to

multiple organ failure related to progressive amyloi-

dosis. Only two patients with AL exhibited over

5-year survival. Both patients had predominantly

liver and splenic amyloid and received stem cell

transplant after LT. The AFib and three ApoAI

patients received successful LKT, but two ApoAI

patients died of liver failure on the wait list.

LT can be life saving for AL-related hepatic

amyloidosis with liver failure. Short-term results are

acceptable, but the long term outcome is determined

by the severity of extrahepatic disease at LT and

eligibility for efficient treatment for AL after LT.

Outcomes of LT for liver failure in ApoAI and AFib

are excellent, and we support both as LT indications.

P-205

An underdiagnosed disease? High prevalence of

senile amyloidosis in a cardiac amyloid

programme

J. L. Kruger & R. H. Falk

Harvard Vanguard Medical Associates, Boston, MA,

USA

Introduction: Based on published data, the most

common form of amyloidosis is considered to be AL.

Recent statistics show a ratio of AL: senile systemic

amyloidosis (ATTRwt) of approximately 20:1, or

when only considering patients with cardiac involve-

ment, a ratio of 10:1. Familial TTR Amyloid

(ATTRm) is also considered more prevalent than

ATTRwt, possibly because identification of a pro-

band will result in an increased number of patients

diagnosed due to family screening. We postulated

that the older age of ATTRwt patients, presence of

disease in the heart only, and current lack of specific

treatment may result both in underdiagnosis and a

bias away from referral to centres that focus on AL

treatment. A programme specialising in cardiac

amyloid based in an environment where there is an

aggressive approach to specific cardiac diagnosis

might see a higher prevalence of ATTRwt.

Methods: Review of 105 consecutive patients with

proven or suspected diagnosis of cardiac amyloidosis

newly referred to a physician specialising in cardiac

amyloidosis revealed an AL:ATTRwt ratio of 3:2

(Table). ATTRwt was diagnosed primarily by the

absence of a plasma cell dyscrasia and specific

staining of cardiac biopsy for transthyretin with

absence of stain for k or l.

Conclusions: These results suggest that the pre-

valence of ATTRwt may not be reflected in the

percentage of patients seen at specialised amyloid

centres. While referral bias may account for some of

the considerably higher AL:ATTRwt ratio of patients

seen by our group compared to previous figures,

many of the ATTRwt patients were diagnosed after

cardiac biopsy, an underutilised test. These data

suggest that ATTRwt may be more common than

previously recognised and, with physician education

and a more aggressive approach to diagnosis, it is

likely that more cases will be recognised. Given the

recent development of agents that have the potential

to treat TTR amyloidosis, a high index of suspicion

in an elderly man with heart failure, thick ventricular

walls and preserved ejection fraction is of great

importance.

P-206

Assessment of a monoclonal antibody-based

free light chain enzyme-linked immunosorbent

assay (ELISA) and the polyclonal antibody-

based Freelite assay in AL amyloidosis

AL ATTRwt ATTRm Indeterminate

Non-

amyloid

Number of

patients

(m/f)

52

(40/12)

34

(33/1)

9

(3/6)

6

(5/1)

4

(1/3)

Mean age at

diagnosis

(years)

61.3 75.2 75.7 n/a n/a
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P. Mollee1, J. Tate2, D. Weiss3, & A. Solomon3

1Haematology Department, Pathology Queensland,

Princess Alexandra Hospital, Brisbane, Australia,
2Chemical Pathology Department, Pathology

Queensland, Royal Brisbane and Women’s Hospital,

Brisbane, Australia, and 3Human Immunology and

Cancer Program, University of Tennessee Graduate

School of Medicine and The University of Tennessee

College of Veterinary Medicine, Knoxville, TN, USA

Accurate and reproducible measurement of serum-

free light chains is critical in the diagnosis and

monitoring of AL amyloidosis. We aimed to assess a

monoclonal antibody-based enzyme-linked immu-

nosorbent assay (ELISA) in comparison to the

commercially available Freelite assay.

Serum samples were collected and stored

at 7808C at diagnosis and follow-up during a

multicentre Phase II clinical trial of risk adapted

intravenous melphalan in AL amyloidosis (ALLG

MM8 study). Serum kappa and lambda free light

chains were assayed by immunonephelometry with

the FreeliteTM assay (The Binding Site Ltd.

Birmingham, UK) on the BNII analyser (Siemens,

Marburg, Germany) and by a modified fluid-phase

ELISA (courtesy: Dr. Alan Solomon, Amer J Clin

Path 2008;130:702–711).

Normal ranges are as follows:

Sixty-three samples from 18 patients were avail-

able. Overall, the ELISA and TBS results were

highly correlated for both kappa (r2¼ 0.955,

p5 0.001) and lambda (r2¼ 0.0.924, p5 0.001)

FLC. The absolute FLC value differed significantly

between the assays, being higher for lambda

(p5 0.001) and lower for kappa (p5 0.001) when

measured by the ELISA assay. By conventional

serum and urine immunofixation, 13 and 5 patients

had lambda and kappa light chain restriction,

respectively. At diagnosis, the median pathologic

FLC by ELISA was 212 mg/l (range, 70–2403) for

lambda and 173 mg/l (range, 24–2144) for kappa.

The median non-pathologic FLC by ELISA was

27 mg/l (range, 4–43) for lambda and 11 mg/l

(range, 2–197) for kappa. Six of 18 (33%) patients

had a normal FLC ratio by ELISA compared to 4 of

18 (22%) by Freelite. Five of the six normal

diagnostic FLC ratios by ELISA were borderline

normal (0.07–0.09) and three had renal impairment.

The four normal FLC ratios by Freelite ranged from

0.31 to 0.84 with one result being abnormal using

the modified renal reference range.

Ten patients had follow-up samples, of whom

eight had an abnormal baseline FLC ratio by both

assays to compare response. ELISA and Freelite gave

concordant responses in six (CR n¼ 4, no response

n¼ 2). One patient was in CR by Freelite (64% FLC

reduction and normal ratio) but no response by

ELISA (11% FLC reduction) and one patient was in

PR by Freelite (52% FLC reduction) and minor

response (47% FLC reduction) by ELISA.

While overall there is correlation between the

results of the ELISA and Freelite assays, there are

significant differences in baseline values, kappa:

lambda ratios and response assessment. Further

clinical and laboratory validation of both assays is

required.

P-207

Results of autologous stem cell transplantation

for AL amyloidosis in one Czech centre

R. Rysava, J. Straub, B. Vackova, J. Koren,

M. Trnı̀ný, Z. Potysova, & I. Spicka

Nephrology Clinic, Charles University, First Faculty of

Medicine, Prague, Czech Republic

Introduction: AL amyloidosis is the most frequent

form of amyloidosis in western countries. The

prognosis is the worst among plasma cell dyscrasias

but it appears to have improved over the last decade –

currently the reported survival is approximately

4 years. High-dose therapy with stem cell support

(ASCT) could yield a high rate of complete

remission but transplant-related mortality (TRM)

remains high in unselected cohorts of patients.

Moreover, a multicentre randomised trial did not

confirm the superiority of ASCT and thus the role of

this approach still remains unclear.

Patients and Results: Fourteen consecutive pa-

tients (pts) with AL amyloidosis were treated in our

centre between 1998 and 2008 using our ‘strict risk-

adapted’ dosed melphalan conditioning. Eight men

and six women were enrolled, mean age was 52 years.

Only one organ was involved in eight pts, two organs

in five pts and one woman had five organs infiltrated

by amyloid. Multiple myeloma was detected in three

pts and kidneys were the most affected organ (with

nephrotic syndrome in six of them). Mean time from

diagnosis to ASCT was 6.3 months. Eight pts had

conditioning with melphalan only with dose

100 mg/m2. TRM was 7.1%, organ response was

57%, including 21% complete remission. Haemato-

logic response was 58% in 12 evaluable patients.

Kappa FLC Lambda FLC K:L ratio

Freelite 3–19 mg/l 6–26 mg/l 0.26–1.65

ELISA 4.2–13 mg/l 16.4–127.3 mg/l 0.07–0.28

Group A Group B Sub group B1 B
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Median overall survival was 77 months, median

progression-free survival 31 months. Toxicities grade

3–4 (not typically associated with ASCT) were

observed in 10 pts.

Conclusion: We conclude that ASCT with reduced

dose melphalan is an effective and relatively safe

treatment option for AL amyloidosis.

P-208

Peripheral blood autologous stem cell

transplantation in AL-amyloidosis patients: the

impact of renal insufficiency

S. Pasquali, M. Mandreoli, R. Rustichelli,

L. DeSanctis, L. Manenti, & A. Santoro

U.O. di Nefrologia-Arcispedale S.Maria Nuova, Reggio

Emilia, Italy

Although the best initial treatment for AL-

amyloidosis is still an unresolved question, high-

dose melphalan followed by autologous stem cell

transplantation (ASCT) represent an important

therapy option in selected patients. The efficacy

and the tolerability of this approach in patients with

secondary renal insufficiency (RI) are still little

known. We studied 13 patients, affected by RI due

to biopsy-proven AL-amyloidosis, who underwent

ASCT (1998–2008) with a minimum follow-up of

12 months, in order to analyse the evolution of

proteinuria, renal function and histological lesions.

The mean age was 53.2+ 7.5 years; 7/13 were

females; 12/13 with lambda monoclonal component;

the mean duration of the disease was 16.7+ 9.4

months; the mean number of organs involved

was 2 (range, 1–3). All the cases presented RI

(creatininemia 0.8+ 1.0 mg/dl; VFG 45.1+
13.6 ml/min) with nephrotic proteinuria (6.5+ 4.3

g/24 h); 4 patients were hyperuricemic. At the last

observation (follow-up 49.5+ 37.3 months): 10/13

patients (75%) reached the haematological response

after 4.7 months, 7/13 patients (54%) reached the

renal response after 9 months and one non-

responder patient died 18 months after ASCT. Out

of three haematological responders and renal non-

responders, two are undergoing chronic dialysis, one

underwent renal transplantation and is maintaining

normal renal function after 10 years of follow-up.

5/13 patients presented transplant-related complica-

tions: oral mucosites (three patients), bronchopneu-

mopathy (1 patient), veno-occlusive syndrome

(1 patient). The renal response seems to be condi-

tioned by the pre-transplant renal function values

(p5 0.09) and uricemia (p5 0.09), by the duration

of the disease (p5 0.03) and by the haematological

response (p5 0.09), while the entity of the basal

proteinuria does not seem to influence the subse-

quent renal outcome (pN S). In the patient who

repeated the renal biopsy, 4 years after the transplant,

the amyloid deposits are still present, in spite of the

remission of the proteinuria and the haematological

disease. ASCT is an efficacious and well-tolerated

treatment in patients with RI due to AL-amyloidosis.

The treatment must be started early. The renal

response is not associated to the disappearance of

renal amyloid fibrils. This might confirm the

hypothesis that amyloidogenic precursor proteins

are responsible for proteinuria independent of

mature amyloid fibrils.

P-209

Liver involvement with rapidly progressive

course in AL amyloidosis (AL): distinguishing

features at presentation. Experience of a single

centre

L. Econimo1, G. Gregorini1, L. Biasi2, G. Mazzola1,

M. Mendeni2, K. Presteni2, G. Jeannin1, &

G. Cancarini1

1Departments of Nephrology and 2Infectious Diseases,

Spedali Civili, University of Brescia, Brescia, Italy

Liver is a common site of amyloid deposition in AL

amyloidosis. Clinically, it is usually mild and does not

change the prognosis. In rare cases it becomes

clinically dominant with rapidly progressive course

ending in usually fatal liver insufficiency and hepa-

torenal syndrome. To change the prognosis, these

patients need to be promptly recognised and treated.

This study is a retrospective review of four cases

observed in our centre with rapidly progressive liver

insufficiency (group A). A comparison of clinical

features and alterations in laboratory tests between

group A and AL patients of our centre without

rapidly progressive liver involvement (group B) was

made, focusing on the possible differences at the

time of the diagnosis between the two groups.

Group A: 2, and 2<, medium age 60.5 years. 3l
and 1k immunoglobulin light chain. Amyloid depos-

its demonstrated in kidney and bone marrow (3/4),

liver (2/4), lungs, heart and thyroid (1/4; postmortem

finding). All the four patients died after a 39-days

median time (range 26–54) after diagnosis.

Group B: 13< and 6,, medium age 67.9 years. 17l
and 2k immunoglobulin light chain.

No difference in the two groups according to

months between onset of symptoms and diagnosis,

and prevalence of weight loss, anorexia, dyspepsia.

Other organs involved: kidney (group A 4/4;

group B 14/19), heart (group A 4/4; group B 17/

19), autonomic nervous system (group A 4/4; group
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B 13/19), gastrointestinal tract (group A 3/4; group B

5/19).

In group A, hepatomegaly and ascites was present

in all patients (group B hepatomegaly 10/19; ascites

3/19), bilirubin at the diagnosis was normal in 2/4

patients and 42 mg/dl only in 1/4.

The two groups differed as to liver function tests.

Six patients of group B (subgroup B1) had at the

diagnosis alterations of liver function tests, but less

relevant than in group A (Table, n¼ x upper

reference limit).

At diagnosis, presence of ascites, hepatomegaly,

and markedly increased levels of ALP identify

patients with risk of rapidly progressive liver involve-

ment. Treatment of patients with these features

should be considered an emergency.

P-210

AL amyloidosis in the central nervous system

(CNS)

M.D. Benson1,2, T. C. Witt3, J. Bonin1,

B. Matthews4, & R. Abonour5

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine, Indianapolis,

IN, USA, 2Richard L. Roudebush Veterans Affairs

Medical Center, Indianapolis, IN, USA, 3Department of

Neurosurgery, Indiana University School of Medicine,

Indianapolis, IN, USA, 4Department of Neurology,

Indiana University School of Medicine, Indianapolis,

IN, USA, and 5Department of Medicine, Division of

Hematology, Indiana University School of Medicine,

Indianapolis, IN, USA

Immunoglobulin light chain amyloidosis involving

the brain is very rare. In a few cases of CNS

amyloidosis, Ig light chain protein has been char-

acterised from biopsy or autopsy tissue, and there are

no reports of systemic AL in these patients. A

66-year-old woman presented with exaggeration of a

benign essential tremor which she had had for

many years and difficulty selecting correct size lids

for coffee cups and selecting proper function keys on

her computer keyboard. Initial evaluation revealed

no peripheral neurological problem but brain mag-

netic resonance imaging (MRI) detected areas of

enhancement in left temporal/parietal and frontal

periventricular areas. Stereotactic biopsy of the

temporal/parietal lesion showed extensive deposits

of oeosinophilic material which stained positive with

Congo red.

Amyloid laden tissue was retrieved from histologic

sections of formalin-fixed paraffin-embedded biopsy

material. After solubilisation in 6 M guanidine under

reducing conditions, no identifiable amino acid

sequence was obtained. The material was then sub-

jected to tryptic digestion and separation of peptides

by HPLC. Amino acid sequence of isolated peptides

revealed Ig lambda light chain (subgroup I or VI).

A thorough evaluation of the patient revealed no

evidence of systemic amyloidosis. Review of biopsy

slides failed to identify a plasma cell population

within the brain biopsy. Repeat MRI has shown no

significant change in CNS lesions.

AL amyloid deposits in the brain are a localised

form of amyloidosis and usually are presumed to be

related to local production of light chain protein by

monoclonal plasma cells. In the present case no such

population was seen on biopsy and no evidence of

systemic plasma cell dyscrasia could be detected.

This case emphasises the importance of tissue biopsy

for diagnosis followed by biochemical characterisa-

tion of the amyloid protein.

P-211

Bortezomib (Velcade) treatment of AL

amyloidosis: Indiana University experience

R. Abonour1, G. Kramer1, A. Suvannasankha1, &

M. D. Benson2,3

1Department of Medicine, Section of Hematology/

Oncology, Indiana University School of Medicine,

Indianapolis, IN, USA, 2Department of Pathology and

Laboratory Medicine, Indiana University School of

Medicine, Indianapolis, IN, USA, and 3Richard

L. Roudebush Veterans Affairs Medical Center,

Indianapolis, IN, USA

Bortezomib has been shown to be an effective

therapy for plasma cell dyscrasias and has an

increasing use in patients with AL amyloidosis. In

this study, we report the experience with the use of

bortezomib for AL amyloidosis at Indiana University

Medical Center.

Group A Group B Subgroup B1B

nAST nALT nGGT nALP nAST nALT nGGT nALP nAST nALT nGGT nALP

Medium 2.18 1.08 17.99 10.5 0.73 0.76 3.49 1.08 0.88 1.06 9.04 2.17

Min 0.97 0.51 2.64 7.32 0.32 0.28 0.18 0.35 0.32 0.28 1.98 1.39

Max 3.88 1.91 36.48 12.13 1.88 2.64 16.9 3.64 1.88 2.64 16.9 3.64
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Thirteen patients ranging from age 42 to 82 years

were included in this series: 11 males and three

females. Nine patients presented with renal amyloi-

dosis and nephrotic syndrome, two with cardiac

amyloidosis, one with anaemia, and one with

neuropathy. Four patients had k-monoclonal pro-

teins, nine had l-monoclonal proteins. Eight patients

who were not candidates for high-dose intravenous

melphalan with peripheral blood stem cell rescue

were treated with bortezomib as the initial therapeu-

tic. Varying dose regimens of bortezomib were used

but most patients received 1.3 mg/m2 plus dexa-

methasone weekly for 3 weeks followed by 1 week

without therapy. Three or more repeat cycles were

given. Five patients obtained complete haemologic

response. Three patients developed significant pain-

ful neuropathy and one patient developed GI toxicity

manifested as persistent diarrhoea. Five patients have

received bortezomib as a second-line therapy and

most have shown only partial response. Three had

previous high-dose melphalan with stem-cell rescue

with poor response or a relapse of disease prior to

institution of bortezomib therapy.

Bortezomib therapy for AL amyloidosis is effective

in a majority of patients and may give haematologic

remission within 3–6 months. It appears relatively

safe in patients who are at high risk for more

intensive chemotherapy.

P-212

Regression of gastroduodenal amyloid deposits

after chemotherapies in AL amyloidosis

N. Katoh, A. Tsuchiya-Suzuki, M. Matsuda, &

S. Ikeda

Department of Neurology and Rheumatology, Shinshu

University, Matsumoto, Japan

Objective: Primary systemic AL amyloidosis arises

from immunoglobulin light chains produced by

plasma cell dyscrasia. Although intensive che-

motherapies targeting plasma cells ameliorate an

overall survival rate of patients with this disorder, it

remains unclear whether this treatment can make

histopathological regression of amyloid deposits or

not. To approach this clinical issue, we investigated

amyloid burden in the gastroduodenal mucosa

before and after chemotherapy.

Patients and Methods: Twelve patients with pri-

mary systemic AL amyloidosis (mean age, 55.3 years)

were enrolled in this study. All patients received

VAD (vincristine, doxorubicin and dexamethasone)

and/or high-dose melphalan followed by autologous

peripheral blood stem cell transplantation (HDM/

SCT) following our eligibility criteria. Complete

remission (CR) was defined as the disappearance of

monoclonal proteins from both serum and urine on

immunofixation. We performed serial biopsies from

gastroduodenal mucosa before and after chemother-

apy, and retrospectively assessed amyloid deposition

on Congo red-stained specimens using a semiquan-

titative scale grading from 0 (none) to 3 (extensive).

Gastric and duodenal mucosae were evaluated

separately.

Results: CR was achieved in eight patients: five with

VAD and subsequent HDM/SCT, one with HDM/

SCT alone and two with VAD alone. Monoclonal

proteins were still positive in either serum or urine

even after the chemotherapy in the remaining four

patients (non-CR). The amyloid deposition score in

the gastric mucosa showed obvious decreases in all

patients with CR and two of four patients with non-

CR. In the duodenal mucosa, obvious decreases in

the amyloid deposition score were seen in 5 of 7 CR

patients and 1 of 3 non-CR patients.

Conclusion: Amyloid deposits in the gastroduode-

nal mucosa seemed to regress after intensive

chemotherapies such as HDM/SCT, in patients with

primary systemic AL amyloidosis, particularly in

those who achieved CR.

P-213

AL amyloidosis is a rare complication of

Waldenström macroglobulinemia

F. Merchionne, P. Procaccio, & F. Dammacco

Department of Internal Medicine and Clinical Oncology,

University of Bari, Bari, Italy

AL amyloidosis is infrequently diagnosed in IgM

monoclonal gammopathy and Waldenström macro-

globulinemia (WM). Although involved organs are

not usually different from those affected in primary

systemic and myeloma-associated amyloidosis, a

relatively higher incidence of cardiac and pulmonary

or pleural involvement has been reported in these

patients. Amyloid cardiomyopathy has emerged as

their main cause of death. A significantly higher

involvement of lymph nodes (21–25%) as well as a

less common peripheral neuropathy (3%) has also

been described in some studies. The estimated

median overall survival for IgM-associated AL

amyloidosis has been formerly calculated to be

approximately 2 years, but it is currently believed

to reach about 3 years. Factors significantly related

with survival have been shown to be the number of

involved organs, performance status, cardiac and

liver infiltration. We have retrospectively retrieved

121 patients with an unequivocal diagnosis of WM.

Patients with a doubtful diagnosis and those with an
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IgM monoclonal gammopathy without an overt WM

were excluded. AL amyloidosis was revealed in four

of them (3.3%). Three were men and one woman,

their age ranging from 46 to 82 years. Heart, kidneys,

liver, lymph nodes and lungs were consistently

involved and in one of them, whose main clinical

complaint was progressively severe dyspnea, lung

involvement was largely prevalent. His chest X-ray

showed a diffuse interstitial pneumopathy with

fibronodular infiltration throughout the lungs. Con-

solidating areas with central excavation and diffuse

interstitial fibrosis were seen by computed tomogra-

phy (CT). A lung biopsy obtained by thoracotomy

showed a widespread infiltration of lymphoplasmo-

cytic cells and parenchymal, perivascular and alveo-

lar deposition of AL amyloid. Two patients were

treated with chlorambucil–prednisone and the re-

maining two received melphalan–prednisone for a

median of six cycles. Their survival ranged from 10

months to 2 years. AL amyloidosis is rarely

diagnosed in patients with WM, and may remarkably

affect several organs and significantly shortens their

survival.

P-214

A historic cerebral amyloidoma classified

retrospectively as ALl-type

A. Jährig1, F. W. Spaar2, R. Schröder3, &

R. P. Linke1

1Reference Center of Amyloid Diseases amYmed,

Martinsried, Germany, 2Department of Neuropathology

University of Göttingen, Göttingen, Germany, and
3Department of Neuropathology, University of Cologne,

Cologne, Germany

An unusual, walnut-sized tumour representing a

growing mass by computed tomography scans was

removed from the left occipital lobe of a 46-year-old

woman’s brain who had suffered for the last 4 years

from such symptoms as progressive visual loss with

scotoma and finally hemianopia associated with

headache and depression. Histologic examination

revealed masses of amyloid with plasmocytes in the

vicinity but no evidence of systemic disease leading

to the assumption of a special variant of primary

amyloidosis as published in 1981 (Spaar FW et al.

J Neurol 1981;224:171–182). Recently, the paraffin

block of this case was retrieved by F.W. Spaar and

submitted for amyloid typing in retrospect. We

employed our validated amyloid antibody set that is

being used by us and others with high precision for

typing of a large number of amyloid-containing

tissues (Linke RP. Arch Path Lab Med in press;134.

The results of the classification of the patient’s

amyloid revealed ALl as being the only amyloid type

with a consistently strong diagnostic reactivity while

the reactivity against the other amyloids, such as AA,

ALk, AHg, ATTR, Ab2M, AFibAa, Ab, APrP, and

ACys, were only inconsistent and therefore not

diagnostic. This result was in line with the results

on the vicinal plasmocytes which showed only l- but

no k-reactivity, thus indicating a monoclonal B-cell

proliferation that most likely was secreting the

monoclonal precursor l-light chain. This case of

CNS amyloidoma, therefore, is of the same amyloid

class as the later published cases including the

chemically classified amyloidomas as summarised

(Schröder R, et al. J Neuropathol Exp Neurol

2009;68:286–299).

P-215

A case of localised cerebral light-chain

amyloidosis with disseminated periventricular

pattern

T. Bochtler, U. Hegenbart, S. Schönland,

G. Hermann, M. Deckert, S. Rohde, A. Ho, &

E. Hund

University of Heidelberg, Heidelberg, Germany

We report the case of a 46-year-old female patient

diagnosed with localised lambda light-chain amyloi-

dosis of the brain. The patient became symptomatic

by two successive complex focal seizures, concentra-

tion deficits and headache. Diagnosis was established

by a stereotactic biopsy. Histologic workup revealed

an IgG lambda subtype of the brain amyloid and

ruled out cerebral B-cell lymphoma or plasmocyto-

ma as underlying disorder. Magnetic resonance

imaging (MRI) revealed a markedly disseminated

periventricular pattern of the amyloid deposits along

with a small left frontal bleeding. The spinal tap

showed no pleocytosis with only 1 cell/ml and an

inconclusive flow cytometric analysis. Cerebrospinal

fluid protein concentration was only slightly elevated,

the blood–brain barrier proved intact. The free light

chain (FLC) in the cerebrospinal fluid showed a

kappa concentration of 3.1 mg/l and a lambda

concentration 9.1 mg/dl (respective serum values

10.0 mg/l for kappa and 11.7 mg/l for lambda).

There was no sign of systemic monoclonal gammo-

pathy or systemic amyloidosis. Interestingly, the

patient had undergone brain MRI 21 years prior to

the current symptoms in a diagnostic workup of

dizziness and nausea. In retrospect, the MRI at that

time already showed a few unspecific lesions

corresponding to those currently detectable, which

might reflect the initial amyloid deposits.

Currently, we initiated therapy with four cycles of
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dexamethasone pulse therapy (20 mg day 1–4, 9–12

and 17–20). Clinically, the patient slightly improved

during the first cycle and was stable thereafter with

no more seizures occurring. In MRI imaging, the

amyloid deposits were of identical size before and

after dexamethasone therapy. We deem this case

remarkable due to the unusual disseminated amyloid

deposition pattern, whereas in cerebral amyloid cases

reported so far generally a single mass – which is

referred to as amyloidoma – prevails. Obviously, the

disseminated pattern in our extremely rare case

precluded any surgical therapy. So there are no

evidence-based treatment recommendations at hand

and we invite discussion on further therapeutic

options. The detection of small lesions about 20 years

prior to fully developed symptoms suggests

slow deposition kinetics of cerebral light chain

amyloidosis.

P-216

A case of AL amyloidosis associated with IgD

multiple myeloma (MM): clinical and

laboratory findings, and outcome

R. Rizzi, R. Miccolis, E. Rinaldi, B. Bonerba,

M. Rossini, C. Manno, P. Curci, G. Specchia, &

V. Liso

Hematology Section, Bari University Medical School,

Bari, Italy

We report a case of light-chain amyloidosis (AL)

involving heart, kidney and soft tissue, associated

with IgD multiple myeloma (MM) (stage II,

according to International Staging System). In

2006, a 61-year-old woman presented with nephro-

tic-range proteinuria (24-h urinary protein 3.96 g/

day), serum creatinine 0.7 mg/dl, creatinine clear-

ance 48 ml/min and carpal tunnel syndrome. Renal

biopsy demonstrated AL amyloidosis of lambda type.

Immunofixation disclosed serum IgD lambda, and

urine lambda protein. Marrow showed 50% lambda-

restricted plasma cells. In the serum, kappa chains

were 51 mg/dl, lambda chains 152 mg/dl, kappa/

lambda ratio 0.33; in the urine, kappa chains were

0.7 mg/l, lambda chains 36.4 mg/l, kappa/lambda

ratio 0.019. Echocardiography revealed interventri-

cular septal thickness 17 mm, wall thickness 12 mm,

45% ventricular ejection fraction (VEF). Serum NT-

ProBNP was 3096 pg/ml, cTnI was 0.01 ng/ml.

Other presenting features were: tongue enlargement

with submandibular swelling, shoulder pad sign,

peripheral oedema, pallor, alopecia, skin purpura,

dysphagia, hoarseness of voice, unintentional weight

loss, fatigue, normocytic anaemia (haemoglobin 10.8

g/dl), low serum protein level 4.4 g/dl, hypoalbumi-

nemia 2.5 g/dl, 10.3% gamma-globulin, low serum

Ig levels, b2-microglobulin 4.5 mg/l. She received

thalidomide and dexamethasone, previously discon-

tinued for treatment-toxicity. Then, she received 2-

line melphalan and dexamethasone followed by

complete haematologic remission and organ function

improvement, as demonstrated by negative serum

and urine immunofixation, 2% marrow plasma cells,

serum and urine light chains within reference ranges,

and kappa/lambda ratio 1.08 with the immunone-

phelometric Ig serum FLC assay (Freelite). Heart

assessment showed no change in interventricular

septal and wall thickness, 53% VEF, NT-ProBNP

1580 pg/ml, cTnI 0.01 ng/ml. Kidney assessment

disclosed 24-h urine protein 0.12 g/day, serum

creatinine 0.69 mg/dl, creatinine clearance 55 ml/

min. After a 35-month follow-up, our patient has a

persisting haematologic remission. Response re-

evaluation, performed every 3 months, includes

monitoring of FLC ratio, NT-ProBNP and cTnI,

whose last value resulted 1.6, 270 pg/ml and 0.0,

respectively. In patients with AL, these serologic

biomarkers are useful tools to identify treatment

response and predict disease outcome in advance.

P-217

Recurrent haemorrhagic bullae of oral cavity

and cranial nerve palsy: two rare

manifestations at the onset of AL amyloidosis in

the same patient

G. Gregorini1, G. Jeannin1, L. Econimo1,

L. Morassi2, P. Faggiano3, M. Nardi3, &

G. Cancarini1

1Department of Nephrology, 2Department of Pathology,

and 3Department of Cardiology, Spedali Civili,

University of Brescia, Brescia, Italy

It is expected that earlier diagnosis, at a stage where

vital organs are not yet damaged, could substantially

change the prognosis of AL amyloidosis. From the

clinical point of view, the possibility of early diagnosis

is based on knowledge of all possible manifestations

of the disease including those less common. March

2009: A 70-year-old woman was admitted to the

cardiology unit with a 2-month history of leg oedema,

exertional dyspnoea, orthopnea and hypotension.

Echocardiography revealed dramatic biventricular

wall thickening with restrictive cardiomyopathy com-

patible with cardiac amyloidosis. Presence of restric-

tive infiltrative cardiomyopathy was confirmed by

cardiac magnetic resonance imaging. In the presence

of negative serum protein electrophoresis, negative

urinary protein electrophoresis, negative serum and

urinary immunofixation, only the demonstration of a
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pathological excess of serum-free lambda light chains

by measurement of sFLC (k¼ 19 mg/l, l 110 mg/l, k/

l¼ 0. 17) allowed to put the diagnosis of AL

amyloidosis, later confirmed by demonstration of

clonal plasma cell disorder at bone marrow biopsy. In

April 2007, about 2 years earlier, the patient had

started to present recurrent hemorrhagic bullae of the

oral cavity. Bullae evolved spontaneous rupture,

leaving aphthous lesions that healed in 2–6 days.

New bullae formed continuously, at the beginning of

each month, and then more and more often, at the

end almost every week. Biopsy of a bulla, made

during the stay in the cardiology unit, showed the

presence of amorphous material birefringent to

polarised light after Congo red staining in the vessels

of the stroma beneath the epithelium. In June 2007,

the patient had began to present difficulty in speak-

ing, dysphagia for solids and had noticed deviation to

the right of the tongue and progressive hypotrophy of

the left part of the tongue. The picture was defined

consistent with palsy of left hypoglossal nerve. Both

hemorrhagic bullae of the oral cavity and hypoglossal

nerve palsy, had been studied by several specialists

and a number of different treatment efforts were

made. A precise diagnosis was not done. All the

possible clinical manifestations of AL amyloidosis,

even if rare as recurrent hemorrhagic bullae of

the oral cavity or cranial nerve palsy, should be

spread among the clinicians in order to anticipate

diagnosis.

P-218

A case report of kappa L-chain primary nodular

lung amyloidosis

B. Moscatelli1, G. B. Capoccetta1, P. Anselmi1,

M. Di Girolamo1, & D. Campagna2

1Department of Internal Medicine, Fatebenefratelli

Hospital – AFaR Isola Tiberina, Rome, Italy and
2Department of Pathology, S. Giovanni-Addolorata

Hospital, Rome, Italy

Background: Amyloidosis of the lung parenchyma

is an uncommon diagnosis in vivo, although histo-

logic feature of pulmonary involvement is often

present in systemic AL amyloidosis. Typically, it is

appears after the fifth decade with dyspnoea, cough

and occasionally haemoptysis. Radiographically, the

amyloid deposits occur like solitary/multiple nodules

or a diffuse alveolar septal pattern: the former is

usually a localised form and the latter more com-

monly is a manifestation of AL type systemic

amyloidosis.

Materials and Methods: We discuss the clinical

and diagnostic problems of a patient with a kappa

L-chain primary solitary nodule of the lung. A

63-year-old patient, former smoker, 3 months before

admission began to have shortness of breath and

cough. Chest radiography and CT showed a solitary

small nodule (27618 mm) in the lower lobe

pulmonary dx (subpleural region). There was no

history of fever, night sweat, weight loss, thoracic

pain, haematemesis. A diagnostic procedure was

performed.

Results: After video-assisted thoracic surgery of the

nodule, pathological findings confirmed, by Congo

red staining, the diagnosis of pulmonary amyloidosis.

Immunohistologic and immunogold study con-

firmed amyloid light (AL) of kappa-light chains

origin. Serum and urinary electrophoresis was

negative for monoclonal gammopathy with no other

organs’ involvement. Two years postoperatively,

there has been no recurrence.

Conclusions: In systemic AL amyloidosis, the

diffuse parenchymal amyloid deposition of the lung

is a common histological finding in many autopsy

series. Nevertheless, primary pulmonary amyloidosis

is a rare feature especially in a solitary ‘tumour-like’

nodule form and may be mistaken for neoplasia.

Signs and symptoms of pulmonary involvement are

rare, often scanty. Diagnostic proceedings are

necessary to identify the nodular amyloid type and

to confirm the absence of systemic amyloidosis. The

primary pulmonary amyloid nodules have a long and

relatively benign course.

P-219

Quick response to bortezomib plus

dexamethasone in a patient with AL

amyloidosis in first relapse

A. Moscetti, F. Saltarelli, M. P. Bianchi,

B. Monarca, L. De Biase, R. Porrini, G. Antolino, &

G. La Verde

A.O. Sant’Andrea, U. O. S. Diagnosi e Cura delle

Discrasie Plasmacellulari e delle Amiloidosi, Rome, Italy

Generally, the treatment of choice in eligible patients

affected by AL amyloidosis is the combination of

high-dose melphalan and autologous stem cell

transplantation. However, the most part of patients

are ineligible for or relapse after this treatment; hence,

a new approach is represented by bortezomib, a

proteasome inhibitor also used in multiple myeloma.

We treated a 66-year-old woman affected by AL

amyloidosis with heart, kidney and gastrointestinal

tract involvement relapsed after nine courses of

high-dose melphalan and dexamethasone.

Between September and October 2007, two

courses of therapies were administered – with

Abstracts 205

A
m

yl
oi

d 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
94

.2
12

.2
30

.8
2 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



bortezomib (1.3 mg/m2 day 1, 4, 8, 11 q21) and

dexamethasone (20 mg p.o day 1–2, 8–9 q21). The

patient received anti-infective prophylaxis with acy-

clovir 200 mg bid and ciprofloxacin 250 mg bid

from day 1 to day 9 of every cycle.

The baseline haematological and organ damage

parameters were as follows: lambda sFLC 269 mg/l,

bone marrow plasmocytosis 8%, Bence–Jones pro-

teinuria, serum creatinine 1.31 mg/dl, ALP 442 U/l,

GGT 207 U/l, NT-proBNP 9018 ng/l, serum

troponine I 0.05 ng/ml.

The patient obtained the haematological and the

organ response after 1.5 and 2.5 months, respec-

tively: lambda sFLC decreased to 10 mg/l, serum

immunofixation resulted negative, bone marrow

plasmocytosis 2%, BJ proteinuria was not present,

serum creatinine was 1.1 mg/dl, ALP 136 U/l, GGT

85 U/l, NT-proBNP 7272 ng/l, serum troponine I

0.1 ng/ml.

Fatigue, peripheral oedema, constipation and

postural hypotension were manageable with suppor-

tive treatment. Because of both the brilliant response

obtained and the development of a severe somato-

sensory polyneuropathy of superior and inferior

extremities, the treatment was suspended; unfortu-

nately, disease relapse occurred after 7 months of

complete remission.

The quick response obtainable with the combina-

tion therapy of bortezomib and dexamethasone in a

pretreated relapsed patient represents a new chance

for the treatment of AL amyloidosis, also with

multiorgan impairment.

P-220

Modern diagnostic and therapeutical approach

to cardiac AL amyloidosis: lessons from a

clinical case

A. Giannoni1, G. Aquaro1, G. Vergaro1,

A. Valleggi1, L. E. Pastormerlo1, M. Fontana1,

R. Poletti1, E. Benedetti2, M. Petrini2, C. Passino3,

G. Merlini4, & M. Emdin1

1Fondazione G. Monasterio CNR Regione, Toscana,

Pisa, 2Department of Hematology, University of Pisa

Pisa, Italy, 3Scuola Sant’Anna, Pisa, Italy, and
4Amyloidosis Research and Treatment Center,

Department of Biochemistry, Fondazione IRCCS,

Policlinico San Matteo, University of Pavia, Pavia, Italy

This study deals with the case of a male patient (aged

51 years) who was previously, elsewhere diagnosed as

‘angina pectoris with normal coronary arteries’,

Temporal trends of interventricular septum at echocardiography, aminoterminal brain natriuretic peptide (NT-proBNP), troponin I and

peak oxygen consumption, before and after hematologic and cardiac treatment institution. HD CT¼ high-dose chemotherapy, SC¼ stem

cell, Hospit.¼ hospitalisation.
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based on a ‘false positive’ myocardial scintigraphy.

However, chronic elevation of troponin and NT-

proBNP level despite normal systolic function led to a

magnetic resonance, where a typical amyloidotic

pattern was found with concentric wall thickening,

pleuro-pericardial effusion and biventricular/biatrial

gadolinium late enhancement at both subendocar-

dium and subepicardium levels. The suspicion of

cardiac amyloidosis was confirmed by monoclonal l
chains at urinary immunofixation and multiple

myeloma histology at osteomedullar biopsy.

Beyond standard hematologic therapy with dox-

orubicin, lenalidomide and desametazone, the pa-

tient was treated for diastolic dysfunction (restrictive

pattern) not only with diuretics but also with beta-

blockers, ACE-inhibitors and antialdosterone drugs

(Figure). The novel antioxidant epigallocatechin

gallate was also introduced. In a later stage, high-

dose chemotherapy with peripheral stem cells

reinfusion was also made, obtaining a marked

reduction in urinary lambda chains (from 13.3 mg/l

to repeated values below the upper reference limit of

3.9 mg/l). In spite of the increase in left ventricular

wall thickening (finally led to a plateau), the clinical

amelioration after the treatment strategy set up was

reflected by the improvement in both biomarkers

(natriuretic peptides and troponin I) and cardiopul-

monary parameters (peak oxygen consumption), as

shown in the Figure. A comprehensive neuro-

hormonal antagonist strategy and novel antioxidant

drugs on top of haematologic therapy may warrant

clinical improvement mirrored by amelioration of

neurohormonal status and functional capacity in

patients with AL amyloidosis.
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