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Amyloidosis: a brief history

R. A. Kyle

Department of Hematology, Mayo Clinic, Rochester,

MN, USA

Boneti’s Sepulchretum Sive Anatomica Practica,

published in 1679, contains 1700 pages and a

number of autopsy reports of probable amyloidosis

including a case of Fontanus. Antoine Portal

described a substance similar to lard in the liver of

an elderly woman in 1789. Raspail froze tissues for

microscopic study and used alcohol to make the

tissues more firm and utilised the iodine test to

demonstrate the presence of starch. Carl Rokitansky

described lardaceous infiltration of the liver in the

presence of tuberculosis or syphilis. He felt this was a

type of fatty liver, but George Budd showed that the

lardaceous liver actually consisted mainly of albumin

rather than fat. The term ‘amyloid’ was coined in

1838 by Mathias Schleiden, but it was Rudolph

Virchow who popularised the term.

Primary amyloidosis was probably first reported in

1856, while the first case of amyloidosis associated

with multiple myeloma was reported by Weber in

1867. The aniline dyes, introduced in 1875, replaced

the iodine sulphuric acid test. In 1922, Hermann

Bennhold introduced an aniline stain, Congo red.

Cohen and Calkins, in 1959, recognised that all types

of amyloid had a nonbranching fibrillar structure

when viewed under the electron microscope.

Magnus-Levy, in 1931, raised the possibility of

Bence Jones protein as the ‘mother substance’ of

amyloidosis, but it was not until 1971 when Glenner

found that the amino sequence of a patient’s Bence

Jones protein was almost identical to his amyloid

protein.

Familial amyloidosis was first reported in 1929,

but Corino Andrade, in 1952, clearly described

sensorimotor peripheral neuropathy associated with

amyloid deposition in 74 patients from multiple

families in Portugal. Similar patients have been

reported from Sweden and Japan. This amyloid

consisted of transthyretin and more than 100

mutations have been reported. Senile amyloid

deposits (normal transthyretin) have been found in

the heart in approximately one-fourth of persons

older than 70 years.

The International Society of Amyloidosis began at

the IXth Symposium on Amyloidois in Budapest,

Hungary in 2001. Robert A. Kyle was selected as

President and he proceeded to write the Constitution

and Bylaws of the International Society of

Amyloidosis. He was re-elected at the Xth Interna-

tional Symposium in Tours, France in 2004 and was

succeeded by Dr. Giampaolo Merlini at the XI

International Symposium in November 2006.

OP-001

Heparan sulphate activates a histidine

molecular switch that drives serum amyloid A

aggregation and fibrillogenesis

E. Elimova1, R. Kisilevsky1,2, & J. B. Ancsin2

1Department of Biochemistry and 2Department of

Pathology and Molecular Medicine, Queen’s University

and The Syl and Molly Apps Research Centre,

Kingston General Hospital, Kingston, Ontario,

Canada

During inflammatory diseases serum amyloid A

(SAA), an acute-phase apolipoprotein of HDL can

assemble into fibrils and deposit as AA-amyloid in

tissues. The mechanism and physiological factors

promoting this and other types of amyloidosis are

largely unknown but likely involves heparan sulphate

(HS) a glycosaminoglycan co-localised with all types

of amyloids. There is substantial experimental

evidence that HS exerts its pro-amyloidogenic

activity by binding to HS binding sites that have

been identified for SAA and several other amyloido-

genic polypeptides. In this study we explored the role

of HDL-SAA:HS interactions in the conversion of

native SAA into AA-amyloid using in vitro and cell

culture assays. HS was demonstrated to cause the

aggregation of native SAA (associated with HDL) at

mildly acidic-pH. A sequence motif in SAA mediat-

ing this conversion was identified and found to,
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(1) contain a pH-sensitive HS/heparin binding site,

(2) function as a ligand for a cell surface receptor and

(3) act as a structural focal point for SAA re-folding

and self-assembly. In addition, synthetic peptides

corresponding to this region promoted the deposi-

tion of AA-amyloid in a monocyte culture model for

AA-amyloidogenesis. The effects were peptide se-

quence specific and reliant on the protonation of

His36. We conclude that a highly conserved motif in

SAA required for binding to macrophages can also

act as an HS-activated molecular switch directing

SAA re-folding into AA-amyloid. Similar His-

dependent HS binding sites are also found in other

amyloidogenic polypeptides and we postulate that

His protonation contributes to the amyloidogenic

propensity of polypeptide sequences.

OP-002

Amyloid formation by human muscle

acylphosphatase in the presence of heparan

sulphate

N. Motamedi-Shad1, E. Monsellier1, L. Botti1,

S. Torrassa2, A. Relini2, & F. Chiti1

1Dipartimento di Biochimica, Università di Firenze,

Florence, Italy and 2Dipartimento di Fisica, Università

di Genova, Genoa, Italy

The glycosaminoglycan heparan sulphate (HS) is an

extracellular matrix component found to be univer-

sally associated with amyloid deposits and to promote

amyloid fibril formation in a number of protein

systems. In our study, we monitored the impact of HS

on the amyloidogenesis of human muscle acylpho-

sphatase (mAcP), using an array of techniques, such

as normal and stopped-flow far-UV circular dichro-

ism, thioflavin T fluorescence, dynamic and static

light scattering, stopped-flow static light scattering

and atomic force microscopy. The results show that

the conversion of mAcP from its native state into the

amyloidogenic, yet monomeric, partially folded state

is accelerated by HS. Furthermore, in the presence of

HS, the resulting partially folded state of mAcP

aggregates following two different pathways that

occur in parallel: an initial very fast conversion of a

fraction of mAcP molecules that interact with HS into

ThT-positive and b-sheet containing oligomers, and

a slow phase resulting from the normal aggregation of

partially folded molecules that cannot interact with

HS. For the initial fast phase of aggregation, followed

using a stopped-flow device coupled to a light

scattering detection system, a stochiometric model

is drawn that hints at an interaction between HS and

mAcP in a ratio 1:3 for nucleus formation and a

catalytic role for HS.

OP-003

Effects of disease-associated mutations on the

aggregation process of the 93-residue N-

terminal fragment of human apolipoprotein

A-I

S. Raimondi1,2, F. Guglielmi3, S. Giorgetti1,

S. Di Gaetano4, A. Arciello3, A. Relini5,

S. M. Doglia6, A. Natalello6, P. Pucci7,8,

P. Mangione1, L. Obici2, G. Merlini1,2,

M. Stoppini1,9, G. G. Tartaglia10,

M. Vendruscolo10, R. Piccoli3,9, & V. Bellotti1,2,9

1Department of Biochemistry, University of Pavia,

Pavia, Italy, 2Biotechnology Research Laboratories,

IRCCS Fondazione Policlinico San Matteo, Pavia,

Italy, 3Department of Structural and Functional

Biology, School of Biotechnological Sciences, University

of Naples Federico II, Naples, Italy, 4Institute of

Biostructures and Bioimages, CNR, Naples, Italy,
5Department of Physics, University of Genoa, Genoa,

Italy, 6Department of Biotechnology and Biosciences,

University of Milano-Bicocca, Milan, Italy,
7Department of Organic Chemistry and Biochemistry,

University of Naples Federico II, Naples, Italy, 8Ceinge

Biotecnologie Avanzate, Naples, Italy, 9Istituto

Nazionale di Biostrutture e Biosistemi (INBB), Rome,

Italy, and 10Department of Chemistry, University of

Cambridge, Cambridge, UK

A polypeptide chain corresponding to the 93 N-

terminal residues of apolipoprotein A-I is the major

constituent of amyloid fibrils isolated from human

tissues of patient suffering from a familiar amyloi-

dosis. By optimisation of the expression protocol

previously set up for the production of the recombi-

nant wild-type 1–93 fragment, we produced a panel

of polypeptides corresponding to all the currently

known amyloidogenic variants of the N-terminal

region of apolipoprotein A-I, other than a truncation

mutation, and investigated the effects of the muta-

tions on the aggregation kinetics of the amyloidogenic

fragment. All the variants were found to adopt a

monomeric highly disordered structure in solution at

neutral pH whereas acidification of the solution

induced an unstable a-helical conformations and

the subsequent aggregation into the cross-b structure

typical of amyloid fibrils. The aggregation rates,

experimentally measured, correlate with those pre-

dicted on the basis of the amino acid sequence. With

the exception of two variants, for which a faster

aggregation rate has been determined, we found that

the majority of the mutations do not affect substan-

tially the aggregation rate measured for the wild-type

polypeptide. These data, together with the predictive

analysis of the effects of mutations on the structural

fluctuations support the hypothesis that the muta-

tions are amyloidogenic by promoting conformations
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suitable for the proteolytic release of the N-terminal

polypeptide than affect its aggregation rate. In the

model proposed, the mutations increase the flexibility

of the loop interconnecting strands B and C of the

protein, thus permitting the proteolytic release of its

amyloidogenic N-terminal segment. The increased

aggregation propensity of two of the amyloidogenic

variants could further accelerate amyloidogenesis and

influence the natural history of the disease.

OP-004

Heparan sulphate/heparin binds transthyretin

and promotes its fibrillogenesis

F. Noborn1, P. O’Callaghan2, I. Dacklin3,

J. B. Ancsin1, A. Damas4, E. Lundgren3,

R. Kisilevsky5, P. Westermark6, & J-P. Li1

1Department of Medical Biochemistry and Microbiology,

Uppsala University, The Biomedical Center, Sweden,
2Department of Public Health and Caring Sciences,

Molecular Geriatrics, Rudbeck Laboratory, Uppsala

University, Sweden, 3Department of Molecular Biology,

Umeå University, Sweden, 4Molecular Structure Group,

IBMC and ICBAS, University of Porto, Portugal,
5Department of Pathology and Molecular Medicine,

Queens’s University, Kingston, Ontario, Canada, and
6Department of Genetics and Pathology, Rudbeck

Laboratory, Uppsala University, Sweden

Transthyretin (TTR) is a plasma protein transport-

ing thyroxin and retinol. In addition to its physiolo-

gical role, TTR is found as a main constituent of

amyloid fibrils in several distinct clinical forms of

amyloidosis, including familial amyloid polyneuro-

pathy (FAP) and sporadic senile systemic amyloido-

sis (SSA). SSA is caused by selective deposition of

wild-type TTR-amyloid fibrils in cardiac tissue.

Mutations associated with familial forms of TTR

amyloidosis have been demonstrated to be pro-

amyloidogenic, where point mutations destabilises

the quaternary structure accompanied by a marked

increase in fibrillisation. However, current informa-

tion of pro-amyloidogenic factors for wild-type

TTR is scarce, despite the fact that the vast majority

of TTR-related amyloidosis cases are sporadic.

Examination of a heart specimen from a patient

diagnosed with cardiomyopathy revealed substantial

heparan sulphate (HS) in TTR amyloid deposits. In

vitro experiment demonstrated that HS and heparin

promoted fibrillisation of recombinant wild-type

TTR. The fibrillisation-promoting effect was size

dependent, as shorter fragments of heparin did not

display the same effect. The heparin-induced

increase in fibrillisation was accompanied by a

reduction of oligomers. Further, in vivo experiment

employing a Drosophila model that overexpresses

TTR confirmed the pro-amyloidogenic effect of

heparin. Moreover, HS/heparin interaction was pH-

dependent, suggesting that HS/heparin mediated

TTR aggregation requires mildly acidic condition.

OP-005

Role of glycosaminoglycan sulphation in the

formation of immunoglobulin light chain

amyloid fibrils

R. Ren1, K. L. Laporte1, M. Skinner1,

D. C. Seldin1, C. E. Costello2, L. H. Connors1, &

V. Trinkaus-Randall1

1Amyloid Treatment and Research Program and 2Mass

Spectrometry Resource, Department of Biochemistry,

Boston University School of Medicine, Boston, MA,

USA

Purpose: Primary (AL) amyloidosis results from

the overproduction of unstable monoclonal immu-

noglobulin light chains (LCs) and the deposition of

insoluble fibrils in tissues, leading to organ disease.

While previous studies have suggested that glycosa-

minoglycans (GAGs) may promote the formation of

amyloid fibrils, the mechanism is not well under-

stood.

Methods and Results: In this study, AL amyloid

fibrils were extracted from autopsy tissues and

examined for their microstructure and the associated

GAGs ex vivo. Atomic force microscopy (AFM) and

transmission electronic microscopy (TEM) were

used to analyse the morphology of the fibrils and

Cuprolinic Blue, a dye which stains uronic acid

residues of GAGs, was used to determine that the

sulphated GAG side chains were oriented along the

length of the fibril strand. To examine the role of

sulphated GAGs on LC fibril formation in vitro, a

kappa 1 LC purified from the urine of a patient with

AL amyloidosis was incubated in the presence or

absence of various GAGs. Thioflavin T (ThT)

fluorescence, AFM and TEM were used to monitor

the oligomer and fibril formation process. Heparan

sulphate, heparin, the de-O-sulphated form of

heparin, and the over sulphated form of heparin

were tested using all three methods. Additionally,

dextran and dextran sulphate were analysed by ThT

fluorescence as controls. The fibrils generated

in vitro shared similar morphologic characteristics

with ex vivo kappa 1 amyloid fibrillar extracts. The

presence of heparan sulphate, heparin or the heparin

derivatives increased the rate of both oligomer and

fibril formation. Parallel studies performed on a non-

amyloidogenic LC extracted from the urine of a

patient with multiple myeloma were negative for
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oligomer/fibril formation under any of the test

conditions. Cuprolinic Blue staining confirmed the

association of GAG side chains with the in vitro

formed LC fibrils.

Conclusion: Together, these data indicate that the

degree of sulphation of the GAG chain may be a

critical factor in the initiation of amyloid oligomer

and fibril formation.

OP-006

Toward a comprehension of functional

aggregation into amyloids in pituitary secretory

granules

A. Soragni1, S. K. Maji2, & R. Riek1

1ETH Zurich, Zurich, Switzerland and 2Department of

Biosciences and Bioengineering, Mumbai, India

Amyloids are highly organised cross-b-sheet rich

protein aggregates found in a number of pathological

conditions including systemic amyloidosis,

Alzheimer’s disease and Parkinson’s disease among

others.

However, amyloids can also be functional, evolu-

tionary optimised structures, as seen in bacteria, fungi,

yeasts and human (Fowler et al. Trends Biochem

Sci 2007;32:217–224; Maji et al. Science 2009;325:

328–332). We recently proposed that amyloids are the

natural storage container for hormones, peptides and

proteins in secretory granules in the pituitary gland

(Maji et al. Science 2009). Here, we present additional

findings supporting the data, including the ultrastruc-

ture of the secretory granules isolated from rat

pituitary gland.

We compare the morphology of the content of the

granules to the amyloid material deposited in

pituitary adenomas, suggesting that the extracellular

aggregates are originated from granule material

that did not dissolve or re-aggregate upon secretion.

This supports the idea that there is a delicate

equilibrium of the amyloid to accomplish a biological

function or to deposit in tissues under pathological

conditions.

Furthermore, we propose that the storage of

proteins at high concentration in the form of

amyloids is not only a prerogative of the pituitary

gland granules but also a more general mechanism.

OP-007

Genotype-phenotype correlation of

TGFB1-linked corneal dystrophies in France:

from clinical, histological and genetic findings

to in situ X-ray diffraction data of corneal

deposits

S. Valleix, F. Briki, F. Niel, M. Boimard,

B. Nedelec, M. Savoldelli, J. L. Bourges,

G. Renard, C. Hamel, M. Delpech, B. Delbosc, &

B. Kantelip

Laboratoire de Biochimie et Génétique Moléculaire,

Université Paris-Descartes, Faculté de Médecine de

Cochin; AP-HP and INSERM, Institut Cochin

(U1016) Paris, France

Several clinical forms of autosomal dominant corneal

dystrophies are linked to missense mutations in the

TGFB1 gene encoding a ubiquitous extracellular

matrix protein of 683 amino acids, named keratoe-

pithelin (KE). Depending on the mutation in

TGFB1, the entire mutated KE protein, or its

proteolytic fragments, accumulate in the corneal

stroma with different ultrastructures forming amy-

loid (lattice corneal dystrophy), rod-shaped crystal-

loid structures (granular corneal dystrophy), a

combination of amyloid and rod-shaped bodies

(Avellino Corneal Dystrophy), or ‘curly fibers’

(Thiel-Behnke dystrophy). Therefore, these inher-

ited human corneal diseases represent a unique

model for unravelling the specific mechanisms of

amyloid or non-amyloid aggregate formation, and

also for identifying local factors that target KE

deposition in the corneal stroma only.

We report the mutational TGFB1 spectrum, along

with novel variants, of a total of 25 French families

with autosomal dominant corneal dystrophies. For

each family, clinical phenotype was carefully deter-

mined and numerous corneal buttons were exam-

ined by light and transmission electron microscopy

allowing a precise genotype-phenotype correlation.

After this initial classification, our challenge ahead

is to gain a better insight onto the ultrastructure of

these KE deposits of various kinds, and we are

initiating X-ray diffraction studies on human patho-

logical corneal specimens obtained after penetrating

keratoplasty. We report our first in situ X-ray

diffraction data from a corneal specimen with lattice

corneal dystrophy.

OP-008

Molecular basis of amyloid fibril recognition

through the conformation-sensitive B10

antibody fragment

I. Morgado1,2, C. Haupt1, C. Parthier2,

H. A. Scheidt2,3, M. Bereza4, K. Wieligmann1,4,

D. Huster3, M. T. Stubbs2, U. Horn4, &

M. Fändrich1

1Max Planck Research Unit for Enzymology of

Protein Folding, Halle, Germany, 2Institute of

Biochemistry and Biotechnology, Martin-Luther
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University Halle-Wittenberg, Halle, Germany,
3Institut für Medizinische Physik und Biophysik,

Leipzig, Germany, and 4Leibniz Institute for Natural

Product Research and Infection Biology-Hans-Knöll-

Institute (HKI), Jena, Germany

The B10 antibody fragment binds in a conformation-

sensitive manner to amyloid fibrils (Habicht et al.

Proc Natl Acad Sci USA 2007;104:19232–19237). It

was generated previously by competitive phage

display, using mature Ab(1-40) amyloid fibrils as a

target and freshly dissolved Ab(1-40) peptide as a

competitor. Surface plasmon resonance and spot

blot analysis show that B10 presents specific inter-

actions to amyloid fibrils from Ab(1-40) peptide,

while disaggregated Ab(1-40) peptide is not well

recognised. These data demonstrate the conforma-

tional specificity of B10. Consistent with this

conclusion, B10 is able to interact with different

types of amyloid fibrils, including amyloid fibrils that

were formed from different polypeptide chains

in vitro as well as AA and AL amyloid fibrils that

were extracted from diseased human tissues. Hence,

the B10 epitope is common to different amyloid

fibrils. Analysis of the B10 sequence within its

complementarity determining regions as well as

numerous biochemical experiments imply, taken

together, that amyloid fibril recognition by B10

depends on positively charged residues within fibril

binding moiety of the antibody fragment. To

facilitate detection of B10-binding, B10 was fused

genetically to alkaline phosphatase. The resultant

fusion protein, termed B10AP, presents functional

activity and interferes with the mechanism of

amyloid formation. Mechanistic analysis suggests

that B10AP prevents the formation of mature Ab
amyloid fibrils by stabilising a specific kinetic

intermediate: protofibrils. As protofibrils are intrin-

sically unstable species, B10AP provides the oppor-

tunity to render them amenable to structural analysis

with high-resolution techniques. By using solid-state

nuclear magnetic resonance, we have explored the b-

sheet structure of B10AP-stabilised Ab protofibrils.

Their structural similarity or difference compared

with mature Ab amyloid fibrils will be discussed.

OP-009

Histopathologic and serologic evidence for a

role of the molecular chaperone clusterin in

amyloidotic cardiomyopathy

M. J. Greene1,2, P. S. Hoo2, K. Laporte2,

D. Seldin2,3, & L. H. Connors2,4

1Department of Pathology and Laboratory Medicine,
2Gerry Amyloid Research Laboratory, 3Department of

Medicine, and 4Department of Biochemistry, Boston

University School of Medicine, Boston, MA, USA

Understanding the fundamental mechanisms of

protein homeostasis and its disruption are important

in determining the aetiology of the systemic amyloid

diseases. Molecular chaperones, including the ex-

tracellular protein clusterin (CLU), play a signifi-

cant role in maintaining proteostasis and have a

unique capacity to bind and stabilise non-native

protein conformations, prevent aggregation and

keep proteins in a soluble folding-competent state.

CLU is a plasma protein that shares functional

characteristics with small heat shock proteins and is

dysregulated in several protein misfolding diseases,

cancers and cardiac-related pathologies. In addition,

CLU is found co-deposited in amyloid-b plaques in

brains of patients with Alzheimer’s disease and

appears to regulate the toxicity and solubility of Ab.

In this study, we investigated amyloid-infiltrated

cardiac tissue for the presence of CLU and

measured serum levels of CLU in patients with

amyloidotic cardiomyopathy. Cardiac tissues con-

taining congophilic deposits composed of either

transthyretin (TTR) or immunoglobulin light chain

(LC) from three patients with cardiomyopathy

(CMP) were examined for the presence of CLU

using immunohistochemical techniques. CLU stain-

ing co-localised with the intercellular myocardial

amyloid in tissues from patients with familial

transthyretin (ATTR), senile systemic (SSA) or

immunoglobulin light chain (AL) amyloidosis. No

CLU was found in control sections from non-

amyloidotic heart tissue. The association of CLU

with cardiac amyloid deposits was confirmed by

immunogold electron microscopy. Serum concen-

trations of CLU in patients with SSA, ATTR with

CMP, AL with CMP or AL with no CMP were

measured by ELISA and compared to levels in age-

matched controls. We found a significant decrease

of serum CLU in SSA (p5 0.0005, n¼ 35),

ATTR-CMP (p5 0.005, n¼ 19) and AL-CMP

(p5 0.0005, n¼ 15) relative to the controls

(n¼ 25). Levels in AL with no CMP were compar-

able to the controls. Our data demonstrate that

CLU is found associated with cardiac amyloid

deposits and that serum levels of CLU are

significantly lower in SSA and age-matched patients

with cardiac amyloid disease due to ATTR or AL.

OP-010

Transthyretin channel formation in lipid

membranes: implications for pathogenesis

Y. Hirakura, R. Azimov, R. Azimova, &

B. L. Kagan
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Department of Psychiatry, Neuropsychiatric Institute,

David Geffen School of Medicine, UCLA, Los Angeles,

California, USA

Transthyretin (TTR, prealbumin) is the protein

whose variants form amyloid fibrils in familial

amyloid polyneuropathy, familial amyloid cardio-

myopathy and familial central nervous system amy-

loidosis. Wild-type TTR forms amyloid fibrils in

senile systemic amyloidosis. Current approaches to

therapy involve stabilisation of the TTR tetramer to

prevent TTR dissociation and unfolding into the

amyloid beta sheet conformation. We demonstrate

that TTR in aqueous solution is capable of sponta-

neously inserting into planar phospholipid bilayer

membranes to form ion permeable channels. The

physiologic properties of these channels are similar to

those of amyloid channels formed by peptides

associated with Alzheimer’s disease, Parkinson’s

disease, diabetes mellitus, prion disease and chronic

inflammatory disease. These properties include: (1) a

variety of single channel conductances, perhaps

reflecting various oligomers of TTR, (2) irreversibi-

lity of channel insertion, (3) voltage independence of

channel conductance, (4) inhibition of channel

formation by Congo red, (5) reversible channel

blockade by zinc ion, (6) poor ion selectivity. These

properties would tend to decrease membrane or

mitochondrial potentials, run down ion gradients,

disrupt calcium homeostasis and deplete cellular

energy stores. The striking resemblance of these

various amyloid channels suggests they play a critical

role in cellular pathophysiology. Nerve and muscle

cells, which depend on stable plasma membrane

potential for physiologic functioning, would be

especially vulnerable to the insertion of permanent

amyloid channel ‘leaks’ in their membranes.

OP-011

Cellular toxicity of soluble amyloidogenic light

chains correlates with patient survival

L. A. Sikkink & M. Ramirez-Alvarado

Department of Biochemistry and Molecular Biology,

College of Medicine, Mayo Clinic, Rochester, MN, USA

Light chain amyloidosis (AL) is characterised by

clonal proliferation of monoclonal plasma cells that

secrete immunoglobulin light chains. These immu-

noglobulin light chains misfold and deposit as

amyloid fibrils in various organs such as the heart,

kidney or liver leading to organ failure and death. We

have previously characterised the protein structure,

stability and amyloid formation characteristics of two

amyloidogenic light chains from patients with cardiac

involvement, AL-09 and AL-12, as well as the

germline protein kI O18/O8 (McLaughin et al.

Protein Sc 2006;15:1710–1722; Baden et al. J Biol

Chem 2008;283:30950–30956; Sikkink et al. Biophys

Chem 2008;135:25–31). Patient AL-09 survived 1

year after diagnosis while patient AL-12 survived 10

years after diagnosis. Our hypothesis is that AL-09

protein will be more toxic than AL-12, correlating

with patient survival. The goal of this study is to

determine the cellular toxicity of these proteins in

their soluble, monomeric form (before they form

amyloid fibrils) using HL-1 cardiomyocytes. Using

the MTT assay that reflects mitochondrial integrity as

a measure of cell viability, we found that AL-09 kills

75.1% of cells while AL-12 kills 47.8% of cells after 3

days incubation. Surprisingly, kI O18/O8, devoid of

somatic mutations, kills 57.1% of cells, suggesting

that some somatic mutations present in AL-12

reduce cellular toxicity. We are currently determining

cellular toxicity using other assays such as: lactate

dehydrogenase activity to quantify dead or plasma

membrane damaged cells, and quantifying activated

caspases to determine the apoptotic cell death caused

by these three proteins. We are currently following

fibril formation for these proteins under conditions

used for the cellular assays to compare kinetics of

fibril formation under these conditions.

OP-012

AL amyloidosis: the repertoire of

immunoglobulin k light chains causing

predominant cardiac involvement and

identification of a preferentially involved

germline gene, IGLV1-44

V. Perfetti1, S. Casarini2, G. Palladini2, P. Rognoni1,

L. Obici2, S. Perlini3, & G. Merlini2

1Medical Oncology Unit, 2Amyloid Center,

Biotechnology Research Laboratories, and 3Internal

Medicine II, Foundation IRCCS Policlinico San Matteo

and University of Pavia, Pavia, Italy

The presence of dominant heart (H) disease is the

most important prognostic factor and conditions the

treatment strategy in AL amyloidosis. The data on

the repertoire of light chains (LC) determining

dominant H amyloid are limited. We sequenced

the l monoclonal LC variable (V) regions of 55

consecutive dominant H amyloid cases and com-

pared the resulting repertoire with that obtained

from a negative control population (no dominant H

disease, 44 consecutive cases, predominant kidney in

61%). Sequencing was performed by inverse-PCR

(100% success, all complete and potentially func-

tional). Assignment of germline gene segments was
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unequivocal. Vl family usage differed in the two

groups (p¼ 0.041, Fisher’s exact). The control

population was dominated by the lIII family

(46%), with l-II and -VI families each accounting

for *20%, and the lI family involved in 10%. By

contrast, the dominant H group was characterised by

even distribution of the lI–III families (equally

contributing to 30% of sequences), and clear under

representation of the lVI family (9%). The frequency

of the lI family was almost three times as much in the

dominant H group, revealing association with major

H involvement (p¼ 0.028, Fisher’s exact; Odds ratio

3.49, 95% CI 1.08–13.17), and suggesting biased

expression at the level of germline genes. Although

gene restriction was observed in both case series,

with preferential rearrangement of five germline

segments accounting for *70% of LC, frequency

distributions of these same genes markedly differed

in the two series. In particular, IGLV1-44 germline

gene expression was increased four times in H

patients, thus revealing association with major H

involvement (p¼ 0.018, Fisher’s exact; odds ratio

5.86, 95% CI 1.18–56.19).

We presented a comprehensive analysis of the l
LC repertoire of dominant H amyloid and revealed

that expression of the IGLV1-44 gene significantly

increased the risk of major H disease. The data have

relevance for the pathogenesis of organ tropism.

OP-013

Repair of damaged mesangium by rat

mesenchymal stem cells (RMSCs) in a 6D living

cell model

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

Nephrocor Laboratory, Tempe, AZ, USA

Background: In advanced AL-amyloidosis, the me-

sangial matrix is eventually replaced by amyloid fibrils

and mesangial cells essentially disappear by apoptosis

leaving the glomerular mesangium essentially occu-

pied by amyloid. Repairing the damaged mesangium is

a priority as new therapeutic attempts are designed to

treat these patients and restore renal function.

Aim: To determine whether mesenchymal stem

cells can repair the mesangial damage produced by

amyloidogenic light chains, a 6D living mesangial

cell model was designed to monitor – with sequential

photos/movies at specified time intervals – the events

taking place with an emphasis as to whether the

damaged mesangium can be repopulated with cells

and the matrix repaired.

Methods: Rat mesangial cells (MCs) were cultured

on Matrigel-loaded glass bottomed multi-well plates

with 10%FBS/RPMI 1640 until confluence. MCs

were then made quiescent by incubating them with

0.5% FBS/RPMI for 48 h and then treated with

amyloidogenic light chains-AL-LCs (10 mg/ml) pur-

ified from the urine of patients with biopsy proven

AL-amyloidosis. Amyloid formation and damage to

the MCs was confirmed morphologically. Then,

96 h later rat mesenchymal stem cells (RMSCs)

labelled with PKH-2 (fluorescence dye) were placed

into the wells with AL-LC-treated MCs and the

sequence of events was monitored for up to 2 weeks.

Lysotracker labelled with Texas Red was additionally

introduced into the cell culture to monitor the

process of amyloid formation by lysosomes in MCs

and to confirm the presence of apoptotic MCs in

order to assess whether replacement of these by

RMSCs occurred.

Results: MCs treated with AL-LCs produced amy-

loid and the matrix became replaced by amyloid

fibrils with time. When MSCs were introduced they

engaged in the replacement of the damaged (apop-

totic) MCs, cleaning of the amyloid deposited, and

in approximately 5–7 days replaced the damaged

mesangium. MSCs eventually became the majority

of the cells in the cultures. The amount of amyloid

decreased and the amount of matrix increased

proportionally to the number of MSCs that replaced

the original MCs in a 2-week period of monitoring.

Conclusions: These observations with the 6D

living cell imaging system demonstrate that the AL-

LC alterations on the mesangium are not irreversible

and highlight a crucial role for MSCs replacing

injured MCs and re-establishing mesangial home-

ostasis. These results suggest a possible therapeutic

role for MSCs in repairing glomerular damage.

OP-014

Fly model of type 2 diabetes: processing of

proIAPP makes a difference

S. W. Schultz1, K. P. R. Nilsson2, S. Thor1, &

G. T. Westermark1,3

1Department of Clinical and Experimental Medicine,
2IFM-Department of Chemistry, Linköping University,

Linköping, Sweden, and 3Department of Medical Cell

Biology, Uppsala University, Uppsala, Sweden

Patients with type 2 diabetes have a marked reduced

beta cell mass and fail to produce sufficient amounts

of insulin required for regulation of glucose home-

ostasis. Recent research supports that intracellular

aggregation of islet amyloid polypeptide (IAPP) leads

to cell death and therefore makes IAPP aggregation a

plausible cause for the beta cell reduction. Little is

known about the mechanisms that precede amyloid

formation or which cellular pathways are involved in
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this process. To gain better understanding we have

established a Drosophila melanogaster model, where

GAL4 drives expression of UAS-targeted transgenes

in a cell or tissue specific pattern. The fruit fly offers

a unique option to manipulate any cellular pathway

with different genetic tools. The knowledge that

*70% of all Drosophila melanogaster genes have an

orthologue in humans stress the potential for path-

ways found in D. melanogaster to be of importance in

humans as well. Transgenic flies expressing human

proIAPP (the precursor of IAPP) and IAPP and the

non-amyloidogenic mouse IAPP (mIAPP) have been

generated. Expression of proIAPP in the brain

reduced the lifespan of the fly whereas neither IAPP

nor mIAPP expression influenced survival. Immu-

nolabelling with an antibody raised against human

IAPP and that cross-reacts with murine IAPP

labelled neurons in all three strains, whereas a

concomitant loss of cell nuclei only appeared during

proIAPP and IAPP expression. Furthermore, we

detected an early potentiated activation of the

autophagy pathway in proIAPP flies. Interestingly,

even though IAPP expression was not related to a

shorter lifespan, both IAPP and proIAPP expression

in the central nervous system led to amyloid

deposition in the fat body of the head as shown with

Congo red and pFTAA, a newly synthesised

luminescent conjugated polymer. Our results de-

monstrate that D. melanogaster has a great potential

as a model for studies of proIAPP and IAPP

expression with subsequent amyloid formation and

connected cellular response mechanisms. The find-

ing that proIAPP aggregation seems to exert a more

toxic impact at a cellular level is in line with our

results from mammalian cell lines.

OP-015

Human serum amyloid A expression in

C-elegans

G. T. Westermark1,2, J. Sponarova2,

A. Vahdat Shariatpanahi2, & P. Westermark3

1Department of Medical Cell Biology, Uppsala

University, Uppsala, Sweden, 2Department of

Experimental and Clinical Medicine, Linköping

University, Linköping, Sweden, and 3Department of

Genetics and Pathology, Uppsala University, Uppsala,

Sweden

Introduction: Hitherto, about 30 different fibril

proteins have been isolated from human amyloid

deposits. Despite the diversity in amino acid se-

quences among these proteins the formed fibrillar

structures are morphologically indistinguishable.

Therefore, it is plausible that similar mechanisms

are involved in fibrillogenesis and conclusions drawn

from one amyloid protein are applicable for other

proteins. We have used the existing mouse model to

study induction and transmission of AA amyloid.

With this system we have shown that AA amyloid can

be induced by other fibrillar components than murine

AA and that amyloid can be transferred between mice

in a prion-like manner. We have made transgenic

Caenorhabditis elegans that express human SAA/AA

protein and that should be used for identification of

fibrillar compounds efficiency in seeding AA amy-

loid. This model system will allow more frequent

studies as compared to the mouse model.

Material and Methods: cDNA corresponding to

human SAA, protein AA with 76 residues and

protein AA with 45 residues was ligated behind the

myo3 promoter. A mixture of one of the SAA/AA-

myo vector construct and a GFP-myo3 vector were

injected into C. elegans. Integration of DNA was

done by radiation and expressing clones were

selected based on the intensity of the green fluor-

escent protein (GFP) signal.

Result: Expression of human SAA/AA in worms

resulted in the formation of strongly Congophilic

amyloid that exerted green birefringence in polarised

light. Amyloid frequency increases with worm age.

The occurrence of amyloid lead to disruption of the

otherwise evenly distributed green fluorescence and

the worms adopted a spotty appearance.

Conclusion: The development of amyloid in the

nematode makes it a promising model for evalua-

tion of the seeding capacity for various fibrillar

components.

OP-016

Controllable expression of SAA in transgenic

mice: a refined model of systemic amyloidosis

P. Simons1, R. Al-Shawi1, S. Ellmerich1,

I. Slamova1, K. Bodin1, S. Minogue2,

M. B. Pepys1, & P. N. Hawkins1

1Centre for Amyloidosis and Acute Phase Proteins and
2Centre for Molecular Cell Biology, Division of Medicine,

Royal Free Campus, University College London,

London, UK

We have generated transgenic mice in which high

level hepatic expression of the amyloidogenic mouse

serum amyloid A protein isoform (SAA 1.1) is

induced by oral administration of doxycycline

(Dox). The circulating SAA concentration in un-

treated transgenic mice is indistinguishable from

non-transgenic controls at *10 mg/l; mice receiving

Dox in their drinking water overexpress SAA in a

reproducible manner, with 2 mg/ml Dox eliciting
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a sustained serum concentration of SAA of

41000 mg/l. This occurs without concomitant

inflammation, confirmed by normal values of the

sensitive murine acute phase marker serum amyloid

P component. Treatment with 2 mg/ml Dox for 4–8

weeks, without other intervention, results in remark-

ably extensive AA amyloid deposition in all mice,

demonstrating for the first time that high circulating

concentrations of SAA alone, in the absence of

inflammation, are sufficient for amyloidogenesis.

After intravenous administration of amyloid enhan-

cing factor massive amyloid deposition occurs after

very brief exposure to Dox. The induced SAA

concentration can be titrated and maintained in the

range 50–500 mg/l with lower exposure to Dox. The

great majority of mice treated with 0.05 or 0.1 mg/ml

Dox remain free of amyloid for very extended

periods, mimicking the long latency and low

incidence of AA amyloidosis typical of patients with

chronic inflammatory diseases. SAA induction is

rapidly and completely reversible, concentrations

falling to normal baseline values within 72 h of

Dox withdrawal. Amyloid gradually regresses over

several months after Dox withdrawal in amyloidotic

animals. This new transgenic mouse model has

illuminated a key feature of the pathogenesis of AA

amyloidosis, enables simple, substantial and repro-

ducible manipulation of mouse SAA production in

the absence of inflammation, and provides a power-

ful and versatile new model of amyloidosis that has

considerable scientific and animal welfare benefits.

OP-017

A transgenic mouse model of human systemic

amyloidosis

M. D. Benson1,2, A. D. Kalopissis3, M. Charbert3,

J. J. Liepnieks1, & B. Kluve-Beckerman1

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine, Indianapolis,

IN, USA, 2Richard L. Roudebush Veterans Affairs

Medical Center, Indianapolis, IN, USA, and 3Centre de

Recherche des Cordeliers, Paris, France

Apolipoprotein AII (apoAII) amyloidosis is an

autosomal dominant inherited form of amyloidosis

caused by mutations in the stop codon for the apoAII

gene with production of a 21 amino acid residue

carboxyl terminal peptide extension of the apoAII

protein. This disease is characterised by progressive

renal failure and, in some patients, cardiomyopathy.

To study the pathogenesis of this form of disease a

transgenic mouse model was created.

Transgenic mice were developed with a DNA

construct of the human apoAII gene in which the

stop codon, TGA, was mutated to TCA (stop to

serine). Founder mice were tested by DNA analysis

for incorporation of the transgene and F1 mice were

monitored for signs of amyloidosis.

Mice expressing the transgene developed renal

glomerular amyloid deposition by 3½ to 4 months of

age and subsequently amyloid deposits were ob-

served in spleen and liver. By 10–12 months of age

cardiac amyloidosis was noted. Amyloid fibrils were

isolated from tissues of affected animals and bio-

chemically characterised. After fractionation of solu-

bilised amyloid fibril protein the amino acid

sequence of full-length human apoAII with a 21

amino acid carboxyl terminal extension was verified.

Five mutations of the stop codon of human apoAII

have been identified. Stop to glycine, stop to serine,

stop to arginine (2) and stop to leucine. Clinically, all

affected patients have shown similar disease with

predominant renal manifestation and later cardiac

involvement in the stop to arginine and stop to

glycine patients. The finding that extensive cardiac

amyloid deposition is present in transgenic mice for

the serine mutation indicates the systemic nature of

apoAII amyloidosis.

This transgenic mouse model of apolipoprotein

AII promises to be a useful model for studying

pathogenesis and testing potential therapeutic mea-

sures for apoAII amyloidosis.

OP-018

Carvedilol treatment reduces transthyretin

deposition in a familial amyloidotic

polyneuropathy mouse model

B. Macedo1, A. R. Batista1, J. Magalhães1, &

M. J. Saraiva1,2

1Molecular Neurobiology Unit, Institute for Molecular

and Cell Biology, Porto, Portugal and 2Instituto de

Ciências Biomédicas Abel Salazar, University of Porto,

Porto, Portugal

Carvedilol is a b-antagonist with strong antioxidant

effect in lipids, proteins and superoxide production

protecting biological membranes from oxidative

stress.

We hypothesised a possible therapeutical applica-

tion of carvedilol in familial amyloidotic polyneuro-

pathy (FAP), a neurodegenerative disease caused by

deposition of transthyretin (TTR) amyloid fibrils.

Oxidative stress, apoptosis and inflammation related

to aggregation of non-fibrillar and fibrillar TTR have

been detected both in pre-symptomatic and sympto-

matic stages of the disease, respectively.

In this study we show by semi-quantitative

immunohistochemistry and Western blot analysis
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that administration of carvedilol to a transgenic

mouse model of FAP influences the expression of

oxidative and apoptotic biomarkers usually asso-

ciated with TTR deposition, namely oxidation

products such as HNE and 8-OHdG, and markers

of ER stress. Most important, carvedilol treat-

ment significantly reduced TTR aggregates in as

much as 50%. We also observed that carvedilol

rescues a mice neuroblastoma cell line from death

induced by TTR oligomers, by decreasing activation

of BiP.

Since carvedilol has no effect on TTR aggregation

in vitro, this finding points for the in vivo modulation

of TTR aggregation by oxidative stress and apoptosis

and prompts for the use of this safe drug in

prophylactic and therapeutical measures in the FAP

population.

OP-019

Analyses of vervet monkeys suffering from

ATTR amyloidosis: a candidate model animal

for human TTR-related amyloidosis

M. Ueda1, N. Ageyama2, S. Nakamura3,

J. K. Chambers4, Y. Misumi1, R. Nakaguma1,

S. Shinriki1, M. Shono1, H. Jono1, K. Obayashi1,

Y. Une5, & Y. Ando1

1Department of Diagnostic Medicine, Graduate School

of Life Sciences, Kumamoto University, Kumamoto,

Japan, 2Tsukuba Primate Research Center, National

Institute of Biomedical Innovation, Tsukuba, Ibaraki,

Japan, 3Research Center for Animal Life Science, Shiga

University of Medical Science, Shiga, Japan,
4Department of Neurology, Graduate School of Life

Sciences, Kumamoto University, Kumamoto, Japan,

and 5Laboratory of Veterinary Pathology, School of

Veterinary Medicine, Azabu University, Kanagawa,

Japan

Background and Purpose: Although several ani-

mal models such as transgenic mice and rat for

human transthyretin (TTR)-related amyloidosis have

been developed, few of those models show patho-

genic amyloid deposits mimicking the human dis-

eases. In the previous study, it was shown that aged

vervet monkeys (Cercopithecus aethiops) naturally

developed systemic ATTR amyloidosis which was

pathologically consistent with senile systemic amy-

loidosis in humans, while little is known about the

pathogenesis of this type of amyloidosis. To inves-

tigate mechanisms of amyloid formation in this

species of monkey, and to examine the possibility

of an animal model for human TTR-related amyloi-

dosis, we investigated the feature of TTR and

amyloid deposits in monkeys.

Material and Methods: Serum and DNA samples

from 14 vervet monkeys and 15 crab-eating monkeys

(Macaca fascicularis) were used for analyses. We also

checked clinical findings of those monkeys. Distribu-

tion of amyloid deposits was analysed in four vervet

monkeys and 35 crab-eating monkeys. Serum TTR

concentrations and molecular weight were measured

by nephelometry and SELDI-TOF MS, respectively.

Sequence of the TTR gene was determined by direct

DNA sequence analysis. We also examined level of

TTR gene expression in various tissue sites of a

vervet monkey by real-time PCR.

Results: Eight of 14 vervet monkeys (57.1%)

showed cardiac symptoms such as arrhythmia, heart

enlargement and reduced ventricular wall motion,

while none of 15 crab-eating monkeys presented

those symptoms. TTR amyloid deposits were found

in tissues of two vervet monkeys, but not in those of

crab-eating monkeys. Serum TTR concentrations of

vervet monkeys were lower (8.01+ 1.64 mg/dl) than

those of crab-eating monkeys (16.84+ 3.09 mg/dl).

Polymorphisms of DNA and amino acid sequences

of the TTR molecule in the monkeys were newly

detected. Interestingly, all of 14 vervet monkeys had

TTR Ile122 allele, which causes amyloid deposition

in human specifically in the heart, while all crab-

eating monkeys had valine at the same position.

Molecular weight of TTR was consistent with the

theoretical value calculated based on the TTR gene

sequence in the monkeys. TTR gene expression was

observed in liver, choroid plexus and eyes.

Conclusion: The vervet monkey is a candidate

model animal for human TTR-related amyloidosis.

OP-020

Transthyretin as amyloid precursor and

amyloid inhibitor in transgenic mice: location

counts

J. Buxbaum, N. Reixach, X. Li, F. Cattaneo, &

E. Masliah

Molecular and Experimental Medicine, The Scripps

Research Institute, La Jolla, CA, USA

In the past we have reported the characteristics of a

strain of mice that carry approximately 100 copies of

the human wild-type transthyretin gene. These mice

develop deposits in the gut, kidney and heart and

resemble humans with senile systemic amyloidosis.

We have ascertained that mice that exhibit a robust

proteostatic response in the liver do not develop

deposition in their hearts, a phenomenon we have

termed ‘chaperoning at a distance’. This response

does not seem to protect the animals from renal

deposition because the gene is present and expressed

in the kidneys. Thus in these animals systemic
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deposition is common. However in an attempt to

definitively address a question posed by many

investigators since the mid-1990s regarding the

relationship between TTR and Alzheimer’s disease

(AD), we crossed these wild-type TTR over-expres-

sing mice with a standard transgenic model of

human AD, the APP23 mouse. These experiments

showed that over-expression of the normal human

transgene strongly suppressed the behavioural and

neuropathologic manifestations caused by the mu-

tant Ab gene. In the course of these studies we have

shown that in addition to the already known tissue

sites TTR mRNA and protein are produced by

hippocampal and cortical neurons. Neuronal expres-

sion is induced by the AD gene products and that Ab
cytotoxicity is inhibited by TTR. Further TTR

deposits apparently do not occur in neural tissue

although they can be seen in cerebral vessels. These

apparently paradoxical results have prompted us to

consider several questions. Is TTR the only amyloid

precursor to display anti-amyloid activity in neuro-

degenerative diseases? The answer appears to be no

and we will discuss the data suggesting that cystatin

C, gelsolin and Bri2 may be similar. If the proteo-

static response to misfolded proteins is indiscrimi-

nant as to the nature of misfolded substrates why

does not the TTR load add to that related to the

presence of Ab in neurodegenerative diseases? Can

we define the biophysical characteristics of proteins

that suppress AD pathogenesis but have amyloido-

genic potential of their own? Lastly what tissue

properties determine whether they are targets of

specific forms of amyloid deposition?

CP-A

Current practice for amyloid detection and

typing

M. M. Picken1 & P. Westermark2

1Department of Pathology, Loyola University Medical

Centre, Chicago, IL, USA and 2Department of Genetics

& Pathology, Uppsala University, Uppsala, Sweden

In preparation for the consensus discussion on

amyloid detection and typing, we sought to assess

its current status, using a survey questionnaire. To

date, 18 responses have been received: USA – seven,

EU – seven, Japan – two, Israel, Australia – one each.

The responders evaluated 521 [n¼ 10] and 4300

[n¼ 6] patients/year. For generic diagnosis, all

respondents used Congo red (CR) stain under

polarised light (n¼ 18) but four centres used, in

addition, CRþ immunofluorescence (IF), CRþ
immunoperoxidase (IP) or Thioflavin (n¼ 2). Elec-

tron microscopy (EM) was used routinely by 8, CR

negative/EM (þ) amyloid was reported by 10.

Variability in CR stain was reported by 13 respon-

dents. The most frequently examined tissues were:

subcutaneous fat, kidney, gastrointestinal and cardi-

ac biopsy (n¼ 17 each); paraffin embedded (n¼ 16);

frozen (n¼ 12). Antibody-based amyloid typing was

used as follows: IP in paraffin/frozen (n¼ 15/5); IF in

paraffin/frozen (n¼ 2/5), Western blot (WB) from

paraffin/frozen (n¼ 5/8), immuno EM from paraffin/

frozen (n¼ 4/4); commercial antibodies (n¼ 10), in-

house antibodies (n¼ 8). In-house mass spectro-

metry (MS) was available in four centres and in two

was used exclusively; additional four centres used

MS in collaboration; only one centre routinely

dissected deposit from paraffin. Amyloid protein

sequencing was available from frozen/paraffin tissue

in 8/7 centres and from 2D-PAGE bands in one.

Only rare deposits could not be typed (one amyloi-

dogenic protein was reported by eight respondents.

Validation of typing results was done with antibodies

and control tissues/clinico-pathologic correlation

(n¼ 13 each), by other methods (n¼ 4). Techniques

preferentially used for amyloid typing were as

follows: IF (n¼ 1), IHC (n¼ 8), MS (n¼ 2) while

others used a combination of IHC and/or immuno

EM, WB, sequencing, and proteomics as needed.

AL was typed most frequently (451% n¼ 15)

followed by AA and ATTR; AFib and Lect2 were

typed in 55%, in one centre AApoAI was reported

in 10% of cases. To conclude, only two centres used

exclusively MS, while several others used a combina-

tion of methods in selected cases. Antibody-based

methods continue to play a major role in amyloid

typing and validation of results.

CP-B

Definition of organ involvement and response

to treatment in AL amyloidosis: an updated

consensus opinion

M. A. Gertz1 & G. Merlini2

1Division of Hematology, Mayo Clinic, Rochester,

MN, USA and 2Department of Biochemistry,

Amyloidosis Research and Treatment Center,

Fondazione IRCCS Policlinico S. Matteo, University of

Pavia, Pavia, Italy

Uniform criteria for the definition of organ involve-

ment and response to treatment in AL amyloidosis

were first established in 2004 by a consensus opinion

from the 10th International Symposium on Amyloid

and Amyloidosis. Six years later the management of

patients with AL amyloidosis has been affected by

the introduction of cardiac biomarkers in diagnosis,

staging and monitoring. There is currently a better
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understanding of the role of the measurement of

circulating free light chain (FLC) in evaluating

haematologic response. In order to update the

criteria for the definition of organ involvement and

response, a new consensus panel was convened.

An elevated (4332 ng/l) concentration of N-

terminal pro natriuretic peptide type B (NT-

proBNP) in the absence of renal failure or atrial

fibrillation, or a mean left ventricular wall thickness

412 mm by echocardiography provide criteria for

cardiac involvement. We recommend the use of risk

assessment staging using both NT-proBNP and

cardiac troponins. With respect to organ response,

in patients in whom the estimated glomerular

filtration rate (eGFR) is �45 ml/min/1.73 m2, car-

diac response is now additionally defined by a

reduction (�30% and �300 ng/l) of NT-proBNP.

Both in the diagnosis and response assessment, NT-

proBNP can be substituted by BNP (conversion

factors for BNP are suggested). The definitions of

echocardiographic and NYHA cardiac response are

unchanged as well as that for hepatic response. Renal

response requires a 50% decrease in urinary protein

excretion in the absence of a reduction in eGFR

�25% and an increase in serum creatinine �0.5 mg/

dl. Reliable, widely available methods for defining

peripheral and autonomic nervous system response

were felt not to exist.

The criteria for complete and partial haematologic

response were unchanged. The definition of a

measurable absolute concentration of involved FLC

was revised from involved 4100 mg/l to a 450 mg/l

difference between involved and uninvolved FLC

(dFLC), as the new threshold. Patients with a dFLC

below the threshold remain eligible for clinical trials

but are evaluable only for complete haematologic as

well as organ response.

These response criteria will be validated by

analysing a population of patients with AL amyloi-

dosis from all the participating centres. The results

will be presented at the Symposium.

OP-021

Novel palindromic ligands cementing the native

quaternary structure of transthyretin

P. P. Mangione1,2, V. Bellotti1,2, S. Deroo3,

G. W. Taylor 1, M. G. McCammon3,

C. V. Robinson3, G. A. Tennent1, M. D. Smith4,

A. J. Morrison3, A. J. A. Cobb3, A. Coyne3,

S. V. Ley3, S. W. Wood1, & M. B. Pepys1

1Centre for Amyloidosis and Acute Phase Proteins,

Division of Medicine, Royal Free Campus, University

College London, London, UK, 2Department of

Biochemistry, University of Pavia, Pavia, Italy,

3Department of Chemistry, University of Cambridge,

Cambridge, UK, and 4Department of Chemistry,

University of Oxford, Oxford, UK

Transthyretin amyloidosis, produced by amyloid

fibrillogenic aggregation of misfolded native trans-

thyretin, is a fatal disease for which new therapeutic

approaches are urgently needed. We have designed

two novel palindromic bivalent compounds, mds84

and 4ajm15, which are rapidly bound by transthyr-

etin, stabilising the native tetrameric structure, and

inhibiting amyloidogenic aggregation more potently

than other known ligands. Our compounds displace

125I-thyroxine from isolated transthyretin and from

transthyretin in whole serum, and have similar access

to free transthyretin and to transthyretin complexed

with retinol binding protein, which is the form in

which about 20% of transthyretin circulates in vivo.

Stopped flow fluorescence analysis showed that both

mds84 and 4ajm15 were bound very rapidly by

native transthyretin with time constants of associa-

tion of 11 s compared with 3 s for thyroxine.

Fluorescence analysis indicated that transthyretin

formed a 1:1 complex with the ligands and this was

confirmed by mass spectrometric analysis under

conditions that preserved the native tetrameric

assembly. The transthyretin-mds84 complex was

stable in analytical ultracentrifugation. Indeed mass

spectrometric analysis showed that mds84 was not

displaced at all even by incubation for 6 days with a

10-fold molar excess of thyroxine and was thus

effectively irreversible under physiological condi-

tions. Furthermore the ligands are bound more

avidly by the amyloidogenic Val30Met and Leu55-

Pro transthyretin variants than by the wild-type

protein, but in all cases binding completely pre-

vented subunit exchange and amyloidogenic aggre-

gation. These ligands exhibit low inhibitory activity

against cyclooxygenase 1 and 2, and have good oral

bioavailability. They are thus promising candidates

for development as superstabilisers for treatment of

transthyretin amyloidosis.

OP-022

Effect of cyclodextrins on transthyretin amyloid

formation

H. Jono1, T. Anno2, Y. Misumi3, Y. Mori2,

K. Motoyama2, M. Ueda1, Y. Horibata1, M. Shono1,

K. Obayashi1, H. Arima2, & Y. Ando1

1Department of Diagnostic Medicine, 2Department of

Physical Pharmaceutics, and 3Department of Neurology,

Graduate School of Life Sciences, Graduate School of

Pharmaceutical Sciences, Kumamoto University,

Kumamoto, Japan
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Introduction: Transthyretin (TTR)-related familial

amyloidotic polyneuropathy (FAP) induced by amy-

loidogenic TTR (ATTR), is characterised by sys-

temic accumulation of amyloid fibrils. TTR is a

tetrameric protein associated with FAP caused by

tetramer dissociation and monomer misfolding. It

has been proposed that structural changes within the

monomer caused by protein misfolding are rate

limiting step to form TTR amyloid fibril aggregation.

However, no effective therapy targeting this step is

available at present. Cyclodextrins (CyDs), cyclic

oligosaccharides composed of six to eight glucose

units, are mainly used as prospective drug carriers.

Recent studies revealed that CyDs can bind to

hydrophobic parts of the protein and increase its

stability, thereby preventing the protein aggregation.

In this study, we evaluated the inhibitory effect of

CyDs on TTR amyloid formation.

Materials and Methods: Both WT-TTR and

ATTR-V30M were purified from serum samples

obtained from healthy volunteers and homozygotic

FAP ATTR V30M patients, respectively. Hydro-

xpropyl-b-CyD (HP-b-CyD), 6-O-a-(4-O-a-D-Glu-

curonyl)-D-glucosyl-b-CyD (GUG-b-CyD) and 6-

O-a-maltosyl-b-CyD (G2-b-CyD) were examined.

To assess the effect of CyDs on TTR amyloid

formation in vitro, thioflavin T fluorimetric assay was

performed. The presence of TTR amyloid fibrils was

confirmed by electron microscopic analysis. To

evaluate the effect of CyDs on the conformational

change of TTR, Far-UV circular dichroism (CD)

spectra analysis was performed.

Results and Discussion: Of various b-CyDs,

GUG-b-CyD showed potent inhibition of TTR

amyloid formation, compared with HP-b- and G2-

b-CyD. The amyloid formation of both WT-TTR

and ATTR-V30M were suppressed by GUG-b-CyD

in a dose-dependent manner. In the presence of

GUG-b-CyD, no significant TTR amyloid fibrils

were detected by electron microscopic analysis.

Moreover, CD spectra analysis showed that GUG-

b-CyD reduced the conformational change of TTR

in the process of amyloid formation. Collectively,

these data suggest that GUG-b-CyD may modify the

stability of TTR conformation, which, in turn, leads

to the suppression of TTR amyloid formation.

Conclusions: Because CyDs are safe and already

used especially in the pharmaceutical field, our

findings may open up a novel therapeutic intervention

for FAP.

OP-023

Small molecules and macromolecules for

the inhibition of b2 microglobulin

fibrillogenesis

S. Giorgetti1,2, R. Porcari1, S. Raimondi1,2,

J. Steyaert5, K. Domanska5, S. Vanderhaegen5,

A. Relini7, C. Parrini7, S. Gliozzi7, M. Salmona4,

M. Bucciantini3, M. Stefani3, A. Gallanti1,

I. Zorzoli8, G. Esposito6, M. Stoppini1, &

V. Bellotti1,2

1Department of Biochemistry, University of

Pavia, Pavia, Italy, 2Biotechnology Research

Laboratories, IRCCS Fondazione Policlinico S. Matteo,

Pavia, Italy, 3Department of Biochemical Sciences,

University of Florence, Florence, Italy, 4Department of

Neuroscience, Mario Negri Institute, Milano, Italy,
5Department of Ultrastructure Institute of Molecular

Biology and Biotechnology, Brussels, Belgium,
6Department of Biomedical Science and Technology,

University of Udine, Udine, Italy, 7Department of

Physics, University of Genoa, Italy, and
8Department of Internal Medicine, University of

Pavia, Pavia, Italy

Discovery of new molecules that are able to inhibit

protein fibrillogenesis ‘in vitro’ and ‘in vivo’ repre-

sents a challenging demand for treatment of

amyloid disease. Recent advances in the elucidation

of the mechanism of amyloidogenesis of b2 micro-

globulin (b2-m) are offering the unique opportunity

to discover new anti-amyloidogenic compounds.

Small polycyclic molecules like tetracyclines and

high-affinity antibodies raised against the amyloido-

genic protein precursor represent two prototypic

classes of interactors for potential pharmaceutical

exploitation. Two methods of fibrillogenesis and

one cell toxicity test have been used for the

identification of active compounds. From a series

of 10 analogues of tetracyclines we have singled out

the two best anti-amyloidogenic compounds, able to

inhibit the fibrillogenesis of b2-m with an IC50 of

approximately 50 mM and capable solubilising

preformed fibrils at an IC50 of 250 mM. Both com-

pounds abrogate the cytotoxicity of oligomeric

b2-m. While the tetracyclines exert their activity

through a low-affinity interaction with the amyloi-

dogenic conformers, the second class of compounds

we have tested (monovalent nanobodies) displays an

anti-amyloidogenic capacity through a nanomolar

affinity against b2-m and its highly amyloidogenic

species. For this class of compounds we have been

able to identify how the contact of the nanobody

with specific regions of b2-m can switch off its

amyloidogenic propensity. Comparative analysis of

the effectiveness of these molecules in the inhibition

or disorganisation of amyloid fibrils are essential

preliminary steps towards the identification of

therapeutic strategies of potential pharmacological

applications in patients affected by dialysis-related

amyloidosis.
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OP-024

Macrophage dependent elimination of

amyloid following treatment with anti-SAP

antibody

G. A. Tennent1, A. Loesch1, M. Kahan1,

K. Bodin1, S. Ellmerich1, S. Minogue2, &

M. B. Pepys1

1Centre for Amyloidosis and Acute Phase Proteins and
2Centre for Molecular Cell Biology, Division of Medicine,

Royal Free Campus, University College London,

London, UK

We have lately shown that administration of anti-

bodies to serum amyloid P component (SAP)

opsonises amyloid and triggers its elimination by a

complement and macrophage dependent mechanism.

SAP is a normal plasma protein that is specifically

concentrated in all amyloid deposits by its avid,

reversible, binding to all known amyloid fibrils. This

novel therapeutic approach is possible because our bis

D-proline drug, (R)-1-[6-[(R)-2-carboxy-pyrrolidin-

1-yl]-6-oxo-hexanoyl]pyrrolidine-2 carboxylic acid

(CPHPC), depletes circulating human SAP but

leaves some SAP in the amyloid. Absence of

circulating SAP allows safe administration of anti-

SAP antibodies to target SAP in the deposits. In

mice with AA amyloidosis including human SAP, a

single dose of anti-SAP antibody dramatically

eliminated heavy visceral amyloid deposits with no

adverse effects. Here we report the cellular mechan-

isms responsible. Within 1d of anti-SAP injection

the acellular amyloid deposits were massively infil-

trated with F4/80þ tissue macrophages which then

surrounded and engulfed the deposits, fusing to

form multinucleate giant cells which strongly ex-

pressed CD68, a phagosome lysosome marker. The

cells also strongly expressed CD11b, a C3bi/CR3

receptor, consistent with our demonstration in C1q

or C3 deficient mice that amyloid elimination was

complement dependent. Degrading masses of amy-

loid were seen in phagosomes and by 2–3d the

deposits were fragmented and greatly reduced.

Complement-dependent opsonisation, phagocytosis

and destruction of amyloid were confirmed by

intracellular colocalisation of staining for CD68,

the fibril AA protein, lysozyme, C3 and CD11b. By

14d almost no amyloid was detectable and normal

spleen and liver architecture was restored. Thus,

plasma SAP depletion by CPHPC in vivo enables

anti SAP antibody to activate the powerful physio-

logical complement and macrophage dependent

clearance mechanism to eliminate established visc-

eral amyloid deposits. This novel therapeutic ap-

proach will be applicable to all forms of human

amyloidosis and amyloid deposits.

OP-025

ALN-TTR, an RNAi therapeutic for the

treatment of transthyretin-mediated

amyloidosis

R. Alvarez1, T. Borland1, Q. Chen1, S. Milstein1,

T. Nguyen1, G. Hinkle1, S. Kuchimanchi1,

J. Costigan1, V. Ristoiu1, G. Wang1, G. Cole1,

R. Dorkin1, A. Akinc1, L. Nechev1, V. Kosovrasti1,

L. Tchangov1, M. Tracy1, L. Jeffs2, I. MacLachlan2,

P. Lutwyche2, D. Martins3, S. Costelha3,

M. J. Saraiva3,4, & D. W. Y. Sah1

1Alnylam Pharmaceuticals, Cambridge, MA, USA,
2Tekmira Pharmaceuticals, Burnaby, British Columbia,

Canada, 3Molecular Neurobiology Group, Institute for

Molecular and Cell Biology, Porto, Portugal, and
4ICBAS, University of Porto, Porto, Portugal

Transthyretin amyloidosis (ATTR) is a fatal, auto-

somal dominant, multisystem disease caused by

abnormal extracellular deposits of transthyretin

(TTR) amyloid fibrils. More than 100 pathogenic

mutations in TTR have been reported; these muta-

tions destabilise the protein, resulting in formation of

aggregates and then amyloid fibrils. A predominance

of TTR amyloid fibrils in peripheral nerves leads to

TTR amyloid polyneuropathy (Familial amyloidotic

polyneuropathy/FAP), characterised by autonomic

and sensory neuropathy, while TTR deposition in

the heart leads to TTR amyloid cardiomyopathy

(familial amyloidotic cardiomyopathy (FAC)). Cur-

rently, liver transplantation is the only available

treatment for TTR amyloid polyneuropathy with

outcome and survival varying substantially among

mutations. In addition, only a subset of TTR

patients with polyneuropathy qualify for this major

surgery and, even then, many go on to progress

presumably due to the deposition of wild-type

(normal) TTR into preexisting fibrils. TTR is

synthesised primarily by hepatocytes. Thus, TTR is

a suitable target for an RNAi therapeutic formulated

to maximise hepatocellular delivery. ALN-TTR

is a stable nucleic acid lipid particle (SNALP)-

formulated siRNA targeting both wild-type and

mutant forms of TTR that delivers the siRNA to

the liver. ALN-TTR demonstrated robust reduction

of TTR liver mRNA and protein levels in an hTTR

(Val30Met) transgenic mouse model and in non-

human primates (cynomolgus monkeys) with an

ED50 *0.3 mg/kg. Moreover, durability studies in

the transgenic mouse and non-human primate

demonstrated reduction of TTR serum protein

and TTR liver mRNA levels �3 weeks post-

administration. Preliminary studies demonstrate that

when administered to young V30M/Hsf-1KO mice,

ALN-TTR blocks the deposition of mutant V30M
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TTR in a number of tissues affected by the disease,

including sciatic nerve, sensory ganglion, intestine,

oesophagus and stomach, all sites of TTR deposition

documented in patients with FAP, and are loci of

amyloid pathology associated with sensory and

autonomic neuropathy and severe gastrointestinal

dysfunction. Our findings demonstrate the potential

therapeutic benefit of an RNAi therapeutic targeting

TTR for the treatment of ATTR.

OP-026

Evaluation of ALN-TTR on transthyretin tissue

deposition in a FAP V30M animal model

S. Costelha1, R. Alvarez2, T. Borland2,

L. Nechev2, L. Jeffs3, D. W. Y. Sah2, &

M. J. Saraiva1,4

1Molecular Neurobiology Group, Institute for Molecular

and Cell Biology, IBMC, Porto, Portugal, 2Alnylam

Pharmaceuticals, Cambridge, MA, USA, 3Tekmira

Pharmaceuticals, Burnaby, British Columbia, Canada,

and 4ICBAS, University of Porto, Porto, Portugal

The development of prophylactic and therapeutic

measures in transthyretin-mediated (ATTR) familial

amyloidosis encompasses the use of animal models.

We recently reported the generation of a FAP mouse

model by expressing the human TTR Val30Met

(V30M) in a heat shock transcription factor 1

(HSF-1) null background. As previously described,

this was the first demonstration of a FAP model with

extensive transthyretin deposition in the peripheral

nervous system (PNS), including sensory neurons in

dorsal root ganglia (DRG) and peripheral nerve, and

in the autonomic nervous system (ANS) but not the

brain, recapitulating the features of the ATTR

clinical presentation (Santos et al. J Neuropathol

Exp Neurol 2008;67:449–455; Alvarez et al.

OP–025). This model thus allows for pre-clinical

studies to address basic disease mechanisms and test

novel ATTR therapeutics. In this regard, this FAP

model has recently been used to evaluate the

potential therapeutic benefit of ALN-TTR, a novel

RNA interference (RNAi)-mediated drug candidate

directed at inhibiting wild-type as well as all mutant

forms of TTR (see accompanying work, Alvarez

et al. OP-025). Preliminary results show that

intravenous (IV) administration of ALN-TTR to

young V30M/Hsf-1 KO mice blocks the deposition

of mutant V30M TTR in a number of tissues

affected by the disease, including sciatic nerve,

sensory ganglion, intestine, oesophagus and sto-

mach. These tissues are all sites of TTR deposition

documented in FAP patients, and are loci of amyloid

pathology associated with sensory and autonomic

neuropathy and severe gastrointestinal dysfunction.

To further assess the effect of ALN-TTR on tissue

deposition and amyloid regression, 20-month old

V30M/Hsf-1 KO mice were treated for 2 months

with biweekly IV injections of either ALN-TTR or a

control irrelevant siRNA. TTR deposition was

evaluated by a semi-quantitative immunohistochem-

istry using an anti-TTR antibody. As compared to

controls, significative reductions were observed in

the analysed organs from ALN-TTR-treated mice:

60% in stomach, 80% in intestine (duodenum and

colon) and 90% in DRGs. When treatment was

extended to 3 months, the reduction was even

greater. Congo red staining was negative in all

ALN-TTR treated animals in comparison with

controls.

Taken together, the results suggest that ALN-

TTR treatment not only blocks TTR deposition in

key target tissues but also impacts the level of pre-

existing deposits, leading to regression. Additional

studies are ongoing to further evaluate the mechan-

ism(s) resulting in regression of pre-existing TTR

deposits.

OP-027

siRNA therapy for TTR-related ocular

amyloidosis

M. Tasaki1, H. Jono1, M. Ueda1, R. Hara2,

K. Obayashi1, T. Kawaji2, A. Rene3, Y. Mori4,

T. Yamashita5, & Y. Ando1

1Department of Diagnostic Medicine, Graduate School of

Life sciences, Kumamoto University, Kumamoto, Japan,
2Department of Ophthalomology and Visual Science,

Graduate School of Life sciences, Kumamoto University,

Kumamoto, Japan, 3Alnylam Pharmaceuticals, Inc,

Cambridge, MA, USA, 4Graduate School of

Pharmaceutical sciences, Kumamoto University,

Kumamoto, Japan, and 5Department of Neurology,

Graduate School of Life sciences, Kumamoto University,

Kumamoto, Japan

Introduction: In transthyretin (TTR)-related fa-

milial amyloidotic polyneuropathy (FAP) patients,

ocular manifestations, such as vitreous opacity and

glaucoma, are commonly found and cause failing

visual acuity. It is well documented that amyloido-

genic transthyretin (ATTR) synthesised by retinal

pigment epithelium (RPE) plays important roles in

the progression of ocular amyloidosis. Our previous

study showed that panretinal laser photocoagulation,

which reduced the RPE cells, prevented the progres-

sion of amyloid deposition in the vitreous, indicating

that the effective suppression of ATTR expression

in the RPE cells may become a novel therapy for
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ocular amyloidosis. In this study, we evaluated the

effect of small interfering RNA (siRNA) directed

against TTR on TTR expression both in vitro and

in vivo.

Materials and Methods: Human TTR, rat TTR,

and control siRNA were kindly provided by Alnylam

Pharmaceuticals, Inc. The effect of siRNA on TTR

expression was evaluated by real-time quantitative

PCR and/or Western blotting in vitro and in vivo.

For in vitro examinations, human RPE (ARPE-19)

cells were transfected with siRNA using Lipofecta-

min 2000 (Invitrogen). Dark Agouti (DA) rats and

transgenic (Tg) rats possessing a human ATTR

V30M gene (ATTR V30M Tg rats) were used

in vivo. siRNAs were directly injected into the

vitreous cavity using a 33 gauge needle. After 24 h,

the RPE cells were isolated to evaluate the effect of

siRNA on TTR expression.

Results and Discussion: In ARPE-19 cells, TTR

mRNA expression was markedly reduced by human

TTR siRNA in a dose-dependent manner. No

significant inflammatory responses were observed

in the siRNA-transfected cells. In DA rats, intra-

vitreous injections of rat TTR siRNA efficiently

knocked down endogenous rat TTR mRNA expres-

sion in the RPE cells. Moreover, in ATTR V30M Tg

rats, ATTR mRNA and protein expression were

significantly suppressed by human TTR siRNA

injection in the RPE cells. Taken together, these

data indicate that the expression of TTR at both

mRNA and protein levels are significantly and

specifically reduced by TTR siRNA in the RPE cells

both in vitro and in vivo.

Conclusion: siRNA treatment may represent a

promising alternative therapeutic strategy for TTR-

related ocular amyloidosis.

OP-028

Antisense oligonucleotide therapy for TTR

amyloidosis

M. D. Benson1,2, S. Pandey3, D. Witchell3,

A. Jazayeri3, A. Siwkowski3, B. Monia3, &

B. Kluve-Beckerman1

1Department of Pathology and Laboratory Medicine,

Indiana University School of Medicine, Indianapolis,

IN, USA, 2Richard L Roudebush Veterans Affairs

Medical Center, Indianapolis, IN, USA, and 3ISIS

Pharmaceuticals, Carlsbad, CA, USA

Orthotopic liver transplantation (OLT) which elim-

inates hepatic production of variant transthyretin

(TTR) in patients with hereditary TTR amyloidosis

is the only specific therapy that has been shown to

be effective. Unfortunately OLT does not stop

progression of the disease in some patients since

normal TTR can continue to be deposited as

amyloid fibrils. We have previously shown that

TTR specific antisense oligonucleotide (ASO) can

suppress hepatic production of TTR in mice

transgenic for a human variant TTR. We have now

tested additional ASO compounds to identify candi-

dates for advancement to human studies.

From approximately 400 ASO compounds

screened for efficacy in vitro, 36 ASOs were

evaluated in human TTR Ile84Ser transgenic mice.

Dose-dependant reduction of human TTR at both

RNA and protein levels was observed. Suppression

of plasma levels of TTR greater than 90% of baseline

levels has been achieved with doses of 25 mg/kg.

Eight ASO’s with favourable toxicity studies in

rodents have been advanced to nonhuman primate

studies to evaluate suppression of TTR levels,

general tolerability and pharmacokinetics.

OP-029

Preclinical siRNA therapeutics for AL

amyloidosis

B. M. Hovey, J. E. Ward, P. S. Hoo, C. O’Hara,

L. H. Connors, & D. C. Seldin

Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA

Current therapies for AL amyloidosis are targeted at

killing the plasma cells that produce the light

chains, and have significant toxicity for patients.

We have designed small interfering RNAs (siRNAs)

targeted to the light chain (LC) itself in order to

decrease expression of the amyloidogenic precursor

protein. These siRNAs have been designed to either

target the variable region making the siRNA patient

specific or the constant region to be effective in a

set of patients sharing the same LC family. Using

picomolar concentrations of siRNAs, we have

reduced LC protein levels in cells in vitro in a

dose-dependent fashion. In an in vivo tumour

mouse model of AL amyloidosis, we have shown

that we can significantly decrease the local and

circulating LC levels in a sequence-specific manner.

In this model, SP2/0 cells stably expressing human

AL LCs are injected subcutaneously and allowed to

form a tumour. Once the tumour reaches the

appropriate size, in vivo electroporation is used to

deliver either experimental or control siRNA into

the cells. At 2 days post-electroporation, there is a

dramatic reduction in LC mRNA and protein

expression in the plasmacytoma cells, as well as a

reduction in serum LC levels comparing experi-

mental with control siRNA treatment. This model
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system demonstrates the potential therapeutic use of

siRNA for this disease.

OP-030

Proteome immunoglobulin light chain

amyloidosis (AL): insights into the pathogenesis

A. Dogan, J. D. Theis, J. D. Gamez, D. L. Murray,

R. S. Abraham, K. L. Grogg, J. A. Katzmann,

A. Dispenzieri, S. R. Zeldenrust,

M. Ramirez-Alvarado, & J. A. Vrana

Departments of Laboratory Medicine and

Pathology and Hematology, Mayo Clinic, Rochester,

MN, USA

AL amyloidosis is the most common cause of

systemic amyloidosis caused by deposition of clonal

immunoglobulin light chains (LC) secreted by an

underlying plasma cell neoplasm. It has been long

believed that LC variable regions form the core of the

AL deposits, and the peptides derived from LC

constant region are only occasionally integrated into

this core. To understand the peptide constituents of

AL amyloidosis better, we undertook a comprehen-

sive study of AL amyloidosis using mass spectro-

metry (MS)-based proteomics. Paraffin embedded

tissue from 100 cases of AL amyloidosis was studied.

Congo red positive amyloid deposits were micro-

dissected by laser, trypsin digested and analysed by

MS. (see Vrana et al. Blood 2009;114:4957-4959 for

methods). MS peptide profiles were consistent with

AL-l in 66 cases and AL-k in 34 cases. In each case,

peptides representing LC constant region were

present, and in most cases, clonotypic l and k
variable gene regions were identified. In 10 cases,

clonal LC gene sequences of the underlying plasma

cell neoplasm and MS analysis of monoclonal free

light chain (FLC) isolated from urine and amyloid

plaques were available. In each case, MS data from

urine FLC and amyloid plaques gave identical

peptide profiles for both constant and variable

regions, and the amino acid sequence obtained by

MS showed 100% match to the amino acid sequence

predicted by the LC gene sequence. Detailed

analysis of the peptides showed that in most cases

whole of the LC constant and variable regions were

deposited. In addition to LC, MS identified APOE

(n¼ 86), SAP (n¼ 77), APOAIV (n¼ 77) and

APOAI (n¼ 54) as major constituents of AL

amyloidosis. The peptides representing stromal

proteins such as vitronectin, myosin, actin, collagen

and clusterin were also detected in abundance.

Comparison of the systemic versus localised AL

amyloidosis showed distinct peptide profiles suggest-

ing that proteome of the amyloid plaque could

distinguish systemic disease from localised disease.

In conclusion, MS-based proteomic analysis of AL

amyloidosis shows that, in most cases, both constant

and variable regions of LC are required for amyloid

deposition. AL deposits are complex and include

numerous apolipoproteins as major constituents.

Systemic and localised forms of AL amyloidosis

may have distinct pathogenesis.

OP-031

Proteome of serum amyloid A protein (SAA)

associated amyloidosis (AA)

A. Dogan, J. D. Theis, J. D. Gamez, K. L. Grogg,

N. Leung, A. Dispenzieri, S. R. Zeldenrust, &

J. A. Vrana

Departments of Laboratory Medicine and

Pathology and Hematology, Mayo Clinic, Rochester,

MN, USA

Amyloid A (AA) amyloidosis is a long-term compli-

cation of chronic inflammatory diseases which lead

to sustained elevated serum levels of SAA, an acute

phase reactant. To understand the nature of proteins

deposited in AA amyloidosis, we performed mass

spectrometry-based proteomic analysis (MS) on

laser microdissected fragments of Congo red positive

amyloid plaques in kidney biopsies (see Vrana et al.

Blood 2009;114:4957-4959 for methods). Twenty-

five cases with renal AA amyloidosis were studied.

Between two and four different microdissection in

each case was performed. MS identified a total of

3243 tryptic peptides representing SAA. SAA, in

secreted form, is a 104 amino acid protein. In only

one case, the MS peptide profile was consistent with

all 104 amino acid residues being deposited as part of

the amyloid plaques. In the remaining cases, MS

peptide profile showed that the amyloid plaques

contained residues between 2 and 87 of the SAA. In

each case, the N-terminal started with residue 2

indicating that intact N-terminal was necessary for

amyloid formation. The residues 2–76 were present

in each case studied suggesting that this part of SAA

molecule formed the core of AA amyloidosis.

Residues between 77 and 87 were variably repre-

sented, most likely secondary to proteolytic digestion

of the C-terminal tail in situ. In addition to SAA, MS

identified APOE (n¼ 25), SAP (n¼ 23), APOAIV

(n¼ 16) and APOAI (n¼ 5) as major constituents of

AA amyloidosis. The peptides representing stromal

proteins such as vitronectin, vimentin, actin and

collagen were also detected in abundance. In

conclusion, this study demonstrates the proteome

of AA amyloidosis. The results indicate that SAA

residues 2–76 form the core AA amyloid deposits.
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The deposits are enriched in other apolipoproteins

such as APOE, APOAIV and APOAI suggesting that

pathogenesis and structure of AA amyloidosis is

more complex than previously recognised.

OP-032

Characterisation of protein profiles from

amyloid adipose tissue using shotgun proteomic

approach

P. Mauri1, F. Brambilla1, V. Valentini2,

D. Di Silvestre1, A. De Palma1, G. Merlini2, &

F. Lavatelli2

1Institute for Biomedical Technologies (ITB-CNR),

Segrate, MI, Italy and 2Department of Biochemistry,

Amyloidosis Research and Treatment Center,

Fondazione IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy

Only partial information is available on the proteo-

mic profile of whole human adipose tissue. Shotgun

proteomics, based on two dimensional liquid chro-

matography – tandem mass spectrometry (2DC-MS/

MS or Multidimensional Protein Identification

Technology, MudPIT) allows rapid and sensitive

identification of hundreds of proteins in complex

mixtures. We applied 2DC-MS/MS to profile the

proteome of abdominal subcutaneous fat tissue

aspirates in patients with systemic amyloidoses and

controls, and to perform label-free differential

analysis. Proteins were extracted in a lysis buffer

containing detergents. After dialysis and tryptic

digestion, samples were directly analysed via Mud-

PIT in replicate. Peptides and related proteins were

identified from mass spectra by SEQUEST algo-

rithm. The homemade software MAProMa was used

to perform label-free differential analysis (patients vs.

volunteers) using Dave and DCI algorithms. Nine-

teen samples were analysed: 10 AL l, 1 AL k, 1

ATTR amyloidosis patient, all Congo red (CR)

positive and 7 controls (CR and electron microscopy

negative). More than 2000 distinct proteins were

identified overall (including proteins with molecular

weight (MW) 4250 kDa and isoelectric point (pI)

410). The identified proteins included amyloido-

genic and amyloid-associated ones, proteins involved

in modulation of adipocyte metabolism, extracellular

matrix, cell-matrix interaction, cytoscheleton, signal

transduction. Differential analysis allowed identify-

ing about 90 proteins differentially represented in

diseased and control samples. Hierarchical clustering

and principal component analysis of protein lists

showed that patients and volunteers are grouped in

distinct clusters. MudPIT allowed identifying hun-

dreds of proteins without MW and pI limitations.

Preliminary results suggest the possibility of cate-

gorising patient and control samples based of specific

sets of proteins. Proteins differentially represented

may have a role in the pathogenetic mechanisms.

OP-033

Diagnosis and classification of systemic

amyloidosis in abdominal subcutaneous fat

aspiration specimens using mass

spectrometry-based proteomics

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

P. J. Kurtin, K. L. Grogg, A. Dispenzieri,

S. R. Zeldenrust, & A. Dogan

Department of Laboratory Medicine and

Pathology and Hematology, Mayo Clinic, Rochester,

MN, USA

Abdominal subcutaneous fat aspiration (FA) is one

of the most practical, sensitive and specific methods

for the diagnosis of systemic amyloidosis. One

limitation of this method remains the technical

difficulties in further subtyping in a clinical setting.

To overcome this difficulty, we developed a method

using mass spectrometry (MS)-based proteomic

analysis that could identify amyloid subtypes in

freshly obtained Congo red (CR) positive FA with

accuracy. FA specimens were obtained from 205

patients with clinical suspicion for systemic amyloi-

dosis. One half of the specimen was stained with CR

and the other half was processed and enzyme

digested for MS-based proteomic analysis as pre-

viously described. (Vrana et al. Blood 2009;114:

4957–4959). The identified proteins were subse-

quently examined for the presence or absence of

amyloid-related peptides. Of the 205 cases studied,

117 were positive for CR consistent with systemic

amyloidosis. In CR positive cases, MS analysis

successfully identified an amyloid subtype in 101

cases (87%). The specific diagnoses were AL-l
(n¼ 71, 61%), AL-k (n¼ 16, 14%), and ATTR

(n¼ 11, 9%), AA (n¼ 3, 2%) and ALys (n¼ 1, 1%).

In 56 of these cases, additional clinical, pathology

and MS data validating the amyloid type were

available. In each case, the MS results obtained on

FA accurately predicted the amyloid type established

by other means. CR negative FA (n¼ 88) fell into

two groups. Fifty-seven cases (true negatives) had no

clinical and pathological features of systemic amy-

loidosis. Only one case (2%) in the true negative

group gave a AL-k profile which was attributed to a

high level of k in the serum (285 mg/dl). The

remaining 31 CR negative cases had a diagnosis of

systemic amyloidosis established at another site (false

CR-negatives). In this false CR-negative set, 14 cases

Abstracts 55

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.



(45%) had a peptide profile consistent with amyloi-

dosis suggesting that in FA specimens MS-based

proteomic analysis may have a higher sensitivity than

CR for diagnosis of systemic amyloidosis. In

conclusion, MS based proteomic analysis of FA

specimens provides a highly specific (98% specifi-

city) and sensitive (87% sensitivity) method for

diagnosis and classification of amyloidosis. The

method is rapid and readily applicable in a clinical

setting and will greatly improve the clinical manage-

ment of patients with amyloidosis.

OP-034

Proteomic mass spectrometry analysis of nerve

allows subtyping of amyloid neuropathies

S. R. Zeldenrust1, C. J. Klein2, J. A. Vrana3,

P. J. Dyck2, P. J. B. Dyck2, R. J. Spinner4,

M. L. Mauermann2, R. B. Bergen3, J. D. Theis3, &

A. Dogan3

1Department of Hematology, 2Department of Neurology,
3Department of Laboratory Medicine and Pathology,

and 4Department of Neurosurgery, Mayo Clinic,

Rochester, MN, USA

Objective: To determine whether mass spectro-

metry combined with proteomic evaluation can

determine the specific type of amyloid infiltration

of nerve.

Methods: Twenty-one nerve biopsies (18 sural, 3

sciatic and 1 root amyloidoma) infiltrated by amyloid

were studied. Cases chosen had earlier ambiguous

histopathologic evaluations of specific type of amy-

loid. Laser microdissected Congophilic proteins in

these tissues were identified by tryptic peptide

sequencing utilising liquid chromatography electro-

spray tandem mass spectrometry (LC-MS/MS).

Proteins were reviewed by bioinformatics proteomic

analysis with interpreters blinded to clinical diagnosis.

Results were compared to the patients’ prior clinical

classifications which relied on knowledge of the

presence of serum monoclonal proteins for AL-

amyloidosis and DNA sequencing of lymphoblast cell

lines for inherited forms, i.e. transthyretin [OMIM

176130] and gelsolin [OMIM 105120].

Results: Identifications of specific molecular amy-

loid protein by LC-MS/MS in all cases are consistent

with earlier clinical diagnosis (8 AL-type, 3 gelsolin

and 10 transthyretin). Additionally, LC-MS/MS

helped exclude AL-amyloid in two transthyretin

patients who had serum monoclonal proteins. Bone

marrow biopsy, serum monoclonal proteins and

DNA sequencing for gelsolin (n¼ 3, Asp189Asn, 1

without sequencing) and TTR amyloidosis (n¼ 3

Val30Met, 1 Val32Ala, 1 Thr60Ala, 1 Ser109Ala,

4 without sequencing) were consistent with LC-

MS/MS.

Conclusions: Proteomic application of laser dissec-

tion LC-MS/MS enable specific subtyping of in-

herited and AL-type amyloidosis affecting nerve

without bias from clinical information. This proteo-

mic approach is predicted to enhance both diagnostic

and research efforts in amyloidosis and other

diseases.

OP-035

Co-immunoprecipitation as a method for

isolating and studying circulating monoclonal

free light chains and their interacting proteins

in serum

F. Lavatelli1, V. Valentini1, P. Mauri2, F. Brambilla2,

P. Rognoni1, G. Palladini1, V. Perfetti3, S. Casarini1,

G. Sarais1, & G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry, Fondazione IRCCS

Policlinico San Matteo and University of Pavia, Italy,
2Institute for Biomedical Technologies (ITB-CNR),

Segrate, MI, Italy, and 3Medical Oncology Unit,

Fondazione IRCCS Policlinico San Matteo,

Pavia, Italy

In AL amyloidosis the deposits originate from

monoclonal free light chains (mFLC), transported

to target organs through blood. Purification of serum

mFLC for studying their fine biochemical features is

laborious and complicated by the interference of

complete antibodies. We developed a gentle method

to obtain soluble mFLC from serum by immunopre-

cipitation (IP). This approach also allows to copre-

cipitate possible mFLC-associated proteins, which

may be pathogenetically relevant. Polyclonal anti-

bodies against k or l FLC (the binding site) were

covalently immobilised on agarose beads (Pierce) to

precipitate FLC from sera. Unspecific binding was

evaluated by serum incubation with uncoupled

beads. Serum mFLCs were assessed by immunofixa-

tion (IFIX) and by k/l ratio. Sera without mono-

clonal components served as controls. Eluted species

were analysed by 1D and 2D SDS-PAGE, immuno-

blot and mass spectrometry (MS) (MALDI-TOF

and LC-MS/MS on Micromass instruments). The

aminoacid sequence of mFLCs was deduced from

the genomic one. Thirteen patients were analysed (11

AL l, 2 AL k), all with high serum l or k FLCs,

abnormal k/l ratio and positive IFIX. After thorough

bead washing and SDS-PAGE, the FLCs bands were

the most intense species in patients, not visible in

controls (five cases). The nature of the bands as l or k
LCs was confirmed by immunoblot and MS, which
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allowed to match the peptide ions with those

predicted from bone marrow sequence (available in

5 AL l). l mFLC were mostly disulphide-linked

dimers; a fragment was found in a case. k mFLC were

a mixture of dimers and monomers (the latter visible

as multiple bands in all cases). With less stringent

washing conditions, other proteins are eluted, whose

nature and association with mFLC is being studied.

This approach provides in-solution mFLCs from

serum, preserving their chemical integrity, suitable

for investigations on sequence, subtype and post-

translational modifications. Ongoing analyses may

identify specific interactors of mFLC.

OP-036

Role of dual modality I123 serum amyloid P

component SPECT-CT imaging in amyloidosis

D. F. Hutt, T. Lane, J. D. Gillmore,

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

P. T. Sattianayagam, D. Gopaul, A. M. Quigley,

P. N. Hawkins, & A. D. Wechalekar

Department of Medicine, UK National Amyloidosis

Centre, Centre for Amyloidosis and Acute Phase Proteins,

Royal Free Campus, UCL Medical School, London, UK

Planar I123 serum amyloid P component (SAP)

scintigraphy is routinely used for diagnosis, assess-

ment and serial monitoring of patients with amyloi-

dosis at the National Amyloidosis Centre (NAC). We

report here our new experience with dual modality

imaging comprising 3-D I123 SAP single photon

emission computed tomography (SPECT) combined

with CT, introduced with the aim of improving

anatomical localisation of SAP uptake. 133 SPECT-

CT studies were performed from May 2007 to

September 2009, with indications to further evaluate

labelled SAP uptake of uncertain significance, assess

the distribution of amyloid within particular organs,

or to assess potential sites of visceral uptake that may

have been obscured by intense signal in adjacent

organs. One hundred sixteen patients were studied

once and 17 patients had serial SPECT-CTs.

Anatomical regions studied included the abdomen

and pelvis in 65 patients, thorax in 33, head and neck

in 17 and lower extremities in one case. Amyloid type

was: AL (systemic or localised) in 93 patients, ATTR

in 6, AApoAI in 3, AA in 3, ALys in 3, AGel in 1 and

unknown in 3. SPECT-CT provided additional

information compared with standard 2-D planar

imaging in 97/116 (84%) patients, and contributed

to clinical management in 85 cases. Precise localisa-

tion of the anatomical site of amyloid deposition was

determined in 39 (34%) cases, and superior defini-

tion of organ involvement was achieved in 79 (68%).

SPECT-CT identified bony uptake in 67 cases, two-

thirds of which were not apparent on planar imaging;

bony amyloid was evident in all three ALys patients,

which is a novel finding. Renal amyloid was identified

in 14 patients whose kidney signal had been obscured

on planar scans by overlying hepatic and splenic

amyloid. Among the 17 patients who had serial

SPECT-CT, subtle changes in tracer uptake were

identified in 11 cases. I123 SAP SPECT-CT imaging

represents an advance over standard planar imaging.

Studies are in progress to refine the imaging protocols

and define criteria for using this new imaging

technique.

OP-037

The fibril-reactive antibody 11-1F4 co-localises

with amyloid in patients with AL amyloidosis

J. S. Wall1, S. J. Kennel1, A. Stuckey1,

D. W. Townsend1, K. Wells2, M. G. Stabin3, &

A. Solomon1

1Department of Medicine, 2Department of Radiology,

University of Tennessee Graduate School of Medicine,

Knoxville, TN, USA, and 3Department of Molecular

Physiology and Biophysics, Vanderbilt University,

Nashville, TN, USA

AL amyloidosis is characterised by the pathologic

deposition in tissue of fibrils composed of Ig light

chain fragments. Presently, there are limited treat-

ment options for patients with this invariably fatal

disease. Consequently, we have developed a novel

immunotherapy using an amyloid fibril-reactive

antibody designated 11-1F4, which recognises a

conformational epitope present on amyloid fibrils,

but not the soluble amyloidogenic precursor protein.

When this antibody was radioiodinated with I-125, it

was taken up selectively by certain amyloid tumors

induced in mice which could be visualised by

microSPECT imaging. Furthermore, we also have

shown in our in vivo experimental model that mAb

11-1F4 could, in some instances, effectively remove

amyloid. Thus, imaging the distribution of the

antibody in vivo could identify those individuals

who might benefit from treatment with this reagent.

This study was initiated following approval by the

FDA to conduct a Phase I E-IND study using GMP-

grade murine mAb 11-1F4 (provided by the NCI/

BDP) that was radiolabelled with I-124 to a final

specific activity of �74 MBq/mg of protein. For

dosimetry purposes, 3 HAMA-negative patients were

infused over 15 min with *1 mg of sterile, endotox-

in-free 124I-11-1F4 (*60–74 MBq). PET/CT

images were obtained utilising a Biograph 16 PET/

CT scanner 3 and 5 h post-infusion and again on
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days 2, 3, 5 and 7. The radiolabelled antibody was

well-tolerated with a calculated effective dose of

0.4 mSv/MBq. Notably, in one of the first three

patients with amyloid-laden mediastinal lymph

nodes, obvious and specific uptake of the radiotracer

in these areas was readily apparent. Subsequently, in

the ongoing second phase of the study (that involved

imaging on days 2 and 5 only), 15 additional subjects

have been recruited and in 9 of them there was

uptake of the radiolabelled antibody in areas known

to contain amyloid, e.g. liver, spleen or lymph nodes.

Further, the positive or negative imaging results

correlated with the capability of the antibody to

immunostain the patients’ amyloid deposits in biopsy

specimens obtained from patients at the time of

diagnosis. Our studies thus indicate the potential use

of 124I-labelled mAb 11-1F4 and PET immunoima-

ging to identify those patients with AL who are

candidates for passive immunotherapy using the

chimeric form of this antibody.

OP-038

125I-labelled, heparin-reactive protamine as a

novel amyloid imaging reagent

J. S. Wall1, T. Richey1, A. Stuckey1, R. Donnell2,

E. Martin1, A. Solomon1, & S. J. Kennel1

1Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA and 2Department of Pathobiology, University

of Tennessee College of Veterinary Medicine, Knoxville,

TN, USA

Amyloid deposits contain, in addition to protein

fibrils, a significant concentration of heparan sulfate

proteoglycans (HSPG). Data suggest that the che-

mical structure of amyloid-associated heparan sulfate

differs from that found ubiquitously in the ECM of

essentially all normal tissues. Based upon these

observations and our finding that certain HS-reactive

scFv selectively bind amyloid deposits in AA mice

and did not accumulate significantly in healthy

tissues, we investigated the deposition of heparin-

binding protamine in a transgenic mouse model of

AA. A heparin-binding peptide derived from prota-

mine was synthesised, purified by reverse phase

HPLC. After radioiodination, 125I-labelled prota-

mine (125I-protamine) was administered to animals

with severe systemic AA amyloidosis or to amyloid-

free mice and allowed to circulate for 1, 2, 4, 8 or

24 h. At each time point high-resolution micro-

SPECT/CT images were acquired and the tissue

distribution of the radioactivity determined by

gamma counting. Finally, 6 mm-thick tissue sections

were prepared for autoradiography and histological

evaluation of the micro-distribution of the radiola-

belled peptides and amyloid deposits, respectively. In

control mice the 125I-protamine was rapidly deha-

logenated and the liberated 125I-sequestered by the

stomach which was visible together with the thyroid

in SPECT images up to 8 h pi. In contrast, 125I-

protamine when injected into AA mice was seques-

tered by amyloid deposits in the liver, kidney,

pancreas and spleen with smaller amounts in the

stomach, as evidenced by microSPECT imaging.

The calculated tissue: muscle ratios for these organs

(all sites of AA deposition) was at least 2-fold greater

in mice with AA, indicating specific retention of the

protamine peptide by amyloid. Micro-autoradiogra-

phy confirmed that 125I-protamine preferentially

associated with the AA amyloid in these organs,

notably within the liver. In amyloid-free mice, there

was little or no specific accumulation of 125I-

protamine in any organ or tissue. These data indicate

that even though HS is expressed in normal tissue,

the heparin-reactive peptide protamine offers a

novel, potentially pan-amyloid, binding reagent that,

when radiolabelled, could be used to diagnose

disease and monitor response to therapy using

molecular imaging techniques.

OP-039

Biodistribution of 125I-labelled heparan

sulfate-reactive scFv in AA amyloidotic mice

J. S. Wall1, T. Richey1, A. Stuckey1, A. Oosterhof2,

T. van Kuppevelt2, R. Donnell3, A. Solomon1, &

S. J. Kennel1

1Human Immunology and Cancer Program, University

of Tennessee Graduate School of Medicine, Knoxville,

TN, USA, 2Matrix Biochemistry, Nijmegen Centre for

Molecular Life Sciences, Nijmegen, The Netherlands,

and 3Department of Pathobiology, University of

Tennessee College of Veterinary Medicine, Knoxville,

TN, USA

Amyloid results from tissue deposition of fibrillar

protein aggregates in association with a plethora of

accessory molecules, including high concentrations

of heparan sulfate proteoglycans. This process is

associated with a broad spectrum of disorders

including monoclonal gammopathies, chronic in-

flammation, type 2 diabetes and Alzheimer’s disease.

In all cases, the formation of amyloid fibrils is the

underlying aetiology or is a complicating factor in the

course of the disease. Currently, efforts to image

amyloid utilise biomarkers that specifically target the

protein fibril component. As an alternative approach,

we have evaluated radioiodinated single chain vari-

able fragments (scFv) that bind heparan sulfate for
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their ability to image AA amyloid deposits in vivo.

scFv’s were isolated by panning the Nissim phage

display library on heparan sulfate extracted from

bovine kidney or human skeletal muscle glycosami-

noglycans. After radioiodination, 125I-scFv’s were

administered to animals with severe systemic inflam-

mation-associated AA amyloidosis or to amyloid-free

mice. In disease-free mice, the scFv were rapidly

dehalogenated in the kidney and free 125I-accumu-

lated in the stomach at 4 h post-injection, as

evidenced in microSPECT/CT images. In contrast,

125I-scFv injected into AA mice was deposited in

the liver, kidney and spleen. Micro-autoradiography

further revealed that 125I-scFv in mice without

amyloid, bound specifically to renal glomerular tufts

and tubules as well as sinusoids and reticular fibrils

in the liver and spleen, respectively. However, in the

presence of amyloid the scFv preferentially asso-

ciated with the pathologic deposits in all organs but

notably within the liver. These data indicate that

even though HS is expressed in normal tissue, scFv

for specific HS structures may be used as an amyloid

imaging agent.

OP-040

Classification of 14 different amyloid types

using validated antibodies on tissue sections

R. P. Linke

Reference Center of Amyloid Diseases, Amymed,

Martinsried, Germany

Amyloidoses must be classified by identifying the

chemical composition of the amyloid protein in each

patient since every protein causes a pathogenetic

different disease and its variants. More than 25

different proteins can cause amyloid deposits and

they need to be distinguished with high precision for

prognostic and therapeutic considerations. This can

be done by amino acid sequencing or by immuno-

chemical means on formalin-fixed paraffin (or

ultrathin) tissue sections. We prepared antibodies

for clinico-pathologic routine use in order to classify

the amyloid on formalin-fixed paraffin sections

which has been accomplished in four steps: (a) the

provision of sufficient amyloid prototypes with

known chemistry; (b) the preparation of suitable

antibodies directed against the various amyloid

classes and their validation on the amyloid proto-

types; (c) application of these antibodies onto a large

number of unknown amyloid-containing samples

suitable for routine typing; and (d) the delivery of our

antibody set to several other institutes in order to put

them in service for independent evaluation. Our

results reveal that 100% of the 119 prototype

amyloids and 97.9% of the 581 unknown amyloid

tissues submitted were classified correctly, which

include 14 different amyloid types. The results in

other hands were comparable. The results of this

method are independent of any clinical pre-knowl-

edge. This method does not require expensive

investments, extra rooms or personnel. It is easy,

fast and affordable for all institutes competent in

performing immunohistochemistry (Linke RP. Im-

proved classification of various amyloid diseases

using validated antibodies and Congo red fluores-

cence. Immunohistochemical typing of 663 patients

[Invited Review]. Arch Path Lab Med 2010;134: (in

print)).

OP-041

Diagnostic performance of immuno-electron

microscopy of abdominal fat in systemic

amyloidoses

G. Palladini1, L.Verga1, S. Corona1, L. Obici1,

P. Morbini2, F. Lavatelli1, S. Donadei1, G. Sarais1,

L. Roggeri1, A. Foli1, P. Russo1, L. Zenone

Bragotti1, M. Paulli2, L. Minoli3, U. Magrini2, &

G.Merlini1

1Department of Biochemistry, Amyloidosis Research and

Treatment Center, 2Pathology Unit, and 3Infectious

Diseases Unit, Fondazione IRCCS Policlinico San

Matteo, University of Pavia, Pavia, Italy

Abdominal fat aspirate (AFA) is a convenient

alternative to organ biopsy to diagnose systemic

amyloidosis. In two small series we reported that

immuno-electron microscopy (IEM) of AFA could

reliably characterise amyloid deposits. Here, we

report the diagnostic performance of IEM on AFA

in 384 consecutive patients referred between

2003 and 2008 for suspected systemic amyloidosis.

All the patients were followed for at least 18 months

after the date of AFA. At the end of follow-up,

all the data were reviewed and the diagnosis of

amyloidosis established or rejected. The AFA

were stained with Congo red and deemed positive

if graded 2þ or more according to Hazenberg

(Hazenberg et al. Amyloid 2007;14:133–140),

and IEM study was performed as previously

described (Arbustini et al. Amyloid 2002;9:108–

114). Mutations for hereditary amyloidosis were

searched by DNA analysis. Organ involvement was

defined according to the 2005 International Society

of Amyloidosis criteria. The patients were referred

for one or more of the following causes: proteinuria

(51%), heart failure or restrictive cardiomyopathy

(37%), carpal tunnel syndrome or macroglossia

(20%), peripheral or autonomic neuropathy (16%),

Abstracts 59

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.



hepatomegaly (4%) or other causes (3%). A diag-

nosis of systemic amyloidosis was eventually estab-

lished in 200 cases (52%). At light microscopy AFA

was positive in 212 patients with 83% sensitivity

(Se), 77% specificity (Sp), 81% positive predictive

value (PPV) and 79% negative predictive value

(NPV). At IEM, amyloid fibrils were detected in

153 patients, with 77% Se, 100% Sp, 100% PPV and

80% NPV. Characterisation by IEM was possible in

all the positive AFA samples and was AL l in 76

patients (50%), AL k in 42 (27%), AA in 31 (20%),

ATTR in 4 (3%). Characterisation was confirmed by

the clinical picture, follow-up and DNA analysis in

all cases. In 47 patients with negative AFA, the

diagnosis was established on organ or minor salivary

gland biopsies and characterised as AL l in 20

patients (43%), AL k in 9 (19%), AA in 9 (19%),

ATTR in 8 (17%, 1 senile and 7 familial), AFib in 1

(2%), by IEM, light microscopy immunohistochem-

istry or DNA analysis. The Se of IEM-AFA was

lower in ATTR (33%), than in AL (80%, p¼ 0.001)

and in AA (78%, p¼ 0.008) amyloidosis. Immuno-

electron microscopy increases the specificity of light

microscopy examination of AFA and can correctly

characterise the amyloid deposits in all cases.

OP-042

Diagnostic performance of measuring free light

chains in fat tissue of patients with AL

amyloidosis

J. Bijzet1, I. I. Van Gameren1, P. C. Limburg1,

R. Bos1, E. Vellenga2, & B. P. C. Hazenberg1

1Department of Rheumatology & Clinical Immunology

and 2Department of Haematology, UMCG, Gröningen,

The Netherlands

Background: The diagnostic performance of mea-

suring immunoglobulin free light chains in abdom-

inal subcutaneous fat tissue was studied for detection

and characterisation of AL amyloidosis.

Methods: Fat tissue specimens of 107 consecutive

patients with AL amyloidosis (23 k and 84 l) and 95

controls (32 disease controls, 38 AA amyloidosis and

25 hereditary ATTR amyloidosis) were studied. The

amount of amyloid was graded semi-quantitatively in

Congo red-stained specimens (0–4þ). Amyloid was

extracted from tissue in guanidine and free light

chain concentrations were measured using nephelo-

metry.

Results: Mean k and l concentration in controls

was 4.65 and 2.77 ng/mg fat tissue, respectively.

Mean k/l ratio of controls was 1.69. Free k of

patients with AL-k amyloidosis (mean 35.8 ng/mg

fat tissue) was higher than controls (p5 0.001). Free

l of patients with AL-L (mean 20.3 ng/mg fat tissue)

was higher than controls (p5 0.001). In both AL

types, the non-involved free light chain did not differ

from controls. k/l ratio of patients with AL-k (mean

22.2) and AL-l (mean 0.17) was higher and lower,

respectively, than controls (p5 0.001). When 0.49–

5.86 was chosen as reference range for k/l ratio, 18

of 23 AL-k and 59 of 84 AL-l patients were

identified (sensitivity 78% and 70%, respectively).

Ninety-two of 95 controls had values in the reference

range of k/l ratio (specificity 97%). A linear trend

(p5 0.0001) was seen between the disease-asso-

ciated light chain concentrations and amyloid grades

in both types of AL.

Conclusions: Measuring free light chains in fat

tissue is useful for detecting AL amyloidosis and for

characterising amyloid as AL-k or AL-l. There is

good concordance between the disease-associated

free light chain concentrations and the amount of

amyloid in fat tissue.

OP-043

Adaptive autophagy in normal and neoplastic

plasma cells

N. Pengo1,2, L. Oliva1, G. Palladini3, A. Merlini1,2,

F. Fontana1,2, E. Pasqualetto1, 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, and
3Amyloidosis Center, Biotechnology Research

Laboratories, Fondazione IRCCS Policlinico San

Matteo, Department of Biochemistry, University of

Pavia, Pavia, Italy

The mechanisms regulating plasma cell (PC) life-

span, crucial to Ab responses and plasma cell

dyscrasias, are largely unknown. Recently, we

discovered that differentiating PC suffer from pro-

teotoxicity, due to decreased proteasome capacity

despite intensive protein synthesis. This unique

imbalance of the ubiquitin (Ub) proteasome system

(UPS) results in accumulation of Ub-conjugates and

apoptotic sensitisation to proteasome inhibitors.

How do PCs cope with proteotoxicity? Autophagy,

a highly conserved lysosomal degradation strategy,

recently emerged as an alternative proteo-catabolic

process that cooperates with the UPS against

proteotoxicity. We thus hypothesised that PC adapt

to UPS impairment through autophagy. In both

in vitro and in vivo murine PC differentiation

models, we observed striking increases in acidic

compartments and remarkable induction of autop-

hagy, as assessed by proteolytic conversion of
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Atg8/LC3 (immunoblotting), accumulation of

LC3þ vesicles (immunofluorescence) and electron

microscopy. Inhibition of lysosome activity further

accumulated converted LC3, demonstrating

ongoing lysosomal delivery. Moreover, mRNAs

encoding the key autophagic players LC3 (consumed

by autophagy), Atg7 and Atg9 increased progres-

sively, presumably to upgrade the autophagic capa-

city. We also confirmed the onset of autophagy in PC

in vivo in NP-ficoll immunised mice, proving the

response to be toll-like receptor independent. Au-

tophagy can be both pro- and anti-apoptotic.

Attesting to a protective role, its inhibition decreased

PC viability, while its stimulation not only prolonged

PC lifespan, but also increased Ab secretion,

independent from its life-sparing effect. Moreover,

we detected autophagy in long-lived mouse bone

marrow PCs. In view of the therapeutic potential of

proteostasis regulators in light chain amyloidosis

(AL) and multiple myeloma (MM), we tested if

neoplastic plasma cells also deploy adaptive autop-

hagy. Immunofluorescence in primary cells from

patients with AL and MM revealed abundant

autophagy in PC clones. Moreover, confirming a

protective role for autophagy, neoplastic PC proved

sensitive to pharmacological inhibition of autophagy.

Importantly, proteasome and autophagy inhibitors

revealed strong synergistic effects. Altogether, our

data define a novel adaptive immune role for

autophagy in PC lifespan and Ab production.

Inhibition of autophagy may represent a novel

strategy against AL and MM. As a physiological

model of UPS impairment and autophagy activation,

PC are of great interest to investigate proteostasis in

physiology and disease.

OP-044

Pathobiologic associations of plasma cell (PC)

overexpression of Cyclin D1 (CCND1) in

systemic AL amyloidosis (AL)

R. L. Comenzo1, J. E. Hoffman2, H. Hassoun3,

H. Landau3, L. Iyer1, & P. Zhou1

1Department of Medicine, Hematology Service,

Tufts Medical Center, Boston, MA, USA, 2Department

of Hematology and Oncology, Cleveland Clinic,

Weston, FL, USA, and 3Department of Medicine,

Memorial Sloan-Kettering Cancer Center, New York,

NY, USA

To assess the pathobiologic significance of Cyclin D1

(CCND1) expression in AL, we evaluated CD138þ
PC from 69 new patients with AL by gene expression

profiling (GEP) with Affymetrix U133A 2.0 arrays

(Santa Clara, CA) or by qRT-PCR with TaqMAN

assay for CCND1. With these data, we performed a

supervised analysis comparing CCND1hi and

CCND1l8 cases and correlated results with patient

characteristics, organ disease, PC features and out-

comes. Statistics were performed with GraphPad

PRISM (La Jolla, CA). With GEP (n¼ 16), CCND1

median loge-transformed expression was 11.08

(range, 9.6–11.55) in 5 vs. 4.16 (3.88–5.45) in 11

patients, a significant difference (p5 0.01, Mann–

Whitney). With qRT-PCR (n¼ 53), median CCND1

expression was 1.51 (0–19.36) with clear-cut quartile

differences (25% 0.02, 75% 4.78). We defined 46%

of patients (32/69) as CCND1hi by GEP (n¼ 5) or by

CCND1 expression above the median (n¼ 27).

CCND1hi were no different than CCND1l8 patients

in age, gender, PNS involvement, serum creatinine,

alk phos or 24 h urine total protein (TP), but had

significantly higher brain natriuretic peptide, median

372 (36–2,150) vs. 106 (5–4210 pg/ml) (p5 0.01)

and higher troponin I (median 0.11 vs. 0.06 ng/ml;

p¼ 0.07). CCND1hi patients had more PC (13

versus 8%; p¼ 0.08), significantly more k clones

(10/32 vs. 2/37, p5 0.01, w2), fewer M-spikes (3/32

vs. 19/37, p5 0.01) and Ig M-proteins on S-IF (8/32

vs. 26/37, p5 0.01) and more often made FLC only

(24/32 vs. 11/37, p5 0.01). There were no differ-

ences in therapy with SCT, MDex or Bortez, or in

haematologic response (CR: 28%, 32%). Median

survivals of qRT-PCR quartiles (lo to hi) were not

reached (NR), 36, 26 and 21 m, and overall survival

of CCND1hi patients was a median of 27 m

compared to NR (median follow-up 32 m (1–72))

(Kaplan-Meier, p5 0.01). These data indicate pro-

found pathobiologic links between CCND1 expres-

sion, production of FLC only, cardiac involvement

and possibly IgVL gene selection bias. Understand-

ing the molecular pathogenesis of these links will

reveal (1) how AL clones emerge; (2) how they adapt

to making amyloid-forming FLC so well; and (3)

how we may diagnose patients at risk earlier in

disease.

OP-045

Oligomeric amyloidogenic light chains are

found in urinary exosomes of patients with AL

amyloidosis

M. Ramirez-Alvarado1, C. J. Ward2, B. Q. Huang3,

X. Gong1, M. C. Hogan2, B. J. Madden4,

C. Charlesworth4, & N. Leung2

1Department of Biochemistry and Molecular Biology,
2Division of Nephrology and Hypertension, 3Division of

Gastroenterology and Hepatology, and 4Mayo

Proteomics Research Center, Mayo Clinic,

Rochester, MN, USA
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Kidney is the most commonly involved organ in

immunoglobulin light chain amyloidosis (AL). Cur-

rent evidence suggests the polymerisation occurs

after receptor mediated internalisation of the amy-

loidogenic light chains into renal cells. Recent

advances in urinary exosomes (which contain mem-

brane and cytosolic proteins) allow one to probe the

proteomics of the entire urinary system from the

glomerulus to the bladder. In this study, we aimed to

determine if urinary exosomes are involved in the

cellular trafficking of light chains in the kidney for

AL. Urinary exosomes from patients with multiple

myeloma and monoclonal immunoglobulin deposi-

tion disease (MIDD) were used for comparison. We

found oligomeric light chains in AL exosomes

corresponding to the glomerular fractions. The

oligomeric light chains changed the apparent exo-

some density with respect to normal controls (n¼ 3)

and enhance initial rates of amyloid formation

reaction (n¼ 1), suggesting that exosomes may play

a role in the amyloid formation process. Light chains

were found predominantly membrane-bound in all

exosomes with AL exosomes with some light chains

in the cytosolic compartment. Together, these results

suggest that binding of light chains to membrane acts

as an initiation factor for extracellular deposition.

Smaller light chain oligomers were found in patients

in MIDD and only monomeric light chains were

found in urinary exosomes of patients with multiple

myeloma. Our results suggest that urinary exosomes

could be intimately involved with the amyloidogenic

process. The trafficking of light chains found in

urinary exosomes is consistent with the current

understanding of amyloidogenesis. The ability to

study both surface interactions and cytosolic pro-

cesses shows tremendous potential of the urinary

exosomes in furthering our understanding of the

pathophysiology and diagnosis of protein misfolding

diseases with renal involvement.

OP-046

Contribution of light chain variable region

genes to organ tropism and survival in AL

amyloidosis

T. Prokaeva1, B. Spencer1, G. Doros2,

L. H. Connors1, M. Skinner1, & D. C. Seldin1

1Gerry Amyloid Research Laboratory, Amyloid

Treatment and Research Program, Boston University

School of Medicine, Boston, MA, USA and 2Boston

University School of Public Health, Boston, MA, USA

Objectives: AL amyloidosis is notable for great

variability in organ involvement and in clinical

course. It has been reported that organ tropism

reflects light chain variable region (VL) gene usage.

Here, we examine organ tropism and survival in a

series of 274 consecutive patients with AL.

Methods: mRNA was isolated from bone marrow

of 274 consecutive patients with AL, of whom 26

met criteria for myeloma, and subjected to RT-PCR

amplification, cloning and sequencing. The VL

family, donor germline gene segments and the

frequency of somatic mutations were determined.

The association of dominant organ involvement with

VL gene usage was assessed by Chi-square and

Fisher’s exact tests. The survival for patients in each

VL family and subfamily was compared using log

rank tests.

Results: Of the 274 amyloidogenic VL sequences,

205 were l and 69 k. The distribution of LC subfamily

was: l1 – 20.4%, l2 – 16.8%, l3 – 18.2%, l4 – 0.7%,

l6 – 17.9%, l7 and l10 – 0.4% each, k1 – 20.4%, k2 –

0.4% and k3 – 1.5%, k4 – 2.9%. Dominant renal

involvement was seen more frequently in l compared

to k (47% vs. 32%; p¼ 0.035), whereas soft tissue (7%

vs. 20%; p¼ 0.003) and hepatic (6% vs. 17%;

p¼ 0.006) involvements were more common in the k
group. The frequency of dominant organ involve-

ments across individual VL families is shown in the

following Table I.

Dominant cardiac involvement was observed

significantly more frequently in the l3 family

compared to all VL families (p¼ 0.013) and VLl
families (p¼ 0.017). In the k1 family, hepatic

(p¼ 0.001) and soft tissue (0.014) involvements

were more frequent compared to all other VL

families. There was a trend towards longer survival

in the l compared to the k family (35.4 vs. 27.9 mos;

p¼ 0.21), and particularly in l6 versus all other VL

families (67.6 vs. 30.7 mos; p¼ 0.093).

Table I. Frequency of dominant organ distribution across VL families.

Dominant involvement l1, n¼ 56 l2, n¼ 46 l3, n¼ 50 l6, n¼ 49 l4,7,10, n¼4 k1, n¼ 56 k2–4, n¼ 13

Renal, % 48 48 36 51 100 32 31

Cardiac, % 22 24 42 27 – 23 31

Hepatic, % 9 9 4 2 – 21 –

Soft tissue, % 7 4 8 8 – 20 23

GI, neuropathic, pulmonary, other, % 14 15 10 12 – 4 15
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Conclusion: The VL family can dictate organ

tropism and possibly survival in AL amyloidosis.

OP-047

A model using cardiac troponin T, albumin and

uric acid accurately predicts treatment-related

mortality in patients with amyloidosis

undergoing autologous stem cell

transplantation

N. Leung1, S. Kumar2, A. Dispenzieri2,

M. Q. Lacy2, F. Buadi2, S. R. Hayman2, D. Dingli2,

W. J. Hogan2, & M. A. Gertz2

1Division of Nephrology and Hypertension and
2Division of Hematology, Mayo Clinic, Rochester, MN,

USA

High-dose melphalan and autologous stem cell

transplantation (ASCT) is an effective treatment for

light chain amyloidosis (AL) but its utility is limited

by high treatment-related mortality (TRM). Strin-

gent patient selection has been effective at reducing

TRM. Our aim is to create a simple model to assess

TRM in patients with AL undergoing ASCT.

Retrospective analysis was performed on 278 pa-

tients who underwent ASCT between 7/1996 and

7/2007. Univariate analysis revealed that serum

albumin, alkaline phosphatase, cardiac troponin T

(cTnT), brain natriuretic peptide (BNP) and uric

acid were associated with TRM whereas age, sex,

serum creatinine, b2m, CRP, proteinuria were not.

Multivariate analysis showed cTnT (p¼ 0.001),

serum albumin (p¼ 0.03) and uric acid (p¼ 0.03)

were independent predictors of TRM. Using recei-

ver–operator characteristic (ROC) curve, the cutoffs

were found to be 40.02 ng/ml for cTnT, 53.2 g/dl

for albumin and 48.5 mg/dl for uric acid. The

reciprocal odds ratios for elevated cTnT, elevated

uric acid and low albumin were 4.75, 3.06 and 3.54,

respectively. A model was created by assigning one

point for each positive risk factor. In our cohort,

22.6% had 0, 50.3% had 1, 21.6% had 2 and 5.4%

had 3 points. The TRM was 0% for 0 point, 5.7% for

1, 15.0% for 2 and 40% for 3 points, p5 0.001. To

insure every parameter contributed to the model, a

subgroup analysis showed patients with elevated

cTnT but no low albumin or elevated uric acid had

an insignificant increase in TRM as compared to

those without elevated cTnT (11.1% vs. 4.0%,

p¼ 0.17). Patients with elevated cTnT and either

low albumin or elevated uric acid had a TRM of

33.3%, p5 0.001. Logistic regression model also

showed the addition of the number of organs

involved to the model had no additional benefit.

Our model using albumin, cTnT and uric acid was

highly correlative to TRM in our population. Better

assessment tool could greatly help patient selection

and reduce TRM for HDM-SCT.

OP-048

Clinical outcome of systemic AL amyloidosis

affecting the kidneys

J. H. Pinney1,2, H. J. Lachmann2, L. Bansi3,4,

A. D. Wechalekar2, J. A. Gilbertson2,

D. Rowczenio2, P. T. Sattianayagam2,

S. D. J. Gibbs2, E. Orlandi5, N. L. Wassef5,

A. R. Bradwell6, P. N. Hawkins2, & J. D. Gillmore2

1Centre for Nephrology, 2National Amyloidosis Centre,
3Department of Population Sciences, 4Department of

Medicine, Royal Free Campus, UCL Medical School,

London, UK, 5Department of Biochemistry, Royal Free

Hampstead NHS Trust, London, UK, and 6Department

of Immunity and Infection, Medical School, University of

Birmingham, Birmingham, UK

Renal dysfunction is the most common clinical

manifestation of systemic AL amyloidosis. The effect

of treatment with systemic chemotherapy on renal

outcome has not been systematically examined. We

evaluated factors influencing survival among 1094

patients with renal AL amyloidosis, including 249

dialysis-dependent patients. The relationship be-

tween the abundance of fibril precursor protein

remaining after chemotherapy, determined by a

simple mathematical formula to serially estimate the

amyloidogenic monoclonal serum free light chain

(FLC) concentration, and renal outcome was stu-

died. Factors influencing survival on dialysis were

identified and outcome in patients who underwent

renal transplantation was reported. Median survival

from diagnosis for the whole cohort was 31.2 months.

Independent baseline factors associated with progres-

sion to dialysis were: higher stage of chronic kidney

disease; greater 24-h urine protein and lower serum

albumin. The depth of FLC response to chemother-

apy in 697 evaluable patients independently pre-

dicted overall survival (p5 0.0001). Patients

achieving 490% FLC response had a significantly

higher chance of renal response (p¼ 0.0003) and

lower chance of renal progression (p¼ 0.0003)

compared to those achieving a 50–90% response.

Median survival on dialysis was 38.9 months and

appears to be improving further (p5 0.03). Factors

influencing survival on dialysis were NT-proBNP

and serum albumin at the start of dialysis. Among 21

patients who received a renal transplant, median

survival from transplantation was 89 months; there

were no graft losses due to recurrent renal amyloid.

Renal and overall outcome in AL amyloidosis is
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directly influenced by FLC response to chemother-

apy and is favourable among patients achieving

490% suppression with chemotherapy. Survival on

dialysis is continuing to improve. Renal transplanta-

tion should be considered in selected patients with

end stage renal disease (ESRD).

OP-049

Liver involvement as the hallmark of

aggressive disease in AL amyloidosis:

distinctive clinical features and prognosis in 225

patients

G. Palladini1, P. Russo1, A. Foli1,

L. Zenone Bragotti1, V. Perfetti2, L. Obici1,

F. Lavatelli1, M. Nuvolone1, & G. Merlini1

1Department of Biochemistry and Amyloidosis Research

and Treatment Center and 2Medical Oncology Unit,

Fondazione IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy

Previous studies have linked liver involvement to a

poor prognosis in AL amyloidosis. However, there is

no large study comparing patients with and without

hepatic amyloidosis, and the reason underlying the

dismal outcome of these subjects is unclear. Here,

we compare the clinical features and natural history

of 225 patients with liver involvement and 643

subjects without liver involvement, from a series of

868 consecutive newly diagnosed patients with AL

amyloidosis evaluated between 1986 and 2007.

Hepatic involvement was defined according to the

2005 International Society for Amyloidosis criteria.

Patients with liver involvement were younger (med-

ian age 61 vs. 63 years, p¼ 0.04). There was no

significant difference in disease duration before

diagnosis. Weight loss was more frequent in hepatic

amyloidosis (47% vs. 39%, p¼ 0.03). Kappa clones

were more frequently associated with liver involve-

ment (33% vs. 22%, p¼ 0.002). The sensitivity of

abdominal fat aspiration was lower in hepatic

amyloidosis (73% vs. 88%, p5 0.001). Patients with

liver involvement were more likely to have 41 organ

involved (95% vs. 59%, p5 0.001), but the fre-

quency of heart (68% vs. 61%) and kidney (76% vs.

71%) involvement was similar. However, patients

with hepatic amyloidosis had higher median N-

terminal natriuretic peptide type B (NT-proBNP,

3018 vs. 1806 ng/l, p¼ 0.01) and troponin I (0.12 vs.

0.04 ng/ml, p¼ 0.008). There was no significant

difference in left ventricular wall thickness and

ejection fraction. Liver involvement was associated

with shorter survival (median 1.7 vs. 4.4 years,

p5 0.001). The most frequent cause of death was

cardiac in both groups (73% vs. 76%). Death due to

liver failure was almost exclusively observed in

patients with hepatic amyloidosis at presentation,

representing 8% of all deaths in this group. At

multivariate analysis liver involvement was not an

independent prognostic determinant, and in the

overall 868 patients series cardiac involvement was

the only variable independently associated with

survival. Similarly, among the patients with liver

involvement, only NT-proBNP was an independent

prognostic determinant. These data suggest that in

AL amyloidosis liver involvement is the hallmark of a

more aggressive disease, probably characterised by

higher cardiotoxicity of amyloidogenic light chains.

OP-050

Clinical characteristics and treatment outcome

of amyloid and IgM-related peripheral

neuropathy in Waldenstrom’s

macroglobulinemia

S. P. Treon, C. Hanzis, L. Ioakimidis, C. Patterson,

Z. R. Hunter, P. S. Sheehy, & R. J. Manning

Bing Center for Waldenstrom’s Macroglobulinemia,

Dana Farber Cancer Institute, Harvard Medical School,

Boston, MA, USA

Background: Peripheral neuropathy (PN) is a

common, and often debilitating morbidity in Wal-

denstrom’s Macroglobulinemia (WM).

Methods: We sought to define the incidence,

clinical characteristics and treatment outcome of

PN in 900 consecutive patients with WM. Patients

with treatment related or non-disease related PN

were excluded.

Results: One hundred fifty-nine (22.1%) patients

had clinically determined PN. Incidence of PN was

lower in familial vs. non-familial WM (15.64% vs.

23.49%; p¼ 0.0231). Patients with PN displayed

lower serum IgM (p¼ 0.027) and B2M (p¼ 0.028)

levels, and BM disease burden (p¼ 0.001). Among

122 patients with PN assessed for neuropathic

antibodies, 30 (24.5%), 2 (1.64%) and 1 (0.81%)

were positive for MAG, GM1 and sulfatide anti-

bodies, respectively. Among 61 patients tested for

amyloid by fat pad or BM Congo red staining, 13

were positive (21.3%), and only 1 was positive for

amyloid and MAG antibody. The median time to

treatment for all patients with PN was 9 months.

Treatment consisted of plasmapheresis (PP), intra-

venous immunoglobulin (IVIG) and/or chemother-

apy (CTX). Among patients with non-amyloid

related PN who received PP or IVIG as their first

intervention, 29/42 (69%) and 1/8 (12.5%) reported

improvement in their PN, respectively. Only one

patient with amyloid-related PN received IVIG,

without benefit. One hundred fifty-one patients
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received frontline CTX for treatment of PN which

consisted of mono and combination therapy (see

Table I). Seventy-one (47%) and 8 (5.3%) of

patients with PN had improvement or complete

resolution of their PN following CTX, respectively,

with PN improvement as follows:

Improvements in symptomatic neuropathy were

more likely with non-amyloid vs. amyloid related

PN (48.5% vs. 15.4%; p¼ 0.045); those who

achieved a major response (79% vs. 35.5%;

p5 0.0001); those who received therapy �24 vs.

424 months from development of PN (57.3% vs.

42.5%; p¼ 0.06); and those who received combina-

tion rituximab therapy vs. any monotherapy (59.3%

vs. 37.0%; p¼ 0.007).

Conclusions: PN is a common morbidity in WM,

and attributable to neuropathic antibody production

or amyloid deposition. Improvements in sympto-

matic neuropathy occur in half of PN presenting

patients with WM following CTX, and are more

likely to occur in patients with non-amyloid related

PN who receive earlier therapy, combination therapy

with rituximab, and who achieve a major response.

OP-051

A possible role for miRNA silencing in disease

penetrance and phenotype variation in Swedish

TTR Val30Met carriers

N. Norgren1, M. Olsson1, K. Obayashi2,

V. Plante-Bordeneuve3, O. B. Suhr1,

K. Cederquist4, & J. Jonasson4

1Department of Medicine, Umeå University, Umeå,

Sweden, 2Department of Diagnostic Medicine, Graduate

School of Life Science, Kumamoto University,

Kumamoto, Japan, 3Service de Neurologie, CHU Henri

Mondor, Créteil, France, and 4Department of Clinical

Genetics, Umeå University, Umeå, Sweden

Drs. Cederquist and Jonasson contributed equally to the

work.

Familial amyloidotic polyneuropathy (FAP) is an

autosomal dominant disease caused by mutations in

the transthyretin (TTR) gene. The most common

TTR mutation is Val30Met (TTR c.148G 4A,

p.Val50Met, ‘V30M’). Swedish V30M carriers dis-

play a different phenotype, later age at onset and a

lower penetrance, compared to other populations. In

the study, 130 Swedish V30M carriers (32 early, 30

late onset and 68 asymptomatic carriers) and 50

controls, 23 French symptomatic carriers and 29

controls and 18 Japanese symptomatic carriers and

29 controls were included. We aimed to identify

additional genetic factors in the TTR gene and

its surrounding region that could have an impact

on phenotype and penetrance. We identified

three single-nucleotide polymorphisms (SNPs)

(rs71383038, rs3794885 and rs62093482) with a

significant difference in allele frequency between

Swedish V30M carriers and controls. The two

Swedish V30M homozygous patients present in the

study also displayed homozygosity for the CA10

(rs71383038), A (rs3794885) and T (rs62093482)

alleles in these SNPs. Hence, these alleles are present

on the Swedish V30M haplotype. One of these SNPs

(rs62093482) was only found in Swedish carriers’

V30M haplotype, and because it is located in the

30UTR of TTR gene it is especially interesting, since

SNPs in the 30UTR can affect the gene expression

levels by modifying microRNA (miRNA) targeting

activity. Bioinformatic miRNA target predictions

revealed four potential miRNAs with predicted

targets unique for this polymorphic allele. Our results

are the first to show the presence of a 30UTR

polymorphism on the V30M haplotype in all Swedish

carriers, which can serve as a miRNA binding site

potentially leading to a down-regulated expression

from the mutated TTR allele. This finding can be

related to the low penetrance and high age at onset

of the disease observed in the Swedish patient

population.

OP-052

NT-proBNP is a novel and powerful

prognostic marker for transthyretin

amyloidosis

L. Obici1, G. Palladini1,2, S. Perlini3, F. Musca3,

F. Salinaro3, P. Russo1, A. Foli1, S. Donadei1,

M. Pasotti1, G. Sarais1, V. Perfetti4, R. Albertini5, &

G. Merlini1,2

1Amyloidosis Research and Treatment Centre,
2Department of Biochemistry, 3Department of

Internal Medicine, 4Oncology Unit,
5Clinical Chemistry Laboratory, Fondazione IRCCS

Policlinico San Matteo, University of Pavia, Pavia,

Italy

Table I. Response to treatment in 151 patients with Waldenstrom’s

macroglobulinemia and peripheral neuropathy.

Treatment n¼
Overall

RR (%)

Major

RR (%)

Improvement

in PN (%)

Oral alkylator 21 33.3 19.0 19.0

Nucleoside analogue 11 45.5 36.4 45.5

Rituximab 57 59.6 35.1 42.1

Rituximab/nucleoside

analogue

26 50.0 46.0 54.0

Rituximab/

cyclophosphamide

18 83.3 50.0 55.6

Rituximab/thalidomide 7 71.4 71.4 71.4

Rituximab/bortezomib 8 75 50.0 75.0
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Background: In AL amyloidosis, NT-proBNP is a

well-established marker of cardiac dysfunction and

an important prognostic indicator. To date, no study

is available on the prognostic impact of cardiac

biomarkers in ATTR. We evaluated the prognostic

relevance of neurological and cardiac features,

including echocardiographic parameters and cardiac

biomarkers, in hereditary ATTR.

Methods: Eighty-four consecutive patients (65

males, 77%) with ATTR (18 different mutations,

Val30Met 28%) diagnosed at our Centre since

January 2002 were studied. Follow-up visits were

scheduled every 6 months.

Results: At diagnosis, median age was 62 years

(range 31–80) and duration of disease was 28 months

(range 1–117 months), with polyneuropathy being

the first symptom at onset in 51 patients (60%).

Seventy-six percent of patients presented with heart

involvement (according to consensus criteria) with

median NYHA class 1 (range 0–3). Median NT-

proBNP was 829 pg/ml (range 30–25,703), cTnI was

0.026 (range 0–0.65), mLVW 14.4 mm (range 8–

25). Median BMI was 985 (range 573–1,440) and

PND score was 2 (range 0–4). Ortosthatic hypoten-

sion occurred in 30% of patients. Median survival

was 56 months. Thirteen patients underwent liver

transplantation and were not included in follow-up

analysis thereafter. Univariate analysis showed that

NT-proBNP (p¼ 0.024) and mBMI (median 985,

p¼ 0.036) were the only presenting variables sig-

nificantly associated with survival, whereas neurolo-

gic score, diarrhoea, disease duration and other

markers of cardiac involvement did not predict

survival. At multivariate analysis, mBMI was the only

independent prognostic determinant. Notably, pa-

tients in whom NT-proBNP progressed (�30% and

�300 ng/l) at 6 months had shorter survival (median

30 vs. 48 months, p¼ 0.009). Multivariate analysis of

variables observed at first follow-up evaluation

showed that NT-proBNP progression, but not

changes in mBMI, was associated with survival.

Conclusions: Although the most important pre-

senting variable predicting outcome in ATTR is

mBMI, NT-proBNP progression emerges as the

most powerful prognostic determinant during fol-

low-up.

OP-053

Phenotype and natural history of transthyretin

alanine 60 (T60A) amyloidosis

P. T. Sattianayagam, A. Hahn, S. D. J. Gibbs,

C. J. Whelan, D. M. Rowczenio, H. Trojer,

T. L. Russell, J. H. Pinney, H. J. Lachmann,

A. D. Wechalekar, P. N. Hawkins, J. A. Gilbertson,

T. Hunt, & J. D. Gillmore

UK National Amyloidosis Centre, Centre for

Amyloidosis and Acute Phase Proteins, Department of

Medicine, Royal Free Campus, UCL Medical School,

London, UK

The least rare form of familial amyloid polyneuro-

pathy (FAP) in the UK is associated with the alanine

60 (T60A) variant of transthyretin (TTR). We report

here 60 patients with FAP associated with TTR

T60A who were evaluated and followed up in two

centres between 1992 and 2009. The median (range)

age at onset of symptoms was 63 (45–78) years, and

median (range) duration from this to diagnosis was

24 (2–132) months. Clinical presentation was with

autonomic neuropathy, cardiac failure and periph-

eral neuropathy in 42%, 42% and 23% of patients,

respectively, preceded in many by involuntary weight

loss. Cardiac amyloidosis was evident at clinical

presentation in all but four patients, characterised by

a median ventricular wall thickness of 17 mm,

diastolic dysfunction in the context of preserved

systolic function, valve thickening and pericardial

effusions. Electrocardiography at presentation

showed attenuated QRS complexes and a pseudoin-

farct pattern in 15% and 56%, respectively. Sixteen

patients required pacemakers for symptomatic ar-

rhythmias during follow-up, and one patient received

an implantable cardioverter-defibrillator. Median

survival by Kaplan–Meier analysis from onset of

symptoms was 6.6 years and from diagnosis 3.8

years. Eight patients underwent orthotopic liver

transplantation (OLT) with the aim of halting

disease progression, accompanied in one case by

concomitant cardiac transplantation. One and 5-year

patient survival from OLT was 75% and 50%,

respectively. Each of the four patients who died

within 5 years of OLT had marked neuropathy and

cardiac amyloid prior to transplantation. Among the

four patients who survived for 45 years after OLT,

one had severe cardiac involvement and underwent a

combined heart/liver transplant whilst the three

others all had relatively early cardiac amyloid at the

time of OLT but which has progressed substantially

in each case since. FAP associated with TTR T60A

typically presents beyond age 50 years, often with

vague autonomic symptoms, but almost always with

cardiac involvement. Cardiac amyloidosis progressed

in all patients following solitary liver transplantation,

casting serious doubt on the benefit of this treatment

in the long term.

OP-054

Initial findings from the Transthyretin

Amyloidosis Outcomes Survey (THAOS) – A

global web-based registry
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V. Plante-Bordeneuve1, T. Coelho2, B. G. Ericzon3,

R. H. Falk4, S. Ikeda5, M. S. Maurer6, O. B. Suhr7,

P. Trigo8, & D. R.Grogan9

1Department of Neurology, CHU Henri Mondor, Créteil,

France, 2Department of Neurophysiology, Hospital

Santo Antonio, Porto, Portugal, 3Division of

Transplantation Surgery, Department of Clinical

Science, Intervention Technology, Karolinska Institutet,

Karolinska University Hospital, Huddinge, Stockholm,

Sweden, 4Department of Cardiology, Harvard Vanguard

Medical Associates, Boston, MA, USA, 5Department of

Neurology and Rheumatology, Shinshu University,

Matsumoto, Japan, 6Department of Neurology,

Columbia University Medical Center, New York, NY,

USA, 7Department of Public Health and Clinical

Medicine, Umeå University Hospital, Umeå, Sweden,
8Fundación para la Lucha contra las Enfermedades

Neurológicas de la Infancia (FLENI), Buenos Aires,

Argentina, and 9FoldRx Pharmaceuticals, Inc.,

Cambridge, MA, USA

Background: Transthyretin amyloidosis (ATTR) is

caused by dissociation of the TTR tetramer into

monomers that misfold due to genetic mutations or

aging, and ultimately form amyloid deposits in

various organs. The 480 known TTR mutations

result in variable phenotypic expression: symptom

onset in the 3rd77th decade presenting primarily

with peripheral and autonomic neuropathy; or �6th

decade presenting with restrictive cardiomyopathy.

Survival for most mutations is 9–11 years post-onset;

median survival is 5–7 years in cardiomyopathy

patients.

Methods: THAOS characterises disease history,

regional differences, and genotypic-phenotypic rela-

tionships of ATTR through a secure, interactive

web-based system that permits physicians to enter

and review patient data. Information in the database

includes: cardiac and neurologic findings, renal

function assessments, quality of life, hospitalisations,

medications, and transplant history. Patients with

ATTR mutations (or asymptomatic carriers) receive

the standard of care for their disease for the 10 years

they are followed. The Scientific Board, an interna-

tional group of amyloid experts, coordinates data

analyses and publications, which are viewed as

complimentary to the Familial Amyloid Polyneuro-

pathy World Transplant Registry.

Results: Data are available for 126 of 164 patients

currently enrolled at 29 sites in 12 countries. Most

patients (median age 57 years [range 21–89]) are male

(64%) and Caucasian (73%); V30M (47%) and wild-

type (15%) are the predominant mutations identified.

Approximately 25% have undergone liver transplan-

tation. Neurologic symptoms include neuropathic

pain/paresthesia (41%), numbness (41%), tingling

(32%), temperature/pain insensitivity (29%), and

muscle weakness (24%). Cardiac symptoms include

heart failure (36%) and dyspnea (31%).

Conclusions: Data collected in THAOS to date

have begun to characterise ATTR worldwide.

Participation in the survey is open to any physician

who cares for ATTR patients.

OP-055

Hereditary transthyretin amyloidosis with

exclusive cardiac phenotype: a multicentre

Italian study

C. C. Quarta1, L. Obici2, C. Rapezzi1, S. Perlini2,

S. Longhi1, G. Palladini2, A. Ferlini3, F. Salvi4,

C. Villani1, C. Gagliardi1, & G. Merlini2

1Institute of Cardiology, S. Orsola-Malpighi Hospital,

University of Bologna, Bologna, Italy, 2Amyloidosis

Research and Treatment Center, Fondazione IRCCS

Policlinico San Matteo and Department of Biochemistry

University of Pavia, Pavia, Italy, 3Section of Medical

Genetics, University of Ferrara, Ferrara, Italy, and
4Department of Neurology, Bellaria Hospital, Bologna,

Italy

Background: In hereditary transthyretin amyloido-

sis (ATTR), cardiac involvement usually occurs in

association with neurologic signs. Few variants

responsible for isolated cardiomyopathy, mimicking

hypertrophic cardiomyopathy (HCM), have been

identified in well-defined populations, such as the

Val122Ile mutation in African-Americans and the

Thr60Ala variant in Americans of Irish origin.

However, little is known about the frequency of an

‘exclusively cardiologic’ phenotype among mixed

Caucasians. We assessed its prevalence and clinical

features in a nation-wide Italian setting.

Methods: We conducted a cohort study of 154 pa-

tients with a clear-cut diagnosis of ATTR at two

large Italian centres with a coordinated amyloidosis

network and a shared dedicated database. We

classified the phenotype at diagnosis as follows:

(1) exclusively cardiac involvement (echocardiogra-

phically defined amyloidotic cardiomyopathy in

the absence of any sign of peripheral and autonomic

neuropathy); (2) exclusively neurologic involvement;

(3) mixed cardiologic/neurologic involvement.

Results: Prevalence of phenotypes and patients’

characteristics are shown in Table I. The echocar-

diographic profile of patients with ‘exclusively

cardiologic phenotype’ was characterised by con-

centric left ventricular (LV) hypertrophy, slightly

increased LV end-diastolic diameter and moderately

reduced LV ejection fraction. QRS voltages were

reduced only in one third of the cases. During a

median follow-up of 32 months, 4 of the 18 patients

with exclusively cardiologic phenotype (with
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Gly57Arg, Tyr78Phe, Ile68Leu and Val14Leu muta-

tions) developed mild neurologic (sensorimotor)

symptoms.

Conclusion: A clinically relevant subset of mixed

Caucasian patients with ATTR present with an

exclusively cardiologic phenotype, mimicking HCM

or senile systemic amyloidosis. Thus, the possibility

of ATTR must be considered also in Caucasians

with unexplained LV hypertrophy, even in the

absence of overt neurological manifestations.

OP-056

Clinical features and survival in senile systemic

amyloidosis: comparison to familial

transthyretin cardiomyopathy

L. H. Connors1, G. Doros2, F. Sam3,

D. C. Seldin1, & M. Skinner1

1Amyloid Treatment and Research Program,
2Department of Biostatistics, 3Molecular Cardiology/

Whitaker Cardiovascular Institute, Boston University

Schools of Medicine and Public Health, Boston, MA,

USA

Introduction: Senile systemic amyloidosis (SSA)

induces a cardiomyopathy in the elderly as a result of

amyloid deposits of wild-type transthyretin (TTR) in

the myocardium. We are conducting a cross-

sectional and longitudinal study of patients to

characterise the clinical features of disease and

biochemical nature of wild-type TTR in SSA.

Materials and Methods: Patients were evaluated

at the Boston Medical Centre Amyloid Clinic

between 1994 and 2009. Seventy-seven patients with

SSA were identified with biopsy proven amyloidosis

with positive staining for TTR by immunohisto-

chemistry, no plasma cell dyscrasia, and no evidence

of a TTR mutation/variant by DNA sequencing or

mass spectrometry.

Results: The SSA group was predominantly men

(97%); median age at diagnosis was 73.8 years

(range, 59.1–86.0). Most patients (69/77) presented

with cardiomyopathy with an abnormal echocardio-

gram; median values for interventricular septal

thickness and left ventricular ejection fraction were

16 mm (range, 9–21) and 50% (range, 20–65),

respectively. Abdominal fat aspirates were positive

for amyloid in 23%, ranging from focal to extensive in

distribution. BNP levels, available on 35 patients,

measured 436+ 290 pg/ml; cardiac troponin in 14

patients was 0.166+ 0.120 pg/ml. Clinical features

and survival in patients with SSA were compared to

that of 96 patients with three different types of mutant

TTR cardiomyopathy (see Table I). The survival

distribution was significantly different across the

groups (Log-Rank test¼ 11.97, p-value¼ 0.0075).

Table I. Clinical features and survival of patients with SSA and mutant TTR cardiomyopathy.

N M/F Age at diagnosis (y), median (range) Survival (mo), median (95% CI) 5-year survival (%), (95% CI)

SSA 77 75/2 73.8 (59.1–86.0) 46.0 (36.0–61.0) 42.4 (28.4–55.8)

ATTR-T60A 48 30/18 64.1 (54.9–82.9) 59.0 (41.0–121.0) 49.1 (29.9–65.8)

ATTR-S77Y 13 9/4 63.8 (51.7–74.3) 62.0 (38.0–165.0) 54.5 (22.9–78.0)

ATTR-V122I 35 27/8 70.0 (53.6–92.5) 41.0 (24.0–48.0) 30.7 (13.0–50.5)

Table I. Patients’ characteristics according to cardiologic/neurologic phenotype.

Phenotype

Overall

(n¼154)

Neurologic

(n¼50, 32%)

Mixed

(n¼ 86, 56%)

Cardiologic

(n¼ 18, 12%) p

Men, n (%) 106 (69) 27 (54) 62 (72) 17 (94) 0.004

Age at diagnosis, years (mean+SD) 52+ 14 45+ 16 53+ 13 64+ 9 50.001

Age at onset of symptoms, years (mean+SD) 49+ 14 43+ 16 49+ 12 61+ 9 50.001

LV end-diastolic diameter (mm) NA NA 44+ 7 50+ 7 0.003

Diastolic interventricular septum thickness, mm (mean+SD) 15+ 4 10+ 2 16+ 4 18+ 3 0.048*

Restrictive filling pattern, n (%) 34 (22%) 5 (10%) 22 (26%) 7 (39%) 0.392*

Left ventricular ejection fraction, % (mean+SD) 58+ 13 66+ 9 58+ 13 46+ 10 50.001*

TTR mutation, n (%)

Val30Met 43 (28) 19 (38) 24 (28) 0 (0) 0.009

Ile68Leu 16 (10) 3 (6) 1 (1) 12 (67) 50.001

Other 95 (62) 28 (46) 61 (71) 6 (33){ n.a.

Orthotopic liver transplantation, n (%) 36 (23) 12 (29) 24 (28) 0 (0) 0.39

Heart and liver transplantation, (%) 9 (6) 0 (0) 6 (7) 3 (17) 0.028

Mortality rate (100 patients/year) 11 11 13 6 0.51

*Comparisons restricted to cases with amyloidotic cardiomyopathy.
{Glu89Gln n¼1, Ser23Asn n¼1, Hys88Arg n¼1, Val14Leu n¼1, Tyr78Phe n¼ 1, Gly57Arg n¼1.
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Conclusions: This is the first report on the clinical

features of a large series of patients with SSA.

Patients with SSA are primarily men and present at

an older age than patients with mutant TTR

cardiomyopathy.

OP-057

Epidemiology of conduction disorders in

familial amyloid polyneuropathy

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

D. Samuel, D. Adams, & M. S. Slama

Antoine Beclere Hospital, Clamart, France

Introduction: Familial amyloid polyneuropathy

(FAP) is an autosomic dominant disease due to the

mutation in the transthyretin gene. The abnormal

protein produced by the liver is responsible for

polyneuropathy, autonomic dysfunction and cardiac

involvement. Myocardial infiltration and conduction

disturbances are the two major cardiac consequences

in FAP. Val30Met mutation is the most common.

Epidemiology of the conduction disorders is mostly

unknown.

Methods: The aim of our study was to compare

cardiac data of the Val30Met population to other

FAP population. One hundred sixty eight genotyped

patients (pts) were referred to our department to

have a cardiac evaluation after FAP diagnosis.

Standard ECG, echocardiography and electrophy-

siological study (EPS) were performed for each

patient.

Results: Main results are shown in Tables I and II.

During EPS, maximum corrected sinus node recov-

ery time was prolonged in 5% of the patients (NS).

Severe nodal impairment occurred in 10.3% of the

patients with spontaneous Wenckebach periods in

2% of the patients. Incidence of infra-nodal block

(HV 470 ms) was 29.1%. Ventricular stimulation

failed to induce any arrhythmias.

Conclusions: Demographic data and cardiac phe-

notype are significantly different according to the

genotype between the val30met and other mutations

population. In pts carrying other mutation than

Val30Met, cardiac infiltration and infra-nodal block

were more common and seemed to be related.

Follow-up and treatment must take into a count the

genotype of FAP.

OP-058

Clinical and pathological phenotype of

leukocyte cell-derived chemotaxin-2 (LECT2)

amyloidosis (ALECT2)

A. Dogan1, J. D. Theis1, J. A. Vrana1,

V. H. Jimenez-Zepeda1, M. Q. Lacy1, N. Leung1,

A. Dispenzieri 1, S. R. Zeldenrust1, R. Fonseca1,

J. A. Gilbertson2, T. Hunt2, A. D. Wechalekar2,

H. J. Lachmann2, D. Rowczenio2,

P. N. Hawkins2, & J. D. Gillmore2

1Mayo Clinic, Rochester, MN, USA and 2National

Amyloidosis Centre, Royal Free Hospital,

London, UK

LECT2 is a chemokine and a growth factor

produced in the liver. It was recently identified as a

novel amyloid fibril protein in a single patient

presenting with isolated renal amyloidosis. In this

study, we report clinical and pathological features in

30 patients with ALECT2. All cases were identified

by Congo red reactivity and mass spectrometry-

based proteomic analysis of amyloid plaques. Med-

ian age at presentation was 65 (40–78) years and

female:male ratio was 1:1. There was a marked

ethnic bias in distribution of cases: Hispanic n¼ 20,

Punjabi n¼ 6, Arabic n¼ 2, Persian n¼ 2, Caucasian

n¼ 2. The most common clinical presentation was

renal, characterised by proteinuria and slowly pro-

gressive renal impairment (n¼ 24). Amyloid was

Table I. Conduction disorders according to genotype in FAP.

Mean age

(years)

Proportion of

male (%)

Abnormal

ECG ( %)

Cardiac

infiltration (%)

LW point

(bpm)

HV interval

(ms)

Val30Met, n¼ 113 42.5 53 47 40 128+3 59

Other mutations, n¼55 55.7 71 46 72 151+3 66

p 0.0001 0.04 NS 0.0002 50.0001 0.002

Abnormal ECG: RBB, LBB, abnormal axis or nodal AV block.

Cardiac infiltration: abnormal inter-ventricular septum thickness 412 mm.

bpm: beat per minute.

Table II. Intercation between myocardial infiltration and infra-

nodal conduction in FAP.

Mean HV Interval (ms)

pInfiltration No infiltration

Val30Met 59+ 2 59+ 1 NS

Other mutations 71+ 2 58+ 4 0.0008

Abstracts 69

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.



otherwise an incidental finding discovered on liver

biopsy for unrelated chronic liver disease (n¼ 4),

splenectomy for traumatic rupture (n¼ 1) and

random colon biopsy (n¼ 1). No patient had clinical

or laboratory evidence of involvement of the heart or

nerves by amyloid, or a family history or condition

known to underlie other amyloidoses. Seven patients

underwent SAP scintigraphy which showed amyloid

in the spleen and kidneys (7/7), the adrenals (6/7)

and the liver (4/7). In kidney biopsies, deposition of

ALECT2 was predominantly interstitial and vascular

with relative sparing of the glomeruli. In the liver,

unusual globular parenchymal deposits were seen. In

other organs, amyloid deposits were primarily

vascular/stromal. The LECT2 gene and promoter

region were sequenced in 11 cases. Although no

mutations within the gene were identified, all cases

were homozygous for a non-synonymous single-

nucleotide polymorphism in the coding region, and

point mutations in the potential promoter binding

sites were identified in four cases. In conclusion,

ALECT2 is a newly recognised type of amyloidosis

characterised by renal, splenic, hepatic and adrenal

deposition. The typical clinical course is with slowly

progressive chronic kidney disease in the context of

low level proteinuria. In certain ethnic groups,

ALECT2 may be the second most common type of

renal amyloidosis after AL. Accurate recognition of

ALECT2 is essential to avoid unnecessary treatment

for other types of amyloidosis. The pathogenesis of

ALECT2 remains unclear but it is likely that genetic

variations in the LECT2 gene as well as possible

protein overexpression play a role.

OP-059

Long-term follow-up of patients with

hereditary fibrinogen Aa-chain amyloidosis

I. Tavares1,2, J. Santos3, L. Moreira4,5,

P. Lacerda4, J. Pinheiro6, P. Costa4,5, &

L. Lobato3,5

1Unidade de I & D de Nefrologia (FCT – 725),

Faculdade de Medicina do Porto, Porto, Portugal,
2S. Nefrologia, H. S. João, Porto, Portugal,
3S. Nefrologia, Centro Hospitalar do Porto, Porto,

Portugal, 4Instituto de Genética Médica Jacinto

Magalhães, INSA, Porto, Portugal, 5UMIB-ICBAS,

Universidade do Porto, and 6Nefrologia, H. Militar D.

Pedro V, Porto, Portugal

Background: Variants of fibrinogen Aa-chain be-

come the commonest type of hereditary renal

amyloidosis in Europe. For better understanding of

the disease, we evaluated patients with fibrinogen

amyloidosis (AFib) of the Portuguese cluster.

Patients and Methods: After reassessing renal

amyloidosis in kidney biopsies of unclassified cases

we found 10 patients (pts) with AFib, all from the

same geographical area (Braga district in north

Portugal). Then we made a molecular screening of

fibrinogen variants in 190 persons from the same

area (pts with chronic renal failure or proteinuria and

some of their relatives). To evaluate long-term

follow-up, clinical data of the pts were obtained

from medical records and interviews with pts and

their relatives.

Results: We identified 25 pts with AFib, 14

asymptomatic carriers and 8 hypertensive carriers.

Genetic analysis showed the same amyloidogenic

mutation E526V, 1 was homozygous. A family

history of renal disease was present in 20 pts. Renal

involvement led to diagnosis in 25 pts (14 females

and 11 males). Median age at presentation was 62

years (35–77 years). After a median follow-up of 8

years, clinically significant extra-renal disease was

characterised especially by vascular and gastrointest-

inal diseases. Eight pts had cerebral vasculopathy

(two hemorrhagic and six ischemic). Two pts had

severe coronary disease (coronary bypass in one) and

peripheral arteriopathy. One patient was submitted

to ileum resection in February 2004 and colon

resection in October 2004. Amyloid deposits were

observed in vascular walls of both specimens. Seven

pts had peptic ulcer disease. Spleen amyloid deposits

were observed in one splenectomy specimen re-

moved because of spontaneous rupture. Plasma

fibrinogen levels were normal, except low levels in

the homozygous. Twenty-two pts progressed to

dialysis after a median time from presentation of 50

months. The homozygous patient received a kidney

transplant in 1996; till now there is no clinical

evidence of recurrence. Seventeen pts died, the

causes were: stroke – 6 (two hemorrhagic and four

ischemic); mesenteric ischemia – 1; pneumonia – 1;

sepsis – 1; unknown – 8.

Conclusions: AFib in our cluster is characterised as

a systemic disease with visceral, vascular, cardiac and

neurological involvement, with high penetrance.

Vascular disease was an important cause of morbid-

ity and mortality, inquiring the role of the variation in

the fibrinogen gene FGA or the contribution of

vascular amyloid deposition to atherosclerosis accel-

eration.

OP-060

LEU75PRO APOA-I amyloidosis in the

province of Brescia (northern Italy). Report of

the registry

A. Negrinelli1, G. Gregorini1, F. Scolari1,

P. Gaggia1, N. Dallera1, L. Biasi2, M. L. Muiesan3,
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M. Nardi4, T. Scalvini3, S. Donadei5, M. Pasotti5,

L. Obici5, & G. Merlini5

1Department of Nephrology, 2Department of Infectious

Diseases, 3Department of Internal Medicine,
4Department of Cardiology, Spedali Civili, University

of Brescia, Brescia, Italy, and 5Amyloidosis Research

and Treatment Center, Fondazione IRCCS Policlinico

San Matteo and Department of Biochemistry, University

of Pavia, Pavia, Italy

Background: Since its first description in 2001, it

became clear that Leu75Pro apoA-I amyloidosis

could be prevalent in the province of Brescia, Italy.

For that reason, starting in 2004, a registry was

established at Spedali Civili in Brescia, aiming at

identifying carriers of the mutation, defining the

clinical phenotype and to test the possible therapeu-

tic interventions.

Methods: Mutation carriers were identified by

genetic testing performed in: (1) any individual

presenting with one or more clinical features

compatible with the disease in the absence of a

known family history; (2) adult relatives of patients

or healthy carriers. To define the clinical phenotype,

all mutation carriers underwent laboratory investiga-

tions and clinical and instrumental evaluations

performed by a group of selected specialists in

nephrology, cardiology, cardiovascular medicine,

hepatology and endocrinology.

Results: To date, a total of 49 families have been

identified, including 232 mutation carriers (121

males). Families are all placed in eight key areas

within a distance of about 30 km from the city of

Brescia. One hundred sixty-three carriers (79 males

and 84 females, age range 18–87 years) have com-

pleted the clinical assessment. Forty-six per cent of the

mutation carriers (53% males, mean age 68 years,

range 39–85) showed hypertension (�140/

90 mmHg). Forty-nine per cent of the mutation

carriers (50% males, mean age 70 years, range 39–

86) showed increased serum creatinine (< 41.2 mg/

dl; , 40.9 mg/dl). In 33% of 129 mutation carriers

(63% males, mean age 68 years, range 39–86) liver

tests were persistently abnormal. Fifty-six per cent of

66 male carriers (age range 62 years, range 36–76)

showed testicular involvement (hypogonadism). Thir-

teen carriers of the mutation developed end stage renal

disease with the need of dialysis and seven carriers

developed terminal liver failure. Twenty-one patients

(11 on chronic dialysis and 6 with terminal liver

failure) have died at a mean age of 72 years (range

53–84).

Conclusions: Preliminary data from our registry on

Leu75Pro mutation carriers confirm that the disease

is widespread in our territory. Clinically, it mainly

involves the kidney, the liver, the testis and

occasionally heart. Signs usually develop in late

adulthood and generally have a slow progression.

OP-061

Galectin 7-associated cutaneous amyloidosis

P. Westermark1, C. Murphy2, M. Eulitz2,

C. Wallgren-Pettersson3, B. Udd3, U. Hellman4,

E. Ihse1, D. Weiss2, & A. Solomon2

1Department of Genetics and Pathology, Uppsala

University, Uppsala, Sweden, 2Human Immunology and

Cancer Program, Department of Medicine, University of

Tennessee Graduate School of Medicine, Knoxville, TN,

USA, 3University of Helsinki, Helsinki, Finland, and
4Ludwig Institute, Uppsala, Sweden

Macular amyloidosis and lichen amyloidosus are two

closely related localised, cutaneous forms of the

disease where the amyloid is seen, respectively, as

either fairly large or small deposits in the papillary

dermis. Although it has been hypothesised that

keratin is involved in the development of these

disorders, the protein nature of the amyloidogenic

precursor heretofore had not been established. We

now report the results of our chemical analyses of

amyloid isolated from three different patient-derived

biopsy specimens, which revealed this material to be

comprised of the S-lectin galectin-7. After reduction,

alkylation, trypsin digestion and mass spectrometric

studies of the extracts, peptides were generated that

corresponded, in the first case, to positions 7–20, 23–

53, 83–110, 121–133; in the second, to 83–110,

121–133; and in the third, to 8–21, 24–32, 76–83,

and 84–99 of the 135-residue galectin-7 molecule.

The nature of the amyloid was confirmed immuno-

histochemically using an anti-human galectin-7

mAb. Although the pathogenesis of this type of

amyloidosis (which we term AGAL) is unknown, we

posit that it is initiated by an increased synthesis of

the amyloidogenic protein by keratinocytes and

represents a unique form of localised amyloid that

originates from the epidermis.

OP-062

Leukocyte chemotactic factor 2 (LECT2)-

associated renal amyloidosis

C. L. Murphy1, S. Wang1, D. Kestler1, C. Larsen2,

D. Benson3, D. T. Weiss1, & A. Solomon1

1Human Immunology and Cancer Program, Department

of Medicine, University of Tennessee Graduate School of

Medicine, Knoxville, TN, USA, 2Nephropathology

Associates, Little Rock, AK, USA, and 3Department of
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Medicine, Nephrology Section, Ohio State University

Medical Center, Columbus, OH, USA

Renal amyloidosis is characterised by the pathologic

deposition within glomeruli and/or interstitium of

congophilic fibrils most often comprised of either

immunoglobulin light chains or serum amyloid A-

related protein and, less commonly, mutated forms

of apolipoproteins AI or AII, lysozyme, fibrinogen,

or transthyretin. Recently, Benson et al. (Kidney Int

2008;74:218-222) discovered another type of renal

amyloid that was composed of leukocyte chemotactic

factor 2 (LECT2). We now report 10 new LECT2

cases in adults ranging in age from 61 to 84 years

who exhibited varying degrees of renal functional

impairment and proteinuria. Analyses by tandem

mass spectrometry of amyloid extracted from sec-

tions cut from formalin-fixed, paraffin-embedded

blocks revealed, after trypsin digestion, peptides

corresponding to the carboxy-terminal portion of

the LECT2 molecule; further, the deposits were

immunostained by an anti-human LECT2 mono-

clonal antibody. Plasma specimens were available

from two patients where the concentration of

LECT2 in these samples was within normal limits.

Additionally, in four of the cases analysed at the

molecular level, isolation of genomic DNA and PCR

amplification of LECT2-encoding exons revealed no

mutations; however, all (as well as the original

patient) were homozygous for the G allele encoding

valine at position 40 in the mature protein, a finding

that was confirmed by restriction enzyme analysis.

Based on our studies, we posit that LECT2-

associated amyloidosis (ALECT2) represents a

unique and perhaps not uncommon disease, the

pathogenesis, extent, and prognosis of which remain

unknown.

OP-063

The changing face of AA amyloidosis: a single

centre experience

S. Girnius, L. Dember, G. Doros, &

M. Skinner

Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA

Background: AA amyloidosis is caused by tissue

deposition of amyloid A protein in patients with

prolonged, poorly controlled inflammation. Tradi-

tionally, rheumatologic diseases, inflammatory bowel

disease (IBD), familial Mediterranean fever (FMF)

and chronic infections have been the causes of AA

amyloidosis. Owing to improved antimicrobial and

immunosuppressive therapies, the incidence of AA

amyloidosis has declined. With improved diagnostic

techniques for AA, cases are being identified with

atypical or unknown causes of inflammation.

Methods: We performed a retrospective review of

all patients with biopsy-proven AA amyloidosis

evaluated from 2000 to 2009 and made comparisons

with patients evaluated between 1972 and 1999.

Results: Forty-one patients were diagnosed with

AA amyloidosis between 2000 and 2009. Twenty-

four patients (59%) had traditionally described

causes and 17 (41%) had atypical or unknown

causes. Seven had IBD, five had rheumatoid arthritis

(RA), three had juvenile RA, three had ankylosing

spondylitis, two had FMF, two had osteomyelitis and

one each had hepatitis B or another infection. Five

patients had atypical causes, one each with Hodg-

kin’s lymphoma, psoriasis without arthritis, Castle-

man’s disease, gluten insensitivity and an allergic

reaction to a prosthesis. Twelve did not have an

evident underlying source of inflammation. Of the 17

patients with atypical causes, all had an elevated

erythrocyte sedimentation rate or C-reactive protein,

16 had renal involvement, and six had multiorgan

involvement. In all but two, kidneys were the primary

organs involved. Patients with traditional causes of

secondary amyloidosis were more likely to have

cardiac involvement (6/24 vs. 0/17, p¼ 0.017).

Survival comparisons showed the group with tradi-

tional causes of AA had a non-statistically significant

trend towards shorter survival.

Conclusion: With improved diagnostic testing and

treatments, AA amyloidosis is being seen in patients

with obscure aetiologies of inflammation, and in

some, the aetiology remains unknown. Evaluations

should be individualised to identify and treat the

source of inflammation.

OP-064

Natural history of hereditary lysozyme

amyloidosis

P. T. Sattianayagam, D. M. Rowczenio,

S. D. J. Gibbs, H. Trojer, T. L. Russell, J. H. Pinney,

H. J. Lachmann, A. D. Wechalekar, P. N. Hawkins,

Underlying condition

1972–1999

(n¼ 95)

2000–2009

(n¼ 41)

Infections (%) 49 10

Rheumatologic (%) 39 27

Inflammatory bowel disease (%) 5 17

FMF/other periodic syndrome (%) 6 5

Other (%) – 12

Unknown (%) – 29
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M. B. Pepys, J. A. Gilbertson, T. Hunt, &

J. D. Gillmore

National Amyloidosis Centre, Centre for Amyloidosis and

Acute Phase Proteins, Division of Medicine, Royal Free

Campus, UCL, London, UK

Hereditary lysozyme amyloidosis (ALys) is a very

rare autosomal dominant disease for which six

causative lysozyme gene point mutations are known.

Here we report the outcome in 15 patients with ALys

followed at the UK National Amyloidosis Centre

between 1988 and 2009. The lysozyme variants

responsible were D67H in 12 patients from 4

kindreds, W64R in two patients and I56T in one;

all were heterozygous. A family history was always

present. Median (range) age at onset and time to

diagnosis were 25 (9–70) years, and 1.3 (0–30) years,

respectively. Clinical phenotype varied between and

within kindreds and included gastrointestinal tract

(GI) symptoms, typically haemorrhage and diarrhoea

(11 cases), sicca syndrome (9), renal disease (5),

spontaneous liver rupture (3) and lymphadenopathy

(2). No neuropathy or cardiac amyloidosis was

detected. Moderate or extensive amyloid deposits

in liver and spleen were seen on SAP scintigraphy in

all patients at diagnosis despite normal hepatic

biochemistry in most. Four patients, all D67H

variants, developed end-stage renal disease (ESRD)

median (range) 9.6 (4–22) years after onset of renal

dysfunction. Two patients received live related renal

transplants within 2 years of developing ESRD; both

grafts were functioning well at censor 6.6 and 0.8

years later. Three patients underwent emergency

orthotopic liver transplantation (OLT) following

spontaneous hepatic rupture. A patient with ALys

W64R, massive hepatomegaly and a strong family

history of liver rupture underwent pre-emptive OLT.

SAP scintigraphy revealed early recurrence of amy-

loid in the liver grafts but good liver function

continued at censor after 1.7, 5.8 and 9.0 years,

and at death 11.0 years after transplantation in the

one patient who died after GI haemorrhage. ALys

has high penetrance but rather variable severity and

phenotype, dominated by GI, hepatic and renal

involvement. Outcomes following OLT and renal

transplantation have been excellent.

OP-065

Survival on dialysis and outcome after renal

transplantation in AA amyloidosis

H. J. Lachmann, J. D. Gillmore, A. D. Wechalekar,

P. T. Sattianayagam, S. D. J. Gibbs, J. H. Pinney,

H. J. B. Goodman, M. Offer, J. R. Gallimore,

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

D. F. Hutt, & P. N. Hawkins

National Amyloidosis Centre, Division of Medicine,

University College London Medical School, London,

UK

AA amyloidosis usually presents with renal dys-

function. End stage renal failure (ESRF) is

common and has been reported to be associated

with high mortality. We report the outcome on

renal replacement therapy (RRT) of 158 patients

who reached ESRF among a cohort of 425 AA

patients evaluated and followed up at the UK

National Amyloidosis Centre (NAC) between

1990 and 2009. Patients underwent comprehen-

sive baseline clinical assessment and annual review

at the NAC. The aim of treatment in all patients

was to suppress inflammatory activity as comple-

tely as possible coupled with supportive RRT.

Patient survival was estimated by Kaplan–Meier

analysis. The underlying diagnoses of uncharac-

terised disease, Crohn’s and chronic sepsis were

significantly overrepresented compared to our

whole AA cohort. Forty-six patients (11%)

reached ESRF before diagnosis of AA amyloid.

A further 139 patients developed ESRF and 158

patients were established on RRT. Their median

survival on dialysis was 45.5 months (censored at

renal transplantation). Median age at initiation of

dialysis was 47 years and the 1-year mortality for

incident patients was 14%. Patients established on

dialysis had an annual mortality of 10%. This is

comparable with data from age matched non-

diabetic dialysis patients. Thirty-nine patients had

had renal transplants, and had between them

received 41 grafts. The median age at transplanta-

tion was 36 (range 18–70) years and the com-

monest diagnoses were periodic fevers (28%),

juvenile idiopathic arthritis (18%) and Crohn’s

disease (15%). Median follow-up was 62 months

and Kaplan–Meier estimates of graft survival are:

94% at 1 year; 89% at 5 years and 75% at 10-year

follow-up; patient survival was 91% at 5 years and

84% at 10 years. Although SAP scintigraphy

demonstrated some amyloid in 12 grafts, only

three grafts were lost due to definite recurrent

amyloidosis (after a median of 96 months).

Survival on dialysis in this series is comparable

with that of non-diabetic associated ESRF, and

much better than previously reported. Almost 25%

of the patients had renal transplants, and both

graft and patient survival was excellent. Recurrent

amyloidosis caused graft failure in three cases.

These findings support renal transplantation in

AA amyloidosis when the underlying inflammatory

disease can be controlled.
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CP-A

Assessment of organ involvement and response

to therapy in familial transthyretin

amyloidosis: consensus guidelines

J. L. Berk1, O. B. Suhr2, M. D. Benson3, S. Perlini4,

S. I. Ikeda5, L. H. Connors1, P. J. Dyck6,

P. Westermark7, T. Coelho8, L. M. Dember1, &

Y. Ando9

1Amyloid Treatment and Research Program, Boston

University, Boston, MA, USA, 2Department of Public

Health and Clinical Medicine, Umeå University

Hospital, Umeå, Sweden, 3Department of Pathology and

Laboratory Medicine, Indiana University, Indianapolis,

IN, USA, 4Department of Internal Medicine,

Fondazione IRCCS Policlinico San Matteo and

University of Pavia, Pavia, Italy, 5Department of

Neurology and Rheumatology, Shinshu University,

Matsumoto, Japan, 6Department of Neurology, Mayo

Clinic, Rochester, MN, USA, 7Department of Genetics

and Pathology, Uppsala University, Uppsala, Sweden,
8Department of Neurophysiology, Santo Antonio

Hospital-Portugal, and 9Diagnostic Medicine,

Kumamoto University, Kumamoto, Japan

Familial transthyretin amyloidosis (ATTR) is

mediated by misfolding of transthyretin, a transport

protein primarily synthesised by the liver. Many of the

100þ variant transthyretin produce distinct clinical

syndromes, with peripheral neuropathy, infiltrating

cardiomyopathy, and gastropathy being the most

common themes. Reports of ATTR disease progres-

sion post-liver transplantation and the promise of

novel treatment strategies have spawned an increasing

number of clinical trials. Guidelines defining criteria

of major organ involvement and the best measures of

disease progression are needed to promote strong

clinical trials design and enhance quality data genera-

tion. To provide a framework for ATTR disease

staging and surveillance monitoring, a multidisciplin-

ary panel of investigators reviewed medical literature,

shared institutional experiences, and drafted guide-

lines defining indicators of organ involvement, speci-

fying biophysical metrics to reliably track disease

progression. ATTR amyloid cardiomyopathy (CM) is

less toxic to cardiomyocytes than AL disease. In

ATTR, elevated levels of brain natriuretic peptide

highly correlate with interventricular wall thickening

and basal septal strain; ECG low voltage, troponin T

and I do not. Cardiac magnetic resonance (CMR)

aids diagnosis of CM and may provide prognostic data

for ATTR. Unexplained and reproducible micro-

albuminuria identifies amyloid nephropathy in V30M

ATTR. Gastric emptying scans, malabsorption stu-

dies, and breath tests for bacterial overgrowth detect

only advanced ATTR GI dysfunction. Cardiovascular

autonomic neuropathy can be assessed by 123I-MIBG

scintigraphy, heart rate variability testing, or tilt table

studies – with no consensus best study. Components

of a quantitative composite scoring system (neurolo-

gic impairment score þ7 attributes [NISþ71])

previously validated in diabetic polyneuropathy iden-

tifies the extent and progression of ATTR peripheral

neuropathy, as demonstrated by recent and ongoing

trials. Ultimately, the best metric for detecting global

disease progression may be the modified body mass

index (mBMI). Data from ongoing clinical trials will

better define optimal measures of disease progression

and response to investigational treatments.

CP-B

ATTR transplantation consensus panel 2009

S. R. Zeldenrust1, M. Skinner2, M. Benson3,

Y. Ando4, A. Stangou5, M. Waddingtion-Cruz6,

T. Coelho7, L. Obici8, B. G. Ericzon9, D. Samuel10,

A. D. Pinna11, S. I. Ikeda12, & O. B. Suhr13

1Division of Hematology, Mayo Clinic, Rochester, MN,

USA, 2Amyloid Program, Boston University School of

Medicine, Boston, MA, USA, 3Department of

Laboratory Medicine and Pathology, Indiana

University, Indianapolis, IN, USA, 4Department of

Diagnostic Medicine, Graduate School of Medical

Sciences, Kumamoto University, Kumamoto, Japan,
5Liver Unit and Amyloidosis Treatment Centre, King’s

College Hospital, London, UK, 6Neurology Service,

University Hospital, Federal University of Rio de

Janeiro, RJ, Brazil, 7Department of Neurophysiology,

Hospital Santo António, Porto, Portugal, 8Amyloid

Research and Treatment Center, Biotechnology Research

Laboratories, Fondazione IRCCS Policlinico San

Matteo, Pavia, Italy, 9Division of Transplantation

Surgery, CLINTEC, Karolinska University Hospital,

Huddinge, Stockholm, Sweden, 10Univ Paris-Sud,

UMR-S 785, Villejuif, France, 11Liver and

Multivisceral Transplant Unit, Sant’Orsola University

Hospital, Bologna, Italy, 12Department of Medicine,

Shinshu University School of Medicine, Matsumoto,

Japan, and 13Department of Medicine, Umeå University

Hospital, Umeå, Sweden

The variable outcome of liver transplantation (LT) for

hereditary transthyretin amyloidosis (ATTR) empha-

sises the importance of careful patient selection. We

present the recommendations for eligibility and

ineligibility from an international consensus panel.

Eligibility for LT requires that the patient has

1. an established diagnosis of amyloid deposits by

histopathological examination;
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2. a positive gene test for a transthyretin (TTR)

mutation. Confirmation of TTR as the amyloid

protein in a tissue biopsy is helpful and required

in patients with a co-existent monoclonal gam-

mopathy and/or chronic inflammatory disease;

3. an objective amyloid-related clinical finding. This

can include, but is not limited to, peripheral or

autonomic neuropathy, infiltrative cardiomyopa-

thy, proteinuria and gastrointestinal complications

depending on the specific mutation present.

Patients with one or more of the following would be

considered ineligible for LT:

Severe neurological impairment (bedridden or

wheelchair bound),

A low mBMI (5600),

Severe orthostatic hypotension refractory to treat-

ment,

Symptomatic leptomeningeal deposits (seizures,

intracranial bleeding, etc.).

Heart failure refractory to treatment (New York

Heart Association (NYHA) class �3) – these

patients should be considered for heart–liver

transplantation. If amyloid cardiomyopathy is the

only manifestation of the disease, a combined

heart–liver transplant or a heart transplant fol-

lowed by LT as indicated should be considered.

Patients with end-stage renal disease should be

considered for liver–kidney transplant.

Patients with AV-block (�Type II), and/or sympto-

matic bradycardia should be offered a pacemaker.

It should be taken into consideration that the

mortality and morbidity after LT is increased for late

onset cases (450 years of age).

Given the small number of patients with rare muta-

tions, our knowledge about the outcome of LT is

insufficient to make general statements; therefore, they

need to be considered on a case-by-case basis.

CP-C

Solid organ transplantation for non-TTR

amyloidoses: consensus opinion

L. M. Dember1, J. D. Gillmore2, W. D. Lewis3,

S. Pasquali4, S. O. Schoenland5, M. J. Semigran6, &

P. N. Hawkins2

1Amyloid Treatment and Research Program, Boston

University, Boston, MA, USA, 2National Amyloidosis

Centre, University College London, London, UK, 3Tufts

Medical School, Lahey Clinic, Burlington, MA, USA,
4Nephrology Unit, Arcispedale S. Maria Nuova, Reggio

Emilia, Italy, 5Department of Internal Medicine,

University of Heidelberg, Heidelberg, Germany, and
6Cardiology Division, Massachusetts General Hospital,

Boston, MA, USA

Organ transplantation is increasingly utilised in

systemic amyloidosis to restore the function of

involved organs or to eliminate the source of the

amyloidogenic protein. In order to develop consensus

opinion regarding indications for organ transplanta-

tion in the non-TTR amyloidosis, a panel of experts

was convened. The principles and recommendations

that follow were generated by reviewing published

literature and compiling experience from amyloidosis

and transplantation programs. AL amyloidosis: (1)

Renal transplantation is optimally performed after

production of the amyloidogenic light chain has been

eliminated. Heart transplantation should be per-

formed before intensive chemotherapy when severe

cardiomyopathy precludes such treatment. Outcomes

of liver transplantation, albeit limited, have been poor.

(2) The utility of organ transplantation is less certain

when haematologic complete remission (CR) cannot

be achieved, but may be appropriate in carefully

selected patients. (3) Current systems for determining

eligibility and prioritising organ allocation do not

adequately incorporate the unique clinical character-

istics and course of AL amyloidosis-associated cardi-

omyopathy. (4) The utility of combined allogeneic

bone marrow and organ transplantation to simulta-

neously treat the plasma cell dyscrasia and restore

organ function has not been determined. AA amyloi-

dosis: (1) Transplantation to restore organ function is

appropriate if the underlying inflammatory condition

is controlled. Non-TTR hereditary amyloidosis: (1) For

fibrinogen Aa amyloidosis, limited experience sup-

ports renal transplantation in older patients with

kidney failure, or combined orthotopic liver trans-

plantation (OLT)-kidney transplantation in younger

patients to eliminate production of the amyloidogenic

protein and restore kidney function. (2) In apolipo-

protein A1 (apoA1) amyloidosis, long-term restora-

tion of organ function can be achieved with kidney,

heart or liver transplantation despite ongoing produc-

tion of the amyloidogenic protein. OLT reduces

production of amyloidogenic apoA1 and may prevent

extra-hepatic disease progression. (3) Experience in

lysozyme amyloidosis is very limited, but good out-

comes with liver and kidney transplantation have been

reported despite ongoing production of variant

lysozyme.

OP-066

Tafamidis (Fx-1006A): a first-in-class

disease-modifying therapy for transthyretin

familial amyloid

T. Coelho1, L. Maia1, A. Martins da Silva1,

M. Waddingtion-Cruz2, V. Planté-Bordeneuve3,

P. Lozeron4, O. B. Suhr5, J. Campistol6,

I. M. Conceiçao7, H. Schmidt8, P. Trigo9,

J. Packman10, & D. R. Grogan10
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1Department of Neurophysiology, Hospital Santo

Antonio, Porto, Portugal, 2Neurology Service, University

Hospital, Federal University of Rio de Janeiro, RJ,

Brazil, 3Department of Neurology, CHU Henri Mondor,

Créteil, France, 4Department of Neurology, CHU de

Bicêtre, Bicêtre, France, 5Department of Public Health

and Clinical Medicine, Umeå University Hospital,

Umeå, Sweden, 6Renal Transplant Unit, Hospital Clı́nic

de Barcelona, Barcelona, Spain, 7Department of

Neurology, Hospital de Santa Maria, Lisbon, Portugal,
8Transplant Hepatology, Universitatsklinikum Münster,

Münster, Germany, 9Fundación para la Lucha contra

las Enfermedades Neurológicas de la Infancia (FLENI),

Buenos Aires, Argentina, and 10FoldRx

Pharmaceuticals, Inc., Cambridge, MA, USA

Background: Tafamidis, a novel small molecule

therapy, is a disease-modifying treatment for trans-

thyretin familial amyloid polyneuropathy (TTR-

FAP). It was hypothesised that tafamidis would

prevent or slow disease progression by binding to the

TTR tetramer and prevent dissociation into toxic

intermediates. Key results are reported from the first

interventional study in patients with the V30M

variant of TTR-FAP.

Methods: An 18-month, Phase II/III, randomised,

double-blind trial comparing tafamidis (20 mg, QD)

with placebo. The co-primary endpoints at 18 months

for the intent-to-treat (ITT, N¼ 125) and efficacy

evaluable (EE, N¼ 87) populations were: (1) treatment

response (responder: 52 point increase in Neuropathy

Impairment Score-Lower Limb [NIS-LL]); (2) change

from baseline in the Norfolk Total Quality of

Life (TQOL). Modified body mass index (mBMI,

BMI6 serum albumin), objectively measured nerve

fibre function and safety were also assessed.

Results: Demographics (N¼ 128 randomised, 70

women, mean age *39 years) and baseline disease

were similar between treatments. In the EE population,

a significantly greater proportion of tafamidis-treated

(N¼ 44) patients had no disease progression (60%

NIS-LL responders) versus placebo (38%, p¼ 0.041).

Similar trends were observed in the ITT population.

TQOL change from baseline was significantly lower

(less severe) for tafamidis (LS mean change¼ 0.1)

versus placebo (8.9, p¼ 0.045). Nerve function test data

supported the NIS-LL findings. Nutritional status at 18

months improved from baseline in the tafamidis group

(mBMI¼ 40.3) and worsened in the placebo group

(731.1, p50.001). Adverse events reported by �5%

of tafamidis-treated patients (and 2% greater than

placebo) were diarrhoea, upper abdominal pain, urinary

tract infection, influenza, vaginal infection, pain in

extremity and myalgia.

Conclusions: This trial demonstrated that tafami-

dis slowed disease progression, reduced burden of

disease, and was well-tolerated in patients with

V30M TTR-FAP.

OP-067

Efficacy and safety of long-term administration

of diflunisal to familial amyloid polyneuropathy

K. Tojo1, Y. Sekijima1,2, H. Morita1, J. Koyama3,

M. Kodaira1, A. Tsuchiya-Suzuki1, M. Yazaki1,

S-I. Ikeda1

1Department of Medicine (Neurology and

Rheumatology), Shinshu University School of Medicine,

Matsumoto, Japan, 2Division of Clinical and Molecular

Genetics, Shinshu University Hospital, Matsumoto,

Japan, and 3Department of Cardiology, Shinshu

University School of Medicine, Matsumoto, Japan

Background: Transthyretin (TTR) tetramer disso-

ciation is required for amyloid fibril formation

associated with familial amyloid polyneuropathy

(FAP). Stabilisation of the TTR tetramer by small

molecule binding raises the kinetic barrier of tetra-

mer dissociation, preventing amyloidogenesis

in vitro. We screened already approved prescription

drugs and selected diflunisal as a candidate drug for

clinical trial, because its high serum concentration

after oral administration leads to TTR binding

stoichiometry of at least 1.75. Here, we investigated

the efficacy and safety of long-term administration of

diflunisal to patients with FAP.

Methods: Diflunisal (250 mg bid) was adminis-

tered orally to 22 patients with FAP who were not

candidates for liver transplantation (15 males, 7

females) for 6–66 months with their written informed

consent. The subjects ranged from 29 to 77 years of

age (mean 55.5+ 20.9). Modified BMI, routine

blood tests including BNP and hANP, serum TTR

concentration, serum TTR tetramer stability, nerve

conduction study, echocardiogram and clinical FAP

score were monitored every 6 months to evaluate the

effects and adverse effects of diflunisal.

Results: Two patients dropped out due to deteriora-

tion of renal function; however, their renal function

recovered shortly after withdrawal. One patient

dropped out due to severe infection. No other adverse

events occurred. Orally administered diflunisal sig-

nificantly increased serum TTR concentration and

stabilised TTR tetramer structure in each patient.

Deterioration rate of clinical FAP score in patients who

are taking diflunisal was slow (0.78/year) compared to

natural course of FAP reported by Tashima et al. J

Neurol Sci 1999;171:19–23 (about 7/year).

Conclusions: Diflunisal (250 mg bid) was well tol-

erated by most patients with FAP and increased serum

TTR concentration and stability. Although deteriora-

tion rate of clinical FAP score in patients who are taking

diflunisal were slow compare to natural course, a

randomised controlled trial, for which patients are now

being enrolled internationally, is necessary to deter-

mine the clinical effects of diflunisal on FAP.
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OP-068

Long-term data from the Familial Amyloidotic

Polyneuropathy World Transplant Registry

(FAPWTR)

H. E. Wilczek, M. Larsson, & B. G. Ericzon;

on behalf of reporting members of the

FAPWTR

Department of Transplantation Surgery, Karolinska

University Hospital Huddinge, Karolinska Institute,

Stockholm, Sweden

Background: Orthotopic liver transplantation

(LTx) is an established treatment for patients with

transthyretin (TTR) systemic amyloidosis disorders.

The Familial Amyloidotic Polyneuropathy World

Transplant Registry (FAPWTR) collects data on

such patients.

Results: By 30 June 2009, 1516 patients from 70

centres in 18 countries were reported. The Val30-

Met TTR mutation was reported in 85% of the

patients with FAP. About 50 other different muta-

tions are reported as well, including non-TTR

mutations such as Glu526Val and ApoA1 Gly26Arg.

Ser77Tyr is the largest non-Val30Met variant

reported (n¼ 29). Ninety-eight per cent of patients

in the Val30Met group were subjected to LTx only,

while in the non-Val30Met group 11% of the

patients also received a heart transplant (Htx) (2%

Htx before Ltx, 9% simultaneous Ltx–Htx). Five-

year patient survival in the Val30Met group was

better than for other TTR variants (82% and 59%

respectively, p5 0.0001). Val30Met patients with an

mBMI �600 at time of transplantation (Tx) have a

shorter disease duration than those with mBMI

5600 (3.8+ 2.6 years and 5.7+ 3.6 years, res-

pectively p5 0.001). Mean age at time of tx was

the same (40 years) in the two groups. When

analysing Val30Met patients with regard to early

(�50 years) or late onset of the disease, female

patients in the early onset group were significantly

older than male patients at the time of tx (38.8+
6.6 years vs. 34.5+ 7.1, respectively p5 0.001).

No difference in survival between female and

male patients was found. In the late onset group,

females were younger than male patients at the time

of tx (59.1+ 4.3 and 62.1+ 4.1 respectively,

p5 0.001). Females in the late onset group had a

better survival than corresponding male patients,

p5 0.01.

Conclusion: LTx for TTR-related systemic amy-

loidosis is a curable and lifesaving procedure with

excellent results. Patients with Val30Met and non-

Val30Met TTR variants present interesting clinical

differences. NonVal30Met patients appear more

often to need combined LTx and Htx.

OP-069

De novo familial amyloid polyneuropathy after

domino liver transplantation

T. M. Antonini, D. Adams, V. Karam, F. Blandin,

D. Azoulay, R. Adam, D. Castaing, & D. Samuel

Centre HepatoBiliaire, Hopital Paul Brousse, Villejuif,

Service de Neurologie Hopital Kremlin-Bicetre,

Le Kremlin-Bicetre, France

Introduction: Liver transplantation allows suppres-

sing the progression of familial amyloid polyneuro-

pathy (FAP). Liver of patients with FAP has normal

function and structure but produces a mutant form of

transthyretin (TTR). Domino liver transplantation

(DLT) using FAP livers has been performed to expand

the donor pool. The aim of this study is to evaluate the

results of DLT and the risk of de novo polyneuropathy

due to amyloid deposition in DLTR.

Patients and Methods: Between September 1997

and August 2009, DLT was performed in 128 patients

(107 males, 21 females, mean age 56 (29–72)). All

patients (donors and recipients) signed written in-

formed consent. Indication to DLT was predomi-

nantly cancer (68%, n¼ 84) and cirrhosis (32%,

n¼ 41). Between cancers, HCC represented the main

indication (85%, n¼ 74), followed by cholangiocarci-

noma (5%, n¼ 4), hepatic metastasis of neuroendo-

crine tumour (5%, n¼ 4), Klatskin tumour (3%,

n¼ 3), hepatic metastasis of renal hemangiopericyto-

ma (1%, n¼ 1) and vesicular cancer (1%, n¼ 1). For

others, DLTR, cirrhosis’ aetiology was HCV related

(46%, n¼ 19), alcohol related (37%, n¼ 15), HCV

and alcohol related (7%, n¼ 3), HBV (2%, n¼ 1),

HBV/HCV/HDV coinfection (2%, n¼ 1), primary

sclerosing chlangitis (2%, n¼ 1) and unknown (2%,

n¼ 1). Twenty-one patients were infected by human

immunodeficiency virus (HIV). Each year all DLT

recipients have been evaluated by testing and EMG

and/or nerve biopsies in case of neurological signs.

Results: The overall 1, 5 and 10 years survival was

89%, 66% and 51%, respectively. DLTR for cancer

had lower survival rates compared to patients trans-

planted for non-cancer: 65% versus 68% at 5 years and

44% versus 63% at 10 years, respectively (p¼NS).

Among recipients leading cause of death was cancer

recurrence (31%, n¼ 26). Seven patients (5.5%)

developed FAP symptoms with a mean delay of 76

months (45–109). All seven patients developed signs of

polyneuropathy, two with cardiac and two with renal

impairment, one patient has been re-transplanted

(liver/kidney) and two patients are in waiting list.

Conclusion: Survival after DLT is excellent and it

depends on indication. Recipients should be fol-

lowed-up by transplant physician and neurologist.

The risk of FAP recurrence is evaluated at 5.5%.
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DLT can be performed to expand donor pool, but

recipients should be cautiously selected.

OP-070

The diflunisal trial: update on study drug

tolerance and disease progression

J. L. Berk1, P. J. Dyck2, L. Obici3, S. R. Zeldenrust4,

Y. Sekijima5, T. Yamashita6, Y. Ando6, S. I. Ikeda6,

P. Gorevic7, G. Merlini3, J. W. Kelly8, M. Skinner1,

A. B. Bisbee1, O. B. Suhr9, & the Familial

Amyloidosis Consortium

1Amyloid Treatment and Research Program, Boston

University, Boston, MA, USA, 2Department of

Neurology, Mayo Clinic, Rochester, MN, USA,
3Amyloidosis Research and Treatment Center,

Department of Biochemistry, Fondazione IRCCS

Policlinico San Matteo and University of Pavia, Pavia,

Italy, 4Department of Hematology, Mayo Clinic,

Rochester, MN, USA, 5Department of Neurology and

Rheumatology, Shinshu University, Matsumoto, Japan,
6Department of Diagnostic Medicine, Graduate School of

Life sciences, Kumamoto University, Kumamoto, Japan,
7Department of Internal Medicine, Mount Sinai Medical

Center, Miami, FL, USA, 8Department of Molecular

and Experimental Medicine, The Skaggs Institute for

Chemical Biology, The Scripps Research Institute, La

Jolla, CA, USA and 9Department of Medicine, Umeå

University, Umeå, Sweden

Background: Familial transthyretin amyloidosis

(ATTR) is a lethal autosomal dominant genetic

disorder that predominantly affects the peripheral

nervous system. Amyloid fibrils result from the

misfolding of transthyretin, a transport protein

produced by the liver. Although liver transplantation

effectively treats patients with certain ATTR muta-

tions and limited disease, alternative treatments are

needed. In vitro investigations have demonstrated

that thyroxin and small molecule mimetics, e.g.

diflunisal, inhibit tetrameric transthyretin dissocia-

tion and suppress amyloid fibril formation.

Methods: To examine the effect of diflunisal on

disease progression in ATTR, we designed a

randomised, placebo controlled, double blind,

multicentre international study employing the

diabetic (DM) polyneuropathy metric, Neurologic

Impairment Scoreþ 7 attributes (NISþ 71), as the

primary endpoint. Entry criteria include proven

ATTR genotype, amyloid deposits, and peripheral

or autonomic neuropathy. Alternate neuropathies,

other NSAID use, severe heart or kidney dysfunc-

tion, or prior liver transplant are excluded.

Study evaluations occur at entry, 6, 12, and 24

months.

Results: To date, 90 subjects have enrolled – 62 men

and 28 women with median age 63 years (range 27–76

years). Congestive heart failure in two subjects and GI

bleeding in another have prompted study drug

discontinuation. Two disease-related deaths have

occurred, both off study drug. Aggregate data at 12

months followup indicate thatNISþ7-detectedneuro-

logic disease progresses *3.5 times faster in our

ATTR study cohort than previously reported in DM.

Conclusions: Diflunisal is well tolerated in this

patient population. NISþ7 is an effective study

instrument in ATTR. Neurologic disease progresses

more rapidly in ATTR than DM cohorts.

OP-071

Liver transplantation for familial amyloid

polyneuropathy: the King’s College Hospital

selection criteria

A. J. Stangou1, M. Rela1, M. Monaghan2, J. Wendon1,

C. J. Mathias3, J. G. O’Grady1, & N. Heaton1

1Institute of Liver Studies and Amyloidosis Treatment

Centre, King’s College Hospital, London, UK, 2King’s

College Hospital, Department of Cardiology, London,

UK, and 3St. Mary’s Hospital, Imperial College,

Neurovascular Medicine, London, UK

The current selection criteria for liver transplantation

(LT) in familial amyloid polyneuropathy (FAP)

include evolution of neuropathy, a transthyretin

(TTR) mutation and amyloid histology. We examine

the validity of applying these criteria uniformly in all

FAP variants.

We assessed 94 patients with FAP associated with 19

different TTR variants, of whom 68 received LT.

Evaluation included neurologic and cardiac assess-

ment. Patients were categorised as TTR Met30 (58

cases) or non-Met30 variants (36), and in Met30 as

early or late onset through cut-off age 50 years at

presentation. All Met30 cases presented with periph-

eral neuropathy or autonomic neuropathy; cardiac

amyloidosis was a rare and late feature. In contrast,

93% of non-Met30 patients had evidence of cardiac

amyloid at presentation and neuropathy was late

manifestation. At median follow-up, 71 (5–194)

months after LT, neurology improved in 88% of

Met30, but deteriorated in 71% of non-Met30.

Cardiac amyloid progressed in all non-Met30 cases,

whilst echocardiograms stabilised in early-onset

Met30. Twenty-four transplanted patients (35%)

remain well at over 14 years from initial presentation.

Cumulative survival was 93% in early-onset Met30,

33% in late-onset Met30, and 33% in non-Met30. On

univariate analysis, age at LT, TTR variant, cardiac

amyloid preoperatively (p50.01), polyneuropathy
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disability score, (p5 0.05), were statistically signifi-

cant risk factors. On multivariate analysis, patient’s age

was independent pre-LT, and early progressive amy-

loid cardiomyopathy independent post-LT risk factors

(p50.001).

Development of peripheral neuropathy is a valid

selection criterion in TTR Met30, but it has limited

value in the predominantly cardiopathic non-Met30

variants. A modification of the transplant selection

criteria is proposed to accommodate the FAP

phenotypic heterogeneity, taking into account the

relevant factors in determining the timing and type of

transplant, and exclude cases who will not benefit

from transplantation.

OP-072

Modified high dose melphalan and autologous

stem cell transplantation (HDM/SCT) in the

treatment of AL amyloidosis: analysis of a

Southwest Oncology Group trial

V. Sanchorawala1, V. Bolejack2, J. Crowley2,

A. Hoering2, K. T. Finn1, S. Fennessey1,

D. C. Seldin1, & B. Barlogie3

1Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA, 2Cancer

Research and Biostatistics, Seattle, WA, USA, and
3Myeloma Institute for Research and Therapy,University of

Arkansas for Medical Sciences, Little Rock, AK, USA

Aggressive treatment of AL amyloidosis (AL) with

high dose melphalan and autologous stem cell

transplantation (HDM/SCT) is effective in inducing

hematologic remission and clinical improvement.

However, the benefit of HDM/SCT in AL has not

been explored in a multi-centre study. We designed a

trial of two cycles of modified high dose melphalan at

100 mg/m2 and autologous stem cell transplantation

(mHDM/SCT) through Southwest Oncology Group

(S 0115). The primary objective was to evaluate

overall survival and additional objectives were to

determine haematologic responses and tolerability of

two cycles of mHDM/SCT in a multi-centre study.

Eligibility for the trial required evidence of tissue

diagnosis of amyloidosis, underlying associated

plasma cell dyscrasia, and adequate measures of

performance status (SWOG 0–2) and cardiopul-

monary function (left ventricular ejection fraction

445%, DLCO 450%). Peripheral blood stem cells

were collected following G-CSF alone with mini-

mum yield of 7.06 106 CD34þ cells/kg required for

participation in the trial. From 1/2004 to 12/2009, 70

patients with AL were enrolled at 15 institutions in

the US. The median age was 60 years (range 33–74)

and M:F ratio is 4:3. The median number of organs

involved was 2 (range, 0–8). There were 21 patients

(30%) with cardiac involvement. There are 65

patients eligible for survival and adverse event analysis

at this time. The treatment-related mortality (TRM),

defined as deaths within 100 days of registration is

10% (n¼ 7, five removed from study after registration

without protocol-directed treatment) for the patients

with AL. Grade 3 and higher non-haematologic

adverse events by CTCAE v3.0 were experienced by

71% (n¼ 46) of patients. The median overall survival

is 54 months with a median follow up for surviving

patients of 26.6 months (range 0.3–60.5). The 3-year

survival is 63%; and the median progression-free

survival is 38 months. Haematologic responses,

defined by the standard consensus criteria, was

achieved by 35% (n¼ 11) evaluable patients following

SCT. Clinical and organ responses were also evident

at 1 year following HDM/SCT. In conclusion, this

experience demonstrates that careful selection of

patients as well as using mHDM for SCT in patients

with AL amyloidosis, even in the setting of a multi-

centre study, can lead to prolonged overall survival

with acceptable TRM and morbidity.

OP-073

Autologous stem cell transplantation (ASCT)

versus M-Dex in AL amyloidosis: long-term

follow-up

A. Jaccard1, E. Desport2, V. Leblond3, P. Moreau4,

X. Leleu5, L. Benboubker6, B. Kolb7, C. Recher8,

B. Pegourier9, B. Arnulf10, F. Bridoux2, &

J. P. Fermand10

1Department of Hematology, CHU, Limoges, France,
2Department of Nephrology, CHU, Poitiers, France,
3Department of Hematology, Pitié-Salpétrière Hospital,

Paris, France, 4Department of Hematology, CHU,

Nantes, France, 5Department of Hematology, CHU,

Lille, France, 6Department of Hematology, CHU, Tours,

France, 7Department of Hematology, CHU, Reims,

France, 8Department of Hematology, CHU, Toulouse,

France, 9Department of Hematology, CHU, Grenoble,

France, and 10Department of Immuno-Hematology,

Saint-Louis Hospital, French Reference Center for AL

Amyloidosis, Paris, France

In September 2007, we published the results of a

prospective randomised trial comparing in 100 AL

amyloidosis patients high dose melphalan with

autologous stem cell transplantation (ASCT) and

the oral regimen M-Dex. With a median follow-up of

3 years, the median survival was better in the M-Dex

arm (56.9 months) than in the ASCT arm (22.2)

months. The haematological responses were not

statistically different between the two arms and the

higher toxicity of the ASCT arm was responsible for

the shorter median survival. This study has
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been extensively criticised because of the high

treatment-related death in the ASCT arm but a

landmark analysis of patients who survived for at least

6 months and who received their assigned treatment,

did not show any difference in survival. A second

frequent criticism was that we included too severe

patients who were not able to go through the high-

dose procedure. A separate analysis done within the

59 good risk patients showed a non-statistically

survival superiority in the M-Dex arm. A third

concern was related to the duration of response –

Should high-dose treatment, giving slightly more

complete response, give more sustained response

and, with a prolonged follow-up, better long term

survival? To answer this question we extended the

follow-up of the 49 patients surviving at the cutoff

date of 15 August 2006. The new cut off date was 7

January 2010, 5 years after the last inclusion. Only

one patient has been lost during follow-up. Thirty-

nine patients are alive, 22 in the M-Dex arm and 17

in the intensive arm, with a median follow-up of 49

months for the entire cohort and 81 months for

surviving patients. The median survival in the two

arms has not been modified. For patients included

in the landmark analysis (patients who survived at 6

months and who received their assigned treatment)

the median survival is not different in the two arms

(p¼ 0.9) and the median event free survival was 57

months in the M-Dex arm and 37 months in the

intensive arm. Eleven surviving patients in the M-

Dex arm and five in the intensive did not relapse

and have not received a second treatment. With a

longer follow-up we find no superiority in the

intensive arm even in the landmark analysis

eliminating treatment-related mortality. In the era

of very efficient new drugs, this analysis reinforces

our choice to propose conventional treatment to

patients with amyloidosis avoiding the risk of

intensive treatment.

OP-074

Adjuvant bortezomib and dexamethasone

following risk-adapted melphalan and stem cell

transplant in systemic AL amyloidosis

H. Landau1, H. Hassoun1, C. Bello1, E. Hoover1,

X. Jia1, E. R. Riedel1, S. D. Nimer1, &

R. L. Comenzo2

1Memorial Sloan-Kettering Cancer Center, NY,

NY, USA and 2Tufts Medical Center, Boston, MA,

USA

Background: High-dose melphalan (MEL) and

autologous stem cell transplant (SCT) induce hae-

matologic and clinical remissions in AL and prolong

survival. In a prior phase II study, adjuvant thalido-

mide and dexamethasone after MEL SCT improved

response rates in patients not achieving stringent

complete haematologic responses (including normal-

isation of the free light chain ratio; sCR) (Cohen et al.

Br J Haematol 2007;139:224–233). We now report

on a phase II trial using adjuvant bortezomib and

dexamethasone (BD) after risk-adapted MEL SCT.

Methods: Patients with newly diagnosed AL invol-

ving �2 organs were assigned to MEL 100, 140 or

200 mg/m2 based on age, renal and cardiac status.

Post-SCT responses were assessed at 2–3 months.

Patients with persistent clonal plasma cell disease

began BD (for a planned six cycles, two 21 days, and

four 35 days). At 12 and 24 months post-SCT, we

evaluated haematologic, organ responses and overall

survival (OS).

Results: Patients (n¼ 32) had kidney (63%), heart

(47%), liver/GI (16%) and peripheral nervous system

(16%) involvement; 41% had two organs involved.

Three patients were excluded prior to SCT and 29

have undergone SCT, with two not yet evaluable.

SCT-related 100-day mortality was 14%, all in

patients with advanced cardiac amyloid. At 2–3

months post-SCT, the overall response rate was 52%

with 22% sCR. Seventeen patients received a median

of six cycles of BD (range 1–6) for persistent clonal

plasma cell disease; and one patient declined. At 12

months post-SCT, the OS was 83% with a haema-

tologic response rate of 95% (19/20) including 65%

(13/20) sCR and an organ response rate of 55% (11/

20). At 24 months post-SCT, 83% (10/12) patients

have maintained organ responses, despite relapse

from CR in four cases. In those who received BD,

65% had grade III–IV toxicity, most commonly

thrombocytopenia in 41%. Peripheral neuropathy

�grade 2 occurred in 29%. One cardiac patient died

suddenly.

Conclusions: In newly diagnosed patients with AL,

adjuvant BD following risk-adapted SCT is safe and

effective with high sCR and organ response rates.

Relapses occur, however, and patients may benefit

from maintenance therapy.

OP-075

Results of two consecutive phase II trials of

patients with systemic AL amyloidosis treated

with high-dose melphalan after induction and

mobilisation chemotherapy

S. O. Schonland, T. Bochtler, J. Perz, M. Hansberg,

A. Mangatter, A. D. Ho, H. Goldschmidt, &

U. Hegenbart

Department of Internal Medicine, Division of

Hematology/Oncology/Rheumatology, University of

Heidelberg, Amyloidosis Center, Heidelberg,

Germany
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Introduction: Half of the patients (pts) with amy-

loid light chain amyloidosis (AL) achieve a complete

remission (CR) of their underlying monoclonal

plasma cell disorder following high-dose melphalan

(HDM) and autologous stem cell transplantation,

50% of those are alive 10 years thereafter (Sanchor-

awala et al. Blood 2007;110:3561–3563). Whether

treatment intensification using induction and mobi-

lisation chemotherapy (IMC) can improve those

results is not well investigated.

Methods: Twenty-eight pts were included in HD-

AL1 trial (Perz et al. Br J Haematol 2004; 127:

543–551) and 30 pts in the HD-AL2 trial who rece-

ived vincristine/adriamycine/dexamethasone (dex) or

pulsed dex as induction followed by mobilisation

chemotherapy prior to HDM in our centre from 1998

to 2004 (AL1) and 2004–2008 (AL2). Inclusion

criteria were age 570 years, New York Heart Associa-

tion (NYHA) stage 5III and WHO performance

status 53. Median age was 55 years. Median number

of involved organs was 2, four pts were on dialysis.

Results: The median follow-up after start of induc-

tion is 44 months. Median overall survival (OS) is

not reached (see Figure 1). During IMC therapy 10

pts died (infections in seven pts, AL progression in

three pts); one further pt experienced septicemia

with organ failure and switched to M-dex. Twenty-

two pts achieved a haematological response (HR)

prior to HDM which was a highly significant positive

factor for OS (see Figure 2). Overall, 47 patients

received HDM, 3 pts died due to complications.

Number of CRs increased from 6 to 27 pts post

HDM, only five pts had no HR. Achieving CR after

HDM was also a highly significant positive factor for

OS (Figure 3). Organ response (OR) was observed in

24 pts. Fifteen pts are still in first CR with an OR.

Discussion: Fifty per cent of evaluable pts already

achieved HR after IMC. Consecutively, we also

observed a high CR and OR rate (63% and 55% of

evaluable pts, respectively) after HDM. Although

treatment-related mortality was 17% (10/58), the

median OS is not reached with a plateau after about

8 years. Pts with CR after HDM have an excellent

survival (nearly 90% are still alive after 7.5 years).

These findings facilitate identification of those

patients who particularly benefit from HDM and

warrant prospective studies with less toxic and more

effective drugs for induction therapy to confirm and

even improve these promising results.

OP-076

Oral melphalan and dexamethasone for AL

amyloidosis: efficacy, prognostic factors and

response criteria

G. Palladini1, A. Foli1, P. Milani1, P. Russo1,

L. Zenone Bragotti1, S. Perlini2, F. Lavatelli1,

L. Obici1, V. Perfetti3, & G. Merlini1

1Amyloidosis Research and Treatment Center,

Department of Biochemistry, 2Department of Internal

Figure 3.

Figure 1.

Figure 2.
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Medicine, and 3Medical Oncology Unit, Fondazione

IRCCS Policlinico San Matteo, University of Pavia,

Pavia, Italy

Melphalan and dexamethasone (MDex) is con-

sidered as standard treatment for AL amyloidosis

and randomised trials have been designed to

compare MDex to other regimens. In order to

better define treatment efficacy and tolerability and

to validate prognostic stratification and response

criteria, we report the outcome of 159 consecutive

patients with AL amyloidosis who received first

line MDex between January 2004 and December

2008.

The patients were given M (0.22 mg/kg) and

Dex (40 mg, or 20 mg in case of fluid retention

43% of body weight) on days 1–4 q28 days. The

International Society of Amyloidosis response criteria

were used.

Seventy-three per cent of patients had cardiac

involvement and 27% had both NT-proBNP and

troponin (cTn) I elevated. The kidney was involved

in 70% of cases (glomerular filtration rate 530 ml/

min in 6%) and the liver in 12%. Severe, though not

fatal, adverse events were observed in 21% of

patients. The most common was fluid retention

(12%), that was associated with New York Heart

Association (NYHA) class (p¼ 0.005), cTnI

(p¼ 0.008) and NT-proBNP (p¼ 0.02). Overall,

32% of patients died (4% on treatment due to

cardiac amyloidosis). Median follow-up of living

patients was 39 months. Median survival was not

reached. The only presenting variable independently

affecting survival was NT-proBNP (p5 0.001).

Haematologic response was reached in 62% of

patients in a median of 3.6 months, with 25%

complete remissions, and organ response in 35%.

Echocardiographic response was observed in 5% of

cases and a 430% and 4300 ng/l NT-proBNP

reduction in 34%. The only variables independently

affecting survival after therapy were involved free

light chain (iFLC) and NT-proBNP concentrations

(p5 0.001). The iFLC cutoff best predicting survi-

val was 65 mg/l. This was superior to cutoffs based

on the difference between involved and uninvolved

FLC and on FLC per cent reduction. The NT-

proBNP cutoff best predicting survival was 3100 ng/

l. Survival at 3 years was 95% in patients with both

NT-proBNP and iFLC below the cutoff, 59% in

those with 1 marker above the cutoff and 28%

in those with both markers above the cutoff

(p5 0.001).

Combination of MDex with new drugs should be

directed to increase the proportion of patients who

rapidly obtain low iFLC and NT-proBNP absolute

values, preserving treatment feasibility.

OP-077

Long-term follow up of bortezomib with

dexamethasone as initial treatment for AL

amyloidosis

M. A. Dimopoulos, M. Roussou, C. Pamboukas,

M. Migkou, M. Gavriatopoulou, E. Terpos, &

E. Kastritis

Department of Clinical Therapeutics, University of

Athens School of Medicine, Athens, Greece

Bortezomib (B) with dexamethasone (D) has shown

significant activity in patients with AL amyloidosis.

However, long-term follow-up data are still limited.

We updated a series of 19 consecutive, previously

untreated patients (median age of 70 years, range

42–82) who received B 1.3 mg/m2 on days 1, 4, 8

and 11 and D 40 mg on days 1–4 every 21 days for

up to six cycles. The median number of involved

organs was 2; heart was involved in 79% and

kidneys in 74%, while 84% were Mayo stage II or

III. A median of five cycles of BD was given (range

1–6). According to standard criteria, 78% of

patients achieved a haematologic response including

42% with a haematologic CR. Most of the

responses occurred after the first cycle of BD, while

a median of two cycles of BD was needed for CR.

Furthermore, 53% of patients achieved an organ

response, 40% achieved a renal and 38% a cardiac

response while 67% had a NTproBNP reduction

�30%. Three patients proceeded to HDM-ASCT

(two while in CR, one in PR). The median survival

is estimated to exceed 36 months, with the patients

who underwent ASCT censored at the time of

HDM. Baseline NT-BNP is the only factor

independently associated with survival. There were

no differences in the baseline characteristics of

patients who achieved CR vs. those who achieved a

PR as best response. The median follow up for

patients who achieved a CR is 31 months (range 2–

52 months). One patient died early due to

complications of cardiac amyloidosis, while she

had achieved a CR; the rest of the patients in CR

remain alive and without progression for a median

of 30 months (range 8–51 months). Among patients

who achieved a PR as their best response 4 (67%)

have relapsed and the median PFS for these

patients is 9 months. The median survival for

patients who achieved a CR has not been reached

while it is 34 months for those who achieved a PR.

BD induces high rates of CRs, in unselected, high-

risk patients with previously untreated AL amyloi-

dosis. Updated results will be presented at the

meeting. Prospective randomised trials will define

the role of bortezomib as a first line treatment in AL

amyloidosis.
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OP-078

CTD versus Mel-Dex as upfront treatment in

AL amyloidosis: a matched case–control study

S. D. J. Gibbs, J. D. Gillmore, P. T. Sattianayagam,

H. J. Lachmann, T. Lane, H. J. B. Goodman,

M. Offer, C. J. Whelan, D. M. Rowczenio,

D. F. Hutt, J. A. Gilbertson, P. N. Hawkins, &

A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

The consensus on optimal first line chemotherapy for

AL amyloidosis remains elusive. We recently re-

ported that CTD and Mel-Dex had similar efficacy as

upfront treatment in a retrospective comparative

study of 180 patients, but the two treatment groups

were not matched in some respects. We report here a

sub-group analysis of matched cohorts of patients

treated first-line with either CTD or Mel-Dex. Fifty

Mel-Dex and 50 CTD-treated patients with AL who

had been assessed and followed-up at the UK

National Amyloidosis Centre between 2002 and

2009 were matched according to age, ECOG

performance status, creatinine clearance (CrCl)

30 ml/min, NT pro-BNP and absolute involved

serum free light chain load (iFLC) at diagnosis. The

median age was 71 years, ECOG performance status

1, CrCl 64 ml/min, NT pro-BNP 184 pmol/l and

iFLC 198 mg/l. The median number of cycles given

was 4.5 (range 1–10) for both treatments. 33/49

(69%) patients in each group achieved a haematolo-

gical response (HR) with 14 (29%) achieving a

complete response in the CTD arm vs. 10 (21%) in

the Mel-Dex arm (p¼ 0.48). Estimated overall

survival at 36 months was 65% for the CTD group

versus 62% for the Mel-Dex group (p¼ 0.77).

Median time to best FLC response for CTD was 2

months (range 1–5 months) vs. 3 months for Mel-

Dex (range 1–7). There was a suggestion of longer

progression free survival in the CTD group vs. the

Mel-Dex arm (median 39 vs. 25 months, p¼ 0.12).

At 12 months, organ responses were observed in

16 (32%) CTD patients compared to 10 (20%) Mel-

Dex patients (p¼ 0.12). Only patients who had

achieved an HR within 3 months achieved an organ

response. Toxicity of any grade was reported by 37

(74%) Mel-Dex patients and 45 (90%) CTD patients

(p¼ 0.07). Grade 3 or greater toxicity was reported

by 18 (36%) CTD patients and 23 (46%) Mel-Dex

patients (p¼ 0.42). In summary, these results corro-

borate our earlier findings that CTD and Mel-Dex

appear to have similar efficacy and similar, significant

toxicity in this fragile population. CTD has advan-

tages of being non-stem cell toxic, not requiring dose

adjustment in renal failure, and possibly being more

rapidly efficacious. CTD is an alternative to Mel-Dex

as upfront therapy in AL amyloidosis.

OP-079

High rates of overall and complete

haematologic response in a prospective phase

1/2 study of weekly and twice-weekly

bortezomib in relapsed AL amyloidosis

R. L. Comenzo1, U. Hegenbart2, V. Sanchorawala3,

G. Merlini4, G. Palladini4, J. Bladé5, J. P. Fermand6,

H. Hassoun7, L. Heffner7, R. A. Vescio8, K. Liu7,

C. Enny7, D. L. Esseltine7, H. van de Velde9,

A. Cakana7, & D. E. Reece10

1Department of Medicine, Hematology Service, Tufts

Medical Center, Boston, MA, USA, 2Department of

Internal Medicine University of Heidelberg, Heidelberg,

Germany, 3Amyloid Treatment and Research Program,

Boston University, Boston, MA, USA, 4Amyloidosis

Research and Treatment Center, Department of

Biochemistry, Fondazione IRCCS Policlinico San

Matteo and University of Pavia, Italy, 5Department of

Hematology and Bone Marrow Transplant Unit, Institut

of Hematology and Oncology, Hospital Clinic,

IDIBAPS, University of Barcelona, Barcelona, Spain,
6Immuno-Hematology, Saint-Louis Hospital Paris and

French reference center for AL Amyloidosis, Paris,

France, 7Millennium Pharmaceuticals, Cambridge, MA,

USA, 8Multiple Myeloma and Amyloidosis Program,

Cedars-Sinai Medical Center, Los Angeles, CA, USA,
9Johnson and Johnson Pharmaceutical R&D, Beerse,

Belgium, and 10Department of Hematology, Princess

Margaret Hospital, Toronto, ON, Canada

Case series studies suggest that the proteasome

inhibitor bortezomib (VELCADE)+ dexamethasone

is active in relapsed AL. The phase 1/2 CAN2007

study is the first prospective study of single-agent

bortezomib in this setting. Patients aged �18 years

with relapsed AL received bortezomib on a weekly

(QW; days 1, 8, 15, 22 of 35-day cycles) or twice-

weekly (BIW; days 1, 4, 8, 11 of 21-day cycles)

schedule. Bortezomib was well tolerated at up to

1.6 mg/m2 QW and 1.3 mg/m2 BIW in the phase 1

dose-escalation portion (Reece et al. Blood 2009;

114:1489–1497); these doses were subsequently

evaluated in phase 2. A total of 70 patients were

enrolled, 18 at 1.6 mg/m2 QW, 34 at 1.3 mg/m2 BIW,

and 18 at lower doses (0.7–1.3 mg/m2 QW/0.7–

1.0 mg/m2 BIW). Median age was 60.5 years, 56%

were males, median time since diagnosis was 32

months, and 44% had 42 organs involved, including

73% renal, 56% cardiac, 29% GI, 13% hepatic and

10% neurologic involvement. Haematologic response

rate was 69%, 67% and 39% in the 1.6 mg/m2 QW,

1.3 mg/m2 BIW, and lower-dose groups, respectively,
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with 38%, 24% and 11% complete responses (CRs).

Overall, 78% of responders had a response lasting �1

year. In all 70 patients, 1-year progression-free and

overall survival rates were 77.4% and 89.6%, respec-

tively. Outcomes appeared similar among dose

groups, and among patients with/without cardiac

involvement. Organ responses were usually associated

with haematologic response. Renal responses were

seen in 4/9 (44%), 7/26 (27%) and 3/14 (21%) patients

in the 1.6 mg/m2 QW, 1.3 mg/m2 BIW, and lower-

dose groups, respectively. Two neurologic responses

were seen in the 1.6 mg/m2 QW group. Cardiac

responses were seen in 5/39 (13%) of patients based on

�2 mm decreases in mean left ventricular wall

thickness. In the 1.6 mg/m2 QW, 1.3 mg/m2 BIW,

and lower-dose groups, 50%, 79% and 39% of

patients had grade �3 adverse events (AEs), 44%,

41%, and 17% had serious AEs, and 28%, 38% and

28% discontinued due to AEs. Two 1.3 mg/m2 BIW

patients died due to treatment-related AEs. Bortezo-

mib 1.6 mg/m2 QW and 1.3 mg/m2 BIW produce

high haematologic response and CR rates, with

durable responses, in relapsed AL. Toxicity appears

lower with QW dosing. Response and toxicity appear

reduced at lower doses.

OP-080

Durable haematologic complete responses can

be achieved with lenalidomide in AL

amyloidosis

V. Sanchorawala, K. T. Finn, S. Fennessey,

A. Shelton, L. M. Dember, J. B. Zeldis,

M. Skinner, & D. C. Seldin

Amyloid Treatment and Research Program, Boston

University School of Medicine, Boston, MA, USA

The combination of lenalidomide and dexametha-

sone can produce partial and complete haematologic

responses in previously treated patients with AL

amyloidosis (Sanchorawala et al. Blood 2007;109:

492–496). Here we report on time to and durability of

haematologic responses for the 69 patients with AL

amyloidosis treated with lenalidomide and dexa-

methasone. The median age of the 69 patients was

62 (range, 42–84), 70% were males, 50 were lambda

isotype, 36 had multi-organ involvement and 31 had

cardiac involvement. Sixty-five patients (94%) had

received prior therapy: 94% prior melphalan-based

therapy; 71% HDM/SCT; 10% thalidomide and 7%

bortezomib. Patients were treated with 15 mg lena-

lidomide per day for 21 days per month along with

dexamethasone 20–40 mg every week. Haematologic

complete response was defined as absence of mono-

clonal gammopathy in serum and urine by immuno-

fixation electrophoresis, 55% clonal plasma cells in

the bone marrow biopsy and normalisation of serum

free light chain concentration and ratio. Eleven of the

69 patients (16%, intent-to-treat) achieved a complete

haematologic response (CR). The CR occurred by 6

months of treatment in nine patients (92%), but two

patients (18%) had a late CR at 18 months of

treatment. Of the 11 patients with CR, one patient

died from rejection after orthotopic heart transplanta-

tion. Of the 10 surviving patients, 6 have maintained a

CR for 3–36 months. Of these six patients with

continued CR, two remain on treatment at 3 and 6

months since initiation and four remain off treatment

after 9–19 cycles of treatment. Of these four patients

with continued CR off treatment, the median dura-

tion of CR is 24 months (range, 9–36). Four of 10

(40%) surviving patients in CR have relapsed off

therapy. The median dose of lenalidomide at the time

of haematologic CR was 10 mg/day (range, 5–15).

Nine of the 11 patients with haematologic CR were on

dexamethasone at the time of achieving a CR. Organ

and clinical responses have also been observed. A

renal response with reduction in proteinuria occurred

in 4 of the 10 patients and a cardiac response with

improvement in BNP occurred in 1 out of 4 patients

with cardiac involvement. In summary, lenalidomide

and dexamethasone can induce haematologic CRs in

16% of heavily pretreated patients with AL. The

majority of CRs occur by 6 months of treatment, and

60% of the CRs are durable even off treatment.

OP-081

N-terminal fragment of brain natriuretic

peptide (NT-ProBNP) – a new response

criterion in AL amyloidosis

A. D. Wechalekar1, G. Merlini2, J. D. Gillmore1,

P. Russo2, H. J. Lachmann1, S. Perlini2,

C. J. Whelan1, P. N. Hawkins1, & G. Palladini2

1National Amyloidosis Centre, University College

London, London, UK and 2Amyloidosis Research and

Treatment Center, Fondazione IRCCS Policlinico San

Matteo and Department of Biochemistry, University of

Pavia, Pavia, Italy

NT-ProBNP at diagnosis and changes in its con-

centration after treatment correlate with prognosis in

AL amyloidosis. Here, we report the outcomes of

300 patients with AL assessed at the amyloidosis

centres in Pavia and London in relation to NT-

ProBNP measurements performed at baseline and 6

months after commencing chemotherapy. A rise or

fall in NT-ProBNP value was defined as change of

both 30% and 4300 ng/l.

The median age was 63 years and median number of

involved organs was 2 including the heart in 182

(60%) cases. Baseline median NT-ProBNP was
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1342 ng/l (range 17–70144) and was 4332 ng/l in

222 patients (74%). Median overall survival (OS) was

62 months with an estimated OS of 93% for

haematological CR and 75% for PR at 48 months.

Patients with cardiac involvement had worse out-

comes (OS 42 months vs. 62 months; p¼ 0.001). NT-

proBNP values increased in 60 (20%) patients and

decreased in 127 (42%), in association a reduction of

free light chain by 23% and 69% in the respective

groups. Patients with a rise in NT-ProBNP had poorer

outcomes – median OS 25 months vs. not reached for

the rest (p5 0.0001). In patients achieving a PR, the

estimated 4-year OS was 52% for patients with an

increase in NT-ProBNP vs. 88% for patients with a

decrease (p5 0.0001), and the latter was not sig-

nificantly different from those who achieved CR. On

multivariate analysis, cardiac involvement (p¼ 0.003;

HR 2.2), performance status (p5 0.0001; HR 7.7),

haematological response (p¼ 0.029; HR 3), rise in

NT-ProBNP (p5 0.0001; HR 5.7) or fall in NT-

ProBNP (p5 0.0001; HR 0.18) were significant

independent prognostic factors for survival. Fall or

rise in NT-ProBNP were significantly associated with

an increase or decrease respectively in ejection fraction

but there was no change in LV wall thickness.

These findings confirm our earlier observations

that changes in NT-ProBNP are powerful indepen-

dent predictors of survival following chemotherapy.

Whilst the relationship between changes in NT-

ProBNP, cardiac function and amyloid burden in the

heart is still poorly understood, there are compelling

grounds for including NT-ProBNP measurements in

revised criteria for cardiac organ responses.

OP-082

B type natriuretic peptide (BNP) as a marker of

cardiac response in AL amyloidosis

G. Palladini1, A. Foli1, P. Milani1, R. Albertini2,

G. Sarais1, S. Perlini3, P. Russo1, L. Zenone

Bragotti1, F. Salinaro3, L. Obici1, R. Moratti2,

G. V. Melzi D’Eril4, & G. Merlini1

1Amyloidosis Research and Treatment Center and

Department of Biochemistry, 2Clinical Chemistry

Laboratory, 3Department of Internal Medicine,

Fondazione IRCCS Policlinico San Matteo, University

of Pavia, and 4Department of Medicine, Surgery and

Dentistry, Ospedale San Paolo, University of Milan,

Milan, Italy

Changes in the concentration of N-terminal pro

natriuretic peptide type B (NT-proBNP) correlate

with haematologic response and strongly predict

survival in AL amyloidosis. Thus, NT-proBNP

reduction is considered as a surrogate marker of

cardiac response. Despite BNP measurement is

more widely available than NT-proBNP, there are

no data to support its use as a marker of response in

AL amyloidosis. We report the prognostic relevance

of BNP changes and their correlation with changes in

NT-proBNP in 136 newly diagnosed consecutive

patients with AL amyloidosis, evaluated before and

6 months after treatment initiation, between January

2004 and December 2007.

Response and progression in NT-proBNP were

defined as both �30% and �300 ng/l changes, and

for BNP as changes both �30% and �50 ng/l.

Ninety-one patients (67%) had heart involvement

with New York Heart Association (NYHA) class �2

heart failure in 73 (54%), and 97 (71%) had renal

involvement with an estimated glomerular filtration

rate of 560 ml/min/1.73 m2 in 55 subjects (40%) and

530 ml/min/1.73 m2 in 18 (13%). Median (range)

NT-proBNP was 1164 ng/l (18–63828 ng/l) and BNP

134 ng/l (5–3310 ng/l). Partial haematologic response

was achieved in 51 patients (38%) and was associated

with a median 25% NT-proBNP and a median 15%

BNP decrease. Complete response was achieved in 23

cases (17%) and was associated with a median 45%

NT-proBNP and a median 40% BNP decrease. There

was a 79% concordance between NT-proBNP and

BNP response (p50.001) and an 89% concordance

between NT-proBNP and BNP progression (p5
0.001). Forty-seven (36%) patients died, median

survival was not reached and median follow-up of

livingpatients was42 months. BothNT-proBNP(91%

vs. 62% surviving 3 years, p¼ 0.008) and BNP (89%

vs. 66% surviving 3 years, p¼ 0.03) response predicted

a better outcome, whilst progression of NT-proBNP

(85% vs. 31% surviving 3 years, p5 0.001) and BNP

(80% vs. 36% surviving 3 years, p5 0.001) were

associated with poor survival. At multivariate analysis,

progression of NT-proBNP (p5 0.001) or BNP (p5
0.001) and haematologic response (p¼ 0.05 in the

NT-proBNP model and p¼ 0.006 in the BNP model)

were the only independent prognostic variables.

In AL amyloidosis, BNP can substitute NT-

proBNP as a marker of cardiac response. An increase

in the concentration of natriuretic peptides emerges

as an important prognostic determinant.

OP-083

Functional correlates of NT-proBNP response

to therapy in cardiac AL amyloidosis

S. Perlini1,2, F. Musca1, F. Salinaro1, I. Fracchioni1,

G. Palladini2, L. Obici2, R. Albertini3, R. Moratti3,

F. Lavatelli2, G. Palladini1, C. Rapezzi4, &

G. Merlini2

1Department of Internal Medicine, 2Amyloidosis

Research and Treatment Center and Department of

Biochemistry, 3Clinical Chemistry Laboratory,
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Fondazione IRCCS Policlinico San Matteo, University

of Pavia, Pavia, Italy, and 4Institute of Cardiology,

S. Orsola-Malpighi Hospital, University of Bologna,

Bologna, Italy

Background: In patients with AL amyloidosis and

cardiac involvement a decrease in circulating free

light chains (FLCs) higher than 50% is associated

with a reduction in NT-proBNP serum concentra-

tion, improvement of symptoms of heart failure and

prolonged survival. However, little is known on the

cardiac functional correlates of these changes.

Methods: In 32 patients with cardiac AL amyloido-

sis who responded to chemotherapy, echocardio-

graphic indices of systolic and diastolic regional

function were compared at diagnosis and after

response achievement. Diastolic function was char-

acterised in terms of: transmitral Doppler early (E)

and atrial (A) velocities, E deceleration time, pul-

monary venous flow velocity, early tissue Doppler

peak velocity (E0) and E/E0 ratio. Systolic function was

evaluated as: left ventricular (LV) ejection fraction

(EF), longitudinal excursion of the mitral annulus at

the septum (MAPSE) and lateral wall (LAPSE).

FLCs and NT-proBNP were concomitantly mea-

sured. Patients with significant valve disease, previous

myocardial infarction, atrial fibrillation or chronic

obstructive lung disease were excluded.

Results: No significant change in LV wall thickness,

end-diastolic and end-systolic chamber dimension,

indices of diastolic dysfunction or EF was observed

after chemotherapy. In contrast, longitudinal excur-

sion of both the interventricular septum and the lateral

wall was increased (from 5.2+ 1.4 to 6.8+ 1.5 mm,

and from 6.2+ 1.3 to 7.7+ 1.4 mm, respectively;

p5 0.05 for both). Changes in systolic longitudinal

wall motion were significantly correlated with the

extent of both FLCs (p¼ 0.05) and NT-proBNP

(p¼ 0.05) reductions.

Conclusions: In cardiac AL amyloidosis, haemato-

logical response to chemotherapy and reduction of

cardiac biomarkers are associated with improved

indices of regional systolic function.

OP-084

Rapid haematologic and organ responses in

patients with AL amyloid treated with

bortezomib plus melphalan and dexamethasone

J. Zonder1, V. Sanchorawala2, R. Snyder1,

J. Matous3, H. Terebelo4, N. Janakiraman5,

M. Mapara6, S. Lalo1, N. Tageja7, C. Webb8,

D. Monsma8, C. Sellers9, J. Abrams1, &

C. Gasparetto9

1Karmanos Cancer Institute, Wayne State University,

Detroit, MI, USA, 2Boston University, Boston, MA,

USA, 3Rocky Mountain Cancer Center, Denver, CO,

USA, 4Providence Hospital, Southfield, MI, USA,
5Henry Ford Hospital, Detroit, MI, USA, 6University of

Pittsburgh, Pittsburgh, PA, USA, 7Department of

Internal Medicine, Wayne State University, Detroit,

MI, USA, 8Van Andel Research Institute, Grand

Rapids, MI, USA and 9Duke University, Durham, NC,

USA

Background: AL amyloidosis is a monoclonal

plasma cell disorder with progressive organ dysfunc-

tion and short survival. Standard non-transplant AL

therapy is melphalan (M) þ dexamethasone (D). As

adding bortezomib (Bz) to M þ prednisone im-

proved outcomes in myeloma, we sought to deter-

mine whether adding Bz to MD improves outcomes

in AL.

Methods: Eligibility. ECOG PS 53, Cr 55 mg/dl,

T. Bili 52.56 IULN, ALT/AST 536 IULN,

ANC 41.0 K/mm3, PLT 480 K/mm3, peripheral

neuropathy (PN) 5Gr 2 (51 if painful), no lower

limit for LVEF. Design: two-stage Phase II study –

Stage I. Sixteen patients with biopsy-proven AL, light

chain deposition disease (LCDD) or smouldering

myeloma with amyloid (SMM). 1 endpoint: com-

plete hematologic responses (cHR). If 45 cHRs

observed, then second stage with 17 more patients,

giving 90% power to detect a true cHR rate of 50%.

2 endpoints: overall HR, organ response (OrR) and

survival. Therapy. M (9 mg/m2 PO days 1–4; 6 mg/

m2 if Cr 42.5 mg/dl), Bz (1.3 mg/m2 IV day 1, 8,

15, 22; 1.0 mg/m2 if baseline PN) and D (40 mg PO/

IV days of/after Bz; 20 mg if 470 years, oedema, or

CHF) in 4–6 week cycles. PN assessed with the

FACT/GOG-Ntx survey.

Results: Thirty patients were enrolled (26 AL, 2

LCDD, 2 SMM). Median age: 65 (range 47–83).

Med # prior Rx: 1 (range 0–4; 9 with prior ASCT).

Tn-BNP stage 1/2/3: 11/9/10. PS 0–1/2–3: 27/3.

Twenty-nine patients were evaluable for HR, 30 for

toxicity. Med F/U: 8.1 months (range: 1.4–26.2).

Med # cycles: 4 (range 2–17; 14 pts still on

treatment). Twenty-three patients required baseline

adjustment of 41 drug. Nine patients in stage I had

cHR (56%), prompting stage II to be opened. Overall

HR rate for 29 evaluable patients as of 1 January 2010

is 83% (cHR: 45%). Med # cycles to best response: 3

(range 2–9). Four patients died (3 of AL, 1 from

sepsis). In first stage, 2/10 patients with cardiac AL

had OrR, 7/8 patients with renal AL had 425%

decrease in proteinuria, and abnormal FACT-GOG-

Ntx sensory/dysfunction (S/D) scores improved by

cycle 4 in 6/12 patients. Two of 7 patients without

baseline S/D abnormalities developed symptoms by

C4. Predictable Gr 3–4 AEs were seen: thrombocy-

topenia, infections, hypotension, oedema, PN and

AL-cardiac complications. Reversible cardiomyopa-

thy attributed to Bz was seen in one patient (cycle 8).
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Conclusions: MD-Bz is active vs. AL: 83% HR,

with rapid cHR and OrR in a significant percentage

of patients. Toxicity is manageable with baseline/

subsequent drug adjustments. Results will be up-

dated at the meeting.

OP-085

Pomalidomide and dexamethasone for

previously treated AL: a phase 2 study

A. Dispenzieri1, M. A. Gertz1, S. R. Hayman1,

F. Buadi1, S. K. Kumar1, C. Reeder2,

S. R. Zeldenrust1, S. V. Rajkumar1,

K. Detweiler-Short1, J. A. Lust1, T. E. Witzig1,

R. A. Kyle1, P. R. Greipp1, S. J. Russell1, D. Dingli1,

J. B. Allred1, K. Laumann1, M. Thompson1,

R. Fonseca1, L. Bergsagel2, K. Stewart2, J. Mikhael2,

V. Roy3, & M. Q. Lacy1

1Mayo Clinic, Rochester MN, USA, 2Mayo Clinic,

Scottsdale, AZ, USA, and 3Mayo Clinic, Jacksonville,

FL, USA

Background: Pomalidomide (Pom), a derivative of

thalidomide, is highly active and well tolerated in

multiple myeloma.

Methods: Patients (pts) with previously treated,

biopsy proven, symptomatic AL were accrued to an

IRB-approved treatment trial using Pom (2 mg

daily), dexamethasone (dex) (40 mg once weekly)

and ASA daily. Pts were required to have measurable

haematologic disease, an ECOG PS 53, adequate

haematologic reserve, adequate renal function (crea-

tinine �2.5 mg/dl), and absence of uncontrolled

infection, another active malignancy, New York

Heart Association (NYHA) classification III or IV,

troponin T 40.1 ng/ml, �grade 3 peripheral neuro-

pathy, untreated active thrombosis, or other che-

motherapy within 2 weeks of study enrolment. Pts

were required to comply with contraceptive require-

ments. Between 24 November 2008 and 23 Novem-

ber 2009, 25 of 34 planned pts have been enrolled.

Results: Median time on study is 4.2 months (range

0.2–9.6). Median age was 64 years (range 52–82)

with 72% being males. Time from diagnosis to study

entry was 36 months (range 4.5–103). Organ

involvement was: cardiac (80%), renal (32%) and

nervous system (32%). Cardiac biomarker staging

breakdown was: I, 12%; II, 56%; and III, 32%. Pts

were heavily treated, with 100% having received prior

alkylator (including prior transplant in 12), 52% prior

lenalidomide or thalidomide, and 40% prior borte-

zomib. Nineteen pts were evaluable for haematologic

response (either received two cycles of therapy or off

study before completing two cycles). Overall haema-

tologic response rate was 47%: PR (n¼ 7) and VGPR

(n¼ 2). Among the 10 pts eligible for response who

had failed prior IMiD, there were two PR and two

VGPRs. To date, confirmed organ responses have

been seen in two and unconfirmed organ responses in

an additional four pts. Grade 3–5 AEs at least

possibly attributable to protocol therapy occurred in

56%, and excluding haematologic AEs, in 40% of pts.

Neutropenia was most common severe AE (n¼ 7).

Grade 3/4 thrombocytopenia was observed in one

patient. Other grade 3/4 AEs included infection/fever

(n¼ 3), fatigue (n¼ 3), volume overload (n¼ 2),

dyspnea (n¼ 1), muscle weakness (n¼ 1), atrial

tachycardia (n¼ 1) and gastrointestinal (n¼ 1). One

patient died suddenly 5 days into treatment, pre-

sumably due to cardiac AL.

Conclusions: Pom is well tolerated in previously

treated pts with AL. Updated details on efficacy will

be presented.

OP-086

Lenalidomide in combination with melphalan

and dexamethasone in patients with newly

diagnosed light-chain (AL)-amyloidosis: a

multicentre phase I/II dose escalation study

P. Moreau, A. Jaccard, L. Benboubker, B. Royer,

X. Leleu, F. Bridoux, G. Salles, V. Leblond,

M. Roussel, M. Alakl, O. Hermine,

J. L. Harousseau, & J. P. Fermand

University Hospital of Nantes, Nantes, France; on behalf

the IFM and MAG Cooperative Groups

The combination of melphalan and dexamethasone

(M-dex) is widely used in patients with newly

diagnosed AL-amyloidosis. Lenalidomide has also

been evaluated in the relapse setting, 15 mg/day was

well tolerated and effective. M-dex with lenalido-

mide could increase the response rate but the toxicity

of this regimen is still unknown. Thus, we have

initiated a multicentre single-arm open-label phase I/

II dose escalation study of lenalidomide plus M-dex.

The primary endpoint was the incidence of dose

limiting toxicities (DLT) during the first cycle of

lenalidomide at a given dose level in order to

determine the maximum tolerated dose (MTD). In

addition to melphalan 0.18 mg/kg/day and dex

40 mg/day from days 1–4 of each 28-day cycle,

patients were successively exposed to escalating

doses of lenalidomide (5, 10, 15 and 20 mg once

daily on days 1–21 of a 28-day cycle). Nine cycles

were planned. DLT was defined as at least grade 2

cardiac arrhythmia or at least grade 3 non-haemato-

logic toxicity or grade 4 neutropenia lasting 47 days

or any other grade 4 haematologic toxicity.

Twenty-six patients were treated. No DLT was

observed among the patients treated at 5 (three

patients), 10 (four patients) and 15 mg lenalidomide/
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day (12 patients). 4/7 patients treated in cohort 4 at

the dose of 20 mg/day experienced DLT; thus,

15 mg/day, in combination with M-dex, was con-

sidered as the MTD. With a median follow-up of 16

months, 21/26 patients (80.8%) are alive. Five deaths

were observed, due to progressive disease in four

patients, or cholangiocarcinoma in one patient.

Haematologic and organ responses were observed

in 58 and 50% of the patients, respectively. Seven of

the 21 responding patients experienced progression,

and the overall event-free survival was 53.8%.

The recommended dose of lenalidomide in

combination with M-dex in subjects with AL-

amyloidosis previously untreated is 15 mg/day.

Response and survival rates compare favourably with

those achieved with M-dex alone. A prospective

phase III trial comparing M-dex with M-dex

lenalidomide should be valuable.

OP-087

AMIloidosi CArtella (AMICA): an electronic

patient record specifically designed for an

amyloidosis network

R. Ferrari1, E. Caffi1, S. Rubrichi1, S. Quaglini1,

M. Stefanelli1, P. Russo2, G. Palladini2,

F. Lavatelli2, & G. Merlini2

1Laboratory for Biomedical Informatics, Computer

Engineering and Systems science, University of Pavia

and 2Amyloidosis Research and Treatment Center,

Department of Biochemistry, Fondazione IRCCS

Policlinico San Matteo, University of Pavia, Pavia,

Italy

The management of systemic amyloidoses shares the

common difficulties of rare diseases: the complexity

of the disorder and the need for gathering a sufficient

number of patients to create and maintain the

physicians’ expertise and permit enrolment in

clinical trials favours the creation of a few referral

centres. To overcome this difficulty, in 1986 a

national network coordinated by the Pavia referral

centre, the Italian Amyloidosis Study Group, was

created with the aim of providing locally state-of-the-

art care and building the frame for conducting

multicentre clinical trials. In order to gather patient

data in a common format and to share them in real

time, after a careful users’ needs analysis among the

Group, we created AMICA (AMIloidosi CArtella),

an electronic patient record.

AMICA allows physicians to cooperate and share

information about patients, and their diagnostic and

therapeutic strategies. It manages all patient data,

from the first visit throughout the follow-up, keeping

track of any data modification. It contains some

‘intelligence’, providing links to guidelines and

protocols, immediate visualisation of the data neces-

sary to plan therapeutic interventions (e.g. cardiac

biomarkers and free light chain data in AL amyloi-

dosis), and alerts in case of mismatch with pre-

defined data constraints (data validity ranges, drug

association not allowed, etc.).

AMICA provides tools for rapid search and

consultation of information and produces specific

documents (e.g. the clinical report, with the visit and

laboratory test results, and therapeutic indications

for the general practitioner). It is also possible to

export documents in various formats (XML, DOC,

PDF, CSV) for further exploitation.

Almost all data items are encoded to allow a quick

data input (radio buttons and drop-down menus), a

better data quality, and more reliable statistics and

analyses.

Since the basic requirements were to develop a

multi-user and multi-centre system, AMICA is based

on the web 2.0 technologies, ensuring reliability,

efficiency and safety. It is now implemented in Pavia,

but it will be soon delivered to the Italian Amyloi-

dosis Study Group through the portal www.amiloi-

dosi.it.

Since AMICA is built with dedicated software,

unlike the standard electronic patients records

(EPRs), data entering and report generation is fully

compliant with the specific amyloidosis clinical

routine. Moreover, it allows generating the so-called

‘scientific database’ useful for the medical commu-

nity for improving knowledge about this rare disease.

OP-088

UK AL Amyloidosis Treatment Trial

(UKATT) – a randomised study: lessons for

future trial design

J. D. Gillmore, K. Cocks, S. D. J. Gibbs,

P. Sattianayagam, T. Lane, H. J. Lachmann,

S. Schey, J. Cavenagh, H. Oakervee, G. Morgan,

S. Bourne, E. Skinner, S. Bell, G. Booth,

D. M. Foard, A. Mehta, P. N. Hawkins, &

A. D. Wechalekar

UK National Amyloidosis Centre, Centre for Amyloidosis

and Acute Phase Proteins, University College London,

London, UK

In this study, we present results of a phase II study of

two randomisations for patients with newly diagnosed

AL amyloidosis, with an emphasis on implication for

future trial design. Using stringent criteria for

eligibility for stem cell transplantation (SCT),

patients were stratified to receive either cyclophopha-

mide, thalidomide, dexamethasone (CTD) vs. SCT
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(high intensity arm), or CTD vs. Mel-Dex

(low intensity arm) among 16 participating centres.

Planned total sample size was 24 patients in each arm.

Primary endpoints were recruitment rate, haemato-

logic response by serum free light chain (FLC) assay,

and safety. Generic cancer and myeloma quality of

life (QOL) questionnaires were also completed. Very

few patients were eligible for the high-intensity arm

which was closed due to lack of recruitment. Twenty-

four patients were recruited into the low-intensity

arm, but over a period of 13 months 179 more

patients with AL were screened at the National

Amyloidosis Centre. Common reasons for lack of

enrolment were: perceived inconvenience or lack of a

sufficiently close participating local haematology

centre (n¼ 48); a local decision to commence some

form of treatment before screening (n¼ 34); an

amyloidogenic FLC concentration of 5100 mg/l

(n¼ 25), prompting a protocol amendment to aber-

rant FLC 450 mg/l; estimated prognosis of 56

months (n¼ 20). Overall haematologic response rates

were 75% in the CTD arm and 58% in the Mel-Dex

arm, with complete clonal responses in 50% and

25%, respectively. Median time to maximal clonal

response was 84 days for CTD and 190 days for Mel-

Dex. There were no treatment-related deaths. Amy-

loidotic organ responses and toxicity were compar-

able, as were the QOL findings. This small study cost

in excess of £200,000. Randomisation to SCT vs.

chemotherapy did not prove to be feasible, and

recruitment rate in a specialised centre that caters for

the UK caseload of AL amyloidosis was extremely

disappointing. Compliance with stringent European

Union regulations proved a major challenge with

respect to cost, finalising contracts, and obtaining

approval in each participating centre, but ultimately

strengthened the UK Amyloidosis Network. Whilst

this pilot study suggests CTD may be superior to

Mel-Dex, particularly in terms of rapid response,

substantial international collaboration will be re-

quired for phase III trials in AL amyloidosis.

OP-089

Trend towards improved day 100 and 2 year

survival following stem cell transplantation for

AL. A comparison before and after 2006

M. A. Gertz, M. Q. Lacy, A. Dispenzieri, S. Kumar,

S. R. Hayman, F. Buadi, D. Dingli, N. Leung, &

W. J. Hogan

Departments of Hematology and Nephrology, Mayo

Clinic, Rochester, MN, USA

Introduction: The role of stem cell transplantation

(SCT) in the management of AL remains contro-

versial. Prospective randomised studies have not

demonstrated a survival advantage for SCT, which is

likely to be a reflection of poor patient selection.

Patient selection has been refined recently to exclude

patients at high risk of cardiac or renal failure. We

examined whether this has translated into improved

outcomes.

Materials and Methods: All 412 patients with AL

transplanted at Mayo Clinic were included in this

analysis. There were 265 patients transplanted prior

to 1 January 2006, and 157 patients transplanted

after that date.

Results: There were no differences between the two

groups in terms of gender, frequency of renal or

cardiac involvement, serum albumin, creatinine,

interventricular septal thickness, ejection fraction,

age, melphalan dose, serum troponin or B type

natriuretic peptide levels. The groups did not differ

in the distribution of organ involvement (1 versus 2

versus 3 organs in 48, 37 and 14% in the early

transplant versus 47, 39 and 14% in the late transplant

group). The groups did differ in terms of the median

alkaline phosphatase level (93 versus 84, p¼ 0.001),

the frequency of liver involvement (16 versus 10%,

p¼ 0.05), serum beta 2 microglobulin was higher

(2.75 versus 2.5) in the recent transplant cohort. The

early transplant group had a median hospital duration

of 9 versus 7 days in the recent transplant group

(p¼ 0.06). The day 100 all cause mortality for the

early cohort was 12.1% compared with 7% for the

subsequent cohort (p¼ 0.09 representing a 41%

reduction in day 100 mortality). Survival at 24 months

was 78% (early) versus 82% (recent).

Conclusion: Day 100 and 2 year survival has

improved since 1 January 2006. The lack of statistical

significance is likely a reflection of the small number

of deaths in the cohort and it is likely that this will

become more significant with additional patients. It

is possible that some of the impact is related to

improved supportive care vs. patient selection.

OP-090

Improved survival in light chain amyloidosis

S. Kumar, A. Dispenzieri, M. Lacy, S. Hayman,

F. Buadi, K. Detweiler-Short, S. Zeldenrust,

N. Leung, D. Dingli, P. Greipp, J. Lust, S. Russell,

R. Kyle, V. Rajkumar, & M. Gertz

Departments of Hematology and Nephrology, Mayo

Clinic, Rochester, MN, USA

Background: Primary systemic amyloidosis (AL)

is an incurable, clonal plasma cell disordercharacterised

by multi-organ deposition of immunoglobulin light

chain-derived amyloid fibrils. The treatment of AL
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has undergone a significant change over time,

especially in the last decade as a result of wider use

of autologous stem cell transplantation, appreciation

of the efficacy of melphalan–dexamethasone combi-

nation and its increasing use as well as the use of

newer agents that have been introduced for the

treatment of myeloma. However, it is still unclear

whether the outcome of patients with AL has

improved over time.

Methods: We examined the outcome of 2119

patients with AL seen at Mayo Clinic over a 40-year

period between 1966 and 2006. Patients were

initially grouped into four 10-year periods (1966–

1976, 1977–1986, 1987–1996 and 1997–2006) and

survival estimated using Kaplan–Meier plots. In

addition, the patients seen during the last 10 years

were also grouped into two, and their survival

compared.

Results: The median estimated follow up from

diagnosis for the entire group was 9 years (95% CI;

8, 10 years); 85% of patients had died at the time of

last follow up. The 5-year OS from diagnosis had

improved during each decade of follow up since

1966; 12, 16, 19 and 28%, respectively for the time

periods 1966–1976, 1977–1986, 1987–1996 and

1997–2006 (p5 0.001, see figure). We also exam-

ined the trend during the last decade, dividing

patients into 2 groups of five years each. The five

year estimate was 21% during the first 5 years

compared to 33% for the second half; p¼ 0.002.

However, the one-year estimated mortality has not

improved during the last 3 decades examined and is

approximately 45%. There was a trend towards

increasing age at diagnosis over the decades

(p5 0.01). In terms of laboratory and clinical

findings at diagnosis, the only significant trend was

higher ejection fraction in the latter groups.

Conclusion: The survival of patients with AL has

been slowly improving during the past four decades,

with the maximum improvement seen in the last

decade. This likely reflects the increasing treat-

ment options with high haematological and organ

response rates. However, it is disappointing that no

significant improvement in the early mortality with AL

was seen, which is likely to be a reflection of the limited

treatment tolerability in this group of patients with

advanced AL, especially cardiac involvement.
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