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The tropism of organ involvement in primary systemic amyloidosis: contributions

of Ig V. germ line gene use and clonal plasma cell burden

Raymond L. Comenzo, Yana Zhang, Carmen Martinez, Keren Osman, and Guillermo A. Herrera

Primary systemic amyloidosis (AL) is a
protein conformation disorder in which
monoclonal immunoglobulin light chains
produced by clonal plasma cells are de-
posited as amyloid in the kidneys, heart,
liver, or other organs. Why patients with
AL present with amyloid disease that
displays such organ tropism is unknown.
This study tested the hypothesis that
both the light-chain variable region (I~ V})
germ line genes used by AL clones and
the plasma cell burden influenced AL
organ tropism. To assess the renal tro-
pism of some light chains, an in vitro
renal mesangial cell model of amyloid

formation was used. With reverse tran-
scription-polymerase chain reaction, Ig
V. genes were sequenced from 60 AL
patients whose dominant involved or-
gans were renal (52%), cardiac (25%),
hepatic (8%), peripheral nervous system
(8%), and soft tissue and other (7%).
Patients with clones derived from the  6a
Vhv germ line gene were more likely to
present with dominant renal involvement,
whereas those with clones derived from
the Ic, 2a2, and 3r V) genes were more
likely to present with dominant cardiac
and multisystem disease. Patients with
V. clones were more likely to have domi-

nant hepatic involvement and patients
who met the Durie criteria for myeloma
(38%, 23 of 60) were more likely to present
with dominant cardiac involvement inde-
pendent of germ line gene use. In the in
vitro model, unlike all other AL light chains
tested, AVI light chains formed amyloid
rapidly both with and without amyloid-
enhancing factor. These data support the
hypothesis that germ line gene use and
plasma cell burden influence the organ
tropism of AL. (Blood. 2001;98:714-720)

© 2001 by The American Society of Hematology

Introduction

Primary systemic amyloidosis (AL) is a rare protein conformation argerm line gene¥:14 Using these databases, the clonal/jggenes of
clonal plasma cell disorder similar to multiple myelokfaln AL, patients with B-cell disorders can be assigned germ line genes and
fibrillar material usually composed of the amino termini of immunoglobwassessed for homology to germ line sequences. In addition, investigators
lin light chains (often of thé isotype) is deposited in key viscera by arhave determined the relative contributions of germ line genes to the
unknown mechanisit® At diagnosis, AL usually displays a tropism circulating B-cell pool in healthy individuals (the normal expressed
for one organ system or another, resulting in various dominant symptoiepertoire:>1°By such approaches, a germ line gene rarely used in
atic clinical presentations. For example, patients with dominant cardie normal repertoire may be shown to be used preferentially in a
involvement may present with right-sided heart dysfunction and magrticular B-cell disordet?
have electrocardiograms showing low precordial voltage and a patternin this report we identify clonal Iy, genes from patients with AL to
of myocardial infarction in the absence of coronary artery diseatst the hypothesis that the tropism of organ involvement is a function of
(pseudoinfarct pattern). Patients with renal involvement often presé¢givi germ line gene use and plasma cell burden. We used the presence
with proteinuria in the nephrotic range, whereas those whose periph@fanyeloma as defined by the Durie diagnostic criteria as a surrogate for
nervous system is involved present with orthostasis or sensorimdtsma cell burden and, for the sake of analysis, assumed that patients
polyneuropathy? These distinctive features—fibrillar depositspre- ~ With myeloma have a greater plasma cell burden and produce more
dominance, and the tropism of organ involvement—remain unexplainédyloid-forming light chains! In addition, we used an in vitro renal
During early B-cell development, immunoglobulin germ line gene®esangial cell model for amyloid formation to assess the relative
rearrange with retention of selected genes, endowing each B cell viiivities of AL light chains of different isotypes. Our results demon-
one heavy-chain and one light-chain variable region germ line geneSteate that Igvi. germ line gene use in AL is preferential, involving
encode the hypervariable or complementarity-determining regio?%Verm genes that make minimal contributions to the normal repertoire,
(CDRs) of the immunoglobulin protein. In the antigen-dependent sta@@d that the tropism of organ involvement in AL is significantly
of B-cell development, the rearranged germ line genes mutate at a mifdyenced by 19/, germ line gene use and clonal plasma cell burden.
higher rate than somatic genes, a process that results in unigue
immunoglobulin variaple region gene sequencesk/(tgyL = V{‘ and Patients, materials, and methods
V,). In a clonal B-cell disorder, these sequences provide a signature for
the clone. Identification of clonal Ig_ genes with the polymerase chainPatients and plasma cell disease
reaction (PCR) has proven useful in the study of B-cell disorders and h@@ patients with AL were evaluated for the extent of amyloid-related organ
permitted the compilation of comprehensive directories &f,lgndV,  involvement and for dominant organ involvement by standard criteria as
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previously describeét24Briefly, at presentation patients were categorized A
according to clinical manifestations as having renal, cardiac, hepatic, or Expressed gene and potential PCR primer pairs
neuropathic dominant organ involvement. Patients with more than one of
these features were categorized according to the most prominent and
symptomatic organ involvement. Other manifestations, such as soft-tissue |
involvement, were defined based on tissue biopsy results or pathognomonic |
physical findings (eg, shoulder-pad sign). Plasma cell disease was evaluated + - > - + «

. ; . . L FR1 CODR1 COR3 5'C, re,
as previously describedand clonal plasma cell disorders were categorized
as meeting or not meeting diagnostic criteria for myeloma using the Durie
major and minor criteria as describ&d.

Renal involvement was defined as proteinuria more than 0.5 g/d and
renal failure as dialysis dependence or creatinine clearance less than 10
mL/min. Cardiac involvement was defined as the presence of a mean left
ventricular wall thickness on echocardiogram more than 11 mm in the B
absence of a history of hypertension or valvular heart disease, or as the
presence of unexplained low voltage 0.5 mV) on the electrocardiogram.

Leader vy Jo C,

Light-chain protein ema and regions

—L e Lald

FR1 FR2 FR3 FR4 c

Patients who were New York Heart Association (NYHA) class 1 with Sus ol

evidence of cardiac amyloid by echocardiogram or electrocardiogram were _
categorized as having asymptomatic cardiac involvement. Patients who % =
were NYHA class 2 or higher with evidence of cardiac involvement were Ko -
categorized as having dominant cardiac involvement. Neuropathic involve- : :

ment was defined based on clinical history, autonomic dysfunction with
orthostasis, gastric atony by gastric emptying scan, and abnormal Sensor¥Qlve 1. Light-chain variable region gene, protein, and PCR. (A) The upper
motor findings on neurologic examination. Hepatic involvement was defined @&tch shows the Leader, V, (variable), J; (joining), and C; (constant) gene segments

hepatomegaly with an alkaline phosphatase level more than 200 U/L. as found in an expressed gene, and the various sets of primers that may be designed
to amplify the variable region gene or portions of it. The lower sketch shows a schema
of the light-chain protein and its regions. Framework regions (FR1-4) provide structure and
usually have few amino acid replacements due to somatic mutation. Complementarity-

Bone marrow aspirates were obtained from patients with biopsy-proven Altermining regions (CDR1-3) provide sites for antigen binding and have frequent
who gave written informed consent under institutional review board—approvig " 8¢id mutations due to somatic muitation. The constant region (C) aiso provides

X X R sructure. Note that the VJ junction comprises the middle of the CDRS3 region. (B) A
protocols. Marrow cells were treated with ammonium chloride to lyse red blogg g gel is shown of the same V,, light-chain cDNA amplified with different sets of
cells, washed, pelleted, and frozen as pFEViGﬂBSC”bECF-5'26FOF preparation primers. Lanes 1 through 4 show segments of different length amplified with primers
of complementary DNA (cDNA), total RNA was extracted from710 to different portions of the gene: lane 1, L-3' C; primers — 708 bp; lane 2, L-5' C,
marrow cells using TRIzol (Gibco-BRL, Gaithersburg, MD). Preparationimers — 435 bp; lane 3, FR1-5" C, primers — 378 bp; and lane 4, CDR1-CDR3
of CDNA were made with Superscript I reverse anscriptase (LIS - 24115 PCR it uiave CORL CORS priners = set for cetectng
Technologies, Grand Island, NY) as previously descrif¢8The cDNA R

iy . X X N o indicates size markers as shown in legend; B, no cDNA blank; bp, base pairs.
was amplified by PCR usind Bligonucleotidd=R1primers specific for the

. T )
exp!'essed YL _subtypes_ \.Nlth. &, or panc, primer=’ Each specimen was (I;ﬁe.cam.ac.uk/imt-doc/vbase-home-page.html) sequence directory comparison
subject to multiple amplifications and bands were selected for cloning frobase d on maximum homology of the nucleotide sequé@@siomology to

3 separate P(.:R experime nts._ The _ampllfrmienal _from the PCR reactlons_ %erm line sequence was calculated for completgenes excluding nucleotides
was prepargd in a TA Cloning Kit (InV|t.rogen, san I_Dlego, CA). TWE.BIV? COI(.)meass ciated with th&J junction (codons 95 and 96) arieR4 All AL gene
representative of the 3 separate reactions were picked for plasmid isolation g&ﬁﬁ ences were submitted to GenBank, Where indicated, protein sequences were

S(_:reened fqr appropriately sized insertstncR1 digest and electrophort_e_s_ls. diduced and analyzed for characteristics of amyloid-associated light &ffains.
Five to 10 inserts were sequenced backward and forward at core facilities.

plonal lgVi W as identified provided that one ge_ne wag ghstmctly oyerrepresen%%lation of urinary immunoglobulin light chains and culture of

in each patient and that the gene was present in a minimum of 3 inserts. Bec%use .
. . . ; . . uman mesangial cells

the FR1 primers routinely introduce minor sequencing errors, primers/for

leader () regions were designed and additional PCR amplificationsbmi  Urinary immunoglobulin light chains from patients with plasma cells

primers were performed to sequerigl correctly (Table 1, Figure 1). Genes diseases were purified and characterized as previously des#tited.

with correctly sequenceféR1regions were analyzed for homology to germ lineHuman mesangial cells were obtained from kidneys procured for transplan-

Specimen preparation and cloning of Ilg V| genes

donor sequence and evidence of somatic hypermutation. tation but not used or from normal areas of nephrectomy specimens, after
obtaining written informed consent under protocols approved by the
Sequence analysis of V, genes and proteins institutional review board. The cortex was dissected and glomeruli isolated

X A, - )
Sequence alignment analyses were performed by GenBank BLAST (Ba%lscprewously describetd:*? The pellets containing glomeruli were resus

Local Alignment Search Tool) search and germ line gene counterparts ended for culture in medium containing RPMI 1640 (Life Technologies)

re; . ) ) -
) . . . ) uffered with 12.5 mM HEPES (Sigma-Aldrich, St Louis, MO) at pH 7.4
assigned by V-BASE (Ig variable region gene database, http.//www.mracnd supplemented with 20% heat-inactivated fetal bovine serum (Hyclone

Laboratories, Logan, UT), penicillin/streptomycin, andwg/mL bovine

. ) ) ) insulin. Cellular outgrowths were observed 3 to 5 days after attachment of
Table 1. Polymerase chain reaction sense primers for germ line gene leader

regions and amplicon lengths when used with 5/ constant region antisense glomeruli to culture plates. Once outgrowths were established, cells were

primers trypsinized, passed through a @A sieve to remove whole glomeruli, and

Germ line donor Amplicon length replate_d on 100-mm tissue culture dishes. Mesangial cells overgrew
(subtype) Primer sequence (5'-3') (bp) epithelial cells and became confluent 3 to 4 weeks after plating, were

maintained in culture, and were analyzed as previously described for

Ic(V, AT AGC TT T CTC CT ~ 447 e S .
202( :/’) ATE ggg ng GC(?I' i(':re ETCG CCTCC muscle-specific actin, vimentin, factor VIII, and kerati3 The presence
3‘3 Vi) ATG GCA TGG ATC CCT OTC TTC of the first 2, and absence of the last 2, confirmed that the cells were a
Gr(v“”) ATG GG TGG GCr CoA CTA CTT . homogeneous population of mesangial cells. In addition, ultrastructural
@ (Vav) evaluation confirmed morphologic findings including myofilaments and
018-08 (Vi) ATG GAC ATG AGG GTC CCT GCT ~ 414 Lo g

attachment plaques, indicative of mesangial cells. Second-passage mesan-
LFVK431 (Vi) ATG GAC ATG AGA GTC CTC GCT "

gial cells grown on coverslips were used for these experiments.

20z aunr g0 uo jsanb Aq ypd-| 200105 18U/9¥09.9L/¥ L L/€/86/4Pd-8lo1HE/POO|G 18U sUoledlqndyse//:dny wouy papeojumoq



716 COMENZO etal BLOOD, 1 AUGUST 2001 - VOLUME 98, NUMBER 3

Table 2. Characteristics of 60 patients whose amyloid examination of sections stained with Congo red and thioflavin-T by
Ig Vi genes were cloned counting the number of apple-green birefringent or strongly fluorescent
Characteristic Frequency complexes ax 10 in 10 fields in each coverslip and computing the average
Age. y (median [range]) 55 (29-75) numb_er of compl_e_xes. The counts were repeated 3 times for each
Gender (Men/Women) 41/19 experimental condition and performed by 2 mdepen_dent observers._ResuIts
Median number of organ systems involved (range)* 2 (1-4) were graded as 0 to-B_ using the foII_owmg criteria: G= no amyloid
Dominant organ system involved n (%) complexes, trace questionable amyloid complexes;+1= 1 to 5 com-
Cardiac (= NYHA class 2) 15 (25) plexes, 2= = 5to 10 complexes, andt3= >10 complexes.
Renal 31 (52)
Neuropathic 5 (8) Statistics
gz:):rt'c i S; Means, SDs, medians, and ranges were calculated, and tests for significance
) performed, with PRISM (Graph Pad, San Diego, CA).
Plasma cell disorders n (%)
Criteria for myeloma met 23 (38)
Criteria not met 37 (62)
Clonal BM plasma cells (median [range]) 5-10% (< 5-30) Resu|ts
Serum monoclonal protein present 36 (60)
IgGA 17 Patients with AL and plasma cell disorders
IgGK 2
IgAN 2 Clonal IgV, germ line genes were identified in 60 patients with AL,
IgMA 3 representing 72% of cases in which reverse transcription-PCR
\ light chains only 8 (RT-PCR) was attempted (60 of 83). In the unsuccessful instances,
K light chains only 4 either the material was too scant or the percent plasma cells too
Urine monoclonal protein present 56 (93) low. The characteristics of these 60 patients and the plasma cell
IgGX 3 disorders are shown in Table 2. Fifty-two percent had dominant renal
loAn _ ! and 25% dominant cardiac amyloid. Seventy-five percenhiadnes
'9GA * A light chains ! and 38% had clonal plasma cell disorders that met criteria for myeloma.
\ light chains 33
K light chains 12 AL g V; germ line genes

*Organ systems are kidneys, heart, peripheral nervous system, liver, gastrointes-

{inal tract, soft tissues. In these 60 cases, a median of 5 identical sequences were cloned

per gene (range, 3-7 sequences) and in only 3 cases was a second Ig

) ) ] VL. gene amplified, requiring sequencing of additional inserts to
Amyloid formation and evaluation identify the predominant clone (ratios of 8:1, 4:1, and 6:2). Vhe
Amyloid-enhancing factor (AEF) was extracted from murine spleens anéwi , andV,, subtypes provided germ line donors for 75% of the
purified34 Three days before incubation with purified light chains, the fetatlones, whereas the remainder derived from germ line donors of the
bovine serum concentration of the mesangial cell medium was reducedtg, andV,,, subtypes (Table)3
0.5%. Mesangial cell cultures were incubated with purified light chains with - |n theV/, cases, there was preferential germ line gene utilization.
and without AEF as indicated for up to 96 hours in triplicate for eachne1c gene was used in 8 of M5, cases2a2in 6 of 7V, cases,
experimental situation as previously descriB&éf Then, mesangial cells 3rin 7 of 8V,,, cases, and theagene in all 18/, cases. In the
on coverslips were fixed in 80% ethanol and stained with hematoxylin and al expressed r;apertoire, 7% to 8% of light chains are

i d,f loid, with C d and thioflavin-T. C d—stai .
€osin anc, for amyloid, with f-ongo red and thiofiavin ongorec-staing erived fromlc, 20% to 35% fronRa2, 7% to 8% from3r, and

sections were viewed in polarized light using a BH2 Olympus microsco 0 17181 .
(C-squared, Tamarac, FL). The sections stained with thioflavin-T wefe °70 from 6a.l’18 Light chains of the rare ), subtype have

examined under fluorescent light using a BH2 microscope with UV liggeen found frequently in AE2°In the Vk cases, there was also
capabilities, a Schott 4G2 exciter filter, and a simple UV filter passing onreferential utilization. The relatively radleFVK431germ line
visible light as a barrier filter. Presence of amyloid was evaluated @ene was used in 4 cases and the more com@iB+O8gene in

Table 3. Distribution of dominant organ involvement as a function of germ line gene use

Amyloid organ-system involvement

Features of clonal disease Dominant involved organ No. involved

Germ line Myeloma criteria
V| subtype donor No. patients met Cardiac Renal PNS Hepatic Other 1-2 =3
VI Ic 8 6 4 0 2 1 1 1 7
DPL5 3 1 1 2 0 0 0 3 0
le 2 0 0 2 0 0 0 2 0
la 1 1 0 1 0 0 0 1 0
1b 1 0 0 1 0 0 0 1 0
VIl 2a2 6 1 3 2 1 0 0 3 3
2¢.118D9 1 1 0 1 0 0 0 1 0
VAL 3r 7 1 3 2 1 1 0 5 2
3p 1 1 0 0 1 0 0 0 1
VAVI 6a 18 5 2 15 0 0 1 16 2
VKI LFVK431 4 2 0 2 0 1 1 3 1
08-018 7 4 2 3 0 1 1 5 2
DPK7 1 0 0 0 0 1 0 1 0
TOTALS 60 23 15 31 5 5 4 42 18
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720 All of the V, genes used by the clones in this series were light chains from patients with myeloma with nonamyloid renal
members of th&/,, subtype. In normal usage, genes of thg, diseaseXl = 1, All = 1) and one &l light chain from a patient
subtype dominaté? with light-chain deposition disease. The results of incubation in
mesangial cell cultures with and without AEF at a light chain
concentration of 1Q.g/mL are shown in Table 5. Of note, all of the

Data on germ line gene use, myeloma, and organ disease Alelight chains and none of the controls formed amyloid when
summarized in Table 3. Thec, 2a2, and 3r germ line genes are ?ncu_bated with AEF. In addition, 2 of theXE_VI light chains testeq
associated with dominant cardiac and multisystem disease, wherl8a4)is model system formed more amyloid than all other AL light
the 6a gene is associated with dominant renal disease. Indeed, f&ins and, unlike all other AL light chains, th&/1 light chains
association between tiéa donor and dominant renal involvementformed similar amounts of amyloid with and without AEF. These
is striking and a comparison of the frequency of dominant rendjfferences highlight the propensity of mesangial cells to form
involvement in6a patients versus all others achieves significancd"y!0id without AEF when incubated witkV/I but not other types
(P << .01, x2 = 12.61, degrees of freedom [df 1, relative ©Of light chains.

risk = 2.5, 95% confidence interval [CI], 1.56-4.02).dontrast, & GenBank accession numbers

comparison of the frequency of dominant cardiac involvement among

6a patients versus all others does net= .19). A comparison of the VAl = AF124163-70, AF320833-4, AF320843-AF115347
frequency of dominant cardiac involvement among patients withF054641AF115350

myeloma (10 of 23) versus those without myeloma (5 of 37) also VAl = AF124171-6, AF320831.

achieves significanc®(< .01,x2 = 6.79, df= 1, relative risk= 3.22, VANl = AF124177-9, AF124186, AF320832AF115354
95% ClI, 1.26-8.23). In addition, 3 of 12 patients witk clones had AF054648

dominant hepatic involvement as compared to only 2 of 48 patients with VAVI = AF124180-90, AF320837-9, AF320841/2F115357

V, clones P < .05, Fisher exact test, 2-tailed; relative rist6.0, 95% AF054649AF115358

AL organ system tropism

Cl, 1.13-32.0). k| = AF121191-99, AF320835, Bankit 391245054658
_ Note Italicized accession numbers relate to sequences previ-
AL V. gene analysis ously described by subtype only in reference 26.

Having identified germ line genes in 60 cases, marrow cDNA was

then used in PCR with-C_ primers to amplify and sequence the

correctFR1, as depicted in Figure 1. Eighty-five percent (51 of 60Discussion
were successfully amplified and sequenced directly from PCR

tubes with this technique; the remaining 9 cases gave no identlfi-this report, we identify the immunoglobulin light-chain variable
able amplicons and further cloning attempts were not pursu&pion (IgVi) germ line genes used by the plasma cell clones of 60
(Vy = 3, Vi = 2, Vawi = 3,V = 1). All 51 genes sequenced inpatients with AL. We assess the plasma cell disorders in these
this fashion corresponded identically to their previously clonegtients as meeting or not meeting the Durie critéfiar multiple
counterparts except for the differencesFR1 introduced by the myeloma and analyze the amyloid-related organ disease in these
FR1primers & 3 nucleotides). Using these correctly sequenced Patients as a function of both i germ line gene use and plasma
AL V_ genes, we determined the percent homology ofAlgenes cell burden (patients with or without myeloma). The hypothesis
with germ line sequences, as an indication of the degree ¥Rt germ line gene use and plasma cell burden influence the
antigen-driven mutation. All 51 genes showed evidence of likely

prior antigenic challenge. The median percent homology to germ

line was 95.5% (range, 88.3%-98.9%). Of note, as depicted in

Figure 2, theV,y, AL genes were more homologous to germ line » «I—_I_ ‘1‘ .....

than the other ALV, genes. %

AL V| protein analysis N Y S

The protein sequences were deduced foMplgenes derived from the e 2 r 6a  O18-08

1c 2a2 3r, 6a, 018-08,and LVFK431 germ line genes, and the ) = ;:; :"‘5 0'2" ‘";’
cvs - R . .21 073

deduced sequences were assessed for amino acid replacement mutations

that have been associated with amyloid light chains and for mutations S B B e S B
that result in the creation of sites fdt-glycosylation (N-x-S/T§:33 e 048 0 - | 008 L 038
6avs 0.21 0.04 0.05 - 0.62

Amino acid positions are as designated by Kabat-Wu numb&irge
results of this analysis are shown in Table 4 and the features of fffire 2. Percenthomology to germ line for commonly used AL IgV, genes. The

. . T . . rcent homology (%) is a reflection of the frequency with which individual
replacement amino acids are indicated. Germ line—encoded resMueiﬁg@ tides in an /g gene have been mutated from germ line. Percents were
may play a role in amyloid formation are not includdd.these \« and  determined for individual AL /g V, genes correctly sequenced with L-C, primers.
V) AL Iight chains, residues with frequent replacement mutations aftgoregate results are depicted by germ line subgroup; medians and ranges for

. . . . .. specific subgroups are shown on the chart and P values of Mann-Whitney compari-
located along the proteln surface in areas involved with the blndlngs@ﬁs in the table. The 6a genes are the most homologous to germ line and the 3r

antigen such as positions 30 to 32, 50 to 52, and 93 to 96. genes the least. The difference between 6a versus 2a2 or 3r V; genes achieves
) o statistical significance. Because the 6a donor is not a common contributor to the
Amyloid formation in vitro normal expressed repertoire, the difference in homology with genes of other V,

subgroups may reflect a normal process that distinguishes infrequently used germ

Ten urinary immunoglobulin light chains were tested in vitroline genes but may also reflect the propensity of 6a clones to produce amyloid due to
Seven were from patients with biopsy-proven AL with renadem line-encoded features. It may also reflect a difference in the origins of AL clones.

. . . . . For example, one might in theory see such a contrast if 6a clones were derived from
disease |nclud|ng 4 of the 60 whose \Mg genes were identified de novo postgerminal center B cells, whereas clones of other V) donors were derived

(AWVI = 3, Al = 2,kl = 1, Il =1). Three were controls; 2 were from memory B cells subject to additional circuits through the germinal center.
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Table 4. Mutated amino acid residues in deduced amyloid light-chain proteins

BLOOD, 1 AUGUST 2001 - VOLUME 98, NUMBER 3

V| subtype Germ line donor Mutated residue No. cases Replacement(s) Amino acid features
VAL Ic(n=28) GIn38 6 His Neutral to basic
Pro40 1 Ser Both neutral
Ser50 3 Thr, Iso All neutral
Arg Neutral to basic
VAl 2a2(n = 6) GIn38 5 His Neutral to basic
Glu50 4 Asp Both are acidic
Ser52 4 Asn (n = 2) All neutral
Thr(n=2)
Ser94 1 Asn N-gly site
VA 3r(n=7) Lys31b 3 Glu Basic to acidic
2 Tyr, Asn Basic to neutral
N-gly site
Pro40 2 Ala, Ser All neutral
Ser52 6 Thr (n = 3), All neutral
Asn (n =2)
Asp Neutral to acidic
Ala90 3 Thr (n = 2), All neutral
Ser
Ser94 4 Gly (n = 2), Asn, All neutral
Arg Neutral to basic
VAVI 6a(n = 18) Arg25 5 Gly Basic to neutral
Ser3la 6 Ala, Gly, Val, All neutral
Asn (n=2)
Asp Neutral to acidic
Asn31b 5 Ser, Tyr (n = 2) All neutral
Asp Neutral to acidic
Pro40 3 Thr, Gly, Ser All neutral
Ser43 8 Ala (n = 8) All neutral
Asn52 9 Asp (n =4) Neutral to acidic
Lys Neutral to basic
Ser (n = 3), Thr All neutral
GIn53 5 Val (n =2) Both neutral
Glu(n=2) Neutral to acidic
Lys Neutral to basic
Ser93 12 Asn (n =4), Thr(n = 2), All neutral
Gly (n = 4)
Asp (n =2) Neutral to acidic
Ser94 11 Asn (n = 9), Gly All neutral
Arg Neutral to basic
VKI 018-08(n =7) Ser30 Ala (n = 2), Thr, Asn All neutral
Asn31 Lys Neutral to basic
Tyr32 Phe (n =2) Both neutral
His Neutral to basic
Glus5 3 Gln(n=2) Neutral to acidic
Lys Acidic to basic
Asp70 3 Asn (n = 2) Acidic to neutral,
N-gly sites
His Acidic to basic
Thr72 2 Iso Both neutral
Asn Neutral to basic,
N-gly site
Leu96 4 Tyr, Pro, Thr, Phe All neutral
LFVK431 (n = 4) Gly28 3 Asp (n =3) Neutral to acidic
Tyr32 3 Phe (n = 3) Both neutral
Ala50 2 Ser(n=2) Both neutral
Lys61 3 Asn (n = 3) All neutral,
N-gly sites
Asp70 2 His Acidic to neutral
Asn Acidic to neutral,
N-gly site
Ser93 Asn Both neutral
Arg96 Tyr (n = 2), Pro Basic to neutral

These represent the most commonly mutated residues found in our sample with particular focus on amyloid-associated light-chain residues as described in references 8

and 30. Residues in bold are in complementarity-determining regions (CDR). N-gly site indicates the N-glycosylation site.
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Table 5. Amyloid formation in an in vitro renal mesangial cell system tween dominant cardiac involvement and ﬂ:T.E 2a2, and 3r VA
Amyloid complexes genes, and between dominant renal involvement anéalgene,
Type of light chains No. tested 4 AEF — AEF also contain prognostic significance. That s, links are likely to exist
Amyloid 7 between germ line gene use and overall survival, as well as
Nt 2 14,24 0.0 between germ line gene use and survival after stem cell transplant,
VI 3 34,34, 1+ 3+ 3+,1+ aswe have recently suggestéd.
KI 1 1+ 0 With respect to the technique of clonal gene identification,
Kl 1 2+ 0 RT-PCR was used to amplify clonal light-chain genes from bone
Controls 3 marrow cDNA using=R1-G primers and strict rules developed for
N 1 0 0 identification of candidate cloned genes. Clonal¥iLgenes were
):: i g g assigned germ line donors and, for purposes of further analysis,

85% of them (51 of 60) were successfully amplified a second time
AEF indicates amyloid-enhancing factor. with Leaderprimers and sequenced directly to identify potential
errors inFR1introduced byFR1 primers. In these instances, this

tropism of AL organ involvement is supported by this analysiéecond round of amplification also served to confirm the identity of

Patients with6a V, clonal disease are more likely to havethe cloned genes as clonal genes. In addition, the distribution of

dominant renal involvement, whereas those with oteclones 96 line genes and the percent homologies to germ line indicate

often have dominant cardiac amyloid and multisystem disease. Afi@t _certain germ line genes likely possess intrinsic features

patients withVk clones are more likely to have dominant hepatiP€disposing to amyloid formaticf. _
involvement, an association that has been linked by Stevens and! € critical physicochemical aspects of the proteins encoded by
others to a possible contribution Btglycosylation of kappa light preferentlally_ used Ilght-chgln genes remain unexplained. Although
chains to the propensity to form amyloid (Table33)n addition, th€ mechanisms underlying organ tropism also remain unex-
patients with AL with myeloma are more likely to have dominanpl@ined, our analysis based on plasma cell burden indicates that
cardiac amyloid independent of germ line gene use. The assoéi%h_t'Cha'” avallablllty or con_centratl_on is likely to be an important
tion between increased plasma cell burden and cardiac amyloi¢Yiable because patients with AL with myeloma are more likely to
consistent with a recent report in which the degree of plasma cBffvé dominant cardiac amyloid independent of germ line gene.
clonality and marrow plasma cell burden were shown to confertdis conclusion fits with long-standing clinical observations and
poor prognosis in AL the results of a similar analysi&3*Recent evidence in support of a
These results also support the claim of preferential germ lifigle for receptor-dependent cell stress in secondary amyloid
gene use in AL, based both on the well-described preponderancé@fation may be relevant in this regard. A multiligand receptor in
X clones and on the frequent use of genes suchca8r, 6a,and the immunoglobulin superfamily (RAGE oeceptor foradvanced
LFVK431that are uncommon in the normal expressed repertoif@ycationend-products) was shown to be up-regulated by amyloid-
Moreover, given the range of homologies to germ line sequenc@&one proteins and integral to amyloid depositidiit is possible
these results support the claim that AL clones originate frofRat, in primary amyloidosis, light-chain concentration plays a role
postgerminal center B cells subject to prior antigenic challenge, s Up-regulating RAGE receptors on macrophages and mono-
depicted in a recent analysis of the sequences of 14 AL géne§uclear phagocytes in different organs and that up-regulation of
Furthermore, the striking association@s Vy, clonal plasma cell RAGE receptors in relevant cardiac cells may require a higher
disease and renal amyloidosis is given additional credibility by ti@ncentration of light chains. Of more concrete relevance, how-
results of in vitro testing in a human renal mesangial cell modedVver, the amino acid replacements we identified in deduced protein
There is specificity to this association; it is clearly apprehended bgquences (Table 4) are in positions that may be associated with
remains unexplained. amyloid formation although specific substitutions that play a causal
It should be emphasized that these data are not free of selectigle or contribute to light-chain instability have not yet been
bias. First, the patients tested were seen on referral to terti@ignerically identified:*°Nevertheless, the presence of these replace
centers, possibly explaining the disproportionate number of madRents in positions along the protein surface further supports a
patients. Second, in many instances the patients were referredfsiecular model of amyloid fibril formation that involves initial
consideration of stem cell transplantation and, therefore, represéifferization of \{ molecules due to interactions among CDR
a possibly younger and healthier segment of the AL patiefgsidues A specific role for receptor-ligand interactions involving
population37-3° Third, the patients also represent a portion of thRAGE or other cell surface receptors and this molecular model are
AL population whose clonal immunoglobulin genes could bgot mutually exclusive in theory.
amplified and identified, for the 60 successful cases represent justThe AL Ig V. genes we have identified are likely derived from
over two thirds of the cases in which RT-PCR was attempted. ThHiestgerminal center B cells, as is indicated by the assessment of
point is particularly relevant to claims made with respect to plasnf®@mology to germ line sequences. Furthermore, a difference is seen
cell burden. Fourth, we assume that plasma cell burden can dwong the subtypes with respect to homology to germ line, as
estimated using criteria designed to distinguish myeloma frohighlighted by the significant difference between @wand the
monoclonal gammopathy of undetermined significance and tta2or 3r clones. It is unknown whether the difference is typical of
this distinction correlates with light-chain productiéin. germ line genes such &= that are rarely used in the expressed
Nevertheless, concerns of bias duly noted, 2 significant assodiepertoire. Indeed, the development of the expressed repertoire is
tions between clonal AV, gene use and dominant organ invelveincompletely documented with respect to marrow plasma cél] Ig
ment emerge from this analysis. Indeed, because we evaluatedgédneexpression. It is also possible that the less homologous subtypes
organ involvement by standard accepted criteria, it is important tepresent clones derived from the memory B-cell pool; their emergence
note that the categories used for dominant organ involvement haway involve antigenic challenge or persistencewiays not well
been shown to possess prognostic significance with respectafipreciated, and may be related to repeat journeys through the
survival1%22 Therefore, the respective associations identified bgerminal center resulting in several generations of mutations in
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sequencé?43Although the difference in homology may reflect thement observed in AL. Of particular note, the specific association

emergence of AL clones against the backdrop of such hypothetibatween theba Vi, germ line gene and dominant renal disease is

sources, it more likely represents the inherent tendencgeof supported by data from an in vitro assay using human renal mesangial

clones to cause amyloid because of germ line—encoded featursdls. The specificity of the association justifies our current effort to

Indeed, given the renal tropism @& clones and the in vitro data we understand its physicochemical basis in order to develop pharmaceu-

offer, a specific receptor-ligand interaction is suggested. tical approaches that may impede amyloid deposition and the progres-
In conclusion, we report a series of 60 clonaMggene sequences sion of disease.

from patients with AL, the largest series to date. We demonstrate that
germ line gene use and plasma cell burden contribute to the tropism of
organ involvement, one of the hallmarks of AL.\fg germ line donors

were associated with dominant hepatic, dominant cardiac and multispeeknowledgments
tem disease, and dominant renal disease. Patients with AL with

myeloma in this series were at increased risk of developing cardie thank Dr Stephen D. Nimer for his advice and continued
amyloid independent of germ line donor. Both germ line gene use aswgpport; and Joanne Santorsa, RN, and Dr Carl O'Hara for

clonal plasma cell burden contribute to the tropism of organ involvassistance obtaining specimens.
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