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Evidence That Amyloidogenic Light Chains Undergo Antigen-Driven Selection

By Vittorio Perfetti, Paola Ubbiali, Maurizio Colli Vignarelli, Marta Diegoli, Roberta Fasani, Monica Stoppini,
Antonella Lisa, Palma Mangione, Laura Obici, Eloisa Arbustini, and Giampaolo Merlini

AL amyloidosis is characterized by fibrillar tissue deposits
(amyloid) composed of monoclonal light chains secreted by
small numbers of indolent bone marrow plasma cells whose
ontogenesis is unknown. To address this issue and to
provide insights into the processes that accompanied patho-
genic light chain formation, we isolated the complete vari-
able (V) regions of 14 light (VL) and 3 heavy (VH) chains
secreted by amyloid clones at diagnosis (10 Bence Jones and
4 with complete Igs, 9 A and 5 k) by using an inverse
polymerase chain reaction-based approach free of primer-
induced biases. Amyloid V regions were found to be highly
mutated compared with the closest germline genes in the

databases or those isolated from the patients’ DNA, and
mutations were not associated with intraclonal diversifica-
tion. Apparently high usage of the Alll family germline gene
V A1 was observed (4 of 9 A light chains). Analysis of the
nature and distribution of somatic mutations in amyloid V
regions showed that there was statistical evidence of anti-
gen selection in 8 of 14 clones (7 in VL and 1 in VH). These
results indicate that a substantial proportion of the amyloid
clones developed from B cells selected for improved antigen
binding properties and that pathogenic light chains show
evidence of this selection.

© 1998 by The American Society of Hematology.

N AL AMYLOIDOSIS, monoclonal light chains accumulate classic feature of AL amyloidosis (up to 40% of the ca&€8)

in fibrillar tissue deposits (amyloid), leading to progressive gene usage at the germline level is unknown in AL amyloidosis;
dysfunction of target orgarisLight chains, most frequently of and (4) a study on multiple myeloma recently stressed the
the \ class, are secreted by small numbers of indolent boneémportance of VL in the characterization of the role of antigenic
marrow plasma cells (PC)The natural history of the amyloido- selection on the B cefl.
genic clone is at present unknown. Information might be
obtained from an analysis of the nature (silent [S] or amino acid
replacing [R]) and distribution of somatic mutations in Ig

variable (V) regions.For example, evidence of clustering of R ! . o . ; :

mutations in the antigen-binding loops (CDR), together with proven light chain ar_nyI0|d03|s_ were studied at diagnosis. Bone marrow
. L . ! aspirates were obtained after informed oral consent was given. Analysis

their scarcity in the framework (FR) regions (conserved areagy pone marrow PC light chair/x ratiod and labeling indexdswere

with structural importance), is consistent with a role for antfgen performed with immunofiuorescence procedures. Monoclonal compo-

in selecting and expanding the B cell that will eventually give nents were detected by immunofixation of serum and urine using

rise to the amyloidogenic PC. anti-isotype-specific rabbit antisera (Dako, Glostrup, Denmark).

To provide insights into the processes that accompanied the Inverse-PCR amplification; cloning and sequencing of bone marrow
formation of amyloidogenic light chains and PC, we isolated themonoclonal light and heavy chainsThe inverse PCR-based proce-
complete nucleotide sequences of the Ig V regions of 14 lighgdure used to isolat(-?- the_lg \ regi_ons of AL amyloidosis patients has
(VL) and 3 heavy chains (VH) secreted by amyloid clones usingr‘:'_'cel'?“y beerl d(;ast():rlbed in detaBriefly, doulble-stralllnded CDt;lA ftromd .

; ; . ’ oll-separated bone marrow mononuclear cells was blunt-ended,
32(;2\/;;?)/9é)r?rglgsrs;sc?f?(?lfg:i%c:ls(:grsf r(s;)ogiszg Ztsratf%)\//;? gz:ated upon itself to form a circle with T4 DNA ligase (GIBCO-BRL,

. . . . ife Technologies, Grand Island, NY), and PCR-amplified using
biases for certain sequencew/e focused on light chains and oligonucleotides specific for the and 3 of the heavy and light chain

principally on Bence Jones (BJ) proteins for the following onstant region isotypes. Amplimers are oriented toward the V region
reasons: (1) the primary structure of VL is implicated in (A primers) or toward the '3end of constant regions (B primers);
amyloid depositiofy (2) secretion of free light chains only is a consequently, the amplification product consists dt3'): namely,
the 3 end of the constant region and the untranslated region, poly-Atail,
5’ untranslated region, leader, V region, and themld of the constant
From the Research Laboratories of Biotechnology and Organregion. The PCR products obtained from 3 to 4 independent amplifica-
Transplantation, Clinical Immunology Unit, the Department of Internal tion rounds were pooled, gel-purified, and cloned into plasmid. Several
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Institutes of Human Pathology, Biochemistry, and CNR-IGBE, Univer-mated DNA sequenceand compared with each other. The presence of
sity of Pavia-IRCCS Policlinico S. Matteo, Pavia, Italy. the same V region sequence in several clones indicates its monoclonal
Submitted October 6, 1997; accepted December 9, 1997. origin, because no primer-induced bias can be introduced during
Supported by AIRC, Italian Ministry of Health (project no. 261RFM92/ amplification and the fraction of plasmid clones with a given V region
02), CNR target projects ACRO (projects no. 94.01322.PF39 andsequence is proportional to the amount of its mRNA in the bone
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The publication costs of this article were defrayed in part by page monoclonal V regions, alignment was made with the current releases of
charge payment. This article must therefore be hereby mdikeder- EMBL-GenBank and V-BASE (V BASE Sequence Directory; Tomlin-
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MATERIALS AND METHODS

Patients and bone marrow studiesFourteen patients with biopsy-
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likelihood that the observed R mutations in a gene segment occurred byTable 1. Clinical Findings and Laboratory Values of the 14 Patients

chance. The formula predicts the expected number of R mutations and is With AL Amyloidosis Studied
based on the total obser_ved mutations-@&), the R mutations found in Age MainOrgan  Monoclonal BMPC  BMPC  BMPC
the CDR or FR, the relative lengths of the CDR or FR, and the expected patients  (yr) Involved* Component %  KkIARatiof  LI%

proportion of R mutations (Rf). Nucleotides in the CDR show greater

- - - . L . UA 59 Heart BJ 7 49.0 0.2

susceptibility to generating R mutations, ie, substitutions in these Q ) . K
regions are more likely to produce amino acid replacem@ritsr this TAU 49 Kidney, liver - BJx 10 541 ND
IAC 55  Liver BJk 4 61.5 0.2

reason, specific Rf values were calculated for each germline segment
according to Chang and CasHii.

Isolation of VL germline genes.After identification of the presumed
VL germline gene through database searching, the patients’ own
germlines were isolated by means of an adaption of established

ORR 65 Heart BJk 10 7.3 0.0
DIB 70 Kidney BJIA 7 0.28 0.1
PAP 53 Gl BJIA 10 0.2 ND
SEM 46  Muscle, Gl BJIA 5 0.02 0.2

) ) FER 1 Muscle,GI B 11 .
procedured?13 DNA from the peripheral blood neutrophils of 5 ° uscle, G N 3 0 0.0
atients was PCR-amplified using primers complementary to both GHE 78 Heart BJA 10 0.02 0.1
P FIL 57 Heart BJIX 4 0.07 0.0

the leader sequences of the monoclonal V regions and germline genes

VL1 (5'-ttcctcggegtecttgctta-3 patients SEM, PAP, DIB, and DEP) CAR 62 Skin,nerves 1gGk +BJxc 10 4067 0.0

and B3 (primer %IV LEA 13 patient QUA) and 3primers that anneal SET 56 Lung gGX 3 0.67 04
) S ) . MAR 73 Heart IgAN 7 0.13 ND

to regions of the 3recombination signals that are highly conserved )

i S 4213 . P DEP 48  Skin, heart IgAN + BIN 10 0.23 0.2
within gene families?13 The generality of the ‘3primers allows
coamplification of related germline gen&s3 After cloning, six Abbreviations: GlI, gastrointestinal tract; BMPC, bone marrow PC;
plasmid inserts were sequenced as described above. L1%, labeling index; ND, not determined.

Amino acid sequencing of light chains from amyloid fibrils and BJ *Main organ involved at diagnosis.
proteins. Amyloid fibrils from patients CAR (Ig@&) and DEP (IgA\) tNormal values are =1.1, <2.6.7

were extracted from biopsy specimens. Light chains were digested with

trypsin and peptides were purified by reverse-phase chromatography

following reported proceduréd. PAP and SEMA BJ proteins were

isolated from urine. Amino acid sequencing was performed by adsorpa amyloid PC clone, as documented by the slight deviation in

tive biphasic column technology using an HEG-lOOOA pr_otein sequenaghe hone marrow P&\ ratio (Table 1).

tor (Hewlett Packard, Palo Alto, CA) as previously described. Cloned VL regions correspond to the light chains isolated
RESULTS from fibrils and urine. In 4 cases, we compared the derived

amino acid sequences of cloned VL regions with partial protein

Isolation of VL and VH regions secreted by amyloid Clones'sequences of light chains extracted from amyloid deposits

Table 1 reports the characteristics of the 14 patients at diagnosis_ . . v . B

of AL amyloidosis. Bone marrow PG\ ratios showed (?fegljjuest. QAR—_:éto 3,%:5?;32422&?\6_2 t20t87%8and
expansions of PC with the same isotype as the monoclonal proteins (residues: —oload, SEVA = 2 10 ). .
component. PC in the S-phase of the cell cycle (PC IabelindDroteln-derlved sequences confirmed identity in both germline
indexes) were extremely rare, a typical finding in AL amyloido- coded and somatically mutated residues (see “Light and heavy

sis6 There was no evidence of associated multiple myeloma. rfains from amyloid clones are highly mutated. Analysis of
7 cases, it was possible to observe patients for more than S0Matic mutations”), thus demonstrating that the correct mono-

years; the disease remained stable with only slight modificac!onal VL regions had been identified.
tions in the bone marrow PC numbers. Gene usage by amyloid cloned-or the most part\ andk

V regions from bone marrow cDNA were inverse-PCR amyloid light chain.s. used genes .that bellong to the most
amplified and cloned into plasmid, and multiple inserts wereNUmerous gene families:\i (5 of 9 light chains) and W (3
sequenced. The number of identical/sequenced plasmid inser® 5: Table 2). The germline genexl.1,*" also known as
for each patient is included in Tables 2 (VL) and 3 (VH). In each DPL23and 3ri®was rearranged in 4 of 9 cases. By contrast,
case it was possible to identify a single, identical, repeated \light chains used various germline genes. There was almost
region. The other sequences were different from one another. &onstant usage oh2/3 (8 of 9\ light chains; Fig 1A), the most
minimum of 3 (Table 2; SET Ig&) and an average of 6.6 Ccommonly rearrangedJsegmentin general;**whereas 2 of 5
repeated plasmid clones were sequenced for each patient. Evénlight chains used «B (Fig 1B), which is not frequently
when 9 repeated clones were sequenced from the same patiegployed in peripheral blood-positive lymphocytes<10%
(Table 2; QUA B, CAR IgGk, DEP IgA\), no significative  of functional rearrangement%).
nucleotide substitution was observed. We detected only 11 VH region analysis is reported in Table 3. Two heavy chains
mismatches in more than 42,000 sequenced basepairs (11Bed members of VHIII gene family and one used a member of
plasmid clones), a result that is fully compatible with the VHI. The JH4b segment was employed in all cases (Fig 2).
estimated error of the cloning proceddrdo clones presented CDR3 formation mechanism.Figure 1 illustrates the most
more than one mismatch with the predominant sequencdikely mechanism of amyloid light chain CDR3 formation.
Nucleotide changes were present mainly in the FR (9/11) andrimming of VL and/or JL segments occurred in 9 of 14 cases,
none in the CDRS3; the latter, subject to the greatest in vivoand in 5 instances~36%), nongermline nucleotides were
variation, were isolated to single plasmid inserts, ie, they wergfound at junctions. Both templated (P; Fig 1, nucleotides in
not found to occur more than once and were distributed inparenthese3) and nontemplated (N) nucleotides were appar-
different patients. Patient SET had only 3 of 10 identical ently observed. Figure 2 shows the CDR3 formation of VH. In
plasmid inserts (Table 2); this result is compatible with a smallthis case, too, trimming of JH and N nucleotides were found.
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Table 2. The VL and JL Germline Segments Used by Amyloidogenic Light Chains and the Number of Identical/Sequenced Plasmid Inserts

CDR FR Identical/
Amyloid VL Germline Nucleotide Sequenced
Clones (family) Identity™* (%) R S P (CDR)T R S P (FR) Inserts
QUA BJk B3 (xIV) 94.1 9 (4.4)% 3 .012 3(9.4) 3 .002 9/9
TAU BJk 02/012 (xl) 91.6 9 (5.0 3 .029 6 (13.4) 6 .002 8/9
IAC BJk L2 (xI1) 91.9 4(4.7) 0 .202 13 (12.8) 6 .165 8/8
ORR BJk L1 (xl) 94.4 4(3.3) 1 .205 7(8.9) 4 125 717
DIB BJX NILL (AN 94.0 9 (3.6) 2 .003 5(9.2) 1 .025 77
PAP BJX NILL (A1) 89.8 15 (6.1) 2 .0002 8 (15.7) 4 .002 5/6
SEM BJIA NILL (AN 94.7 6(3.2) 2 .053 5(8.1) 2 .057 6/6
FER BJIA 1b (AI) 95.9 7 (2.8) 1 .008 2(6.1) 2 .014 5/5
GHE BJIA 2b2 (A1) 93.3 6 (4.5) 2 144 8(10.4) 4 A 6/6
FIL BIXA 4b (\IV) 96.0 7 (2.8) 1 .008 2(6.3) 2 .01 5/6
CAR IgGk 08/018 (k) 95.8 5(2.5) 1 .063 4 (6.7) 2 .070 9/10
SET IgGA N3.1 (Al 95.4 7(2.7) 1 .008 3(7.0) 2 .019 3/10
MAR IgAN 2b2 (\II) 92.6 7 (5.0) 0 111 10 (11.4) 5 .140 7111
DEP IgAN NILL (NI 95.4 5(2.8) 2 .082 4 (7.0) 2 .055 9/9

*When compared with the closest germline gene. The leader is excluded from identity calculations to allow comparison with other studies.
tProbability that the observed R mutations occurred by chance (calculations according to Chang and Casali't).
FNumber in parentheses indicates number of R mutations expected by chance.

Light and heavy chains from amyloid clones are highly light chains, with a wide range in somatic mutation (from 3.7%
mutated. Analysis of somatic mutationslo test amyloid V  to 10.5% of nucleotide substitutions).
regions for the presence of somatic mutations, their nucleotide Somatic mutations were also present in JL and JH segments
sequences were compared with the closest germline genes in tif€igs 1 and 2).
databases. In ¥ cases (DEP, PAP, SEM, and DIB) and tase Nucleotide sequences of the V regions were submitted to the
(QUA), the corresponding germline segment was also lookedEMBL-GenBank databases (accession nos. 266542, AF026918-33).
for in the patients’ neutrophil DNA and a gene identical to the Replacement mutations and antigen selection in amyloid Igs.
sequences published was found (data not shown; sequenc€&ional expansion takes place in the germinal center cells that
available from GenBank [accession nos. AF026934-38]). acquired mutations that improve antigen binding while preserv-

The deduced amino acid sequences of the amyloid VLing the correctfolding of the Ig V region. Ig subjected to several
regions are depicted in Fig 3; their nucleotide differences agounds of antigenic selection are expected to exhibit clustering
compared with the corresponding germline gene are summasf R mutations in the antigen-binding loops (positive selective
rized in Table 2. VL sequences deviated substantially from thepressure for amino acid changes), whereas, on the contrary, R
closest germline genes, with a median percentage of mutation afutations would be less frequent in the FR (negative selection
5.7% and a wide range (4.0% to 10.2%). The mutation rate wa$or amino acid substitution$)A binomial model tests whether
apparently similar i\ andx light chains, BJ proteins, and light the observed distribution of R mutations follows this pattern.
chains that are part of a complete Ig. By contrast, the portioriThe results of this statistical analysis are included in Tables 2
coding for the leader peptide (which is deleted from the maturgVL) and 3 (VH). Consistent with selection by Ag, 13 of 14 VL
V region) showed no, or rare, nucleotide differences from theand 2 of 3 VH segments displayed higher numbers of R
germline gene sequence (the median mutation rate decreasesitations in the CDR than those theoretically expected (Tables
from 5.7% to 5.0% [range, 3.4% to 8.8%] when the leader is2 and 3). In accordance with the preservation of amino acids in
included in the comparison), thus substantiating correct identifithe FR regions, all but one of the VL and VH segments showed
cation of the corresponding germline gene. lower numbers of R mutations than those expected for a

The derived amino acid sequences of the VH regions of theandomly mutating gene segment (Tables 2 and 3). This
amyloid clones are shown in Fig 4, and the results of detaileddifference was statistically significant in 7 of 14 VL and 1 of 3
analysis of somatic mutations and gene usage are recapitulatesgquenced VH segmen8 £ .01in5VL;P < .05in2VLand
in Table 3. These findings were similar to those reported forl VH; Tables 2 and 3). That 7 of 14 amyloidogenic light chains

Table 3. The VH and JH Germline Segments Used by Three Amyloidogenic Clones and the Number of Identical/Sequenced Plasmid Inserts

CDR FR Identical/
Amyloid VH Germline Nucleotide Sequenced
Clones (family) Identity™* (%) R S P (CDR)t R S P (FR) Inserts
CAR IgGk 3-48 (VHIII) 92.2 3(4.2)F 1 .193 12 (13.2) 7 144 6/7
MAR IgAN 3-30 (VHIII) 89.5 8(5.4) 3 .082 12 (17.9) 8 .015 6/8
DEP IgAN 1-18 (VHI) 96.3 5(1.9) 0 .025 5(6.4) 1 .165 6/6

*When compared with the closest germline gene. The leader is excluded from identity calculations to allow comparison with other studies.
tProbability that the observed R mutations occurred by chance (calculations according to Chang and Casali't).
FNumber in parentheses indicates number of R mutations expected by chance.
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A e CDR3-====-—-—————=mm—m—mmm—m o >
VA JA

89 90 91 92 93 94 095 95A 95B 95C 96 97 98 99 100 101 102 103 104 105 106 107 108
1b gga aca tgg gat agce agc ctg agt gct t gtg gta ttc ggc gga ggg acc aag ctg acc gtc cta ggt Jr2/3
FER ——— ——= === —m— === G- --- -C- --c L C ——— —em e mmm e mmm mmm —mm o e e
2b2 tgc tca tat gca ggt agt age act ttc
MAR ——— === === -=— ——= C-- GC- --- -** G ¥ *K_ g —om mmm mmm mmm e mem B mem mem e
GHE —m— ——— =m= === w-- ——— -At GG-  *¥* * - - £ —== === === mmm mmm mm e —mm —-- ——g -
III.1 cag gcg tgg gac agc agc act gca
DIB --- -T- -——- -C- --—- --t -G- -A* - ——@ A-- --= —== —== ——= m== mmm mmm —em —mm ——— oo
PAP -—- === ——— --- GTt -A- C-- -A- GTC(CA) - -——- —-—— ——t === == == ——— == ——— —m— ——m —em -
SEM e | qpp * kkk KKk L 0 o o mme mem —mm g -
DEP ——- ——= == —— C- -C- --= --%* *ookKo e o e e e —em —em ——— -t -
3.1 aac tcc cgg gac agce agt ggt aac cat t tat gtc ttc gga act ggg acc aag gtc acc gtc cta ggt Jit
SET ——— === === === C- - —mm e - * o mmm mmm e —m— —m— ——— mmm me— ——— ——— == ——§ ———
4b cag acc tgg ggc act ggc att ca
FIL -—— --= -——- AA- --- -A- --Cc A- * KK g —-- —-- mo— ——— ——— —== £e— ——= ——= ~—— --a JA2/3
B Cmmmm o CDR3-—=========———m——m——— - >

vk Jk
89 90 91 92 93 94 95 95A 95B 96 97 98 99 100 101 102 103 104 105 106 107 108

012/02 caa cag agt tac agt acc cct cc g tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa cgt Jkl
TAU --- --a --- -C- -C- TA- --¢ =-* it € S a
018/08 caa cag tat gat aat ctc cct cc g ctc act ttc ggc gga ggg acc aag gtg gag atc aaa cgt Jk4
CAR  -== - a --- A-—- G- --—— -—= ~-- (G) *OKKE el e e e e s —mm —mm —mm e —C- -
Ll caa cag tat aat agt tac cct cc a ttc act ttc ggc cct ggg acc aaa gtg gat atc aaa cgt Jk3
ORR RN VO R S W gy
L2 cag cag tat aat aac tgg cct cc g tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa cgt Jk1l
IAC R = mm= mmm e mmm mmm mmm mmm mmm mmm mmm mem —mm e
B3 cag caa tat tat agt act cct cc a ttc act ttc ggc cct ggg acc aaa gtg gat atc aaa cgt Jk3
Qua  --- -- g —== === ——= ——— ——=  -- (GG) GG ¥ cmm o mmm mmm mme mmm mem mem —e- =G -—= -—— --a

Fig1l. Formation of amyloidogenic light chain CDR3. The most likely mechanism is reported. Sequences are compared with the closest VL and
JL segments. (A) A\ light chains; (B) k light chains. R mutations, upper case letters; S mutations, lower case letters. Nontemplate coded
nucleotides (N) are shown in bold; P nucleotides are in parentheses. *Nucleotides apparently removed at recombination.

originated from selected somatic mutations accumulated durin@€DR-R/base) found in the 14 amyloidogenic light chains was
an antigenic response is further substantiated by the significargbout twice that expected (4% 10-2 CDR-Rexp/baseP <
rarity of FR-R mutationsR = .01 in 4 andP = .05 in 3 VL; 1 X 1074, x2test). In accordance with structural preservation of
Table 2). FR regions, the rate of R mutations in these areas 12
In the remaining 7 amyloid VL, the observed R mutations in FR-R/base) was 1.6 times lower than expected (4.302
the CDR and FR almost reached significativeness in 3 (Table 2FR-Rexp/base? < 3 X 1074).
SEM BA\, CAR IgGxk, and DEP IgA), whereas the others
demonstrated CDR-R and FR-R mutations close to the numbers
predicted by chance. Our results indicate that many amyloid clones develop from
In the case of DEP IgA, significant clustering in the CDR B cells whose Ig were subjected to antigenic selection and that
was present in VH rather than in VL (Table 3). Therefore, our pathogenic light chains manifest evidence of this process.
analysis showed that 8 of 14 (57%) amyloidogenic PC clones V regions varied substantially from their germline counter-
manifested statistical evidence of antigenic selection. parts and the differences were attributed to somatic mutations.
Overall, the frequency of CDR-R mutations (8:8 102 Isolation of the corresponding VL germline gene from the DNA

DISCUSSION

N-D-N JH segments

F I T V VRGVYV VYRSV FDUFWGQGTUL VAV S S
CARY tttataactgtggttcggggagttgtttatcgttettttgacttctggggecagggaaccctggtcgecgtetectea

DXP'1l -——t---A---------mm- - A--  —mmm—- A--—mmmmm oo m o mm— A-————m—---= JH4b

Fig 2. Formation of heavy

chain CDR3 from amyloid clones. * S tf_ Sggoqca tLttD Lt ‘g ggccQaQSga:\cggtg;]tc:gc;/tcfccsca
. . . agttcacggcgcactcttgacctg gg

The most likely mechanism is .., Aeee o ZZETIIITITIC G Co L C JHAD
shown. Sequences are compared
with the closest DH and JH seg-
ments.. R mutations, upper case o, QY S DTS G Y YNTP WG Q6 TL VTV S S
letters; S mutations, lower case gtccaatactctgatactagtggttattacaatceg tggggccagggaaccctggtcaccgtetectea

letters. D21-9 G R Gommmmmmmmmm e T- e JH4b
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A ----CDR1----- ---CDR2---- --—CDR3--------

1b QSVLTQPPSVSAAPGOKVTISC SGSSSNIGNNYVS. WYQQLPGTAPKLLIY DNNKRPS. ... GIPDRFSGSKSGTSATLGITGLQTGDEADYYC GTWDSSLSA

FER --NRY--g-~=-~ --qgF--—-==----- - D-E--- F- -----G-T A VYFGGGTKLTVLG JA2/3
2b2 QSALTQPASVSGSPGQSITISC TGTSSDVGSYNLVS — WYQQHPGKAPKLMIY EVSKRPS. ... GVSNRFSGSKSGNTASLTISGLQAEDEADYYC CSYAGSSTF

MAR  —mmmmme A----p---L--§- ------ I--~§--- ---HR--A----I-- -G-Q-—- -——T-—-—- 0 gl Cc RA- W  VFGGGTKLTVLG JA2/3
GHE -t s gN-———- --qH---——- D-LL~ -DP---- R L e NG VVFGGGTKLTVLG JA2/3
III.1* SYELTQPPSVSVSPGOTASITC SGDKLGDKYAC... WYQQOKPGQSPVLVIY QDSKRPS. ... GIPERFSGSNSGNTATLTISGTOAMDEADYYC QAWDSSTA

DIB L --=~-E-N-VS = —-=emommoo- V--N --Y---- A v -V-A-sS D VIFGGGTKLTVLG JA2/3
PAP §-D-z=oooooooooooe N--- --] H--ENE-TY --q-------A-I-- R-V---A SV aL ----VNPE VH VVEGGGTKLTVLG JA2/3
SEM T——= —=- k---R-V: ==-H A--V- ---Qr-- y- ——-—-- A AF  FGGGTKLIVLG JA2/3
DEP P- -V e ——- E-N---- Y-§- ----TT- A VFGGGTKLIVLG JA2/3
3.1 SSELTQDPAVSVALGQTVRITC QGDSLRSYYAS. .. WYQOKPGQAPVLVIY GKNNRPS.... GIPDRFSGSSSGNTASLTITGAQAEDEADYYC NSRDSSGNH

SET --NsI-DN--N Y EV- R a ----T--—-  YVFGTGTKVIVLG JAl
4b QLVLTQSPSASASLGASVKLTC TLSSGHSSYAIA. . WHQQOPEKGPRYLMK LNSDGSHSKGD GIPDRFSGSSSGAERYLTISSLOSEDEADYYC QTWGTGI

FIL Y N H V--N-—-I--- -i ---N-Di K VFGGGTKLIVIG JA2/3
B —————— CDR1--- -CDR2-- ~~-CDR3---—------

02/012 DIQMTQSPSSLSASVGDRVTITC RASQSISSYLN WYQOKPGKAPKLLIY AASSLOS GVPSRFSGSGSGTDFTLTISSLOPEDFATYYC QOSYSTP

TAU V-IF-- --qq-A----k--M- G--N-—- --p; Nf----N GN--- -gq-STYp R TFGQGTKVEMKR JK1
08/018 DIQMTQSPSSLSASVGDRVTITC QASQDISNYIN...... WYQOKPGKAPKLLIY DASNLET GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC QQYDNLP

CaR H ---K--- ----K-s-Ng---G s -q-ND-- P  TFGGGTKVEITR JK4

Ll DIQMTQSPSSLSASVGDRVTITC RASQGISNYLA...... WFQOKPGKAPKSLIY AASSLQS GVPSRFSGSGSGTDFTLTISSLOPEDFATYYC QQYNSYP

ORR  --—---—-8§-V-~-V---L--§- ==--D--T-—- ===ekmmmmmmmm - a-N--= === N-m—mmm E-—-—-] N-——p-—----—- -——- I- P  FTFGPGTTVDIKR JK3

12 EIVMTQSPATLSVSPGERATLSC RASQSVSSNILA.. .. .. WYQOKPGQAPRLLIY GASTRAT GIPARFSGSGSGTEFTLTISSLQSEDFAVYYC QQYNNWP

IAC —-L-——---] N----Ag-G---§- —--—-I-I--~ R r---F D P RS-D- K-e-S-Ty-- P  WIFGQGTKVEIKR JK1

B3*  DIVMIQSPDSLAVSLGERATINC KSSQSVLYSSNNKNYLA WYQOKPGQPPKLLIY WASTRES GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYC QQYYSTP
QUA  EL—-—-=-mm——mmmm—m—meoe oo R---SD--SR-L-- -F 1-— v a I PG FTFGPGTKVEIKR JK3

Fig 3. Deduced amino acid sequences of the VL regions of amyloidogenic light chains. Comparisons are made with the most homologous
germline gene. (A) A light chains; (B) k light chains. R mutations, upper case letters; S mutations, lower case letters; R mutations in JL are shown
in bold, S mutations are underlined. *Germline segment isolated from patient DNA. A continuous line indicates the amino acid sequence that
was also found in the monoclonal proteins isolated from amyloid fibrils (DEP and CAR) and urine (PAP and SEM). Protein sequencing of the
N-terminal portion of A light chains showed the absence of the first amino acid in DEP and SEM and of 4 residues in PAP. The absence of the first
residue occurs in many Alll light chain protein sequences,?? whereas multiple amino acids were missing in an amyloid A light chain recently
reported.??

of patients’ neutrophils ruled out possible genetic factors suctregions expressed by these amyloid clones at diagnosis. This is
as allelic variants or better-matching new germline genes in Tonsistent with a clonal cell that is no longer under the influence
cases. Furthermore, a major contribution of allelic polymor-of the hypermutation process in the germinal cefftéfhis
phism or undiscovered germline genes to nucleotide changesult was expected in clones secreting free light chains only
has been reported to be highly unlikely in<#25and most  (the lack of heavy chains prevents antigen receptor formation
probably in VA as well!8 In addition, the discrepancy between and, consequently, Ig hypermutation), but homogeneity of
the monoclonal V sequences and their germline counterpartsomatic mutations was also observed in the few cases in which
was too great (median of 5.7% in VL and from 3.7% to 10.5% in complete Ig were available. Recently, a study documented a
VH) to be attributed exclusively to polymorphism. That somatic modest degree of intraclonal diversification in a minority of
hypermutations occurred on amyloid V regions is further patients with monoclonal gammopathy of undetermined signifi-
substantiated by the presence of deviations from the germlineance?” Although we cannot exclude the possibility that this
sequence in JL and JH segments. phenomenon may also occur in some amyloid clones, our
Sequencing of multiple plasmid clones containing PCR-results suggest that this finding, if present, must be rare in
amplified VH and VL regions showed the identity of repeated amyloidosis, in which BJ clones can constitute up to approxi-
sequences. Somatic mutations were therefore homogeneousiately 40% of all cases.
there was no significant in vivo intraclonal variation in the V. Our data show frequent usage of the most numerous germline

-cDRL ~ mme—me- CDR2-----— e CDR3-------
3-48  EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYSMN WVRQAPGKGLEWVS YISSSSSTIYYADSVKG RFTISRDNAKNSLYLOMNSLRDEDTAVYYCAR
CAR  --g g--R L- T-s-- T D V---TGE-A n F-ST FITVVRGVVYRS FDF WGQGTLVAVSS JH4b

3-30  QVOLVESGGGVVQPGRSLRLSCAASGFTFS SYGMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKG RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
MAR EH -yS-- P---a -M-H-KT-Q-y------ I----———— QDt-——-~ TG--SD---v-H-V- SSRRTLDL WGQGILVSVSS JH4b

1-18 QVQLVQSGAEVKKPGASVKVSCKASGYTFT SYGIS WVRQAPGQOGLEWMG WISAYNGNTNYAQKLQG RVIMITDTSTSTAYMELRSLRSDDTAVYYCAR
DEP ---1 NT MF--- P- D -—-L T F--- VQYSDTSGYYNP WGQGTLVIVSS JH4b

Fig 4. Deduced amino acid sequences of the VH regions secreted by amyloid clones. Comparisons are made with the most homologous
germline gene. R mutations, upper case letters; S mutations, lower case letters; R mutations in JH are shown in bold; S mutations are underlined.
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gene families, namely M and WAlIl. At the level of germline  intraclonal diversification, indicate that the transformation
genes, we found that the \Ml.1 alone (of a total of 30 generating the expanded amyloidogenic marrow PC population
functional VA genes)® accounted for 4 of 9 amyloid light probably occurs very late, after completion of B-cell maturation
chains and for 4 of 5 amyloid light chains of th#él family. By and selection.
contrast, such a bias was not observed in amydidht chains Despite numbers of R mutations in the CDR generally higher
(Table 2) or in myeloma\ light chains® Sequencing of the than those predicted by chance (Tables 2 and 3), clustering of
coding portions of WIll.1 germline gene from these four CDR-R mutations was not significant in about 40% of amyloid
unrelated amyloid patients showed their identity to nonamyloidclones. However, it should be kept in mind that this type of
subjectsi217Usage restriction of germline genes appears to be @nalysis is limited to the study of the V segment, which
feature of the normal humoral resporis€This has been shown comprises only part of the antigen binding loops in the mature V
for VH28 and Vi genes:32° whereas W are only now being region: CDR1 and CDR2 and, in light chains, tHepsrtion of
investigated. Overrepresentation okM.1 in AL amyloidosis ~ CDR3. Therefore, the contribution of CDR3, which is often
might therefore be apparent, due to its preferential expression igssential for optimal antigen recogniti&hgcould not be ad-
\ light chains in general or to limited patient sampling\IW.1 dressed fully in this study.
is the closest gene to the-L\ cluster, being only 14 kb awdy, Light chain deposition disease, another condition character-
and this proximity may predispose it to rearrangement. How-ized by monoclonal light chain tissue deposition, though most
ever, only 1 of 6 myeloma light chains used this V gene frequently of thex type and lacking the characteristic birefrin-
segmeng, and analysis of a compilation of antibodies to various gence of amyloid deposits, has been studied using biochemical
complex antigens from hybridomas/B-cell clones showed in-and genetic approach&s.Similarly to our findings in AL
volvement of WAIIL.1 in just 2 of 26\ light chain rearrange- amyloidosis, sequencing d&tain this latter condition also
mentst® Taken together, this evidence suggests thatgéne  suggest possible overrepresentation of a germline gene, B3, the
usage in AL amyloidosis might be unique and that the highonly member of the ¥IV subgroup. R substitutions, likely
frequency of \WAIIl.1 expression may reflect some intrinsic caused by somatic hypermutation, were also found here prefer-
amyloidogenic properties of this gene. More nucleotide sequencentially in the CDR of two \«IV light chains37:38
ing of amyloid and nonamyloidl light chains is needed to test ~ Dimers of free light chains may function as primitive
the association between\Yil.1 and amyloidosis. antibodies, because they can structurally mimic the combining
Light chain CDR3 showed trimming of V and J segments andsite3*and it has been proposed that the initial event leading to
insertion of P and N nucleotides, thus showing, besidestmyloid formation might be an antigen-antibody interaction
mutations, intense exonucleasic and transferasic activity duringvelving amyloid light chains and tissue components and that
bothk and\ amyloidogenic light chain rearrangements (Fig 1). this phenomenon may account for the heterogeneity of organ
Therefore, junctional variation (due to truncations or insertions)involvement typically observed in AL amyloidosi¥According
appears to be a general phenomenon of antibody diversificatiofp Mmutation analysis, a substantial proportion of amyloidogenic
that involves«2%®as well as\ light chains. light chains have genetic features that are not incompatible with
According to the type and distribution of somatic mutations this hypothesis; evidence is shown that many amyloid forming
and the binomial distribution model of probabilities, there was it chains were synthesized by clones selected during anti-
statistical evidence of antigenic selection in 8 of 14 clonesP0dy response to a T-cell-dependent antigen and may therefore
(~57%). VL alone was sufficient to show selection in 7. POSSess the capacity to interact with specific ligands, albeit to a
Analogously to light chains that are part of a complete Ig, BJ!esser extent than intact Ig.
proteins were highly mutated and showed nucleotide changes
compatible with antigen-driven selection; because this process ACKNOWLEDGMENT
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