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Sequence analysis of the immunoglobulin antigen receptor of hepatitis C
virus—associated non-Hodgkin lymphomas suggests that the malignant
cells are derived from the rheumatoid factor—producing cells that occur
mainly in type Il cryoglobulinemia

Valli De Re, Salvatore De Vita, Alessandra Marzotto, Maurizio Rupolo, Annunziata Gloghini, Barbara Pivetta, Daniela Gasparotto,

Antonino Carbone, and Mauro Boiocchi

Analysis of the immunoglobulin receptor
(IGR) variable heavy- and light-chain se-

guences on 17 hepatitis C virus (HCV)-

associated non-Hodgkin lymphomas (NHLs)
(9 patients also had type Il mixed cryoglobu-
linemia [MC] syndrome and 8 had NHL unre-
lated to MC) and analysis of intraclonal
diversity on 8 of them suggest that such
malignant lymphoproliferations derive from
an antigen-driven pathologic process, with
a selective pressure for the maintenance of
a functional IgR and a negative pressure for
additional amino acid mutations in the frame-

Introduction

work regions (FRs). For almost all NHLs,
both heavy- and light-chain complementar-
ity-determining regions (CDR3) showed the
highest similarity to antibodies with rheuma-
toid factor (RF) activity that have been found
in the MC syndrome, thus suggesting that a
common antigenic stimulus is involved in
MC syndrome and in HCV-associated lym-
phomagenesis. Moreover, because HCV is
the recognized pathologic agent of MC and
the CDR3 amino acid sequences of some
HCV-associated NHLs also present a high
homology for antibody specific for the E2

protein of HCV, it may be reasonable to
speculate that HCV E2 protein is one of the
chronic antigenic stimuli involved in the

lymphomagenetic process. Finally, the use
of specific segments, in particular the D
segment, in assembling the IgH chain of
IgR seems to confer B-cell disorders
with the property to produce antibody
with RF activity, which may contribute
to the manifestation of an overt MC
syndrome. (Blood. 2000;96:3578-3584)
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Besides the documented pathogenic involvement of hepatitisNEHLs are the small lymphocytic/lymphoplasmacytoid lympho
virus (HCV) in hepatic diseases, the virus has been implicated @»munocytoma), splenic marginal zone lymphoma, lymphomazf
the etiologic factor for type Il mixed cryoglobulinemia (MC), anmucosa-associated lymphoid tissue, and diffuse large cell Iygn
autoimmune disease that may evolve, several years after diagngsimmaz311-13Because these histotypes are typical of B-lymphogd
into a malignant lymphoma in about 10% of patiéftdvioreover, cells at the germinal center (GC) or post-GC stage of development,
although limited to some countries (ie, Italy, Japan, and the Unitéds possible that malignant transformation occurs, or is initiated, in t:ple
States), epidemiologic studies also suggest a possible pathogenic roe®©f where the vigorous expansion of B cells consequent to antigg;hic
HCV in a subset of B-cell lymphoid tumors not complicating the coursgimulation may represent a risk for malignant transformation. S
of MC syndromé® In fact, a higher prevalence of HCV infection  The study of the antigen receptor (IgR) variable region geneiis
(range, 9%-40%) in de novo B-cell non-Hodgkin lymphomas (NHLS) key tool to provide circumstantial evidence for a role of &n
than in other hematologic disorders (ie, T-cell NHLs and Hodgkiantigen-driven stimulus in clonal selection and progression §)f
disease) or in the normal population was documented. Furthermdegell NHLs 418 Using this approach, lvanovski and coworléérSoo
HCYV infection preceded NHL onset in some series of B-cell NEt5. supported the presence of an antigen stimulus during B- @II
A case-control study showed that HCV infection increases by abdransformation of HCV-associated B-cell NHLs. However, thegr
50-fold the risk for NHLs involving the liver and major salivary glandstudy was primarily focused on bone marrow lesions, whlc'h
(ie, a risk higher than that for hepatocellular carcinoma) and by ab@ithough consistent with a pathologic diagnosis of indolent Iyr@-
4-fold the risk for NHLs at other sités. phoma, do not always correlate with clinical and molecular featuges
The identification of the viral genome within prelymphomatousf a B-cell tumor® Using similar techniques, we recently analyze@
and lymphomatous lesioh¥ also indicates a possible involvementmultiple biopsy specimens from an HCV-infected patient with tyrfe
of the virus in the pathogenesis of B-cell NHL. However, in som# MC syndrome and demonstrated that premalignant and overt
cases, the localization of the viral genome and viral proteins in thenphoma were sequential phases of an antigen (HCV E2 protein)-
stromal cells but not in the neoplastic lymphoid cells suggests driven pathologic process.
indirect role of the virus in the pathologic procéss. To better address the potential role of HCV in the development
Furthermore, the most frequent histotypes of HCV-associatefl different overt malignant lymphomas, we selected 17 NHLs of
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different histotypes, 9 of them complicating the course of M@westigated, as well as serum cryoglobulin, C3 and C4, and rheumatoid
syndrome. The variable heavy (¥ and variable light (V) IgR factor (RF) levels. Symptoms and signs of MC were also investigated at the
chains were sequenced, and the amino acid sequences ded{iB&Pf onset of NHL. o

from the complementarity-determining regions (CDR3) were com- Nine panent; with overt B-cell NHL had aprevious hl_story of open MC
pared with those of antibodies with a known specificity, includin yndrome (all with type Il serum cryoglobulins and positive serum RF); the

. . . . . maining 8 patients definitely lacked clinical features of MC syndrome
anti-HCV antibodies. To ascertain the occurrence of an antlge&)—th in the previous clinical history and at the time of NHL onset. Serum

driven stimulus in the pathologic process, IgR sequences Weie,qihulins were detected in 7 of these latter 8 patients (type Il in patient
compared with their germline counterparts, and the replacemef: type 111 in patients 10, 11, 14, 15, 16, 17; not detected in patient 12) and
(R)-to-silent (S) mutation ratio was calculated. Intraclonal varigositive serum RF in 7 patients (negative in patient 17).

tion analysis was also performed to ascertain the persistence of

antigenic stimulation after neoplastic transformation. Finally, strugtistopathology

tural differences in IGR genes between MC syndrome-related and

MC syndrome-unrelated NHLs were determined to understand tH&>!®S Were fixed in Bouin solution or neutral buffered formalin. In a few
molecular basis of the lymphoproliferative disorders in differeniases’ a portion of unfixed tissue was snap frozen in liquid nitrogen and
y ored at—80°C. Pathologic specimens were classified according to the

. . S
clinical settings. revised European-American classification of lymphoid neopl&@8ms.

Deparaffinized and cryostat sections were used for immunophenoty[gng
and lineage assignment of lymphoma cases with monoclonal antibodies

o

; (CD3, CD4, CD5, CD8, CD9, CD10, CD15, CD19, CD20, CD21, CD22,
Materials and methods CD24, CD30, CD38, CD43, CD45, CD45RA, CD45R0, CD68, CD7§
B-cell non-Hodgkin lymphomas in individuals infected CDw75, LN3, MB2, DDBB42, DBA44, OPD4, DRC-1, Leu8, amtiand\ 5
with hepatitis C virus immunoglobulin (Ig) light chains, epithelial membrane antigen [EMA%

vimentin, and cytokeratin [MNF116]). Immunohistochemistry was p%

Seventeen selected patients (12 women and 5 men; mean age, 65 yéansied with the avidin-biotin-peroxidase complex (ABC-px) or alkaling
range, 49-76) with overt B-cell NHL of recent onset, all infected with HCVphosphatase antialkaline phosphatase (APAAP) methods, as previd@isly
were studied (Table 1). Informed consent was obtained from all patientsscribed?! 22
according to the Helsinki declaration. All were seronegative for human
immunodeficiency virus _and heterc_)sexual, yvith no history of i”tra‘{?m%lymerase chain reaction (PCR) amplification and sequencing
drug abuse. _Ser_a obtained at dlsea_se dlggn05|s were all positive JP{/H and Vi gene regions
anti-HCV antibodies (by the enzyme-linked immunosorbent assay [HCV
3.0; Ortho Diagnostic Systems, Raritan, NJ] and the recombinant-baskxtal DNA was isolated from biopsy specimens by phenol-chloroforgnh
immunoblot assay [Chiron RIBA; Ortho Diagnostic Systems]) and foextraction according to standard protocols. DNA was analyzed for B-cgll
HCV RNA.2 Overt lymphoma was revealed by the onset of clinicatlonal expansion using the seminested third framework (FR3) protoco?l_i,of
manifestations previously absent and suggesting a neoplastic evolutanplification, where the upstream primer is directed to the FR3 variable é/)
(B-cell-related symptoms, lymph node enlargement, organomegaly, orgagion and the downstream primer is directed to the joining (J) region of Ewe
nodular lesions, and others) detected on physical examination or imagl@&H gene?® PCR products were analyzed on 10% polyacrylamide g§s
investigation. Bone marrow biopsy was performed in all patients at the tinseained with ethidium bromide. The single-band PCR product from an
of NHL diagnosis, along with extensive staging procedures, as descriteuplified DNA sample was subjected to direct DNA sequencing on an A8l
previously? 310 Genetic Analyzer (Perkin Elmer, Foster City, CA) using the dyg-

The association between B-cell NHL and previous MC syndrome igrminator protocot® S
these patients was investigated by a clinical expert (S.D.). An accurate A clonospecific antisense oligoprimer was then synthesized based orEthe
clinical history was obtained followed by a complete physical examinatio@DR3 DNA sequence and used as a downstream primer paired with ﬁaCEV
All the laboratory and instrumental tests performed in the years precedifagnily-specific framework 1 primer (FR1 protocéf).The amplified PCR %
NHL onset were reviewed. Symptoms and signs of MC such as purpufi@gments were purified from the gel and directly sequenced. All of the sequegces

S[811e/P00|g/18U SUOIE:

asthenia, arthralgia, renal involvement, and peripheral neuropathy wevere confirmed by sequencing twice in both directions. g
S
8
Table 1. Histologic parameters in patients with NHL and HCV infection ‘g
Histologic diagnosis Other sites of pathologic and/or Presence of overt &
Patient no., age, sex (REAL classification) Site of pathologic diagnosis clinical NHL involvement MC syndrome N
1. 60, F Follicle center, follicular Bone marrow — Yes
2. 58, F Extranodal marginal zone Submandibular gland, parotid gland Bone marrow Yes
3. 63,F Small lymphocytic Skin, liver, lymph node Bone marrow Yes
4. 73,M Diffuse large cell Lymph node — Yes
5. 70, F Diffuse large cell Lymph node, liver Bone marrow Yes
6. 66, F Extranodal marginal zone Stomach — Yes
7. 49, M Small lymphocytic Bone marrow Liver Yes
8. 76,F Diffuse large cell Parotid gland — Yes
9. 61, M Lymphoplasmacytoid Bone marrow Spleen Yes
10. 57, M Diffuse large cell Lymph node — No
11. 69, M Diffuse large cell Lymph node Bone marrow No
12. 72, F Extranodal marginal zone Stomach — No
13. 66, F Diffuse large cell Skin Bone marrow No
14. 69, F Extranodal marginal zone Submandibular gland Bone marrow No
15. 65, F Diffuse large cell Lymph node — No
16. 71, F Extranodal marginal zone Spleen Bone marrow No

[uN
=

. 59, F Mantle cell Lymph node Bone marrow, spleen No
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The VL gene region was amplified using Yamily-specific primers and
a mixture of & primers!4 PCR products were analyzed on 3% agarose gﬂesults
stained with ethidium bromide. The single-band PCR product was then
subjected to direct DNA sequencing. Tumor histopathology
The amino acid sequences deduced from the Wk, and CDR3 DNA
sequences were analyzed by the NCBI Basic Local Alignment Search Téstcording to the REAL classification, 7 of the 17 HCV-positive
(BLAST) program (see http:/Aww.ncbi.nim.nih.gov/blast/blast.cgi?fen ~ patients (41%) presented with diffuse large B-cell lymphoma;
for homology to multiple protein sequence databases. The protein sequer@éganodal marginal zone lymphoma was observed in 5 patients
closely related to the given, Vi, and CDR3 sequences were scored, startin(9%); small lymphocytic lymphoma occurred in 2 patients (12%);
from the most homologous one, with rigorous statistical analysis to assessdimel lymphoplasmocytoid lymphoma/immunocytoma, follicle cen-
significance of the matches. ter lymphoma, and mantle cell lymphoma were seen in 1 patient
The identification of V;, Vk, and CDR3 Ig germline sequences waseach (Table 1).
performed by sequence comparison with the International Immunogenetics
Database program on the Internet (http://imgt.cnusc.fr:8104/dnaplot/). Analysis of R/S mutation ratio in VH and VL genes

The complete nucleotide sequence of thgD\l; rearrangements
Analysis of mutations was obtained for all 17 patients (data not shown). The complgte
Calculation of the number of expected R mutations in IGR gene CDRs BPCIeO_tlde sequence of thack rearrangements was OptamEd 8
FRs was based on a computer algorithm developed by Chang and @asa11.2 patlgnts _(data_nOt shown), Whereas_ the_g_ene family o.nly ‘&as
This algorithm calculates the inherent susceptibility to amino acid replacgeterm'ned in patients 8 and 15 due to inefficient sequencing. -Ehe
ment given any single nucleotide change. The number of expectediff@bility of sequencing the Mk gene rearrangement in patients §
mutations was calculated as followsxn(CDR Rf or FR Rf)x (CDRrelor 9, and 17 was due to scarcity of DNA from small biopsy samples

FRrel), where n= total number of observed mutations, Rfreplacement In the FR regions, the R/S mutation ratio was significantly lowgr
frequency inherent to CDR or FR sequences, and CDRrel or FRrelative  than expected by chance alofe= .05) in most of the VH genes (13 0@
size of the CDRs or FRs. 17 patients) (Table 2) and VK genes (11 of 12 patients), indicating a

The probability P) that excess or scarcity of R mutations in the IGRselective pressure for maintenance of a functional IgR (Table 3).  §
gene CDRs or FRs, observed in the predominant clone, was due to chancdn the CDR regions, all of the sequences (except the VK geneof
only was calculated using the binomial distribution model, as reported patient 10) showed a lower R/S mutation ratio than expected§3y

o

Chang and Caséf as follows: P = {n!/[k!(n-k)!l} x ¢ X (1 - af'*, chance alone. However, the R/S mutation ratio values were fiot
where n= total number of observed mutationszknumber of observed R statistically significant (Tables 2 and 3). =

mutations in the CDRs or FRs, and=gprobability that an R mutation
localizes to CDRs or FRs (g§ CDR X CDR Rf or FRg X FR Rf). Intraclonal variation in non-Hodgkin lymphomas

01/96/4pd-9)0!

o _ Intraclonal variation was analyzed in 8 NHLs, 5 of which werg
Intraclonal variation analysis associated with MC syndrome (patients 1, 2, 6, 7, and 9) and 3®ot

Electrophoretically purified MDJ; PCR fragment products were ligated SO associated (patients 11, 12, and 16), by cloning thB}
into a pGem-T vector (Promega, Madison, WI) and transfected inBCR-amplified product. A minimum of 9 randomly selected clongs
Escherichia colDH5« competent cell3® Clones were picked up at random for each NHL were sequenced. Intraclonal variation was obserged
and DNA was extracted using the Wizard Plus Minipreps DNA Purificatiof all cases analyzed, although with low level of nucleotide
System (Promega). Sequence reactions were performed on the ABI Substitution between clones (data not shown, except for patiengs 1
Genetic Analyzer (Perkin Elmer) and confirmed by sequencing twice &nd 11). The number of distinct subclones ranged from 7 of 1c§jn

699

both directions. patient 1 to 5 of 9 in patient 11 (Figure 1). g
Table 2. Distribution of mutationsin V.  genes of HCV-associated NHLs :oc’,
patient R/S mutation ratio in FRs R/S mutation ratio in CDRs g
no. Vy family\gene Observed (R:S) Expected P Observed (R:S) Expected P &
1 VH1\DP-88 4.000 (4:1) 3.297 .04387 » (3:0) 3.028 19795 ®
2 VH1\DP-88 0.833 (5:6) 3.297 .00020 0.750 (3:4) 3.028 .21336
3 VHI\DP-10 1.000 (5:5) 3.306 .00074 2.000 (4:2) 3.028 .20844
4 VH3\DP-47 0.667 (2:3) 3.264 .00764 0.500 (1:2) 3.792 .36656
5 VH3\DP-54 0.666 (4:6) 3.264 .00433 © (2:0) 5.091 .23696
6 VH3\DP-54 0.400 (2:5) 3.226 .00061 1.500 (3:2) 5.091 .24162
7 VHA\DP-71 % (1:0) 3.000 0.29193 % (1:0) 3.704 .34102
8 VH3\DP-51 3.000 (6:2) 3.265 .00160 3.000 (6:2) 4.875 .10878
9 VHI\DP-75 4.000 (4:1) 3.686 0.10068 % (1:0) 3.152 .31985
10 VH3\DP-54 1.154 (15:13) 3.198 9.81 x 1077 5.000 (5:1) 5.091 16141
11 VH3\DP-47 2.400 (12:5) 3.548 .000204  (10:0) 3.230 .06237
12 VH4\DP-71 1.200 (6:5) 2.870 .01760 % (4:0) 3.310 .19803
13 VHA\DP-63 1.143 (8:7) 3.129 .00333 © (2:0) 3.483 .13081
14 VH3\DP-49 1.000 (7:7) 3.171 .00202  (3:0) 4.000 .19038
15 VH3\DP-54 % (4:0) 3.226 .07310 % (3:0) 5.091 .20099
16 VH1\DP-8 0.600 (3:5) 3.713 .01920 0.000 (0:0) 3.152 .13103
17 VH3\DP-51 1.000 (1:1) 3.265 .29014 0.000 (0:0) 4.875 .54760

Pindicates probability that the observed R mutations occurred by chance; the value is reported in bold when statistically significant (P = .05).
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Table 3. Distribution of mutations in VK genes of HCV-associated NHLs

R/S mutation ratio in FRs R/S mutation ration in CDRs
Patient no. VK family\gene Observed (R:S) Expected P Observed (R:S) Expected P

1 VKIINhumkv325 0.500 (1:2) 3.407 .01942 » (2:0) 3.833 .13270

2 VKIINhumkv325 0.428 (3:7) 3.404 .00030 0.000 (0:1) 3.647 .16295

3 VKIINhumkv325 6.000 (6:1) 3.404 .08305 0.000 (0:0) 3.833 17392

4 VKIINhumkv325 2.000 (2:1) 3.370 .04108 » (2:0) 3.833 14776

5 VKIINhumkv328 0.500 (2:4) 3.280 .00995 0.000 (0:0) 3.091 .58344

7 VKIINhumkv325 0.500 (1:2) 3.407 .01942 1.000 (1:1) 3.833 .38194

10 VKIINhumkv328 0.900 (9:10) 3.288 .00000118 6.000 (6:1) 3.706 .09955

11 VKI\L12a 2.666 (8:3) 3.264 .00474 @ (2:0) 4.923 28112

12 VKIINhumkv325 2.000 (4:2) 3.370 .03242 % (1:0) 3.833 .37445

13 VKNA30 1.500 (3:2) 3.292 .01618 » (2:0) 3.158 .19169

14 VKIINhumkv328 0.750 (3:4) 3.294 .007609 » (1:0) 3.706 .38134

16 VKIINhumkv325 1.000 (4:4) 3.405 .00808 % (1:0) 3.833 .34521
Pindicates the probability that the observed R mutations occurred by chance; the value is reported in bold when statistically significant (P = .05). o
:
8
Characterization of gene segments involved Vy-CDR3- and V ¢-CDR3-deduced amino acid sequences ﬁ
in IgR rearrangements and homology to antibodies with known specificity §
g
2

Sequencing data showed that the assigned germline counterparfBief amino acid sequences deduced from the QPR3 and
the VH genes were closely related to thglVfamily (DP 54, DP  V¢-CDR3 sequences are reported in Tables 4 and 5, respectl\?yaly
51, DP 47, and DP 49) in 9 patients, thgl\Wamily (DP 10, DP 88, Because the antibody specificity is mainly based on the amino :ﬁzld
DP 8, and DP 75) in 5 patients, and thglV family (DP 71 and DP sequence of the CDR3 IgR regiéhwe compared by the BLASTm
63) in 3 patients (Table 4). TheV gene family members were program the deduced CDR3 amino acid sequences with those of
more frequently used in MC syndrome-related than in M@ntibodies with defined specificity. The significance of the ngorogs
syndrome—unrelated NHLs (4 of 9 patients versus 1 of 7), wherestatistical comparison is indicated by the E value, which gs
the Vylll and V4V family genes were almost equally distributed ininversely proportional to the similarity between antibody and CDF€§
both groups (Table 4). V,-CDR3-deduced amino acid sequences showed the highest
Concerning the P segment, 7 of 9 MC syndrome—associatedignificant similarity (Table 4) to human antibodies with RF specificif.
NHLs used thé21/90r D21/10gene P21/9andD21/10differ by  In particular, 4 NHLs had the highest homology with RF-WOL, 4 wi%
only one amino acid) and the other 2 used Ei2gene. This was RF-WA, 2 with RF-MR-20, and the remaining 7 with other RF§§,
also used by one NHL not associated with the MC syndrome bidbmology to RF-WOL was only associated with MC syndrome-relatgd
associated with another autoimmune disease (igr8josyndrome NHLs. Moreover, higher similarity values between-ZDR3 and §
[SS]). The remaining NHLs that were not associated with autoinantibodies with RF activity were found in the MC syndrome—associaiiad
mune syndromes did not use the previously mentiongds®  NHL group (Table 4). Three NHL cases (patients 7, 12, and 15) %o
ments, but each of them used a differeptd@gment (Table 4). exhibited a significant homology to an antibody specific for an epltc@e
No specificity in the use ofyJfragments was notedd to 1,5 expressed by HCV E2 protein (Table 4).
gene segments were used), although ti@eségment was the most  The V-CDR3—deduced amino acid sequences also showed&he
represented one in both groups of NHLs (Table 4). highest similarity to antibodies with RF specificity in 9 of 13
Data for the light-chain sequences were obtained in 14 patients opigtients. The remaining 3 patients (1, 12, and 13) had similaritygto
Seven NHLs used a mutat®tKlll kv325gene 3 a segment similar to an antibody with RF activity but lower than that to antibodies with
the VKIII kv328h5gene, and 2 each\&Il and aVvKI gene (Table 5). other specificities (Table 5). Interestingly, 7 of 12 patients (5 l\/?f:
TheVKIIl kv325gene was more frequently used in the MC syndromesyndrome—associated and 2 MC syndrome-unrelated, but E of
associated NHL group (5 of 7) than in the MC syndrome—unrelatéidem with SS; patients 1, 2, 3, 4, 7, 12, and 16) also exhibited a h'bh
group (2 of 7, 1 of them associated with SS) (Table 5). homology (& 90%) to an antibody specific for HCV E2 proteir¥
The 31 or J2 gene fragments were used in both groups dhccession number AJ236551; data not shown) and all used the
NHLs, with a predominance of thed] fragment in the MC Villl kv325 gene. Furthermore, all of the (W\CDR3-deduced

syndrome-unrelated group (Table 5). amino acid sequences presented a very similar motif (Table 6).
Case 1
FRI CDRI FR2 CDR2 FR3 CDR3
VHI\DP-88 LSEVSCKA/S GGTFSSYA  ISWVRQAPGQGLEWMGG  IIPIFGTA  NYAQKFQGRVTITADKSTSTAYMELSSLRSEDTAVYYC AREQDYDTS
2 clones N.G . L. . . .. e RTD Fy
2 clones N.G . L. .. . ... ..RTD Fy
2 ¢lones FG L L PR e R TD Fy
1 clone . NG s L L B . . N IR .. M.
1 clone t NG s L Lg . . YN L M.
1 ¢lone N.G B L N t . . N M.
1 clone FG L p N R E s

Figure 1. Deduced amino acid sequences of VH genes

of a follicular (patient 1) and a diffuse large-cell Case 11
: h : FRI CDRI FR2 CDR2 FR3 CDR3

Iymphoma (patlent 11)' The amino acid sequences of the VH3\DP-47 SLRLSCA/AS GFTFSSYA  MSWVRQAPGKGLEWVSA  18GS GGST YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC ARGAYYNFFG
most homologous germline VH genes are shown above 4 clones K ITT D It Q G THN YKK v E N sQKIl 1 n. Dt.T

the lymphoma sequences. Amino acid R mutations are 2 ¢lones KT b ! Q G THN VKK V. E N sQKib1on. D GT

. . . 1 clone K1TT D 1 Q G THN YKK v E N SQKIT | nN Dt T

indicated by upper case letters and S mutations by lower | ;.. K LTT b1 Q G THN VKK v e QKIT 1 0 Dt T

case |etters_ 1 clone KITT D I Q G TS YKK v N SQKI | n Dt T
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Table 4. V gene segments and CDR3-deduced amino acid sequences of HCV-associated NHLs and homology to protein sequence databases

Patient Length of Sequences producing the Vi Dy Jn
no. Igy CDR3 deduced amino acid sequences CDR3 AA highest significant similarity E value* family/gene segment segment
1 CAREQDYDTSSYYYGYWGQGTLV 13 RF-WOL 6e-05 VHI/DP-88 D21/9 J4
2 CARGTDSSNYYYFYWGQGTLV 11 RF-WOL 0.002 VHI/DP-88 D21/9 J2
3 CARAFSSDTSGYYYYWGQGTLV 12 RF-WOL 0.005 VHI/DP-10 D21/9 Ja
4 CARGPETSGYYYFYWGQGTLV 11 RF-WOL 0.005 VHII/DP-47 D21/9 J4
5 CARGDYYDTSGYFSDAFDIWGQGTLV 16 RF-WA 1le-06 VHIII/DP-54 D21/9 J3
6 CARGDYDNSGDFVDAFDIWGQGTLV 15 RF-WA le-05 VHIII/DP-54 D21/10 J3
7 CARDRFCSGGSCFDWYFDLWGQGTLV 19 RF-MR-20/HCV 2e-07/1e-04 VHIV/DP-71 D2 J2
8 CARDYGGSSGYLNWFDPWGQGTLV 14 RF 4e-05 VHIII/DP-51 D21/9 J5
9 CARDLCSGGSCPALGAIDYWGEGTLV 16 RF-C93 0.017 VHI/DP-75 D2 Ja
10 CARGDYFDDDGPFIDVFNVWGQGTLV 17 RF-WA 9e-06 VHIII/DP-54 D5-24 J3
11 CARGAYYNFFGDSYHYLDYWGQGTLV 16 RF-WA 0.030 VHII/DP-47 DXP1 J4
12 CARDSFCTGGSCFDWYFDWGQG 15 RF-MR-20/HCV 7e-06/0.023 VHIV/DP-71 D2 J5/32
13 CTSTGDRALVYSYDFWGQGTLV 19 RF-BOR 1700 VHIV/DP-63 D5-18/DK4 J4
14 CAQGGFSTSWYVPTGGYWGQGTLV 21 RF-10-2 1000 VHIII/DP-49 DN1 J4
15 CARAPTRMGPLWELGYYFDCWGQGTLV 17 RF/HCV 0.030/0.15 VHIII/DP-54 DN4 Ja
16 CERSKYFDSWSGECVSARESHFDYWGQGTLV 21 RF 0.010 VHI/DP-8 DXP4 J4
17 CARANKEQWLVLEYNWFDPWGQGTLV 16 RF 2e-04 VHIII/DP-51 D6-19 J5

* Smallest sum probability according to the BLAST similarity search program. The E value is inversely related to statistical significance and is considered significant for a
value below 0.05.

Genbank accession numbers for RF-WOL: prf0707281c; RF-WA: U03400; RF-MR-20: U85234; anti E2 protein of HCV: AJ236544 for patient 7 and 12 and AJ236543 for patient 15;
RF: AF021950 for patient 8, AF021978 for patient 15, AF021967 for patient 16 and AF022007 for patient 17; RF-C93: 573143; RF-BOR: prf1313976A; RF-10-2: S74542.

GenBank accession numbers for the mentioned antibodies wésociated antigen(¥)2°3° The continuous expansion of suc
defined specificity are reported in Tables 4 and 5. chronically stimulated B-cells may then represent a risk
malignant transformation.

Our recent repot supports such a pathogenic hypothes$
Discussion demonstrating that premalignant and malignant Iymphoprollfeﬁa-

tions in an HCV-infected patient with MC syndrome were sequql-

Epidemiologic and experimental data strongly suggest an etiopatiial phases of an antigen (HCV E2 protein)-driven patholo@c
genic role for HCV in the development of a subset of NHLsprocess. The aim of the present work was to ascertain whether stich
particularly those complicating the course of some autoimmumepathogenic mechanism may involve a higher proportion of NHgs
diseases, mainly the MC syndrofe811-13.16.19.27.28t present, the arising in HCV-infected patients with or without MC syndrome. g
most plausible pathogenic hypothesis supposes that specific B-cellSequencing of the IgR expressed by 17 HCV-associated Nl-fﬁ_s
clones proliferate, mainly in the bone marrow and liver tissue, asaad analysis of intraclonal variability in 8 of them suggest that tge
consequence of a chronic antigenic stimulation exerted by HCWalignant lymphoproliferations derive from an antlgen-drlveh

0
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Table 5. Vi gene segments and CDR3-deduced amino acid sequences of HCV-associated NHLs and homology to protein sequence databases a
Patient Length of Sequences producing the Jk E
no. lgx CDR3—-deduced amino acid sequences CDR3 AA highest significant similarity E value* Vi family/gene segment 5
1 CQQYGSSRTFGQGTKLEIK 19 anti-HCV/RF-CUR 0.003/0.011 VKIII-kv325 JKI §
2 CQQYGSSPYTFGQGTKLEIKR 21 RF-FLO/anti-HCV 4e-06/2e-04 VKIlI-kv325 JK2 8
3 CQQYGSSPYTFGQGTKL 17 RF/anti-HCV 7e-04/0.006 VKIlI-kv325 JK2 §
4 CQQYGSSPYTFGQGTKVEI 19 RF-FLO/anti-HCV 1le-04/2e-04 VKIII-kv325 JK2 N
5 CQHYNNWPPWTFGQGTKLEIK 21 RF-WA 6e-07 VKIlI-kv328h5 JKI R
6 ND ND
7 CQQYGSSPRTFGQGTKL 17 anti-HCV/RF-CUR 0.001/0.003 VKIII-kv325 JKI
8 ND ND VKII
9 ND ND
10 CQQYNNWPPWTFGPGTKVKSNR 22 RF-4C9 5e-06 VKIII-kv328h5 JKI
11 CQQYNIYPYTFGQGTKLEIKREY 23 RF-FLO 5e-04 VKI-L12a JK2
12 CQQYGSSPTFGQGTKL 16 anti-HBV/anti-HCV/RF-FLO 0.073/0.12/0.12 VKIII-kv325 JKI
13 CLQYNSYPRTFGQGTKVEIK 20 anti-GPlIb/anti-CMV 5e-04/7e-04 VKI-A30 JKI
14 CQQYNNWPPWTFGQGTKVEIK 21 RF-WA 7e-08 VKIlI-kv328h5 JKI
15 ND ND VKII
16 CQQYGSSPRTFGQGTKVEI 19 RF-CUR/anti-HCV 1le-04/2e-04 VKIII-kv325 JKI
17 ND ND

* Smallest sum probability according to the BLAST similarity search program. The E value is inversely related to statistical significance and is considered significant for a
value below 0.05.

ND indicates not determined.

Genbank accession numbers for anti E2 protein of HCV: AJ236554 for patients 1 and 12, AJ236552 for patients 2, 3, and 4, and AJ236551 for patients 7 and 16; RF-CUR:
prfl1206991A; RF-FLO: prfl1714186A for patient 2 and prf1206991B for patients 4, 11, and 12; RF: prf1714186A; RF-WA: U03401; RF-4C9: L48238; anti-HBV: M88319;
anti-GPllIb: S73911; anti-CMV: L26893.
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Table 6. VKIII-CDR3 multiple sequence alignment These data suggest, therefore, that a common antigenic stimulus is

Patient no. VK-CDR3 sequence from kv325 gene involved in MC syndrome and in HCV-associated lymphomagen-
2 COQYGSSPYTFGQGTKVEI- esis also in patients without an overt autoimmune disease.

12 CQQYGSSPRTFGQGTKVEIK- Because HCV is the recognized pathologic agent of MC and the
6 CQQYGSSPRTFGQGTKL—- CDR3 amino acid sequences of some HCV-associated NHLs also
2 CQQYGSSPYTFGQGTKLEIKR present a high homology for an antibody specific for the E2 protein
3 CQQYGSSPYTFGQGTKL— of HCV, it may be reasonable to speculate that the HCV E2 protein
1 CQQYGSS-RTFGQGTKLEIK is one of the chronic antigenic stimuli involved both in the
9 CQQYGSS-PTFGQRGTKL— lymphomagenetic process and in the production of antibody with

) — RF activity. Further studies are, however, required to directly

Patient no. VK-CDR3 sequence from kv328 gene [

s COHYNNWPPWTEGQGTKLEIK. demonstrate SL_Jch a possibility. _ ' _
14 COQYNNWPPWTFGQGTKVEIK- The 17 patients presented, at the time of NHL diagnosis, a
10 COQYNNWPPWTFGPGTKVKSNR dichotomic clinical behavior: 9 had a history of overt MC

syndrome and 8 did not, although serum cryoglobulins were
detected in 7 of them. Interestingly, the IgR-VH CDR3 sequencing
data seem to offer a plausible molecular interpretation of sugh
differential clinical behavior. The patients with MC syndrome usé&d

nly theD21 (7 of 9) orD2 (2 of 9) gene segments to assemble tige
%H chain, but none of the patients without overt MC syndronie

ke kdkdokdok ok Kk -

* Presence of the same amino acid in the sequences.
: Presence of amino acids with conservative change.

pathologic process. In fact, the NHLs presented a significan

lower R/S mutation ratio than expected by chance only in both t

heavy-chain (14 of 17) and light-chain (11 of 12) FR sequencéé?e_d such hsegmenti, with the only_ exception being paﬂt_anht %2'
consistent with a selective pressure to conserve such structurég?(ﬁ'em 12, however, had SS, an autoimmune syndrome, which gay

provide the scaffolding for the antigen-contracting CDRs. Moréf—e clompflicated by NHLl dbevlt_eplgogmenthinfpzt_ients with consiﬁtegnt
over, the neoplastic populations presented intraclonal variation,c4 > OF S€rum cryoglobulifr: Such findings suggest t aE
ecific D segments may confer to the Ig expressed and possibly

phenomenon highly indicative of an ongoing antigen-depende’?ﬂ ; . .
proliferation. The absence of significant R mutations in the CDR§Creted by the lymphoma cells (and their precursors) high affirfity

argues against the selection for variants with higher antigelp! antigens m(;l/olveo_l in the MC s(;/ndromeTc;]r_ o?hgrcryoglobulm\%_—h
binding specificity; alternatively, it may derive from elimination Ofmlc-gssomate aut0|mmu_ne syndromes. This IS in agree_mept it
variants too autoreactive and, therefore, dangerous for thé%wése. previous reports suggesting that a discrete-sized D region in %’A

The sequencing of IgR expressed by the HCV-associated NH{-positive IgM® is strict_ly required for RF activity. Moreover,g
showed a highly restricted use of gene segments. All VH chaiffi€ D21-9 gene ;egment IS frgqueptly expresged .by B'Fe” clo@s
used exclusively the VH3, VH1, and VH4 family genes. Seven C“;om myoepithelial sialadenitis lesions occurring in patients wigh
the 12 sequenced VK chlains &58%) used kv825gene and 3 SS#4 B-cell clones from patients with HCV-associated immunocg
(25%) thekv328gene, which present very similar deduced aminPmas gnd MC syndrorié and B-cell clones pmd“C'T‘g IgM with
acid sequences (Table 6). Both th&4¢ andVK genes are known RF activity from healthy (_:lonof‘é tha_m by the totality of VDJ
to be preferably used by B cells secreting RF in patients with type'ffarrangements occurring in normal individutls. g
MC, and they are associated with WA cross-idiotype (XId), the In conclusion, our data provide evidence that a large proportlor%of
major cross-idiotype among human monoclonalR¥:3-38Such a HCV-associated NHLs derive from B-cell clones chronically stimulat&d

restricted use of specific gene segments in many different Iympt@’-al common agent. The high homology of the VH and VK IgR chaifis

mas is unlikely to occur by chance only, thus suggesting that ghdth antibodies with RF activity, which are mainly found in MG

antigen-binding specificity of the IgR must be causally associatSyndrome etiologically related to HCV infection, and with antibodigs

with events predisposing B cells to neoplastic transforméﬂon.SpeCiﬁC for E2 protein of HCV (particularly evident for the VK chair§

The picture that emerges from these experimental data is, therefgHggests a possible involvement of viral antigen(s) (E2) in driving B'('Zé"

compatible with the pathogenic hypothesis that a chronic, aﬁ&)hal expansion. Finally, the use of specific D segments in assem@ng
possibly common, antigenic stimulus drives the expansion R possibly confers on B-cell disorders the property to produge

specific B-cell clones in a GC-like reaction where the vigorou%n’[ibOdies that_may contribute to t_he _development of an qvert @C

expansion of the B cells makes them susceptible to mutation eve eror_ne. In this conte>_<t, HC_V eradlcat_lon may Iea_“_j o _reductlon of fae

responsible for neoplastic transformation. HCV—drlven_ lymphoproliferative expansion, with mltlgatlon of the MC
Concerning the antigen responsible for the chronic B_Cesfyndrome, if present, and to a decreased probability of NHL occurrence.

stimulation, a clue derives from the comparison of the IgR CDR3-

deduced amino acid sequences with those of antibodies with

defined specificity. For almost all NHLs, both heavy- and |ightAcknowIedgment

chain CDR3 showed the highest similarity to antibodies with RF

activity that have been found in MC syndrof$e8.31.36-38.4041 The authors are grateful to Dr P. Tonel for help with the manuscript.

676991,

References

1. Invernizzi F, Monti G, Caviglia AG, et al. Anew with hepatitis C virus infection. Blood. 1997;90: phoproliferative disorders. Blood. 1996;87:4296-

case of IgE myeloma. Acta Haematol. 1991;85:
41-44.

Monteverde A, Ballare M, Bertoncelli MC, et al.
Lymphoproliferation in type Il mixed cryoglobu-
linemia. Clin Exp Rheumatol. 1995;13:5141-147.

De Vita S, Sacco C, Sansonno D, et al. Charac-
terization of overt B-cell lymphomas in patients

776-782. 4301.

. Musto P, Dell'Olio M, Carotenuto M, et al. Hepati-
tis C virus infection: a new bridge between hema-

tologists and gastroenterologists? Blood. 1996;
88:752-754.

. Silvestri F, Pipan C, Barillari G, et al. Prevalence

of hepatitis C virus infection in patients with lym-

. DeVita S, Zagonel V, Russo A, et al. Hepatitis C

virus, non-Hodgkin’s lymphomas and hepatocel-
lular carcinoma. Br J Cancer. 1998;77:2032-
2035.

. Ferri C, Monti M, La Civita L, et al. Hepatitis C

virus infection in non-Hodgkin’s B-cell lymphoma



3584

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

DE RE etal

complicating mixed cryoglobulinaemia. Eur J Clin
Invest. 1994;24:781-784.

De Vita S, Sansonno D, Dolcetti R, et al. Hepatitis
C virus within a malignant lymphoma lesion in the
course of type Il mixed cryoglobulinemia. Blood.
1995;86:1887-1892.

De Vita S, De Re V, Sansonno D, et al. Gastric
mucosa as an additional extrahepatic localization
of hepatitis C virus: viral detection in gastric low-
grade lymphoma associated with autoimmune
disease and in chronic gastritis. Hepathology.
2000;31:182-189.

Sansonno D, De Vita S, Cornacchiulo V, et al.
Detection and distribution of hepatitis C virus-
related proteins in lymph nodes of patients with
type Il mixed cryoglobulinemia and neoplastic or
non-neoplastic lymphoproliferation. Blood. 1996;
88:4638-4645.

Luppi M, Grazia Ferrari M, Bonaccorsi G, et al.
Hepatitis C virus infection in subsets of neoplastic
lymphoproliferations not associated with cryo-
globulinemia. Leukemia. 1996;10:351-355.

Pozzato G, Mazzaro C, Crovatto M, et al. Low-
grade malignant lymphoma, hepatitis C virus in-
fection, and mixed cryoglobulinemia. Blood.
1994;84:3047-3053.

Zignego AL, Ferri C, Giannini C, et al. Hepatitis C
virus infection in mixed cryoglobulinemia and B-
cell non-Hodgkin’s lymphoma: evidence for a
pathogenetic role. Arch Virol. 1997;142:545-555.

Bahler DW, Levy R. Clonal evolution of a follicular
lymphoma: evidence for antigen selection. Proc
Natl Acad Sci U S A. 1992;89:6770-6774.

Ivanovski M, Silvestri F, Pozzato G, et al. Somatic
hypermutation, clonal diversity, and preferential
expression of the VH 51p1/VL kv325 immuno-
globulin gene combination in hepatitis C virus-
associated immunocytomas. Blood. 1998;91:
2433-2442.

De Re V, De Vita S, Marzotto A, et al. Premalig-
nant and malignant lymphoprolifeations in an
HCV-infected type Il mixed cryoglobulinemic pa-
tient are sequential phases of an antigen-driven
pathological process. Int J Cancer. 2000;87:211-
216.

Matolcsy A, Schattner EJ, Knowles DM, et al.
Clonal evolution of B cells in transformation from
low- to high-grade lymphoma. Eur J Immunol.
1999;29:1253-1264.

Zelenetz AD, Chen TT, Levy R. Clonal expansion
in follicular lymphoma occurs subsequent to anti-
genic selection. J Exp Med. 1992;176:1137-1148.

De Vita S, De Re V, Gasparotto D, et al. Oligo-
clonal non-neoplastic B cell expansions is the key
feature of type Il mixed cryoglobulinemia. Arthritis
Rheum. 2000;43:94-102.

Harris NL, Jaffe ES, Stein H, et al. Arevised Eu-
ropean-American classification of lymphoid neo-
plasms: a proposal from the International Lym-
phoma Study Group. Blood. 1994;84:1361-1392.

Hsu SM, Raine L, Fanger H. A comparative study
of the peroxidase-antiperoxidase method and an
avidin-biotin complex method for studying

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

BLOOD, 15 NOVEMBER 2000 + VOLUME 96, NUMBER 10

polypepetide hormones with radioimmunoassay
antibodies. Am J Clin Pathol. 1981;75:734-738.

Cordell JL, Falini B, Erber WN, et al. Immunoen-
zymatic labeling of monoclonal antibodies using
immune complexes of alkaline phosphatase and
monoclonal anti-alkaline phosphatase (APAAP
complexes). J Histochem Cytochem. 1984;219-
229.

De ReV, De Vita S, Carbone A, et al. The rel-
evance of VDJ PCR protocols in detecting B-cell
clonal expansion in lymphomas and other lym-
phoproliferative disorders. Tumori. 1995;81:405-
409.

Kuppers R, Zhao M, Rajewsky K, et al. Detection
of clonal B cell populations in paraffin-embedded
tissues by polymerase chain reaction. Am J
Pathol. 1993;143:230-239.

Chang B, Casali P. The CDR1 sequences of a
major proportion of human germline Ig VH genes
are inherently susceptible to amino acid replace-
ment. Immunol Today. 1994;15:367-373.

Martin T, Crouzier R, Weber JC, et al. Struc-
ture-function studies on a polyreactive (natural)
autoantibody. Polyreactivity is dependent on
somatically generated sequences in the third
complementarity-determining region of the anti-
body heavy chain. J Immunol. 1994;152:5988-
5996.

Agnello V, Chung RT, Kaplan LM. Arole for hepa-
titis C virus infection in type Il cryoglobulinemia.
N Engl J Med. 1992;327:1490-1495.

Dammacco F, Gatti P, Sansonno D. Hepatitis C
virus infection, mixed cryoglobulinemia, and non-
Hodgkin's lymphoma: an emerging picture. Leuk
Lymphoma. 1998;31:463-476.

Sansonno D, De Vita S, lacobelli A, et al. Clonal
analysis of intrahepatic B cells from HCV-infected
patients with and without mixed cryoglobulinemia.
J Immunol. 1998;160:3594-3601.

Sansonno D, lacobelli AR, Cornacchiulo V, et al.
Detection of hepatitis C virus (HCV) proteins by
immunofluorescence and HCV RNA genomic se-
guences by non-isotopic in situ hybridization in
bone marrow and peripheral blood mononuclear
cells of chronically HCV-infected patients. Clin
Exp Immunol. 1996;103:414-421.

Knight GB, Agnello V, Bonagura V, et al. Human
rheumatoid factor cross-idiotypes, IV: studies on
WA Xld-positive IgM without rheumatoid factor
activity provide evidence that the WA XId is not
unique to rheumatoid factors and is distinct from
the 17.109 and G6 Xlds. J Exp Med. 1993;178:
1903-1911.

Nemazee D, Russell D, Arnold B, et al. Clonal
deletion of autospecific B lymphocytes. Immunol
Rev. 1991;122:117-132.

Ray SK, Putterman C, Diamond B. Pathogenic
autoantibodies are routinely generated during the
response to foreign antigen: a paradigm for auto-
immune disease. Proc Natl Acad Sci U S A. 1996;
93:2019-2024.

Russell DM, Dembic Z, Morahan G, et al. Periph-
eral deletion of self-reactive B cells. Nature.
1991;354:308-311.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Borretzen M, Randen |, Zdarsky E, et al. Control
of autoantibody affinity by selection against
amino acid replacements in the complementarity-
determining regions. Proc Natl Acad Sci U SA.
1994;91:12917-12921.

Agnello V, Zhang QX, Abel G, et al. The associa-
tion of hepatitis C virus infection with monoclonal
rheumatoid factors bearing the WA cross-idio-
type: implications for the etiopathogenesis and
therapy of mixed cryoglobulinemia. Clin Exp
Rheumatol. 1995;13:5101-S104.

Pascual V, Randen |, Thompson, KM, et al. The
complete nucleotide sequences of the heavy
chain variable regions of six monospecific rheu-
matoid factors derived from Epstein-Barr virus-
transformed B cells isolated from the synovial
tissue of patients with rheumatoid arthritis. J Clin
Invest. 1990;86:1320-1328.

Gorevic PD, Frangione B. Mixed cryoglobuline-
mia cross-reactive idiotypes: implications for the
relationship of MC to rheumatic and lymphoprolif-
erative diseases. Semin Hematol. 1991;28:79-94.

Kuppers R, Klein U, Hansmann ML, et al. Cellular
origin of human B-cell lymphomas. N Engl J Med.
1999;341:1520-1529.

Borretzen M, Randen |, Natvig JB, et al. Struc-
tural restriction in the heavy chain CDR3 of hu-
man rheumatoid factors. J Immunol. 1995;155:
3630-3637.

Crouzier R, Martin T, Pasquali JL. Monoclonal
IgM rheumatoid factor secreted by CD5-negative
B cells during mixed cryoglobulinemia. Evidence
for somatic mutations and intraclonal diversity of
the expressed VH region gene. J Immunol. 1995;
154:413-421.

Tzioufas AG, Boumba DS, Skopouli FN, et al.
Mixed monoclonal cryoglobulinemia and mono-
clonal rheumatoid factor cross-reactive idiotypes
as predictive factors for the development of lym-
phoma in primary Sjogren’s syndrome. Arthritis
Rheum. 1996;39:767-772.

Voulgarelis M, Dafni UG, Isenberg DA, et al. Ma-
lignant lymphoma in primary Sjogren’s syndrome:
a multicenter, retrospective, clinical study by the
European Concerted Action on Sjogren’s Syn-
drome. Arthritis Rheum. 1999;42:1765-1772.

Bahler DW, Swerdlow SH. Clonal salivary gland
infiltrates associated with myoepithelial sialadeni-
tis (Sjogren’s syndrome) begin as non malignant
antigen-selected expansions. Blood. 1998;91:
1864-1872.

Borretzen M, Chapman C, Natvig JB, et al. Differ-
ences in mutational patterns between rheumatoid
factors in health and disease are related to vari-
able heavy chain family and germ-line gene us-
age. Eur J Immunol. 1997;27:735-741.

Brezinschek HP, Foster SJ, Brezinschek R, et al.
Analysis of the human VH gene repertoire. Differ-
ential effects of selection and somatic hypermuta-
tion on human peripheral CD5(+)/IgM+ and
CD5(—)/IgM+ B cells. J Clin Invest. 1997;99:
2488-2501.

20z aunr g0 uo 3senb Aq Jpd'g.5€000228U/L6¥6991/8LGE/01/96/4Pd-Bl01LE/POOIG/ABU  SUOlEDIgNdYSE//:dRY WOl papeojumo]



