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We have examined the CDR3 sequence and adjacent regions of immunoglobulin genes from B-cell
lymphoma of mucosa-associated lymphoid tissue (MALT). Twenty-nine sequences (15 sequences
from 13 low-grade MALT lymphomas, marginal zone B-cell lymphomas; 7 sequences from 6 high-
grade MALT lymphomas; 7 sequences from 7 diffuse large cell lymphomas) were obtained after
cloning of the polymerase chain reaction-amplified segments. In the low-grade MALT, high-grade
MALT and diffuse large cell lymphomas, the mean length of the CDR3 region was 47.6+10.31
(range 21 to 60), 38.71+£10.37 (range 27 to 57) and 40.86+3.34 (range 39 to 48) nucleotides, respec-
tively. The length of the CDR3 region was significantly greater in the low-grade MALT lymphoma
group than in the other two groups. CDR3 sequences in lymphoma cell clones of 14 cases showed
60 to 81% homology with autoantibody-associated lymphocyte clones including rheumatoid factor.
The incidences of these autoantibody-associated lymphocyte clones were higher in the high-grade
MALT (4/6) and diffuse large lymphomas (5/7) than in the low-grade MALT lymphoma (5/13).
Cases with more than 70% homology at the nucleotide level were found to have 71 to 82% homol-
ogy with autoantibodies at the protein level in the low-grade MALT lymphomas (2/13), and 67%
homology in the high-grade MALT lymphomas (2/7). These results indicate that MALT lympho-

mas may be derived from the malignant transfor mation of autoreactive B-cells.
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Mucosa-associated lymphoid tissue (MALT) lympho-
mas occur in extranodal organs such as the stomach,
sdlivary gland, thyroid and lung.t? The organization of
MALT is acquired as a result of chronic inflammation
caused by factors such as Helicobacter pylori (H. pylori)
infection, chronic sialadenitis of Sjogren syndrome, and
Hashimoto’s thyroiditis. MALT lymphomas are considered
to arise from these backgrounds>= In comparison with
equivalent nodal B-cell lymphomas, the clinical behavior
of MALT lymphoma is one of slow dissemination and the
prognosis is more favorable. The participation of autoanti-
gen in MALT lymphomagenesis has been suggested. The
immunoglobulin derived from gastric MALT lymphoma
cells was shown to be specifically responsive to auto-
tissues.5? Moreover, it was demonstrated that prolifera-
tion of low-grade gastric MALT lymphoma cells is
indirectly stimulated by H. pylori via specific tumor-infil-
trating T cells®® Low-grade gastric MALT lymphoma
regresses after the eradication of H. pylori.’® Thus antigen
stimulation may play arole in the pathogenesis and devel-
opment of MALT lymphomas.®? B-Cell lymphomas occur-
ring in certain organs can be classified into low-grade and
high-grade MALT lymphomas, and non-MALT high-grade
lymphomas. However, it frequently becomes problematic
whether a high-grade lymphoma is of MALT type or not,
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because the characteristic features of low-grade MALT
lymphoma, such as the presence of reactive follicles and
lymphoepithelial lesions, are readily lost with high-grade
transformation. Therefore, analysis of the antigen binding
sites of these lymphomas may give clues to the nature of
the immune response.

Immunoglobulin heavy chain (IgH) gene has three
hypervariable regions, so-called complementarity deter-
mining regions (CDR1, 2 and 3). CDRS3 directly contacts
the antigen and is the most variable region of the Ig
molecule. Antigen specificity is highly dependent on the
composition of CDR3. CDR3 changes its structure in
accordance with the antigen. The nucleotide sequence of
CDR3 is developmentally regulated, with its length show-
ing a tendency to increase as the antigenic stimuli increase
with the maturation of the individuals.*>*® The increase of
diversity of IgH gene in response to various antigens is
generated through the recombination of multiple VH, D
and JH segments, increased use of the longer DH and JH
gene segments, increased number of D-D fusions, and
additions to the N region. Owing to this diversity, the
CDR3 region is unique in each rearrangement. Analysis of
the CDR3 sequence, therefore, is a useful procedure for
studying the clonality of malignant cells and obtaining
information about the binding antigen.

The aim of the present study was to determine the
CDR3 nucleotide sequence of MALT lymphoma cell
clones and to evaluate the properties of their antigen bind-
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ing sites, and, moreover, to understand the origin and the
role of antigen in the clonal selection of the lymphoma
cells on the basis of its primary structure.

MATERIALS AND METHODS

Pathologic samples  Specimens were obtained from
patients who were clinically diagnosed as having primary
B-cell lymphoma and who underwent tumor resection.
Transbronchial lung biopsy (TBLB) specimens from two
patients with chronic bronchitis served as reactive con-
trols, because bronchial mucosa is exposed to various anti-
gens. A portion of the specimen was snap-frozen in liquid
nitrogen for immunohistochemical anaysis.
Histopathologic studies and immunohistochemical
analysis Routinely processed formalin-fixed, paraffin-
embedded samples were sectioned at 3 um and stained
with hematoxylin-eosin. Classification of non-Hodgkin's
lymphomas was based on the MALToma** and REAL
classifications.’® High-grade lymphomas were classified
according to the criteria of Hsi et al.'”

The immunological phenotype of each lymphoma was
determined by immunohistochemical methods using the
standard avidin-biotin complex technique, and the results
were considered in conjunction with those of the histo-
pathologic studies. The following antibodies were used:
CD19 (B4, Coulter Immunology, Hialeah, FL), CD20 (B1,
Coulter Immunology; L26, Dakopatts, Glostrup, Den-
mark), CD21 (B2, Coulter Immunology), CDw75 (LN-1,
Nichirei, Tokyo), CD3 (Leud, Becton Dickinson, Moun-
tain View, CA), CD4 (Leu3a, Becton Dickinson), CD5
(Leul, Becton Dickinson), CD8 (Leu2a, Becton Dickin-
son), CD43 (MT-1, Bio-Science, Emmenbriicke, Switzer-
land) and CD45R0O (UCHL-1, Dakopatts).

DNA preparation DNA extraction and microdissection
from surgically resected tissues were performed according
to the previously described methods.® A part of the fro-
zen specimen was aso homogenized mechanically and
centrifuged at 35,000 rpm for 18 h a 20°C by the
guanidinium/cesium chloride method. Isolated genomic
DNA was incubated for 2 h at 50°C with 200 pg/ml pro-
teinase K and 0.5% sodium dodecyl sulfate, extracted with
phenoal/chloroform, and subsequently dialyzed.

Polymerase chain reaction (PCR) for IgH genes IgH
gene from paraffin-embedded or frozen samples was
amplified according to the two-step PCR method of Wan
et al.'® The primers used were: 5 ACACGGCI[C/T][G/
C]TGTATTACTGT 3 (Fr3A), 5 TGAGGAGACGGTGA-
CC 3 (LJH), and 5 GTGACCAGGGT[A/G/CIT]CCTT-
GGCCCCAG 3 (VLJIH). Fr3A is the oligomer for the
third framework portion of the V region. LJH and VLJH
are based on the consensus sequence from the J region.
For the first step of amplification, 1 pl of extracted DNA
was subjected to PCR amplification with 2.5 units of Taq
polymerase and with the primers for Fr3A and LJH at a
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final concentration of 0.25 uM in 100 ul of standard
buffer. Each PCR experiment contained a sample without
the DNA template as a negative control, and a sample
with DNA extracted from Burkitt lymphoma (Ilymph node)
as a positive control in which IgH gene rearrangement had
been detected by Southern blotting. Denaturing was car-
ried out for 2 min at 94°C, annealing for 2 min at 60°C,
and extension for 2 min at 72°C for 30 cycles. The second
step of 20 cycles with Fr3A and VLJH was performed
with 10 ul of a 1/2000 dilution of the first step PCR prod-
uct as template. The PCR product (40 ul) was extracted
with phenol/chloroform and precipitated with ethanol. The
precipitate was then dissolved in 5 ul of TrisEDTA (TE)
buffer and electrophoresed on 2% agarose gel, and the gel
was stained with ethidium bromide to visualize the DNA
under a short-wavelength UV light. The expected size of
the amplified products was about 100 bp.

Sequence analysis The PCR product was ligated to the
PCR™ vector and the ligation mixture was transformed
into One Shot™ competent cells by using a TA Cloning
Kit (Invitrogen Corp., San Diego, CA). The subcloned
DNAs were picked up at random and DNA was purified.
Sequencing was performed using a Tag Dye Primer Cycle
Sequencing Core Kit (Applied Biosystems, Foster City,
CA).

The character of the CDR3 region was identified by

comparison of the sequences with those in the GenBank
and EMBL databases using the FASTA program. For D
genes, minimal homology consisted of six matches in a
row or seven matches interrupted by one mismatch.®
Homology search to published B-cell clones was done
both at nucleotide and protein levels.
Statistical analysis Statistical analysis of differences
between low-grade MALT and high-grade MALT or dif-
fuse large lymphoma groups was performed using the one-
tailed Student’s t test.

RESULTS

Histopathology of primary B-cell lymphoma in extra-
nodal organs All 26 cases were diagnosed histopatholog-
icaly as margina zone B-cell lymphoma or low-grade
MALT lymphoma (13 cases; three from the stomach, two
from the thyroid, eight from the lung), diffuse large B-cell
lymphoma with evidence of high-grade MALT Iymphoma,
that is, large cell lymphoma with lymphoepithelia lesions
but without a low-grade component (6 cases; three from
the stomach, three from the thyroid), and diffuse large B-
cell lymphoma without evidence of MALT lymphoma (7
cases; three from the stomach, three from the thyroid, one
from the lung) (Table I). The findings were confirmed by
the examination of 3 to 5 blocks in each case.

Detection of IgH gene rearrangement and segquence
analysis of CDR3 region Clona IgH gene rearrange-
ments in paraffin or frozen-embedded specimens evaluated



MALT Lymphoma May Be Derived from Autoreactive B-Cells

ablel. Dominant Clone Sequence of CDR3 Region in B-Cell Lymphoma Derived from MALT-related Organs
CDR3
v (N D (N J ) I ength
Case |- CDR3 . Ratio (ND-N
| engt h)
Low grade MALT: narginal zone B-cell |ynphoma
2 TGT GCGAGACA cacggtcc (D1-26) ATgGTGGGA aatccgt cgcaaacttagtt GACTAC TGG 5/10 51 (37)
JHA
4 TGT GCGAGAG ctgtccgtcce (DXP'1) GTTCGGGGAGTTAaTATA tacccacttt GACTCC TGG 5/9 51 (38)
JHS
9 TGT GOGAGAGA  cggcaca (DXP'1) TATGGTTCaGGGAGTTATTATAAC cggctg TACGGTATGGACGTC TGG 6/ 10 60 (37)
JH6
17 TGT GCGAG (DXP'1) GGGGAG o] TTCGACCCC TGG 2/9 21 (7)
JHS
19-1 TGT GCGAGAGA (D2) GATATTGTAGTGGTGGTAGCTGCTA aaact ag TGGTTCGACCCC TGG  2/7 52 (32)
JH5
-2 TGT GCGAGAGA tgaga (D3) AGCACATcGeGGTGC (D1) CTGGTG acttcggat ACTACTTTaAt TAC TGG 2/7 57 (35)
JHA
21 TGT GOGAG gggccaact cg (DK1) GTGGCTACGATT (Dlor2or3) TGGTGG  gc TGGTTCGACCCC TGG 5/ 10 48 (31)
JH5
22 TGT GCGAGAG  tggccaggcect gac (D21/9) ATAGTAGTaGTTgT gtat TTCGACCCC TGG 9/ 10 48 (32)
JH5
23 TGT GCGG gagccc (DK1) TcGTGGCTA tatc TACTACTACGGTATGGACGTC TGG 6/8 44 (19)
JH6
24-1 TGT GOGAGAG  ctcgccggeccgacttg (DML) ATAACTGGAAC ( DXP' 1) TTCGGG ctgc TTCJAGCAC TGG 4/9 54 (37)
JHL
-2 TGT GCGAG tata (DXP'1:inv) AATCTTAGIGGGGGECT c TACTACTACGGTATGGACGTC TGG  4/9 48 (22)
JH6
25 TGT GCAAG cg (D4-14) ACGGTGACTAC ( DK1) GTGGATt Tt GaG TAC TGG 7/9 33 (25)
JHA
26 TGT GCGA t aggggg ( DAlor 4) TGACTACAGTAACTAC aagagggtc TAC TGG 7/9 39 (32)
JH4
27  TGT GCGAAMAGA taggt at gaggg (DN1) TAGCAGt gGCTGG (D1) TACTGGaGGJG gt ac TACTTTGACTAC TGG 7/8 60 (40)
JHA
28  TGT GOGAAAG  tccgacc (DXP'1) CGGGGAcTTc (D3) GyTTGCTATTCC GGTATGGACGTC TGG  7/10 48 (29)
JH6
Hi gh-grade MALT
3 TGT GCGAGAG (DXP'1) TgCGt GGGAGTT cggga TAC TGG 10/10 27 (17)
JHA
6-1 TGI GCAAAAGATA (DXP'1l) TgTGGTTCaGGGAGITATTAT gggtc TACTACTACGGTATGGACGTC TGG 6/ 10 57 (26)
JH6
-2 TGT GCGA caagtt caacga (D4-23) TACGGIGXA ctcattgc TTTGACAAC TGG 3/10 43 (30)
JH4
7 TGT GCGAGAGG ttcaacga (D4-17) ACGGTGACTAC gttgce TTTGACTAC TGG 5/9 42 (25)
JHA
11 TGT GCGAGAGA (D21-10) TGGEEGEG g TGGTTCGACCCC TGG 4/5 27 ( 7)
JH5
12 TGT GOGAGAGA ¢ (DHQB2) At ATGGGGAT ( DAlor 4) CJACAGT c TTTGACTAC TGG 3/5 36 (19)
JH4
18 TGT GCGAGAGA tgctctg (DK1) GGATATAGTaGC agtggcggg AAC TGG 8/10 39 (28)
JHA
Di ffuse |arge cell
1 TGT GOGAGAGG  gga (D6-19) AGCAGTGGCTGGTA gc TACTTTGACTAC TGG 10/10 39 (19)
JH4
5  TGT GCGAGAA (D3-16) GEGGAaTgt Tt G ( DK5) AaAGTCTCTAC ctg GACGTC TGG 10/ 10 39 (26)
JH6
8  TGT GCGAG cat agaca ( DK4) GTGGATACAGCTATGGTTA aaggc TAC TGG 7/8 40 (32)
JHA
13 TGT GOGAGAG  cggcgag (DXP'1) TTACTATGGTTCGGGG gca AACTGGTTCGACCCC TGG 4/7 48 (26)
JHS
14  TGT GCGAGAGA (DXP1) TGaCGATAT (D1C) AGct CAATCTCC ¢ TTTGACTAC TGG 9/9 39 (22)
JHA
16 TGT GCGAGAG ctca (DN1) GTATAGCAGCAGCTGGTAC TACTTTGACTAC TGG 10/10 42 (23)
JHA
29  TGT GCGAGAA (DHQB2) GGGGA (DXP4) ATgTTTGaA agtctctacctg GACGTC TGG 3/6 39 (26)
JH6

Parentheses indicate homology with D segments. Nucleotides of the N region and mutation in gene segments are indicated in lower-case
characters. Case numbers 1-9 show gastric lymphoma, case numbers 11-19 thyroid lymphoma, and case numbers 21-29 pulmonary
lymphoma.
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Table Il. CDR3 Region Homology Sequence of Tumor Clone Rearrangements Compared to Reported Rearrangements

Honol ogy (%

Case CDR3 Regi on Sour ce
Nucl eotide Amino acid

Lowgrade MALT: narginal zone B-cell |ynphoma
2 GOGAGACACACGGTCCATGGT GGGAAATCCGTCGCAAACTTAGT TGACTAC

GOGAGACATAAGXBGAATAGTG} -- CI'AOGr AACCGT- - TTGACTAC Clone L121982 63%
(CD5+ EBV-transformed B cell) (67%*
4 GCGAGAGCTGTCCGTCCGT TCGGGGAGT TAATAT- ATACCCA- - - - CTTTGACTCC

GCGAGAG TG C(Xm;GT TCGGGGAGTT ATTATAAGACAGAGGGCT TTTGATATC Cl one U00493" 66%
(natural autoantibody) (90% *

A R D G TY GSGS Y YN RL Y G MDYV

9 GCGAGAGAC- - - GGCACATATGGTTCAGGGAGI TATTATAAG - - - - - - - CGGCTG TACGGTATGGACGTC

i Triiiiiiiiiii i 71%

GCGAGAGATTCA(XBGT ACT ATCATTC(XXISAGT TATTATAACGT TATCCACT ACT ACT ACGATAT(EACGT C Cone X750239 70%

A RDSGTYDSGSYYNVI HY Y Y DMD V (autoantibody of Hashinoto' s (88% *
thyroiditis)

A R GRF DP
17 GCGAGGGEGAGGT TCGACCCC

71%
GO’-\AG}SAGTGGI’TOGACCCC Cl one Z142089 86%
A REWFDP (fetal liver) (67%*
ERDI VVVVAAKTSGSTF®P

19-1 GAGAGAGATATTGTAGTGGTGGTAGCTGCTAAAACTAGT GGTTCGACCCC
Tiiiioiiiiiioiia - Triiiiiiin 82%
GAGAGISATATTGTAGTAGTACCAGCI’GCI’CGAACT---GGTTCGACCCC Cl one M50939 80%
ERDI VVVPAART G S TP (Gb6-reactive tonsillar |ynphocyte) (80% *

19-2 GCGAGA- - GATGAGAAGCACATCGCGGTGOCTGGTGACT- - - - TC- - GGATACTACTTTAATTAC

GCGAGAGT GAOG}BCT C(M(MTT'I'I'GGAG- TGET TATTATACT OGGGGI'TACTACTTTGACTAC C one X544459 64%
(rheumatoid factor mAb) (57% *
A GA LV AI s T T TV WT S
23 GCGGGAGCCCTCGTGECTATATC- - - TACTACTACGGTATGGACGTC
N Tririiiiiiiiiiiiiiio 60%
CAAGATTCC—--GTGGCTACGACTACI’ACI’ACTACGGTATGGACGI’C Cl one N19 71%
Q D S VATTTTTTVWT S (Cord bl ood) (44% *
A S|l NL S GGLYYYGMDV
24 GCGAGTATAAATCTTAG TGGGGEGCTCTACTACTACGGTATGGACGTC
Driiiiiiiiiiiiiiiiio 56%
GCAAGAT%TCA(IAGCTGGTCC(XI;TTACTACTA%TATGGACGTC Clone 6.79 67%
ARWSAA GPGYYYGMDV (fetal liver) (35% *

25 GC- - AAGCGA- - - CGGTGACTACGT G- GATTTTGAGTAC

(K)GAGAGGGAGI’AOGFI’GACTAAG}SAGA‘I‘I’TTGACTAC Clone L179 74%
(G6-reactive |ynphocyte) (85% *
26 GCGATAGGGGEGT GACTACAGTAACTACAAGAGGGTCT- - - - AC

GOGAGA%AGT- --- ACGGTGACTAC(IISAGATTTTGACTAC Clone L37° 60%
(Gb6-reactive |ynphocyte) (63% *
27 GCGAAAGATAGGTATGAGGGTAGCAGT GGCT GGTACT GGAGGEGGTACTACT TTGACTAC

GCGAGA(I;TA GTA GCGTATTACTATGGTTCG— (XBGAGTTATTGI’ACTACTTTGACI’AC Cl one 4.58% 61%
(fetal liver) (33% *
Hi gh-grade MALT
ARV RGS S GT
3 GCGAGAGT GOGT GGGAGT TCGGGATAC
67%

GOGAGAGTGJG GXRSGI’TOGGGG AG Cl one U00493" 81%
A RV RGVR GV (natural autoantibody) (83% *
6-1 GCAAAAGATATG - TGGTTCAGGGAGI TATTA- - TGGGTCTACTACTACGGTATGGACGTC

GOGAGAGA%TGGTTGGTTGTAGTAG— TAOCAGCTGCTACTACTACTAOGGTATGGACGTC Clone M50949 70%
(G6-reactive |ynphocyte) (56% *

-2 GCGACAAGTTCAACGATA- CGGTGECACTCATTGCTTTGACAAC

GOGAAAGXJTCTATGATAGTAGTGBCA— - AGATACTTTGACTAC Cl one Zz18830" 66%
(anti-self antibody) (73% *
7 GCGAGAGGT TCAACGAAC- GGTGACTAC- GT- - TGCCTTTGACTAC

GCGAGA- GACDGAOGATCTTCTGACTACAGTAATOOCTTTGACTAC Cl one L14455) 72%
(rheumatoid B-1la cell high affinity (67%*
RF)
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Table Il.  (Continued)
Honol ogy (%
Case CDR3 Regi on Sour ce
Nucl eotide Amno acid
A RDGGWFDFP
11 GCGAGAGATGEGEGEGTGGTTCGACCCC
i Triiiiiiiio 67%
GCGACA(}}ISACAACTG}TTCGACCCC Cl one MB50969 74%
A R GDNWF DP (Gb6-reactive tonsillar |ynmphocyte) (17% *
A R D I WG S T \Y F DY
12  GCGAGAGACATCTG GGGATCGACAG - TCTTTGACTAC
Tririiiiiiioonoriiio Tririiiine 62%
GCGAGAGACCTOOGAG?GAGCAAG}}_TFACFTTGACTAC Cl one X81724) 74%
A RDLIRGSIKGYFTDY (pre B cell from adult bone narrow (55% *
A RDAL GY S S S G GD
18 GCGAGAGATGCTCTGGGATATAGTAGCAGT GGCGCGAAC
oo Toiiiiiiiinotiii 67%
GCGAGACAT- - - CTGGGATATAGCAGCAG- - CTGGTA Clone X84339% 72%
A R H L GY S S s W (1gG+ CD5+ chronic |ynphocytic |eu- (92% *
kemia B cell)
Di ffuse l|arge
1 GCGAGAGGGGAAGCAGTGGCTGGTAGCTACTTTGACTAC
G:GAAAGATCATATAGI’GGSAGZTACI’TACI’TTGACTAC Cl one Z141799 69%
(fetal liver) (57%*
5 GCGAGAAGGGGAATGT TTGAAAGT- - CTCTACCTGGACGTC
GCGAGAAGIBATAATGI’ATTGTAGTGEI’GEI’AGZTG— CI'AC Cl one Z749135" 61%
(lupus, anti-DNA antibody) (52% *
8 GCGAGCATAGACAGT - - GGATACAGCTATGGT TAA- - - - - - AGGCTAC
GOGAGAGAAGSGTATCCGGATACAGCTAT(I;T TAACCCCT TTGACTAC Clone L19288™ 65%
(rheumat oid factor) (86% *
A R A A S Y Y GS G A NWFDP
13 GCGAGAGCGGCGAGT- - - - TACTATGGT TCGGGG- GCAA- - ACTGGT TCGACCCC
Toiiiiiiiiiiio iiiiiiiiiioo 56%
GCGAAAG C{XDAAGFGFTGTACTATGGFTC(MEAGTTATOACFGGFTOGACCCXZ Clone ML7746" 78%
A K GQVULYYGSGSYHWFTUDTFP (anti-DNA i munogl obul i n) (80% *
14 GCGAGAGA- TGACGATAT- - - - AGCTCAAT- CTCCCTTTGACTAC
G:GAGAGA@BACGATCTTCTGACTAOAGI’AATCCCTTTGACI’AC Cl one L14455) 71%
(rheumatoid B-la CD5+ B cell) (54% *
A RAQY SSSWYYFDY
16 GCGAGAGCTCAGTATAGCAGCAGCTGGTACTACTTTGACTAC
il IiiIIiioriiiiioooriiiiiionn 57%
GCGAGACCTCGAGATAGCAGCACCTGGTACCCCTTTGACGAC Cl one U00528" 81%
A RPRDSSTWYPF DD (natural autoantibody) (84% *

a) From Van der Heijden et al., 1993. Unpublished. b) From Huang and Stollar,®» 1993. c) From Mclintosh et al.,?? 1994. d) From
Cuisinier et al.,® 1993. €) From Kipps and Duffy,?® 1991. f) From Harindranath et al.,® 1991. g) From Van Es et al.,?® 1992,
h) From Griffiths et al.,?? 1993. i) From Mantovani et al.,®® 1993. j) From Milili et al.,?® 1996. k) From Hashimoto et al.,>® 1995.
1) From Spellerberg et al.,*» 1995. m) From Youngblood et al.,* 1994. n) From Dersimonian et al.,® 1987.

[ shows the degree of homology within the D segment. Underlines show the D segment. Deduced amino acid sequence is given in

cases with more than 55% homology.

by PCR showed a sharp band in al cases (data not
shown). The sequencing of the CDR3 regions revealed a
single dominant clone in all cases except cases 6, 19 and
24, in each of which two major sequences were identified
(Table 1). The D region of the sequences in all cases had
significant homology to one of the presently known germ-
line D genes. Cases 3, 5, 6 (clone 1), 11, 14, 16, 17, 19
(clone 1), 25, 28 and 29 showed the absence of the N seg-
ment at either the VH-DH or DH-JH junction. DH-DH
fusions were observed in cases 5, 12, 14, 19 (clone 2), 21,
24 (clone 1), 25, 27, 28 and 29, and were especialy fre-

guent in low-grade pulmonary MALT lymphomas. In 8
(cases 3, 4, 6, 9, 13, 17, 24 and 28) of the 26 cases the DH
segment sequence shared a portion of the germline DXP'1
segment and, interestingly, 7 of these 8 cases were low-
or high-grade MALT lymphomas. The most frequently
utilized JH segments in tumor clones were JH4 (52%),
JH6 (26%) and JH5 (22%).

Length of the CDR3 region In low-grade MALT, high-
grade MALT and diffuse large cell lymphomas, the mean
length of the CDR3 region was 47.6+10.31 (range 21 to
60), 38.71+10.37 (range 27 to 57) and 40.86+3.34 (range
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39 to 48) nucleotides, respectively. The mean length of the
CDR3in 40 clones of the reactive control was 50.72+8.98
(range 36 to 75). The length of the CDR3 region was sig-
nificantly greater in the low-grade MALT lymphoma
group than in the other two groups (P<0.05), and was sig-
nificantly greater in the reactive control than in the other
two groups (P<0.01). The mean length of N-D-N was
30.2+£8.82 (range 7 to 40), 21.71+7.99 (range 7 to 30) and
24.86+4.10 (range 19 to 32) nucleotides, respectively.
That in the reactive control was 35.7+6.63 (range 22 to
50). The length of N-D-N was significantly greater in the
low-grade MALT lymphoma group than in the high-grade
MALT group (P<0.05), but was significantly smaller than
in the reactive controls from two patients with chronic
bronchitis (P<0.01).

Homology search of CDR3 region compared to pub-
lished rearrangements Homology search indicated that
the lymphoma cell clones of 14 cases (5 of 13 low-grade
MALT lymphomas; cases 4, 9, 19-1, 19-2, 25 and 26; 4 of
6 high-grade MALT lymphomas; cases 3, 6-1, 6-2, 7 and
11; 5 of 7 diffuse large cell lymphomas; cases 5, 8, 13, 14
and 16) exhibited 60 to 81% homology with autoantibody-
associated lymphocyte clones (Table 11).2% 22242527, 28, 31-33)
The incidence of these autoantibody-associated |ympho-
cyte clones was higher in the high-grade MALT and
diffuse large lymphomas than in low-grade MALT
lymphoma. Eight of these 14 cases were rheumatoid fac-
tor-associated lymphocyte clones including G6. In the
lymphoma cell clones of cases 1, 17, 23, 24 and 27, there
was 61 to 86% homology with previously reported clones
derived from fetal liver or cord blood.?2? Case 12
showed 74% homology with a pre B-cell clone.?® Case 18
had 72% homology with an 1gG*, CD5*, CLL B-cell
clone3? At the protein level, 2 cases of low-grade MALT
lymphomas showed 71 and 82% homology with CDR3 of
autoreactive B-cell clones, and 2 high-grade MALT lym-
phomas showed 67% homology. However in diffuse large
cell lymphomas, homology at the protein level was 56 and
57% (Table I1).

DISCUSSION

MALT lymphomas often occur in association with
autoimmune disorders, and are believed to produce autore-
active immunoglobulin, as shown in gastric MALT lym-
phoma. This specific nature of MALT lymphoma cells
must be reflected in the properties of CDR3 in IgH gene.
So far, VH analyses suggest that low-grade MALT lym-
phomas are derived from post-germinal center B cells®
as well as a large proportion of diffuse large cell lympho-
mas. Therefore, precise analysis of the CDR3 sequence
derived from each lymphoma clone may shed some light
on the relation of MALT lymphomas and “de novo” large
B-cell lymphomas occurring in mucosal organs.
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As the same nucleotide seguence of the IgH CDRS3
region is shared by only one in 20,000 circulating B
cells® it is a useful marker for determining the clonality
of the malignant clone in lymphomas. The sequencing of
the CDRS3 regions revedled a single dominant clone in 23
cases, and two major sequences in the other 3 cases (6, 19
and 24) (Table 1). In cases 6, 19 and 24, either these two
major sequences were derived from different cells, or the
IgH gene of both aleles from the same cell was expressed.
Concerning the latter possibility, there is recent evidence
that IgH allelic exclusion is not absolute and that a subset
of B-CLL expresses more than one functional 1g heavy
chain.®

The D region of the sequences in all cases had signifi-
cant homology with one of the presently known germline
D genes. Among them, eight cases used the DXP'1 gene.
The DXP group gene is reported to be the most frequently
used D segment both in fetal liver lymphocytes™ and in
adult peripheral B cells® DHQ52, which is preferentially
used at the fetal stage,®” was observed in one case each of
the high-grade MALT and diffuse large cell lymphoma
groups, but in none of the low-grade MALT group. Ten of
the 26 cases used two germline D genes, possibly by D-D
fusion. This D-D fusion was frequently observed in low-
grade MALT, especidly in pulmonary MALT lymphoma
(5 of the 8 cases). Immunoglobulin D-D fusion seemed
to be central to the generation of antibody diversity.
Although lymphocytes in both organs are likewise
exposed to various antigens, the present study indicates
that the diversity of IgH gene is higher in the lung than in
the stomach.

The nucleotide sequence of CDR3 is developmentally
regulated. The N sequence is found in 68% of fetal B
cells, 86% of neonatal B cells, and 91 to 100% of mature
adult B cells.*? The average length of the N-D-N region in
the fetal liver lymphocytes, neonatal and adult peripheral
B cells is 22 (range 12 to 45), 24 (range 9 to 56) and 31
(range 13 to 54) nucleotides, respectively, showing a ten-
dency to increase with age.™® Therefore, the presence of
the N sequence and the length of CDR3 can act as indica-
tors of immunological selections on B-cell maturation. As
the present study shows, the length of the CDR3 region
was significantly greater in the low-grade MALT lym-
phoma group than in the other two groups. In the low-
grade MALT, high-grade MALT and diffuse large cdll
lymphomas, the mean length of N-D-N was 30.2+8.84
(range 7 to 40), 21.71+7.99 (range 7 to 30) and 24.86+
4.10 (range 19 to 32) nucleotides, respectively. Together
with the usage of DHQ52, these findings indicate that the
properties of CDR3 in high-grade MALT lymphoma
resemble those in diffuse large cell lymphoma rather
than in low-grade MALT lymphoma The maturation
stage of low-grade MALT lymphoma is similar to onto-
genetic mature B cells. Diffuse large cell lymphoma



does not show a distinct difference from high-grade
MALT lymphoma and therefore is at an ontogenetic early
maturation stage.

The differentiating B cell undergoes positive selection
directed by the presence of surface IgH with low affinity
for self-antigen. Thus, B cells that express self-reactive
receptors mature into functional B cells before entering
the germinal center. In the germina center of the lym-
phoid follicle, IgH gene causes somatic mutation for an
adaptive response to foreign antigen. The B cells whose
antigen receptors are bound to this antigen selectively pro-
liferate under the influence of helper T cells.*> % Positive
ligand selection by low-affinity interaction with self anti-
gen is aso considered to shape the primary repertoire,
which includes natural autoantibodies. Thus, the formation
of some repertoires is performed by antigen-driven selec-
tion. Accumulating evidence has indicated that usage of V
gene segment is preferential in some repertoires.3%
Although VH segment usage may be influenced by the
ability of VH segments to facilitate certain ligand interac-
tions, CDR3 is likely to play a major role in specific
ligand interaction and repertoire development.* The spec-
ificity of antibody to antigen is highly dependent on the
composition of CDR3. Therefore, similarities in the nucle-
otide sequence of the CDR3 region may be useful for
detecting the origin of lymphoma cells and for determin-
ing whether a specific antigen participates in the clonal
proliferation of lymphoma cells. Accordingly, we investi-
gated the particular properties of the CDR3 region derived
from tumor cell clones. The lymphoma cell clones of 14
cases showed 60 to 81% homology with autoantibody-
associated lymphocyte clones, which include natura
autoantibodies, anti-DNA antibodies, Hashimoto thyroidi-
tis-related antibody and rheumatoid factor.? 22 24 25.27.28,31-39)
The incidences of these autoantibody-associated |ympho-
cyte clones were higher in the high-grade MALT (4/
6, 67%) and diffuse large cell lymphomas (5/7, 71%) than
in low-grade MALT lymphoma (5/13, 39%). We also
investigated the sequences of VH segment in 9 gastric
lymphomas. Seven cases (2 from 3 low-grade MALT lym-
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