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Abstrac t t 

Low-gradee lymphomas derived from the mucosa-associated lymphoid tissue (MALT) are 

consideredd as (post) germinal center lymphomas, as their immunoglobulin (Ig) variable heavy 

andd light (VH and VL) chain genes are mutated. In addition, based on the intraclonal variation 

foundd in their IgV genes, MALT lymphomas are believed to be capable of ongoing somatic 

hypermutation.. Circumstantial evidence exists that antigen may play a role in the pathogenesis 

off  MALT lymphomas. To further address these issues, we analyzed VH and VL genes of 12 

MAL TT lymphomas of different origin and different heavy chain isotypes. Variable amounts of 

somaticc point mutations were found in the VH genes: 25 somatic mutations on average, with a 

rangee from 5 to 68. In general, VK genes were less mutated than their VJ( counterparts (20 

mutationss on average). The mutation patterns were indicative of selection for B-cell receptor 

expressionn in most cases. Interestingly, in one MALT lymphoma both IgM- and IgA-expressing 

isotypee switch variants were found with the same VDJ rearrangement, indicating that at some 

pointt in the development of this MALT lymphoma an isotype switch had occurred. To 

investigatee the specificity of these MALT lymphomas, the Ig receptors of 7 MALT lymphomas 

weree recombinantly produced as soluble antibodies and applied to stain tissue sections of the 

correspondingg lymphomas. No specific staining was observed, suggesting that the ligand of these 

lymphomass was not present in their environment. Among the 7 MALT lymphomas, one gastric 

MAL TT lymphoma was present. No H. pylori specificity of the lymphoma-derived antibody could 

bee demonstrated. Our data support the (post) germinal center origin of MALT lymphomas. No 

directt evidence was obtained for a role of BCR ligands in MALT lymphoma growth. 
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Introductio n n 

Lymphomass of mucosa-associated lymphoid tissue (MALT) are recognized as a distinct 

groupp of extra-nodal non-Hodgkin's lymphomas l*2. The tumor cells often grow in the areas 

surroundingg reactive follicles, but can also colonize normal germinal centers. In addition, they 

infiltratee the normal epithelial tissue to form lympho-epithelial lesions u . MALT lymphomas 

evolvee mostly at sites of chronic inflammation, which can be caused by autoimmune diseases or 

byy a chronic infection. For example, MALT lymphomas of the salivary glands are associated 

withh chronic sialadenitis, often in the context of Sjogren's syndrome 4~1, while MALT 

lymphomass of the thyroid are associated with Hashimoto's thyroiditis 8. Gastric MALT 

lymphomass occur in the context of Helicobacter pylori gastritis 9. The classification of MALT 

lymphomass differentiates between low grade, with mainly small cells, or high grade, with 

predominantlyy large cells. Although high grade MALT lymphomas may also arise de novo l0" , 

transformationn from low grade to high grade can occur, and both components can exist 

simultaneouslyy l2. 

Basedd on the association with chronic inflammation, either due to autoimmunity or 

infection,, it is believed that antigen stimulation plays a role in early stages of MALT 

lymphomagenesis.. Moreover, the notion that low grade gastric MALT lymphomas can be cured 

byy antibiotic H. Pylori eradication only, suggested that even during the tumor stage antigen plays 

aa growth-supporting role °. Analyses of the immunoglobulin variable (IgV) genes supported the 

conceptt of an antigen-driven pathogenesis of MALT lymphomas. The variable heavy and light 

chainn (VH and VL) genes of these lymphomas are reported to contain somatic mutations. The 

distributionn of these mutations suggests that antigen selection took place at some stage in Ig gene 

evolution14~16.. In addition, ongoing somatic hypermutation, possibly guided by antigen, has been 

reportedd ,s 21, a feature that the MALT lymphoma cells share with germinal center B cells. Of 

note,, whereas most normal mucosal B cells express IgA, most MALT lymphomas are of IgM 

isotypee U2. 

Althoughh many studies of the BCRs of MALT lymphomas allude to a role for antigen 

inn the pathogenesis of MALT lymphomas, virtually no data exist on the exact ligands that MALT 

lymphomass might recognize. We analyzed the VH and VL genes of 12 MALT lymphomas of 

differentt origin and different heavy chain isotypes. Moreover, the antigen specificity of 7 of these 

MALTT lymphomas was investigated by production of their Ig receptors as soluble antibodies. 

Thesee antibodies were labelled and applied to stain tissue sections of the corresponding 

lymphoma. . 
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Materia ll  and method s 

PatientPatient material. Fresh frozen tissue of 12 MALT lymphomas was obtained from 

thee departments of pathology of the Westeinde Hospital, the Hague, the Academic Medical 

Centerr and the Free University Hospital, Amsterdam, the Netherlands. Clinical data are 

summarizedd in Table 1. 

Tablee 1. Description of cases of MALT lymphomas analyzed in this study 

Patientt no. location sex grade age clinical and pathological 
information n 

m5* * 

m6-'95 5 

m6-'96* * 

m8* * 

m9* * 

m11* * 

m13 3 

m21 1 

m19 9 

m20 0 

m14* * 

m15* * 

m4 4 

parotidd gland 

stomach h 

stomach h 

parotidd gland 

tonsil l 

parotidd gland 

ileum m 

parotidd gland 

lung g 

lung g 

parotidd gland 

lacrimall gland 

thyroidd gland 

F F 

F F 

F F 

M M 

F F 

M M 

M M 

F F 

F F 

M M 

F F 

F F 

F F 

loww grade 

loww grade 

loww grade 

loww grade 

loww grade 

loww grade 

loww grade 

loww grade 

intermediatee grade 

loww grade 

intermediatee grade 

loww grade 

intermediate e 

64 4 

55 5 

55 5 

44 4 

58 8 

38 8 

63 3 

64 4 

74 4 

39 9 

70 0 

45 5 

60 0 

Sjogren'ss syndrome 

gastritis s 

unknown n 

unknown n 

unknown n 

unknown n 

Hashimoto'ss thyroiditis 

unknown n 

unknown n 

Sjogren'ss syndrome 

Sjogren'ss syndrome 

Sjogren'ss syndrome 

** tumor Ig derived from these MALT lymphomas was produced recombinantly 

Immunohistochemistry.Immunohistochemistry. Surface immunoglobulin (Ig) isotype expression was determined 

immunohistochemicallyy on cryostat sections, as described23. Monoclonal antibodies specific for 

humann Ig isotypes were purchased from DAKO (Glostrup, Denmark), except for anti-IgM, which 

wass obtained from Becton Dickinson (Erembodegem-Aalst, Belgium). Isotype expression of 

MAL TT lymphomas obtained from the Westeinde Hospital was assessed by immunofluorescence, 

ass described u. 
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DNADNA isolation, RNA isolation and cDNA synthesis. Total DNA was isolated from frozen 

tissuee sections of m6-'95 using the DNA20I reagent (Life technologies, Breda, the Netherlands), 

accordingg to the manufacturer's instructions. From frozen tissue sections of the other MALT 

lymphomas,, total cellular RNA was isolated using the TRIZOL reagent (Life technologies), 

accordingg to the manufacturer's instructions. cDNA synthesis was performed as described 24. 

PCRPCR reactions. The complementarity determining region 3 (CDR3) was amplified using 

aa forward primer with specificity for framework region 3 (FR3) in combination with reverse 

primerss specific for JH (JHseq), C î, Cy (Cy2), COL or Cö 23. Either, 1 \i\ of the cDNA reaction 

mixturee was used, or (for a nested PCR), 1 \i\ of PCR product from a VH family specific PCR 

wass used. The PCR mixture contained 1 XTaq buffer (20 mM TrisHCl, 50 mM KC1, pH 8.4), 0.2 

mMM of each dNTP, 1.5 mM MgCl2, 2 units of Taq polymerase (Life technologies) and 0.5 p.M 

off  each primer. First, 10 cycles of amplification were performed in the thermal cycler (PTC-100, 

MJJ research Inc., Watertown, MA), i.e. successively 30 s at 95 °C, 20 s at 57 °C and 20 s at 72 

°C.. The next 40 cycles of amplification consisted of 30 s at 95 °C, 20 s at 55 °C and 20 s at 72 

°C.. The reaction was completed for 6 min at 72 °C. PCR products were analysed on a 3% 

Metaphorr agarose gel (FMC Byproducts, Rockland, ME, USA). For the VH family-specific 

PCR,, reactions were performed with one of the VH family-specific leader primers23, combined 

withh the appropriate reverse primer, either JH, C ,̂ Cy or Ca. The PCR reaction mixture was the 

samee as for the CDR3-specific PCR, except that 1 unit of Taq polymerase and 0.25 uM of each 

primerr was used. Thirty cycles of 30 s at 95 °C, 30 s at 55 °C and 30 s at 72 °C were performed. 

Thee reaction was terminated for 6 min at 72 °C. The PCR products were analysed on a 1% 

standardd agarose gel (Sigma, St. Louis, MO, USA). For the VK family-specific PCR, reactions 

weree performed with one of the VH family-specific leader primers, combined with either a JK or 

aa CK primer 25. Conditions were the same as for the VH family-specific PCR. The VK-products 

weree first analyzed on a 1% agarose gel, subsequently by heteroduplex analysis to determine 

theirr origin of clonal tumor cells or polyclonal normal B cells26. Briefly, the PCR products were 

denaturedd for 5 min at 95 °C, then they were allowed to reanneal at 4 °C for at least 1 hour. The 

resultingg homo- and/or heteroduplexes were analyzed on a 6% non-denaturing polyacrylamide 

gell  and visualized by staining with ethidium-bromide. 

CloningCloning and sequencing of PCR products. PCR products were either directly sequenced 

orr first ligated into pGEM-T vectors (Promega, Leiden, the Netherlands) after excision from 

agarosee gel and isolation of DNA with the Qiaex kit (QIAGEN, Hilden, Germany). After 

transformationn into DHlOb bacteria (Life technologies) both strands of the inserts were 

sequencedd from 4 or more colonies to obtain the sequence of the dominant clone, the 'consensus 
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sequence'.. Sequencing was performed with an ABI sequencer (Perkin Elmer Corporation, 

Norwalk,, CT) using the dye-terminator cycle-sequencing kit (Perkin Elmer Corporation), 

accordingg to the manufacturer's instructions. The Taq error rate of our experimental design was 

determinedd to be 0.14%, which amounts to 0.4 mutation/VH clone23. 

AssignmentAssignment of mutations. The seqences found were compared to published germline 

sequences,, using the Vbase database 27 and DNAplot on Internet (http://www.genetik.uni-

koeln.de/dnaplot,, programmed by H.H. Althaus) to identify mutations. Mutations at the last 

nucleotidee position of the V gene were excluded from the mutational analysis, since they might 

resultt from nucleotide deletions at the joining sites. To calculate whether the excess or scarcity 

off  replacement mutations in the FRs had occurred by chance, we used the binomial distribution 

modell  as proposed by Chang and Casali2S. In B cells selected for antibody expression, there is 

aa counterselection for replacement (R) mutations in the FR. Often the ratios of replacement 

versuss silent (R/S) mutations in the CDRss are higher than expected, but these are not used by us 

ass arguments for or against antigenic selection, because additional R mutations in the CDRs can 

bee unfavorable in already selected high affinity antibodies 29. 

ExpressionExpression vectors. IgH(yl) expression vectors were produced by modification of the 

pRTMM 1 vector30. The IgH expression vector consists of a rearranged VDJ gene flanked by Clal 

andd Spel restriction sites, which were used to introduce a MALT lymphoma-derived VH gene. 

Thee Cyl gene is located downstream of the rearranged VH gene. The normal human IgH 

promotorr and enhancer sequences regulate expression of the recombinant IgH. The ampicillin 

resistancee gene, P-lactamase, and the geneticin resistance gene, aminoglycoside 

phosphotransferasee (neoR), are present for selection in bacteria and mammalian cells, respectively 

(Figg 1). An IgL expression vector, containing the CK gene, was modified from the pSVG-VK3 

vectorr 30. It consists of a rearranged VJ gene flanked by Clal and NotI restriction sites, which 

weree used to introduce a MALT lymphoma-derived VK gene. Expression of the recombinant IgK 

iss regulated by normal IgK promotor and enhancer sequences (Fig. 1). A more detailed 

descriptionn of the generation of these immunoglobulin expression vectors is available on request. 

Ass control antibody, the VH and VK genes of a heterohybridoma producing an anti-Rhesus (D) 

antibodyy (8D8)31 were amplified and cloned into the expression vectors. pRTMl and pSVG-VK3 

weree generously provided by Dr. Kipps (University of California, San Diego, CA). The IgH(y 1) 

andd the IgL(ic) vectors were kindly provided by Drs. J. van Es and T. Logtenberg (University 

Hospital,, Utrecht, the Netherlands). 
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Figuree 1. Structure of the plgH(y1) and plgL(K) plasmids used used for recombinant production of human 

antibodies. . 

A.. plgH(Yl) important regions: V„DJ„ flanked by B. plgL(K) important regions: V,J, Hanked by Clal 
Clall and Spel sites; Enh, the IgH enhancer region; and Notl sites; CK, exons encoding human CK 
Cy l ii exons encoding the human Cy1 constant constant region gene, 
region;; mem, Cyt membrane exon; neo, geniticin 
resistancee gene; ori, pBR322 origin of replication; 
amp,, ampicillin resistance gene. 

ProductionProduction and purification of recombinant antibodies. After linearization with Pvul, 

100 |ig of IgH(yl) and 10 u.g of IgL(K) were transfected into 10X106 sp2/0 mouse myeloma cells 

byy electorporation (960u,F and 250V) using 0.4 cm-gap cuvettes. The resulting transfectants were 

selectedd with 400 u.g/ml geniticin (Lif e technologies) in Iscove's modified Dulbecco's medium 

(IMDM ,, Lif e technologies), containing 10%FCS, 100 TU/ml penicillin and 100 u.g/ml 

streptomycin.. Production of the recombinant lymphoma-derived antibodies and the control anti-

Rhesuss D antibody 8D8, took place in serum free hybridoma medium (Lif e technologies), after 

whichh they were purified with protein G sepharose (Sigma), according to standard procedures. 

ImmunohistochemicalImmunohistochemical stainings with the MALT-lymphoma derived antibodies. The 

purifiedd MALT-lymphoma derived antibodies were labelled with fluorescein isothiocyanate 

(FITC),, according to routine procedure 32 and were used to stain frozen tissue sections of the 

correspondingg MAL T lymphoma according to three different methods. The first method 

consistedd of preincubation of the acetone-fixed tissue sections with 10% normal goat serum (Sera 

Lab,, Sussex, UK) in PBS for 10 min. After 1 h of incubation with the primary antibody, 

endogenouss peroxidase was blocked for 10 min with 0.1% NaN3, 0.3% H202 in PBS. 

Subsequently,, sections were incubated with rabbit anti-FITC (Dako) for 30 min, after which they 

weree incubated with biotin-conjugated swine-antirabbit (Dako). After incubation with a 

streptavidin-biotin-peroxidasee complex (Dako) for 30 min, horseradish peroxidase activity was 

detectedd with 3-amino-9-ethylcarbazole (AEC; Sigma, St. Louis, MO, USA) and 0.03% H202. 
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Sectionss were counterstained with haematoxylin (Merck, Darmstadt, Germany). The second 

methodd differed from the first method in that as tertiary antibody, anti-rabbit linked to 

peroxidase-conjugatedd Envision™ (Dako) was used. Next, AEC was used to detect peroxidase 

activity.. The third method consisted of the same pre-incubation with 10% normal goat serum 

(Seraa Lab) and incubation step with the primary antibody, as was done with method 1 and 2. 

Next,, the sections were incubated with alkalic phosphatase (AP)-linked sheep anti-FITC for 30 

minn and subsequently incubated with 0.24 mg/ml levamisole in 100 mM Tris-HCl (pH 8.5). 

Detectionn was performed with nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate 

(NBT/BCIP;; Dako). The reaction was terminated with TE buffer (10 mM Tris, 1 mM EDTA). 

AnalysisAnalysis of H. pylori reactivity. The antibodies derived from m6 and, as negative 

controls,, from m5 and m9, were tested in an H. Pylori-specific ELISA (HM-CAP, Enteric 

Products,, New York) on reactivity with H. pylori. The antibodies were tested at concentrations 

off  10 ng/ml and 60 îg/ml, according to the manufacturer's instructions. 

BindingBinding of the control antibody 8D8 to erythrocytes. 200.000 Rh(D) positive 

erythrocytess were incubated in 100 \i\ with the recombinantly produced 8D8 antibody at 4°C for 

300 min. Cells were washed with PBS, and incubated with FITC-labelled rabbit anti-human IgG. 

Subsequently,, after washing, cells were analyzed on a FACScalibur (Becton Dickinson, San Jose, 

CA,, USA). All incubations were performed in 1% BSA in PBS. 

Result s s 

HeavyHeavy chain isotype expression. Ig heavy chain isotype and light chain restriction of the 

MAL TT lymphomas had been determined immunohistochemically and/or by Southern blot 

analysis.. Clonality and isotype were confirmed in all cases by amplifying the CDR3 region with 

aa FR3 primer in combination with a JH primer or a constant heavy (CH) chain primer. 8 MALT 

lymphomass expressed IgM at the RNA level, 2 expressed IgA and 1 expressed IgG (Table 2). 

Fourr of the IgM-expressing lymphomas co-expressed IgD mRNA. Interestingly, one MALT 

lymphomaa (no. 20) gave rise to sharp bands with JH and Cu. as well as Ca downstream primers 

inn the CDR3-specific PCR (Table 2, fig. 2). In accordance, both IgM- and IgA-expressing cells 

hadd been found immunohistochemically. Independent sequencing of the VH-C|i and the VH-Ca 

productss indicated that the isotype variants harboured the same VDJ rearrangement. 
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Tablee 2. VH gene analysis of MALT lymphomas 

Patient t 

no. . 

m5 5 

m6-'95' ' 

m6-'96 6 

m8 8 

m9 9 

m11 1 

m13 3 

m21 1 

m19 9 

m20 0 

m14 4 

m15 5 

m4 4 

HH chain isotype 

(protein)* * 

nd d 

nd d 

igM M 

IgM M 

IgM4 4 

IgM M 

nott clear 

IgM,, partly 

IgD D 

IgM M 

IgM.. IgA 

igA A 

nd d 

nott clear 

(RNA)* * 

M M 

nd d 

M M 

M.Ö Ö 

M.Ö Ö 

M M 

M M 

M.ö ö 

M.. Ö 

u.. a 

a a 

a a 

Y Y 

VH H 

family y 

V„ 3 3 

VH3 3 

V_3 3 

V„3 3 

VH1 1 

V„1 1 

V„4 4 

V„3 3 

VM3 3 

V„4 4 

VH3 3 

VH1 1 

VH3 3 

closestt germline 

gene e 

V3-7 7 

V3-7 7 

V3-7 7 

V3-30A/3-30.5 5 

(DP49) ) 

V1-69(DP10) ) 

V1-69(DP10) ) 

V4-30.1/V4-31 1 

(DP65) ) 

V3-23 3 

V3-53 3 

V4-30.44 (DP78) 

V3-23 3 

V1-18 8 

V3-23 3 

no.. of 

mutations s 

(%) ) 

17(5.8) ) 

16(5.4) ) 

15(5.1) ) 

266 (8.8) 

88 (2.7) 

11(3.7) ) 

144 (4.7) 

233 (7.8) 

29(10) ) 

5(1.7) ) 

43(15) ) 

46(16) ) 

688 f (23) 

DD gene 

D3-3/DXP4 4 

D3-22/D21-9 9 

D3-22/D21-9 9 

na a 

na a 

D6-13/DN1 1 

na a 

D4-b b 

na a 

na a 

na a 

na a 

na a 

JH H 

gene e 

JH3b b 

JH3b b 

JH3b b 

JH5 5 

JH4b b 

JH4b b 

JH4 4 

JH4b b 

JH4b b 

JH3b b 

JH6 6 

JH4b b 

JH4b b 

intraclonal l 

variation n 

(no.. of 

clones s 

sequenced) ) 

0.88 (5) 

nd d 

1.0(5) ) 

nd d 

nd d 

3.00 (7) 

1 8 ( 5 ) ) 

0.77 (6) 

nd d 

nd d 

2.33 (6) 

0(5) ) 

0.88 (5) 

** heavy chain isotype expression as determined immunohistochemically or by PCR 
55 IgD expression was not determined immunohistochemically 
11VHH gene analysis was performed with DNA instead of RNA 
11 one codon was deleted (no. 52a) 

JJ |i y a Ö 

1 0 0--

Fiqur ee 2. RT-PCR analysis on the CDR3 
regionn of MALT lymphomas m20. The FR3 
primerr was used as upstream primer , in 
combinationn with the JHseq, Cu, Cy2, Ca and 
Cöö downstream primers, as indicated above 
thee lanes. 
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UsageUsage of immunoglobulin variable genes. The VH genes were amplified with family 

specificc VH leader primers in combination with either a primer specific for the JH region or with 

CHH isotype-specific primers. The clonal origin of the VH gene products was confirmed by anested 

CDR3-specificc PCR on the amplified VH products. We selected the VH gene products of which 

thesee nested CDR3-products were identical in size compared to the original CDR3-products. 

Next,, the identified VH genes were sequenced, either directly or after cloning. VH3 family genes 

weree used in 7 of 12 MALT lymphomas (58%). Expression of VH1 and VH4 genes was found 

inn 3 cases (25%) and two cases (17%), respectively. Two of three VH1-expressing MALT 

lymphomas,, located in the tonsil and parotid gland, respectively, used the Vl-69 gene. 

Interestingly,, this gene was reported to be preferentially used in salivary gland MALT 

lymphomass 1U3. By using the Vbase program and the stringent rule to identify D genes, we were 

ablee to assign 4 D genes only, D3-3/DXP4, D3-22/D21-9, D6-13/DN1 and D4-b. The JH4 gene 

wass used in 7 cases (58%), the JH3 gene was used in 3 cases (25%) and the JH5 and JH6 gene 

weree each used once (8%). 

Fromm 9 out of 10 IgK-expressing MALT lymphomas, we determined the VK-gene 

expression:: 5 used VKffl-famil y genes (56%), 2 cases used VJ-family genes (22%), whereas VJI 

andd VJV family genes were each used once (11%). The JK1 and JK4 genes were used in 5 and 4 

cases,, respectively (Table 3). 

Tablee 3. V„ gene analysis of MALT lymphomas 

patientt no. 

m5 5 

m6-'96 6 

m8 8 

m9 9 

m11 1 

m21 1 

m14 4 

m ll 5 

m4 4 

V,, family 

V.III I 

V,lll l 

v«i i 

V.III I 

V.III I 

VJII I 

V.II I 

V.IV V 

v.i i 

V.. gene 

L16 6 

L22 (DPK21) 

02 /012 2 

A27 7 

A27 7 

A27 7 

A19 9 

B33 (DPK24) 

L99 (Ve) 

no.. of 

mutationss (%) 

99 (3.2) 

5(1.8) ) 

277 (9.5) 

22 (0.69) 

11 (0.35) 

13(4.5) ) 

511 (17) 

17(5.6) ) 

58(20) ) 

J,, gene 

U U 

U U 

J.4 4 

JJ J 

J,1 1 

J.1 1 

J.4 4 

J»4 4 

J*4 4 

intraa dona I variation (no. of 

clones) ) 

1.0(5) ) 

0.44 (5) 

nd d 

nd d 

1.5(6) ) 

0.55 (4) 

1.2(6) ) 

9.33 (6) 

0.55 (4) 
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AnalysisAnalysis of number and pattern of somatic mutations. Most of the expressed VH genes 

weree heavily mutated (Table 2). On average 25 somatic mutations (9%) were found compared 

too the respective germline genes, with a range of 5 to 68 mutations. The average number of 

somaticc mutations in V, genes was 20 (7%), with a range of 1 to 58 mutations (Table 3). 

Interestingly,, in 7 of 9 cases the VK genes contained less mutations than their VH gene 

counterparts,, which is in line with findings for normal germinal center B cells u and for FLs 2S-3-\ 

Analysiss of the mutation patterns, using the binomial distribution model described by Chang and 

Casali28,, showed that in the FRs of 8 of 12 VH chain genes and 4 of 9 VK chain genes, the number 

off  R mutations was significantly lower than the number that would be expected if the mutations 

hadd occured at random and in the absence of selective pressure (Table 4). 

Off  one MALT lymphoma, tissue was available from two time points, m6-'95 and m6-'96, 

spanningg a time interval of 9 months. At the first timepoint, m6-y95, the V3-7 gene was found 

too contain 16 somatic mutations, whereas at the second timepoint, m6-'96,15 somatic mutations 

weree found. All mutations were identical, except for one replacement mutation at codon 13 in 

thee VH gene of m6-'95 that was not found in the FR1 of m6-'96. 

IntraclonalIntraclonal Vgene diversity. The intraclonal variation was determined by analyzing at 

leastt 4 molecular clones of VH or VK gene PCR products of 8 and 7 MALT lymphomas, 

respectively.. In most cases (6 of 8 VH genes and 6 of 7 VK genes), intraclonal variation above Taq 

errorr frequency was found. For VH genes it ranged from 0.7 (m21) to 3 mutations per clone (mil , 

Tablee 2). For VK genes it ranged from 0.5 mutations (m21) to 9.3 mutations per clone (ml5, 

Tablee 3). In 5 of 7 lymphomas, the V gene diversity was somewhat less in VK genes than in VH 

genes.. However, in m5 and ml5 a higher intraclonal variation was found in the VK genes than 

inn their respective VH gene counterparts. Remarkably, although the VH gene of m 15 did not show 

intraclonall  variation, exceptionally high intraclonal variation was found in the VK gene (9.3 

mutationss per clone, Table 3). 

ReactivityReactivity of the recombinantly produced lymphoma-derived antibodies. Of 7 MALT 

lymphomas,, nos. m8, m9, mil , ml4, ml5, m5 and m6-'96, and of a human anti-Rhesus (D) 

heterohybridomaa 8D8, the VH and VL genes were cloned into expression vectors that already 

containedd the Cy and CK genes, respectively. After cotransfection of these vectors into sp2/0 

cells,, the MALT lymphoma-derived B-cell receptors were produced as soluble antibodies. 

Productionn of both heavy and light chains of the correct size by the sp2/0 cells was verified by 

SDS-PP AGE (data not shown). Only the cells transfected with the expression vectors derived from 

mll  5 had a relatively low level of light chain production. The unlabelled 8D8 antibody bound to 

erythrocytes,, as detected by flow cytometry, indicating that our technique of producing 
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recombinantt antibodies was effective. Tissue sectionss of the different MALT lymphomas were 

stainedd with their corresponding FITC-labelled lymphoma-derived antibodies. No specific 

bindingg of the MALT lymphoma-derived antibodies was observed with any of the staining 

methodss used. In addition, the antibodies derived from m6-'96, a gastric MALT lymphoma, or, 

ass negative controls, from m5 and m9, showed no H. pylori reactivity as assayed in a specific 

ELISA. . 

Tablee 4. Analysis of somatic mutation patterns in MALT lymphomas 

patientt no. V„/V, gene total no. of observed mutations in the FR p-value* 

V3-7 7 

L16 6 

V3-7 7 

V3-7 7 

L2 2 

V3-30 0 

02 /012 2 

V1-69 9 

A27 7 

V1-69 9 

A27 7 

V4-30.11 A/4-31 

V3-23 3 

A27 7 

V3-53 3 

V4-30.4 4 

V3-23 3 

A19 9 

V1-18 8 

B3 3 

V3-23 3 

L9 9 

17 7 

9 9 

16 6 

15 5 

5 5 

26 6 

27 7 

8 8 

2 2 

11 1 

1 1 

14 4 

23 3 

13 3 

29 9 

5 5 

43 3 

51 1 

46 6 

17 7 

68 8 

58 8 

R R 

1 1 

3 3 

3 3 

2 2 

1 1 

5 5 

13 3 

3 3 

0 0 

3 3 

1 1 

7 7 

8 8 

2 2 

8 8 

3 3 

10 0 

16 6 

15 5 

5 5 

24 4 

14 4 

s s 
9 9 

5 5 

8 8 

8 8 

2 2 

7 7 

6 6 

3 3 

1 1 

1 1 

0 0 

3 3 

7 7 

2 2 

11 1 

0 0 

14 4 

19 9 

t 3 3 

3 3 

20 0 

20 0 

R/S S 

0.1 1 

0.6 6 

0.4 4 

0.3 3 

0.5 5 

0.7 7 

1.6 6 

1 1 

0 0 

3 3 

--
2.3 3 

1.1 1 

1 1 

0.7 7 

--

0.7 7 

0.8 8 

1.2 2 

1.7 7 

1.2 2 

0.7 7 

0.57 7 

0.11 1 

<0.005 5 

<0.001 1 

0.11 1 

«5.0001 1 

0.11 1 

0.14 4 

--
0.031 1 

--
0.19 9 

0.015 5 

<0.005 5 

<0.001 1 

0.34 4 

<0.0001 1 

<0.005 5 

<0.0001 1 

0.027 7 

<0.0001 1 

<0.0001 1 

PP values indicate the probability that the number of R mutations observed in the FRs was obtained by 

chance.. P values in boldface type indicate significance (P<0.05) 

** See Chang and Casali28 

m5 5 

m6-'95 5 

m6-'96 6 

m8 8 

m9 9 

m11 1 

m13 3 

m21 1 

m19 9 

m20 0 

m14 4 

m15 5 

m4 4 
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Discussion n 

Inn this study, we explored the concept of antigen-driven pathogenesis of MALT 

lymphomas.. To this end, we analyzed the VH and VL genes of 12 MALT lymphomas of different 

anatomicall  origin and heavy chain isotype, and tested the specificities of antibodies derived from 

77 low-grade and one intermediate grade MALT lymphoma. 

Ourr present data, combined with data from literature ,6~19, indicate that the VH gene usage 

off  both low- and high-grade MALT lymphomas is similar to the usage of normal B cells 3637. 

However,, location-related differences may exist. A biased use of V1 -69 gene segments in salivary 

glandd MALT lymphomas was reported ,8,33, as well as in myoepithelial sialadenitis-associated 

cloness out of which MALT lymphomas may develop 20. We found the VI-69 gene segment in 

22 of 3 VHl-expressing lymphomas, originating from tonsil and parotid gland, respectively. 

Strikingly,, both these MALT-lymphomas, m9 and ml 1, used the A27 VK gene, which was also 

associatedd with 3 Vl-69 expressing salivary gland lymphomas described by Bahler et all8. In 

addition,, Miklós et al reported a high degree of VH-CDR3 similarity among Vl-69 expressing 

MALTT lymphomas, with respect to amino acid sequence and length 33. In our study, great 

differencess were observed between m9 and m 11 in both VH-CDR3 sequence and length (data not 

shown).. The CDR3 amino acid sequence of m9, a tonsillar MALT lymphoma was not similar to 

anyy of the published Vl-69 sequences of salivary gland MALT lymphomas 18'33. Remarkably 

however,, the CDR3 sequence of ml 1, derived from the parotid gland, showed a high degree of 

homologyy with the sequence of a salivary gland MALT lymphoma that used V1 -69, as published 

byy Miklós et al33: 7 of 12 amino acids are identical (Fig. 3). Of the 5 mutated amino acids, 2 

belongedd to the same amino acid group. Interestingly, Miklós et al reported in 5 of 8 Vl-69 

expressingg lymphomas conserved amino acid motifs, a glutamate-arginine-glycine (ERG) motif 

att the V-D junction and an asparagine-proline (NP) motif at the D-J junction, which were encoded 

mostlyy by N nucleotides ". Since part of these motifs is also found in ml 1, it is tempting to 

speculatee that similar epitopes may be recognized by these salivary gland MALT lymphomas. 

Thee CDR3-sequence of parotid gland lymphoma m5, which expressed the V3-7 gene, was not 

similarr to that of the V3-7 expressing salivary gland lymphoma, SGL10 ", nor to that of the 

gastricc lymphoma, m6. Interestingly however, SGL10 and m6 used the same V, D and J genes 

andd were strikingly similar in amino acid composition: 13 of 17 amino acids are identical (Fig. 

3)--
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E G I A A A V N P F D Y Y 
m i ll  D6-13/DN1 GAG GGC ATA GCA GCA GCT GTC AAT CCC TTT GAC TAC 

-- - -T - - GT -

E G R A A V T N P I D F F 
GAAA  GOG AGS GCT GCT GTG ACT AAT CCA ATT GAC TTC JH4 

- -AA -GT -A-

G D Y F D S S G S F I D A F D I I 
GGCC GAT TAT TTT GAT AGT AGT GGT TCT TTC ATT GAT GCT TTT GAT ATC JH3b 

G D Y Y D S S G Y F S D A F D T T 
SGL100 D3-22 GGA GAT TAC TAT GAT AGT AGT GGT TAT TTC TCC GAT GCT TTT GAT ACC 

___ . . . ___ ___ ___ ___ ___ . . . _A_ . . . . . . . . . . . . - T -

Figuree 3, Comparison of the CDR3 sequences of MALT lymphomas. The CDR3 of ml 1 was compared 

withh that of salivary gland lymphoma no. 4 (SGL4)33. Both MALT lymphomas used the V1-69 and JH4 

gene.. Although different D genes are used, a remarkable similarity is found. The CDR3 sequences of the 

V3-77 expressing m6 and salivary gland lymphoma no. 1033 were compared. Both lymphomas use the D3-

222 and the JH3b genes. SGL4 and SGL10 were described by Miklós et a/33. Each sequence is compared 

withh the germline D and J gene segments. "-" indicates homology, whereas the letters represent the 

mutations.. Nucleotides presumed to result from N additions are depicted in bold. 

Thee number of somatic mutations in the IgV genes of our group of MALT lymphomas 

wass found to be highly variable: a range of 5 (1.7%) to 68 (23%) was found in the VH gene with 

ann average of 25 mutations (9%). The VK genes contained 1 (0.4%) to 58 (20%) somatic 

mutationss with an average of 20 (7%). In general, the VH genes were more heavily mutated than 

theirr VK counterparts, similar to what has been reported for normal antigen-experienced B cells 
344 and follicular lymphomas 25-35. Although not statistically significant (p=0.14, as determined 

withh the Mann-Whitney two-sample test), within this study group isotype-switched MALT 

lymphomass generally contained more somatic mutations than IgM-expressing MALT lymphomas 

(Tablee 2 and 3). This was also reported for normal B cells34-38'39 and for follicular lymphomas24. 

Off  one MALT lymphoma, we analyzed samples from 2 time points spanning an interval 

off  1 year. Whereass the expressed V3-7 gene contained 16 somatic mutations at the first timepoint 

(m6-'95),, 15 mutations were found 9 months later. The most likely explanation is that a different 

subclone,, which had a lower number of somatic mutations, had gained growth advantage over 

time. . 
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Mostt MALT lymphomas analyzed at the clonal level, showed significant intraclonal 

variationn in both the VH and/or the VK genes (Table 2 and 3). In the majority of the tumors the 

degreee of intraclonal variation was similar or slightly lower in VK genes. However, although in 

mm 15 both the VH and VK genes were somatically mutated and no intraclonal variation was found 

inn the VH gene, there was an extremely high intraclonal variation in the V^ chain gene (9,3 

somaticc mutations per clone). Apparently, after the VH gene had accumulated a high amount of 

somaticc mutations (46 mutations), the somatic mutation process had thereafter been targeted at 

thee VK chain only. We recently reported a similarly striking difference in intraclonal variation 

betweenn the VH and VK gene in a case of FL25. To our knowledge, this has not been described for 

normall  B cells. Potentially, this difference in intraclonal variation can be ascribed to either 

structurall  alterations in the IgH locus or to specific targeting of the mutation machinery. Of note, 

noo light chain expression was detected on the cell surface of this MALT lymphoma. In 

accordance,, production of tumor Ig resulted in effective IgH chain production, whereas the 

productionn of IgK was low (data not shown), suggesting that the configuration of the light chain 

wass not compatible with efficient expression. Although it is unknown whether a causal relation 

existss between the inability of the cells to produce light chains and the high intraclonal variation, 

itt is tempting to speculate that the cells alter their VK gene by somatic mutation in an attempt to 

acquiree a suitable light chain. In this context, it is noteworthy that somatic hypermutation in an 

out-of-framee TCR a-chain of a T-cell hybridoma has recently been described. Interestingly, in 

thiss hybridoma, the mutational process ceased after somatic hypermutation caused re-opening of 

thee reading frame, suggesting that these events were connected40. 

Remarkably,, m20 was shown to contain both IgM- and IgA-expressing tumor cells of the 

samee clonal origin (Fig. 2). This indicates that at some time in the development of this lymphoma 

aa heavy chain isotype switch had occurred. The VH-Cp. and VH-Ca PCR products derived from 

thiss lymphoma were identical. Only 5 somatic mutations (1.7%) were found compared to the 

germlinee gene V4-30.4 (DP78). To our knowledge, this is the first study in which the existence 

off  functional isotype switch variants in a MALT lymphoma is documented. Only one other 

reportt described a MALT lymphoma that might contain IgM- and IgG-expressing tumor cells41. 

However,, the immunohistochemical stainings in this study were not confirmed by VH gene 

analyses.. Also, Nardini et al suggested that MALT lymphomas, in spite of their often preserved 

IgM-phenotype,, have reached a differentiation stage in which isotype switching can occur. This 

notionn was based on the finding of illegitimate switch recombinations in IgM-expressing or Ig-

negativee low- and high-grade MALT lymphomas 42. Similar to what was shown for follicular 

lymphomas,, deletions in the Sfi switch regions may cause their inactivation 43, thus preventing 
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thee IgM-expressing MALT lymphomas to perform a productive isotype switch. This may explain 

thee preserved IgM isotype of the majority of MALT lymphomas. 

Wee did not detect specific staining with the recombinantly produced tumor Ig of 7 MALT 

lymphomass on corresponding tissue sections. In addition, no reactivity with H. pylori could be 

demonstratedd for the gastric MALT lymphoma m6-'96 in a specific ELISA (HM-CAP). These 

negativee stainings were not due to inadequate antibody production, as we detected by SDS-PAGE 

heavyy and light chain proteins of the correct size (data not shown). In addition, the recombinantly 

producedd 8D8 antibody had retained its original specificity, i.e. for anti-red blood cells, indicating 

thee feasibility of our technique. Theoretically, we cannot exclude that FITC-labelling interferes 

withh the antigen-binding capacity of produced antibodies. Our data therefore suggest that no 

ligandss for the Ig receptors of the MALT lymphomas tested are present in the tissue sections. In 

fact,, virtually no evidence for this assumption is available in literature either. Greiner et al also 

madee an antibody derived from a single gastric MALT lymphoma using the heterohybridoma 

technique,, and did not observe binding to H. pylori44. Using the same approach however, the 

samee group claimed reactivity of Ig derived of 13 MALT lymphomas with different mucosal 

antigens,, such as mucosal plasma cells, smooth muscle, or thyroid, lung or gastric epithelium45. 

However,, no stainings were shown by these investigators and so far the exact nature of these 

potentiall  ligands has not been clarified. Hussell et al used anti-idiotype antibodies to detect 

bindingg of MALT lymphoma Ig on tissue sections and found reactivity with follicular dendritic 

cellss or postcapillary venules 46. The specificity of this binding was difficult to judge, and also 

here,, no molecular identification of the potential ligands has been reported. Interestingly, tumor-

infiltratingg T cells present in gastric MALT lymphomas were shown to react to H. pylori in a 

strain-specificc manner, whereas the corresponding tumor cells did not. This suggested that H. 

Pylori-specificc T cells support the growth of the lymphomas by providing the necessary growth 

factorss and/or contact-dependent help47-48. In this scenario, no role for specific tumor ligands is 

needed. . 

Inn summary, our analyses of IgV genes indicate that antigen-driven growth must have 

occurredd during early stages of development of the tumor cells and thereby confirm previous 

reports.. However, our data do not provide evidence that antigen-receptor ligands drive the growth 

off  the transformed cells. 
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