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To investigate the mechanisms of T ceUl depen-
dence underlying the development of extranodal
mucosa-associated lymphoid tissue (MALT)-type
B cell lymphomas, the activation, proliferation,
and differentiation of lymphoma B ceUs were
studied using ligand binding to the CD40 mem-
brane receptor. The activation and proliferative
response ofaU investigated low-grade MALT-type
lymphomas (n = 6) was strongly dependent on
anti-CD40-mediated signals and was comple-
mented by cytokinesproduced by Thelper ceUs of
the Th2 type (interleukin-4 (IL-4) and/or IL-10).
Thl cytokines (IL-2 and/or interferon-y) had lit-
tle effect. Low-grade, but less so high-grade,
MALT-type lymphoma B ceUs were induced to se-
crete large amounts oftumor immunoglobulin in
response to IL-10. In contrast, high-grade MALT-
type lymphomas (n = 5) proliferated in response
to both Th2- and Thl-type cytokines and CD40
stimulation, whereas Burkitt lymphomas (n = 3)
could not be rescued from apoptosis by CD40
stimulation with or without cytokines. These re-
sults suggest that CD40 signaling in combination
with Th2 cytokines are essentialfor the develop-
ment and progression oflow-grade MALT-type B
ceU lymphoma. We conclude that T ceUs, which
activate B cells in a CD40-dependent fashion,
may contribute to lymphoma pathogenesis.
(AmJ Pathol 1997, 150:1583-1593)

The development of low-grade mucosa-associated
lymphoid tissue (MALT)-type lymphoma is preceded
by acquisition of inflammatory reactive lymphoid tis-
sue; hence, Sjogren's syndrome, Hashimoto's thy-
roiditis, or Helicobacter pylori gastritis provide the
background at these sites.1 These conditions lead-
ing to secondary or acquired MALT are considered
to be important preconditions of lymphomagenesis
at extranodal sites.2 During lymphoma progression,
the tumor B cells show colonization of lymphoid fol-
licle centers whereas subepithelial plasma cell dif-
ferentiation suggests that the tumor is immunologi-
cally responsive in vivo to as yet unidentified
signals.3 Recent studies provide evidence that anti-
gens may play a role in the pathogenesis of MALT-
type lymphoma,4'5 as the malignant B cells respond
to antigen triggering in vitro.6 They represent post-
germinal center B lymphocytes7 that have under-
gone somatic hypermutation, probably in response
to antigen selection.6 Although B cells of gastric
low-grade MALT-type lymphomas recognize autoan-
tigen,4'7 they respond to H. py/ori-activated autolo-
gous T cells.9 Therefore, it is unclear at present
whether receptor-ligand interaction between T and B
cells and cytokines are involved in the pathogenesis
of malignant B cells.10-12

It has been suggested that marginal zone B cells
are the normal counterpart of MALT-type lymphoma
tumor cells. The former are noncirculating memory B
cells and are generated during T-cell-dependent an-
tigen responses.13 The CD40 molecule on B cells is
the receptor for CD40 ligand (T-BAM, TRAP), an
activation antigen on T helper cells,14-16 and has
been shown to play a central role in antigen-specific
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Table 1. Characteristics of Tumors

Immunoglobulin
Specimen Histology* Stage** isotype

1 Lung Low-grade MALT ND IgM,A
2 Salivary gland Low-grade MALT ND IgM,K
3 Thyroid Low-grade MALT ND IgM,A
4 Stomach Low-grade MALT Eli IgM,A
5 Stomach Low-grade MALT E12 IgM,K
6 Stomach Low-grade MALT E12 IgM,K
7 Stomach Large-cell MALT Elll IgM,K
8 Stomach Large-cell MALT E1il IgM,A
9 Stomach Large-cell MALT E112 IgM,K
10 Stomach Large-cell MALT EIll IgM,K
11 Stomach Large-cell MALT E12 IgM,K
12 Stomach Burkitt Elll IgM,K
13 Stomach Burkitt E112 IgM,K
14 Stomach Burkitt Elil IgM,K

.~~~~~~~~~~~72
*Classification according to REAL.27'28
tStage according to modified classification of Musshoff,29; ND, not determined.

cognate B/T cell interactions.17 CD40 activation ap-
pears to be critical for the generation of germinal
center reaction,18 for isotype switching, and for ger-
minal center B cell maturation generating marginal
zone B cells.1920 The maturation of B cells into effi-
cient producers of high-affinity and high-specificity
antibodies is regulated by various T cell subsets via
cell surface molecules and soluble cytokines.15 In
particular, interleukin-2 (IL-2), IL-4, IL-6, and IL-10
have been demonstrated to be essential for B cell
maturation.21-23 Therefore, T cells may determine
not only the type of B cell immune response but may
also provide key molecules in B cell lymphoma initi-
ation and progression.24
We therefore characterized the effect of CD40

activation in vitro, in combination with different cyto-
kines, on proliferation and secretory function of
MALT lymphomas.

This issue may be clinically relevant in view of the
observations that eradication of the inflammatory
stimuli in gastric MALT lymphomas is likely to induce
tumor regression.2526

Materials and Methods

Tissues and B Cell Purification
Different non-neoplastic tonsillar tissues with reac-
tive tonsillitis (n = 8) and malignant lymphomas (n =
14; see Table 1) were obtained from biopsies imme-
diately after surgical removal. In all cases, the diag-
nosis was confirmed by morphological and immuno-
phenotypic analysis of fresh-frozen and paraffin-
embedded sections.

Lymphocyte single-cell suspensions were isolated
by density-gradient centrifugation and negatively
depleted to remove macrophages, T cells, and ger-
minal center lymphocytes using magnetic beads

coupled with either anti-CD2, -CD14 or -CD10 (Dy-
nal, Hamburg, Germany), except in Burkitt lympho-
mas where CD10 depletion was omitted.

Thereafter, lymphoma cells were further purified
by negative depletion of non-neoplastic bystander B
cells using magnetic beads coated with antibodies
to heavy and light chains not expressed by the lym-
phoma, including IgD.

Immunophenotyping of Isolated Cells
Three-color flow cytometric analysis was performed
with a FACScan (Becton Dickinson, Mountain View,
CA) using an argon ion laser tuned at 488 nm, with
LYSIS 11 for data acquisition and analysis using di-
rectly conjugated MAb (CD19 (HD 37, Sigma Chem-
ical Co., St. Louis, MO), CD3 (UCHT-1, Sigma),
CD10 (ALB-2, Sigma), CD25 (ACT-1, Dako, Ham-
burg, Germany), CD69 (TP1/55.3.1, Dianova, Ham-
burg, Germany), IgD, (HJ9, Sigma), CD14, (Leu-M3,
Becton Dickinson), K (KP-53, Sigma), A (HP6054,
Sigma), CD40 (monoclonal antibody (MAb) 89)). In-
strument set-up samples included an unstained
sample and samples stained with fluorescein-iso-
thiocyanate-, phycoerythrin-, and Quantum red-con-
jugated CD19 as well as directly conjugated isotype
controls for each MAb, respectively. The instrument
set-up was standardized using CD19+ B lympho-
cytes from normal tonsils as reference. This was
done by gating the fluorescence intensity of CD19
lymphocytes followed by adjustment of the light-
scattering detectors to locate the B cells in a stan-
dard position in the correlative display of forward
and sideward light scattering. The fluorescence de-
tectors were adjusted using a tight light-scattering
gate as obtained from the light scattering of the
CD19+ lymphocytes, followed by adjustment of the
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three fluorescence detectors of an unstained sam-
ple. Each measurement contained 20,000 cells.
Dead cell discrimination was performed with 7-ami-
no-actinomycin D (7-AAD; Calbiochem, Frankfurt,
Germany) in combination with dual-color immunoflu-
orescence as described elsewhere.30

B Cell Cultures Using the CD40 System
Purified normal and tumor B cells were cultured in
RPMI 1640 supplemented with 1% gentamycin, 10%
fetal calf serum, and 50 ,ug/ml transferrin (Sigma) in
round-bottom 96-well plates at a final volume of 200
,ul. For CD40 antigen activation, B cells were cul-
tured in the presence of 0.1 ,ug/ml anti-CD40 MAb 89
(J. Banchereau) presented by a mouse Ltk- cell line
stably expressing CDw32 according to the experi-
mental procedure described previously.31 Recombi-
nant cytokines were added at the onset of culture at
the following final concentrations: 100 U/ml interferon
(IFN-y) (Boehringer Mannheim, Mannheim, Germa-
ny), 50 U/ml IL-2, 100 U/ml IL-4 (W. Sebald), and 20
,ug/ml IL-10 (PharMingen, San Diego, CA). DNA syn-
thesis was determined by [3H]thymidine incorpora-
tion as described.7 Experiments were repeated three
times, except for cases 4, 6, 10, and 1 1, which were
tested once because of limited cell number after
purification. The proliferation index was calculated
by dividing [3H]thymidine counts of a respective as-
say with different stimuli by the counts of a medium
control without stimuli performed in parallel.

Immunoglobulin Production
Supernatants were assayed in standard enzyme-
linked immunosorbent assay (ELISA) as described
recently5 using microtiter plates (Falcon, Germany)
coated with goat anti-human IgM heavy-chain iso-
type (Dako). After blocking with 0.5% bovine serum
albumin, undiluted samples were added for 2 hours
at 370C. Finally, the plates were developed with rab-
bit anti-human ,u-heavy-chain horseradish peroxi-
dase conjugate isotype (Dako) and orthophenyl-dia-
mine with hydrogen peroxide in citrate phosphate
buffer and read at 490 nm in an automatic ELISA
reader (Merlin, Berlin, Germany). The sensitivity of
the assay was .50 ng of IgM/ml.

RNA Preparation and Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR)
RNA Extraction

Total RNA was prepared (TRIzol reagent, Life
Technology, Paisley, UK) either from 20 approxi-

mately 1 0-p.m frozen sections or from freshly isolated
tonsil or tumor B cells. The integrity of RNA was
controlled by electrophoresis of a 2% formaldehyde-
agarose gel, and the yield of RNA was quantitated
by measuring the optical density. To check for carry-
over of material during the isolation step, extraction
buffer without tissue was used as a negative control.

cDNA Synthesis

First-strand synthesis was performed with 1 ,ug of
total cellular RNA. RNA, 2 jig of dT-15 primer, and
diethylpyrocarbonate water at a final volume of 8 pA.
were incubated for 10 minutes at 650C. After chilling on
ice, a master mix consisting of dNTPs and dithiothreitol
(final concentrations, 1 mmol/l each and 10 mmol/l,
respectively), 25 U of recombinant RNAse inhibitor
(Promega, Heidelberg, Germany), reverse tran-
scriptase buffer, and 200 U of Moloney murine leuke-
mia virus reverse transcriptase (GIBCO BRL, Gaithers-
burg, MD) were added to a final volume of 25 p.l. After
70 minutes of incubation at 370C, the samples were
heated to 980C for 4 minutes. The efficiency of cDNA
synthesis was estimated by PCR using glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH)-specific
primers.

VH Gene Amplification

The amplification of VH gene rearrangements was
carried out in a GeneAmp PCR system 2400 (Perkin-
Elmer Cetus, Emeryville, CA) in a final volume of 25
,ul containing 1 p.l of cDNA, 2.5 p.l of 1OX PCR buffer
(USB, Braunschweig, Germany), 1.5 p.1 of 25 mmol/L
MgCI2, 0.5 p.l of 10 mmol/L dNTPs, 0.5 p.l of 20
pmol/ml each primer, and 0.5 U of Taq polymerase
(USB). Amplifications consisted of a denaturation at
940C for 1 minute followed by 35 cycles of 30 sec-
onds at 940C, 30 seconds of primer annealing at
610C (VH1, VH2, VH5, and VH6 primers) or 650C
(VH3 and VH4 primers), and 30 seconds of exten-
sion at 720C. After the last cycle, the reaction mix-
tures were incubated for 4 minutes at 720C to insure
complete extension of all products.

Oligonucleotides for PCR

The VH-family-specific primers hybridize with
framework region of the immunoglobulin heavy
chain variable region genes. The JH primer is a 5:1
mixture of the two oligonucleotides JH1-5 and JH6
and hybridize with the 5' end of the JH fragments as
described recently.32
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Figure 1 . Representative three-color FACS analysis of cell-sorting experiment showing 99% purity oflymphoma B cells (CD19+/CD3 ) oflow-grade
MALT-type lymphoma with corresponding Pappenheim-stained cytospin demonstrating small lymphocytes with rim ofclear cytoplasm (case 4, a and
b) and 97.5% pure high-grade centroblastic lymphoma B cells (case 8, c and d) showing typical transformed chromatin structure. Magnification,
x 1000 (b and d).

Cloning, Sequencing, and Tumor-Specific
Primers
The RT-PCR products were cloned in pBluescript

Sk- (Stratagene, Heidelberg, Germany). Sequence
reactions were performed using the Taq dye desoxy
termination cycle sequencing kit (Applied Biosys-
tems, Foster City, CA) and were analyzed using an

automatic sequencer (Applied Biosystems). Tumor-
specific primers for the CDRIII region of the tumor B
cells were generated as described recently.8

Results

Immunophenotype of Isolated B
Lymphocytes
The purity of lymphocyte cell suspensions obtained
after magnetic immunobeads depletion was between
97.5 and 99.7% B cells as calculated by FACScan
(Becton Dickinson) analysis (see Figure 1, a-d). MALT

lymphoma B cells expressed CD19, CD21, and CD40
and were negative for CD23, CD10, CD5, and IgD.
Monoclonality was determined in FACS analysis on the
basis of monotypic light and heavy chain expression.

Lymphoma B Cells Expanded in the CD40
System

To test the efficiency of the cell-sorting experiments at
the molecular level and to establish the origin of the
MALT lymphoma B cells (during the cell culture exper-

iments), analysis of the VH repertoire was performed in
cases 3, 4, and 7. As shown in Figure 2, after PCR
amplification, the tumor B cells express only one VH
family. Furthermore, we investigated whether the
freshly isolated MALT lymphoma B cells showed iden-
tical CDRIII segments by using tumor-specific primers.
To this end, the cDNA were cloned and sequenced,
proving identity of the tumor B cells in the surgical
specimen (2B), after B cell purification (2C), and after
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Figure 2. V11-family-specific RT-PCR to distinguish tumor B cells (case 3) expand in the CD40 system from bystander B cells. Lane 1, 1Hi ftimiln
consensusjoruardprimerX JH consensuis reverseprimer; lane 2, VH2family consensusforuardprimer X JH consensuts reverseprimer; lane 3, V13
family consensusforwardprimer X JH consensuis reverse primer; lane 4, VH4family consensusforulard primer X JH contsensus reverse primer; lane
5, VHSfamily consensusforwardprimer X Hconsensus reverse primer; lane 6, VH6family consensuisforwtardprimer X jH cotsensus reverseeprimer,
lane 7, to identify the tumor B cells, the VH4-family-specificjfobrardprimer was combined uith a reverse CDRIIIprimer specificjbr the CDRIII region
of the tumor B cells; lane 8, niegative conttrol. A: Positive control performed with purified normal polyclonal B cells of reactite totnsillitis. B: Freshly
isolated tuimor tissue bejbre B cell purification identiqying the monoclonal tumor B cells (lanes 4 anid 7) anid some oligoclonal bystander B cells
(lane 1 ). C: Freshly, isolated tuimor B cells afterptrification and (D) after 7 days cultuired in the CD40 system. In all three experiments (B to D), the
tumor B cells are clearly identified by expressing the same VHjfamily and CDRIII region.

culture in the CD40 system (2D) without expanding
contaminating non-neoplastic bystander B cells.

Functional Consequences of CD40
Stimulation of MALT Lymphoma B Cells
Cultures of tonsil and MALT lymphoma B cells were
maintained in the CD40 system with IL-4 for up to 4
weeks and grew in colonies on the fibroblast layer
(Figure 3). Cells remained CD19+, CD10-, CD23-,
IgD- and continued to express CD40, whereas ac-
tivation markers (CD69 and CD25) were rapidly ex-
pressed (Figure 4). No IL-2 production was detect-
able in tonsil or lymphoma cell culture supernatant
by ELISA (Endogen; data not shown) throughout the
culture period. Burkitt lymphoma B cells showed a

rapid loss in viability as assessed by Trypan blue
stain after 24 hours in the CD40 culture system (Fig-
ure 5a). Considerable apoptotic figures were de-
tected in Pappenheim-stained cytospins (Figure 5b).
Neither CD40 stimulation alone nor CD40 stimulation
in combination with one of the cytokines tested (IL-2,
IFN-y, IL-4, or IL-10) could rescue the Burkitt lym-
phoma cells from rapid cell death.

MALT Lymphoma B Cells Require CD40
Signaling for Their Tumor Growth
Cell counts were performed at different time points in
an overall culture period and confirmed that the
[3H]thymidine incorporation reflected cell prolifera-
tion and resulted in a -16-fold expansion of viable B
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Figure 3. Purified tonsillar(a to c) and low-grade MALTlymphoma (d to f) B cells were cultured in the CD40 system with IL-4giving the samegrowing
appearance at the microscope. After 1 day of cell culture (a and d) one can see adherence ofsingle cells to thefibroblast layer. At day 3 (b and e),
small cell clumps arise that enlarge until day 7(c and f).

cells within 16 days in the CD40 system (Figure 5a).
Proliferation of MALT lymphoma B cells was depen-
dent on CD40 signal and the added cytokine as
shown in Figure 6. IL-4 as well as IL-10 in combina-
tion with CD40 signaling induced a marked prolifer-
ation in low-grade MALT lymphoma; combinations of
both cytokines synergized to induce strong DNA
synthesis. IL-2 and IFN-y had little effect on the
proliferation of low-grade MALT lymphomas. In con-
trast, only high-grade MALT lymphomas responded
significantly to CD40 signal alone and in combination
with any cytokine offered.

Cytokines Induced MALT Lymphoma B
Cells to Differentiate into Immunoglobulin-
Secreting Cells
Tonsillar and lymphoma B cells cultured in the CD40
system in the absence of cytokines produced only
marginal quantities of immunoglobulin. IL-2 and IL-4
had no effect on the secretory activity in tonsil and
low-grade lymphoma B cells and only a moderate
effect in high-grade MALT lymphomas (Table 2). In
contrast, addition of IL-10 triggered a pronounced
immunoglobulin secretion that was more obvious in

I - p,4r fL r. .1W6 r..1aQW-m6w " 4. ..'; i
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Figure 4. Induction of activation markers by CD40 signaling.
Histograms show fluorescence intensity of CD40 and CD69 staining
(solid graph) superimposed with that of the isotype control antibody
(open graph) using multicolor FACS analysis of low grade (case 5)
MALT lymphoma B cell suspension freshly isolated after surgery (0 hr)
and after 72 hours of CD40 culture. Cells were gated for viable
lymphocytes, CD19+, and 7-AAD using the same settings as for the
freshly isolated B cells.

low-grade than in high-grade MALT lymphomas and
tonsil B cells. This effect could not be further en-
hanced by IL-2 or IL-4 in the low-grade lymphomas
and only marginally in the high-grade tumors by IL-4.
On cytospin preparations performed after the CD40/
cytokine culture period, the secretory activity paral-
leled plasma cell morphology and cytoplasmic im-
munoglobulins.

Discussion
To determine whether the tumor cell response in
low-grade lymphoma might be due to autocrine ef-
fects or to effects solely mediated by tumor-infiltrat-
ing T cells, B cells were cultured in the so-called
CD40 system. This allowed us to study the properties
of B cells and T cells independently.20'33-35 In par-
ticular, the present investigation shows that the
CD40 system is an excellent tool for inducing prolif-
eration and differentiation of low- and high-grade
MALT-type B cell lymphoma. This, so far, has been
very difficult to study because of limited cellular via-
bility and low proliferative capacity in vitro. Extensive
repeated cell selection using immunobeads subse-
quently verified by cyto- and immunophenotyping of
the cultured cells and a VH-family-specific PCR us-
ing consensus VH-family and consensus JH oligo-
nucleotides ascribed the effects to the malignant

Figure 5. Viabilityplot ofpurified tonsil and Burkitt lymphoma B cells in the CD40 system (a) with a marked decrease of viability ofBurkitt lymphoma
B cells within 1 day of culture that cannot be overcome by CD40 stimuilation. Normal B cells proliferate atnd expand up to 16-fold after 14 days of
culture only in the CD40 system. Pappenheim stain ofpunified Burkitt lymphoma B cells that had been exposed to anti-CD40 for 4 hours shou
morphologicalfeatures of apoptosis (b; arrow to apoptotic cells) Magnification, X 1000.

i
I

w .4
. *i A fr

;



1590 Greiner et al
AJP May 1997, Vol. 150, No. 5

A
proliferation index

01
co

ol 7
o + 0 0

oE N

04 ~ ~ ~

C. +
+

+u * C)

B
proliferation index

,j

MATypbri B elrlfraintas indcebl_ att-C4_ aO + ~o so

Figure 6. Sunn1narl of lou -grade (A; n =6) and high-grade (B; nz 5)

MALTlyrmphomla B cellproliferation that is indultced by antti (140 anld
cytokines. A total of5 X 104 purified B cells uere cuzltuired in triplicate
with or wvithout cytokines and anti-CD40 as indicated. B cellprolifer-
ationz was determined at day 5 of cutltture bh the additionl of PHithy-
midine present during the last 16 hours of the cuzltuire peniod. The

proliferation index is expressed as cpm assalycpm medium. The results
give the cumulative mean valuie of all patients calculated from the
means of three independent proliferation tests performled for each

patient. Cases 4, 6, 10, and 11 uwere tested once because oJ a limited
cell number after purification. Each error bar gives the standard
deviation of the respective cumulative mean.

and not residual bystander cells, as the tumor cells in
the cell culture system showed clonal identity with
the lymphoma cells they were derived from. In addi-
tion, using PCR with tumor-specific primers showed
that low- and-high grade MALT lymphoma B cells
were maintained during the whole CD40 culture pe-
riod.
The long lasting effect of IL-4 in the CD40 system

for low-grade MALT-type lymphomas was found to
synergize with IL-10 for proliferation most efficiently.
In particular, IL-4 allowed the generation of factor-
dependent tumor B cell lines, whereas IL-10 induced
a marked terminal differentiation into plasma cells, a
characteristic feature found in low-grade MALT lym-
phoma in vivo.36 Thus, IL-10 may play an important
role in the amplification of immunoglobulin-mediated
responses in MALT-type lymphoma. This contrasts
with results from previous studies of normal B cells
and control tonsillar B cells in this study, where IL-10
and IL-4 lead to increased cellular replication but
resulted in low immunoglobulin production.37
Whether IL-10 is produced inside MALT-type lym-
phomas and whether it originates from tumor-infiltrat-
ing T cells38'39 or from other cell types in vivo remains
to be established.

In contrast to anti-CD40-activated normal tonsillar
B cells and B cell chronic lymphocytic leukemias
(B-CLL),2340 low-grade MALT-type lymphomas did
not proliferate or differentiate in response to IL-2
substantially. High-grade MALT-type lymphomas,
like normal B cells, and low-grade MALT lymphomas
responded both to IL-4 and IL-10, but only high-
grade MALT lymphomas also grew after addition of
IL-2 and IFN-y alone.
These in vitro findings may be of decisive impor-

tance for the pathogenesis of low-grade MALT lym-
phomas in vivo considering that Th2 cells are essen-
tial for efficient mucosal antibody responses,4142 the
preferential role of Th2 cells in forming germinal cen-
ters,43 and the humoral response against common

Table 2. IL-10 Elicits Secretory Activity of Anti-CD40-Activated MALT-Typve Lymphoma B Cells to Secrete Immuinoglobulin

IgM production (jig/ml)
Low-grade MALT

1 2 3 4

<0.05
<0.05
<0.05
7.34
7.22
7.28

<0.05
<0.05
<0.05
6.68
6.99
7.29

<0.05
<0.05
<0.05
10.23
9.58

10.63

<0.05
<0.05
<0.05
4.22
4.45
4.87

High-grade MALT
5 6 7 8 9 10

<0.05
<0.05
<0.05
7.64
9.50

>10.0

<0.05 0.12
<0.05 0.63
<0.05 0.85
3.62 1.22
4.82 1.43
4.82 1.99

<0.05 <0.05
0.42 <0.05
0.61 <0.05
1.11 <0.05
1.19 <0.05
1.54 <0.05

1 1

<0.05 0.1
<0.05 0.23
<0.05 0.14
<0.05 0.89
<0.05 1.13
<0.05 0.97

A total of 5 x 104 purified B cells were cultured over 5 days in the CD40 system. Antibody production was measured by standard
ELISA. Results are expressed as the mean of duplicate determinations. The SD was below 10% of the mean value.

Medium
IL-2
IL-4
IL-10
IL-10 + IL-2
IL-10 + IL-4

Tonsil
(average)

<0.05
<0.05
<0.05
0.18
0.42
0.22
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environmental antigens.4445 As low- but not high-
grade MALT lymphomas seem to have maintained a
significant relationship to normal B cells, it is possi-
ble that IL-4 and IL-10 as well as the CD40 ligand,
eg, expressed by activated T cells in reactive follic-
ular gastritis, may trigger the antigen-dependent de-
velopment of low-grade MALT-type lymphomas.
This could happen either directly or by paracrine
mechanisms and may explain gastric low-grade
MALT lymphoma regression after eradication of H.
pylori.25'26

It is unknown whether antigen-driven B cell prolif-
eration is associated with secondary events that
cause tumor transformation in MALT lymphoma. As
in most nodal lymphomas, etiology and pathogene-
sis of lymphomas derived from MALT are not yet
elucidated. In particular, unifying chromosomal ab-

46,47 48~rtoerration,4 rearrangements of oncogenes, 8 or Ep-
stein-Barr virus infections49'50 which are thought to
be first steps in the development of nodal lympho-
mas, have not been detected in lymphomas of MALT
type. It is possible that antigen is necessary for sur-
vival of the initiating malignant tumor clone in com-
bination with paracrine factors supported by reactive
tumor-infiltrating T cells that express CD40 ligand.

In contrast, CD40 stimulation was found to inhibit
cell proliferation in other lymphoma types, like Burkitt
lymphoma in this study and nodal diffuse large-cell
lymphoma or lymphoblastoid cell lines as published
recently.10 The responsible mechanisms are un-
clear, but several possibilities may be considered.
First of all, although CD40 is present on all normal B
cells and their malignant counterparts, receptor sig-
naling may act different by means of cell cycle and
stage of development, as demonstrated recently for
different IL-2 signaling pathways regulating cellular
proliferation mediated by c-myc, bcl-2, or Ick.5' Sec-
ond, it may be possible that triggering of CD40 may
deliver different signals if the CD40 receptor or CD40
signal transduction mediating proteins like CRAF152
or p2353 are susceptible for mutations in lymphoma.

Our data provide evidence that the CD40 ligand
expressed by activated non-neoplastic T cells in vivo
may trigger the evolution of low-grade MALT-type
lymphomas either directly or by paracrine mecha-
nisms. Therefore, T cells may not only determine the
type of B cell immune response but may also provide
key molecules in B cell lymphoma initiation and pro-
gression. Both the histopathological and clinical fea-
tures of MALT-type lymphomas suggest the possi-
bility that the lymphomagenesis is, at least in part, T
cell dependent.

Acknowledgments
We thank Maria Reichert and Christa Amrehn for
expert technical assistance and Alexander Marx and
Stephanie Czub for critical reading the manuscript.

References

1. Isaacson PG: Pathogenesis and early lesions in extran-
odal lymphoma. Toxicol Lett 1993, 67:237-247

2. Isaacson PG: Gastrointestinal lymphoma. Hum Pathol
1994, 25:1020-1029

3. Isaacson PG, Wotherspoon AC, Diss T, Pan LX: Follic-
ular colonization in B-cell lymphoma of mucosa-asso-
ciated lymphoid tissue. Am J Surg Pathol 1991, 15:
819-828

4. Hussell T, Isaacson PG, Crabtree JE, Dogan A, Spen-
cer J: Immunoglobulin specificity of low grade B cell
gastrointestinal lymphoma of mucosa-associated lym-
phoid tissue (MALT) type. Am J Pathol 1993, 142:
285-292

5. Greiner A, Marx A, Heesemann J, Leebmann J,
Schmausser B, MOller-Hermelink HK: Idiotype identity
in a MALT-type lymphoma and B cells in Helicobacter
py/ori-associated chronic gastritis. Lab Invest 1994, 70:
572-578

6. Hussell T, Isaacson PG, Spencer J: Proliferation and
differentiation of tumour cells from B-cell lymphoma of
mucosa-associated lymphoid tissue in vitro. J Pathol
1993, 169:221-227

7. Greiner A, Marx A, Schmausser B, MOller-Hermelink
HK: The pivotal role of the immunoglobulin receptor of
tumor cells from B cell lymphomas of mucosa associ-
ated lymphoid tissue (MALT). Adv Exp Med Biol 1994,
355:189-193

8. Qin Y, Greiner A, Trunk MJ, Schmausser B, Ott MM,
MOller-Hermelink HK: Somatic hypermutation in low-
grade mucosa-associated lymphoid tissue-type B-cell
lymphoma. Blood 1995, 86:3528-534

9. Hussell T, Isaacson PG, Crabtree JE, Spencer J: The
response of cells from low-grade B-cell gastric lympho-
mas of mucosa-associated lymphoid tissue to Helico-
bacterpylori. Lancet 1993, 342:571-574

10. Funakoshi S, Longo DL, Beckwith M, Conley DK,
Tsarfaty G, Tsarfaty I, Armitage RJ, Fanslow WC,
Spriggs MK, Murphy WJ: Inhibition of human B-cell
lymphoma growth by CD40 stimulation. Blood 1994,
83:2787-2794

11. Carbone A, Gloghini A, Gattei V, Aldinucci D, Degan M,
De Paoli P, Zagonel V, Pinto A: Expression of functional
CD40 antigen on Reed-Sternberg cells and Hodgkin's
disease cell lines. Blood 1995, 85:780-789

12. Johnson PW, Watt SM, Betts DR, Davies D, Jordan S,
Norton AJ, Lister TA: Isolated follicular lymphoma cells
are resistant to apoptosis and can be grown in vitro in
the CD40/stromal cell system. Blood 1993, 82:1848-
1857



1592 Greiner et al
AJP May 1997, Vol. 150, No. 5

13. Dunn Walters DK, Isaacson PG, Spencer J: Analysis of
mutations in immunoglobulin heavy chain variable re-
gion genes of microdissected marginal zone (MGZ) B
cells suggests that the MGZ of human spleen is a
reservoir of memory B cells. J Exp Med 1995, 182:
559-566

14. Graf D, Korthauer U, Mages HW, Senger G, Kroczek
RA: Cloning of TRAP, a ligand for CD40 on human T
cells. Eur J Immunol 1992, 22:3191-3194

15. Banchereau J, Bazan F, Blanchard D, Briere F, Galizzi
JP, van Kooten C, Liu YJ, Rousset F, Saeland S: The
CD40 antigen and its ligand. Annu Rev Immunol 1994,
12:881-922

16. Armitage RJ, Macduff BM, Spriggs MK, Fanslow WC:
Human B cell proliferation and Ig secretion induced by
recombinant CD40 ligand are modulated by soluble
cytokines. J Immunol 1993, 150:3671-3680

17. Durie FH, Foy TM, Masters SR, Laman JD, Noelle RJ:
The role of CD40 in the regulation of humoral and
cell-mediated immunity. Immunol Today 1994, 15:
406-411

18. MacLennan IC: Germinal centers. Annu Rev Immunol
1994, 12:117-139

19. Han S, Hathcock K, Zheng B, Kepler TB, Hodes R,
Kelsoe G: Cellular interaction in germinal centers: roles
of CD40 ligand and B7-2 in established germinal cen-
ters. J Immunol 1995, 155:556-567

20. Arpin C, Dechanet J, van Kooten C, Merville P, Grouard
G, Briere F, Banchereau J, Liu YJ: Generation of mem-
ory B cells and plasma cells in vitro. Science 1995,
268:720-722

21. Burdin N, van Kooten C, Galibert L, Abrams JS, Wi-
jdenes J, Banchereau J, Rousset F: Endogenous IL-6
and IL-10 contribute to the differentiation of CD40-
activated human B lymphocytes. J Immunol 1995, 154:
2533-2544

22. Briere F, Servet Delprat C, Bridon JM, Saint Remy JM,
Banchereau J: Human interleukin 10 induces naive
surface immunoglobulin D+ (slgD+) B cells to secrete
IgGl and IgG3. J Exp Med 1994, 179:757-762

23. Fluckiger AC, Garrone P, Durand I, Galizzi JP, Banche-
reau J: Interleukin 10 (IL-10) upregulates functional
high affinity IL-2 receptors on normal and leukemic B
lymphocytes. J Exp Med 1993, 178:1473-1481

24. Hsu SM, Waldron JW Jr, Hsu PL, Hough AJ Jr: Cyto-
kines in malignant lymphomas: review and prospective
evaluation. Hum Pathol 1993, 24:1040-1057

25. Bayerdorffer E, Neubauer A, Rudolph B, Thiede C,
Lehn N, Eidt S, Stolte M: Regression of primary gastric
lymphoma of mucosa-associated lymphoid tissue type
after cure of Helicobacter pylori infection: MALT Lym-
phoma Study Group. Lancet 1995, 345:1591-1594

26. Wotherspoon AC, Doglioni C, Diss TC, Pan L, Moschini
A, de Boni M, Isaacson PG: Regression of primary
low-grade B-cell gastric lymphoma of mucosa-associ-
ated lymphoid tissue type after eradication of Helico-
bacter pylori. Lancet 1993, 342:575-577

27. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK,

Cleary ML, Delsol G, De Wolf Peeters C, Falini B, Gatter
KC, et al: A revised European-American classification
of lymphoid neoplasms: a proposal from the Interna-
tional Lymphoma Study Group. Blood 1994, 84:1361-
1392

28. Greiner A, Muller-Hermelink HK: Recent advances in
gastric extranodal B-cell lymphoma. Curr Diagn Pathol
1996, 3:91-98

29. Radaszkiewicz T, Dragosics B, Bauer P: Gastrointesti-
nal malignant lymphomas of the mucosa-associated
lymphoid tissue: factors relevant to prognosis. Gastro-
enterology 1992, 102:1628-1638

30. Schmid I, Krall WJ, Uittenbogaart CH, Braun J, Giorgi
JV: Dead cell discrimination with 7-amino-actinomycin
D in combination with dual color immunofluorescence
in single laser flow cytometry. Cytometry 1992, 13:
204-208

31. Banchereau J, Rousset F: Growing human B lympho-
cytes in the CD40 system. Nature 1991, 353:678-679

32. Kuppers R, Zhao M, Hansmann ML, Rajewsky K. Trac-
ing B cell development in human germinal centres by
molecular analysis of single cells picked from histolog-
ical sections. EMBO J 1993, 12:4955-4967

33. Malisan F, Fluckiger AC, Ho S, Guret C, Banchereau J,
Martinez Valdez H: B-chronic lymphocytic leukemias
can undergo isotype switching in vivo and can be in-
duced to differentiate and switch in vitro. Blood 1996,
87:717-724

34. Grouard G, de Bouteiller 0, Banchereau J, Liu YJ:
Human follicular dendritic cells enhance cytokine-de-
pendent growth and differentiation of CD40-activated
B cells. J Immunol 1995, 155:3345-3352

35. Liu YJ, Malisan F, de Bouteiller 0, Guret C, Lebecque
S, Banchereau J, Mills FC, Max EE, Martinez Valdez H:
Within germinal centers, isotype switching of immuno-
globulin genes occurs after the onset of somatic mu-
tation. Immunity 1996, 4:241-250

36. Bateman AC, Wright DH: Epitheliotropism in high-
grade lymphomas of mucosa-associated lymphoid tis-
sue. Histopathology 1993, 23:409-415

37. Rousset F, Garcia E, Defrance T, Peronne C, Vezzio N,
Hsu DH, Kastelein R, Moore KW, Banchereau J. Inter-
leukin 10 is a potent growth and differentiation factor
for activated human B lymphocytes. Proc Natl Acad Sci
USA 1992, 89:1890-1893

38. Racke MK, Bonomo A, Scott DE, Cannella B, Levine A,
Raine CS, Shevach EM, Rocken M: Cytokine-induced
immune deviation as a therapy for inflammatory auto-
immune disease. J Exp Med 1994, 180:1961-1966

39. Fox RI, Kang HI, Ando D, Abrams J, Pisa E: Cytokine
mRNA expression in salivary gland biopsies of
Sjogren's syndrome. J Immunol 1994, 152:5532-5539

40. Kindler V, Matthes T, Jeannin P, Zubler RH: lnterleu-
kin-2 secretion by human B lymphocytes occurs as a
late event and requires additional stimulation after
CD40 cross-linking. Eur J Immunol 1995, 25:1239-
1243

41. Vajdy M, Kosco Vilbois MH, Kopf M, Kohler G, Lycke N:



Th2 Help in MALT-Type Lymphomas 1593
AJP May 1997, Vol. 150, No. 5

Impaired mucosal immune responses in interleukin
4-targeted mice. J Exp Med 1995, 181:41-53

42. Hiroi T, Fujihashi K, McGhee JR, Kiyono H: Polarized
Th2 cytokine expression by both mucosal -y and ca3 T
cells. Eur J Immunol 1995, 25:2743-2751

43. Morikawa Y, Tohya K, Ishida H, Matsuura N, Kakudo K:
Different migration patterns of antigen-presenting cells
correlate with Th1/Th2-type responses in mice. Immu-
nology 1995, 85:575-581

44. Romagnani S: Lymphokine production by human T
cells in disease states. Annu Rev Immunol 1994, 12:
227-257

45. Hodgkin PD, Basten A: B cell activation, tolerance and
antigen-presenting function. Curr Opin Immunol 1995,
7:121-129

46. Wotherspoon AC, Finn TM, Isaacson PG: Trisomy 3 in
low-grade B-cell lymphomas of mucosa-associated
lymphoid tissue. Blood 1995, 85:2000-2004

47. Roblick U, Ott G, Kalla J, Hahn U, Ott MM, Muller-
Hermelink HK: Nachweis numerischer Chromosome-
nabberationen in primaren gastralen Non-Hodgkin-
Lymphomen durch in-situ-Hybridisierung mit centro-
merspezifischen DNA-Proben am Gefrierschnitt. Verh
Dtsch Ges Pathol 1993, 77:487

48. Marin MC, Hsu B, Stephens LC, Brisbay S, McDonnell
TJ: The functional basis of c-myc and bcl-2 comple-
mentation during multistep lymphomagenesis in vivo.
Exp Cell Res 1995, 217:240-247

49. Ott G, Kirchner T, Seidl S, MOller-Hermelink HK: Pri-
mary gastric lymphoma is rarely associated with Ep-
stein-Barr virus. Virchows Arch B Cell Pathol Incl Mol
Pathol 1993, 64:287-291

50. Greiner A, Kirchner T, Ott G, Marx A, Fischbach W,
MOller-Hermelink HK: Occurrence of multiple lympho-
epithelioma-like carcinomas and MALT-type lym-
phoma in the stomach: detection of EBV in carcinomas
but not in lymphoma. Histopathology 1996, 29:51-56

51. Miyazaki T, Liu ZJ, Kawahara A, Minami Y, Yamada K,
Tsujimoto Y, Barsoumian EL, Permutter RM, Taniguchi
T: Three distinct IL-2 signaling pathways mediated by
bcl-2, c-myc, and Ick cooperate in hematopoietic cell
proliferation. Cell 1995, 81:223-231

52. Cheng G, Cleary AM, Ye ZS, Hong Dl, Lederman S,
Baltimore D: Involvement of CRAF1, a relative of TRAF,
in CD40 signaling. Science 1995, 267:1494-1498

53. Morio T, Hanissian S, Geha RS: Characterization of a
23-kDa protein associated with CD40. Proc Natl Acad
Sci USA 1995, 92:11633-11636


