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EPIGENETIC CHANGES IN MALT LYMPHOMA AND THE
ACCUMULATION OF FOXP3+ REGULATORY CELLS IN TUMOR MASS
Eva Lovric1*, Tomislav Horvat2*, Miroslava Katicic3, Slobodanka Ostojic Kolonic3, 4, Slavko Gasparov1, 3,
Vlatka Zoldos2, Petra Korac2, Mara Dominis3

Abstract: Primary extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma) is
often induced by a chronic Helicobacter pylori infection, while a significant role during its development is ascribed to
T lymphocytes, which infiltrate the tumor mass. Even though it is well known that FOXP3+ T regulatory cells can
modify clinical outcome of hematological malignancies, it is still unknown whether they can induce epigenetic changes
in lymphoma cells. Using gastric biopsies from 11 patients with MALT lymphoma at the time of diagnosis, during
follow-up and during progression of the disease, we have analyzed 138 biopsies in total in order to assess the possible
association of changes in H3K27me3 production and the presence of cytogenetic changes in small lymphocytes, with
the presence of FOXP3+ cells that infiltrate tumor tissue. Our results indicate a putative role of FOXP3+ cells in
mechanisms leading to a decreased expression of repressive histone modification H3K27me3 in tumor cells, which
could result in transcriptional reactivation of various genes associated with tumor growth and disruption of genomic
integrity characteristic of tumor cells.

1

Institute of Pathology and Cytology, University
Hospital Merkur, Zagreb, Croatia
2

Faculty of Science, Division of Molecular Biology,
Department of Biology, University of Zagreb, Zagreb,
Croatia
3

Medical School, University of Zagreb, Zagreb,
Croatia
4

Department of Medicine, University Hospital
Merkur, Zagreb, Croatia
* equally contributing authors

Corresponding author:
Petra Korac
Faculty of Science, Division of Molecular Biology, Department of
Biology, University of Zagreb, Zagreb, Croatia
Tel: +385 1 46 06 278; Fax: + 385 1 46 06 286
e-mail: petra.korac@biol.pmf.hr

Submitted: November, 2017
Accepted: December, 2017

Key words: API2/MALT1, FOXP3, H3K27me3, MALT lymphoma

INTRODUCTION
Primary extranodal marginal zone lymphoma of
mucosa-associated
lymphoid
tissue
(MALT
lymphoma) is an indolent extranodal B cell lymphoma.
Chronic Helicobacter pylori infection is believed to be
the main inducer of this neoplasm.1,2,3 Although
different strains of bacteria are present in gastric
mucosa, the one expressing the CagA protein is linked
with high-grade MALT lymphoma development.4,5 H.
pylori in gastric mucosa not only induces the
infiltration of lymphocytes that form mucosa
associated lymphoid tissue, but also further maintains
their proliferation and may cause the development of
MALT lymphoma. One of the indirect mechanisms
responsible for H. pylori-induced lymphoma
development includes subpopulations of present T
cells.6 Bacteria translocate their CagA protein directly
to tumor B lymphocytes causing their proliferation and
resistance to apoptosis.7 Moreover, bacteria themselves
influence tumor B cells through a specific, dependent
T cell population and CD40/CD40L costimulatory
molecules.8,9 FOXP3+ T regulatory cells (T regs) were
recognized as a subpopulation of T cells that can
influence tumor growth. In neoplasms developed from
cells of different origin, an increased number of T regs
in tumor mass was recognized as a prognostic
predictor, but mechanisms of interaction between
tumor cells and T regs are still insufficiently
understood.10-16 There are some indications that in B
lymphomas T regs can inhibit functions of other cells
implicated in the antitumor response, most probably
through cell to cell contact. Furthermore, proven
effects of interactions between neoplastic B cells and T
regs include an increase of T regs in tumor mass
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followed by the suppression of the host’s antitumor
response.17
Evidence showing the development of a neoplasm
caused by bacterial infection in case of MALT
lymphoma has led to the recognition of “the only
tumor that can be cured using antibiotics”.18 Still, cases
of MALT lymphoma independent of H. pylori have
been described, as well as findings confirming the
resistance of a proportion of MALT lymphomas to
eradication therapy. H. pillory-induced MALT
lymphoma cases that harbor t(11:18)(q21;q21) –
API2(BIRC3)/MALT1 translocation were connected
with a failure to respond to bacterial eradication.19 This
translocation was described as a frequent and
characteristic cytogenetic aberration in MALT
lymphoma that is often present as a sole chromosomal
aberration.20, 21 It forms a chimeric gene that produces
a fusion of API2 gene product and C terminal of
MALT1 gene product.22 An interesting study showing
the expression of transgene API2/MALT1 in human B
cell lymphoma BJAB cell line confirmed a possible
mechanism that explains how this translocation can
influence resistance to H. pylori. It was suggested that
initial bacterial infection triggers the immune response
that results in NF-κB activation in tumor B cells
through
CD40/CD40L
T
cell
interaction.
API2/MALT1 translocation could produce fusion
proteins that could be responsible for constitutive NFκB activation and therefore cause proliferation
independent from the immune response to H. pylori.23
MALT lymphoma cases marked with API2/MALT1
translocation are therefore non-responsive to bacteria
eradication and are today treated with different
protocols including surgical resections, chemo- or
radiotherapy or their combination. Although local
radiotherapy is the most popular treatment for those
patients, there is no consensus on the treatment so
far. 3, 24, 25 In order to gain insight into mechanisms that
can enhance treatment protocols, in last few decades
the development of MALT lymphoma has been

explored through genetic changes in tumor cells, and
recently based on microenvironmental interactions
with cells involved in immune response to a neoplasm.
Such approaches have defined different possible
mechanisms, but have still left some questions
unanswered. Today, we are aware of genetic and
epigenetic linkage and the importance of both
components for regulation of specific, as well as global
transcription regulation.
It has been suggested that epigenetic (re)programming
could take part in mechanisms employed by different
subsets of cells in order to adapt to the changed
environment.26 Therefore, it is possible that
environmental cells in MALT lymphoma could be
responsible for the interactions which would induce
epigenetic changes in tumor B cells. One of the
important epigenetic changes in tumors is the
aberration of histone modifications. In this study, we
investigated whether the accumulation of T regs would
affect the epigenetic status of MALT lymphoma cells.
Specifically, we monitored the expression of
H3K27me3, a histone modification associated with
transcriptional repression and heterochromatin
formation.27, 28 In addition, we observed the correlation
between epigenetic and cytogenetic changes in
neoplastic cells.
MATERIAL AND METHODS
Formalin-fixed paraffin-embedded gastric biopsies
performed prior to and at the time of MALT
lymphoma diagnosis and during the disease
development, taken from 11 patients, were analyzed
(Table 1). 138 gastric biopsy samples were divided
into three groups: intact mucosa, inflammatory
changes and tumor infiltrates. Independently, three
pathologists revised the diagnoses base on histological
samples and confirmed the sample group for each
biopsy. Clinical data were obtained from a

Table 1. Follow up of 11 patients with MALT lymphoma included in the study
patient

1.
2.
3.

gender

age at first
examination

number of
examinations

PHD in initial
biopsy

H. pylori

examination with
MALT lymphoma
presentation

therapy for
MALT
lymphoma

examination with
transformation to
DLBCL

therapy for
DLBCL

outcome

♀

75

10

inflammatory
changes

unknown

5th

proton-pump
inhibitors

7th

prednisone,
chlorambucil,
CNOP**

dead

3

MALT
lymphoma

1st

proton-pump
inhibitors

/

/

dead

7

MALT
lymphoma

1st

unavailable
information

/

/

alive

-

1st

triple
therapy*

/

/

alive

♂
♀

73
71

+
+

4.

♀

70

14

MALT
lymphoma

5.

♀

32

9

MALT
lymphoma

+

1st

H2 receptor
antagonists

/

/

alive

6.

♂

66

2

MALT
lymphoma

+

1st

H2 receptor
antagonists

/

/

alive

7.

♀

53

11

inflammatory
changes

+

4th

proton-pump
inhibitors

/

/

alive

8.

♀

85

3

inflammatory
changes

unknown

2nd

unavailable
information

/

/

unknown

9.

♂

44

7

MALT
lymphoma

-

1st

triple
therapy

/

/

alive

10.

♀

74

6

inflammatory
changes

+

2nd

triple
therapy

/

/

alive

4th

proton-pump
inhibitors,
R-CHOP***

alive

11.

♀

48

4

MALT
lymphoma

-

1st

proton-pump
inhibitors

Legend: *triple therapy - proton pump inhibitors and antibiotics, **CNOP-cyclophosphamide, mitoxantrone, vincristine, prednisone,
***R-CHOP - cyclophosphamide, doxorubicin, vincristine, prednisone, rituximab
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gastroenterologist as a part of the study approved by
the Medical school ethical committee.
Immunohistochemical staining using anti-FOXP3
(Abcam, Cambridge, UK) and anti-H3K27me3
(Abcam, Cambridge, UK) antibodies was performed on
all samples. Tissue sections 4 μm thick were used. For
immunostaining with anti-FOXP3 antibodies, the
samples were pretreated using heat-induced epitope
retrieval procedure and stained using Envision FLEX,
high pH kit (Dako, Glostrup, Denmark), followed by
triple blind reading performed by experienced
pathologists. FOXP3-positive cells were counted on
whole tissue samples and reported as the number of
FOXP3+ cells per 1 mm2 of section. Immunostaining
of H3K27me3 histone modification was performed
following dewaxing, dehydrating and pretreatment of
slides with a citrate buffer using a pressure cooker
(125°C, 3 mins). The staining was performed using the
Envision kit (Dako, Glostrup, Denmark) after which
slides were counterstained with hematoxylin (Envision
FLEX hematoxylin, Dako, Glostrup, Denmark).
Finally, the percentage of lymphocytes harboring the
H3K27me3 histone modification in the total
lymphocyte population per sample was evaluated by
three pathologists.
MALT1 (LSI MALT1 dual color break apart probe,
Abbott Molecular Inc., Des plaines, IL, USA) and
BCL10 (BCL10 FISH DNA probe, split signal, Dako,
Glostrup, Denmark) translocations, as well as possible
aneuploidy of chromosome 3 (CEP 3 alpha satellite
probe, Abbott Molecular Inc., Des plaines, IL, USA)
were analyzed by FISH. Translocations of the MALT1
gene were further evaluated using dual color dual
fusion probes (IGH/MALT1 DF FISH Probe and
BIRC3/MALT1 DF FISH Probe, Abbott Molecular
Inc., Des plaines, IL, USA) to elucidate the exact
MALT1 translocation partner. Tissue slides were
treated in Borg (Borg Decloaker, RTU, Biocare
medical, Llc., Concord, CA, USA), in a pressure

cooker (125°C, 3 min), followed by incubation with
pepsin (37°C, 20 min). Slides were then dehydrated
through a series of ethanol solutions and air-dried.
FISH probes were applied to whole sections, prior to
denaturation for 5 min at 85°C, and overnight
hybridization at 37°C. The next day, the slides were
washed in preheated detergent solutions and cooled
down to room temperature before mounting with
Vectashield containing DAPI (Vector Laboratories
Inc., Burlingame, CA, USA). Double blind reading was
performed.
Laboratory-obtained data were statistically analyzed
using non-parametric tests due to the violation of the
normality assumption. The correlation between the
amount of FOXP3+ cells and the percentage of tumor
cells which express H3K27me3 was investigated using
Spearman's rank correlation coefficient. The KruskalWallis test was performed to analyze the number of
FOXP3-positive cells and the percentage of cells
harboring the H3K27me3 histone modification across
three groups of samples. Correlations between the
amount of FOXP3+ cells and cells expressing
H3K27me3 with H. pylori infection and different
cytogenetic aberrations were tested using the Mann
Whitney test.
A Chi-square test for independence was applied to
determine the possible correlation of sample groups
with H. pylori infection or cytogenetic aberrations.
RESULTS
Samples were subdivided into three subgroups: intact
mucosa samples (n=22), gastric biopsy samples with
inflammatory changes (n=65) and gastric biopsy
samples with tumor infiltrates (n=51) (Table 2).
Out of all samples, 15 were H. pylori-positive, 28
harbored trisomy 3 and 24 had MALT1 translocation (in

Figure 1. FOXP3-positive cells in a) intact mucosa tissue, b) mucosa tissue with chronic inflammatory changes, and c) MALT lymphoma
infiltrate. The blue stain, (hematoxylin counterstain) represents FOXP3- cells, while the brown stain (diaminobenzidine precipitate)
represents FOXP3+ cells.
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Table 2. Amount of FOXP3+ cells and H3K27me3+ lymphocytes
in all sample types

sample type

number
of
samples

median
number of
FOXP3+
cells per
1 mm2

median
percentage of
H3K27me3+
lymphocytes

intact mucosa

22

1.11

65%

inflammatory
changes

65

10.03

80%

tumor infiltrate

51

74.54

40%

all cases with MALT1 translocation, the translocation
partner was API2 gene). There were no samples with
IGH/MALT1 translocation or rearrangement of BCL10.
The median number of FOXP3+ cells per 1 mm2 was
1.11 in intact mucosa samples, 10.03 in samples with
chronic inflammatory changes, and 74.54 in samples
with tumor infiltrates (Figure 1a-c, Table 2).
The median percentage of lymphocytes harboring
H3K27me3 histone modification was 65% in total
lymphocyte population of intact mucosa samples, 80%
in samples with chronic inflammatory changes and
40% in samples with tumor infiltrates (Figure 2a-c,
Table 2).
Statistical analysis of immunohistochemically-detected
FOXP3+ cells revealed a significant increase in their
number in tumor infiltrates when compared to intact
mucosa samples or samples with inflammatory changes
(χ2=54.568, p<0.001) (Figure 3). This increase was
linked to the H. pylori infection as well as to the
presence of MALT1 translocation and/or trisomy 3 in
neoplastic cells (p=0.048;
p<0.001;
p=0.001;
respectively). Interestingly, we observed a negative
correlation between the number of FOXP3+ cells

infiltrating tumor mass and the percentage of tumor
cells harboring the histone modification H3K27me3
(Spearman's rank correlation coefficient; r=-0.195;
n=131, p=0.025) (Figure 3). Accordingly, the
percentage of cells harboring H3K27me3 in tumor
tissue was significantly lower in comparison to intact
mucosa or inflammation samples (χ2=13.348 and
p=0.001) (Figure 3). In addition, the percentage of
lymphocytes harboring H3K27me3 was significantly
lower in tumor tissue samples with the presence of
API2/MALT1 translocation (p=0.026) when compared
to samples of tumor tissue without this translocation.
API2/MALT1 translocation, as well as chromosome 3
gain, were predominantly detected in tumor infiltrates
when compared to intact mucosa or inflammatory
samples (p=0.006 and p<0.001).
DISCUSSION
Data obtained in this study demonstrate an
accumulation of FOXP3+ cells during MALT
lymphoma development and their increased number in
samples infected by H. pylori. It is known that H.pylori
infection of gastric mucosa not only induces infiltration
of lymphocytes that form mucosa associated lymphoid
tissue, but also stimulates their proliferation and
potentially causes the development of MALT
lymphoma. Bacteria translocate their CagA protein
directly into tumor B lymphocytes inducing their
proliferation and resistance to apoptosis.7 They further
affect tumor B cells through an indirect mechanism,
using dependent specific T cell population which
communicates with neoplastic cells by CD40/CD40L
costimulatory molecules.7, 8, 29 FOXP3+ (T regs) cells
have already been considered as prognostic predictors
in many tumor types.10-16 Even though interactions

Figure 2. Lymphocytes harboring the H3K27me3 mark in a) intact mucosa tissue, b) mucosa tissue with chronic inflammatory changes and
c) MALT lymphoma infiltrates (tumor cells with API2/MALT1 translocation). The blue stain, (hematoxylin counterstain) represents
H3K27me3- cells, while the brown stain (diaminobenzidine precipitate) represents H3K27me3+ cells.
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Figure 3. Comparison of FOXP3+ and H3K27me3+ cell amounts
in all tissue types. Amount of FOXP3+ cells is given as a median
of the total number of immunohistochemically positive cells per
1 mm2 of tissue sections; the amount of H3K27me3+ cells is given
as a median percentage of positive lymphocytes in tissue sections.

between tumor cells and T regs are still insufficiently
understood, we believe that the observed correlation
between FOXP3+ T regs and B tumor progression of
MALT lymphoma might be triggered by H. pylori
infection. Interestingly, we also observed a lower
expression of repressive histone mark H3K27me3 in
tumor cells as the disease progresses. The significant
decrease of tumor cells harboring H3K27me3 also
coincides with the accumulation of FOXP3+ cells in
tumor tissue. Trimethylation of H3K27 in lymphocytes
is the result of EZH2 activity. EZH2 is
methytransferase which is marked by gain-of-function
mutation in more than 25% cases of diffuse large B cell
lymphoma and follicular lymphoma.26, 27 This enzyme
is also known to act in a context-specific manner.28 In
our samples, the accumulation of FOXP3+ cells could
be the change in microenvironment that induces the
adaptation of neoplastic cells, and, through EZH2
activity, a decrease of H3K27me3 can be a part of
epigenetic (re)programming they undergo.29
The decreased number of tumor cells with H3K27me3
also correlated with the presence of H. pylori infection
as well as with the presence of API2/MALT1
translocation and/or trisomy 3 in neoplastic cells. As
mentioned above, H. pilory-induced cases of MALT
lymphoma
harboring
t(11:18)(q21;q21)
–
API2(BIRC3)/MALT1 translocation failed to respond to
bacterial eradication.19 We believe that the genomic
instability, potentially leading to chromosome
rearrangements such as API2/MALT1 translocation,
could be related to lower production of H3K27me3
histone modification. Since this modification is
associated with proper heterochromatin formation
which ensures genome stability, its decreased
expression could be tightly related to instable mitosis
resulting in chromosome aberrations characteristically
found in MALT lymphoma.30, 31
Taken together, the results obtained in this work
suggest an important role of T regs in mechanisms
leading to a decrease in expression of H3K27me3
within the tumor mass. Since the analyzed epigenetic
mark is associated with transcriptional repression of
many developmentally regulated genes, stem cell

maintenance and differentiation, a considerable
decrease in its expression, possibly caused by FOXP3+
T regs, could result in gene reactivation and thus
stimulation of tumor growth.
Presented data should be tested in monitored follow-up
studies on a bigger cohort, and eventually these results
might be used as the basis for new therapeutic
protocols aiming to interfere with the so far unrevealed
interaction between T regs and tumor cells.
Additionally, H3K27me3 and possibly some other
histone modifications in MALT lymphoma should be
considered
and
evaluated
as
simple
immunohistochemical prognostic markers for the
identification of patient groups which might undergo
more aggressive course of disease and potentially
transform to diffuse large B-cell lymphoma.
ACKNOWLEDGEMENTS
Authors would like to thank Vibor Milunović, MD, for
the help in collecting the clinical data.
REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

Isaacson PG, Chott A, Nakamura S, Muller Hermelink
HK, Harris NL, Swerdlow SH. Extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma). In: Swerdlow HS, Campo E, Lee Haris N,
Jaffe ES, Pileri SA, Stein H, et al., editors. World Health
Organization
Classification
of
Tumours
of
Haematopoietic and Lymphoid Tissues. Lyon: IARC
Press; 2008.214-217.
Zullo A, Hassan C, Cristofari F, Perri F, Morini S. Gastric
low-grade
mucosal-associated
lymphoid
tissuelymphoma: Helicobacter pylori and beyond. World J
Gastrointest Oncol. 2010;2(4):181-186.
Zucca E, Copie-Bergman C, Ricardi U, Thieblemont C,
Raderer M, Ladetto M; ESMO GuidelinesWorking
Group. Gastric marginal zone lymphoma of MALT type:
ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2013; 24 Suppl
6:vi144-8.
Eck M, Schmausser B, Haas R, Greiner A, Czub S,
Müller-Hermelink HK. MALT-type lymphoma of the
stomach is associated with Helicobacter pylori strains
expressing the CagA protein. Gastroenterology.
1997;112(5):1482-1486.
Peng H, Ranaldi R, Diss TC, Isaacson PG, Bearzi I, Pan
L. High frequency of CagA+ Helicobacter pylori infection
in high-grade gastric MALT B-celllymphomas. J Pathol.
1998;185(4):409-412.
Du MQ. MALT lymphoma: recent advances in aetiology
and molecular genetics. J Clin Exp Hematop.
2007;47(2):31-42.
Lin WC, Tsai HF, Kuo SH, Wu MS, Lin CW, Hsu PI,
Cheng AL, Hsu PN. Translocation of Helicobacter pylori
CagA into Human B lymphocytes, the origin of mucosaassociated lymphoid tissue lymphoma. Cancer Res.
2010;70(14):5740-5748.
Hussell T, Isaacson PG, Crabtree JE, Spencer J.
Helicobacter pylori-specific tumour-infiltrating T cells
provide contact dependent help for the growth of
malignant B cells in low-grade gastric lymphoma of
mucosa-associated
lymphoid
tissue.
J
Pathol.
1996;178(2):122-127.
Greiner A, Knörr C, Qin Y, Sebald W, Schimpl A,
Banchereau J, Müller-Hermelink HK. Low-grade B cell
lymphomas of mucosa-associated lymphoid tissue

Molecular and Experimental Biology in Medicine, 2017, 1: 30-35

Lovric E

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

(MALT-type) require CD40-mediated signaling and Th2type cytokines for in vitro growth and differentiation. Am
J Pathol. 1997;150(5):1583-1593.
Lee NR, Song EK, Jang KY, Choi HN, Moon WS, Kwon
K, Lee JH, Yim CY, Kwak JY. Prognostic impact of
tumor infiltrating FOXP3 positive regulatory T cells in
diffuse large B-cell lymphoma at diagnosis. Leuk
Lymphoma. 2008;49(2):247-256.
Kim WY, Jeon YK, Kim TM, Kim JE, Kim YA, Lee SH,
Kim DW, Heo DS, KimCW. Increased quantity of tumorinfiltrating FOXP3-positive regulatory T cells is an
independent predictor for improved clinical outcome in
extranodal
NK/T-cell
lymphoma.
Ann
Oncol.
2009;20(10):1688-1696.
Farinha P, Al-Tourah A, Gill K, Klasa R, Connors JM,
Gascoyne RD. The architectural pattern of FOXP3positive T cells in follicular lymphoma is an independent
predictor of survival and histologic transformation. Blood.
2010;115(2):289-295.
Tzankov A, Meier C, Hirschmann P, Went P, Pileri SA,
Dirnhofer S. Correlation of high numbers of intratumoral
FOXP3+ regulatory T cells with improved survival in
germinal center-like diffuse large B-cell lymphoma,
follicular lymphoma and classical Hodgkin's lymphoma.
Haematologica. 2008;93(2):193-200.
Knol AC, Nguyen JM, Quéreux G, Brocard A, Khammari
A, Dréno B. Prognostic value of tumor-infiltrating
Foxp3+ T-cell subpopulations in metastatic melanoma.
Exp Dermatol. 2011;20(5):430-434.
Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P,
Mottram P, Evdemon-Hogan M, Conejo-Garcia JR,
Zhang L, Burow M, Zhu Y, Wei S, Kryczek I, Daniel B,
Gordon A, Myers L, Lackner A, Disis ML, Knutson KL,
Chen L, Zou W.. Specific recruitment of regulatory T
cells in ovarian carcinoma fosters immune privilege and
predicts reduced survival. Nat Med. 2004;10(9):942-949.
Brinkrolf P, Landmeier S, Altvater B, Chen C, Pscherer S,
Rosemann A, Ranft A, Dirksen U, Juergens H, Rossig C.
A high proportion of bone marrow T cells with regulatory
phenotype (CD4+CD25hiFoxP3+) in Ewing sarcoma
patients is associated with metastatic disease. Int J
Cancer. 2009;125 (4):879-886.
Coupland SE. The challenge of the microenvironment in
B-cell lymphomas. Histopathology. 2011;58(1):69-80.
Wotherspoon AC, Doglioni C, Diss TC, Pan L, Moschini
A, de Boni M, Isaacson PG. Regression of primary lowgrade B-cell gastric lymphoma of mucosa-associated
lymphoid tissue type after eradication of Helicobacter
pylori. Lancet. 1993;342(8871):575-577.
Liu H, Ye H, Ruskone-Fourmestraux A, De Jong D, Pileri
S, Thiede C, Lavergne A, Boot H, Caletti G, Wündisch T,
Molina T, Taal BG, Elena S, Thomas T, Zinzani PL,
Neubauer A, Stolte M, Hamoudi RA, Dogan A, Isaacson
PG, Du MQ. T(11;18) is a marker for all stage gastric
MALT lymphomas that will not respond to H. pylori
eradication. Gastroenterology. 2002;122(5):1286-1294.
Auer IA, Gascoyne RD, Connors JM, Cotter FE, Greiner
TC, Sanger WG, Horsman DE. t(11;18)(q21;q21) is the
most common translocation in MALT lymphomas. Ann
Oncol. 1997;8(10):979-985.
Ott G, Katzenberger T, Greiner A, Kalla J, Rosenwald A,
Heinrich U, Ott MM, Müller-Hermelink HK. The
t(11;18)(q21;q21) chromosome translocation is a frequent
and specific aberration in low-grade but not high-grade
malignant non-Hodgkin's lymphomas of the mucosaassociated lymphoid tissue (MALT-) type. Cancer Res.
1997;57(18):3944-3948.

22. Dierlamm J, Baens M, Wlodarska I, StefanovaOuzounova M, Hernandez JM, Hossfeld DK, De WolfPeeters C, Hagemeijer A, Van den Berghe H, Marynen P.
The apoptosis inhibitor gene API2 and a novel 18q gene,
MLT, are recurrently rearranged in the t(11;18)(q21;q21)
associated with mucosa-associated lymphoid tissue
lymphomas.Blood. 1999;93(11):3601-3609.
23. Ho L, Davis RE, Conne B, Chappuis R, Berczy M,
Mhawech P, Staudt LM, Schwaller J. MALT1 and the
API2-MALT1 fusion act between CD40 and IKK and
confer NF-kappa B-dependent proliferative advantage and
resistance against FAS-induced cell death in B cells.
Blood. 2005;105(7):2891-1899.
24. Zucca E, Bertoni F, Roggero E, Cavalli F. The gastric
marginal zone B-cell lymphoma of MALT type. Blood.
2000;96(2):410-419.
25. Schechter NR, Yahalom J. Low-grade MALT lymphoma
of the stomach: a review of treatment options. Int J Radiat
Oncol Biol Phys. 2000;46(5):1093-1103.
26. Morin RD, Johnson NA, Severson TM, Mungall AJ, An J,
Goya R, Paul JE, Boyle M, Woolcock BW, Kuchenbauer
F, Yap D, Humphries RK, Griffith OL, Shah S, Zhu H,
Kimbara M, Shashkin P, Charlot JF, Tcherpakov M,
Corbett R, Tam A, Varhol R, Smailus D, Moksa M, Zhao
Y, Delaney A, Qian H, Birol I, Schein J, Moore R, Holt
R, Horsman DE, Connors JM, Jones S, Aparicio S, Hirst
M, Gascoyne RD, Marra MA. Somatic mutations altering
EZH2 (Tyr641) in follicular and diffuse large B-cell
lymphomas of germinal-center origin. Nat Genet.
2010;42(2):181-185.
27. Bödör C, Grossmann V, Popov N, Okosun J, O'Riain C,
Tan K, Marzec J, Araf S, Wang J, Lee AM, Clear A,
Montoto S, Matthews J, Iqbal S, Rajnai H, Rosenwald A,
Ott G, Campo E, Rimsza LM, Smeland EB, Chan WC,
Braziel RM, Staudt LM, Wright G, Lister TA, Elemento
O, Hills R, Gribben JG, Chelala C, Matolcsy A,
Kohlmann A, Haferlach T, Gascoyne RD, Fitzgibbon J.
EZH2 mutations are frequent and represent an early event
in follicular lymphoma. Blood. 2013;122(18):3165-3168.
28. Béguelin W, Popovic R, Teater M, Jiang Y, Bunting KL,
Rosen M, Shen H, Yang SN, Wang L, Ezponda T,
Martinez-Garcia E, Zhang H, Zheng Y, Verma SK,
McCabe MT, Ott HM, Van Aller GS, Kruger RG, Liu Y,
McHugh CF, Scott DW, Chung YR, Kelleher N,
Shaknovich R, Creasy CL, Gascoyne RD, Wong KK,
Cerchietti L, Levine RL, Abdel-Wahab O, Licht JD,
Elemento O, Melnick AM. EZH2 is required for germinal
center formation and somatic EZH2 mutations promote
lymphoid transformation. Cancer Cell. 2013;23(5):677692.
29. Jaenisch R, Bird A. Epigenetic regulation of gene
expression: how the genome integrates intrinsic and
environmental signals. Nat Genet. 2003;33 Suppl:245254.
30. Kirmizis A, Bartley SM, Kuzmichev A, Margueron R,
Reinberg D, Green R, Farnham PJ. Silencing of human
polycomb target genes is associated with methylation of
histone H3 Lys 27. Genes Dev. 2004;18(13):1592-1605.
31. Du MQ. Molecular biology of gastric MALT lymphoma:
application in clinical management. Hematology.
2002;7(6):339-344.

Molecular and Experimental Biology in Medicine, 2017, 1: 30-35

