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Abstract

AIM: To assess the significance of chromosome translo-
cation t(11;18)(g21;921), B-cell lymphoma 10 (BCL-10)
protein and Helicobacter pylori (H. pylori) infection in
gastric mucosa-associated lymphoid tissue (MALT) lym-
phoma in Colombia.

METHODS: Fifty cases of gastric MALT lymphoma and
their respective post-treatment follow-up biopsies were
examined to assess the presence of the translocation
t(11;18)(gq21;921) as identified by fluorescence in situ
hybridization; to detect protein expression patterns of
BCL10 using immunohistochemistry; and for evaluation
of tumor histology to determine the correlation of these
factors and resistance to 4. pyfori eradication.

RESULTS: Infection with H. pylori was confirmed in
all cases of gastric MALT lymphoma in association
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with chronic gastritis. Bacterial eradication led to tu-
mor regression in 66% of cases. The translocation
t(11;18)(g21;921) was not present in any of these
cases, nor was there evidence of tumor transfor-
mation to diffuse large B-cell lymphoma. Thirty-four
percent of the patients showed resistance to tumor
regression, and within this group, 7 cases, represent-
ing 14% of all those analyzed, were considered to be
t(11;18)(g21;g21)-positive gastric MALT lymphomas.
Protein expression of BCL10 in the nucleus was associ-
ated with the presence of translocation and treatment
resistance. Cases that were considered unresponsive
to therapy were histologically characterized by the
presence of homogeneous tumor cells and a lack of
plasmacytic differentiation. Responder cases exhibited
higher cellular heterogeneity and a greater frequency
of plasma cells.

CONCLUSION: Both t(11;18)(g21;921)-positive MALT
lymphoma cases and those with nuclear BCL10 expres-
sion are considered resistant to A. py/ori eradication. It
is suggested that chronic antigenic stimulation is not a
dominant event in resistant cases.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric B-cell lymphoma (BCL) of mucosa-associated
lymphoid tissue (MALT) is an indolent B-cell non-Hodg-
kin lymphoma that arises from the mucosal lymphoid
tissue and is normally acquited as a reaction to Helicobacter
pylori (H. pylori) infection' ™. This disease is considered
one of the best models reflecting how genetic events lead
to oncogenesis, determine tumor biology, dictate clinical
behavior and represent viable therapeutic targets.

Gastric MALT lymphoma pathogenesis is a multi-
step process initiated by infection with H. pylori, which
induces genetic abnormalities and subsequent malignant
transformation. Gene alterations include trisomy of chro-
mosomes 3, 7, 12 or 18 and the disease-specific chromo-
some translocations t(1;14)(p22;q32), t(14;18)(q32;q21),
t(11;18)(q21;q921) and t(3;14)(p13;q32) resulting in IGH-
BCL10, IGH-MALT1, API2-MALTT and IGH-FOXP1
rearrangements tespectively. Notably, these events are asso-
ciated with the activation of nuclear factor-kB (NF-xB)™”.

Various studies of gastric MALT lymphoma have
shown that t(11;18)(q21;g21) is present in approximately
30% of cases. The clinical importance of the translo-
cation is well-characterized: positive cases are usually
unresponsive to H. pylori eradication, which is the gener-
ally accepted first-choice therapy®”. The translocation is
often present in advanced cases of the disease but rarely
undergoes high-grade transformation to diffuse large
B-cell lymphoma (DLBCL)*".

However, complete tumor regtression is known to oc-
cur in 20% of patients with t(11;18)(q21;q21)-positive
disease. Therefore, all patients who have H. pylori-posi-
tive gastric MALT lymphoma should undergo eradica-
tion therapy, regardless of their t(11;18)(q21;q21) sta-
tus"". On the other hand, new evidence has shown that
translocations can be found at approximately equivalent
frequencies in both gastric MALT lymphomas and gas-
tric DLBCLs'"”.

Although most patients with gastric MALT lymphoma
experience an indolent clinical course!"”, there is consid-
erable individual variability in the extent of the discase
response to treatment, relapse and event-free survival.
Consequently, optimal management is changing, and
there is a need for an improved understanding of the ge-
netic abnormalities underlying gastric MALT lymphoma
and for new genetic biomarkers that are able to guide
prognosis and management.

The incidence of chromosomal translocations in
gastric MALT lymphoma has been described mainly
from patients in Western countries' """, The prevalence
of t(11;18)(q21;q21)-positive MALT lymphoma has
been reported to be within a range of 15%-24% in Eu-
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ropem’ls’ls‘ but is considered relatively rare in the United

States (5%)""".

The incidence of MALT lymphoma and its genetic
background has not been established and validated in
Latin America; likewise, the ideal prognosis and manage-
ment of the Colombian patient population is unclear
given the complex genetic background of the disease.

In Colombia, the identification of MALT lymphoma
resistant to H. pylori eradication therapy is not typically
considered in initial diagnoses and patient classification
is possible only after repeated follow-up assessments in-
volving endoscopy and histology. This situation watrrants
validation and a search for biomarkers of treatment re-
sponse to direct the treatment regimen.

In the present study, we attempted to evaluate the
t(11;18)(q21;q21) status and BCL10 staining patterns in
patients with gastric MALT lymphomas and the relation-
ship among these factors with the response to the eradica-
tion of H. pylori in a sample of patients from Colombia.

MATERIALS AND METHODS

Cases and diagnostic criteria
Fifty cases of gastric MALT lymphomas were retrieved
from the archives of the Department of Pathology, Fun-
dacién Santa Fe de Bogotd. All of these cases had he-
matoxylin and eosin-stained sections and immunohisto-
chemistry (IHC)-marked slides available for reevaluation.
Cases selected must have had previous histopathological
diagnoses, available archival material and complete infor-
mation about diagnosis and disease monitoring,
Diagnosis of MALT lymphoma was made on the ba-
sis of morphological and immunophenotypic examination
according to the criteria described by Isaacson ez 2" and
subsequently included in the Revised European Ameri-
can Lymphoma/World Health Otrganization (WHO)
classification. Other factors evaluated included the ac-
companying epithelium (assessment of gastritis, atrophy
and metaplasia) and a characterization of the tumoral
infiltrate (large cells, centrocyte-like/small lymphocytes,
monocytoid cells, plasma cell differentiation, residual
follicles, colonization follicles and Dutcher’s bodies).
Detection of H. pylori was performed by histology and/
or histochemistry using a Genta stain on all follow-up
biopsies.

Assessment of the response to H. pylori eradication
treatment

All 50 cases analyzed were treated with triple antibiotic
therapy as the first-choice measure. This consisted of a
proton pump inhibitor (such as omeprazole, lansoprazole
or pantoprazole) plus two antibiotics (amoxicillin and clar-
ithromycin) administered according to the manufacturer’s
recommended dose for 14 d. To confirm H. pylori eradica-
tion, a first endoscopic mucosal biopsy was conducted
2-3 mo after the cessation of antibiotic treatment, fol-
lowed by endoscopy every 6 mo for at least 2 years at
the discretion of the treating physician.
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Surveillance of patients was performed by serial gas-
tric biopsies to allow the histological evaluation of the
tumor’s response to treatment. Histological responses
were graded using the Wotherspoon histological score.
This system assigns a score and diagnosis based on his-
tological characteristics of the tissue: a score of zero
represents a normal diagnosis with scattered plasma cells
in the lamina propria; score of one represents chronic
active gastritis with small clusters of lymphocytes in the
lamina propria, a lack of lymphoid follicles and lym-
phoepithelial lesions; a score of two tepresents chronic
active gastritis with florid lymphoid follicle formation,
prominent lymphoid follicles with surrounding mantle
zone and plasma cells, and the absence of lymphoepi-
thelial lesions; a score of three represents a likely reactive
suspicious lymphoid infiltrate with lymphoid follicles
surrounded by small lymphocytes that infiltrate diffusely
into the lamina propria and occasionally into the epithe-
lium; a score of four represents a suspicious lymphoid
infiltrate, likely lymphoma, and lymphoid follicles sur-
rounded by marginal zone cells that infiltrate diffusely
into the lamina propria and the epithelium in small
groups; a score of five represents MALT lymphoma
with the presence of dense diffuse infiltrates of marginal
zone cells into the lamina propria with prominent lym-
phoepithelial lesions™

Lymphoma remission was investigated by regular
endoscopic examinations, including multiple biopsies,
conducted at 6-mo intervals. Histological responses were
graded using the Wotherspoon histological score, consid-
ering scores 0-2 to be a complete lymphoma regression
(CR), score 3 to be a partial remission and scores 4-5 to
be no response (no change). A persistence score of 5,
mainly characterized by the presence of lymphoepithelial
lesions after antibiotic treatment, was the critetion for
tumor resistance to therapylzoj.

Fluorescence in situ hybridization

The authors performed manual microdissection of tu-
mor tissue from each of the biopsies with initial diagno-
ses of gastric MALT lymphoma and subsequently orga-
nized the tissues for inclusion in a new block, generating
tissue microarrays to perform fluorescent in-situ hy-
bridization (FISH) and IHC for BCL10 expression. The
FISH for t(11;18)(q21;q21) was performed using stan-
dardized protocols appropriate for paraffin-embedded
tissue and the commercial Dual Color probe LSI API2-
MALT1 (Vysis, Downers Grove, 1L, United States).

The cut-off point for translocation-positive status
was determined through the analysis of 6 control sam-
ples of hyperplastic tonsils fixed in neutral formalin and
embedded in paraffin, and was defined as the arithmetic
mean count of 100 nuclei plus three standard deviations
obtained for each sample. Assessments were performed
using an Olympus BX51 fluorescence microscope with a

100-watt bulb for each 100 cells examined.

Immunohistochemistry
Immunohistochemical analysis using standardized pro-
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Gastric malt Treatment API2-MALT1 API2-MALTT1
lymphoma response positive negative

A group Responders 0 33

B group Non-responders 7

C group Non-responders 10

MALT: Mucosa-associated lymphoid tissue.

cedures for CD20, CD3, CD43, BCL2, cytokeratin and
kappa and lambda light chain immunoglobulin antibodies
was performed to confirm the MALT lymphoma diagno-
sis and in follow-up biopsies when necessary. Expression
of BCL10 was also determined using the immunoper-
oxidase technique in paraffin-embedded sections with a
monoclonal mouse anti-human BCL10 antibody (Dako-
Cytomation, Glosturp, Denmark). Briefly, 4-pm-thick
paraffin sections were placed on silanized slides, dewaxed
in xylene and hydrated through graded solutions of alco-
hol. Slides were then immersed in 0.01 mol/L citrate buf-
fer (pH 6.0) and epitope retrieval was performed using a
pressure cooker. The sections were then incubated with
the diluted (1:40) primary antibodies and staining was
performed using the EnVision system (DakoCytomation)
according to the manufacturer’s recommendations. Hy-
perplastic tonsils that were positive for cytoplasmic ex-
pression of the protein were used in each experiment as
a control. Samples were considered positive for nuclear
expression of BCL10 when detected in more than 5%
of the nuclei of tumor cells.

RESULTS

Characteristics of gastric MALT lymphoma in terms of
response to the eradication of H. pylori, t(11;18)(q21;q21)
status and BCL10 expression
H. pylori infection was confirmed in all cases of gastric
MALT lymphoma in association with chronic gastritis.
Ninety percent of cases showed the presence of H. pylori
in the histological analysis of eatly gastric biopsies; in the
remaining 10%, the presence of bacteria was document-
ed in subsequent biopsies before the initiation of the
treatment and infection was scored as mild in most cases.

The patients were classified as responders or non-
responders to treatment (Table 1). All patients classified
as responders showed lymphoma regression, and the
median time for follow-up after remission was 29 mo
(range: 6-39 mo). There wete 33 (66%) patients consid-
ered as responders to treatment and 17 (34%) patients
considered non-responders who did not reach remission
after H. pylori eradication. The median time to CR after
the completion of antibiotic therapy was 3.2 mo (range:
1-18 mo). The bacteria were successfully eradicated in all
patients treated with the standard triple therapy applied,
including all non-responders.

Non-responder cases were defined as tissues with
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Figure 1 Fluorescence in situ hybridization to detect the translocation
(11;18)(q21;121) using the probe LSI API2-MALT1 Dual Color (Vysis, Down-
ers Grove, IL, United States). Arrows show translocation-positive mucosa-
associated lymphoid tissue lymphomas.

Figure 2 Aberrant expression of B-cell lymphoma 10 protein in gastric
mucosa-associated lymphoid tissue lymphoma. Original magnification, x
400; inset in panel, % 1000.

histological persistence of gastric MALT lymphoma infil-
trate despite successful H. py/ori eradication as determined
by histological and immunohistochemical examination.
Within this group, seven cases, representing 14% of all
cases analyzed, were considered positive for transloca-
tion. Cases were considered positive when more than
6% of tumor cells demonstrated the presence of fusion
protein for a minimum count of 100 cells, which was
the parameter set as the cut-off point for translocation-
positive status for the technique. There was a statisti-
cally significant association between treatment response
and the presence of the t(11;18)(q21;q21) translocation
(Yales;gz =12.57, P < 0.05) because there were 7 patients
within the group of non-responders who displayed the
chromosomal arrangement of interest. Figure 1 shows
the fluorescence patterns in positive and negative cases in
the translocation study. When the response to treatment
and the BCL10 staining pattern were analyzed, it was
observed that all non-responders had nuclear expression
of the BCL10 protein in a moderately nuclear pattern,
as is shown in Figure 2. In addition, these cases showed
evidence of translocation t(11;18)(q21;q21). However,
in the responder group, BCL10 expression was confined
to the cytoplasm. This finding confirms results reported
elsewhere. Based on these results, the authors divided
the cases into three groups (Table 1). Group A: patients
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Group P value

Features A B C AwB AwC BisC

n (%) 33 (66) 10 (20) 7 (14)

Large cells
Positive 8(232) 0 0 >0.05 >005 NA
Negative 25 (75.8) 10 (100) 7 (100)

Centrocyte-like/small lymphocytes
Positive 16 (48.5) 6(60) 7(100) >0.05 <0.05° >0.05
Negative 17 (51.5) 4(40) O

Monocytoid cells
Positive 8(242) 3(30) 0 >005 >005 >005
Negative 25(75.8) 7(70) 7 (100)

Plasma cell differentiation
Positive 18 (545) 1(10) 1(143) <005 >005 >005
Negative 15 (45.5) 9(90) 6(85.7)

Residual follicles
Positive 5(52) 2(0) 0 >0.05 >0.05 >0.05
Negative 28 (84.8) 8(80) 7 (100)

Colonization follicles
Positive 6(18.2) 3(30) 1(143) >005 >0.05 >0.05
Negative 27 (81.8) 7(70) 6 (85.7)

Dutcher bodies
Positive 6(182) 0 0 >0.05 >005 NA
Negative 27 (81.8) 10 (100) 7 (100)

B-cell lymphoma 10
Positive 0 10 (100) 7 (100) <0.05" <0.05" NA
Negative 32(100) 0 0

°P < 0.05 is significant. NA: Not applicable.

who responded to the eradication and were negative for
the studied translocation (66%); group B: patients who
did not respond to eradication and were negative for
t(11;18)(q21;q921) (20%); and group C: cases that did not
respond to eradication of H. pylori and were positive for
t(11;18)(q21;q21) (14%).

The results of the comparisons between groups A and
B (tesponders #s non-responders with fusion), show sta-
tistically significant differences in plasma cell differentia-
tion variables with a higher percentage in group A. These
groups also differed in the nuclear expression of BCL10
protein, which was observed more frequently in group B.
The other variables showed no significant associations.
Comparisons between groups A and C (responders s
non-responders without fusion) showed statistically sig-
nificant differences in the presence of centrocytes/small
lymphocytes, which appeared at a higher rate in group C,
and nuclear expression of BCL10, which also occurred at
a higher percentage in group C. Other variables did not
show any significant associations. Comparisons between
groups B and C did not show any significant associations
with the variables assessed (Table 2). Characteristic ex-
amples of the morphology described above are presented

in Figure 3.
DISCUSSION

Known predictive factors for assessing the outcome
of MALT lymphoma include the evaluation of trans-
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Figure 3 Stain showing tumor morphology (hematoxylin and eosin). A: Gastric mucosa-associated lymphoid tissue (MALT) lymphoma overview; B: Lympho-
epithelial lesion; C: Accompanying intestinal metaplasia in the epithelial tissue surrounding the lymphoma; D: Dutcher’s bodies; E: MALT lymphoma with clusters of
large cells; F: Tumor cells of the centrocyte-like/small lymphocyte type; G: Monocytoid tumor cell type; H: Plasma cell differentiation; I: Mixed phenotype composed of
centrocytes and plasma cell type; J: Presence of eosinophils. Original magnifications of panels A-J and inset in panel F-H are x 400 and x 1000, respectively.

formation to a high-grade B-cell lymphoma, clinical
stage of the disease and molecular markers of response
to treatment. It is now known that the translocation
t(11;18)(q21;q21) occurs frequently in gastric MALT
lymphomas in advanced stages of the disease show-
ing resistance to treatment. However, new evidence has
recently demonstrated that tumor regression might also
be achieved in patients with t(11;18)(q21;q21) after H.
pylori eradication""!, Tn addition, it has been recognized
that the presence of t(11;18)(q21;q21) in gastric MALT
lymphomas does not exclude progression to DLBCL™",
Further research is necessary to understand the molecu-
lar mechanisms involved in these latter situations.
Complete clinical staging for this study could not
be obtained for all patients because cases studied were
referred for pathological evaluation from different
institutions. Also, this work was focused on the histo-
logical characteristics, response to bacterial eradication
treatment and presence of molecular markers such as
t(11;18)(q21;g21) and BCL10 protein expression. Out-
side of these factors, there are other variables that may
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also help predict the course of discase.

These results have demonstrated that BCL10 nuclear
expression and the determination of the t(11;18)(q21;q21)
translocation involved in neoplastic signaling processes
mediated by NF-kB are two useful markers for predict-
ing the independent status of H. pylori in gastric MALT
lymphomas; its presence, therefore, allows for the iden-
tification of patients who will not respond to bacterial
eradication therapy as a means of promoting tumor re-
gression. The resistance of the tumor to therapy observed
in translocation-positive cases is explained by the fact
that the fusion protein generates a bypass of the NF-xB
signaling pathway thereby allowing constitutive activation
of the transcription factor, self-generating growth and
independent antigenic stimulation. On the other hand,
the association of BCL10 with tumor resistance can be
explained by the presence of nuclear export signals of
the gene MALITT that allows the export of BCL10 from
the nucleus to the cytoplasm. Nakagawa ¢ al” argued
that IAP2 usually mediates BCL10 degradation through
its ubiquitin ligase activity and inhibits antigen-receptor-
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mediated signaling. This normal function is absent in
the fusion protein, resulting in the stability of BCL10 in
lymphomas with t(11;18)(q21;q21) and the activation of
the NF-kB signal transduction pathway. Consequently,
the translocation generates a gain-of-function activity in
MALT1 and a loss of API2 function.

Thirty-four percent of patients treated with antibi-
otic therapy in the sample group showed resistance to
tumor regression; within this group, there were cases in
which the fusion signal was detected by FISH, a find-
ing that may explain the mechanism of autonomous
growth and independence of antigenic stimulation as
previously discussed. This study therefore confirms that
patients with extranodal marginal zone lymphoma carry-
ing t(11;18)(q21;q21) do not respond to treatment for H.
Pylori as a therapeutic measure and should be treated by
other methods, such as radiotherapy and chemotherapy.
These results also endorse the recommendation that ev-
ery patient with a diagnosis of gastric MALT lymphoma
should be evaluated for the presence of the aforemen-
tioned translocation by molecular methods.

Treatment resistance in cases that do not have the
t(11;18)(q21;q21) translocation could possibly be due
to the carrying of other molecular aberrations, such as
t(1;14) (p22;q32). However, such cases would have shown
evidence of a strong nuclear BCL10 staining pattern
and/or genetic evidence of the translocation.

Patients in whom the aforementioned translocations
are not detected frequently have trisomy of chromo-
somes 3, 7, 12 or 18; these cases are still considered
dependent on antigenic stimulation. Additionally, it is
known that the trisomy of these chromosomes is seen
in cases where transformation to high-grade tumors
is present after the inactivation of the P53 gene!'.
t(11;18)(q21;q21) and different aneuploidies, such as
trisomy of chromosome 3, 7, 12 or 18, are usually con-
sidered mutually exclusive events, suggesting that at least
two different routes lead to the development of the lym-
phoma. In patients with aneuploidy events, the oncogen-
esis mechanism is unclear; it is proposed that cell growth
may be induced as a result of high copy numbers of
genes involved in proliferation. Several genes located on
chromosome 3 have been suggested as possibly respon-
sible for these changes, including BCL.6 and Foxpr*,

The authors found that cases classified as non-res-
ponders to therapy and positive for translocation are
histologically characterized by the presence of more
homogeneous tumor cells. In most cases, these cells
were predominantly centrocyte-like/small lymphocytes,
and this cell homogeneity could possibly result from a
process of clonal selection. Additionally, in cases not
responsive to therapy, fewer tumor cells appeared to dif-
ferentiate into plasma cells, suggesting a decrease in the
immune response by memory cells of the marginal zone.
This is unlike the prominent cellular heterogeneity seen
in responder patients, although this result has not been
extensively studied and would require larger sample sizes
to avoid possible statistical bias.
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We applied Wotherspoon’s criteria for histological
evaluation of response to treatment given the current
widespread use of this system adopted by the WHO in
2001 for the histological differential diagnosis of gastric
MALT lymphoma and extensive use by pathologists
worldwide for the evaluation of therapeutic response.
However, there are other useful systems proposed for
the evaluation of therapeutic response to treatment,
such as the Groupe d’Etude des Lymphomes de I’Adult
(GELA) system that can be used for the same objec-
tive™. There are no comparative studies that convinc-
ingly prove the superiority of any system, even though
the GELA system has the advantage of assessment of
stromal changes in the lamina propria®. The GELA
system may become a useful tool if its reproducibility
can be confirmed by further testing in a large series™.
Therefore, the utilization of the WHO/Wotherspoon
score accompanied by the assessment of stromal chang-
es for the post-treatment evaluation in MALT lymphoma
is an interesting topic for future studies.
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COMMENTS

Background

Gastric mucosa-associated lymphoid tissue (MALT) lymphoma is caused by in-
fection with Helicobacter pylori (H. pylori), which induces genetic abnormalities
and malignant transformations. H. pylori eradication therapy leads to complete
lymphoma regression in some patients in the early stages of the disease.

Research frontiers

There is considerable individual variability in the extent of the disease, response
to treatment, relapse and event-free survival. Consequently, optimal manage-
ment should be established and there is a need for improved understanding of
the genetic abnormalities underlying gastric MALT lymphoma.

Innovations and breakthroughs

This is the first study in Colombia concerning the assessment and significance
of the gastric MALT lymphoma-associated t(11;18)(q21;q21) chromosomal
translocation and its relationship with H. pylori infection in a country with a high
incidence of cancer associated with virulent H. pylori strains, a significant cause
of mortality and a major public health problem.

Applications

This study confirms, in a previously unexplored population, the importance of
molecular markers in the selection of different treatment regimens for individual
patients to increase the probability of survival.

Terminology

Gastric MALT lymphoma is a low-grade malignant lymphoma of the stomach
originating from B cells and is associated with chronic infection by H. pylori, a
gram-negative bacterium strongly linked to the development of inflammation
and stomach cancer. The disease carries chromosomal aberrations such as
t(11;18)(921;921), useful for the evaluation of therapeutic response.

Peer review

It was shown that the presence of t(11;18)(q21;q21) and nuclear expression of
BCL10 are associated with the treatment resistance. These findings have been
documented in patients of other ethnic origins and are thus confirmatory; the
results are of relevance to disease management in patients.
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