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Extranodal marginal-zone lymphoma of mucosa-associated lymphoid tissue of the stomach (gastric MALT

lymphoma) is derived from memory B cells of the marginal zone. Normal memory B cells do not express

markers of germinal-center B cells, such as E2A (immunoglobulin enhancer-binding factor E12/E47), B-cell

chronic lymphocytic leukemia/lymphoma 6 (BCL6), or activation-induced cytidine deaminase (AID). E2A is a

transcription factor that induces somatic hypermutations and blocks plasma cell differentiation. In 50 stage-IE/IIE1
gastric MALT lymphomas, we confirmed that all cases were BCL6�/AID�, but a subset (50%, 25/50) was E2Aþ .

As E2A� and E2Aþ gastric MALT lymphomas had similar numbers of somatic hypermutations without

intraclonal variations, which implied an origin from memory B cells, the expression of E2A was best regarded

as a marker of aberrant follicular differentiation. Although the status of somatic hypermutation was not

affected by E2A, E2Aþ gastric MALT lymphoma showed less plasmacytoid infiltrates and higher expressions of

miRNA-223, a microRNA associated with memory B cells. Clinically, E2Aþ gastric MALT lymphomas were more

likely to spread to perigastric lymph nodes and were less responsive to Helicobacter eradication therapy than

were E2A� gastric MALT lymphomas. Taken together, aberrant E2A expression is a diagnostic feature of a

subtype of gastric MALT lymphoma with weaker plasmacytoid infiltrates and stronger miR-223 expression.

A prospective study would be necessary to verify the association between E2A expression and a poor response

to Helicobacter eradication therapy.
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Extranodal marginal-zone lymphoma of mucosa-
associated lymphoid tissue of the stomach
(gastric MALT lymphoma) is a Helicobacter pylori

infection-associated lymphoma that depends on the
stimulus of Helicobacter for growth.1 About 70% of
gastric MALT lymphomas can be cured by H. pylori
eradication therapy with antibiotics,2 but cases with
API2-MALT1 fusion because of t(11;18)(q21; q21) or
with nuclear expression of NFkB or B-cell chronic
lymphocytic leukemia/lymphoma 10 (BCL10) are
unresponsive.3,4

From the pathologists’ perspective, gastric MALT
lymphoma is an extranodal marginal-zone lymphoma.
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In the current WHO classification, mantle cell
lymphoma, follicular lymphoma, and marginal-zone
lymphoma are distinct entities representing malig-
nant transformations of mantle cells, germinal-
center B cells, or memory B cells, respectively.5

However, morphologic, phenotypic, and genetic
overlaps among these lymphomas have not been
well documented. Interestingly, most reports
showed aberrant marginal-zone differentiation in
follicular lymphoma,6,7 but not the opposite phe-
nomenon of aberrant follicular differentiation in
marginal-zone lymphoma. In this study, we investi-
gated the expression patterns of transcription
factors, the status of somatic hypermutation, and
microRNA (miRNA) signatures to detect such
aberrant follicular differentiation in gastric MALT
lymphoma.

Aberrant follicular differentiation could be iden-
tified through comparisons between gastric MALT
lymphoma and its normal counterparts, memory
B cells.8 Memory B cells are derived from naive B
cells through either a T-independent marginal-zone
pathway or a T-dependent follicular pathway.9 E2A
(immunoglobulin enhancer-binding factor E12/E47)
is a transcription factor found on germinal-center B
cells. E2A may stimulate somatic hypermutation,
which is characteristic of the T-dependent follicular
pathway and favors the development of germinal-
center B cells.10,11 Furthermore, down-regulation of
E2A is required for differentiation of germinal-
center B cells into plasma cells.12 Therefore, expres-
sion of E2A on gastric MALT lymphoma might be a
potential marker of aberrant follicular differentia-
tion, and might be associated with either an increase
in somatic hypermutations or a block in terminal
plasma cell differentiation.

BCL6, a transcription factor for follicle forma-
tion,13 and activation-induced cytidine deaminase
(AID), an enzyme inducing somatic hypermuta-
tion,14,15 are both important players in the develop-
ment of germinal-center B cells. In contrast, T-cell
leukemia/lymphoma 1A (TCL1),16,17 whose func-
tions are still unclear, is a marker for B cells of the
mantle zone. Abnormal patterns of these markers
might reveal aberrant differentiation of gastric
MALT lymphoma as well.

Aberrant follicular differentiation in gastric
MALT lymphoma might be reflected in the status
of somatic hypermutation, which has been used
widely to characterize B-cell lymphomas.18 For
example, follicular lymphomas derived from germ-
inal-center B cells typically have somatic hypermu-
tations with intraclonal variations, whereas gastric
MALT lymphomas from memory B cells usually
have somatic hypermutations without intraclonal
variations. However, unusual cases of gastric MALT
lymphomas with somatic hypermutations and
intraclonal variations were reported.19,20 As E2A
stimulates somatic hypermutations, aberrant expres-
sion of E2A and abnormal patterns of somatic
hypermutations might be associated.

Finally, germinal-center B cells and memory B
cells have distinct miRNA patterns, and they could
be distinguished with a panel of 39 miRNAs.21 From
this panel, it was reported that a minimal subset of
six miRNAs was sufficient to distinguish germinal-
center B cells from memory B cells: miR-17-5p, miR-
20b, miR-93, miR-28, and miR-181b were markers
of germinal-center b cells, whereas miR-223 was a
marker of memory B cells.22

In this retrospective study of 50 gastric MALT
lymphomas that had received H. pylori eradication
therapy and were monitored by multiple endoscopic
biopsies, we investigated the expression patterns
of E2A, BCL6, AID, TCL1, somatic hypermutations,
and miRNAs to identify aberrant follicular differ-
entiation and the biological and clinical significance
of such aberrant differentiation.

Materials and methods

Patients and Samples

From the archives at the Pathology Department of
National Taiwan University Hospital, 50 stage-IE or -
IIE1 Helicobacter-positive gastric MALT lymphomas
were selected for this study. All cases were treated
with H. pylori eradication therapy and followed by
multiple endoscopic biopsies every 6–12 weeks. The
cases were selected on a consecutive base, but cases
with inadequate materials for nucleic acid extrac-
tion were excluded. Stage-IE gastric MALT lympho-
mas were limited to the stomach, and stage-IIE1

gastric MALT lymphomas involved both the sto-
mach and perigastric lymph nodes. The diagnosis of
gastric MALT lymphoma was based on the WHO
criteria, characterized by centrocyte-like infiltrates
and lymphoepithelial lesions, without clusters or
sheets of large cells. The initial biopsies had a
Wotherspoon score of 4 or 5.2,23 The diagnosis of
Helicobacter infection was based on a combination
of morphology and the urease test on the biopsy
specimen. Staging procedures and H. pylori eradica-
tion therapy were performed according to estab-
lished protocols.4 At each follow-up examination,
six biopsies were taken from the tumors for evalua-
tion. Responsive cases were defined as having a
histologic remission with a Wotherspoon score of 0,
1, or 2 within 6 months.2,23

Immunohistochemistry

Immunoperoxidase stains on formalin-fixed, paraf-
fin-embedded tissue sections of gastric MALT
lymphomas, chronic gastritis, and FLs were per-
formed with an automatic immunostainer (Bench-
mark, Ventana Medical System, Tucson, AZ). The
following antibodies were used: AID (1:40, clone
ZA001, Zymed Laboratories, South San Francisco,
CA), BCL6 (1:20, clone P1F6þPGB6P, Neomarker,
Fremont, CA), E2A (1:200, polyclonal, Santa Cruz
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Biotech, Santa Cruz, CA), MUM1 (1:50, MUM1p,
DAKO, Glostrup, Denmark), and TCL1 (1:200, clone
1–21, Zymed Laboratories). Antigen retrieval was
performed in Tris buffer (pH 8 for AID, pH 9 for
BCL6, pH 6 for E2A, MUM1, and TCL1), and primary
antibodies were applied to the slides at 37C for
45 min. Biotin-conjugated secondary antibodies,
peroxidase-conjugated streptavidin, and DAB were
used sequentially to complete the reactions.

Immunoperoxiadse stains for CD138 (1:100, MI15,
DAKO) and CD68 (1:100, KP1, DAKO) were per-
formed on formalin-fixed, paraffin-embedded tissue
sections of gastric MALT lymphoma according to the
vendor’s recommendations.

Amplification of the Immunoglobulin Heavy Chain
Variable Region by PCRs

DNA from formalin-fixed, paraffin-embedded tissue
blocks was amplified by a forward framework 1 con-
sensus primer, 50-AGGTGCAGCTG(G/C)(A/T)G(G/C)
AGTC(G/A/T)GG-30, and a reverse junctional con-
sensus primer, 50-CTTACCTGAGGAGACGGTGA-30.24

Sequences of the PCR products were analyzed with
IMGT/V-quest at http://imgt.cines.fr.25 V-D-J recom-
binations that were out-of-frame or in-frame with stop
codons were excluded from analysis. For each case,
a consensus sequence with an in-frame V-D-J recom-
bination not interrupted by a stop codon was estab-
lished. Total numbers of somatic hypermutations and
the ratios of replacement to silent mutations in the
framework regions and the complementarity deter-
mining regions were calculated.26,27 Deviations from
the consensus were regarded as intraclonal variations.
The numbers of deviations divided by the number
of sequences were calculated. In four gastric MALT
lymphomas, PCRs were repeated on different days,
and identical sequences were obtained. Thus, the
background mutations in our system were at most
one mutation per sequence of the immunoglobulin
heavy variable region, and they did not affect our
sequence analyses.

Quantitative RT–PCR for miRNAs

Total RNAs were extracted from formalin-fixed,
paraffin-embedded tissue blocks with the Trizol
method. Quantification of miRNAs by a stem-loop
RT–PCR was performed according to a published
protocol with modification.28

For RT, the following miRNA-specific primers
were used: 50-N-ACTACC-30 (miR-17-5p), 50-N-CTAC
CT-30 (miR-20b), 50-N-CTCAAT-30 (miR-28-5p), 50-N-CT
ACCT-30 (miR-93), 50-N-ACCCAC-30 (miR-181), 50-N-TG
GGGT-30 (miR-223), and 50-N-ACAAAAA TATGGAA
CGCTT-30 (U6), where N was 50-GTCGTATCCATGGC
AGGGTCCGAGGTA TTCGCCATGGATACGAC-30. The
RT mixture included 0.1 mM miRNA-specific stem-
loop RT primer, 10 mM dNTPs, 50 mM Tris–HCl at
pH 8.3, 75 mM KCl, 3 mM MgCl2, 0.1 M DTT, 100 units

of reverse transcriptase, and 1mg RNA in a final
volume of 20 ml. The mixture was incubated at 421C
for 80 min.

For PCR, a universal reverse PCR primer, 50-TGG
CAGGGTCCGAGGT-30, and the following miRNA-
specific forward primers were used: 50-CAAAGT
GCTTACAGTG-30 (miR-17-5p), 50-CAAAGTGCTCA
TAGTG-30 (miR-20b), 50-AAGGAGCTCACAGTCT-30

(miR-28-5p), 50-CAAAGTGCTGTTCGTG-30 (miR-93),
50-AACATTCATTGCTGTC-30 (miR-181), 50-TGTCAG
TTTGTCAAAT-30 (miR-223), and 50-GTGCTCGCTTC
GGCAGC ACA-30 (U6). Real-time PCRs were performed
in a 20 ml reaction mixture that included 5 ml diluted
cDNA, 0.1mM miRNA-specific forward primer, 0.1mM
universal reverse primer, and 10ml of SYBR Green PCR
master mix (TOYOBO, Japan). A PCR cycle consis-
ted of denaturation at 951C for 15 s and annealing
at 601C for 1 min. The PCR products, 54–58 bp for
miRNAs and 140 bp for U6, were confirmed by
8% acrylamide gel and sequencing. The differences
between the threshold cycles of the miRNAs and U6
snRNA, dCT (CTU6–CTmiRNA), were calculated from
the mean values of duplicate measurements. This
definition of dCT implies a positive correlation
between dCTs and miRNA levels.

Statistical Analysis

The nonparametric Mann–Whitney test or Fisher’s
test was used for comparison of continuous or
categorical data, respectively.

Results

E2A Was Expressed on the Follicular but not the
Marginal-Zone Cells in Chronic Gastritis

Immunoperoxidase stains on chronic gastritis with
reactive follicles showed that TCL1 was expressed
in the mantle zone, whereas BCL6, AID, and E2A
were expressed in the follicles (Figure 1a–d). These
results were consistent with reports on lymph
nodes.10–17 The restricted expression of E2A in the
follicles was also consistent with its function in
inducing somatic hypermutations.

Gastric MALT Lymphomas Were Negative for TCL1,
BCL6, and AID, but Strong E2A Expression in a Subset
of Gastric MALT Lymphomas Suggested Aberrant
Follicular Differentiation

Except for focal staining of TCL1, BCL6, or AID
in the residual follicles that were trapped inside
the lymphoma, the majority of lymphoma cells
of all 50 gastric MALT lymphomas were negative
for TCL1, BCL6, and AID (Figure 1f–h), consis-
tent with a phenotype of memory B cells of the
marginal zone.

In contrast, the expression of E2A was more
variable. A case of gastric MALT lymphoma with
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about 70% E2Aþ lymphoma cells was noted
(Figure 1i). We found that 25 out of the 50 gastric
MALT lymphomas in our series had 440% E2Aþ

lymphoma cells. These cases were regarded as E2Aþ .

As follicular lymphomas were TCL1�/ BCL6þ/AIDþ/
E2Aþ (Figure 1k–n), the expression of E2A in a
subset of gastric MALT lymphomas was suggestive
of aberrant follicular differentiation.
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E2A� and E2Aþ Gastric MALT Lymphomas Had Similar
Somatic Hypermutations without Intraclonal Variations,
Consistent with an Origin from Memory B Cells

The immunoglobulin heavy chain variable regions
were sequenced in 10 E2A� and 10 E2Aþ gastric
MALT lymphomas. Although E2A could stimulate
somatic hypermutations in germinal-center B cells,
the E2A� and E2Aþ groups had similar somatic
hypermutations (18 vs 29, P¼ 0.31; Figure 2a). The
numbers of intraclonal variations were o1 (0.3 vs
0.4, P¼ 0.77; Figure 2b). Thus, E2A� and E2Aþ

gastric MALT lymphomas had similar somatic

hypermutations without intraclonal variations, con-
sistent with an origin from memory B cells.

E2A� and E2Aþ Gastric MALT Lymphomas Had
Similar Ratios of Replacement to Silent Mutations

In B-cell lymphomas, an increase in the ratios of
replacement to silent mutations in the framework
regions and the complementarity determining re-
gions of the immunoglobulin genes has been used as
indicators of antigen selection pressure that con-
tributes to the development of the lymphomas. As
gastric MALT lymphoma is driven by the stimulus
of Helicobacter infection, we evaluated the ratios
of replacement to silent mutations to see whether
the ratios were correlated with the expression of
E2A.26,27 The ratios in the framework regions (2.0
vs 1.9, P¼ 0.85; Figure 2c) and in the complemen-
tarity determining regions (2.9 vs 2.9 at P¼ 0.88;
Figure 2d) were similar.

Without significant differences in somatic hyper-
mutations, intraclonal variations, or the ratios replace-
ment to silent mutations between E2A� and E2Aþ

gastric MALT lymphomas, the biological effect of E2A
expression in gastric MALT lymphoma was not the
induction of somatic hypermutations,10,11 but might be
the prevention of plasma cell differentiation.12

Aberrant E2A Expression Was Associated with Less
Plasmacytoid Infiltrates

Gastric MALT lymphomas, which are mainly com-
posed of centrocyte-like lymphoma cells, frequently
have plasma cell differentiation. As one of the
biological effects of E2A is to block plasma cell
differentiation, aberrant E2A expression in gastric
MALT lymphomas might be associated with de-
creased numbers of plasma cells.

During the transition from germinal-center B cells
to plasma cells, E2A was down-regulated and
another transcription factor, MUM1, was up-regu-
lated concurrently.12 Therefore, immunohistochem-
ical stain of the plasma cell marker MUM1 was
performed (Figure 3). The presence of MUM1þ cells,
either inside the tumor or adjacent to the foveolar
glands outside the tumor, was determined. We
found that 12 out of 25 E2A� cases and 4 out of

Figure 2 E2A� and E2Aþ gastric MALT lymphomas had similar
somatic hypermutations without intraclonal variations, consis-
tent with an origin from memory B cells. Immunoglobulin heavy
chain variable regions were sequenced in 10 E2A� and 10 E2Aþ

gastric MALT lymphomas. The medians for somatic hypermuta-
tions, intraclonal variations, and ratios of replacement to silent
mutations were compared with the box-and-whisker plots. (a)
Somatic hypermutations, 18 vs 29 at P¼0.31; (b) Intraclonal
variations, 0.3 vs 0.4 at P¼0.77; (c) ratios of replacement to silent
mutations in the framework regions, 2.0 vs 1.9 at P¼0.85; (d)
ratios of replacement to silent mutations in the complementarity
determining regions, 2.9 vs 2.9 at P¼ 0.88.

Figure 1 Distinct expression patterns of TCL1, AID, BCL6, and E2A were found in chronic gastritis, gastric MALT lymphoma, and
follicular lymphoma. From top to bottom: immunostains for TCL1, BCL6, AID, and E2A, and H/E stain; from right to left: chronic
gastritis, gastric MALT lymphoma, and follicular lymphoma. For chronic gastritis, TCL1 stained the mantle zone strongly and the
follicular zone weakly (a), and BCL6 (b), AID (c), and E2A (d) all stained the follicular zone. Note that most lymphocytes in the mantle or
marginal zone were negative for BCL6 (b), AID (c), and E2A (d). The corresponding H/E section showed a follicle rimmed by the mantle
zone (e). For gastric MALT lymphoma, TCL1, BCL6, and AID (f–h) were negative, but the expression of E2A (i) could be positive,
consistent with a marginal-zone origin with aberrant follicular differentiation. TCL1 stained scattered lymphoma cells (f), BCL6 stained a
residual follicle (g), and AID was negative (h). Note that most lymphoma cells were negative for these three markers. However, E2A
stained about 70% of the cells in the marginal zone (i). The corresponding H/E section showed monocytoid differentiation of the
lymphoma cells (j). For follicular lymphoma, TCL1 was negative (k), and BCL6, AID, and E2A (l–n) were positive. Note that the residual
mantle zone (k) was TCL1þ . The corresponding H/E section was shown (o). Immunoperoxidase stains on formalin-fixed, paraffin-
embedded tissue sections, �400 (a–c, f–h, k–m) or �1000 (d–e, i–j, n–o).
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25 E2Aþ cases had plasmacytoid infiltrates (48% vs
16%, P¼ 0.02). Immunostains for CD138, another
marker for plasma cells, confirmed the presence
of plasma cells in 6 of 10 E2A� cases and 2 of 10
E2Aþ cases.

These data supported that aberrant E2A expres-
sion was associated with a block in plasma cell
differentiation, although a definitive conclusion
would require isolation of the MUM1þ cells to
establish clonality by flow cytometry.

Figure 3 E2Aþ gastric MALT lymphomas had less plasmacytoid infiltrates. E2A� gastric MALT lymphomas (a) often had MUM1þ cells
both inside the tumor (b) and next to the foveolar glands at the periphery of the tumor (c). In contrast, E2Aþ gastric MALT lymphomas (d)
did not show MUM1þ cells inside the tumor (e) or next to the foveolar glands (f). H/E (a, d) and immunoperoxidase (b, c, e, f) stains were
performed on formalin-fixed, paraffin-embedded tissue sections, all at �1000.
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E2Aþ Gastric MALT Lymphomas Had Higher Levels
of miR-223, a Memory B-cell-associated miRNA, than
Did E2A� Gastric MALT Lymphomas

The expression profile of six miRNAs was deter-
mined, including five germinal-center B-cell-asso-
ciated miRNAs (miR-28-5p, miR-93, miR-17-5p,
miR-20b, and miR-181b), and a memory B-cell-
associated miRNA (miR-223). This panel was cho-
sen from the 39 miRNAs reported to separate
germinal-center B cells from memory B cells, and
included all six miRNAs that were sufficient for
separation of germinal-center B cells from memory
B cells.21,22

The miRNA profiles in 15 E2A� and 15 E2Aþ

gastric MALT lymphomas are shown in Table 1 and
Figure 4. MiR-28-5p and miR-93 were expressed at
a median dCT of around �2 or �3. All the other
miRNAs were expressed at a median dCT between
�5 and �9.

Except for miR-223, the differences in median
dCTs between the E2A� and E2Aþ groups were all
less than one cycle. For miR-223, the median dCT
was �9.3 in the E2A� group and �5.5 in the E2Aþ

group (P¼ 0.001; Table 1). The stronger expression
of the memory B-cell-associated miR-223 distin-
guished E2Aþ from E2A� gastric MALT lymphomas.

The higher miR-223 level in the E2Aþ group
could be due to increased granulocytes or histio-
cytes, two cell types that also express miR-223.
Immunohistochemical stain for CD68, a marker for

histiocytes, showed about 5–10% CD68þ cells in 10
E2A� and 10 E2Aþ cases. As the difference in the
dCT of miR-223, �9.3 vs �5.5, was about four cycles,
the difference in miR-223 expression should be
about 10–20-fold, and was unlikely caused by
increased histiocytes alone in the E2Aþ group.

Hierarchical Clustering Confirmed Association
Between E2A and miR-223

To confirm the association between E2A expression
and higher miR-223 levels, hierarchical clustering
with both E2A and the whole panel of six miRNAs
on 30 gastric MALT lymphomas was performed with
Genesis.29 Two subtypes of gastric MALT lympho-
mas, including 17 type I and 13 type II gastric MALT
lymphomas, were identified (Figure 4d). The ex-
pressions for all of the six miRNAs were higher in
type II gastric MALT lymphoma, although only miR-
223 was significantly different (Table 2). In addition,
type II gastric MALT lymphoma was associated with
E2A expression (2/17 or 12% in type I vs 13/13 or
100% in type II, P¼o0.001; Table 2).

E2Aþ Gastric MALT Lymphomas Were More Likely to
Involve the Perigastric Lymph Nodes and More
Resistant to H. Pylori Eradication Therapy

In this study, we excluded cases that had involve-
ment of abdominal lymph nodes when evaluated by
abdominal computed tomography (IIE2 or beyond).
By definition, these gastric MALT lymphomas were
in either stage IE or IIE1. Endoscopic ultrasonography
was performed in 41 cases to separate cases limited
to the stomach (stage IE) from cases extending to the
perigastric lymph nodes (stage IIE1).

Perigastric lymph node involvement was noted in
2 of 19 E2A� cases, and in 12 of 22 E2Aþ cases (11%
vs 55%, P¼ 0.004; Table 1). This showed that E2Aþ

gastric MALT lymphomas were more likely to
involve the perigastric lymph nodes.

Consistent with the correlation between E2A
expression and a more advanced stage, the E2Aþ

subtype was more resistant to H. pylori eradication
therapy. Table 1 showed that 8 out of 25 E2A� gastric
MALT lymphomas and 14 out of 25 E2Aþ gastric
MALT lymphomas were resistant to H. pylori
eradication therapy (32% vs 56%, P¼ 0.03).

Discussion

Aberrant differentiation of lymphomas may cause
problems in lineage assignment, but may also be
used as a diagnostic tool. Even the best B-cell
markers, such as CD79a and CD20, have been
identified on rare cases of peripheral T-cell lympho-
mas.30 Aberrant expression of CD5, a T-cell marker,
is a diagnostic feature of chronic lymphocytic
leukemia and mantle cell lymphoma. Other T-cell

Table 1 Comparisons between E2A� and E2A+ gastric MALT
lymphomas

E2A� E2A+ P

N 25 25
Age 59 57 0.66
Sex 10:15 11:14 1.00
Resistant to antibiotic
treatment

32% (8/25) 67% (16/24) 0.03

t(11;18) 28% (7/25) 32% (8/25) 1.00
MUM1+ plasmacytoid cells 48% (12/25) 16% (4/25) 0.03
Perigastric lymph node
involvement

11% (2/19) 55% (12/22) 0.004

Somatic hypermutations 18 29 0.31
Intraclonal variations 0.3 0.4 0.77
R/S ratio, framework 2.0 1.9 0.85
R/S ratio, complementarity
determining

2.9 2.9 0.88

dCT miR-28-5p �3.5 �3.2 0.21
dCT miR-93 �2.4 �3.1 0.87
dCT miR-17-5p �5.8 �5.0 0.33
dCT miR-20b �9.1 �8.4 0.09
dCT miR-181b �4.9 �5.6 0.95
dCT miR-223 �9.3 �5.5 0.001

From top to bottom, the rows are case numbers, median age of
onset in years, male to female ratio, percentages of cases resistant to
Helicobacter pylori eradication therapy, with t(11;18), with plasma-
cytoid differentiation, or with perigastric lymph node involvement,
median number of somatic hypermutations, or intraclonal variations,
median ratio of replacement to silent mutations in the framework or
complementarity determining regions, and median dCTs for miRNAs.
Somatic hypermutations were measured in 10 E2A� and 10 E2A+

cases, and miRNAs were measured in 15 E2A� and 15 E2A+ cases.

E2A in gastric MALT lymphoma

T-Y Liu et al 1513

Modern Pathology (2010) 23, 1507–1517



antigens, such as CD2, CD7, CD4, and CD8, have all
been detected in B-cell lymphomas.31

B-cell lymphomas are classified by assignment to
their normal developmental counterparts.32 How-
ever, aberrant differentiation among B-cell lympho-
mas is well documented. Follicular lymphoma
might exhibit marginal-zone differentiation,6,7 and
mantle cell lymphoma could express markers of
germinal-center B cells, such as BCL6 or CD10,33,34

or could resemble marginal-zone B-cell lymphoma
morphologically.35 In contrast, data on the aberrant
follicular differentiation of marginal-zone B-cell
lymphoma are limited.36

According to the previous reports, Malt lympho-
mas had about 15 somatic hypermutations and 0.92
intraclonal variations per immunoglobulin heavy
chain variable region,37 and follicular lymphoma,

Figure 4 E2Aþ gastric MALT lymphomas had higher levels of the memory B-cell-associated miR-223 than E2A� gastric MALT
lymphomas did. (a) Real-time RT–PCR based on a stem-loop approach is shown schematically. The RT primer has a stem-loop structure
to prevent annealing to immature miRNAs, and had six nucleotides at the 30 end to base pair with mature miRNAs. For PCR, the forward
primer is shown above the sequence of miR-223, and the universal reverse primer is underlined to show its overlap with the RT primer.
(b) Representative examples of real-time RT–PCRs for miR-223 are shown. An E2A� gastric MALT lymphoma with a dCT of �7.5 and an
E2Aþ gastric MALT lymphoma with a dCT of �4.1 are shown; x axis: relative amounts of input cDNAs; y axis: CT. From top, the linear
regression lines are for miR-223 of an E2A� gastric MALT lymphoma, miR-223 of an E2Aþ gastric MALT lymphoma, U6 of an E2Aþ

gastric MALT lymphoma, and U6 of an E2A� gastric MALT lymphoma. (c) The expression profiles of six miRNAs are summarized in a
box-and-whisker plot; x axis: microRNA; y axis: dCT. For each microRNA, the E2A� group is on the left and the E2Aþ group is on the
right. Note that the median dCT of miR-223 was �9.3 for the E2A� group and �5.5 for the E2Aþ group (P¼ 0.001). (d) The patterns of E2A
and six miRNAs were used for hierarchical clustering of 30 gastric MALT lymphomas. Each row is a case of gastric MALT lymphoma, and
each column represents E2A or an miRNA. The dCTs were normalized to z-scores. Red rectangles represent z-scores above the averages or
expression of E2A. Note that the 17 type I gastric MALT lymphomas had lower E2A and miRNA expression, and the 13 type II gastric
MALT lymphomas had higher E2A and miRNA expressions.

Table 2 Comparisons between type I and type II gastric MALT
lymphomas

Type I Type II P

N 17 13
Age 61 49 0.27
Sex (M:F) 7:10 6:7 1.00
E2A+ 12% (2/17) 100% (13/13) o0.001
dCT miR-28-5p �3.6 �3.0 0.14
dCT miR-93 �3.0 �2.8 0.53
dCT miR-17-5p �5.8 �5.0 0.14
dCT miR-20b �8.9 �8.4 0.26
dCT miR-181b �5.8 �5.1 0.43
dCT miR-223 �9.0 �5.0 o0.001

Hierarchical clustering was performed on 15 E2A+ and 15 E2A� cases.
Note that type I had lower expression of E2A and miR-223, whereas
type II had higher expression of E2A and miR-223. See Table 1 for
abbreviations.
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the archetypical lymphoma with somatic hypermu-
tations and intraclonal variations, had about 29
somatic hypermutations and 2.6 intraclonal varia-
tions per immunoglobulin heavy chain variable
region.38 These reports and our findings showed
that most gastric MALT lymphomas had somatic
hypermutations without intraclonal variations, con-
sistent with an origin from memory B cells. With
this result, the expression of E2A in gastric MALT
lymphoma is best regarded as aberrant follicular
differentiation.

Most reports on aberrant differentiation were
focused on the expression of surface antigens, even
though transcription factors are critical in lineage
commitment. Among the transcription factors, gas-
tric MALT lymphomas were BCL6�/AID�/TCL1�. In
addition, gastric MALT lymphomas had somatic
hypermutations without intraclonal variations, con-
sistent with an origin of memory B cells. Therefore,
the expression of E2A in a subtype of gastric MALT
lymphoma was indicative of aberrant follicular
differentiation.

E2A is critical in early B lymphopoiesis and in the
development of germinal-center B cells.39 E2A may
stimulate somatic hypermutations.10,11 In addition,
down-regulation of E2A is correlated with a reci-
procal up-regulation of MUM1, which is a transcrip-
tion factor required for plasma cell differentiation.12

We found that E2A� and E2Aþ groups are similar in
the patterns of somatic hypermutations, but the E2A
þ group had less MUM1þ plasmacytoid cells. Thus,
the expression of E2A in gastric MALT lymphoma
does not affect somatic hypermutations, but appears
to block plasma cell differentiation. Interestingly,
the E2Aþ group also had a higher expression level of
miR-223, which was a memory B-cell-associated
miRNA. This raised the possibility that a block in
plasma cell differentiation might force the lympho-
ma cells to differentiate into memory B cells.

MiRNAs are endogenous RNAs of about 19–23
nucleotides. They regulate the translation of mRNAs
and control the development of various organ
systems. In the B-lineage, distinct patterns of
miRNAs are associated with discrete developmental
stages, and mature B-cell subsets, such as germinal-
center B cells and memory B cells, could be
distinguished by their miRNA profiles.21,22

Four groups have proposed panels of 39, 21, 16, or
6 miRNAs to distinguish germinal-center B cells
from memory B cells,21,22,40,41 with substantial over-
laps among these panels. Twelve of the second
panel, 13 from the third panel, and all 6 from the
fourth panel were also included in the first panel.
With this observation, the smallest panel of six
miRNAs was used to separate E2A� from E2Aþ

gastric MALT lymphomas. We found that the E2A�

group and the E2Aþ group had quite similar
expression of all miRNAs, except for the memory
B-cell-associated miR-223. For miR-28-5p, miR-93,
miR-17-5p, miR-20b, and miR-181b, the differences
in the median dCTs were all less than one cycle.

Only for miR-223 did the difference in the median
dCTof four cycles reach a significant P-value of o0.001.

MiR-223 is expressed at a higher level in both
naive and memory B cells than in germinal-center
B cells. As gastric MALT lymphoma had somatic
hypermutations, the higher level of miR-223 in
E2Aþ gastric MALT lymphoma reflects mostly
likely an origin from memory B cells. However,
malignant B cells do not necessarily follow an
orderly differentiation and the higher miR-223
expression might reflect aberrant differentiation
toward naive B cells too.

MiRNA profiles of diffuse large B-cell lymphoma,
follicular lymphoma, chronic lymphocytic lympho-
ma, and mantle-cell lymphoma have been repor-
ted,42–44 but reports on the miRNA profiles of gastric
MALT lymphoma appear to be limited. With a small
set of only six miRNAs, we identified correlations
between miR-223 and E2A expression. This result
seemed to support that a relatively small set of
miRNAs accounts for most of the differences in
miRNA profiles between cell lineages and tissues.45

In conclusion, we have investigated aberrant
follicular differentiation in 50 gastric MALT lym-
phomas. All gastric MALT lymphomas have under-
gone somatic hypermutations with low intraclonal
variations, consistent with a derivation from mem-
ory B cells of the marginal zone, but the expression
of E2A in E2Aþ gastric MALT lymphomas suggests
aberrant follicular differentiation. Aberrant follicular
differentiation could be used for distinguishing E2Aþ

gastric MALT lymphoma from chronic gastritis, two
entities sometimes indistinguishable even by clonality
tests. E2Aþ gastric MALT lymphoma had less plasma-
cytoid infiltrates, which was probably because of a
block in plasma cell differentiation by E2A, a higher
expression of miR-223, and a tendency to involve
perigastric lymph nodes. Further studies would be
necessary that would reveal the underlying mecha-
nisms for these associations.
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