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Mucosa-associated lymphoid tissue (MALT) may accu-
mulate within gastric mucosa as a result of long stand-
ing Helicobacter pylori infection, and this acquired
MALT may eventually develop into low-grade B-cell
MALT lymphoma. To determine the possible associa-
tion of cell cycle regulatory proteins and apoptotic
cell death in the transformation of H. pylori gastritis
to MALT lymphoma, the extent of cell proliferation,
cell viability, expression of Cdc2/Cdk1 and cyclin B in
gastric mucosal from patients with H. pylori-positive
chronic gastritis (n 5 7), MALT (n 5 12), or MALT
lymphoma (n 5 12) were undertaken. Control tissue
was obtained from H. pylori- negative patients (n 5
5). Proliferating cell nuclear antigen (PCNA), Cdc2,
and cyclin B1 were examined in paraffin embedded
tissue by immunohistochemistry, while the apoptotic
index (AI) was determined using the TUNEL assay.
H&E staining for histology and modified Giemsa
staining for the detection of H. pylori was conducted
simultaneously. When compared to chronic gastritis
tissue, those with MALT or MALT lymphoma had
an increase in PCNA labeling index of 3.3- and 2.7-
fold, while that for Cdc2/Cdk1 increased 2.3- and
3.1-fold, respectively. cyclin B1 labeling was 1.9 and
3.0 fold, while the AI was 3.4- and 1.4-fold higher in
MALT and MALT lymphoma tissue, respectively, in
the same comparison. On the other hand, the AI
index of MALT lymphoma was 2.5-fold lower than
that for MALT tissues. The labeling scores for Cdc2/
Cdk1 and cyclin B1 were significantly higher in the
germinal center when compared to the mantle and
marginal zones of MALT tissues. Using x2 and Pear-
son/Spearman’s rho correlation coefficient with re-

gression analyses, there was an inverse correlation
between the AI and Cdc2/Cdk1 or cyclin B1 in MALT
and MALT lymphoma tissues. There was no correla-
tion between AI and PCNA labeling in any of the
tissues. These results suggest that Cdc2/Cdk1 and cy-
clin B1 expression may be actively associated in the
modulation of cellular death by apoptosis, as well as
cellular proliferation and transformation during the
evolution of H. pylori-associated gastritis to MALT
lymphoma. Subclassification of high labeling score
(>40) for Cdc2/Cdk1 and cyclin B1 and low labeling
index (<0.6) for apoptotic cells in H. pylori-associ-
ated MALT may help in identifying a population of
patients with an increased risk of developing MALT
lymphoma. (Am J Pathol 2000, 156:217–225)

Normal human gastric mucosa is devoid of organized
mucosa-associated lymphoid tissue (MALT).1 MALT ac-
cumulates within gastric mucosa as a result of long-
standing Helicobacter pylori infection in a subset of in-
fected patients, and from this acquired MALT, low-grade
B cell MALT lymphoma may eventually develop.2–4 Sev-
eral chromosomal and/or subchromosomal abnormalities
have been detected in gastric MALT lymphomas.5–11

However, the precise molecular mechanism of the evo-
lution of MALT to MALT lymphoma remains uncertain.

Self-immolation or programmed cell death, apoptosis,
is crucial for the overall health of an organism and essen-
tial for both the development and function of an effective
immune repertoire.12–16 The development of neoplastic
growth can be considered a perturbation in the balance
of cellular proliferation, differentiation, and apopto-
sis.14–16 Cells that have been exposed to toxic agents or
infected with harmful viruses and/or bacteria can escape
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apoptosis and gradually undergo transformation as a
result of the malfunction of certain genes.12,14 Recent
studies on the molecular mechanism of apoptosis indi-
cate several cell cycle regulatory genes including cyclin-
dependent kinase (Cdc2/cdk1) and cyclin B1 may be
directly involved in this process.17–22 Normally the com-
plex events of the cell cycle are regulated by cell cycle
specific cyclin-dependent kinases (CDKs), which be-
come activated as the result of phosphorylation along
with interaction with cyclins. The Cdc2-cyclin B1 complex
controls the G2-M phase transition in eukaryotes by pro-
moting breakdown of nuclear membrane, chromatin con-
densation, and microtubule spindle formation, allowing
for ordered DNA replication and repair. Unscheduled up-
or down-regulation of these cell cycle regulatory genes
during the cell cycle can help cells overcome the death
sentence, and Cdc2-cyclin B1 complex may play a cru-
cial role in the induction of tumorigenesis. The signifi-
cance and extent of apoptosis and disturbance of cell
cycle regulatory proteins in the genesis of H. pylori-asso-
ciated MALT to MALT lymphoma is unknown. To deter-
mine the association between cell cycle regulatory pro-
teins, specially Cdc2 and cyclin B1, and apoptotic cell
death during the progression of MALT lymphoma and to
identify protein marker(s) that may help in recognition of
the population that is at increased risk of developing
MALT lymphoma, we examined the extent of apoptosis,
cell proliferation, and Cdc2 and cyclin B1 expression in
lymphoid cells in H. pylori-associated chronic gastritis,
gastric MALT, and MALT lymphoma.

Materials and Methods

Patients and Histology

After obtaining informed consent, gastric mucosal biop-
sies were prospectively obtained during esophagogas-
troduodenoscopy (EGD) with large biopsy forceps. The
gastric biopsies were placed in 10% buffered formalin for
routine hematoxylin and eosin (H&E), immunohistochem-
istry, and apoptotic studies. Determination of the pres-
ence of H. pylori was based on the results of gastric
mucosal biopsies stained with H&E as well as a modified
Giemsa stain. H. pylori colonization was considered to be
present if one or more of the Giemsa-stained gastric
biopsy specimens demonstrated typical H. pylori struc-
tures. The density of H. pylori was determined in Giemsa-
stained sections according to the upgraded Sydney
grading system.23 Criteria for normal control patients in-
cluded a completely normal endoscopic appearance of
the stomach, the absence of H. pylori on at least six
Giemsa-stained gastric surveillance biopsies, and nor-
mal histology.

H. pylori-positive patients were defined in this study as
having chronic H. pylori gastritis if they were found to
have a mild to moderate mononuclear cell infiltrate in the
lamina propria according to the updated Sydney grading
system.23 Lymphoid aggregates could be present, but
not lymphoid follicles or lympho-epithelial lesions. If a
lymphoid aggregate was noted, all available serial sec-

tions were closely scrutinized to exclude the presence of
a germinal center.

The diagnosis of MALT required a confidence of diag-
nosis of lymphoma score of 3 to 4 according to Wother-
spoon et al.24 Features of MALT included the presence of
a moderate to severe dense lymphocytic infiltrate in the
lamina propria, one or more germinal centers, none to
rare lympho-epithelial lesions, no Dutcher bodies, and
the absence of monoclonality on Southern blot gene re-
arrangement testing in conjunction with a benign clinical,
endoscopic, radiological, and laboratory investigation.

The diagnosis of low-grade MALT lymphoma was
made on the basis of histology, requiring a confidence of
diagnosis of lymphoma score of 5 according to Wother-
spoon et al.24 Histological components of gastric MALT
lymphoma included 1) clusters of centrocyte-like cells,
both intraepithelially and intralumenally, invading muco-
sal epithelium and forming lympho-epithelial lesions; 2)
reactive lymphoid follicles within the mucosa and submu-
cosa exhibiting variable obliteration of the mantle zone
and infiltration of germinal center by centrocyte-like cells;
and 3) a dense subepithelial plasma cell infiltrate.25–29

Low- and high-grade MALT B cell lymphomas were dis-
tinguished based on criteria described by Isaacson.25,26

Confirmation of malignancy required demonstration of B
cell immunoglobulin heavy chain monoclonality.25 The
institution’s Human Subjects Committee approved the
study.

Chemicals

PCNA, Cdc2, and cyclin B1 antibodies were purchased
from NeoMarkers, Inc. (Fremont, CA) and Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA). DNA fragmentation
detection kit (TdT FragEL) was purchased from Onco-
gene Research Products (Cambridge, MA). Immunohis-
tochemical kits were purchased from Zymed Laborato-
ries, Inc. (San Francisco, CA). All other materials were of
the highest commercially available grade.

Immunohistochemistry

The immunohistochemical staining was carried out ac-
cording to manufacturer’s recommendations (Zymed)
and our previous modified method.30 Briefly, paraffin-
embedded 10-mm tissue sections were dewaxed in xy-
lene and rehydrated in 13 PBS through different concen-
trations of ethanol. To block endogenous peroxidase
activity, slides were incubated in 3% hydrogen peroxide
(3% v/v) in methanol for 5 minutes at room temperature.
The slides were then incubated in citrate buffer (Zymed)
in a microwave oven at high power for 5 minutes and
allowed to cool for 15 minutes. After washing the slides in
water followed by 13 PBS for 5 minutes, sections were
incubated in ready to use tissue blocker for 15 minutes at
room temperature. Tissue blocker was replaced with pri-
mary antibodies or preimmune IgG as negative controls
and incubated overnight at 4°C. Antibodies used in-
cluded a mouse monoclonal antibody at a 1:300 dilution
for Cdc2 (NeoMarkers); a mouse monoclonal antibody at
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a 1:200 dilution for cyclin B1 purchased from, and a
ready-to-use monoclonal antibody for PCNA (Zymed).
After incubation with primary antibodies, slides were
rinsed with 13 PBS (33 5 minutes) and incubated for 10
minutes at room temperature in biotinylated rabbit-anti-
goat IgG (Zymed). After rinsing with PBS (33 5 minutes),
sections were incubated in peroxidase-conjugated linker
for 10 minutes at room temperature. Antibodies were
detected by incubation with 3,39-diaminobenzidine tetra-
hydrochloride solution, provided by Zymed with their kit,
for a period of time sufficient to yield dark brown color,
usually 5 minutes. Sections were counterstained with he-
matoxylin for microscopic examination. Lymphoid cells
were identified by CD20 immunohistochemical analysis.

Determination of PCNA Labeling Index (LI) and
the Expression of Cdc2 and Cyclin B1

The LI of PCNA, Cdc2, and cyclin B1 were determined in
the different portions (eg, superficial and deep regions of
lamina propria, intraepithelial lymphocytes, and germinal
center, mantle zone, and marginal zone of MALT) of
paraffin-embedded gastric biopsy tissue sections of H.
pylori-negative normal and H. pylori-positive chronic gas-
tritis, MALT, and MALT lymphoma patients as depicted in

Figure 1. To determine the LI, the immunostained sec-
tions were first scanned under low magnification (1003)
field to locate the hot spots (areas with maximal Cdc2- or
cyclin B1-immunopositive lymphoid cells) in different por-
tions of immunostained sections. The LI of PCNA, Cdc2,
and cyclin B1 in a 4003 field was then scored by deter-
mining the average count of the number of lymphoid cells
with positively staining nuclei and/or cytoplasm at five hot
spots in lamina propria, organized mucosal lymphoid
tissue (ie, germinal center, mantle zone, marginal zone),
and intraepithelial lymphocytes of the immunostained
sections. A minimum of five sections from each patient
was examined to accurately determine the LI of these
proteins. All slides were scored blindly three times by
observers without knowledge of the patient’s clinical
and/or histological findings.

Histochemical Detection of Apoptotic Cells
and Bodies

Apoptosis was visualized using TdT FragEL DNA frag-
mentation detection kit (Oncogene Research Products).
The staining procedures were modified based on the
manufacturer’s recommendations. Briefly, after routine
deparaffinization, rehydration, and washing in 13 PBS,

Figure 1. Histopathology of H&E-stained human gastric biopsy samples. A: Normal gastric mucosa; original magnification, 3100. B: Chronic active H.
pylori-associated gastritis; original magnification, 3400. C: Lymphoid follicle (MALT) from a case of H. pylori-associated gastritis showing germinal center (gc),
mantle zone (m) and marginal zone (mar); original magnification, 3100. D: Low grade lymphoma of MALT type. Note lymphoepithelial lesion. Original
magnification, 3200.
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pH 7.4, tissues were digested with proteinase K (20
mg/ml in 13 PBS) for 20 minutes at room temperature
and washed. After incubation in equilibration buffer for 10
minutes, sections were treated with terminal deoxynucle-
otidyltransferase (TdT) enzyme at 37°C for 1 hour. After
the TdT treatment and histochemical staining, slides were
counterstained with methyl green to identify the normal
and apoptotic cells. A specimen known to be positive for
apoptotic cells was used as a positive control. Distilled
water was substituted for TdT for use as a negative control.

Determination of Apoptotic Index (AI)

All slides were scored blindly three times without knowl-
edge of the patient’s clinical and/or histological findings.
The AI was determined in the paraffin-embedded gastric
biopsy tissue sections of H. pylori-negative normal and H.
pylori-positive chronic gastritis, MALT and MALT lym-
phoma patients (Figure 1). To determine AI in normal and
diseased sections, TUNEL-immunostained sections were
first scanned under low power magnification (1003) to
locate the apoptotic hot spots (areas with maximal
TUNEL-positive lymphoid cells) within lamina propria, or-
ganized mucosal lymphoid tissue (ie, germinal center,
mantle zone, marginal zone), and intraepithelial lympho-
cytes. The AI at 4003 field was then scored by counting
the number of TUNEL-positive cells. At least five hot
spots in a section were selected to determine the average
count. A minimum of 500 cell nuclei from each slide was
counted. Positively staining cells with the morphological
characteristics of apoptosis were identified using standard
criteria, including chromatin condensation, nucleolar disin-
tegration, and formation of crescentic caps of condensed
chromatin at the nuclear periphery. Data were expressed as
a mean percentage of total cell numbers. Photographs of
cells were taken using a Zeiss photomicroscope.

Colocalization of PCNA, Cdc2, Cyclin B1, and
Apoptosis in Serial Sections

To define associations, PCNA, Cdc2, cyclin B1, and
apoptotic cells were immunodetected using immunohis-
tochemistry and TUNEL assay in step-serial sections of
each biopsy sample of normal, chronic gastritis, MALT,
and MALT lymphoma patients. The LI of PCNA, Cdc2,
cyclin B1, and AI were determined in the same areas of
the serial sections stained with different antibodies and/or
TUNEL assay. The numbers of lymphoid cells with immu-
nostaining nuclei and/or cytoplasm were determined at
three hot spots. Data were expressed as a mean percent-
age of total cell numbers.

Statistical Analysis

Statistical analyses were performed using x2, Pearson,
Spearman’s rho correlation coefficient, regression analy-
sis, and Student’s t-test. For all statistical analyses, the
SPSS system and Sigma Stat for personal computer were
used, with significance defined as P , 0.05.

Results

PCNA Immunohistochemistry in Normal, H.
pylori-Associated Chronic Gastritis, MALT, and
MALT Lymphoma

Immunohistochemistry of PCNA was performed in normal
(n 5 5), H. pylori-associated chronic gastritis (n 5 7),
gastric MALT (n 5 12), and B cell low-grade gastric
MALT lymphoma (n 5 12). Examples of PCNA-immuno-
stained positive lymphoid cells are shown in Figure 2A
and the PCNA LI are summarized in Figure 3 and Table 1.
The LI of PCNA-positive lymphoid cells was significantly
(P , 0.05, paired two-tailed Student’s t-test) elevated
during the transition of chronic gastritis to MALT and
MALT lymphoma. PCNA LI was increased 3.3- and 2.7-
fold in MALT and MALT lymphoma, respectively, relative
to chronic gastritis. In MALT, the PCNA LI was signifi-
cantly (P , 0.01, paired two-tailed Student’s t-test) higher
in germinal center than mantle zone and marginal zone
(Table 1). No hot spots were found in paraffin sections of
normal tissue.

Cdc2 and Cyclin B1 Immunohistochemistry in
H. Pylori-Associated Chronic Gastritis, MALT,
and MALT Lymphoma

Immunohistochemical studies demonstrated the pres-
ence of Cdc2 and cyclin B1 proteins in the lymphocytes
of normal, chronic gastritis, MALT, and MALT lymphoma
patients (Figures 2B, 2C, and 3). The LI of Cdc2 and
cyclin B1 were significantly higher (P , 0.05, paired
two-tailed Student’s t-test) in MALT lymphoma compared
to H. pylori-associated chronic gastritis and MALT tissues
(Figure 3). The mean Cdc2 LI was 2.1% (median 2.2, SD
1.13) in H. pylori-associated chronic gastritis, 5.1% (me-
dian 5.0, SD 1.5) in MALT, and 7.0% (median 7.0, SD 1.8)
in MALT lymphoma. The mean cyclin B1 LI was 2.1%
(median 1.5, SD 1.3), 3.7% (median 3.0, SD 1.5), and
6.3% (median 6.0, SD 1.3) in H. pylori gastritis, MALT, and
MALT lymphoma, respectively.

These two proteins exhibited regional differences in
the immunohistochemistry of MALT (Figure 3, B and C,
and Table 1) and MALT lymphoma (data not shown). The
comparative analysis of the labeling scores of Cdc2 and
cyclin B1 indicated that the mean LI of Cdc2 was 17.1%
(median 15.5, SD 7.3), 5.6% (median 1.05, SD 3.3), and
3.4% (median 2.0, SD 3.7) in germinal center, mantle,
and marginal zone, respectively, and the cyclin B1 LI was
11.1% (median 12.5, SD 5.6) in germinal center, 3.1%
(median 2.5, SD 1.2) in mantle zone, and 1.9% (median
1.2, SD 1.6) in marginal zone. A significantly higher la-
beling score (P , 0.01, paired two-tailed Student’s t-test)
for these proteins was found in the germinal center rela-
tive to mantle and marginal zone of MALT (Table 1). The
overexpression of Cdc2 and cyclin B1 protein was also
observed in the gastric glands surrounded by neoplastic
and/or non-neoplastic lymphoid cells. No hot spots were
found in paraffin sections of normal tissue.
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Although mean labeling scores of PCNA, Cdc2, cyclin
B1, and apoptosis exhibited significant differences in
gastritis, MALT, and MALT lymphoma, several speci-
mens of gastritis and MALT had overlapping scores of
PCNA, Cdc2, and cyclin B1 LI, and apoptosis as those
noted in MALT lymphoma samples. The highest common
overlapping value for Cdc2 and cyclin B1 is 4.3 in both
chronic gastritis and MALT specimens. Accordingly, the
cutoff values for Cdc2 and cyclin B1 scores were con-
sidered as $4.0 (Figure 3) for subclassification of
patients.

Apoptotic Index (AI) in H. pylori-Associated
Chronic Gastritis, MALT, and MALT Lymphoma

Positive staining of apoptosis in lymphoid cells was ob-
served in formalin-fixed, paraffin-embedded sections of

chronic gastritis, MALT, and MALT lymphoma patients
with AI ranging from 0.2 to 0.65% (median 0.4, SD 0.3),
0.8 to 3.0% (median 1.3, SD 0.9), and 0.4 to 0.85%
(median 0.6, SD 0.4), respectively. The statistical analysis
indicated that the apoptotic index in MALT was markedly
higher (P , 0.05, paired two-tailed Student’s t-test) com-
pared to chronic gastritis and MALT lymphoma (Figure
3). No significant difference in AI was noted between
MALT lymphoma and chronic gastritis (Figure 3). In
MALT, apoptosis was significantly higher (P , 0.01,
paired two-tailed Student’s t-test) in germinal center, as
compared to mantle and marginal zone (Table 1). In
several specimens of H. pylori-associated chronic gastri-
tis and MALT, the apoptotic index had overlapping
scores with those detected in MALT lymphoma. The high-
est overlapping value for apoptosis is 0.65% in both
chronic gastritis and MALT specimens. Thus, the cutoff

Figure 2. Colocalization of PCNA, Cdc2, cyclin B1, and apoptosis in paraffin-embedded tissue sections of H. pylori-associated gastric MALT using immunohis-
tochemistry and/or TUNEL assay. A: PCNA. B: Cdc2. C: Cyclin B1. D: Apoptosis. Note that the apoptotic cells were not detected in those regions of the MALT
where PCNA, Cdc2, and cyclin B1 were overexpressed. Original magnifications, 3250.

Table 1. Labeling Indices of PCNA, Cdc2, and Cyclin B1 Immunopositive Cells and Apoptotic Cells in Germinal Center, Mantle
Zone, and Marginal Zone in H. pylori-Associated MALT

Areas of MALT PCNA labeling index (%) Cdc2 labeling index (%) Cyclin B1 labeling index (%) Apoptosis (%)

Germinal center 19.8 6 6.7 17.1 6 7.3 11.2 6 5.6 1.9 6 0.7
Mantle zone 5.7 6 2.7* 5.6 6 3.3* 3.1 6 1.2* 0.4 6 0.4*
Marginal zone 3.2 6 2.3* 3.4 6 3.4** 1.9 6 1.6* 0.3 6 0.4*

Results displayed are mean percentage of immunopositive cell number 6 SD of five hot spot areas.
*P , 0.01; **P , 0.001.
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values for the apoptosis score was considered as ,0.6%
(Figure 3) for subclassification of patients.

Correlation between AI and PCNA, Cdc2, and
Cyclin B1 Labeling Index

To examine the association between the induction of
apoptosis and the expression of PCNA, Cdc2, and cyclin

B1 in H. pylori-associated chronic gastritis, MALT, and
MALT lymphoma, the labeling scores in colocalized ar-
eas of serial sections were examined using x,2 Pearson,
and Spearman’s rho correlation coefficient with regres-
sion analysis. The immunohistochemical colocalization
analysis and correlation coefficient, on plots of AI versus
the Cdc2 or cyclin B1 on a per-case basis, showed a
significant inverse correlation between AI and these two
proteins in both MALT and MALT lymphoma patients
(Figures 2, 4, and 5). No significant correlation between
AI and PCNA LI was found (data not shown).

Discussion

A significant inverse correlation between apoptosis and
both Cdc2 and cyclin B1 expression was found in H.
pylori-associated gastric MALT and MALT lymphoma pa-
tients. This suggests that the extent of apoptosis in gas-
tric MALT or MALT lymphoma may be associated with
Cdc2 and cyclin B1 protein synthesis. To our knowledge,
this is the first report of such a correlation. The number of
apoptotic cells and/or bodies increased in the tissues
from those patients with H. pylori-associated gastric
MALT or MALT lymphoma in which the Cdc2 and/or
cyclin B1 labeling indices were markedly reduced. Thus,
when Cdc2 and cyclin B1 expression is increased in the
lymphoid cells by chronic infection with H. pylori, apopto-
sis is concomitantly reduced. Our results depart from the

Figure 3. Analysis of PCNA, Cdc2, and cyclin B1 labeling index and apo-
ptotic labeling index (AI) in normal, H. pylori-positive chronic gastritis,
MALT, and MALT lymphoma patients. The dashed line indicates the cutoff
value for the labeling scores of Cdc2 and cyclin B1 and the straight line
indicates the cutoff value for apoptosis. *P , 0.05; **P , 0.01.

Figure 4. Colocalization of Cdc2, cyclin B1, and apoptosis in paraffin-embedded tissue sections of H. pylori-associated gastric MALT and MALT lymphoma using
immunohistochemistry and/or TUNEL assay. A and D: Cdc2. B and E: Cyclin B1. C and F: Apoptosis. Note that the number of apoptotic cells was elevated in the
MALT and MALT lymphoma where Cdc2 and cyclin B1 were underexpressed and/or not detected. Arrows indicate apoptotic cells. Original magnifications, 3250.
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two existing contradictory concepts regarding the role of
Cdc2 in induction of apoptosis. The first concept dem-
onstrated involvement of transcriptional activation of the
Cdc2 gene in the genesis of apoptosis,20,31–33 although
other data have strongly argued against the relationship
and suggest instead that Cdc2 expression is not obliga-
tory for apoptosis.34,35 Cdc2 kinase is a crucial protein
and universally required as a master control enzyme
during mitosis.36 The appropriate signal of this kinase, in
association with cyclin B1 and other cell regulatory pro-
teins, controls the G2-M transition by promoting break-
down of nuclear membrane, chromatin condensation,

and microtubule spindle formation. The contradictory
data in the literature on the importance of Cdc2 in regu-
lation of apoptosis can be reconciled based on our find-
ings. Our results, along with those of previous studies,31

strongly suggest that unscheduled synthesis of these
proteins during a cell cycle may induce apoptotic events
either by cell cycle delays from over- or underproduction
of Cdc2 and cyclin B, both of which are essential for a cell
to exit from mitosis,17 or by inhibition of microtubule for-
mation3 as Cdc2 and/or cyclin B1 levels decreased.37

The low labeling scores for Cdc2 and/or cyclin B1 in
some areas of MALT and MALT lymphoma sections (Fig-

Figure 5. Analysis of the x2, Pearson, Spearman’s r correlation coefficient, and regression analysis for the correlation of apoptotic labeling index (AI) with Cdc2
or cyclin B1 labeling scores. A: Plot of Cdc2 labeling index against AI per MALT patient. B: Plot of cyclin B1 labeling index against apoptotic LI per MALT patient.
C: Plot of Cdc2 labeling index against AI per MALT lymphoma patient. D:. Plot of cyclin B1 labeling index against apoptotic LI per MALT lymphoma patient. Note
that 36 labeling spots were analyzed from either MALT or MALT lymphoma patients.
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ure 5) lacking apoptotic cell death suggest that defi-
ciency of these proteins may not always induce mitotic
catastrophe or apoptosis in lymphoid cells. Other factors
may also be important in regulation of apoptosis. High
apoptotic score was always encountered in the MALT
and in the deep portion where lymphoid cells are gener-
ally activated in response of specific foreign substances
and/or pathogens and undergo several successive
rounds of cell division over a period of several days.38

Therefore, these studies suggest that the status of the
lymphoid cell (ie, resting or activated lymphocyte) may
be one crucial factor for induction of apoptosis.

While analyzing the expression of Cdc2 and cyclin B1
and apoptosis in individual patients, we observed a grad-
ual augmentation of Cdc2- and cyclin B1-positive lym-
phoid cells, and inhibition of apoptosis, in H. pylori-asso-
ciated MALT and MALT lymphoma. Moreover, variable
distributions of cyclin B1- and Cdc2-positive lymphoid
cells were observed in both MALT and MALT lymphoma
in these same patients. Taken together, these studies
indicate that in the initial stage of this lymphoproliferative
disease, the deletion of unwanted and/or defective lym-
phocytes, might involve down-regulation of Cdc2 and/or
cyclin B1 genes. As the disease progresses, up-regula-
tion of these genes may ensure the survival of the defec-
tive repertoire. These defective lymphocytes may gradu-
ally acquire multiple genetic anomalies, which then
eventually transform MALT into MALT lymphoma.

The diagnosis of low-grade B cell lymphoma in gastric
biopsies is usually straightforward.28 Doubtful cases are
confirmed by scoring of histological appearances24

and/or by determining B cell monoclonality using poly-
merase chain reaction (PCR), Southern blot, or immuno-
histochemical methods.28,39 However, recent studies
have raised a question about the specificity of PCR
monoclonality as a method of determining the clonality of
malignant cells.40 Accordingly, identification of pure
MALT and early cases of MALT lymphoma based on PCR
technique is inappropriate.40 The present immunohisto-
chemical studies (Figure 3) suggest that the high labeling
score ($4.0) of Cdc2 and cyclin B1 in conjugation with a
low labeling index (,0.6) of apoptotic cells in H. pylori-
associated MALT may help identify a population that is
primed to develop MALT lymphoma.

In summary, our findings indicate that Cdc2 and cyclin
B1 may play an important role in the modulation of cel-
lular death, proliferation, and transformation during the
evolution of chronic gastritis to MALT lymphoma. More-
over, the labeling scores of Cdc2 and cyclin B1 may be
used as one potential parameter for identifying the pop-
ulation at increased risk of developing MALT lymphoma.
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