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Expression and clinical significance of cyclooxygenase-2
and interleukin-32 in primary gastric B-cell lymphoma
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Abstract. Cyclooxygenase-2 (COX-2) and interleukin-32
(IL-32) expression has been examined in various carci-
nomas and inflammations, and has been suggested to be
significant in tumor progression and prognosis. The present
study was conducted to investigate the expression of COX-2
and IL-32 in primary gastric B-cell lymphoma in order
to define their clinical significance and their association
with Helicobacter pylori (Hp) infection. COX-2 and IL-32
protein expression was detected in 31 primary gastric B-cell
Ilymphoma patients and 19 chronic gastritis patients with
immunohistochemistry. COX-2 and IL-32 expression was
significantly higher in primary gastric lymphoma (PGL)
tissues compared with gastritis tissues (51.6 vs. 21.1% for
COX-2, P=0.032; and 58.1 vs. 26.3% for 1L.-32, P=0.029) and
was significantly higher in Hp* lymphoma tissues compared
with Hp~ lymphoma tissues (66.7 vs. 20% for COX-2,
P=0.015; and 71.4 vs. 30% for 1L-32, P=0.029). In the PGL
tissues, the expression level of COX-2 was positively corre-
lated with the expression level of IL-32, and the two were
each positively correlated with Hp infection (P=0.004 for
COX-2 and IL-32; P=0.01 for COX-2 and Hp infection; and
P=0.003 for IL-32 and Hp infection). COX-2 expression was
found to be significantly associated (P<0.05) with an aggres-
sive tumor type, higher expression of Ki-67, frequent lymph
node metastasis and advanced stage. IL-32 expression was
found to be significantly correlated (P<0.05) with frequent
lymph node metastasis and an advanced stage. The survival
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time was longer in the COX-2" and IL-32" lymphoma patients
compared with the COX-2* and IL-32* lymphoma patients,
but these differences were not statistically significant. These
results suggested that Hp infection and the expression of
COX-2 and IL-32 were closely linked with each other, and
that the overexpression of COX-2 and IL-32 was correlated
with tumor progression in primary gastric B-cell lymphoma,
thus indicating potential novel therapeutic target.

Introduction

Primary gastric lymphoma (PGL) originates from the stomach,
and it is considered that initial symptoms of the disease are
located in the stomach or that the primary lesion is located
in the stomach (1). PGL is the most common extranodal
lymphoma, representing 20-40% of all extranodal non-Hodg-
kin's lymphomas (2,3). Diffuse large B-cell lymphoma
(DLBCL) accounts for the majority of PGL (59.5%), followed
by the mucosa-associated lymphoid tissue (MALT) type
(37.9%) 4.5).

As one of the most commonly occurring pathogens, Heli-
cobacter pylori (Hp) infects ~50% of the global population.
Persistent Hp infection leads to chronic and persistent gastritis,
and increases the risk of peptic ulcers. More importantly,
it is associated with an elevated risk of developing gastric
lymphoma and gastric carcinoma (6,7). Cyclooxygenase
(COX) is a pivotal enzyme that catalyzes the formation of
prostaglandins and other eicosanoids from arachidonic acid.
The enhanced expression of COX-2 in the human stomach
is associated with Hp infection, and the development and
progression of gastric cancer (8,9). Interleukin-32 (IL-32) is a
newly identified proinflammatory cytokine that is produced
by immune cells (10). IL-32 is important in a number of
inflammatory or neoplastic disorders. The expression of this
cytokine has been demonstrated to correlate with the severity
of disease in gastritis, lung adenocarcinoma and rheumatoid
arthritis, and is reported to be more likely expressed in Hp*
gastritis tissues (11-13). Lee et al (14) reported that the over-
expression of COX-2 increased the expression level of IL-32
and that this expression could be blocked by the selective
COX-2 inhibitor in papillomavirus-induced cervical cancer,
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while Li et al (15) found the same phenomenon in influ-
enza A virus-infected patients.

However, the association between COX-2, IL-32 and Hp
infection, and the clinical significance of COX-2 and IL-32
expression in PGL remain unknown. In the present study,
COX-2 and IL-32 expression was detected in biopsy speci-
mens from patients with primary gastric B-cell lymphoma in
order to define their clinical significance and their association
with Hp infection.

Materials and methods

Patients. Specimens from 18 primary gastric DLBCL
patients (8 males and 10 females; mean age, 47 years; age
range, 18-68 years), 13 primary gastric MALT lymphoma
patients (4 males and 9 females; mean age, 52 years; age
range, 22-76 years) and 19 gastritis patients (11 males and
8 females; mean age, 46 years; age range, 19-69 years) were
obtained from the First Affiliated Hospital of Zhengzhou
University (Zhengzhou, Henan, China) between April 2009
and April 2014. The pathological specimens were obtained
from endoscopic biopsies and surgical resections, and were
formalin-fixed and paraffin-embedded. Prior to obtaining the
pathological specimens, the patients had not been treated with
radiotherapy or chemotherapy. All specimens were reviewed
by two pathologists separately. All cases identified from the
database satisfied the PGL diagnostic criteria defined by
Lewin er al (16) and were classified based on morphological
and immunophenotypic criteria according to the 2008 World
Health Organization (WHO) classification of hematopoietic
and lymphoid tumors (17). The clinical staging of PGL
patients was performed according to the Lugano International
Conference classification (I, IT1, 112, ITIE and IV), which was
proposed as a modified version of the Ann Arbor criteria for
gastrointestinal lymphoma (18). Hp infection was determined
by the “C-urea breath test or histological features. The
present study was approved by the Medical Ethics Committee
of Zhengzhou University and written informed consent was
obtained from all patients.

Immunohistochemistry. For immunohistochemistry, the
streptavidin-peroxidase staining method was used on 4-ym
thick formalin-fixed and paraffin-embedded tissue sections,
including PGL and gastritis tissues. The sections were
deparaffinied and dehydrated in xylene and graded ethanol
solutions. Antigen retrieval was performed in citrate buffer
(pH, 6.0). Following incubation overnight with polyclonal
rabbit anti-human COX-2 antibody (1:150 dilution) and
polyclonal rabbit anti-human IL-32 antibody (1:120 dilution),
slides were treated with horseradish peroxidase-conjugated
secondary mouse anti-rabbit IgG antibodies (1:250 and
1:200 dilutions), followed by substrate 3,3'-diaminobenzidine
tetrahydrochloride (all from ZSGB-BIO, Beijing, China). The
slides were then counterstained with hematoxylin and covered
with neutral balsam. Phosphate-buffered saline was used as
a blank control. COX-2 and IL-32 expression in the gastritis
tissues served as positive controls.

Evaluation of immunohistochemical staining. COX-2 and
IL-32 expression was determined by staining intensity and
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the percentage of positive cells. Staining intensity was graded
as follows: No expression, 0; weak expression, 1; moderate
expression, 2; and strong expression, 3. The percentage of
positive cells was graded as follows: Positive cells in <5% of
the total tumor area, 0; 5-25%, 1; 25-50% , 2; 50-75%, 3; and
>75%, 4. The immunohistochemistry score was calculated by
multiplying the two scores, and ranged from O to 12. A score
of 9-12 was considered as strong immunoreactivity, 5-8 as
moderate, 1-4 as weak and O as negative. Strong and moderate
immunoreactivity were considered as high expression,
whereas weak and negative immunoreactivity were regarded
as low expression (19).

Statistical analysis. y* tests were used to compare the statistical
differences between groups. The correlation between COX-2 and
IL-32 expression and Hp infection was assessed by Spearman's
rank test. Overall survival (OS) time was calculated from the
date of diagnosis to mortality or the last date of follow-up. The
OS rate was estimated using the Kaplan-Meier method and was
compared with the log-rank test. P<0.05 was used to indicate
a statistically significant difference. SPSS version 20.0 (IBM
SPSS, Armonk, NY, USA) was used for the statistical analysis.

Results

Expression of COX-2 and IL-32 in gastric lymphoma tissue
and gastritis tissue. Fig. 1 shows the different staining intensi-
ties. The high expression rates of COX-2 were 51.6% (16/31)
and 21.1% (4/19) in the PGL and gastritis groups, respectively
(P=0.032) (Table I), and the high expression rates of IL-32 were
58.1% (18/31) and 26.3% (5/19) in PGL and gastritis groups,
respectively (P=0.029). The PGL group showed a significantly
higher expression level of COX-2 and IL-32 compared with the
gastritis group.

Correlation between COX-2, IL-32 and Hp infection in
lymphoma tissues. In the PGL tissues, Hp infection was posi-
tively correlated with COX-2 (P=0.01) and IL-32 (P=0.003)
expression. In addition, COX-2 expression was positively asso-
ciated with IL-32 expression (P=0.004) (Fig. 2) in the PGL
tissues.

Correlation of COX-2 and IL-32 expression with clini-
copathological characteristics. Table II summarizes the
association between the expression of COX-2 and IL-32 and
the clinicopathological characteristics of the PGL patients.
The overexpression of COX-2 was significantly correlated
(P<0.05) with an aggressive tumor type, higher expression of
Ki-67, greater Hp infection, frequent lymph node metastasis
and an advanced stage. There was no significant correlation
between COX-2 and other variables, including gender, age,
international prognostic index score, lactate dehydrogenase
level and B2-microglobulin level. IL-32 expression was found
to be significantly correlated with greater Hp infection,
frequent lymph node metastasis and an advanced stage.

Survival analysis. The prognostic value of COX-2 and IL-32
expression on OS was evaluated in all lymphoma patients. The
mean survival time for the 31 patients was 45 months (Fig. 3A).
The 4-year OS rates for the COX-2* and COX-2" patients were
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Table I. Expression of COX-2 and IL-32 in primary gastric lymphoma and gastritis tissues.

COX-2 expression IL-32 expression
Group High, n (%) Low, n (%) P-value High, n (%) Low, n (%) P-value
Lymphoma tissue 16 (51.6) 15 (48.4) 0.032 18 (58.1) 13 (41.9) 0.029
Gastritis tissue 4(21.1) 15 (78.9) 5(26.3) 14 (73.7)

COX-2, cyclooxygenase-2; IL-32, interleukin-32.

Table II. Correlation between COX-2 and IL-32 expression and the clinicopathological characteristics of primary gastric lym-
phoma patients.

COX-2 expression IL-32 expression
Variables Total, n High,n Low,n P-value High,n Low,n P-value
Gender
Male 12 5 7 0.379 9 3 0.129
Female 19 11 8 9 10
Age, years
=60 11 6 5 0.809 5 6 0.291
<60 20 10 10 13 7
Histological type
PG-DLBCL 18 13 5 0.007 12 6 0.253
PG-MALT 13 3 10 6 7
IPI score
<2 23 11 12 0.474 13 10 0.768
>2 8 5 3 5 3
LDH, U/l
<245 27 13 14 0.316 15 12 0.462
=245 4 3 1 3 1
Hp infection
Positive 21 14 7 0.015 15 6 0.029
Negative 10 2 8 3 7
B2-MG, mg/l
<3 6 5 1 0.083 4 2 0.634
>3 25 11 14 14 11
Ki-67, %
<60 16 5 11 0.019 9 7 0.833
=60 15 11 4 9 6
Lymph node metastasis
Yes 19 13 6 0.018 14 5 0.027
No 12 3 9 4 8
Stage
I-111 17 6 11 0.045 7 10 0.036
m2-1v 14 10 4 11 3

COX-2, cyclooxygenase-2; IL-32, interleukin-32; PG-DLBCL, primary gastric diffuse large B-cell lymphoma; PG-MALT, primary
gastric mucosa-associated lymphoid tissue; IPI, international prognostic index; LDH, lactate dehydrogenase; Hp, Helicobacter pylori;
p2-MG, f2-microglobulin.

30 and 77%, respectively (P=0.124) (Fig. 3B). The 4-year  respectively (P=0.247) (Fig. 3C). Patients with higher COX-2
OS rates for the IL-32* and IL-32" patients were 42 and 76%, and IL-32 expression levels had a poor prognosis compared
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Figure 1. Representative immunohistochemical staining of (A-C) COX-2 and (D-F) IL-32 in primary gastric B-cell lymphoma tissues: (A and D) High expres-
sion cases, (B and E) low expression cases, and (C and F) negative cases (magnification, x400). COX-2, cyclooxygenase-2; IL-32, interleukin-32.
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Figure 2. COX-2 expression is positively correlated with IL-32 expression in
primary gastric lymphoma tissues. COX-2, cyclooxygenase-2; IL-32, inter-
leukin-32.

with those patients with lower COX-2 and IL-32 expression
levels, but the differences in the various groups showed no
statistical significance.

Discussion

PGL is a unique disease and has a variety of pathological types,
and DLBCL and MALT lymphoma account for the majority of
PGLs (97.4%) (4,5). Hp infection is important in the develop-
ment of PGL. Therefore, Hp eradication leads to remission of
the disease. A number of previous studies have confirmed the
effectiveness of Hp eradication in early-stage gastric MALT
Ilymphoma (20,21). A recent study also demonstrated that
patients with Hp* early-stage DLBCL could achieve complete
pathological remission via Hp eradication (22). Studies have
found that there is a clinical correlation between COX-2 expres-
sion and prognostic factors in lymphoma patients (23-25), and
that IL-32 is also closely linked with T-cell lymphoma and Hp*
gastritis (12,26). However, the expression of COX -2 and IL-32,
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Figure 3. OS of 31 patients with primary gastric B-cell lymphoma (A), and
the role of COX-2 (B) and IL-32 (C) expression levels in OS. COX-2, cyclo-
oxygenase-2; IL-32, interleukin-32; OS, overall survival.
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and the correlation between COX-2 and IL-32 expression and
clinicopathological features in PGL patients remains unclear.

In the present study, it was observed that the expression
levels of COX-2 (P=0.032) and IL-32 (P=0.029) in the PGL
tissues were significantly higher than those in the gastritis
tissues. Miettinen et al suggested that lymphocytic gastritis
was a possible precursor state of gastric lymphoma (27). Bart-
chewsky et al reported that the inflammatory response to Hp
infection upregulated the expression of COX-2 in patients with
chronic gastritis (28). Peng et al showed that Hp infection also
induced the upregulation of IL-32, which played an impor-
tant role in the pathogenesis of Hp-related gastritis (12). The
inflammatory response induced the expression of COX-2 and
IL-32 in the gastritis tissue, and the present data suggested that
the expression of COX-2 and IL-32 may play an important role
in the process of gastritis transforming into gastric lymphoma.
In the present study, the expression levels of COX-2 and IL-32
were shown to be significantly higher in the Hp* PGL patients
than in the Hp” PGL patients (67 vs. 20%, P=0.015 for COX-2;
and 71 vs. 30%, P=0.029 for IL-32), suggesting that COX-2
and IL-32 not only played a significant role in Hp* gastritis,
but also in Hp* gastric lymphoma. In the gastric lymphoma
tissues, the Hp infection-induced inflammatory response iden-
tically upregulated the expression of COX-2 and IL-32.

The COX-2 enzyme mediates the inflammatory process and
is frequently overexpressed in various tumors (9,29). IL-32 is
a newly identified proinflammatory cytokine that is produced
by immune cells (10). Lee et al (14) showed that COX-2 and
IL-32 were evaluated in human papillomavirus-positive
cervical cancer. The overexpression of COX-2 resulted in
an increased IL-32 expression level, and this expression was
blocked by the application of the selective COX-2 inhibitor. In
the present study, IL-32 expression was significantly associ-
ated with COX-2 expression, which we hypothesize may mean
that IL-32 is inseparable from the expression of COX-2 when
it functions in the development of PGL. Further investigative
experiments should be performed in the future.

Based on previous studies, the contribution of COX-2 to
carcinogenesis is believed to be through the increase in the
production of prostaglandins, the conversion of procarcino-
gens to carcinogens, the inhibition of apoptosis, the promotion
of angiogenesis, the modulation of inflammation and immune
function, and the increase in tumor cell invasiveness (30).
Kato et al reported that COX-2 expression was significantly
correlated with the WHO grade and tumor progression of
meningioma (31). Al-Moundhri et al also suggested that
COX-2 expression was significantly correlated with lymph
node involvement and high microvascular density in gastric
cancer (32). In the present study, there was a significant asso-
ciation between COX-2 expression and an aggressive tumor
type, higher expression of Ki-67, frequent lymph node metas-
tasis and advanced stage, suggesting that the overexpression of
COX-2 was correlated with the formation and progression of
PGL. Ishigami et al reported that IL-32 was a poor prognostic
marker for gastric cancer and was positively correlated with
tumor depth and lymph node metastasis (33). The present
data demonstrated that IL-32 expression was significantly
correlated with frequent lymph node metastasis and advanced
stage, which further confirmed that COX-32 and IL-32 played
important roles in the development and progression of PGL.
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In the present study, the patients with high COX-2 and
IL-32 expression levels had a poor prognosis compared
with the patients with low COX-2 and IL-32 expression
levels, but the differences in the various groups showed no
statistical significance. Koh et al found that COX-2 was an
independent prognostic factor for OS in patients with Hodg-
kin's lymphoma (34), while Hazar et al found that there was no
significant correlation between COX-2 expression and survival
in lymphoma patients (23). Due to the limited sample size, the
correlation between COX-2 and IL-32 expression and survival
requires confirmation.

In conclusion, the present study found upregulated COX-2
and IL-32 expression in primary gastric B-cell lymphoma. This
study confirmed that COX-2 expression was associated with
IL-32 expression, and that expression of each was then corre-
lated with Hp infection in PGL patients. Furthermore, COX-2
and IL-32 expression may be important in the development of
PGL, but the reliability of the present results was restricted by
the sample size. The correlations between COX-2 and IL-32
expression and prognosis require further confirmatory trials.
The molecular basis for the expression of COX-2 and IL-32
and their roles in the transformation of Hp-associated gastritis
to gastric lymphoma requires future careful investigation in
follow-up studies.
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