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Abstract. Persistent infection with Helicobacter  pylori 
may contribute to the carcinogenesis of gastric cancer 
through modulating local prostaglandin E2 (PGE2) levels. 
Cyclooxygenase‑2 (COX‑2) and 15‑hydroxy prostaglandin 
dehydrogenase (15‑PGDH) are two key enzymes that regulate 
PGE2 synthesis and inactivation, respectively. The present 
study was designed to investigate the expression of COX‑2 and 
15‑PGDH in gastric cancer specimens (n=66) in comparison 
to that of control specimens (n=70) and, furthermore, to 
semi‑quantitatively assess the level of COX‑2 and 15‑PGDH 
mRNA and protein in tissues with or without H. pylori infec-
tion by reverse transcription‑polymerase chain reaction and 
immunohistochemistry, respectively. It was revealed that 
COX‑2 was expressed in almost all gastric cancer specimens 
infected with H. pylori (32 out of 33 specimens), but it was also 
expressed in 2/3 gastric cancers without H. pylori infection 
(22 out of 33 specimens). By contrast, COX‑2 was expressed 
in <1/6 control subjects regardless of H. pylori infection. 
Furthermore, 15‑PGDH was expressed in control samples 
but significantly downregulated in gastric cancer specimens. 
H. pylori infection resulted in slight inhibition of 15‑PGDH in 
control subjects, but significant inhibition of 15‑PGDH mRNA 
expression and protein synthesis in the gastric cancer speci-
mens. These findings indicated that COX‑2 and 15‑PGDH, 
the two enzymes that regulate PGE2 levels, were significantly 
altered in gastric cancer, and that H. pylori may contribute 
to gastric carcinogenesis through modulating COX‑2 and 
15‑PGDH mRNA expression and protein synthesis. 

Introduction

Helicobacter pylori is a gram‑negative, spiral‑shaped bacte-
rium present in the human stomach. It is estimated that 
H. pylori infects ~50% of the world's population, and it is a risk 
factor not only for the pathogenesis of chronic gastritis and 
peptic ulcer disease (1), but has also been classified as a carcin-
ogen by the World Health Organization (2). Chronic infection 
with H. pylori results in prolonged inflammation which is 
mediated by inflammatory mediators, including cytokines and 
prostaglandin E2 (PGE2) (3). In this regard, upregulation of the 
inducible type of cyclooxygenase‑2 (COX‑2) (4) and elevated 
levels of pro‑inflammatory cytokines (1) have been observed 
in the gastric mucosa of patients with H. pylori infection.

COX‑2 is a key rate‑limiting and inducible enzyme respon-
sible for the formation of prostanoids and thromboxanes (5). 
PGE2 is the main prostanoid generated from arachidonic 
acid, catalyzed by COX‑2, and it exerts physiological as well 
as pathological effects through prostaglandin receptors (6,7). 
Elevation of PGE2 has been observed in multiple types of 
cancer and is associated with tumor growth and angiogen-
esis (7,8). PGE2 levels are regulated not only by its synthetic 
enzyme, COX‑2, and microsomal prostaglandin synthase 
(mPGES), but also by its degrading enzyme, 15‑hydroxy 
prostaglandin dehydrogenase (15‑PGDH) (9). 15‑PGDH is the 
key enzyme that inactivates PGE2 by catalyzing the oxidation 
of its 15 (S)‑hydroxy group, which results in the formation of 
inactive 15‑keto metabolites (10). Consistent with its function 
of regulating the local concentration of PGE2, studies have 
demonstrated that 15‑PGDH is expressed in normal colonic 
epithelial cells, but transcription of 15‑PGDH mRNA is lost in 
the majority of colon cancers (10‑12).

Although the incidence of gastric cancer is declining, it 
remains the fourth most common cancer and the second leading 
cause of cancer‑associated mortality globally (13). Multiple 
factors may be involved in the carcinogenesis of gastric cancer, 
including genetics and environmental factors. H. pylori is one 
of the most important environmental risk factors for gastric 
malignancies (13,14). Persistent inflammation in response to 
H. pylori infection is hypothesized to contribute to tumor cell 
proliferation and metastasis, and to affect survival (15,16). 
While the molecular mechanisms of gastric tumors remain 
poorly understood, modulation of COX‑2 expression and 
15‑PGDH mRNA, and the resultant elevated local PGE2 
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levels, may be responsible for H. pylori‑associated carcino-
genesis. Therefore, prostaglandins, particularly PGE2, may 
be involved in maintaining gastric mucosal integrity through 
regulating gastric mucosal blood flow, kinetics of epithelial 
cells, synthesis of mucus and inhibition of gastric acid secre-
tion (17). By contrast, PGE2 transactivates epidermal growth 
factor receptor and initializes mitogenic signal transduction 
in gastric epithelial and colon cancer cells  (18), by which 
mechanism PGE2 may trigger carcinogenesis and proliferation 
of gastrointestinal cancers.

In the present study, the expression of COX‑2 and 15‑PGDH 
was investigated in gastric cancer specimens in comparison 
with normal tissues, and the levels of these enzymes were 
analyzed by grouping the samples with or without H. pylori 
infection.

Materials and methods

Study population. The present study enrolled a total of 
66 patients who had received surgical resection of gastric 
cancer at the Second Affiliated Hospital of Tianjin Medical 
University (Tianjin, China) between January 2011 and August 
2012, in order to study the potential involvement of H. pylori 
in the development of gastric cancer. Of these patients, 38 
(57.6%) were male; the average age was 65.8 (range, 35‑85) 
years; 23 patients were tumor node metastasis (TNM) stage I 
and II; 43 were TNM stage III and IV (19); and 44 patients had 
lymph node metastasis. In comparison, 70 patients who had 
no atrophic gastritis (as evidenced by gastric tissue biopsies) 
were also enrolled into the present study. Of these patients 
32 patients were male, with an average age of 39.7 (range, 
20‑60) years. All the enrolled patients had no history of 
using non‑steroid anti‑inflammation drugs, antibiotics within 
4 weeks of the study, anti‑acid drugs or bismuth. Written 
consent was obtained from all patients and the study protocol 
was approved by the Ethics Committee of The Tianjin Medical 
University (Tianjin, China).

Determination of H. pylori infection. H. pylori infection was 
determined prior to surgery by the 14C‑urea breath test (3).

Tissue specimen collection and immunohistochemistry. The 
tissues obtained via surgical resection from cancer patients 
and via biopsy from control subjects were fixed with 10% 
formalin, paraffin‑embedded and sectioned (4 µm). The slides 
were deparaffinized with xylene and then gradually rehydrated 
with 100, 95, 85 and 75% ethanol followed by water. Following 
antigen retrieval with 10 mM citrate buffer (pH 6.0) at 96˚C 
for 20 min and non‑specific blocking with normal goat serum 
(Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, 
China) at room temperature for 1 h, the tissue slides were 
allowed to react with monoclonal anti‑COX‑2 (cat no. 160112; 
dilution, 1:100) and anti‑15‑PGDH (cat no. 160615; dilution 
1:200) (both from Cayman Chemical, Ann Arbor, MI, USA) 
overnight at 4˚C. Following incubation with horseradish perox-
idase‑conjugated second antibody (1:1,000; cat no. ZB‑2301; 
ZSGB‑Bio Co., Ltd., Beijing, China) at room temperature for 
20 min, the slides were developed with 3,3'‑diaminobenzidine 
solution (ZSGB‑Bio Co., Ltd.), followed by counterstaining 
with hematoxylin. Samples were examined under a light 

microscope (BX41; Olympus Corporation, Tokyo, Japan) and 
≥5 random fields were captured.

All slides were reviewed and scored by one gastrointestinal 
pathologist. For 15‑PGDH, the number of cells with positive 
15‑PGDH was scored under 5 high power field (magnification, 
x400) as follows: 0, <5% cells positively stained; 1, 5‑25% cells 
positively stained; 2, 25‑50% cells positively stained; 3, 50‑75% 
cells positively stained; and 4, >75% cells positively stained. 
COX‑2 staining >10% was considered to be a positive sample 
of COX‑2 expression. 15‑PGDH was semi‑quantitatively 
scored by counting positive cell number as well as intensity of 
positive staining as follows: 1, light brown; 2, brown; 3, dark 
brown. Total 15‑PGDH positive staining score was calculated 
as follows: Score by positive cell number x score intensity of 
positive staining.

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
Expression of 15‑PGDH mRNA was determined by RT‑PCR. 
Briefly, total RNA was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and quantified using a spectrometer. Sequences of the 
primers were as follows: 15‑PGDH forward, 5'‑GCT​GAC​CAG​
CAA​CAA​CTG​AGA‑3' and reverse, 5'‑CTG​GAC​AAA​TGG​
CAT​TCA​GTC‑3'; and β‑actin forward, 5'‑CTG​GGA​CGA​
CAT​GGA​GAA​AA‑3' and reverse, 5'‑AAG​GAA​GGC​TGG​
AAG​AGT​GC‑3'. Briefly, cDNA was synthesized using 1 µg 
total RNA with the RT kit (Aoke Biology Research Co., Ltd., 
Beijing, China). PCR was then performed using a commer-
cially available kit (Aoke Biology Research Co., Ltd.). RT‑PCR 
was performed according to the manufacturer's protocol (Aoke 
Biology Research Co., Ltd.). The thermocycling conditions 
performed were as follows: 95˚C for 5 min, 94˚C for 30 sec, 
57˚C for 30 sec, and 72˚C for 30 sec; total 30 cycles followed 
by 72˚C for 10 min.

Statistical analysis. Data were analyzed by SPSS 17.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Quantitative data was 
expressed as the mean ± standard deviation. Paired data was 
analyzed by Student's t‑test. Event occurrence was examined 
by the χ2 test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinical features of patients with or without H. pylori infection. 
Of the 66 patients with gastric cancer, 33 (50%) were infected 
with H. pylori, while 38 (54.3%) of the 70 control subjects had 
H. pylori infection. No significant difference was observed in 
age and gender between the patients with or without H. pylori 
infection (P>0.05; Table I).

Comparison of COX‑2 positivity in patients with gastric 
cancer with or without H. pylori infection. COX‑2 protein 
was detectable in 14.3% (10/70) of control subjects, while 
it was detectable in 81.8% (54/66) of patients with gastric 
cancer, and was significantly increased compared with the 
control (P<0.01;  Fig.  1). Of the 66  patients with gastric 
cancer, 33 were positive and 33 were negative for H. pylori 
infection. COX‑2 was positively expressed in 32/33 (97%) 
patients with H. pylori infection, while it was positively 
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expressed in 22/33 (66.7%) patients without H. pylori infec-
tion (P<0.01; Table II).

In addition, COX‑2 protein levels were significantly 
increased in patients with gastric cancer with lymphatic 
metastasis [100% (23/23) patients with, and 76.2% (16/21) 
without H. pylori infection; Table III] compared with patients 
without lymphatic metastasis [80% (8/10) patients with, and 
58.3% (7/12) without H. pylori infection; P<0.01; Table III].

However, patients had a similar positive rate of COX‑2 
expression in stage  III‑IV gastric cancer [100% (22/22) 
patients with H. pylori infection and 66.7% (14/21) without 
H. pylori infection; Table IV] compared with that in stage I‑II 
gastric cancer [91% (10/11) patients with H. pylori infection 
and 66.7% (8/12) without H. pylori infection; Table IV].

Comparison of 15‑PGDH mRNA and protein expression in 
patients with gastric cancer with or without H. pylori infection. 
15‑PGDH protein was detectable by immunostaining in the 
control subjects (Fig. 2), and no difference was observed in 
the protein level of 15‑PGDH in the control subjects with 
(10.02±1.24) or without (11.54±1.40) H.  pylori infection 
(P>0.05; Table II). Similarly, no difference was observed in 
the expression of 15‑PGDH mRNA between control subjects 
with (2.72±1.20) or without (3.03±1.32) H. pylori infection 
(P>0.05;  Table  II). However, expression levels of mRNA 
and protein of 15‑PGDH in the patients with gastric cancer 

were significantly reduced compared with normal subjects 
(P<0.01; Figs. 2 and 3). In addition, patients with H. pylori 
infection had a more significant decrease in 15‑PGDH mRNA 
(0.68±0.31) and protein (1.10±0.47) compared with patients 
without the bacterial infection (1.09±0.51, mRNA; 2.10±0.78, 
protein; P<0.01; Table II).

Expression levels of 15‑PGDH mRNA and protein 
were lowest in the patients with lymphatic metastasis and 
bacterial infection (0.18±0.07 for mRNA and 0.46±0.19 for 
protein; Table III), and were significantly lower compared with 
patients without lymphatic metastasis but with bacterial infec-
tion (0.56±0.23, mRNA; 1.12±0.50, protein; P<0.01; Table III) 
or patients with lymphatic metastasis but without bacte-
rial infection (0.44±0.20, mRNA; 0.90±0.40, protein; 
P<0.01; Table III). Expression of 15‑PGDH mRNA and protein 
was highest in the patients without lymphatic metastasis and 
negative infection of H. pylori (1.02±0.45, mRNA; 1.78±0.80, 
protein; P<0.01; Table III), which were significantly different 
from the other three groups (P<0.01; Table III).

Similarly, late stage patients with H. pylori infection had 
the lowest mRNA and protein levels of 15‑PGDH (0.27±0.11, 
mRNA; 0.81±0.36, protein), which were significantly lower 
compared with stage  I‑II patients with bacterial infection 
(0.69±0.26, mRNA; 1.79±0.83, protein; P<0.01; Table IV) or 
stage III‑IV patients without bacterial infection (0.42±0.17, 
mRNA; 1.32±0.53, protein; P<0.01; Table IV). Expression of 

Table I. Characteristics of the control patients and patients with gastric cancer with or without H. pylori infection. 

	 H. pylori‑positive, n	 H. pylori‑negative, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 GC	 Con	 GC	 Con	 χ2 (GC/Con)	 P‑value

Age (years)					     0.32/0.23	 >0.05
  <60	 11	 28	 12	 24		
  >60	 22	 10	 21	   8		
Sex					     0.29/0.03	 >0.05
  Male	 21	 17	 17	 15		
  Female	 12	 21	 16	 17		

H. pylori, Helicobacter pylori; GC, gastric cancer; Con, control. 

Figure 1. Cyclooxygenase‑2 protein expression in (A) normal and (B) gastric cancer specimens, as detected by immunostaining. Images presented are repre-
sentative of n=38 (control) and n=33 (gastric cancer). Magnification, x100.
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15‑PGDH mRNA and protein was highest in the stage I‑II 
patients without bacterial infection (1.07±0.46, mRNA; 
2.47±1.10, protein) and were significantly increased compared 
with the other three groups (P<0.05; Table IV).

Discussion

Chronic inflammation is involved in the development of 
cancer. Bacterial infection of the gastrointestinal tract may 
trigger inflammation through elevating PGE2. COX‑2 and 
15‑PGDH are two crucial enzymes that synthesize and 
degrade PGE2, respectively. In order to investigate the expres-
sion of COX‑2 and 15‑PGDH and its potential association with 
H. pylori infection in gastric cancer, 33 patients with gastric 
cancer with H. pylori infection and 33 patients with gastric 
cancer without the bacterial infection were enrolled in the 
present study. COX‑2 protein was detectable by immunohis-
tochemistry in almost all the gastric cancer samples infected 
with H. pylori, and by contrast it was detectable in <2/3 of 
the patients without H. pylori infection. In contrast to gastric 
cancer samples, COX‑2 was positively expressed in <1/6 of 
control subjects regardless of H. pylori infection. However, the 
PGE2 degrading enzyme, 15‑PGDH, was expressed in control 
samples, but its expression was markedly suppressed in gastric 
cancer samples. H. pylori infection resulted in slight inhibi-
tion of 15‑PGDH in control subjects, but significant inhibition 
of 15‑PGDH mRNA levels and protein synthesis in patients 
with gastric cancer. These findings indicated that enzymes 
that regulate PGE2 levels were significantly altered in gastric 
cancer, and that H. pylori may be involved in modulating the 
synthesis of COX‑2 and 15‑PGDH.

Previous studies have indicated that 15‑PGDH acts as 
a tumor suppressor in multiple types of tumors, including 
breast, lung, colon, thyroid and pancreatic cancers (12,20‑23). 
Song et al (24) reported that 15‑PGDH was not expressed in 
70.1% of gastric cancer specimens. In addition, Ryu et al (11) 
reported that 15‑PGDH was suppressed in patients with mild 
gastritis who were positive for H. pylori infection. Consistently, 
the present study demonstrated that expression of 15‑PGDH 
mRNA and protein was significantly suppressed in gastric 
cancer samples compared with control samples, and infec-
tion with H. pylori resulted in additional downregulation of 
15‑PGDH mRNA and protein levels. These findings indicated 
that H. pylori infection may trigger carcinogenesis of stomach 
cancer by elevating PGE2 levels through modulating expres-
sion of 15‑PGDH.

Previous studies have also demonstrated that gastric 
tumors may be induced by activated macrophages in trans-
genic mice overexpressing COX‑2 and the PGE2‑converting 
enzyme microsomal prostaglandin E synthesis (25), and that 
COX‑2 was induced by H. pylori infection (26,27). A signifi-
cant upregulation of COX‑2 was also previously identified in 
>70% of gastric cancer specimens, and this was reversed when 
H. pylori was eliminated  (28). The present study revealed 
that COX‑2 was expressed in >80% (54/66) gastric cancer 
specimens, and the patients with H. pylori infection had a 
significantly increased positive rate of COX‑2 expression 
compared with patients without H. pylori infection, indicating 
that the activation of prostaglandin synthesis may mediate 
H. pylori‑induced gastric cancer.
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PGE2 levels are controlled not only by PGE2 synthesis 
through inducible enzymes, including COX‑2 and mPGES‑1/2, 
but also by the PGE2 inactivating enzyme 15‑PGDH. Notably, 
the present analysis of gastric cancer specimens and control 
subjects revealed that H. pylori infection was associated with 
not only significant downregulation of 15‑PGDH, but also 
upregulation of COX‑2. In the present study, upregulation of 
COX‑2 and suppression of 15‑PGDH was demonstrated, indi-
cating that elevated PGE2 levels in the pathogenesis of gastric 
cancer are a consequence of not only increased synthesis 
through upregulating COX‑2 but also reduced degradation by 
suppressing 15‑PGDH. Therefore, in addition to antibiotics for 
eradication of H. pylori infection, medicines targeting PGE2 

levels through inhibiting COX‑2 or stimulating 15‑PGDH may 
be an effective strategy. In this regard, drugs that decrease the 
risk of colon carcinogenesis by inhibiting COX‑2 have been 
tested in clinical trials, however, these drugs are problematic 
due to their unfavorable cardiovascular side effects (29). Thus, 
a strategy of combining H. pylori eradication and expression 
of 15‑PGDH in the gastrointestinal tract may be an effective 
way to prevent gastric carcinogenesis.

Taken together, the present study demonstrated that 
COX‑2 was expressed in almost all gastric cancers infected 
with H. pylori, but it was also expressed in <2/3 of gastric 
cancers without H. pylori infection. In addition, COX‑2 was 
positively expressed in <1/6 of control subjects regardless of 
H. pylori infection. By contrast, 15‑PGDH was expressed in 
control samples and it was markedly downregulated in gastric 
cancer samples. H. pylori infection resulted in slight inhibi-
tion of 15‑PGDH in control subjects, but significant inhibition 
of 15‑PGDH mRNA expression and protein synthesis in the 
patients with gastric cancer. These findings indicated that 
COX‑2, which elevates PGE2 levels and 15‑PGDH, which 
decreases PGE2 levels, are significantly altered in gastric 
cancer, and that H. pylori may modulate COX‑2 and 15‑PGDH 
mRNA expression and protein synthesis.
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