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Relationship between 15-hydroxyprostaglandin
dehydrogenase and gastric adenocarcinoma
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Purpose: Prostaglandin E2 (PGE2) is a contributory carcinogen in gastric adenocarcinoma. 15-Hydroxyprostaglandin
dehydrogenase (15-PGDH] catabolizes PGE2 by oxidizing its 15(s)-hydroxy group. The aim of this study was to investigate
the expression of 15-PGDH in gastric adenocarcinoma tissue and the relationship between 15-PGDH expression and

clinicopathologic features of gastric adenocarcinoma.

Methods: Ninety-nine patients who underwent surgical resection for gastric adenocarcinoma between January 2007 and

December 2007 were enrolled and evaluated retrospectively.

Results: In 62 patients (62.6%), 15-PGDH expression was lower in gastric adenocarcinoma tissue than in nonneoplastic
tissue. Regarding the relationship between 15-PGDH expression and clinicopathological features, 15-PGDH expression
was significantly lower in tissues with poor differentiation (P = 0.002), advanced T stage (P = 0.0319), a higher number of
lymph node metastases (P = 0.045), lymphatic invasion (P = 0.031), and vascular invasion (P = 0.036).

Conclusion: 15-PGDH expression was associated with a subset of clinicopathologic features such as differentiation grade,

T stage, lymphatic invasion, and vascular invasion.
[Ann Surg Treat Res 2014;86(6):302-308]
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INTRODUCTION

Prostaglandin is a lipid-protein complex derived from ara-
chidonic acid that has various physiologic functions. Parti-
cularly, prostaglandin E2 (PGE2) is secreted from tumor cells
of epithelial origin and plays an important role in tumor
growth, including the modulation of neovascularization, tumor
invasion, and tumor metastasis [1,2].

Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme in the
production of PGE2 [1,3] and a relationship between COX-2
overexpression and tumor occurrence has been reported [4].
COX:-2 inhibitors prevent precancer lesion development and
malignant tumor occurrence by suppressing tumor growth and
neovascularization, as well as inducing apoptosis [5]. However,

the long-term use of COX-2 inhibitors can cause several
complications, including myocardial infarction and stroke.
Hence, most studies of COX-2 inhibitor use have been delayed
or interrupted [6,7].

Recently, studies seeking COX-2 inhibitor substitutes have
been conducted. Among them, studies concerning the use of
15-hydroxyprostaglandin dehydrogenase (15-PGDH) have gained
much attention. PGE2 is known to be a contributory carcinogen
in gastric adenocarcinoma. 15-PGDH catabolizes PGE2 by
oxidizing its 15(s)-hydroxy group [8]. 15-PGDH expression
is reduced in colon, breast, prostate, lung, and medullary
thyroid cancers [9-13]. Presently, several studies concerning the
relationship between gastric adenocarcinoma and 15-PGDH
expression have been performed, but conflicting results were
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reported [14-21].

The aim of this study was to investigate 15-PGDH expres-
sion in gastric adenocarcinoma tissue. Additionally, we re-
searched the possibility of 15-PGDH as a prognostic factor by
investigating the relationship between 15-PGDH expression and
clinicopathologic features, including stage, lymphatic invasion,
and vascular invasion, which are known prognostic factors of
gastric adenocarcinoma.

METHODS

Patients
A total of 273 patients underwent surgical resection for

gastric adenocarcinoma. Of these patients, 99 who underwent
D2 lymph node dissection and had preserved histopathologic
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samples, including cancerous and nonneoplastic tissues, were
enrolled between January 2007 and December. We conducted a
retrospective analysis of the clinicopathological features of the
patients in a prospectively collected gastric cancer database. We
identified the TNM stage of each tumor based on the American
Joint Committee on Cancer 7th edition [22].

Tissue microarray and immunohistochemical

analysis

Cancer cells were identified by analysis of hematoxylin and
eosin stained slides from the enrolled patients. Two main
tissue samples (each 2.0 mm in diameter) were obtained from
a chosen tissue paraffin block from the enrolled patients.
Recipient paraffin blocks were then made from the tissue.
Anti-human 15-PGDH rabbit polyclonal antibodies (1:300
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Fig. 1. Immunohistochemical stain for 15-hydroxyprostaglandin dehydronase (15-PGDH). Normal gastric glands express
15-PGDH (A, x100). Gastric cancer cells show variable expression of 15-PGDH: loss of expression (B, x100), preserved

expression (C, x100), and overexpression (D, x100).
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dilution; Cayman Chemical, Ann Arbor, MI, USA) were used
for immunopathological staining. A 4-um-thick tissue section
obtained from the tissue microarray block was cultivated in
Tris-ethylenediaminetetraacetic acid buffer (pH 8.0) at 99°C for
30 minutes.

The endogenous peroxidase activity of the tissue was re-
moved by treatment with hydrogen peroxide. The tissue sec
tions were processed using a UV blocker reagent (Ventana
Medical Systems, Tuscon, AZ, USA). The sections were next
cultivated at 37°C for 30 minutes, followed by cultivation with
an horseradish peroxidase multimer reagent (Ventana Medical
Systems) for 8 minutes. Finally, the tissue sections were
counterstained with Mayer's hematoxylin.

Immunohistochemical staining was performed using gastric
cancer lesions and nonneoplastic lesions. A skilled pathologist
then analyzed the stained tissue sections and scored 15-PGDH
expression using a 4-point system as follows: 0, no staining; 1,
dark-stained cytoplasm, <10% of the total cancer cells; 2, dark-
stained cytoplasm, 10%-90% of the total cancer cells; and 3,
dark-stained cytoplasm, >90% of the total cancer cells (Fig, 1).

Statistical analysis
Grade 0 or 1 15-PGDH expression that was lower in the gastric

adenocarcinoma tissue than in the nonneoplastic tissue was
classified as a loss of 15-PGDH expression. Grade 2 15-PGDH
expression that was similar in the gastric adenocarcinoma and
nonneoplastic tissues was classified as moderate 15-PGDH
expression. Grade 3 15-PGDH expression that was higher in the
gastric adenocarcinoma tissue than in the non-neoplastic tissue
was classified as an increase in 15-PGDH expression,

Statistical tests were performed using SAS ver. 9.2 (SAS
Institute Inc., Cary, NC, USA). An analysis of variance or the
Kruskal-Wallis method was used for continuous variable
analysis. A chi-squared test or Fisher exact test was used for
categorical variables. A P-value < 0.05 was deemed to indicate
statistical significance.

RESULTS

Clinicopathologic characteristics of the enrolled

patients
The sex ratio of the 99 patients who were enrolled was 75%

male and 25% female. The mean age was 613 years (range, 36—
84 years). Regarding the types of surgery that were performed,
70 patients underwent radical subtotal gastrectomy (70.7%),
while 29 patients underwent radical total gastrectomy (29.3%).
Patients with negative microscopic resection margins comprised
07 cases (97.98%), while patients with positive microscopic
resection margins included 2 cases (2.02%).

Concerning the differentiation grade, 1 patient (1.01%) had
papillary adenocarcinoma, 13 patients (13.13%) had well-dif-

Table 1. Clinicopathologic characteristics of 99 gastric
cancer patients

Characteristic Value

Sex

Male 74 (74.74)

Female 25 (25.26)
Age (yr), mean (range) 61.34 (36-84)
Operation method

RSG 70 (70.70)

RTG 29 (29.30)
Curativeness

Curative 97 (97.98)

Palliative 2 (2.02)
Differentiation grade

Papillary adenocarcinoma 1(1.01)

WTA 13 (13.13)

MTA 33 (33.34)

PTA 21 (21.21)

Mucinous adenocarcinoma 1(1.01)

Signet ring cell carcinoma 30 (30.30)
T stage

T1 4 (44.45)

T2 2(12.12)

T3 9 (29.29)

T4 4(14.14)
N stage

NO 59 (59.60)

N1 13 (13.13)

N2 9 (9.09)

N3 18 (18.18)
TMN stage

| 53 (53.54)

1l 17 (17.17)

1 27 (27.27)

\Y% 2(2.02)
Lymph node metastasis

Absence 59 (59.60)

Presence 40 (40.40)
Lymphatic invasion

Absence 52 (52.52)

Presence 47 (47.48)
Vascular invasion

Absence 54 (54.55)

Presence 45 (45.45)
Neural invasion

Absence 57 (57.58)

Presence 42 (42.42)

Values are presented as number (%) unless otherwise indicated.
RSG, radical subtotal gastrectomy; RTG, radical total gastrec-
tomy; WTA, well differentiated tubular adenocarcinoma; MTA,
moderate differentiated tubular adenocarcinoma; PTA, poorly
differentiated tubular adenocarcinoma.
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ferentiated tubular adenocarcinoma, 33 patients (33.33%) had
moderately differentiated tubular adenocarcinoma, 21 patients
(21.21%) had poorly differentiated tubular adenocarcinoma, 1
patient (1.01%) had mucinous adenocarcinoma, and 30 patients
(30.30%) had signet ring cell carcinoma.

Regarding the T stage, 44 patients (44.45%) had T1, 12 patients
(12.12%) had T2, 29 patients (29.29%) had T3, and 14 patients
(14.14%) had T4 disease. Concerning the N stage, 59 patients
(59.60%) had NO, 13 patients (13.13%) had N1, 9 patients (9.09%)
had N2, and 18 patients (18.18%) had N3 disease. Regarding the
TNM stage, 53 patients (53.54%) had stage 1, 17 patients (17.17%)
had stage 11, 27 patients (27.27%) had stage 111, and 2 patients
(2.02%) had stage IV disease.

Concerning invasion, 52 patients (52.52%) had lymphatic in-
vasion, 54 (5455%) had vascular invasion, and 57 (5758%) had
neural invasion (Table 1).

Immunohistochemical staining
A total of 62 patients (62.63%) showed no or low-level 15-

PGDH expression (no expression: 22 cases; low-level expression:
40 cases), 27 patients (27.27%) showed moderate 15-PGDH
expression, and 10 (1 patient, 0.1%) showed high-level 15-PGDH
expression.

The relationship between clinicopathologic charac-

teristics and 15-PGDH expression
No correlation was found between 15-PGDH expression and

sex (P = 0.472) and between 15-PGDH expression and age (P
= 03153). A low differentiation grade and low-level 15-PGDH
expression were significantly correlated (P = 0.002). A high T
stage and low-level 15-PGDH expression were also significantly
correlated (P = 0.032); however, low-level 15-PGDH expression
was not significantly correlated with N stage (P = 0.109)
and TNM stage (P = 0.166). Lymph node metastasis tends to
increase 15-PGDH expression, but no significant correlation was
noted between lymph node metastasis and 15-PGDH expression
(P = 0.060). A significant correlation was found between the
number of lymph node metastases and 15-PGDH expression (P
= 0.045). 15-PGDH expression was significantly lower in tissues
with lymphatic invasion (P = 0.031) and vascular invasion (P
= 0.036). Neural invasion was also correlated with low-level 15-
PGDH expression, but no statistical significance was noted (P =

0.059) (Tables 2, 3).

DISCUSSION

The relationship between gastric adenocarcinoma and
overexpression of COX-2, which is the rate-limiting enzyme
in prostaglandin production, has been reported in the
literature [23-26]. However, the relationship between gastric
adenocarcinoma and the expression of 15-PGDH, which
catabolizes prostaglandins to a reduced 15-keto metabolite by
oxidation of the 15(s)-hydroxy group, remains controversial.
According to an existing study, 15-PGDH is related to tumor
suppression, and 15-PGDH expression is decreased in lung,
colon, breast, and prostate cancers [79-12].

Tatsuwaki et al. [14] reported 15-PGDH expression in 37 of
71 gastric adenocarcinoma cases (50.7%), and the survival rate
with 15-PGDH expression was higher than that without 15-
PGDH expression (P = 0.05). Jang et al. [17] analyzed 28 normal
and 28 gastric cancer tissue samples and reported that 15-PGDH
was overexpressed in normal tissue compared with gastric
adenocarcinoma tissue (P < 0.05). In the present study, 15-
PGDH expression in 62 of 99 gastric adenocarcinoma patients
(62.6%) was lower than that in normal tissue. Contrary to these
reports, Yoo et al. [16] reported 15-PGDH expression in 54 of 60
gastric adenocarcinoma cases (90%).

Conflicting results have been reported concerning the rela-
tionship between 15-PGDH expression and clinicopathologic
features. Yoo et al. [16] reported that 15-PGDH expression was
not associated with clinicopathologic features such as age,
sex, lymph node metastasis, TNM stage, and differentiation.
Additionally, Thiel et al. [18] reported low-level expression
of 15-PGDH in gastric adenocarcinoma and that 15-PGDH
expression was not associated with clinicopathologic features.
Contrary to these reports, Liu et al. [19] reported that 15-PGDH
expression was associated with differentiation, TNM stage, and
lymph node metastasis. Tatsuwaki et al. [14] and Lou et al. [20]
reported that 15-PGDH was associated with differentiation and
stage.

In the current study, 15-PGDH expression was significantly
lower in tissues with poor differentiation and advanced T stage.
Tissues with lymph node metastasis showed a trend toward
lower 15-PGDH expression, and 15-PGDH expression was

Table 2. The relationship of clinicopathologic characteristics with 15-PGDH expression (continuous variable)

Variable
Low (n = 62)
Age (yr) 61.27 +10.75
No. of lymph node metastasis 4.81 £8.99

Values are presented as mean =+ standard deviation.
15-PGDH, 15-hydroxyprostaglandin dehydrogenase.

15-PGDH expression

P-value

Moderate (n = 27) High (n = 10)
59.89 +9.58 65.70 £ 8.96 0.3153
1.07 £3.22 1.70 £2.75 0.0452
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Table 3. The relationship of clinicopathologic characteristics with 15-PGDH expression (categorical variable)

Parameter
Low (n =62)
Sex
Male (n = 74) 4 (59.46)
Female (n = 25) 18 (72.00)
Differentiation grade
Papillary adenocarcinoma (n=1) 0(0)
WTA (n = 13) 3 (23.08)
MTA (n = 33) 19 (57.58)
PTA (n=21) 15 (71.43)
Mucinous carcinoma (n = 1) 0 (0)
Signet ring cell carcinoma (n = 30) 25 (83.33)
T stage
T1 (n = 44) 21 (47.73)
T2 (n=12) 7 (58.33)
T3 (n =29) 23(79.31)
T4 (n=14) 11 (78.57)
Lymph node metastasis
Absence (n = 59) 32 (54.24)
Presence (n = 40) 30 (75)
N stage
NO (0) (n =59) 32 (54.24)
1(1-2) (n=13) 9 (69.23)
2(3-6)(n=9) 5 (55.56)
3(>7)(n=18) 16 (88.89)
TNM stage
I (n=53) 7 (50.94)
IH(n=17) 2 (70.59)
I (n=27) 1(77.78)
IV (n=2) 2 (100)
Lymphatic invasion
Absence (n = 52) 27 (51.92)
Presence (n = 47) 35 (74.47)
Vascular invasion
Absence (n = 54) 28 (51.85)
Presence (n = 45) 34 (75.56)
Neural invasion
Absence (n = 57) 30 (52.63)
Presence (n = 42) 32 (76.19)

Values are presented as number (%).

15-PGDH expression

P-value
Moderate (n = 27) High (n = 10)
0.4729
1(28.38) 9(12.16)
6 (24.00) 1 (4.00)
0.0020
1 (100) 0(0)
8 (61.54) 2 (15.38)
9(27.27) 5(15.15)
5(23.81) 1(4.76)
0 (0) 1 (100)
4(13.33) 1(3.33)
0.0319
19 (43.18) 4 (9.09)
2 (16.67) 3 (25)
4(13.79) 2(6.9)
2 (14.29) 1(7.14)
0.0605
1(35.59) 6 (10.17)
6 (15) 4 (10)
0.1095
21 (35.59) 6(10.17)
2 (15.38) 2 (15.38)
3(33.33) T(11.11)
1(5.56) 1(5.56)
0.1666
20(37.74) 6(11.32)
4(23.53) 1(5.88)
3(11.11) 3(11.11)
0(0) 0(0)
0.0310
20 (38.46) 5(9.62)
7 (14.89) 5 (10.64)
0.0363
20 (37.04) 6(11.11)
7 (15.56) 4 (8.89)
0.0599
20 (35.09) 7 (12.28)
7 (16.67) 3(7.14)

15-PGDH, 15-hydroxyprostaglandin dehydrogenase; WTA, well differentiated tubular adenocarcinoma; MTA, moderate differentiated
tubular adenocarcinoma; PTA, poorly differentiated tubular adenocarcinoma.

significantly lower in tissues with a higher number of lymph
node metastases. However, no significant correlation was found
between 15-PGDH expression and clinicopathologic features
such as N stage and TNM stage. These results are unexpected
because 59.9% of the cancerous tissues were from patients with
early gastric cancer without lymph node metastasis.

Therefore, further study of tissues from advanced gastric
cancer patients, particularly those with lymph node metastasis,
is necessary.

In the present study, we investigated the correlation between
15-PGDH expression and clinicopathologic features such as
lymphatic invasion, vascular invasion, and nerve invasion.
15-PGDH expression was significantly lower in tissues with
lymphatic invasion and vascular invasion. No significant
correlation was found between 15-PGDH expression and nerve
invasion, but 15-PGDH expression tended to be lower with
nerve invasion.

The expression of 15-PGDH was associated with clinico-
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pathologic features such as differentiation grade, T stage,
lymphatic invasion, and vascular invasion.

In gastric adenocarcinoma, T stage, lymphatic invasion, and
vascular invasion are known to be prognostic factors [27-30]. If
the survival rate of the patients in this study were investigated
further, 15-PGDH may be considered a prognostic factor.

In conclusion, in 62.6% of the patients with gastric adeno-
carcinoma, 15-PGDH expression was significantly lower in
gastric adenocarcinoma tissues than in nonneoplastic tissues.

Concerning the relationship between the expression of 15-
PGDH and clinicopathological features, 15-PGDH expression was
significantly correlated with T stage, lymphatic invasion, and
vascular invasion, which are known prognostic factors of gastric
adenocarcinoma. Expression of 15-PGDH is also considered to

be a prognostic factor. However, the present study is limited
in that 59.9% of the patients were early gastric cancer patients,
and the survival rates of these patients were not investigated.
Future studies concerning the relationship between 15-PGDH
expression and gastric adenocarcinoma, the role of 15-PGDH
as a gastric prognostic factor, and the relationship between 15-
PGDH and the survival rate of gastric adenocarcinoma patients
are necessary.
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