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Summary

Purpose: To investigate the correlation between metasta-
sis of colon cancer and the single nucleotide polymorphism 
(SNP) rs2555639 in nicotinamide adenine dinucleotide 
(NAD)+-dependent 15-hydroxyprostaglandin dehydrogenase 
(15-PGDH) (rs2555639).

Methods: We investigated the genotyping of peripheral 
blood genomic DNA in patients using the TaqMan probe 
method. The relationship between the genotype of 15-
PGDH (rs2555639) and metastasis of colon cancer was
analyzed.

Results: We noticed that rs2555639 TT polymorphism 
was significantly correlated with the susceptibility to colon 
cancer metastasis. Also, in the stratified analysis, we found 
similar results.

Conclusion: Our data suggested that the rs2555639 T al-
lele is associated with increased risk of metastasis of colon 
cancer, which can be used as an indicator for colon cancer 
metastasis.
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Introduction

	 Metastatic colon cancer is one of the most 
common malignant tumors in China [1-3]. NAD+-
dependent 15-hydroxyprostaglandin dehydro-
genase (15-PGDH), an enzyme involved in pros-
taglandin (including PGE2) bio-inactivation, is 
lowly-expressed in several epithelial malignan-
cies including metastatic colon cancer [4-6]. The 
enzyme is important in regulating the biological 
activity of prostaglandin [7]. Although its role in 
the suppression of colon tumorigenesis has been 
reported, little is known about the role of 15-PGDH 
in the process of tumor metastasis [8]. 
	 Recent studies have suggested that the T allele 
in the SNP of 15-PGDH (rs2555639) is a risk fac-
tor for the occurrence of colon cancer and patients 
with such genotype have shown low expression 

of 15-PGDH [9]. In this study we investigated the 
relationship between 15-PDGH rs2555639 gene 
polymorphism and metastatic colon cancer and 
analyzed the relationship between genotype and 
metastatic colon cancer for providing guidance for 
clinical treatment.

Methods 

Ethical statements and patients 

	 The patients with colon cancer treated at the De-
partment of Gastroenterology, Shanxi Provincial Cancer 
Hospital from June 2014 to April 2016 were retrospec-
tively analyzed. All patients were diagnosed according to 
clinical and pathological data. Ninety-five patients with 
colon cancer (51 men and 44 women), aged from 43 to 76 
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years (mean 52) were studied. This study was approved 
by the Ethical Committee of Shanxi Provincial Cancer 
Hospital, and performed according to the principles of 
the Declaration of Helsinki. All the patients gave written 
informed consent to participate in the study.

DNA extraction and genotyping

	 Total DNA from patient peripheral blood was 
extracted with DNA Extraction Kits (Tiangen, Bei-
jing, China) according to the instructions of the 
manufacturer. The rs2555639 polymorphism was 
performed by Taqman probe method according to 
previous report using Applied Biosystems ViiA™ 7 
Real-Time PCR System [10]. The probe sequence was 
as follows: GATCCCGGAACCGGAATTGTCTCCCC/
TTGGCGTTCCGGAAGTAGAAGCAGAG.

Statistics

	 All statistical analyses were performed using SPSS 
version 21.0 (IBM). The non-metastatic group was used 
as control group and the Hardy-Weinberg equilibrium 
(HWE) was measured by chi square (x2) test. Compari-
sons between metastatic cases and control group were 
analyzed by chi-square test. Odds ratios (OR) and 95% 
confidence intervals (95% CI) for colon cancer metastasis 
and the association with SNP rs2555639 were assessed 
by binary logistic regression analysis and adjusted by 
age, gender and primary site. P value less than 0.05 was 
considered statistically significant.

Results

	 The study was consisted of 60 non-metastatic 
colon cancer patients and 35 patients with metas-
tasis. The non-metastasis control group was quan-
tified by Hardy-Weinberg equilibrium (x2=0.931, 
p=0.335). The demographic data of each group as 
well as the clinical data are shown in Table 1.
	 The allele frequencies for rs2555639 were de-
termined in metastatic colon cancer patients and 
controls. The frequencies of rs2555639 C allele in 
the controls was 55.0% compared with 32.9% in 
metastatic patients (p=0.004). Moreover, we found 
a significant association between rs2555639 TT 
polymorphism and the susceptibility to colon can-
cer metastasis (OR=7.798, 95% CI=1.837-33.096, 
p=0.005). Also, we assessed the data using the 
dominant model (OR=2.680, 95% CI=1.066-6.740, 
p=0.036) and the recessive model (OR=5.480, 95% 
CI=1.468-20.458, p=0.011), which was coincident 
as shown in Table 2.
	 In addition, the association between rs2555639 
and the susceptibility to colon cancer metastasis 
were further evaluated by stratified analysis of clin-
ical features including age, gender, primary cancer 
site, T stages, N stages and received chemotherapy 
or not. As shown in Table 3, there was no obvious 

Characteristics Non-metastatic patients 
n (%)

Metastatic patients
n (%)

p value

No. patients 60 35

Age (years) 0.719

≤60 32 (53.3) 20 (57.1)

>60 28 (46.7) 15 (42.9)

Gender 0.234

Male 35 (58.3) 16 (45.7)

Female 25 (41.7) 19 (54.3)

Primary site 0.654

Colon 32 (53.3) 17 (48.6)

Rectum 28 (46.7) 18 (51.4)

pT status <0.001

pT2-3 31 (51.7) 6 (17.1)

pT4 29 (48.3) 29 (82.9)

pN status <0.001

N0 41 (68.3) 7 (20.0)

N1-N2 19 (31.7) 28 (80.0)

Adjuvant chemotherapy 0.223

None 20 (33.3) 6 (17.1)

FOLFOX 32 (53.3) 24 (68.6)

XELOX 8 (13.4) 5 (14.3)
FOLFOX: 5-Fluorouracil/Leucovorin/Oxaliplatin; XELOX: Capecitabine/Oxaliplatin

Table 1. Distribution of selected characteristics of patients with or without colorectal cancer metastasis
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different association between the rs2555639 vari-
ant and colon cancer metastasis among gender, pri-
mary site, T and N clinical stages, however, we no-
ticed that in younger patients (≤60 years), TT allele 
was significantly associated with colon cancer me-
tastasis (OR=4.605, 95% CI=1.214-17.468, p=0.025). 
Similar results were found in patients who had 
already received chemotherapy (OR=3.372, 95% 
CI=1.116-10.185, p=0.031). 

Discussion

	 Metastasis is the major cause of cancer-relat-
ed death and numerous studies have focused on 
screening and targeting new markers of metastasis 
[11-13]. However, the precise mechanism underly-
ing metastasis remains elusive [14]. The inflamma-
tion factor COX2 and the correlation between colon 
cancer metastasis have been already demonstrated 

Variables Rs2555639 (Metastasis/Non-metastasis) OR (95% CI)1 p value

CC/CT TT

Age, years

≤60 11/27 9/5 4.605 (1.214-17.468) 0.025

>60 9/19 6/9 1.471 (0.390-5.542) 0.569

Gender

Male 8/26 8/9 3.364 (0.882-12.835) 0.076

Female 12/20 7/5 2.598 (0.630-10.718) 0.187

Primary site

Colon 10/24 7/8 3.319 (0.740-13.322) 0.121

Rectum 10/22 8/6 2.978 (0.802-11.058) 0.103

T stages

T2-3 4/23 2/8 4.851 (0.318-73.921) 0.256

T4 16/23 13/6 3.234 (0.970-10.785) 0.056

N stages

N0 4/32 3/9 3.656 (0.588-22.743) 0.164

N1-2 16/14 12/5 2.163 (0.590-7.936) 0.245

Chemotherapy2

None 4/14 2/6 1.255 (0.123-12.839) 0.848

FOLFOX/ XELOX 16/32 13/8 3.372 (1.116-10.185) 0.031
1ORs and p values were obtained after adjustment of age, gender and tumor primary site. 2We combined the patients that received FOLFOX 
or XELOX and made the analysis. 

Table 3. Stratified analysis of the association between rs2555639 and colorectal cancer metastasis

Genotype Metastasis
n (%)

Non-metastasis
n (%)

OR (95% CI)1 p value

PSCA rs2294008

CC 3 (8.6) 20 (33.3) 1

CT 17 (48.6) 26 (43.3) 4.349 (1.097-17.236) 0.036

TT 15 (42.8) 14 (23.4) 7.798 (1.837-33.096) 0.005

Dominant model (CC/CT vs. TT) 2.680 (1.066-6.740) 0.036

Recessive model (CC vs. CT/TT) 5.480 (1.468-20.458) 0.011

Allele frequency 2.498 (1.350-4.619) 0.004

T allele 47 (67.1) 54 (45.0)

C allele 23 (32.9) 66 (55.0)
OR: odds ratio, CI: confidence interval. 1ORs and p values were obtained after the adjustment of age, gender and primary site.

Table 2. Logistic regression analysis of associations between the frequency of rs2555639 and colorectal cancer metas-
tasis status
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in various studies [15,16]. 15-PDGH is identified 
as a metabolic suppressor of COX-2 and potential 
tumor suppressor gene [17,18]. Recently, several 
genetic variants in 15-PDGH were found and the 
associations between these SNPs and diseases were 
needed to be further elucidated [9,19,20].
	 In the present study we showed the evidence 
of the association between the rs2555639 T allele 
polymorphism and the susceptibility of colorectal 
cancer metastasis. Previous reports have demon-
strated that this allele might be involved in de-
creasing 15-PGDH expression, since it is mapped 
on the 17 kb upstream of the 5’UTR of 15-PDGH 
gene, which was presumed the regulatory region 
[9]. These results highlighted the functional roles 
of genetic variants in modulating gene expression. 
We noticed that rs2555639 T allele had the po-
tential to be a potential functional and metastasis 
variant. Moreover, in the younger patient subgroup 
(≤60 years), rs2555639 was significantly associated 
with CRC metastasis rather than in the older pa-
tient subgroup. This finding might be useful as a 
biomarker since the incident of CRC metastasis in 
younger patients has increased recently. 
	 As the chemotherapy of CRC is well established, 
we assessed the association between rs2555639 
and risk of CRC metastasis in patients who received 
chemotherapy or not. Interestingly, rs2555639 was 
significantly associated with metastasis in chemo-
therapy patients. This could be attributed to the ad-
ministration of chemotherapy after metastasis and 
surgery failure. Therefore, the metastatic rate was 
significantly higher in the stratified chemotherapy 
group and this may affect the statistics. Another 
reason might be the biological roles of rs2555639 
in regulating inflammatory factors which lead to 
diverse chemotherapy effects [21].

	 Limitations of the present study should be ac-
knowledged. First, we only evaluated the associa-
tion between 15-PDGH rs2555639 and the risk of 
CRC metastasis in a relatively small population. 
Thus, we should enlarge the number of cases and 
evaluate whether the association of rs2555639 
with colorectal cancer metastasis was compara-
ble. Second, although previous studies reported 
that rs2555639 was associated with colon cancer 
risk in European population, we still need to as-
sess the association in Chinese population and in 
a further study we would add the normal group as 
control. In addition, we noticed that the frequen-
cy of total C allele in our study was higher com-
pared to previous reports (46.8 vs. 34.5%), main-
ly due to the patients we selected. These might 
lower our ability to detect sufficient statistical
significance.
	 In summary, our results suggested that the 
rs2555639 of 15-PDGH was associated with colo-
rectal cancer metastasis and should lead to further 
studies to validate the association of rs2555639 
with predisposition to colorectal cancer metastasis 
in other groups, as well as to investigate the bio-
logical functions of rs2555639 in colorectal cancer 
development and metastasis.
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