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The role of COX-2 gene variants on the disease mechanism
of inflammatory bowel disease in a Turkish population

Tiirk toplumundaki inflamatuar bagirsak hastaliginin hastalik mekanizmasinda COX-2 gen

varyantlarinin rolii

Elif Sinem iplik *, Resul Kahraman % Baris Ertugrul °, Gonca Candan 3, Arzu Ergen ?, Bedia Cakmakoglu

Abstract

Aim: Inflammatory bowel disease has two major types: Crohn’s disease and ulcerative colitis that occur in the
gastrointestinal tract with unknown etiology. COX-2 has important role on carcinogenesis process including
colon cancer supporting the tumor growth. COX-2 was also known due to its ability to change homeostasis on
colonic mucosa in inflammatory cells on patients who have inflammatory bowel disease. In this study, we have
aimed to find a linkage between inflammatory bowel disease and COX-2 in a Turkish population.

Methods:A total of 106 patients,42 with Crohn’s disease and 64 with ulcerative colitis and 121 healthy control
subjects were included the study. Gene variants of COX-2-765G—C and COX-2-1195A—G were analyzed by
polymerase chain reaction and restriction fragment length polymorphism techniques.

Results: The results demonstrated that COX-2-1195A—G gene variants AA carriers were statistically found in
high level on patients with both ulcerative colitis (p=0.001) and Crohn’s disease (p=0.008). In contrast, AG
genotype and G carriers were statistically found higher in control group (Crohn’s disease, p=0.005 for AG and
p=0.008 for G; ulcerative colitis, p=0.001 for AG and p=0.001 for G).

Conclusion: In this research, we have observed important and questionable results between inflammatory bowel
disease and COX-2, especially COX-2-1195A—G gene variants AA carriers in a Turkish population.
Researches need to focus on their local roles on inflammatory bowel disease pathogenesis with large sample
size.
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Oz

Amag: Inflamatuar bagirsak hastaligi, gastrointestinal sistemde etiolojisi tam olarak bilinmeyen bir hastalik
grubu olup, Crohn hastalig1 ve iilseratif kolit olmak tizere iki 6nemli tipe ayrilmaktadir. COX-2 kolon kanserinin
de dahil oldugu karsinogenez prosesinde rolii olan ve tiimor gelisimine katki saglayan bir mediatordiir. Ayn1
zamanda, inflamasyon meydana geldiginde kolonik mukoza iizerindeki stabiliteyi degistirdigi bilinmektedir. Bu
amagla, caligmamizda inflamatuar barsak hastaligi ile COX-2 iliskisinin Tirk kokenli kisiler iizerinde
arastirilmasi amaglanmustir.

Yontemler: Calismaya 42 Crohn ve 64 ilseratif kolitli hasta olmak tizere toplam 106 hasta) ve 121 saglikli
kontrol dahil edilmistir. COX-2 -765G—C ve COX-2 -1195A—G gen varyantlar1 polimeraz zincir reaksiyonu
ve restriksiyon parca uzunluk polimorfizmi teknikleri kullanilarak analiz edilmistir.

Bulgular: COX-2-1195A—G gen varyant1 AA tastyicilarinin istatistiksel olarak hasta grubunda (Crohn hastaligi
icin p=0,008 ve tilseratif kolit icin p=0,001) kontrol grubuna gore yiiksek bulunmustur. Buna karsilik olarak AG
genotipi ve G tastyicilari da kontrol grubunda anlaml olarak yiiksek bulunmustur (Crohn hastaligi: p=0,005 AG
icin ve p= 0,008 G i¢in; ulseratif kolit: p=0,001 AG i¢in ve p=0,001G igin).

Sonug: Calismada Turk kokenli kisiler tizerinde, inflamatuar bagirsak hastaligi ve COX-2 arasindaki iligkiye
dair COX-2-1195A—G AA tasiyicilart gibi 6nemli ve arastirilmasi gerekli sorulari beraberinde getiren bulgular
elde edilmistir. Hasta sayisinin arttirilarak ek galismalar ile hastalik patogonezindeki roliiniin tam olarak
arastirilmasi gerektigi diistintilmektedir.

Anahtar Kelimeler: COX-2, gen varyantlari, Crohn hastalig, tilseratif kolit.
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Introduction

Inflammatory bowel disease (IBD) is a common
condition and chronic inflammatory disease of the
gastrointestinal tract with its unclear etiology such as
environmental factors, genetics and immunity [1]. IBD has two
major phenotypes which have been identified with their clinical
and histopathological features: Crohn’s disease (CD) and
ulcerative colitis (UC). They have been also characterized by
recurrent episodes of remission and exacerbation. According to
recent studies, IBD could be resulted as colorectal cancer that’s
one of the reasons why the diseases have still some important
questions to solve using genetic factors [2-4].

IBD has different processes in its types such as clinical
course and response to the treatment. There are several studies
that support these genetic differences could cause the diversities
on CD and UC [5]. Nevertheless, UC and CD might be treatable
by several medications and surgery [6-8].

To take precautions and prevent the colorectal cancer
and related disease, researches still need to focus on underlying
mechanisms of the diseases including their genetic roles. As
discussed, it is important to understand and solve the etiology of
IBD not only because it affects the daily life but also it could end
up colon cancer.

Cyclooxygenase (COX) is an enzyme that has important
role such as rate-limiting step on not only biosynthesis of
prostaglandins and thromboxanes but also lipid mechanisms.
COX has two major isoforms as COX-1 and COX-2. While
COX-1 is to be found in normal tissues, COX-2 belongs to the
expression of some hormones, cytokines and growth factors [8-
10]. COX-2 and its relation to carcinogenesis are well known in
several cancers including colon cancer. COX-2 leads to tumor
growth by increasing the expression vascular endothelial growth
factor (VEGF) of colon cancer cells [11]. COX-2-765G—C and
COX-2-1195A—G are mostly studied as promoter gene variants.
Their polymorphisms could cause to modify COX-2
transcription and mRNA levels [12].

We hypothesized that COX-2 gene polymorphisms
which is well known for several cancers, might affect by
facilitating immune response shift in tumor microenvironment
and it might be associated with IBD by altering the inflammatory
response. For this purpose, we aimed to show the relations of
COX-2 -765G—C and COX-2 -1195A—G polymorphisms on
IBD in a Turkish population for the first time.

Material and methods

Subjects

A total of 227 subjects including 106 patients suffering
from IBD (42 CD and 64 UC) and 121 healthy control subjects
were studied in our research after obtaining written informed
consent from the participants and approval from Istanbul
University’s Ethics Committee based on World Medical
Association Declaration of Helsinki.

Demographic data including age and gender were
evaluated. Biochemical parameters i.e. serum albumin (mg/dL),
C-reactive protein (CRP) (mg/L) and sedimentation rate (mm/h)
were measured from the blood samples. In addition,
pathological features of the patients with UC and CD in relation
with the disease extension, localization and behavior were
analyzed. Clinical and demographic data of the patients and the
control group are given in Table 1.

Amplification of DNA and analysis of digested
products

Blood samples from all patients and the control were
collected and genomic DNA was extracted from peripheral
whole blood by Invitrogen Purelink Genomic DNA technique.

Polymerase chain reaction (PCR)/restriction fragment length
polymorphism (RFLP) analysis was performed for the detection
of the gene variants of COX-2 -765G—C and COX-2 -
1195A—G. The primers to amplify genes and the enzymes to
detect digested reaction are given in Table 2. The products were
analyzed on 2% agarose gel stained with ethidium bromide and
examined under transillumination.

Statistical analysis

The statistical analyses were performed using the SPSS
21.0 statistical software package (SPSS, Chicago, IL). P values
lower than 0.05 were assumed to be statistically significant. We
compared the cases and the controls in biochemical parameters
using Student’s t test. One-way Anova test was used to
investigate the biochemical parameters between the genotypes.
Categorical variables such as genotypes and alleles were
compared using Chi- Square (x2) test. The Odds Ratios and the
confidence intervals were calculated as an estimate of the
relative risk.

Table 1: Clinical and demographical parameters of the patients.

Clinical Parameters uc CD All Controls
patients

(n=64) (n=42) (n=106) (n=121)
Age (year) ? 422+153  39.849.7 42.6+13.5 40.3£9.9
Sex(Male/Female) 31/33 19/23 50/56 30/91
CRP (mg/L) ? 1.0£3.3 1.241.9 1.142.9 NA
Albumin (mg/dl) ? 5.0+4.7 43+0.4 4.7+3.6 NA
Sedimentation (mm/h) P 26.6+20.4  27.8+21.7 27.1x20.8 NA
Demographical
Parameters
Disease extension in UC NA NA
Proctitis * 30 (47.6) NA
Left-sided colitis * 15 (23.8) NA
Extensive colitis 18 (28.6) NA
Disease localization in CD NA NA
lleal “ NA 16 (38.1)
lleocolonic ¢ NA 21 (50)
Colonic ¢ NA 5(11.9)
Disease behavior in CD NA NA
Inflammatory * NA 20 (47.6)
Penetrating NA 9 (21.4)
Stricturing NA 12 (28.6)
Penetrating & stricturing NA 1(24)

P. meanzstandard deviation, *: n(%)
n: number of subjects, CRP: C reactive protein, CD: Crohn’s disease, UC:
ulcerative colitis, NA: not applicable.

Results

There were no significant differences between the
groups in terms of age (p=0.070).

In Table 3, the genotype and allele frequencies of COX-
2-765 G—C and COX-2-1195A—G are given. Although there
were no statistically significant differences on COX-2-765 G—C
genotype and allele frequencies (p=0.)90, COX-2-1195A—G
have come up statistically significant results on patients with
both UC and CD that carrying the AA genotype compared with
the control group [(all patient/control=(p=0,001; 2 =16.70;
OR=3.17; 95%CI=1.80-5.58); CD/control=(p=0.008; ¥2 =6.92;
OR=2.71; 95%CI=1.27-5.79); UC/control=(p=0.001; %2 =14.06;
OR=3.54; 95%CIl=1.79-7.00)].

In the control group, AG genotype and G allele carriers
were statistically higher with respect to the patient groups [AG=
(p=0.001; 2 =19.63; OR=2.26; 95% Cl=1.52-3.35), G=
(p=0.001; x2 =16.70; OR=2.04; 95% CI=1.41-2.95)] CD
[AG=(p=0.005; %2 =7.91; OR=1.95; 95% Cl=1.14-3.34),
G=(p=0.008; x2 =6.92; OR=1.82; 95% CI=1.09-3.02)] and for
UC [AG= (p=0.001; 42 =16.61; OR=2.52; 95% Cl=1.50-4.22),
G=(p=0.001; x2 =14.06; OR=2.21; 95% CI=1.38-3.57)].
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When we examined the patient groups between UC and
CD, there was no significant difference in terms of distribution
of both genotypes (p=0.20). Each of the patient and control
groups was checked for all polymorphisms by the Hardy-
Weinberg  equilibrium.  According to  Hardy-Weinberg
equilibrium, the frequency of COX-2-1195A—G genotypes in
the control subjects was not in the Hardy-Weinberg equilibrium.

Table 2. Procedure of the primers to amplify DNA and analysis of digested
products.

Gene COX-2 765G—C COX-2 1195A—G
variants
Primers 5- 5-
TATTATGAGGAGAATTACTCGC  CCCTGAGCACTACCCATGAT-3’
-3
5% 5%-
GCTAAGTTGCTCACAGAGAT-3’ GCCTTCATAGGAGATACTGG-3’
Enzyme Aci | Pvu Il
Product CC-301bp AA - 273 bp
GG - 209 and 100 bp AG - 273 and 220bp
GC - 309, 209,100 bp GG - 220 bp

Table 3: Distribution of COX-2-765 G—C and COX-2-1195A—G gene variants
in the study groups.

uc CD All Controls
(n=64) (n=42) Patients (n=121)
(n=106)

COX-2
765 G—C
GG* 39 (60.)9 28 (66.7) 67 (63.2) 73(60.3)
cce 1(1.6) 3(7.1) 4(3.8) 5(4.1)
GC*“ 24 (37.5) 11 (26.2) 35(33) 43 (35.5)
G* 102 (59.3) 67 (59.5) 169 (59) 189 (56.1)
c* 26 (40.6) 17 (40.4) 43 (40.5) 53 (43.8)
COX-2
1195
A—G
AA“ 49 (76.6)** 30 (71L.4)*** 79 (74.5)* 58 (47.9)
GG* 2(3.1) 1/ (2.4) 3(2.8) 1(0.8)
AG * 13 (20.3) 11 (26.2) 24 (22.6) 62 (51.2)*,** ***
A 111 (86.7) 71 (84.5) 182 (90) 178 (73.5)
G* 17 (13.3) 13 (15.5) 30 (10) 64 (26.5)*,** ***
“: n(%)

n=number of subjects, CD: Crohn’s disease, UC, ulcerative colitis, *:all
patients/control, **:CD/control, ***:UC/ control

Discussion

IBD is well known with their linkage between
colorectal cancer [13, 14]. To have both UC and CD, this
condition might lead to cancer in a long-term period [15, 16].
COX-2 is an enzyme that has a lot of regular activities in
biosynthesis and lipid mechanisms. COX-2 also has the ability to
let tumor growth by its potential of being expressed VEGF of
colon cancer [11]. It is important to diagnose and have suitable
treatments for IBD not only because it has not ignorable effect
on daily life but also it has a big risk for colorectal cancer. COX-
2 is lightening up with his potential for promising target to
treatment options for colorectal cancer [17, 18]. COX-2 and IBD
are underlined the colorectal cancer in somehow with their
unclear role on the pathway. We have wanted to seek a
correlation between them in Turkish patients.

There are several connections with IBD and colorectal
cancer, colorectal cancer and COX-2, IBD and COX-2 in the
way of directly or indirectly. If COX-2 might be potential of
being the candidate for early prediction for colorectal cancer for
whom suffering from IBD and have COX-2 related

polymorphisms. In addition, polymorphisms are important for
prediction not only because it results quickly in the laboratory
analysis by simple samples of the patients such as blood; but,
also it is cheaper than other analyzes such as biopsies. That is
the reason of importance of finding a risk linkage for IBD and
COX-2 to avoid colorectal cancer as prevention. One way of the
mechanism with COX-2 and IBD is related with the
inflammation. According to our results, it is hypothesized that
tumor microenvironment and COX-2 interaction are related with
IBD’s etiology. COX-2 gene variants might affect the
inflammatory response.

Due to our results, COX-2-1195A—G AA genotypes
ended up statistically a risk factor not only for all patients but
also between UC and CD. In addition, our results claim that AG
genotype and G allele have protective role. There are studies that
have supportive result for our study such as COX-2 was found to
strongly induce the inflammatory cells of IBD patients on their
colonic mucosa [19, 20]. Singer et al. [20] have worked on both
COX-1 and COX-2 expression in all IBD cases (including UC,
CD and healthy tissues). Their results ended up important results
by COX-2 expression in UC and CD patients. Singer also
hypothesized that COX-2 expression level could be linked to
turn the healthy cells to carcinogenesis process [20]. When
gastrointestinal homeostasis becomes weak, it results in adverse
reaction of nonsteroidal anti-inflammatory drugs (NSAIDs) for
users, which triggered the inhibition of prostaglandin syntheses
such as COX-1 and COX-2 [21, 22]. In this weak condition,
while COX-1 inhibition is started, COX-2 selective inhibitors
may be expected to reduce the incidence of gastrointestinal
adverse reaction while retaining the anti-inflammatory effects
[22-24]. Although, it is known by some research that COX-2 and
its related proteins help to recover the intestine when fistula
needs healing process by working for angiogenesis [25-28].

Anderson et al. [29] have studied with COX-2 gene
variants in a Scottish and Danish case-control study including
732 CD cases, 973 UC cases, and 1157 healthy controls. They
have resulted with COX-2 A-1195G variant allele that had
increased risk of UC and also they have claimed that carriers the
variant have risk for UC before the age of 40. Zhang et al. [30]
have also worked with both COX-2-1195G/A (A/A) and
MnSOD9AIla/Val (V/V) in only 750 UC patients and 750 healthy
subjects. Their results have ended up statistically increased
results in UC patients with COX-2-1195G/A (A/A) genotype and
they have also suggested that high-fat diet related the
polymorphism in COX-2-1195G/A (A/A) for UC patients. De
Vries et al. [31] have studied with COX-2 gene variants
including COX-2 -1195 and COX-2 765 in Dutch IBD patients.
They have only found the reduced association for risk of CD
with COX-2 765 G C polymorphism.

COX-2 has the role to alter enzyme expression levels or
impact biochemical function [32]. COX-2 might also be
promoted by cytokines, growth factor, and oncogenes. When
polymorphisms occur in COX-2, it could cause cellular over
expression and effective to get failure the enzyme [33]. COX-2
has well understandable protective role in intestinal physiology
[34] but its cellular and pathophysiological molecular
mechanisms are remaining still unclear. That is the reason our
study might have an answer for molecular way with Turkish
patients by finding COX-2-1195A—G AA as a risk factor for all
patients in both UC and CD.

The study has some potential limitations that make the
study limited power even though the important results. Big
sample size and further analyses might be helpful to find an
answer for underlying mechanism of IBD and its relation with
COX-2 genotypes.
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Our study is ended up supportive and statistically

important result for the literature with Turkish patients for the
first time. The area needs to be lightened by further studies on
pathophysiological molecular mechanism.
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