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Abstract—We aimed to determine P268S and M863V polymorphisms in NOD2/CARD15 genes associated
with an increased risk of developing Crohn’s disease (CD) and ulcerative colitis (UC) and to establish cor-
relations between P268S and M863V genotypes in Turkish population. This study included 152 healthy con-
trols and 138 patients (62 CD and 76 UC) with IBD. Our results, the P268S CC genotype was prevalent on
patients and controls (45 vs. 66%), followed by genotypes CT (48 vs. 28%) and TT (7 vs. 6%) in CD. The
prevalence of genotypes of CC (wild-type), CT (heterozygous mutant) and TT (homozygous mutant) profiles
for the P268S polymorphism were 68, 25 and 7% respectively in UC patients, and 66, 28 and 6% respectively
in healthy control groups. We were found in wild-type M863V in all subjects and no other mutant band.
P268S polymorphism may be associated with CD susceptibility in Turkish population, whereas there is not
associated between M863V polymorphisms and patients with IBD in Turkish population.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a polygenic

disorder characterized by systemic and gastrointestinal
manifestations [1, 2]. In addition, IBD is a chronic
and multifactorial disease of the gastrointestinal tract
that includes tree similar, yet distinct conditions,
namely Crohn’s disease (CD), ulcerative colitis (UC),
and undetermined colitis [3]. UC and CD are chronic
IBD which are similar to each other for their clinical
features and epidemiology [4–6]. In recent years, the
prevalence of IBD has increased in Europe and has
been reported to increase gradually in Asia. The etiol-
ogy and pathogenesis of IBD is not clear. However, it
is suggested that various factors such as genetics,
immunology, environment and infection may be com-
plex interactions [7].

NOD2/CARD15 encodes a protein involved in
bacterial recognition by monocytes and is the first ver-
ified predisposing gene for CD [7–9]. Mutations in
CARD15 (16q12, Protein: NOD2) have been found in
patients with CD, where three NOD2/CARD15 poly-
morphisms, R702W, G908R, and L1007fs, were
found to be significantly associated with CD in Cau-
casian populations [7, 8]. These single nucleotide
polymorphisms (SNPs) were not reported to be
related with CD in Japanese. Also, the role of these
polymorphisms in the CD should be discussed in

Hubei, Zhejiang or Hong Kong populations in China
[8]. R702W, G908R, and 1007fs mutations are associ-
ated with susceptibility CD but not UC [10, 11]. It has
also been verified that these mutations are inde-
pendently associated with CD susceptibility. However,
it has been reported that this effect has changed
according to ethnic and even regional differences [9].

The P268S and M863V polymorphisms in the
NOD2/CARD15 gene have been investigated in dif-
ferent populations [7, 12–14]. It has been reported that
M863V polymorphism is usually found in Ashkenazi
Jews but not in other populations [13]. P268S poly-
morphism has been shown to be associated with CD
susceptibility in the Zhuang population in the
Guangxi Zhuang Autonomous Region, China [7].

We aimed to determine P268S and M863V poly-
morphisms in NOD2/CARD15 genes associated with
an increased risk of developing UC and CD and to
establish correlations between P268S and M863V gen-
otypes in Turkish population.

MATERIALS AND METHODS
A total of 290 subjects were investigated. The study

included 62 patients with CD (32 males, mean age
41.5 ± 11.56 years; 30 females, mean age 47.1 ±
14.71 years), 76 patients with UC (41 males 47.9 ±
424
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15.29 years; 35 females, mean age 45.7 ± 16.51 years)
of which 138 exhibited IBD as confirmed by endos-
copy and histology. All patients were diagnosed at the
Gastroenterology clinic of Niğde State Hospital,
Niğde, Turkey. Diagnosis of CD and UC were based on
generally accepted clinical, endoscopical and histologi-
cal criteria. The control group consisted of 152 healthy
volunteers (59 males, mean age 41.8 ± 14.88 years;
93 females, mean age 44.0 ± 16.43 years) collected
from hospital staff, students, and healthy subjects.

Genomic DNA was extracted from the whole
blood treated with EDTA using the QIAamp DNA
Blood Mini Kit (Maryland, USA), following the man-
ufacturer’s protocol. The extracted DNA was stored at
–20°C until analysis.

The selected polymorphisms of genes with previ-
ously confirmed evidence for association with CD
and UC were as follows: NOD2/CARD15: rs2066842
(P268S), rs104895447 (M863V). The polymerase
chain reaction (PCR) reactions were performed in the
ABI (Applied Biosystems). The P268S (Primers; F:
5'-TGCCTCTTCTTCTGCCTTCC-3', R: (5'-AGTA-
GAGTCCGCACAGAGAG-3') and M863V (Primers;
F: (5'-CTGTTTGCATGATGGGGGG-3', R: (5'-GG-
GAGATCACAGCATTAGAG-3') gene regions were
amplified using PCR, detected by restriction fragment
length polymorphism (RFLP) [7, 13]. PCR reaction
conditions consisted of an initial denaturation for
5 min at 94°C, followed by 35 cycles of denaturation at
94°C for 45 s, annealing at different temperatures
(P268S; 60°C, M863V; 55°C), for 45 s, extension at
72°C for 45 s, and a final extension at 72°C for 5 min.
All of the PCR products were electrophoresed on a
1.5% agarose gel with 1 × Tris-borate-EDTA buffer at
100 V for 30 min and then observed under ultraviolet
illumination. The PCR products of P268S, and
M863V SNPs of the NOD2/CARD15 gene were
digested at 37°C for 12 h with BamHI, (wild-type;
422 bp, heterozygote mutant; 422 bp + 247 bp + 175 bp,
and homozygote mutant; 247 + 175 bp) and NcoI
(wild-type; 212 + 160 bp, heterozygote mutant; 372 +
212 + 160 bp, and homozygote mutant; 372 bp)
restriction enzymes, respectively. The fragments were
separated and visualized using gel electrophoresis.

Statistical analysis was performed by using SPSS
version 15. The frequency distribution of alleles and
genotypes mutations in CD patients, UC patients, and
controls were compared using chi-square analysis. For
each polymorphism, unconditional logistic regression
was used to calculate odds ratios (OR) and 95% confi-
dence intervals (95% CI). All data were expressed as
means ± standard deviation (SD). The P value (<0.05)
was considered statistically significant in all variables. Cal-
culation of the Hardy–Weinberg equilibrium were per-
formed using Michael H. Court’s (2005–2008) online cal-
culator http://www.tufts.edu/~mcourt01/Documents/
Court%20lab%20%20HW%20calculator.xls.
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RESULTS AND DISCUSSION
We investigated the frequencies of the two

NOD2/CARD15 gene polymorphisms (P268S and
M863V) in 138 patients with CD (n = 62), UC (n = 76)
and compared them with 152 controls. The ages of the
CD patients were between 18 and 82 years (52%♂,
48%♀); the ages of the control groups were between 18
and 87 years (39%♂, 61%♀). Mean ages were 44.2 ±
13.36 years for the CD patients, 43.2 ± 15.84 years for
the control groups. In the CD patients group, 11%
(n = 7) were located in colon, 47% (n = 29) were in ile-
ocolon, and 42% (n = 26) were in ileum. The ages of
the UC patients were between 19 and 86 years (54%♂,
46%♀), with a mean age of 46.9 ± 15.80 years. While
76 of the UC patients were 46% female and 54% were
male, 152 (43.2 ± 15.84 years) of the control groups
were 61% female and 39% were male In the UC
patients group; 34% (n = 26) were located in rectum,
53% (n = 40) were in left colon, 13% (n = 10) were
located in the whole colon.

The genotype and allele frequencies of the P268S
and M863V polymorphisms in CD patients and
healthy controls are shown in Figs. 1, 2 and Table 1.

According our results, the P268S CC genotype was
prevalent on patients and controls (45 vs. 66%), fol-
lowed by genotypes CT (48 vs. 28%) and TT (7 vs. 6%)
in CD (Table 1). The mutant allele frequencies of
P268S in the patient group were 31%, respectively,
compared with frequencies of 20%, respectively, in the
control group. The CT genotype of P268S was statisti-
cally significant when compared with controls in
patients with CD (OR, 2.577: 95% CI, 1.375–4.829;
P = 0.003). In addition, the T allele of P268S was over
represented in patients with CD compared with that in
controls (OR, 0.557: 95% CI, 0.346–0.895; P = 0.015).
However, there was no significant associations other
genotype TT (OR, 1.603: 95% CI, 1.603; P = 0.456 in
the CD patients. The analysed P268S polymorphism
was in Hardy–Weinberg equilibrium both in CD
patients (χ2 = 1.186, p = 0.27) and healthy controls
(χ2 = 2.485, p = 0.12). The mutant genotype for M863V
was not detected in any of the CD patients and con-
trols. Just two bands of 212 and 160 bp were found in
wild-type M863V in all subjects and no other mutant
band (372 and 372 + 212 + 160 bp) of M863V was
detected using PCR-RFLP fragment electrophoresis.

Seventy six patients with UC and one hundred and
fifty two control subjects from the general population
were genotyped for the presence of P268S and M863V
polymorphisms. Distribution of genotype and allele
frequencies are presented in Table 2.

The prevalence of genotypes of CC (wild-type),
CT (heterozygous mutant) and TT (homozygous
mutant) profiles for the P268S polymorphism were 68,
25 and 7% respectively in UC patients, and 66, 28 and
6% respectively in healthy control groups (Table 2). No
significant difference was noticed in genotype and
allele distributions of the P268S polymorphism
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Fig. 1. Detection of P268S polymorphism. Line 1, 2, 5, 7, 8, and 10: control carrying wild-type alleles; Line 3–4: heterozygote-
patient carrying both the polymorphic and wild-type alleles, Line 6: 50 bp DNA Marker, Line 9: homozygote patient carrying a
polymorphic allele.
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422 bp
247 bp
175 bp
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Fig. 2. Representative agarose gel RFLP products of M863V homozygote wild-type. Line 9: 100 bp DNA Ladder.
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between the control and patient groups. Likewise, no
significant association of UC patients and control
group with the M863V polymorphism was found in
either cohort. Furthermore, the AG and GG geno-
types in M863V polymorphism were not observed in
both the UC patients and the control group, and all of
the individuals had AA variants (Table 2). When the
genotypes distributions of NOD2/CARD15 gene
P268S polymorphism were evaluated, no deviation
was observed in Hardy–Weinberg equilibrium patients
(χ2 = 2.753, p = 0.10) or control group (χ2 = 2.485,
p = 0.12).

In this study, NOD2/CARD15 gene P268S and
M863V polymorphisms were investigated in the con-
trol group with CD and UC. According to our results,
we found that CT genotype and T allele frequency of
NOD2/CARD15 gene P268S polymorphisms were
statistically significant in CD patients (P < 0.05).
However, there were no heterozygous or homozygous
mutations for M863V polymorphisms in this study.

P268S polymorphism has rarely been reported in
Turkey. Ince et al. [14] researched NOD2/CARD15
genetic mutations (1007fs, G908R, R702W) and P268S,
IVS8+158 polymorphisms in Turkish inflammatory
bowel disease patients. 130 inflammatory bowel dis-
ease patients (67 CD, 63 UC) and 87 healthy controls
were examined in this survey. Their study demon-
strated that R702W gene mutation was significantly
lower in the inflammatory bowel disease group (1.5%)
than the controls (4.8%) (P < 0.05) [14]. The results
also showed that there was no significant statistical
difference between CD, UC and control groups for
P268S gene polymorphism. On the contrary, our
study demonstrated that CT genotype and T allele fre-
quency of P268S polymorphisms were statistically sig-
nificant in CD patients (P < 0.05).

There is evidence that the prevalence of CD may
depend on geographical region and race basis. It is
known that R702W, G908R and L1007fsinsC muta-
tions in the NOD2/CARD15 gene in the Caucasus are
associated with CD [15, 16]. The CD prevalence was
found to be higher in the Ashkenazi Jews than in the
Sephardic Jews (originally Mediterranean, North
Africa and Asia) [17]. Several studies have reported
that the rate of mutation in Israeli Jewish patients is
27–41% [18, 19]. Karban et al. [15] told that the CH
prevalence was much lower in Israeli Arabs compared
to the entire population in a survey of Israeli Arabs and
CYTOLOGY AND GENETICS  Vol. 53  No. 5  2019



THE P268S AND M863V POLYMORPHISMS 427

Table 1. Distribution of genotype and allele frequencies of NOD2/CARD15 gene P268S and M863V polymorphisms in
patients with CD and healthy controls

*The CT genotype in the NOD2/CARD15 gene P268S was significant for patient group in the current CD cohort; odds ratio: 2.577
(1.375–4.829), p < 0.05; the C allele in the NOD2/CARD15 gene P268S was significant for patients with CD; odds ratio: 0.557 (0.346–0.895),
p < 0.05.

Gene/Genotypes Patients
n = 62 n/%

Controls
n = 152 n/% P value Odds ratio (OR) 95% (CI)

P268S CC 28 (45) 101 (66) – 1 –

CT 30 (48) 42 (28) 0.003* 2.577 1.375–4.829

TT 4 (7) 9 (6) 0.456 1.603 0.459–5.596

C 86 (69) 244 (80)

0.015* 0.557 0.346–0.895Alleles T 38 (31) 60 (20)

M863V AA 62 (100) 152 (100) – 1 –

AG 0 (0.0) 0 (0.0) NS

GG 0 (0.0) 0 (0.0) NS NS NS

Alleles
A 124 (100) 304 (100)

NS (No significance)
G 0 (0.0) 0 (0.0)

Table 2. Distribution of genotype and allele frequencies of NOD2/CARD15 gene P268S and M863V polymorphisms in
patients with UC and healthy controls

Gene/Genotypes Patients
n = 76 n/%

Controls
n = 152 n/% P value Odds ratio (OR) 95% (CI)

P268S CC 52 (68) 101 (66) – 1 –

CT 19 (25) 42 (28) 0.690 1.138 0.602–2.152

TT 5 (7) 9 (6) 0.896 0.927 0.295–2.907

Alleles
C 123 (81) 244 (80)

T 29 (19) 60 (20) 0.867 1.043 0.637–1.708

M863V AA 76 (100) 152 (100) – 1 –

AG 0 (0.0) 0 (0.0) NS

GG 0 (0.0) 0 (0.0) NS NS NS

Alleles
A 152 (100) 304 (100)

NS (No significance)
G 0 (0.0) 0 (0.0)
Israeli Jews [15]. Sugimura et al. [20] also studied
NOD2/CARD15 gene polymorphism in 211 Crohn’s
patients (64 Ashkenazi Jews and 147 non-Jewish white
families). In this study, the 268S-JW1 combination in
the NOD2/CARD15 gene shown that a further
increased risk (OR = 5.75, P = 0.0005) and the highest
population-attributable risk (15.1%) for CD among
reported disease-prone mutations (DPMs) in Jews
[20]. In another study of the Ashkenazi and Sephardic
Jewish families in America, it was determined that
P268S polymorphism is important in Crohn’s disease
in Ashkenazi Jews [13]. Similar results were obtained
in another study conducted in Europe [9].
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In recent years, the incidence of CD, a complex
IBD, has been reported to increase rapidly. Scudiero
et al. [21] comparatively analyzed, by PCR and direct
sequencing, the exons 4, 8 and 11 of NOD2/CARD15
gene in Italian patients with CD (n = 42) and in con-
trols (n = 66). Furthermore, these investigators found
that the allele T frequency of c.802C > T (p.P268S)
SNP (rs2066842) was significantly higher than that of
healthy controls in CD patients (p = 0.018; OR = 2.02)
[21]. Our results are similar to the results of these
researchers in P268S polymorphism. In another study
examined the association of nine polymorphisms in
four different genes with the development of CD and
UC in Saudi patients with IBD. It has been shown that
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association of IBD with nine gene polymorphisms was
only significant in two of these polymorphic variants
in this study [22].

The M863V polymorphism of the NOD2/CARD15
gene was found to be significantly associated with CD
in Ashkenazi Jewish populations [13]. Our results indi-
cated that M863V mutations of the NOD2/CARD15
gene were not detected in Turkish patients with IBD.
All individuals in the patients (CD and UC) and con-
trols were identified as homozygous wild-type. This is
the first study to report the M863V mutations of the
NOD2/CARD15 gene in patients with CD and UC in
Turkish population.

CONCLUSIONS
In conclusion, in this study we investigated the P268S

and M863V polymorphisms of NOD2/CARD15 gene
that are associated with CD and UC patients. In Turkish
population, it has been determined that P268S poly-
morphism may be associated with in CD patient, but
M863V polymorphism is not associated with both CD
and UC patients.
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