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Abstract: We aimed to investigate the association of protein tyrosine phosphatase nonreceptor 2 (PTPN2) genetic
variants with inflammatory bowel disease (IBD) in Guangxi Zhuang population in China. Methods: Intestinal tissue
samples were obtained from unrelated patients with IBD including 93 Zhuang [50 ulcerative colitis (UC) and 43
Crohn’s disease (CD)] and 95 Han [50 ulcerative colitis (UC) and 45 Crohn’s disease (CD)]. The control subjects
included 76 Zhuang and 78 Han patients from Guangxi Zhuang population in the Guangxi Zhuang Autonomous
Region from January 2009 to February 2013. Polymorphisms of PTPN2 gene rs2542151 and rs7234029 were
genotyped by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The genotype
and allele frequencies of rs2542151 and rs7234029 polymorphisms of UC were significantly different from the con-
trols (P < 0.05). No specific associations were detected between the two single nucleotide polymorphisms (SNPs)
and gender, disease stage, age of onset, ethnic groups and site of origin of UC after further genotype-phenotype
analysis (P > 0.05). No statistically significant differences were found in the genotype and allele frequency of PTPN2
gene rs2542151 as well as rs7234029 among CD and control subjects (P > 0.05). Gene polymorphisms of PTPN2
rs2542151 and rs7234029 may be associated with susceptibility to UC in Zhuang populations of Guangxi, China.
No obvious correlations between the two SNPs and the disease phenotype of UC were found.
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Introduction

Inflammatory bowel disease (IBD) is character-
ized by inflammation of the gastrointestinal
tract, including ulcerative colitis (UC) and
Crohn’s disease (CD). The etiology and the
pathogenesis of IBD remain unknown. Epithelial
barrier defects coupled with a dysfunctional
immune response to commensal microbiota,
resulting in either excessive upregulation or
impaired downregulation of inflammatory
events drive the development of chronic intesti-
nal inflammation [1]. Limited evidence sug-
gests that protein tyrosine phosphatase nonre-
ceptor 2 (PTPN2) maintains epithelial barrier
function by restricting the capacity of IFN-y to
increase epithelial permeability and prevent

expression of the pore-forming protein, clau-
din-2 [2]. Interferon y (IFN-y) is known not only
to play an important role in IBD pathogenesis,
but also increases permeability of the intestinal
epithelial barrier [3, 4]. In addition to the discov-
ery of NOD2 mutation in 2001 [5, 6], several
genetic mutations associated with IBD have
been found. The total number of confirmed CD
risk loci is more than 71 and up to 47 for UC,
with 28 shared loci [7, 8]. NOD2/CARD15 gene
is the first identified human CD susceptibility
gene, with three SNPs (Arg702Trp, Gly908Arg
and Leul007fsinsC) significantly correlated
with CD in European Caucasians, but not with
CD in Japanese [9] as well as Han population of
Zhejiang [10], Han and Zhuang population of
Guangxi [11] and Hong Kong in China [12]. The
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Table 1. PCR reaction primers and restriction enzymes for each

single nucleotide polymorphism

and New Zealand [17-21].
Recently, PTPN2 SNPrs-

Digest 2542151 has been found

SNP Primer sequences (5’'—3’) fragm[?al:ﬁs (bp)

rs2542151 F-TGCTGTGCTGCGTGAGTT 291
R-CACCATTGAGCGAAGTCC

rs7234029 F-GGCAGTGCTGAAACGAGA 237
R-TCCCACCACCTACCTACGG

Enzymes 1\ilec)  significantly associated wi-
Bsp1286l 37 th increased risk for UC,

and rs2542151 is a possi-
Hpy188I 37 ble susceptibility marker

for IBD in Han population of

Figure 1. Electrophoresis of rs2542151 digestion
products. M: Marker; 1-3, 6: TT homozygote; 4: GT
heterozygote; 5: GG homozygote.
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Figure 2. Electrophoresis of rs7234029 digestion
products. M: Marker; 1, 3: A/G heterozygote; 2, 4, 6:
AA homozygote; 5: GG homozygote.

gene loci correlating with IBD in Europeans
include ATG16L1, TLR4 and TLR2, OCTN1 and
OCTN2, P268S, JW1 and N852S. However, in
the Guangxi Zhuang population, only the P268S
was associated with CD [13, 14], link Germany
[15] and Indian [16]. PTPN2 gene SNP
rs2542151 has been repeatedly linked to sus-
ceptibility for CD in many Western countries,
including Germany, Holland, Switzerland, Italy
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Guangdong, China [22]. We
investigated the associa-
tion of PTPN2 genetic variants (rs254215-
15, rs7234029) with IBD in Guangxi Zhuang
population.

Materials and methods
Subjects

Intestinal mucosa samples were obtained from
unrelated patients with IBD including 93
Zhuang [50 ulcerative colitis (UC) and 43
Crohn’s disease (CD)] and 95 Han [50 ulcer-
ative colitis (UC) and 45 Crohn’s disease (CD)].
The control subjects included 76 Zhuang and
78 Han from Guangxi Zhuang population. All
participants were enrolled in the Department of
Gastroenterology, the First Affiliated Hospital of
Guangxi Medical University, from January 2009
to February 2013. All patients had a well-estab-
lished diagnosis of UC or CD based on the mod-
ified criteria established by the World
Gastroenterology Organization in 2010 [23].
The control group of individuals showed no evi-
dence of intestinal infectious diseases, isch-
emic bowel disease or autoimmune diseases
such as IBD or diabetes. There was no signifi-
cant difference in gender or age between the
patient group and the control group. All sub-
jects provided written informed consent and
the study protocol was approved by the
Institutional Ethics Committee.

DNA extraction and genotyping of the PTPN2
polymorphisms

Intestinal tissue samples weighing about 30 to
50 mg were obtained from the participants.
Phenol-chloroform method was used for
genomic DNA extraction. The required DNA
fragments were amplified by polymerase chain
reaction (PCR) using specific primers (Table 1).
Thetwo PTPN2 SNPrs2542151 and rs7234029
were genotyped by PCR-RFLP. Primers were
synthesized in ABGENT (Jiangsu, China) Bio-
technology Company. The sequences of prim-
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Table 2. Genotype and allele frequency distribution of the
two SNPs

Genotype Allele Control uc CD

P value P value

rs2542151 1P=0.016 P=0.091
T 51 (67.1) 25(50.0) 22 (51.2)
TG 25(32.9) 21(42.0) 20 (46.5)

GG 0 (0.0) 4 (8.0) 1(2.3)
G 25(16.4) 29(29.0) 22(25.6)
2p=0.019 P=0.093

rs7234029 3P=0.017 P=0.108

AA 45(59.2) 21 (42.0) 19 (44.2)
AG 30(39.5) 23 (46.0) 21 (48.8)
GG 1(1.3) 6(12.0) 3(7.0)
2(21.1) 35(35.0) 27 (31.4)

4p=0.019 P=0.087

“3comparison of genotype frequency. #“comparison of allele frequency.
UC: Ulcerative colitis; CD: Crohn’s disease; A P value > 0.05: No signifi-
cance.

Table 3. Genotype and allele frequency distribution of the
two SNPs between IBD and controls in the Guangxi Han
population

Genotype Allele Control ucC CD

P value P value

rs2542151 aP=0.022 P=0.103
T 52 (66.7) 24 (48.0) 22 (48.9)
TG 25(32.1) 21(42.0) 22(48.9)

GG 1(1.3) 5(10.0) 1(2.2)
G 27(17.3) 31(31.0) 24(26.7)
®P=0.011 P=0.081

rs7234029 °P=0.027 P=0.115
AA 46 (59.0) 21 (42.0) 20 (44.4)
AG 31(39.7) 24 (48.0) 22 (48.9)

GG 1(1.3) 5(10.0) 3(6.7)
G 33(21.2) 34(34.0) 28(31.1)

9P=0.023 P=0.082

#°Comparison of genotype frequency; ““Comparison of allele frequency.
UC: Ulcerative colitis; CD: Crohn’s disease; A P value > 0.05: No signifi-
cance.

ation step at 94°C for 5 min, followed
by 35 cycles of denaturation at 94°C
for 35 s, annealing at 58°C for 30 s,
extension at 72°C for 35 s, and final
extension at 72°C for 7 min. The rs72-
34029 was subjected to initial dena-
turation at 94°C for 5 min, followed by
35 cycles of denaturation at 94°C for
35 s, annealing at 55°C for 30 s,
extension at 72°C for 28 s, and final
extension at 72°C for 5 min. All of the
PCR products were stored at 4°C. The
PCR products were electrophoresed
in a 2% agarose gel, with 1 x TBE buf-
fer, V=90-100V for 45 min, visualized
under Gel imaging system (Bio-Rad
Gel Doc-2000, United States) and
were confirmed with the reference
DNA. The PCR products (5 pl) were
digested by the appropriate restriction
enzyme (Table 1) for about 10 hours,
followed by electrophoresis in a 2.5%
agarose gel.

Statistical analysis

The genotype frequencies were calcu-
lated by direct counting. The Hardy-
Wein-berg equilibrium test was used
to check the mutation genotype fre-
quency distributions. Fisher’'s exact
test and chi-square test were used to
compare the genotype frequencies
and allele frequency distribution in
patients and controls by SPSS13.0
software (SPSS Inc., Chicago, IL,
U.S.A.), P < 0.05 was considered sta-
tistically significant.

Results

PTPN2 gene rs2542151 polymor-
phisms

After complete digestion, the PCR
product of rs2542151 of the PTPN2

ers and restriction enzymes are listed in Table
1.

The PCR system comprised a total volume of
20 ul, containing 2 x PCR Master-Mix 10 pl, dis-
infection DDW 7 pl, 1 ul each of upstream and
downstream primers, and 1 pl of DNA extract.

The PCR conditions were as follows, the
rs2542151 was subjected to an initial denatur-
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gene yielded three bands (74, 95, and 291 bp)
in TT homozygotes, 74 bp and 217 bp in GG
homozygotes, and all four bands (74, 95, 122,
and 295 bp) in GT heterozygotes (Figure 1).

PTPN2 gene rs7234029 polymorphisms

The PCR product of PTPN2 gene rs7234029
generated three bands (76, 161, and 237 bp) in
A/G heterozygotes, two bands (76, and 161 bp)

Int J Clin Exp Med 2016;9(5):8312-8319
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Table 4. Clinical profile of UC of SNP rs2542151 and rs7234029 genotype

rs2542151 P value rs7234029 P value
Onset age N T TG GG P=0.799 AA AG GG P=0.152
<40 45 23 (51.1) 19(42.2) 3(6.7) 19 (42.2) 24 (53.3) 2(4.4)
> 40 55 26 (47.3) 23(41.8) 6(10.9) 23(41.8) 23(41.8) 9(16.4)
Location P=0.457 P=0.569
E1l 18 9(50.0) 8(44.4) 1(5.6) 9(42.9) 11(52.4) 1(4.8)
E2 21 (42.9) 21(42.9) 7(14.3) 22 (44.9) 20(40.8) 7 (14.3)
E3 19 (57.6) 13(39.4) 1(3.0) 11(33.3) 19(57.6) 3(9.1)
Gender P=0.333 P=0.627
Male 53 25(47.2) 21(39.6) 7(13.2) 20 (37.3) 27(50.9) 6(11.3)
Female 47 24 (51.1) 21(44.7) 2(4.3) 22 (46.8) 20 (42.6) 5(10.6)
Ethnic Groups P=1.0 P=1.0
Zhuang 50 25(50.0) 21(42.0) 4(8.0) 21 (42.0) 23(46.0) 6(12.0)
Han 50 24(48.0) 21(42.0) 5(10.0) 21 (42.0) 24(48.0) 5(10.0)
Stages P=0.871 P=0.571
Activity 59 28(47.5) 25(42.4) 6(10.2) 23(39.0) 28(47.5) 8(13.6)
Remission 41 21(51.2) 17 (41.5) 3(7.3) 19 (46.3) 19(46.3) 3(7.3)

E1, rectum; E2, left hemicolon; E3, extensive colon; A P value > 0.05: No significance.

in AA homozygotes, and the one band (237 bp)
in GG homozygotes (Figure 2).

Analysis of PTPN2 gene polymorphisms in IBD

All the genotypic distributions were in accor-
dance with the Hardy-Weinberg equilibrium (P >
0.05). The genotype and allele frequencies of
rs2542151 were statistically significant in UC
group compared with control group in Zhuang
and Han populations (P < 0.05) (Table 2). The
genotype and allele frequencies of PTPN2
rs7234029 were also statistically significant in
UC compared with control group in Zhuang and
Han populations (P < 0.05) (Table 2). However,
no significant differences were detected in gen-
otype frequencies or allele frequencies of the
two SNPs between CD group and control groups
including Zhuang and Han (P > 0.05) (Tables 2,
3). Further phenotype-genotype analysis reve-
aled no associations between the two SNPs
and the gender, disease stage or site of origin
of UC (Table 4). In addition, as shown in the
Table 4, no correlation existed between UC and
CD in the Han and Zhuang population.

Discussion

The identification of IBD susceptibility genes
provides insight into the pathogenic mecha-
nisms. As one of the susceptibility genes,
PTPN2 gene is located on chromosome
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18p11.2-11.3. It encodes a key negative regu-
latory factor of inflammation of T-cell protein
phosphatase (TC-PTP), which is expressed in all
the tissues and cells. Recent studies have dem-
onstrated that [24] defective PTPN2 was asso-
ciated with significant elevation in IFN-y and
TNF-« levels in mice serum as well as increased
production of nitric oxide. Additionally, the
secretion of IL-6 and IL-8 induced by TNF-a was
increased [25]. As a result, PTPN2 loss aggra-
vates the epithelial barrier defect caused by
IFN-y [26]. Therefore, PTPN2 deficiency may
cause autophagosome formation and impaired
autophagy, significantly increasing the perme-
ability of intestinal epithelium and the intestinal
epithelial barrier dysfunction. However, the
mechanisms are known for Crohn’s disease in
Europeans. The PTPN2 rs2542151 and
rs7234029 polymorphisms were shown to
result in CD with a strong diversity among dif-
ferent ethnicities, which is similar to the NOD2/
CARD15 [27]. In our study, the two SNPs were
associated with UC, but not with CD, unlike in
most Europeans [17, 18, 20, 28, 29]. Several
recent studies also showed the association of
SNP rs2542151 with advanced CD, manifest-
ing inflammatory and penetrating behavior,
requiring bowel resection [20]. CD associated
with colon was significantly associated with
healthy controls among Canadians [30]. In the
Netherlands, PTPN2-rs2542151 was only asso-

Int J Clin Exp Med 2016;9(5):8312-8319
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ciated with smoking CD patients, and not with
the other cohorts [31]. It is plausible that
genetic and environmental factors such as
smoking interact with each other, contributing
to the genotype distribution. Genetic studies of
IBD should be stratified for environmental fac-
tors, race, geography, populations, especially
of CD.

In Asia, researchers in Japan and Guangdong
in China showed that rs2542151 was not asso-
ciated with susceptibility to CD, which is consis-
tent with our findings [31, 32]. Accordingly, we
speculated that the gene PTPN2 may have little
relevance with CD in Asia. SNP rs7234029 was
associated with CD in Germans [16].
Interestingly, rs2542151 also revealed an
association with UC in German patients [16].
Our study is consistent with Chinese Han popu-
lation of Guangdong. The results were not con-
sistent with the studies on Chinese Han
patients with CD from Guangdong or patients
with CD from Europe or Italy. The diversity may
be due to geographic, environmental and racial
heterogeneity, and a relatively small sample
size. PTPN2 gene may be a susceptible gene
with UC patients in Zhuang population in
Guangxi of China. Comparative analysis of the
genotype-phenotype did not yield any specific
associations between the two SNPs and the
clinical features of UC patients. The presence
of rs2542151 and rs7234029 polymorphisms
did not influence disease phenotype.

In conclusion, for the first time we identified
PTPN2 gene rs2542151 and rs7234029 poly-
morphisms associated with UC in Guangxi
Zhuang population of China. In the present
study, no correlations between gene polymor-
phisms and CD were observed. The genes may
be candidates for conferring susceptibility to
UC in Zhuang population. There was no obvious
association between the two SNPs and the
clinical phenotype of UC. It may be limited by
the relatively small sample size. Our results
play an important role in the understanding of
the pathogenesis of UC. Additional susceptibil-
ity genes need to be isolated and the patho-
genesis of inflammatory bowel disease eluci-
dated in future studies.

Comments
Background

The precise etiology of inflammatory bowel dis-
ease is not clear, but the genetic factors play a
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critical role. An increasing number of studies
suggested the association between IBD sus-
ceptibility and PTPN2 expression.

Research frontiers

PTPN2 gene polymorphisms have been identi-
fied in CD among Europeans. In Asia, research
studies involving Japanese and the Han popula-
tion of Guangdong China showed that
rs2542151 was not associated with suscepti-
bility to CD. Furthermore, several studies in
Zhuang population of Guangxi found no sus-
ceptible gene polymorphisms. The study
assessed the association of PTPN2 genetic
variants (rs25421515, rs7234029) with IBD in
Guangxi Zhuang population.

Innovations and breakthroughs

To the best of our knowledgeg, it is the first time
that SNPs were associated with UC in Zhuang
population from the Guangxi Zhuang Auto-
nomous Region of China.

Applications

The gene may be a susceptibility marker in UC
among Zhuang population. However, there was
no obvious association between the two SNPs
and the clinical phenotype of UC.

Terminology

PTPN2 gene located on chromosome 18p11.2-
11.3, encodes a key inflammatory negative
regulatory factor of T-cell protein phosphatase
(TC-PTP), which is expressed in all the tissues
and cells.

Peer review

The study demonstrates the associations of
PTPN2 polymorphisms with UC in a restricted
Chinese cohort. The genetic variation in UC sus-
ceptibility among various ethnic and regional
groups is meaningful.
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