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Abstract

Objective  Ulcerative colitis (UC) and Crohn’s disease
(CD) result from an interaction between genetic and
environmental factors. Though several polymorphisms
have been identified in PTPN2, their roles in the incidence
of UC and CD are conflicting. This meta-analysis was
aimed to clarify the impact of these polymorphisms on UC
and CD risk.

Method PubMed, EMBASE, Cochrane Library and CBM
were searched until 23 July 2013 for eligible studies on
three PTPN2 polymorphisms: rs2542151, rs1893217 and
rs7234029. Data were extracted, and pooled odd ratios
(ORs) as well as 95 % confidence intervals (95 % ClIs)
were calculated.

Conclusion The meta-analysis indicated that rs2542151,
rs1893217 and rs1893217 were associated with increased
CD risk, while the former was associated with increased
UC risk. The differences in age of onset and ethnic groups
may influence the associations. Gene-gene and gene—
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environment interactions should be investigated in the
future.

Results Seventeen studies with 18,308 cases and 20,406
controls were included. Significant associations were found
between rs2542151 polymorphism and CD susceptibility
(OR = 1.22, 95 % CI, 1.15-1.30, I> = 32 %), as well as
between rs2542151 and UC susceptibility (OR = 1.16,
95 % CI, 1.07-1.25, P =39 %). A similar result was
found in Caucasians, but not in Asians. Moreover, a sig-
nificant increase in CD risk for all carriers of the minor
allele of rs1893217 (OR = 1.45, 95 % CI, 1.23-1.70,
P=0%) and r1s7234029 (OR =136, 95% CI,
1.16-1.59, > =0 %) were found. For children, the
rs1893217 polymorphism appeared to confer susceptibility
to CD (OR = 1.56, 95 % CI, 1.28-1.89, I* = 0 %).

Keywords PTPN2 - Polymorphisms - Ulcerative colitis -
Crohn’s disease - Meta-analysis

Introduction

The major forms of inflammatory bowel disease (IBD),
ulcerative colitis (UC) and Crohn’s disease (CD) are
chronic inflammatory disorders of the gastrointestinal tract
that have been empirically defined by clinical, pathologi-
cal, endoscopic and radiological features [1]. UC is
characterized by inflammation that is limited to the colon:
it begins in the rectum, spreads proximally in a continuous
fashion and frequently involves the periappendiceal region;
being different from UC, CD involves any part of the
gastrointestinal tract (most commonly the terminal ileum or
the perianal region) in a non-continuous fashion, and is
commonly associated with complications such as strictures,
abscesses and fistulas [2, 3]. Yet, other than the fact that
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several genes, gut microbiota and unknown environmental
factors contribute to it, little is known about its cause [4, 5].

Genome-wide association studies (GWAS) for IBD
susceptibility loci performed in the last few years have
been highly successful in identifying genes that contribute
to disease susceptibility, identifying 99 non-overlapping
genetic risk loci, including 28 that are shared between UC
and CD [6, 7]. Despite distinct clinical features, approxi-
mately 30 % of IBD-related genetic loci are shared
between UC and CD, indicating that these diseases engage
common pathways and may be part of a mechanistic con-
tinuum [8]. Though many susceptibility loci associated
with UC and CD, including ECM1, CDH1, NOD2, IBDS,
IL23R, ATG16L1 and so on, have been identified, their
roles in the incidence of CD are conflicting [9—16].

The family of protein tyrosine phosphatases (PTPs)
plays a critical role in regulating fundamental cellular
signaling events, including cell proliferation, differentia-
tion and survival [17]. As a member of this superfamily,
PTPN2 (protein tyrosine phosphatase, nonreceptor type 2),
which is located at chromosome 18p11.2, is expressed in
intestinal epithelial cells and helps to maintain barrier
function [18, 19], and the encoded protein (T cell protein
tyrosine phosphatase) is involved in the regulation of the
immune system. In intestinal cells, PTPN2 regulates epi-
thelial permeability and is a key negative regulator of
important immune mediators STAT1 and STATS3, as well
as p38 and ERKI1/2 phosphorylation by modulating
cytokine secretion and by restricting epithelial barrier
defects [20, 21]. Consequently, it attenuates both IFNy-
induced and TNFa-induced signaling and release of pro-
inflammatory cytokines. Evidence from PTPN2™/~ mouse
knockouts suggests that PTPN2 is a multiple regulator of
the immune system, affecting hematopoiesis in several
lineages and controlling systemic inflammatory responses
[22, 23]. Three common polymorphisms recognized by
restriction enzymes have been reported within the region
of PTPN2: rs2542151 which is located 5.5 kb upstream of
the PTPN2 gene; rs1893217 which is located in intron 7,
and rs7234029 which are located within an intronic
region.

Recently, a couple of case—control studies across mul-
tiethnic groups have assessed the associations between
PTPN2 polymorphisms with UC and CD. However, the
results have been proposed for the disparity, including
small sample sizes, low statistical power and subjects from
different ethnic backgrounds. Therefore, in order to over-
come the limitations of these individual studies, resolve
inconsistencies, and reduce the likelihood that random
errors are responsible for false-positive or false-negative
associations, we conducted a meta-analysis of the previ-
ously published studies involving the associations between
PTPN2 polymorphisms with UC and CD.
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Materials and methods
Search strategy

Pubmed, Embase, Cochrane Library and CBM were sear-
ched for studies focused on the relationships between the
three common polymorphisms of PTPN2 and the risk of
UC and CD. The latest search was done on July 23, 2013
by two independent reviewers (J.X.Z. and J.W.). The key
words and subject terms used are as follows: “Crohn’s
disease” or ‘‘CD’’, “ulcerative colitis” or “UC”,
“inflammatory bowel disease” or “IBD”, “protein tyrosine
phosphatase nonreceptor type 2” or “PTPN2”, and
“genetic polymorphism” or “polymorphism” or “variant”.
The reference lists in the retrieved studies were also further
screened for additional eligible publications. When data
were unclear or incomplete, the corresponding author was
contacted to clarify data extraction.

Inclusion and exclusion criteria

Studies were included into the meta-analysis if they met the
following criteria: (1) the study assessed the associations
between UC or CD with at least one of the three poly-
morphisms; (2) controls of included studies were from a
healthy population or were subjects without diseases rela-
ted to IBD; (3) the study offered sufficient and complete
data to calculate the number of each allele identified.
Studies were excluded if: (1) the research did not study any
of the three polymorphisms; (2) the design was based on
family data; (3) the genotype frequency was not reported;
(4) the article was a review; (5) there was insufficient
information to support integrity of the data upon extraction;
(6) the study was without control group.

Data extraction

The following information regarding each eligible trial was
recorded: year of publication; ethnicity of subjects; sample
sizes; and Hardy—Weinberg equilibrium (HWE) of control.
Baseline information and data were extracted by two
reviewers (J.X.Z. and J.W.) independently, using the same
standard. The results were compared and disagreements
were resolved by consensus.

Statistical analysis

Variant genotype frequencies were compared between
cases and controls. The odds ratio (OR) and 95 % confi-
dence interval (CI) for the heterozygote and variant
homozygote were calculated as compared with the wild-
type homozygote. In addition to overall comparisons, a
subgroup analysis was performed based on ethnicity when
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Fig. 1 The screening process of 3
studies Database Searching
(July 2013)
n=31 . )
Reviews (n=3)
Excluded n=9 Not related to PTPN2 (n=3)
Not human subjects (n=2)
Meta-analysis (n=1
Evaluate PTPN2 polymorphism \. ysis (@71)
and susceptibility to IBD
n=22 ~ )
Excludedn=5 | without available data (n=3)
| Without healthy control group (n=2)
Studies included in this - Y,
Meta-analysis
n=17

Table 1 Characteristics of studies included in the meta-analysis

Study Year  Country Ethnicity Disecase  SNP Sample size MAF Pywe (control)
Case Control  Case Control
Fisher et al. [24] 2008 UK Caucasian UC rs2542151 1,841 1,470 0.175 0.166 0.9500311
Jung et al. [25] 2012  France Caucasian CD rs2542151 798 960 0.150 0.150 0.9193484
Lv et al. [26] 2012  China Asian ucC rs2542151 49 50 0.000  0.000 0.0461079
CD 1s2542151 49 50 0.289  0.000 0.0461079
Waterman et al. [27] 2011 Canada Caucasian UC rs2542151 1,230 1,057 0.168 0.155 0.9167254
CD rs2542151 1,144 1,057 0.178 0.155 0.9167254
Yu et al. [28] 2012 USA Caucasian UC rs2542151 198 466 0.213 0.173 0.7104807
CD rs2542151 177 466 0.249 0.173 0.7104807
Morgan et al. [29] 2010 New Zealand Caucasian CD rs2542151 313 475 0.238  0.130 0.0191443
Glas et al. [30] 2012 Germany Caucasian UC rs2542151 318 908 0.164 0.130 0.9217203
CD rs2542151 905 908 0.182  0.130 0.9217203
ucC 1s7234029 318 908 0.167 0.137 0.9841650
CD rs7234029 905 908 0.177  0.137 0.9841650
Franke et al. [31] 2008  Germany Caucasian UC rs2542151 1,130 1,817 0.191 0.154 0.9787437
CD rs2542151 1,850 1,817 0.176  0.154 0.9787437
Peter et al. [32] 2011  USA Caucasian CD rs2542151 369 503 0.120  0.100 0.9724014
Latiano et al. [33] 2011  TItaly Caucasian UC rs2542151 914 779 0.105 0.113 0.4044209
CD rs2542151 872 779 0.155 0.113 0.4044209
Yamazaki et al. [34] 2009 Japan Asian CD rs2542151 484 470 0.129  0.092 0.8582028
Weersma et al. [35] 2009  Netherlands Caucasian CD rs2542151 1,621 1,086 0.180 0.150 0.9400899
Parkes et al. [36] 2007 UK Caucasian CD rs2542151 1,182 2,024 0.196 0.175 0.9895566
Chen et al. [37] 2008 China Asian uC rs2542151 40 50 0.000  0.000 0.0601556
CD rs2542151 40 50 0.316  0.000 0.0601556
Amre et al. [38] 2010 Canada Caucasian CD rs1893217 406 415 0.190 0.140 0.9654709
Marcil et al. [39] 2013  Japan Asian CD rs1893217 547 590 0.195 0.136 0.9953929
CD rs7234029 547 588 0.192  0.156 0.9403259
Scharl et al. [40] 2012  Switzerland Caucasian CD rs1893217 343 663 0.195 0.123 0.6598962

SNP single-nucleotide polymorphism, HWE Hardy—Weinberg equilibrium, UC ulcerative colitis, CD Crohn’s disease, MAF minor allele

frequencies
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Table 2 Pooled analysis for the associations between the polymorphisms of PTPN2 and the risk of Crohn’s disease

SNP N Comparison Test of association Test of heterogeneity Publication bias P value
OR (95 % CI) P value P value P (%) Egger’s test

rs2542151 13 TG vs. TT 1.19 (1.12-1.27) 0.000 0.200 25 0.642

GG vs. TT 1.60 (1.35-1.91) 0.000 0.270 17 0.008

TG + GG vs. TT 1.22 (1.15-1.30) 0.000 0.130 32 0.306

GG vs. TG + TT 1.53 (1.28-1.82) 0.000 0.370 8 0.008

Gvs. T 1.22 (1.15-1.28) 0.000 0.140 30 0.125
rs1893217 TC vs. TT 1.38 (1.17-1.63) 0.000 0.310 13 0.550

CCvs. TT 2.39 (1.49-3.82) 0.000 0.950 0 0.900

TC + CC vs. TT 1.45 (1.23-1.70) 0.000 0.400 0 0.554

CCvs. TC + TT 2.18 (1.37-3.48) 0.001 0.890 0 0.954

Cvs. T 1.43 (1.24-1.65) 0.000 0.590 0 0.487
rs7234029 2 AG vs. AA 1.33 (1.13-1.56) 0.001 0.770 0 NA

GG vs. AA 1.75 (1.11-2.78) 0.020 0.870 0 NA

AG + GG vs. AA 1.36 (1.16-1.59) 0.000 0.760 0 NA

GG vs. AG + AA 1.62 (1.03-2.56) 0.040 0.880 0 NA

Gvs. A 1.33 (1.15-1.52) 0.000 0.740 0 NA

NA not available

adequate data were available. Between-study heterogeneity
was estimated using the y>-based Q statistic and I* test.
When I* > 50 % and P < 0.1, heterogeneity was consid-
ered statistically significant, and random effects model was
used to analyze the data subsequently. On the contrary,
fixed effects model was chosen. Egger’s test was used to
assess the publication bias. A y* test was performed to
examine HWE, and P < 0.05 was considered statistically
significant.

All analyses were performed by the Review Manager
5.1 and Stata 12 (Stata Corporation, College Station,
Texas) software packages.

Results
Studies included in the meta-analysis

Following the searching strategy, 31 potentially relevant
studies were retrieved. According to the inclusion criteria,
17 studies [24-40] with full-text were included into this
meta-analysis and 14 studies were excluded (Fig. 1). Eight
studies [24, 26-28, 30, 31, 33, 37] examined the associa-
tion between rs2542151 polymorphisms and UC risk; 13
[25-37] studied the association between rs2542151 poly-
morphisms and CD risk; three [38-40] involved the
association between rs1893217 polymorphisms and CD
and two [30, 39] studied the association between
1s7234029 and CD risk. In these studies, seven examined
the association between PTPN2 polymorphisms and CD as
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well as UC (Table 1). The distribution of genotypes in the
controls was consistent with HWE for all selected studies,
except for two studies [26, 39] for rs2542151.

Associations between PTPN2 polymorphisms and CD

A summary of the meta-analysis findings concerning
associations between PTPN2 polymorphisms and CD is
shown in Tables 2 and 3.

Thirteen studies [25-37], which were comprised of 9,804
cases and 10,645 controls, reported the rs2542151 poly-
morphisms. It was found that rs2542151 polymorphism was
associated with CD risk (TG vs. TT: OR = 1.19, 95 % (I,
1.12-1.27, * = 25 %; GG vs. TT: OR = 1.60, 95 % CI,
1.35-191, =17 %; TG + GG vs. TT: OR = 1.22,
95 % CI, 1.15-1.30, F =32%; GG vs. TG + TT:
OR =153, 95% CI, 1.28-1.82, " =8 %; G vs. T:
OR = 1.22, 95 % CI, 1.15-1.28, I* =30 %) (Table 2;
Fig. 2). According to the subgroup analysis by ethnicity, the
patients of ten studies [25, 27-33, 35, 36] were Caucasian
and that of the other three [26, 34, 37] were Asian. Inter-
estingly, 152542151 polymorphism was associated with CD
risk in Caucasians, but not in Asians (Table 3).

Three studies [38—40] including 1,296 cases and 1,668
controls examined rs1893217 polymorphisms. Significant
association between rs1893217 polymorphisms and CD
risk was found (TC vs. TT: OR =1.38, 95 % (I,
1.17-1.63, I = 13 %; CC vs. TT: OR = 2.39, 95 % CI,
1.49-3.82, > = 0 %; TC + CC vs. TT: OR = 1.45, 95 %
CI, 1.23-1.70, * = 0 %; TT vs. TC + CC: OR = 2.18,
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Table 3 Subgroup analysis for the associations between the polymorphisms of PTPN2 and the risk of Crohn’s disease

SNP Comparison Subgroup Test of association Test of heterogeneity Subgroup differences
OR (95 % CI) P value P value P (%) P value (%)
rs2542151 TG vs. TT Caucasian 1.19 (1.12-1.27) 0.000 0.560 0 0.870 0
Asian 1.22 (0.92-1.63) 0.170 0.020 75
GG vs. TT Caucasian 1.55 (1.30-1.85) 0.000 0.360 0.290 11.6
Asian 2.81 (0.95-8.31) 0.060 0.300
TG + GG vs. TT Caucasian 1.22 (1.15-1.30) 0.000 0.380 0.650 0
Asian 1.30 (0.99-1.73 0. 060 0.020 74
GG vs. TG + TT Caucasian 1.48 (1.24-1.76) 0.000 0.420 2 0.230 31.8
Asian 2.89 (0.99-8.46) 0.050 0.240 26
Gvs. T Caucasian 1.21 (1.14-1.28) 0.000 0.230 23 0.980 0
Asian 1.20 (0.92-1.58) 0.180 0.930 0
rs1893217 TC vs. TT Children 1.50 (1.22-1.83) 0.000 0.760 0 - -
CCvs. TT Children 2.28 (1.30-4.02) 0.004 0.870 0 - -
TC 4+ CC vs. TT Children 1.56 (1.28-1.89) 0.000 0.740 0 - -
CCvs. TC + TT Children 2.04 (1.16-3.58) 0.010 0.900 0 - -
Cvs. T Children 1.50 (1.27-1.78) 0.000 0.740 0 - -
CcD Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed. 95% CI
Chen 2008 15 40 21 50 06%  0.83[0.35 194 T
Franke 2008 594 1850 517 1817 191%  1.19[1.03,1.37] W
Glas 2012 299 905 221 908 79%  1.53[1.25,1.88§) 3
Jung 2012 221 798 266 960 9.4%  1.00[0.81,1.23] il fi
Latiano 2011 250 872 188 779  7E6%  1.26[1.01,1.57)] [
Lv2012 37 49 22 50 0.3%  3.92[1.66,9.29) -
Morgan 2010 121 313 164 475  43%  1.20[0.89,1.61] T
Parkes 2007 418 1182 646 2024 16.6%  1.17[1.00,1.36] It
Peter 2011 83 369 96 503  34%  1.23[0.88,1.71] i
Waterman 2011 370 1144 303 1057 11.5%  1.19[0.99,1.43] >
Weersma 2009 531 1621 301 1086 13.0%  1.27[1.07,1.50] il
Yamazaki 2009 102 484 86 467 37%  1.18[0.86,1.63] i il
Yu 2011 67 177 141 466 26%  1.40[0.98, 2.02) =
Total (95% CI) 9804 10642 100.0%  1.22[1.15,1.30] |
Total events 3108 2972

Heterogeneity: Chi*=17.64, df=12 (P =0.13), F=32%
Test for overall effect: Z=6.48 (P < 0.00001)

0.01

01

1 10

Fig. 2 Meta-analysis of the association between the rs2542151 polymorphism and CD for TG+GG vs. TT

Odds Ratio

M-H, Fixed, 95% CI

100
Favours CD Favours control

CcD Control Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl
Amre 2010 140 406 108 415 28.8% 1.50[1.11, 2.02)
Marcil 2013 193 547 180 590 38.5% 1.60[1.24, 2.06)
Scharl 2012 98 343 163 663 32.7% 1.23[0.91,1.65)
Total (95% CI) 1296 1668 100.0% 1.45[1.23,1.70]
Total events 431 421

Heterogeneity: Chi*=1.85, df= 2 (P = 0.40); F= 0%
Test for overall effect: Z= 4.49 (P < 0.00001)

-

=
-
+

0.01

0.1

10

Fig. 3 Meta-analysis of the association between the rs1893217 polymorphism and CD for TC+CC vs. TT

100
Favours CD Favours control
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cD Control Odds Ratio Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Glas 2012 180 547 169 588 40.4% 1.32[1.03,1.70]
Marcil 2013 2892 905 232 908 59.6% 1.39[1.13,1.70) |
Total (95% CI) 1452 1496 100.0%  1.36 [1.16, 1.59] 4
Total events 482 401

it 2= - - R = : : T : :
Heterogeneity: Chi*= 0.09, df=1 (P=0.76), F=0% 001 04 ] 10 100

Test for overall effect: Z= 3.81 (P = 0.0001)

Favours CD Favours control

Fig. 4 Meta-analysis of the association between the rs7234029 polymorphism and CD for AG+GG vs. AA

Table 4 Pooled analysis for the associations between the polymorphisms of PTPN2 and the risk of ulcerative colitis

SNP N Comparison Test of association Test of heterogeneity Publication bias P value
OR (95 % CI) P value P value P (%) Egger’s test
rs2542151 8 TG vs. TT 1.14 (1.05-1.24) 0.001 0.150 34 0.648
GG vs. TT 1.32 (1.05-1.67) 0.020 0.640 0 0.940
TG + GG vs. TT 1.16 (1.07-1.25) 0.000 0.120 39 0.693
GG vs. TG + TT 1.28 (1.01-1.61) 0.040 0.720 0 0.891
Gvs. T 1.14 (1.07-1.23) 0.000 0.170 32 0.637

Table 5 Subgroup Analysis for the Associations Between the Polymorphisms of PTPN2 and the Risk of CD

SNP Comparison Subgroup Test of association Test of heterogeneity Subgroup differences
OR (95 % CI) Pvalue P value P (%) P value P (%)
rs2542151 TG vs. TT Caucasian 1.15 (1.06-1.24) 0.001 0.400 3 0.700 0
Asian 1.02 (0.57-1.83) 0.940 0.020 81
GG vs. TT Caucasian 1.32 (1.05-1.67) 0.020 0.640 0 - -
Asian NA NA NA NA
TG 4+ GG vs. TT Caucasian 1.16 (1.07-1.26) 0.000 0.310 16 0.670 0
Asian 1.02 (0.57-1.83) 0. 940 0.020 81
GG vs. TG + TT Caucasian 1.28 (1.01-1.61) 0.040 0.720 0 - -
Asian NA NA NA NA
Gvs. T Caucasian 1.15 (1.07-1.23) 0.000 0.280 21 0.580 0
Asian 1.00 (0.61-1.63) 1.000 0.050 73

95 % CI, 1.37-3.48, > = 0 %; C vs. T: OR = 1.43, 95 %
CL 1.24-1.65, P =0 %) (Table 2; Fig. 3). According to
the stratified analysis by patients’ onset age, rs1893217
polymorphism was associated with CD risk for patients
diagnosed during their childhood (Table 3).

There were two studies [29, 30], containing 1,452 cases
and 1,496 controls, that discussed rs7234029 polymor-
phisms. Significant association was found between
rs7234029 polymorphisms and CD risk (AG vs. AA:
OR = 1.33, 95 % CI, 1.13-1.56, I* = 0 %; GG vs. AA:
OR = 1.75,95 % CI, 1.11-2.78, I = 0 %; AG + GG vs.
AA: OR = 1.36, 95 % CI, 1.16-1.59, I’ = 0 %; GG vs.
AG + AA: OR = 1.62, 95 % CI, 1.03-2.56, I = 0 %; G
vs. A: OR=133, 95% CI, 1.15-1.52, =0 %)
(Table 2; Fig. 4).
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Associations between PTPN2 polymorphisms and UC

A summary of the meta-analysis findings concerning
associations between PTPN2 polymorphisms and UC is
shown in Tables 4 and 5.

Eight studies [24, 26-28, 30, 31, 33, 37], which were
comprised of 5,720 cases and 6,597 controls, reported the
rs2542151 polymorphisms. It was found that rs2542151
polymorphism was associated with CD risk (TG vs. TT:
OR = 1.14, 95 % CI, 1.05-1.24, I* = 34 %; GG vs. TT:
OR = 1.32, 95 % CI, 1.05-1.67, F = 0 %; TG + GG vs.
TT: OR = 1.16, 95 % CI, 1.07-1.25, I* = 39 %; GG vs.
TG + TT: OR = 1.28, 95 % CI, 1.01-1.61, " =0 %; G
vs. T: OR =1.14, 95% CI, 1.07-1.23, I =32 %)
(Table 4; Fig. 5). According to the subgroup analysis by
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uc Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Chen 2008 10 40 21 50 1.2%  0.46[0.19,1.14]
Fisher 2008 588 1841 448 1470 299%  1.07(0.92,1.24)
Franke 2008 380 1130 517 1817 22.9%  1.33(1.13,1.55) *
Glas 2012 96 318 221 908 71%  1.34[1.01,1.79) a
Latiano 2011 242 914 188 779 131% 1.131[0.91,1.41) ™
Lv 2012 29 48 22 50 0.8%  1.94[0.87,4.34] 1
Waterman 2011 379 1230 303 1057 19.9%  1.11(0.93,1.33) T
Yu 2011 59 198 141 466 52%  0.98(0.68,1.41) =
Total (95% Cl) 5719 6597 100.0%  1.16 [1.07,1.25] ’
Total events 1793 1861
Heterogeneity: Chi*=11.53, df= 7 (P=0.12); F= 39% =0 = n=1 1=0 100:

Test for overall effect: Z= 3.63 (P = 0.0003)

Favours UC Favours control

Fig. 5 Meta-analysis of the association between the rs2542151 polymorphism and UC for TG4+GG vs. TT

ethnicity, interestingly, rs2542151 polymorphism was
associated with UC risk in Caucasians, but not in Asians
(Table 5).

Test of heterogeneity and publication bias

Heterogeneity of the included studies pertaining to each
polymorphism is presented in Tables 2, 3, 4 and 5. During
the meta-analysis, heterogeneity was found in the subgroup
analysis for Asian, but sensitivity analysis found these
studies that contributed to heterogeneity did not influence
the results.

For the results indicated by Egger’s Test in Tables 2 and
4, potential publication bias was only found for GG vs. TT
(Egger’s Test P = 0.024) and GG vs. TG + TT (Egger’s
Test P = 0.024).

Discussion

The pathogenesis of IBD relates, at least in part, to a
dysregulated host response to intestinal microbiota in
subjects with an underlying genetic predisposition. There is
increasing evidence of global variation of susceptibility
genes for IBD, and of clinically important differences in
polymorphism frequency between racial and ethnic groups
in the same region [41]. To date, 99 IBD susceptibility loci
have been identified: 71 associated with CD, 47 with UC,
and 28 with both CD and UC [15]. Among these IBD-
related genes, PTPN2 is a key negative regulator of
important immune mediators STAT1 and STATS3, as well
as p38 and ERK1/2 phosphorylation, and helps to maintain
barrier function [20, 21]. So far, several loci located in
PTPN2 have been identified and the associations between
them and IBD susceptibility have been evaluated in some
studies. But because of the differences, including sample
sizes, statistical power and ethnic backgrounds, all the

conclusions are not unanimous. Therefore, performing a
meta-analysis to evaluate the associations between PTPN2
polymorphisms and IBD is necessary. This meta-analysis,
including 17 studies with 18,308 cases and 20,406 controls
concerning rs2542151, rs1893217 and rs7234029, is the
first quantitative evaluation with respect to the associations
between PTPN2 polymorphisms with UC and CD risk.

Rs2542151, located 5.5 kb upstream of the PTPN2
gene, was first reported in the GWAS [30, 39]. It has been
demonstrated that the presence of PTPN2 variant
rs2542151 causes impaired autophagosome formation, and
dysfunctional autophagy resulted in increased levels of
autophagosome formation in colonic lamina propria fibro-
blasts derived from CD patients [19]. Our meta-analysis
contained 13 studies [25-37] with 9,804 cases and 10,645
controls, and reported the association between rs2542151
polymorphism with CD; eight studies [24, 26-28, 30, 31,
33, 37] with 5,720 cases and 6,597 controls paid attention
to the association between it and UC. We found that
rs2542151 polymorphism was associated with UC and CD
susceptibility. In other word, the risk “G” allele increased
the UC and CD risk. Interesting, similar results were found
in Caucasians but not in Asians. But the result for Asians
should be interpreted cautiously, because only two studies
(for UC) and three studies (for CD) whose patients were
Asian were included in the meta-analysis.

In addition, the second major finding of this meta-ana-
lysis is that the minor allele “C” of rs1893217 was
associated with increased CD risk. And in the stratified
analysis, significant association between rs1893217 poly-
morphisms and pediatric CD was found. But due to the
insufficient number of studies, the association between it
and UC susceptibility was not evaluated. Rs1893217,
which is located in intron 7 of PTPN2, is a potential
binding site for transcription factors such as HFN4-o,
PPAR-vy, and STAT6 are pertinent. HFN4-o plays a crucial
role in immune homeostasis in the gastrointestinal tract
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[42, 43], and knockdown of HFN4-a in cells results in
oxidative stress and accentuation of cellular inflammatory
activation [39]. Intronic variation at single-nucleotide
polymorphism (SNP) rs1893217 may hamper the binding
of HFN4-o and may hinder transcription of the PTPN2
gene, which could in turn induce cellular changes that
contribute to the inflammatory cascade. The presence of
the rs1893217 variation also results in elevated MAPK
signaling in response to the bacterial wall component,
MDP, but doesn’t affect the activation of the NF-xB
pathway. Moreover, elevated MAPK signaling results in
elevated mRNA expression of T-bet transcription factor
and increased IFN-y secretion, which contributes to an
aberrant, out-of-control inflammatory state in the intestine.

In this meta-analysis, two studies [26, 27] containing
1,452 cases and 1,496 controls discussed the association
between 157234029 polymorphisms and CD. The result
indicated that the risk allele “G” of rs7234029 was asso-
ciated with increased CD susceptibility. Regretfully,
because of insufficient number of studies, the association
between it and UC susceptibility was not evaluated. Like
rs1893217, intronic variation at SNP rs7234029 also
hampers the binding of important transcription factors,
such as OCT-1, NFIL3, CEBP-b, and EVI1, independently
and then contributes to the inflammatory cascade.

Though we attempted to minimize the likelihood of bias
by developing a detailed protocol before initiating the
study, some insurmountable limitations of this meta-ana-
lysis may affect the results and even the subsequent
conclusions. First, because of incomplete raw data or
publication limitations, several relevant studies could not
be included in this meta-analysis. Second, the numbers of
subjects and studies included in the meta-analysis were
small, and may not have been sufficient to reveal the
associations between rs1893217 and rs7234029 with UC
and CD. Third, most of the included studies were hospital-
based rather than population-based, which makes results
more prone to potential selection bias. Fourth, because not
all necessary information could be obtained from most
included studies, relevant stratifications could not be made
for many studies.

In conclusion, this meta-analysis summarized the asso-
ciations between PTPN2 polymorphisms and UC and CD
susceptibility. We found the minor allele “G” of
rs2542151 was associated with both increased UC and CD
risk, especially in Caucasians, but not in Asians. Moreover,
a significant increase in CD risk for all carriers of the minor
allele of rs1893217 and rs7234029 were found. For chil-
dren, the rs1893217 polymorphism appeared to confer
susceptibility to CD. Because IBD-related genetic factors
may interfere with non-genetic risk factors, such as envi-
ronment and diet, future studies should therefore be
stratified in these ways. In addition, gene—gene and gene—

@ Springer

environment interactions should be investigated in the
future.
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