OPEN 8 ACCESS Freely available online

@'PLOS ‘ ONE

Associations between STAT3 rs744166 Polymorphisms
and Susceptibility to Ulcerative Colitis and Crohn’s

Disease: A Meta-Analysis

Jixiang Zhang'?, Jianhong Wu??, Xiulan Peng?, Jia Song’, Jun Wang', Weiguo Dong"*

1 Department of Gastroenterology, Renmin Hospital of Wuhan University, Wuhan, Hubei Province, China, 2 Wuhan medical treatment center, Wuhan, Hubei Province,
China, 3 Department of Oncology, The Fifth Hospital of Wuhan, Wuhan, Hubei Province, China

Abstract

Background: Many studies have investigated the associations between the signal transducer and activator of transcription 3
(STAT3) in the susceptibility to ulcerative colitis (UC) and Crohn’s disease (CD). However, the results remain inconsistent. This
meta-analysis determined the risk of STAT3 rs744166 polymorphism-conferred UC and CD susceptibility.

Materials and Methods: Electronic databases, including PubMed, EMBASE and the Cochrane Library, were searched for all
eligible studies that evaluated the association between STAT3 rs744166 polymorphisms with UC and CD risk up to August
21, 2014. The pooled odds ratios (ORs) and 95% confidence intervals (95% Cls) were calculated using fixed- or random-
effects models.

Results: Twelve studies containing 10298 patients with CD, 4244 patients with UC and 11191 controls were included in this
meta-analysis. The results indicated that the STAT3 rs744166 polymorphism was associated with CD and UC susceptibility
(CD: GA+AA vs. GG, OR = 1.20, 95%Cl, 1.11-1.30, > = 0%, Pynadjusted<<0-00001, Pgonferroni<0.00005, Prpr<<0.00001; UC: GA+AA
vs. GG, OR=1.21, 95%Cl, 1.08-1.36, I*= 1%, Punadjusted = 0.001, Pgonferroni = 0.005, Prpr =0.00125). In subgroup analyses by
ethnicity, the significant association was found only among Caucasians. However, when grouped by age of onset, positive
associations were found both among adults and children. In addition, when stratified by study design and genotyping
methods, the risk of CD was significantly associated with the STAT3 rs744166 polymorphism in hospital-based and
population-based groups and in SNP Array and SNPlex groups. For UC, significant associations were also found in
population-based, PCR-RFLP and SNPlex groups. Moreover, these findings were sufficiently robust to withstand the
Bonferroni correction and false discovery rate (FDR).

Conclusion: This meta-analysis indicates that carriers of the STAT3 rs744166 ‘A’ allele have a significantly greater risk of CD

and UC, especially among Caucasians.
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Introduction

As a non-specific, intestinal inflammatory disorder, inflamma-
tory bowel disease (IBD) consists of ulcerative colitis (UC) and
Crohn’s disease (CD) clinically. The inflammation in UC only
involves the mucosal and submucosal layers of the rectum and
colon and is continuous. In contrast, in CD, the inflammation may
affect any part of the digestive tract and is intermittent [1,2]. With
the increasing incidence and prevalence of IBD, there are more
studies researching the risk factors and pathogenesis [3]. How
genetic factors affect the occurrence and development of IBD has
drawn increasing attention [4-6]. Until now, approximately 100
IBD-susceptibility loci, including 70 loci specific to CD and 47
specific to UC, have been identified. Their functions include
microbe recognition, lymphocyte activation, cytokine signaling,
and intestinal epithelial defense [7-9]. Though IBD-susceptibility
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loci, such as nucleotide oligomerization domain 2 (NOD2),
immunity-related GTPase family M (IRGM), interleukin 23
receptor (IL23R) and autophagy related 16-like 1 (ATGI16L1),
have been previously identified, their roles in the incidence of IBD
remain controversial [10-13].

The family of signal transducers and activators of transcription
(STATs) contains many intracellular effector molecules of
cytokine-modulated signaling, which could affect the development
of the immune system and hematopoiesis. After activation through
tyrosine phosphorylation, STATs combine to form dimers and
then are transported to the nucleus to induce transcription. As an
important member of the STAT family, STAT3 can be activated
by IL-6 and IL-23 after combining with IL-1b, TGF- b, and
RoRct. STAT3 also plays an important role in T helper 17 (Th17)
formation [14], though it can also be activated by IL-10. IL-10
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Figure 1. The screening process of studies.
doi:10.1371/journal.pone.0109625.g001

activation can then affect the function of Tregs, including the
ability to inhibit coinciding pathogenic Th17 responses [15].
Because STAT3 can interact with many IBD-related cytokines
and molecules, it plays an important role in the pathogenesis of
IBD.

Recently, a number of studies have investigated the association
between the STAT3 rs744166 polymorphism and UC and CD
susceptibility, but the results remain inconclusive. Though a meta-
analysis [16] has already discussed this association and the
conclusion is convincing, the impact of ethnicity, age of onset
and study design on the risk of STAT3 rs744166 polymorphism-
conferred UC and CD susceptibility is unclear. Therefore, we
conducted a meta-analysis of the previously published studies
involving STAT3 rs744166 polymorphism and UC and CD
susceptibility and these potential influential factors to clarify the
impact of this polymorphism.

Materials and Methods

Search strategy

We searched the electronic databases, including PubMed,
EMBASE and the Cochrane Library, for all eligible studies that
evaluated the association between the STAT3 rs744166 polymor-
phism and UC and CD risk up to August 21, 2014. The relevant
studies were identified using the following key words and subject
terms: “inflammatory bowel disease” or “IBD”; “ulcerative
colitis” or “UC”; “Crohn’s disease” or “CD”; “signal transducers
and activators of transcription 3” or “STAT3”; and ‘“genetic
polymorphism” or “polymorphism” or ‘“variant”. Additional
studies were identified by searching the reference lists of the
identified studies. The search was restricted to humans and did not
have a language limitation.

Inclusion and exclusion criteria

The studies were included the meta-analysis if they met the
following criteria: (1) case-control study design; (2) investigated the
association between UC and/or CD with the STAT3 rs744166
polymorphism; (3) controls were from a healthy population or
were patients without diseases related to IBD; and (4) had detailed
genotype frequencies of the cases and controls (or could be
calculated from the article text). Studies were excluded if: (1) the
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research did not study the STAT3 rs744166 polymorphism; (2) no
report of genotype frequency; (3) case studies, case reports and
review articles and (4) no control group.

Data extraction

The following information regarding each eligible trial was
extracted by two investigators independently: the first author’s
name, year of publication, country of origin, ethnicity of study
population, genotype method, number of cases and controls and
H-W equilibrium in controls. Any encountered discrepancies were
resolved by consensus.

Statistical analysis

The meta-analysis was performed using the Cochrane Collab-
oration RevMan 5.1 and STATA package version 12.0 (Stata
Corporation, College Station, TX, USA). The pooled odds ratios
(OR) and 95% confidence intervals (CI) were calculated to
evaluate the association between the STAT3 rs744166 polymor-
phisms and UC and CD risk. In addition, subgroup analyses were
performed based on ethnicity and study design when adequate
data were available. A y’test based on the Q statistic was
performed to assess the between-study heterogeneity. When 17>
50% and P<0.1, the heterogeneity was considered to be
significant, and the random effects model was used to analyze
the data. The fixed effects model was chosen for homogeneous
data. Egger’s test was used to assess the publication bias. HWE was
examined with the yx* test. P<0.05 was considered to be
significant. To adjust for multiple comparisons, the Bonferroni
correction and false discovery rate (FDR) were applied. The power
of the meta-analysis for each polymorphism to detect an effect size
was estimated according to the method recommended by Hedges
and Pigott [17] with a significance value of 0.05.

Results

Studies included in the meta-analysis

Following the searching strategy, 25 potentially relevant studies
were retrieved. According to the inclusion criteria, 12 studies [18—
29] with full-text were included in this meta-analysis, and 13
studies were excluded (Fig 1). Eleven studies [18-28] reported the
association between STAT3 rs744166 polymorphisms and CD.
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0.399
0.284
0.508
0.825

0.430

<0.00001

<0.00005

<0.00001

1.17
1.13
1.14
1.31
1.21
1.19
1.15

AA vs. GG+GA

Avs. G

24

0.210

<0.00001
0.04000

<0.00005

0.20000

<0.00001
0.04000

0.780
0.160
0.400

GA vs. GG

uc

40

<0.00017
0.00125

<0.00050

0.00500

<0.00010
0.00100

AA vs. GG

0.647

GA+AA vs. GG

0.776
0.689

34

47

0.190
0.110

<0.00017
<0.00005

<0.00050
<0.00005

<0.00010
<0.00001

AA vs. GG+GA

A vs. G

Bonferroni, P-value in Bonferroni testing; FDR, P-value in false discovery rate.

doi:10.1371/journal.pone.0109625.t002
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And five studies [19,20,23,27,29] examined the associations
between STAT3 rs744166 polymorphisms and UC. Four studies
[19,20,23,27] examined the association between STAT3 rs744166
polymorphisms and both CD and UC (Table 1). The distribution
of genotypes in the controls was consistent with the Hardy-
Weinberg equilibrium for all selected studies.

Associations between STAT3 rs744166 polymorphisms
and CD risk

A summary of the meta-analysis findings concerning the
associations between the STAT3 rs744166 polymorphisms and
CD i1s shown in Tables 2 and 3.

Eleven studies [18-28], which were comprised of 10302 cases
and 10414 controls, reported an association between STAT3
rs744166 polymorphism and CD susceptibility. The STAT3
rs744166 polymorphism was significantly associated with CD
susceptibility (Table 2 and Fig 2). Even with the Bonferroni
correction and FDR| the result remained reliable.

The patients in nine studies [20-28] were Caucasian, and two
studies [18,19] consisted of various ethnicities. According to the
subgroup analysis by ethnicity, STAT3 rs744166 polymorphisms
were significantly associated with CD susceptibility in Caucasian
but not in multi-ethnic group (Table 3 and Fig 3). Six studies
[18,19,21,25,27,28] were hospital-based, and five studies [20,22—
24,26] were population-based. According to the subgroup analysis
by study design, significant associations were found between
STAT3 rs744166 polymorphisms and CD susceptibility in both
the hospital-based and population-based groups (Table 3). In
addition, the patients in one study [21] were children; four studies
[18,23,25,27] included adults; and six studies [19,20,22,24,26,28]
included both children and adults. The subgroup analysis by age
of onset indicated that STAT3 rs744166 polymorphism was
significantly associated with CD susceptibility only in the multi-age
group (Table 3). The genotyping method in two studies [23,28]
was PCR-RFLP; four studies [18,19,24,25] used the SNP Array;
three studies [22,26,27] used Tagman; and two studies [20,24]
used SNPlex. The subgroup analysis by genotyping method
indicated that, except for Tagman, STAT3 rs744166 polymor-
phism was significantly associated with CD susceptibility with the
other genotyping methods (Table 3). Moreover, the subgroup
analysis according to the number of patients (four studies [21-
23,26] had <1000 patients; six studies [18,19,24,25,27,28] had
1000-2500 patients; and two studies [20,24] had>2500 patients)
indicated that significant associations were found in each group.
The results with the Bonferroni correction and FDR applied to
each subgroup analysis indicated that the results of each subgroup
analysis (with respect to ethnicity, study design, age of onset,
genotyping method and number of patients) were stable and
reliable.

Associations between STAT3 rs744166 polymorphism
and UC risk

A summary of the meta-analysis findings concerning the
associations between STAT3 rs744166 polymorphism and UC
risk is shown in Table 2 and Table 4.

Five studies [19,20,23,27,29] (4244 cases and 5813 controls)
reported an association between STAT3 rs744166 polymorphism
and UC susceptibility. In this meta-analysis, STAT3 rs744166
polymorphism was significantly associated with UC susceptibility
(Table 2 and Fig 4). This finding was sufficiently robust to
withstand the Bonferroni correction and FDR.

The patients in three studies [20,23,27] were Caucasian, and
two studies [19,29] consisted of multiple ethnicities. According to

October 2014 | Volume 9 | Issue 10 | €109625



STAT3 rs744166 Polymorphism with UC and CD Risk

€00¥'5296010"duod [euinof/LZg1L°0L:10p
*93e4 KIDA0DSIP 3S|ey Ul dNjeA-d ‘dd4 ‘Bulisay luoIajuog ul anjeA-d ‘luosidjuog ‘paseqg-uolrejindod ‘g4 ‘paseq-jendsoy ‘gH

6l 040 £9110°0 005100 00€00°0 0zL-vo'L)LL'L (00Sz<) 3zIs abue
(005Z-0001)
6€ 0osLo £10000> 05000°0> 01L0000> oT1-L0'L)EL’L 9Z|s 91eISpo
0 0cL0 LE 0cco €€800°0 000100 00¢00°0 (0€'1-90'L)LL'L (000L>) 9zis |lews D SAY
0 0ze0 000500 000020 000t0°0 (LE'L-00°L)SL'L  (00ST<) dzIs dbse
(0052-0001)
144 0SC0 £1000°0 050000 010000 (og'L-oL' et 9ZIS 91eISpON
0 0cL0 0 0850 082€0°0 000SL°0 000€0°0 (0s'L-zo' LveL (0001>) 3zis |lewsS 995 'SA YVY+VYH sjuaned jo JaquinN
69 0400 052000 0S€00°0 040000 €z 1-90' pL'L X3|dNS
LE 00T°0 000500 000010 000200 (LT1-€0 Dyl uewbe|
(44 08¢0 005000 000100 002000 (8L'L-¥O L)LLL Kewy dNS
0 060 6€ 00T°0 005200 000500 000100 (9€'L-¥0" )6 L"L d144-4Dd DAY
LS 0€L0 005200 000010 000200 (SE'L-€0°L)8L’L X3|dNS
0 0€S0 £9990°0 00002°0 000¥0°0 (SS°L-20'L)ST'L uewbe]
0 0SS0 005200 000010 000200 (6T'1L-€0°1)SL"L Keny dNS
0 0990 0S 09L0 €EEE00 0000L°0 000200 (8£'1-S0'L)LE'L d144-40d 99 'SA YV+VYH spoyiay buidhrousn
S¥ 0600 ¢0000°0> §0000°0> L0000°0> 6L1-80" L) L'L abe-nny
0 o090 00S¢00 000500 000100 (6L'L-zo'L)OL'L npy
0 00t°0 — — 000500 000010 000200 (SS'1-S0'L)LT'L PIYD D 'SAY
144 0ST0 €1000°0 050000 010000 (LE'1-60"1)0T"L abe-niny
0 0890 000500 000SL°0 000£€0°0 (9g'1-zo' )8L'L Inpy
0 0£9°0 — — 005200 0000€°0 000900 (20'Z-86'0)L¥'L PIYD D5 'SA YVY+YD 195UQ Jo by
A4 0€T0 €0000°0 S0000°0> 10000°0> (LZ'1-80"pL'L 4d
0 09’0 [43 0020 050000 001000 020000 6L1-90'L)TL'L aH DAY
0 0850 S£000°0 00€00°0 09000°0 (ze'L-80'L)61L°L ad
0 0980 [44 00 £9100°0 005000 001000 (9g'1-80'L)LT’L aH 995 'SA YVY+VYH ubisaqg Apnis
0 0L6'0 05/89'0 00000°L 00010 (EL'L-S6'0)70'L dluyies-RIny
L'6L 0£0°0 9 08€°0 10000°0> S0000°0> 10000°0> (LzL-1rpoL'L uejseone) DAY
0 0560 05/89°0 00000°L 000550 (ST'1-68'0)50°L Jluyle-niy
9'99 0800 0 0790 10000°0> S0000°0> 10000°0> (SEL-vL'vTL ueiseone) D5 'SA YV+YD A3
(%) 4 anjea4d (%) 4 anjea4 anjea4 (1> %S6) YO
sdnoibgns Ayouaboaa19H Jo 1581 a4 luoaidjuog uoneossy Jo 1531 dnoabqgns uosiiedwod BHuidnoab 10y siseg

uaamiag A1vousboaaisH

"ad Jo ysu ayy pue swsiydiowAjod 99| Ht/SI €1V1S 94l USDMISQ UOIIRIDOSSE BY} JO sisAjeue dnoibgns *g a|qel

October 2014 | Volume 9 | Issue 10 | €109625

PLOS ONE | www.plosone.org



STAT3 rs744166 Polymorphism with UC and CD Risk

case control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Amre 2010 344 406 331 415 4.1% 1.41[0.98, 2.02] ™
Cénit 2010 340 394 1401 1692 6.0% 1.31[0.96, 1.79] B
Danoy 2010 (phase1) 1034 1230 1048 1295 13.4% 1.24 [1.01, 1.53] ™
Danoy 2010 (phase2) 1304 1545 737 920 11.9% 1.34 [1.09, 1.66] -
Ferguson 2010 265 302 318 382 2.8% 1.44 [0.93, 2.23] I~
Franke 2008(Jun) 1556 1845 1491 1791 19.5% 1.08 [0.91, 1.29] ™
Henckaerts 2009 660 755 279 344 4.0% 1.62[1.15, 2.29] -
Jung 2012 664 798 791 960 9.9% 1.06 [0.83, 1.36] T
Laukens 2010 908 1071 565 693 8.6% 1.26 [0.98, 1.63] ™
Peter 2011 430 503 313 369 4.3% 1.05[0.72, 1.54] T
Polgar 2012 266 309 421 496 3.7% 1.10[0.73, 1.65] T
Waterman 2011 966 1144 886 1057 11.8% 1.05[0.83, 1.32] T
Total (95% CI) 10302 10414 100.0% 1.20 [1.11, 1.30] )
Total events 8737 8581

Heterogeneity: Chi? = 10.20, df =11 (P = 0.51); 7= 0%

Test for overall effect: Z =4.74 (P < 0.00001) 0.01 01 ! 10 100

Risk decreased Risk increased

Figure 2. Meta-analysis of the association between STAT3 rs744166 polymorphism and CD for GA+AA vs. GG.
doi:10.1371/journal.pone.0109625.9g002

case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 Caucasian
Amre 2010 344 406 331 415 4.1% 1.41[0.98, 2.02] ™
Cénit 2010 340 394 1401 1692 6.0% 1.31[0.96, 1.79] B
Danoy 2010 (phase1) 1034 1230 1048 1295 13.4% 1.24 [1.01, 1.53] ™
Danoy 2010 (phase2) 1304 1545 737 920 11.9% 1.34 [1.09, 1.66] -
Ferguson 2010 265 302 318 382 2.8% 1.44[0.93, 2.23] I
Franke 2008(Jun) 1556 1845 1491 1791 19.5% 1.08 [0.91, 1.29] T
Henckaerts 2009 660 755 279 344 4.0% 1.62[1.15, 2.29] -
Laukens 2010 908 1071 565 693 8.6% 1.26 [0.98, 1.63] ™
Peter 2011 430 503 313 369 4.3% 1.05[0.72, 1.54] T
Polgar 2012 266 309 421 496 3.7% 1.10[0.73, 1.65] T
Subtotal (95% CI) 8360 8397 78.3% 1.24 [1.14, 1.35] '
Total events 7107 6904
Heterogeneity: Chi2=7.18, df =9 (P = 0.62); 1> = 0%
Test for overall effect: Z =5.01 (P < 0.00001)
3.3.2 Multi-ethnic
Jung 2012 664 798 791 960 9.9% 1.06 [0.83, 1.36] T
Waterman 2011 966 1144 886 1057 11.8% 1.05[0.83, 1.32] T
Subtotal (95% CI) 1942 2017 21.7% 1.05 [0.89, 1.25] ]
Total events 1630 1677
Heterogeneity: Chi2 = 0.00, df =1 (P = 0.95); I = 0%
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% CI) 10302 10414 100.0% 1.20 [1.11, 1.30] )
Total events 8737 8581 . . . .
H . 12 = — —_ ]2 = T T T 1
Heterogeneity: Chi = 10.20, df =11 (P = 0.51); I?= 0% 001 01 ) 10 100

Test for overall effect: Z = 4.74 (P < 0.00001)
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Risk decreased Risk increased

Figure 3. Subgroup analysis of the association between STAT3 rs744166 polymorphism and CD by ethnicity for GA+AA vs. GG.
doi:10.1371/journal.pone.0109625.g003
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STAT3 rs744166 Polymorphism with UC and CD Risk

case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Cénit 2010 381 442 1401 1692 15.5% 1.30 [0.96, 1.75] ™
Franke 2008(Jun) 952 1099 1491 1791 29.3% 1.30[1.05, 1.61] =
Franke 2008(Nov) 993 1166 662 777 22.8% 1.00[0.77, 1.29] *
Polgar 2012 275 307 421 496 6.5% 1.53[0.99, 2.38] —
Waterman 2011 1056 1230 886 1057 26.0% 1.17 [0.93, 1.47] -
Total (95% CI) 4244 5813 100.0% 1.21 [1.08, 1.36] }
Total events 3657 4861

Heterogeneity: Chi? = 4.05, df =4 (P = 0.40); I’=1%
Test for overall effect: Z = 3.24 (P = 0.001)

0.01 0.1 1 10 100
Risk decreased Risk increased

Figure 4. Meta-analysis of the association between STAT3 rs744166 polymorphism and UC for GA+AA vs. GG.

doi:10.1371/journal.pone.0109625.9004

the subgroup analysis by ethnicity, STAT3 rs744166 polymor-
phism was significantly associated with UC susceptibility in the
Caucasian group but not in the multi-ethnic group (Table 4).
Three studies [19,27,29] were hospital-based, and two studies
[20,23] were population-based. According to the subgroup
analysis by study design, significant associations were found
between STAT3 rs744166 polymorphism and UC susceptibility
in the population-based group but not in the hospital-based group
(Table 4). The patients in two studies [23,27] were adults, and
three studies [19,20,29] contained both children and adults. The
subgroup analysis by age of onset indicated that STAT3 rs744166
polymorphism was significantly associated with UC susceptibility
in both the adult and multi-age groups (Table 4 and Fig 5).
Meanwhile, the genotyping method in two studies [19,29] was a
SNP Array, and the other three studies [20,23,27] used other

case Control

Study or Subgroup

Events Total Events Total Weight

methods, including TagMan, SNPlex and PCR-RFLP. The
subgroup analysis by genotyping method indicated that STAT3
rs744166 polymorphism was significantly associated with UC
susceptibility in the SNPlex group but not in other genotyping
method groups (Table 4). Additionally, the subgroup analysis by
number of patients (one study [23] had <1000 patients; four
studies [19,20,27,29] had>1000 patients) indicated that significant
associations were found in both groups. In addition, the results of
each subgroup analysis after the Bonferroni correction and FDR
also support the findings involving ethnicity, study design, age of
onset, genotyping method and number of patients.

Test of heterogeneity and publication bias
The heterogeneity of the included studies in regards to each
polymorphism is presented in Table 2, Table 3 and Table 4.

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

8.3.1 adult-onset

Cénit 2010 381 442 1401 1692 15.5% 1.30[0.96, 1.75] ™
Polgar 2012 275 307 421 496 6.5% 1.53 [0.99, 2.38] N
Subtotal (95% CI) 749 2188 21.9% 1.37 [1.07, 1.75] ‘
Total events 656 1822

Heterogeneity: Chiz = 0.37, df =1 (P = 0.54); = 0%

Test for overall effect: Z=2.47 (P = 0.01)

8.3.2 multi-age

Franke 2008(Jun) 952 1099 1491 1791  29.3% 1.30[1.05, 1.61] =
Franke 2008(Nov) 993 1166 662 777 22.8% 1.00 [0.77, 1.29]

Waterman 2011 1056 1230 886 1057 26.0% 1.17 [0.93, 1.47] E
Subtotal (95% CI) 3495 3625 78.1% 1.17 [1.02, 1.34]

Total events 3001 3039

Heterogeneity: Chi? =2.48, df =2 (P = 0.29); 1= 19%

Test for overall effect: Z = 2.32 (P = 0.02)

Total (95% CI) 4244 5813 100.0% 1.21 [1.08, 1.36] }
Total events 3657 4861

Heterogeneity: Chiz = 4.05, df = 4 (P = 0.40); I2= 1% ‘0.01 oi1 ] 1'0 100'

Test for overall effect: Z = 3.24 (P = 0.001)

Risk decreased Risk increased

Test for subgroup differences: Chi? = 1.17, df =1 (P = 0.28), I? = 14.8%

Figure 5. Subgroup analysis of the association between STAT3 rs744166 polymorphism and UC by age of onset for GA+AA vs. GG.

doi:10.1371/journal.pone.0109625.9g005
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There was no significant heterogeneity in the meta-analysis
pertaining to the associations between STAT3 rs744166 poly-
morphism and CD and UC susceptibility.

Egger’s test was used to assess for publication bias. According to
Egger’s Test, we found no evidence of publication bias (Table 2).

Discussion

IBD has no identified cause and is a chronic, relapsing,
intestinal inflammatory disease that consists of UC and CD.
Altogether, IBD is associated with the complex interactions
between genetic and environmental factors that cause an intestinal
mflammatory response [30,31]. By altering protein and cytokine
function (and then the individual’s susceptibility to IBD), gene
variants may have an important role in the pathogenesis of this
common disease [32,33]. To date, a number of IBD-related genes
have been identified. Among these genes, STAT3 has been
highlighted.

The activation of STAT3, which plays an important role in the
inflammatory response, in intestinal epithelial cells and myeloid
cells promotes the development of colitis-associated cancer and
influences the anti-inflammatory effects of IL-10 [34-37].
Furthermore, in CD4" T cells, STATS activation affects the
blockade of IL-6 and the differentiation of THI17 effector
lymphocytes [38]. To date, several loci located in STAT3 have
been identified and the associations between them and IBD
susceptibility have been evaluated in some studies. However, the
results remain inconsistent and inconclusive. Thus, performing a
meta-analysis to evaluate the associations between STATS3
rs744166 polymorphism and IBD is necessary.

In our meta-analysis, eleven studies [18-28] (with 10302 cases
and 10414 controls) reported an association between STAT3
rs744166 polymorphism and CD susceptibility. Five studies
[19,20,23,27,29] (with 4244 cases and 5813 controls) reported
an association between STAT3 rs744166 polymorphism and UC
susceptibility. The first major finding of this meta-analysis was that
“A” allele carriers have a higher risk of developing CD and UC.
The mechanism of how the “A” allele of the STAT3 rs744166
gene influences the susceptibility to CD and UC is still unclear.
One possibility is that the “A” allele changes the interaction
between STAT3 and other inflammation-related signaling mole-
cules upstream and downstream. The second major finding of this
meta-analysis was that Caucasian “A” allele carriers are more
likely to develop CD and UC than multi-ethnic groups. As we
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know, many diseases are affected by genetic differences or
environmental features. As non-specific, intestinal inflammatory
disorders, CD and UC can be influenced by ethnicity, diet, living
habit and environment. However, the mechanisms by which these
factors function should be discussed in future studies. The third
finding of this meta-analysis was that “A” allele carriers in the
population-based group (but not in the hospital-based group) were
susceptible to UC. In addition, STAT3 rs744166 polymorphism
was significantly associated with CD susceptibility only in the
multi-age group, and STAT3 rs744166 polymorphism was
significantly associated with UG susceptibility both in the adult
and multi-age groups. Because the initial symptoms of CD and
UC may be mild, and patients are usually diagnosed by a
physician many years later when the symptoms become obvious.
Therefore, the impact of the age of onset on the association
between STAT3 rs744166 polymorphism and CD susceptibility
should be interpreted cautiously and confirmed by more studies.
The last finding was that, except for Tagman, STAT3 rs744166
polymorphism was significantly associated with CD susceptibility
with other genotyping methods. Except for the SNP Array group,
STAT3 rs744166 polymorphism was significantly associated with
UC susceptibility with other genotyping methods.

Two insurmountable limitations of this meta-analysis should be
addressed. First, several relevant studies could not be included due
to incomplete raw data. Second, because not all of the necessary
information could be obtained, the relevant stratifications could
not be made for many studies.

In conclusion, this meta-analysis suggests that STAT3 rs744166
polymorphisms may increase the risk for CD and UC, especially
among Caucasians. Gene-gene and gene-environment interactions
should be investigated in the future.
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