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Abstract. – OBJECTIVE: The aim of this
study was to explore the association of polymor-
phisms in DLG5 gene (G113A, C4136A and e26)
with inflammatory bowel disease (IBD) risk.

MATERIALS AND METHODS: A total of 25
studies involved 26583 subjects were pooled for
analysis. The odds ratios (ORs) and 95% confi-
dence intervals (95% CIs) were used to pool the
effect size.

RESULTS: For G113A variant, a significant as-
sociation was observed with CD risk in children
(A vs. G: OR = 0.745, 95% CI = 0.569-0.977) and
high quality studies (A vs. G: OR = 0.913, 95% CI
= 0.850-0.981). Additionally, the results of geno-
type-phenotype analysis suggested G113A vari-
ant was associated with colonic involvement in
CD. However, in overall population, the results
indicated G113A variant was not associated with
CD or UC. We also provided evidence that
C4136A polymorphism had different effects on
CD risk between Europeans (AA vs. CC: OR =
3.239, 95% CI = 1.149-9.136) and Asians (AA vs.
CC: OR = 0.511, 95% CI = 0.299-0.873). For UC,
patients with AA genotype of C4136A variant
had a significantly increased UC risk (AA vs. CC:
OR = 3.877, 95% CI = 1.168-12.867). Finally, no
association was detected with G113A or e26
polymorphism in CD or UC patients.

CONCLUSIONS: This meta-analysis indicated
G113A variant may be significantly associated
with CD risk in children and colonic involvement.

Key Words:
DLG5, Polymosphism, Ulcerative colitis, Crohn’s dis-

ease.

Introduction

Inflammatory bowel disease (IBD), consisting
of Crohn’s disease (CD) and ulcerative colitis
(UC), is a spectrum of chronic recurring inflam-
matory disorders affecting the gastrointestinal
tract1. In the developed world, IBD are common
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causes of gastrointestinal morbidity; however, the
exact etiology of IBD remains unclear2. Recent
animal models and human studies have demon-
strated a genetic contributionto both CD and UC,
including NOD2, CARD9 and IL23R3-5.
Drosophila discs large homolog 5 (DLG5), lo-

cated on chromosome 10q23, is a member of the
membrane-associated guanylate kinase
(MAGUK) family which is involved in the for-
mation of cell junctions, maintenance of cell
shape, and transduction of intracellular signal6.
Stoll et al7 first reported the association between
DLG5 polymorphism and IBD susceptibility, in-
cluding G113A (resulting in the amino acid sub-
stitution R30Q), C4136A (resulting in the amino
acid substitution P1371Q) and DLG_e26, which
was replicated in some studies8. However, several
other groups failed to confirm these associa-
tions9,10.
Accumulating studies have focused11,12 on the

association between DLG5 polymorphism and
IBD, however, the results were inconclusive. A
meta-analysis is a statistical procedure for com-
bining results from several studies to overcome
the limitation of small sample sizes and inade-
quate statistical power, and produce a single esti-
mate of the major effect. The purpose of our
study was to investigate whether DLG5 (G113A,
C4136A, and DLG5_e26) polymorphisms were
risk factors to IBD susceptibility (CD and UC,
respectively).

Materials and Methods

Identification of Eligible Studies
We performed an exhaustive search in

PubMed, Embase and Web of Science databases
by the following keywords “drosophila discs
large homolog 5” OR “DLG5” and “polymor-
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phism” or “variant” or “SNP” or “rs1248696” or
“rs2289310” and “Crohn’s disease” or “ulcera-
tive colitis” or “inflammatory bowel disease” or
“IBD” or “CD” or “UC”. References from the el-
igible studies were also hand-searched for addi-
tional studies. The last retrieval was conducted in
April 1, 2014.

Inclusion and Exclusion Criteria
Reports were included if all of the following

conditions were met: 1) investigating the associa-
tion between DLG5 polymorphisms and IBD dis-
eases (Crohn’s disease or ulcerative colitis); 2) a
case-control study; 3) providing alleles or geno-
types distribution in both cases and controls. The
exclusion criteria were: 1) studies were consid-
ered overlapped with other studies 2) no control
population 3) review papers and articles only
with an abstract.

Data Collection
Two independent authors extracted the follow-

ing information from each eligible study: first au-
thor, year of publication, ethnicity of subjects,
type of diseases, sample sizes, clinical character-
istics (age and gender distribution of the sub-
jects), and matching criteria. If the article did not
provide sufficient genotype rates, the correspond-
ing author was contacted for the detailed data.

Quality Score Assessment
The quality of each study was independently

assessed by two authors, using the quality scor-
ing scale modified from previous meta-analysis
of genetic studies6,13. The quality score of a given
study was determined by the following factors:
source of cases, source of controls, genotyping
examination, Hardy-Weinberg equilibrium, and
total sample size. Total scores ranged from 0 to
12, and a study was considered high quality if
score ≥ 8 (Supplementary Table S1).

Statistical Analysis
The odds ratio (OR) and 95% confidence in-

terval (CI) were used to measure the strength of
the associations between DLG5 polymorphisms
and IBD risk. Two-sided p values less than 0.05
were considered statistically significant. The
Hardy-Weinberg equilibrium (HWE) in the con-
trols was assessed, and the p value less than 0.05
was considered as significant disequilibrium.
Stratified analysis was conducted, if feasible, ac-
cording to sample size, age at diagnosis, ethnici-
ty, source of control and quality score. Sensitivity
analysis was conducted to evaluate the stability
of the results, in which each study was sequen-
tially removed.
Between-study heterogeneity was assessed by

the 2-based Q test and I2 test. The random-effects

Criteria Score

Source of cases
Consecutive/randomly selected from population with clearly defined sampling frame 2
Consecutive/randomly selected from population without clearly defined sampling frame 1
Not described 0
Source of controls
Population-based 3
Blood donors or volunteers 2
Hospital-based 1
Not described 0
Genotyping examination
3D DNA microarray 2
TaqMan 2
PCR-RFLP 1
Hardy-Weinberg equilibrium
Hardy-Weinberg equilibrium in control group 2
Hardy-Weinberg disequilibrium in control group 1
Not described 0
Total sample size
> 1000 3
> 500 but < 1000 2
> 200 but < 500 1
< 200 0

Table I Supplementary. Scale for quality assessment.
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Results

Characteristics of the Eligible Studies
The combined search retrieved 195 publica-

tions, of which 174 were excluded by review of
abstract, and 21 were included in this meta-
analysis8-10,20-35. Three publications reported the
results on different subpopulations21,25,32, one arti-
cle10 had both adult and children data, and there-
fore, we treated them as separate studies. In total,
the eligible articles reported on 25 case-control
studies involved 9402 CD patients, 6386 UC pa-
tients and 10795 controls. The details of the
search flow were shown in Figure 1.
A list of characteristics of included studies is

provided in Table I. Overall, for CD, 23 studies
focused on G113A polymorphism, 10 studied
the C4136A polymorphism, and 8 studies exam-

model (DerSimonian and Laird method) was ap-
plied when the p < 0.1 or I2 > 50%; otherwise,
the fixed-effects model (Mantel-Haenszel
method) was used14,15. Meta-regression analysis
was carried out to assess the sources of hetero-
geneity, including sample size (more than 500),
year of publication, ethnicity, and age at diagno-
sis. In addition, a Galbraith plot was constructed
to visually assess the heterogeneity, spotting out-
liers as the possible major sources of heterogene-
ity16,17.
Publication bias was evaluated by visualizing

Begg’s funnel plots and Egger’s linear regression
test, the p values <0.05 from the Egger’s test
were considered statistically significant8,19. All
statistical analyses were performed by STATA,
version 12, software, (StataCorp LP, College Sta-
tion, TX, USA).

Figure 1. Study selection procedures for a meta-analysis of DLG5 polymorphisms and Crohn's disease and ulcerative colitis,
2004-2011.
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ined e26 variant. The interaction between DLG5
polymorphisms and CARD15 (NOD2) was re-
ported in 7 studies. Of the studies which exam-
ined the risk of UC, 21 reports focused on the
G113A polymorphism, 8 focused on C4136A
variant, and 6 investigated e26 polymorphism.
The proportion in patients of males ranged from
33.0%-62.0% in controls. The distribution of
the genotypes in control group of all studies
was in agreement with the HWE except for
two27,35. Therefore, a sensitivity analysis was
carried out by excluding these studies from the
analysis.

Crohon’s Disease
Overall, no significant association was ob-

served in any genetic models when all studies
were pooled (Figure 2 and Table II). In the sub-
group analysis stratified by age at diagnosis, chil-
dren with A allele had a significantly decreased
CD risk (A vs. G: OR=0.745, 95% CI = 0.569-
0.977, p = 0.033), but which was not observed in
adult subgroup (A vs. G: OR = 0.944, 95% CI =
0.858-1.038, p = 0.232). When stratified by sam-
ple size, no statistical association was found in
either large sample (> 500) subgroup or small
sample (< 500) subgroups. When pooling studies
published before 2007, individuals with A allele
had a reduced CD risk (A vs. G: OR = 0.891,
95% CI = 0.802-0.990, p = 0.032), which was
not observed in the subgroup after or during
2007. Additionally, a significantly decreased CD
risk was observed in high quality studies (A vs.
G: OR = 0.913, 95% CI = 0.850-0.981, p =
0.013). For C4136A polymorphism, no associa-
tion was found with CD risk when all 10 reports
were pooled (Table III). In the stratified analysis
by ethnicity, a significantly increased risk of CD
was observed in Europeans (AA vs. CC: OR =
3.239, 95% CI = 1.149-9.136, p = 0.026), con-
versely, Asians with AA genotype had a reduced
CD susceptibility (AA vs. CC: OR = 0.511, 95%
CI = 0.299-0.873, p = 0.014) However, no signif-
icant correlation between DLG5_e26 variant and
CD susceptibility was found in overall or sub-
group analysis (Table IV).

Ulcerative Colitis
The association results of DLG5 polymor-

phisms and UC susceptibility were presented in
Table II, III and IV. No association with UC risk
was observed in G113A polymorphisms in any
genetic models or in the subgroup analysis by
age at diagnosis, quality scores, data of publica-

tion and sample size (Table II). For C4136A
polymorphism, individuals with AA genotype
had a significantly increased UC risk compared
with individuals with CC genotype. (OR =
3.877, 95% CI = 1.168-12.867, p = 0.027)
(Table III). However, for e26 polymorphism, no
association was detected in any genetic models.
(Table IV).

Test of Heterogeneity
Significant between-study heterogeneity ex-

isted in most comparisons of DLG5 polymor-
phisms and CD when all papers were pooled.
Thus, we performed meta-regression to identify
the source of heterogeneity. The results demon-
strated that publication year, age at diagnosis,
or sample size (subjects more than 500) did not
contribute to the heterogeneity. However, for
the association between DLG_e26 polymor-
phism and CD risk, the year of publication can
explain χ2-values (100.00%, p = 0.030 and
100.00%, p = 0.032 in heterozygote compari-
son and dominant model, respectively) In addi-
tion, Galbraith plots indicated that three
studies20,23,25 were the potential source of het-
erogeneity in analysis of G113A and CD, after
excluding which, the effect estimate became
significant and the heterogeneity was removed
(A vs. G: OR = 0.874, 95% CI = 0.813-0.939, p
< 0.001; ph = 0.692).
Sensitivity analyses indicated that the pooled

ORs were stable by omitting one study at a time
in both CD and UC (data not shown). In addition,
when excluding two studies derived from HWE,
the corresponding pooled ORs were not material-
ly altered. Cumulative meta-analysis for the
G113A polymorphism was conducted by publi-
cation date, the results of which suggested that
the association was still not significant with ac-
cumulation of more data over time (data not
shown).

Publication Bias
Begg’s funnel plots and Egger’s test were per-

formed to examine publication bias. For all 3
SNPs, no evidence of obvious asymmetry was
observed in the funnel plots (Figure 3). More-
over, Egger’s test did not show any publication
bias of G113A polymorphism (A vs. G: p =
0.782 and p = 0.261 in CD and UC, respective-
ly), C4136A polymorphism (A vs. C: p = 0.846
and p = 0.176 in CD and UC, respectively), or
e26 polymorphism (delA vs. insA: p = 0.219 and
p = 0.439 in CD and UC, respectively).
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Figure 2. Results from random-effect meta-analysis of studies of the DLG5 G113A polymorphism with Crohn’s disease (A)
or ulcerative colitis (B), 2005-2010. (A vs. G) CI, confidence interval (bars); OR, odds ratio.
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DLG5 variants and IBD susceptibility

Gene-gene Interaction in Crohon’s Disease
For DLG5 G113A variant, there was no differ-

ence in allele frequencies of the mutant allele (A
allele) between the CARD15-positive CD cases
(17.45% ± 5.39%) and CARD15-negative CD cas-
es (15.85% ± 3.25%; p = 0.261). Moreover, we
did not find a significant increase in frequency of
the rare delA allele of DLG5_e26 variant in CD

patients carrying the risk-associated CARD15 al-
leles (57.90% ± 5.06%) compared to CD patients
who did not (57.94% ± 1.23%; p = 0.134).

Genotype-Phenotype Interaction in
Crohon’s Disease
In CD, the carriage of the 113A variant allele

was significant associated with colonic localiza-

Figure 3. Begg’s funnel plot for publication bias test of DLG5 G113A polymorphism and CD (A) or UC (B). (A vs. G) Each
point represents a separate study for the indicated association. Log (OR): natural logarithm of OR.

B
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tion (OR = 0.675, 95% CI = 0.470-0.969,
p=0.033) when they were compared to controls,
which was not observed in patients with ileal lo-
calization (OR = 0.659, 95% CI = 0.255-1.706, p
= 0.390), ileo-colonic localization (OR = 0.765,
95% CI = 0.530-1.105, p = 0.153), or upper G-I
tract (OR = 0.485, 95% CI = 0.168-1.402, p =
0.182).

Discussion

DLG5 protein is located at cell-cell junctions
and is thought to be involved in the maintenance
of epithelial integrity36. DLG5 involves in intra-
cellular signal transduction and cell-cell contact
by binding to vinexin, it may be hypothesized
that DLG5 affects inflammatory responses. In
addition, silico analysis suggested that the DLG5
G113A (R30Q) variant might impair DLG5 scaf-
folding function. Stoll et al7 initially found evi-
dence for association of 3 DLG5 variants
(G113A, C4136A and DLG_e26) with IBD risk.
However, the results of subsequent studies have
been conflicting. Here, we performed a meta-
analysis of eligible case-control or cohort studies
to address the association between DLG5 vari-
ants and IBD risk.
The present meta-analysis indicated that no

significant association was between G113A poly-
morphism and risk of CD or UC in overall popu-
lation. However, in the subgroup analysis, a sig-
nificantly decreased CD risk was observed in
children with A allele (OR = 0.745, p = 0.033),
indicating that ages may influence the associa-
tion between R30Q and disease susceptibility. In
pediatric patients, due to a lower influence of en-
vironmental risk factor, IBD might offer a better
opportunity to understand the genetic factors in-
volving pathology of the diseases than in adults.
However, this result should be interpreted cau-
tiously, because only three studies involving 512
cases and 1119 controls were available for pedi-
atric patients. In high quality studies, DLG5
G113A variant was significantly associated with
CD risk (A vs. G: OR = 0.913, 95% CI = 0.850-
0.981, p = 0.013). Significant heterogeneity ex-
isted in most genetic models for G113A variant
and CD risk, however, meta-regression did not
found any sources which contribute to the hetero-
geneity. The results of Galbraith plots demon-
strated that three studies were the potential
source of heterogeneity in analysis of G113A
and CD, and the effect estimate became signifi-

Y.-E. Dai, R. Guan, Y.-T. Song

cant and the heterogeneity was removed after ex-
cluding these studies (A vs. G: OR = 0.874, 95%
CI = 0.813-0.939, p < 0.001; ph = 0.692). There
was no statistical association observed of G113A
polymorphism with susceptibility of UC in the
stratified analysis by ethnicity, age, sample size
or date of publication. In addition, no hetero-
geneity was observed in major models of G113A
variant and UC risk.
For C4136A polymorphism, significant asso-

ciation was found in CD and UC in European
population (AA vs. CC: OR = 3.239, 95%CI=
1.149-9.136, p = 0.026 for CD, and OR = 3.877,
95% CI = 1.168-12.867, p = 0.027 for UC). In-
terestingly, in Asian subgroup, individuals with
AA genotype had a reduced CD susceptibility
compared with whom with CC genotype (OR =
0.511, 95% CI = 0.299-0.873, p = 0.014). These
results suggested that the relative contribution of
DLG5 C4136A polymorphism may vary across
different populations. No heterogeneity was ob-
served in any genetic models of C4136A variants
and IBD (CD or UC) risk. Additionally, no sig-
nificant association between DLG5_e26 variant
and CD or UC risk was found in overall or sub-
group analysis.
The first and most consistently replicated CD-

associated mutations were identified in the
CARD15 gene on chromosome 16 (IBD1)37. Pre-
vious studies24,34 reported that a significantly in-
creased frequency of the G113A variant in CD
patients carrying the mutant CARD15 alleles,
however, which could not be replicated by sever-
al subsequent researches. In the present pooled
analysis, we did not find any evidence of epista-
sis between DLG5 G113A or DLG5_e26 vari-
ants and carriage of the 3 common NOD2 vari-
ants in CD patients.
Recently, the association of genetic variants

with location of CD has been widely report-
ed38,39, especially of polymorphisms in CARD15
gene, which was shown to be correlated with
ileal site. In our study, the results indicated that
the persons carrying of A allele of G113A vari-
ant had a statistically decreased risk of CD with
colonic localization (OR = 0.675, 95% CI =
0.470-0.969, p = 0.033), which was not ob-
served in CD with other localizations, including
ileal localization, ileo-colonic localization, and
upper G-I tract, suggesting an association be-
tween DLG5 G113A variant and the presence of
colonic disease.
Some limitations of this meta-analysis should

be addressed. First, lack of the original data



might reduce the power of analysis of gene-gene
interaction and genotype-phenotype interaction.
Second, only reports published in the English
and Chinese language were included in this
meta-analysis, which may introduce language
bias. Third, since only published studies were
retrieved in the meta-analysis, publication bias
may have occurred, although funnel plot and Eg-
ger’s test did not show it. Finally, clinical assess-
ment of patients with CD is known to vary be-
tween different centres and doctors, and such
differences also could have affected phenotypes
in our study, which might reduce the power of
the analysis to detect genotype-phenotype asso-
ciation.

Conclusions

Our meta-analysis indicated DLG5 G113A
variant was significantly associated with CD risk
in children. We also provided evidence that the
C4136A polymorphism could have different ef-
fects on CD risk between Europeans and Asians.
In addition, for CD, the results of genotype-phe-
notype analysis also suggested G113A variant
was associated with colonic involvement. These
new insights warrant further studies to validate
possible ethnic difference in the risk, particularly
in C4136A polymorphism. Moreover, gene-gene
and gene-phenotype interactions should also be
examined in the future.
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