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Summary

BACKGROUND AND PURPOSE: The SNP R30Q
(rs1248696) within the discs large homolog 5 (DLG5) gene
has been associated with inflammatory bowel disease
(IBD). In this study, we examined the genetic association
of another DLG5 SNP P1371Q (rs2289310) with IBD and
its interaction with R30Q in disease susceptibility.
METHODS: A total of 213 IBD patients [106 familial; 59
Crohn’s disease (CD) and 47 ulcerative colitis (UC)] and
107 sporadic [57 CD and 50 UC] were included in this
study. Controls included 139 non-diseased family members
of IBD patients and 170 unrelated healthy subjects. Gen-
otypes for P1371Q and G1066G polymorphisms were de-
termined by PCR–based RFLP. Epistasis between P1371Q
and R30Q in disease susceptibility was analysed using a
novel statistical model.
RESULTS: P1371Q was associated with IBD (OR = 2.335,
95% CI = 1.097–4.972, p = 0.0246), however, the syn-
onymous variant G1066G (rs1648234) was not. Gender
distribution analysis revealed the A allele of P1371Q was
significantly associated with IBD in women (OR = 3.765,
95% CI = 1.307–10.85, p = 0.0095). Modeling interaction
between P1371Q and R30Q showed a significant increase
in disease association (OR = 2.265, 95% CI = 1.405–3.652,
p = 0.0007) incidence for sporadic and familial IBD pa-
tients. Further epistatic analysis identified an increased sig-
nificance in the association of gender with IBD (OR =
4.311, 95% CI = 2.101–8.846, p = 0.0001).
CONCLUSIONS: DLG5 P1371Q was associated with IBD
and this association was female-specific. A significant epi-
static interaction between P1371Q and R30Q was ob-
served, suggesting that P1371Q is complementary to
R30Q, with R30Q exhibiting a dominant effect in IBD sus-
ceptibility.
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Introduction

Inflammatory bowel disease (IBD) is a group of inflam-
matory conditions of the small intestine and colon affecting
1.4 million people in the United States. The major types of
IBD are Crohn’s disease (CD) and ulcerative colitis (UC).
Although the precise nature of pathogenesis is not clearly
understood, evidence indicates that a genetic predisposition
of multiple genes and environmental factors are involved
[1–6].
Currently over 50 IBD-associated genes/loci have been
identified [7–15]. Fine mapping of a linkage peak on chro-
mosome 10q23 initially identified multiple variants asso-
ciated with CD and UC in the DLG5 gene (Discs large
Homolog 5; MIM 604090) [16]. DLG5, a member of the
membrane associated guanylate kinase (MAGUK) family
of proteins, known to form scaffolds for proteins involved
in intracellular signal transduction, maintenance of cell
junctions, and clustering of channel proteins at the cell sur-
face [17, 18]. As this protein may be involved in mainten-
ance of epithelial permeability, it is a plausible candidate
for involvement in IBD.
The involvement of DLG5 variants in the pathogenesis
of IBD remains unclear. The DLG5 variant R30Q
(rs1248696), which changes amino acid 30 in exon 3 from
arginine to glutamine, has been associated with IBD [16,
19–22]. However, several studies have failed to replicate
the original associations of the R30Q allele with increased
risk [23–31]. Another nonsynonymous SNP P1371Q
(rs2289310 c. C4136A) has also been associated with IBD
in two studies [16, 20], but this association has not been
replicated in other studies [19, 26–28]. Differences in pop-
ulation allele frequencies could explain the lack of replica-
tion of the associations with IBD.
Using a familial and sporadic IBD population from central
Pennsylvania, USA, we recently confirmed the genetic as-
sociation of R30Q with IBD [32]. In the present study, we
examined another 3 nonsynonymous DLG5 SNPs, replic-
ated the association of P1371Q with IBD, and revealed a
genetic interaction between R30Q and P1371Q in IBD sus-
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ceptibility using a newly developed statistical model for
epistasis analysis [33].

Materials and methods

Study samples

IBD patients
The patient cohort is the same as the one previously ana-
lysed [32]. A total of 212 patients were studied, including:
– 106 patients (CD: 58 and UC: 47) from 58 families re-
cruited for the Milton S Hershey familial IBD registry. In
the registry, at least two family members were affected by
IBD per family. The central Pennsylvania area is largely
populated by immigrants from Western Europe (Germany,
the Netherlands) and the United Kingdom, and thus
presents itself as having a patient population with a relat-
ively homogeneous genetic background. The age of these
patients ranged from 16–92 (mean 51) years. Blood was
collected from these study participants and used to derive
B cell lines by Epstein Barr virus (EBV) transformation as
previously described [35].
– 107 sporadic IBD patients (57 CD and 50 UC) were re-
cruited from the Milton S Hershey Medical Center. The age
of these patients ranged from 22–66 (mean 48) years. DNA
from this group was obtained from blood or intestinal tis-
sues harvested at the time of surgery.

Controls
– A total of 139 individuals without IBD from 58 families
from the Milton S Hershey Familial IBD Registry were
used as non-IBD controls. The age of these patients ranged
from 16–92 (mean 51) years. Blood collected from the par-
ticipants was used to derive B cell lines by EBV transform-
ation as a source of DNA for genotype analyses.
– Unrelated healthy controls (n = 170) were obtained from
the Milton S Hershey Medical Center (110 blood samples)
and from the Philadelphia Gift of Life Donor Program
(60 lung tissue samples), a geographically close population
group. The unrelated healthy controls age range was 15–81
(mean 37) years.
All human tissues described above were approved by the
Human Subjects Protection Offices of The Pennsylvania
State University College of Medicine, and were undertaken
with the understanding and written consent of each subject.

DNA isolation
Genomic DNA from B cell lines was isolated with the
QIAamp DNA blood kit (Qiagen Inc. Valencia, CA), and
DNA from tissues (blood, intestine, and lung) was isolated
with the QIAamp DNA Mini Kit (Qiagen Inc. Valencia,
CA) according to the manufacturer’s instruction. DNA
concentrations was determined with a NanoDrop ND-1000
spectrophotometer (NanoDrop Technology, Wilmington,
DE), and stored at –70 °C until use.

Genotype analysis
Genotyping was performed using PCR–based restriction
fragment length polymorphism (RFLP) and converted
RFLP (cRFLP) methods. Detailed methods for genotyping
DLG5 variants R30Q (G113A, rs1248696) and G1066G

(C3222T, rs1248634) were described in our previous pub-
lications [32, 35]. For this study we additionally genotyped
DLG5 nonsynonymous SNPs P1371Q, E514Q, and P979L.
For P1371Q (C4136A, rs2289310) genotyping, a 117 bp
DNA fragment was amplified from genomic DNA with
PCR primers 23DLG5f (5’-
GCACCACCACCCCGGAGtA-3’) and 14DLG5r
(5-TGGAGCTGCTCTGCTTGGaT-3’). In the primer
23DLG5f, t is a mismatch to nucleotide C in order to
destroy an internal FokI restriction site. In the primer
14DLG5r, a is a mismatch to nucleotide C, converting the
SNP to a FokI restriction site. 100 ng of genomic DNA
was used for PCR in a 30 µl volume. The PCR profile
was as follows: 95 °C for 2 min, 5 cycles of 95 °C for 30
sec, 50 °C for 1 min, and 72 °C for 1 min, then 30 cycles
of 95 °C for 30 sec, 58 °C for 1 min, and 72 °C for 1
min, followed by a final extension step at 72 °C for 4 min.
PCR products (5 µl) were digested with FokI (New Eng-
land Biolabs, Ipswich, MA) according to manufacturer’s
instructions. Digested allelic products were separated on
8% PAGE and visualized using ethidium bromide staining.
The C allele generated a PCR product of 117 bp, while
the A allele generated two products, 97 and 20 bp. SNPs
E514Q and P979L were genotyped using natural Taq and
Nae RFLP respectively.

Statistical analysis
For genetic association study, Pearson’s X2-test with one
degree of freedom for allelic association was performed us-
ing Haploview (MIT/Harvard Broad Institute). We calcu-
lated genotype-based Odds Ratio (OR) using Fisher’s exact
test on the contingency tables, and the effect of the associ-
ation was reported with the corresponding p-values. A gen-
otype difference was considered significant when p <0.05.

Epistasis analysis
We used a new general model for testing high-order epi-
static interactions in complex disease [33]. This model not
only allows the testing of additive and dominant effects at
single SNPs, but is also able to detect four types of epi-
static interactions, namely additive × additive, additive ×
dominant, dominant × additive, and dominant × dominant,
between different SNPs in a case-control study. In brief,
considering two SNPs A and B and the nine resulting gen-
otypes (AABB, AABb, AAbb, AaBB, AaBb, Aabb, aaBB,
aaBb, and aabb) in both cases and controls, the model can
test epistatic interactions of different kinds from these nine
genotype groups of observations. Simulation studies to in-
vestigate the statistical behaviour of the new model suggest
that the model has good power and low false positive rates
for a modest sample size (200 cases and 200 controls) [33].
In our present study, we tested each of these epistatic inter-
actions for all possible pairs of five SNPs.

Results

Genetic association of DLG5 P1371Q with IBD
From the Ensembl genomic database (www.ensembl.org;
Vega Transcript ID OTTHUMT00000048900), we found
11 genetic variations in the DLG5 cDNA sequences;

Original article Swiss Med Wkly. 2011;141:w13290

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 2 of 7

http://www.ensembl.org


3 SNPs in 3’UTR and 8 in coding region. We previously
genotyped two DLG5 SNPs, R30Q and G1006G, and
found an association of R30Q but not G1006G with IBD
[32]. In this study we genotyped and analysed three addi-
tional nonsynonymous DLG5 SNPs, E514Q, P979L, and
P1371Q. Statistical analysis (table 1) showed that the A al-
lele of P1371Q was significantly associated with IBD in
case (IBD patients)-control (unrelated healthy individuals)
analysis (OR = 2.335, 95% CI = 1.097–4.972, p = 0.0246).
In the studied samples, the genotype of all individuals car-
rying the P1371Q A allele was CA; no homozygous AA
individuals were found. The frequency of the A allele car-
riers in the sporadic IBD patients was 9.4% and in the un-
related healthy controls 5.9%, indicating an increased in-
cidence of the mutation allele in IBD patients. However,
the frequency of A allele carriers in the familial IBD re-
gistry was 10.6%, as high as the sporadic IBD patients,
compared to the case control population (5.9%), therefore
association of the A allele with IBD in the family members
(members affected with IBD vs. members without IBD)
was very weak (OR = 1.665, 95% CI = 0.771–3.597, p =
0.1908). E514Q and P979L were not found to be associ-
ated with IBD (this study; data not shown). As we reported
in our previous paper [32], there was no statistically signi-
ficant difference between diseased and non–diseased indi-
viduals for G1066G. Considering G1066G does not change
encoded amino acid residue, it is likely that G1066G has no
impact on IBD.

Gender-specific distribution of P1371Q
The gender effect on genetic association of R30Q with IBD
has been observed in several studies, including our previ-
ous report [21, 30, 32, 34, 36]. The results from the present
study, as shown in table 2, indicate that the A allele of
P1371Q was associated with IBD only in females (OR =
3.765, 95% CI = 1.307–10.85, p = 0.0095), and not in
males (OR = 1.141, 95% CI = 0.383–3.400, p = 0.8135).
The patients studied here are the same as in our previous
study, and this observation on P1371Q contrasts with that
on R30Q, in which the A allele R30Q was associated with
IBD only in men, but not in women [32]. According to the
literature, the gender effect on genetic association of DLG5

Figure 1

with IBD is complicated. R30Q has been associated with
IBD in men [22, 32, 34]. In other studies, R30Q was asso-
ciated with a small reduction in risk of CD in women [30].
To further elucidate the gender effect of DLG5 on IBD, ad-
ditional studies in other populations, as well as biological
functional investigation are needed.

Allelic complementation of P1371Q to R30Q in
susceptibility to IBD
Merging the genotype data for P1371Q from this study
with our previous genotype data for R30Q, we studied the
epistatic SNP–SNP interaction between P1371Q and R30Q
for association with IBD. The results are shown in table
3. Individuals with the A allele at P1371Q or the A allele
at R30Q vs. all other individuals showed an increased risk
of IBD (OR = 2.265, 95% CI = 1.405–3.652, p = 0.0007).
This epistatic effect is more significant compared to the
effects from an individual SNP (OR = 2.335, 95% CI =
1.097–4.972, p = 0.0246) for P1371Q, and OR = 2.131,
95% CI = 1.233–3.684, p = 0.0061) for R30Q (table 2).
As we described above, the association of P1371Q with
IBD is not significant when comparing IBD patients to
non–IBD family members in the familial IBD registry
(table 1). We reported a similar result for R30Q [32].
However, analysis indicates that interaction between
P1371Q and R30Q significantly affects the genetic associ-
ation of DLG5 with IBD in the familial IBD registry (OR =
1.805, 95% CI = 1.126–2.897, p = 0.0138) (table 3). R30Q
displayed a significant genetic effect on the disease accord-
ing to the chi-square test (p = 0.0158) after adjusting for
multiple tests by the conservative Bonferroni correction.
Further analysis was made on two different components of
genetic effects for this R30Q. R30Q showed significant in-
teractions with P1371Q, involving a dominant x dominant
effect (p = 0.006–0.050) after the Bonferroni correction.
We found that the dominant effect of R30Q was significant
(p = 0.010), whereas its additive effect was not significant.
Furthermore, we considered the A allele of R30Q as an
IBD risk mutation for men (A30male) and the A allele of
P1371Q as an IBD risk mutation for women (A1371fe-
male). The combination analysis (table 3) indicates that
the association of A30male and A1371female is highly
significant for sporadic IBD (OR = 4.311, 95% CI =
2.101–8.846, p <0.0001). Even in the familial IBD registry
in which the allele A frequency is as high as the sporadic
IBD group, a significant association with IBD was also ob-
served (OR = 2.860, 95% CI = 1.380–5.925, p = 0.0034).
To study the interaction between 5 nonsynonymous DLG5
SNPs (R30Q and G1066G genotyped in previous paper
[32]), we used a newly developed epistasis analysis method
[33]. Figure 1 graphically depicts the epistatic interaction
effects between homozygous genotype for P1371Q and
heterozygous genotype for R30Q. While analysis of
G1066G [32], and E514Q and P979L (this study; data not
shown) showed no association with IBD with individu-
al SNPs; a significant interaction was observed between
P1371Q with P979L (0.002), G1066G (p = 0.004), R30Q
(p = 0.005) respectively, with weak R30Q interactions with
E514Q and P979L.
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Discussion

This study confirmed that DLG5 P1371Q was associated
with IBD in both sporadic and familial IBD patients from a
central Pennsylvania population. Gender distribution ana-
lysis showed that the A allele of P1371Q was significantly
associated with IBD in women. Further study on asso-
ciation between P1371Q and R30Q showed an increased
significance in disease association (OR = 2.265, 95% CI
= 1.405–3.652, p = 0.0007). Analysis of the A allele of
P1371Q in women with A allele of R30Q in men also
showed an increased significance in the association with
IBD (OR = 4.311, 95% CI = 2.101–8.846, p <0.0001).
These results suggest that interaction between P1371Q and
R30Q within DLG5 is allelically complementary in sus-
ceptibility to IBD, with a dominant effect of R30Q.

DLG5 plays a role in IBD susceptibility
DLG5 contains multiple functional domains distributed
over the entire gene such as leucine zipper, PDZ1, PDZ2,
SH3, and GUK domains [22]. Genetic variants in the DLG5
gene, especially in these domains may have impact on pro-
tein function. Phylogenetic analyses show that the DLG5
protein is more closely related to coiled-coil caspase re-
cruitment domain (CARD) MAGUK proteins, which activ-
ate the NFkB pathway, than to the other DLG proteins. This
indicates that DLG5 may function in pathways of host de-
fense like other members of the CARD family (e.g. IBD-
associated NOD2) [37]. G1066G is located at the second
nucleotide of the 5’ end of exon 16 without changing the
coding amino acid. In contrast, in silico analysis noted po-
tential structural and functional implications of the variants

R30Q and P1371Q [16]. The R30Q variant is located in the
DUF622 domain and influences binding to Rab-GTPase,
which is important in inflammatory signaling. P1371Q pre-
cedes the fourth DLG5 PDZ domain and is the third proline
in a SH3 domain protein binding motif. This suggests that
both variants could impair function of the DLG5 protein.
Combined variants within DLG5 may result in increased
impairment of protein function.
Our results indicate that the two synonymous SNPs, R30Q
and P1371Q are significantly associated with IBD, while
another DLG5 synonymous SNP G1066G is not associated
with IBD. This suggests that the amino acid changes in
these SNPs affect DLG5 protein function and thus play a
role in IBD. We further investigated the epistatic interac-
tion of the R30Q and P1371Q. Interactions may involve
additive, synergistic, or antagonistic effects. Epistasis ana-
lysis from this study suggests that the interaction between
R30Q and P1371Q is complementary. The evidence de-
scribed above indicates that DLG5 plays a role in IBD sus-
ceptibility.

Epistasis between IBD-associated genes is a genetic
component in IBD susceptibility
Recently, a growing body of evidence indicates that epi-
stasis may play an important role in the formation and
progression of human diseases [38, 39]. When epistasis
occurs, the presence of two or more particular loci may in-
crease or reduce the risk of a disease more than would be
expected from their independent effects [40].
The detection and testing of epistasis requires powerful and
modern statistical methods. More recently, a host of stat-
istical models have been developed for analysing epistatic

Table 1: Association of DLG5 P1371Q with IBD in familial and sporadic IBD.

In case-control

Genotype Control (n) IBD (n) OR 95% CI P value

CA 10 27 2.335 1.097–4.972 0.0246

CC 160 185

In the familial IBD registry

Genotype IBD (n) All members (n) OR 95% CI P value

CA 10 23 1.665 0.771–3.597 0.1908

CC 148 193

Table 2: Distribution of A allele of DLG5 SNPs P1371Q and R30Q in men and women.

All Males Females
OR 95% CI P value OR 95%CI P value OR 95%CI P value

R30Q 2.131 1.233–3.684 0.0061 3.333 1.208–9.193 0.0158 1.525 0.751–3.098 0.2421

P1371Q 2.335 1.097–4.972 0.0246 1.141 0.383–3.400 0.8135 3.765 1.307–10.85 0.0095

Table 3: Association of A allele of P1371Q and A allele of R30Q with IBD in a familial IBD registry and sporadic IBD.

In case-control
Genotype Control (n) IBD (n) OR 95% CI P value
CA or GA 32 73 2.265 1.405–3.652 0.0007

Not (CA or GA) 138 139

C30m or G1371f 10 45 4.311 2.101–8.846 <0.0001

Not (C30m or G1371f) 160 167

In the familial IBD registry
Genotype Control (n) All members (n) OR 95% CI P value
CA or GA 32 72 1.805 1.125–2.897 0.0138

Not (CC or GA) 138 172

C30m or G1371f 10 37 2.860 1.380–5.925 0.0034

Not (C30m or G1371f) 160 207
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effects in different genetic designs including case-control
studies [41, 42]. Among these, the recent model developed
by R. Wu and his group has proven to be genetically mean-
ingful through the incorporation of traditional quantitat-
ive genetic principles into statistical models [33]. Epistasis
is partitioned into additive × additive, additive × domin-
ant, dominant × additive and dominant × dominant com-
ponents. Many studies can only estimate overall epistasis,
but Wu’s quantitative model detects each of these compon-
ents. Each component has physiologically significance. For
example, additive × additive epistasis performs differently
from dominant × dominant epistasis. If epistasis is due to
the former, genotype AABB or aabb may display a differ-
ent function from AAbb or aaBB. But if epistasis is due
to the latter, AaBb should be different from other geno-
types. With such knowledge, we can better choose an op-
timal treatment for IBD patients with different genotypes.
Our results show that R30Q displays a significant dominant
× dominant genetic effect on the disease after adjusting for
multiple tests by the conservative Bonferroni correction,
while 1066G did not show any significance. This suggests
that the combination between the heterozygote of R30Q
and the heterozygote of P1371Q is significantly different
for disease susceptibility from all other combinations. Sig-
nificance levels were corrected for multiple comparisons,
suggesting that our conclusions are statistically robust.
Recently, epistasis between TLR9 and IL23R and NOD2
[43], and the IL2/IL21 region and IL23R [44] has been re-
ported. These results, together with those in this study, in-
dicate that epistatic gene-gene interaction is an important
component in IBD pathogenesis. To the best of our know-
ledge, the allelic complementation observed in P1371Q and
R30Q is the first one that reports the detection of epistasis
for IBD susceptibility between SNPs within a single IBD-
associated gene. Further epistasis analysis will be valu-
able in elucidating the gene-gene interactions underlying
IBD pathogenesis [45]. This will provide information for
designing an experimental approach to confirm epistasis in
animal models or human cell culture.
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