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Abstract

Background Embryonic ectoderm development (EED)
protein is involved in multiple cellular protein complexes.
EED mediates the repression of gene activity through
histone deacetylation, and it may act as a specific regulator
of integrin’s function. This gene was identified as a can-
didate gene for the susceptibility to IBD by our previous
cDNA microarray analysis.

Aim The present study aimed to validate the expression
level of the EED gene in patients with IBD by performing
RT-PCR, and we investigated whether the polymorphisms
in the EED gene are associated with the susceptibility to
UC, and whether a functional EED promoter polymor-
phism is related to UC.

Methods Genotype analysis of the EED SNPs was per-
formed by single-base extension analysis. The haplotype
frequencies of the EED gene for multiple loci were esti-
mated using the expectation maximization algorithm. The
promoter region of the human EED gene, including the g.-
1850G>C allele, was isolated by PCR. The amplified PCR
products were inserted into the pGL3-basic vector and the
luciferase activity was analyzed.

Results The expression level of the EED gene was sig-
nificantly decreased in both the UC and CD patients and it
was significantly higher in the liver and ileum than in the
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other tissues of the human digestive system. The genotype
and allele frequencies of the g.-1850G>C polymorphism of
the EED gene in the UC patients were significantly dif-
ferent from those of the healthy controls (»p = 0.018 and
0.017, respectively). The luciferase activity assay showed
that the promoter activity was decreased about twofold in
the construct containing the g.-1850G allele compared to
that of the construct containing the g.-1850C allele, which
means that the allele G could produce less EED mRNA.
Conclusions These results suggest that the g.-1850G>C
polymorphism in the EED gene might be associated with
the susceptibility to UC by the change of the EED
expression level.

Keywords EED - WAIT-1 - Promoter assay -
Haplotype - IBD

Introduction

Inflammatory bowel disease (IBD) is a complex multifac-
torial disorder that involves genetic, environmental, and
microbial factors [1, 2]. Crohn’s disease (CD) and ulcera-
tive colitis (UC) are the two main clinical forms of IBD in
humans [3]. Within these subgroups, there are many dif-
ferences regarding the disease extent, localization, and
behavior and the occurrence of extra-intestinal manifesta-
tions [4, 5]. While the inflammation in UC starts from the
anal margin and it is limited to the mucosa of the colon, the
inflammation in CD is trans-mucosal, and it can occur
throughout the gastrointestinal tract, and the inflammation
is characterized by a T helper 1 cell (Thl) response [6].
Multiple susceptibility loci have been implicated in IBD by
a genome-wide linkage analysis in siblings with IBD or in
relative-paired families [7]. Many studies have suggested

@ Springer



1538

Dig Dis Sci (2012) 57:1537-1543

the existence of at least nine IBD loci (referred to as IBD
1-9) in the human genome. Whereas some loci appear to
be specific to CD (IBD1) [8, 9] or UC (IBD2) [10], others
seem to confer susceptibility to both CD and UC (IBD3)
[11, 12].

The embryonic ectoderm development (EED; also
called WAIT-1) protein is involved in multiple cellular
protein complexes, and it is a member of the superfamily
of Polycomb group (PcG) proteins [13, 14] that mediate
the silencing of hundreds of genes that are important for
embryonic development, cell proliferation, and differenti-
ation [15-17]. The human EED works in both the nucleus
and the plasma membrane, and it can interact with several
cellular proteins such as the cytoplasmic tail of the inte-
grin 7 subunit [18] and three HIV-1 proteins, the struc-
tural protein matrix (MA) [19], the enzyme integrase (IN)
[20], and the regulatory protein Nef [21]. The EED is a
member of the Polycomb Repressive Complexes (PRCs)
that are found in Drosophila and in mammals [22]. Sev-
eral types of the PRCs, PRC1, PRC2, and PRC3 have been
identified [23]. The PRC2/3 complex consists of at least
five components, EED, EZH2, SUZ12, RbAp38, and
AEBP2 [24, 25]. The EED play a role in targeting the
regions of proviral DNA that are integrated into the host
chromatin during the early phase of the HIV-1 life cycle
[26]. At the late steps of the HIV-1 replication cycle, the
overexpression of EED had a negative effect on virus
production [27].

We previously conducted a study to find the genes that
are related to IBD by performing a cDNA microarray
analysis using the mRNAs isolated from healthy controls
and IBD (UC and CD) patients, and several tens of genes
were identified as having higher or lower mRNA levels in
the IBD patients [28]. One of them, the EED gene, was
identified as a candidate gene because the expression level
of the EED gene was decreased in both the UC and CD
patients as compared to that of the healthy controls.
However, there was no information about the genetic
variation in the EED gene or the role of EED in the
pathogenesis of IBD. In this study, we examined the gene
expression profiles in the tissues obtained from human
digestive tracts, and we tested whether the single-nucleo-
tide polymorphisms (SNPs) of the EED gene might be
associated with the susceptibility to UC. To determine
whether these EED SNPs are associated with the suscep-
tibility to UC, we have analyzed and compared their fre-
quencies in 142 UC patients and 535 healthy controls. We
further investigated the haplotype frequencies by these
SNPs between the UC patient group and the healthy control
group. We also evaluated the expression levels in the
putative functional promoter polymorphisms by perform-
ing a luciferase reporter assay to determine the change of
their activity.
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Materials and Methods
Patients and DNA Samples

Blood samples were obtained from 142 UC patients
(77 males and 65 females) and 535 healthy controls (334
males and 201 females). The mean ages of the UC patients
and the healthy controls were 40.4 and 40.7 years,
respectively. Genomic DNA was extracted from the leu-
kocytes of the peripheral blood by a standard phenol-
chloroform method or by using a Genomic DNA Extraction
kit (iNtRON Biotechnology, Korea) according to the
manufacture’s instructions. The UC patients were recruited
from the outpatient clinic at Wonkwang University Hos-
pital. The patients were classified according to clinical
features, endoscopic findings, and histopathologic exam-
inations. The healthy controls were recruited from the
general population and they had undergone comprehensive
medical screening at Wonkwang University Hospital. All
the subjects enrolled in this study were Koreans.

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

To validate the gene expression data obtained by the cDNA
microarray analysis, approximately 1 pg of total RNA was
used in the first-strand cDNA synthesis with a sequence-
specific primer and using M-MLV reverse transcriptase
(Bioneer, Korea) for reverse transcription-polymerase
chain reaction (RT-PCR). The PCR samples were prepared
in a 20-pl reaction volume containing 50 ng cDNA, 10x
buffer 2 pl, 10 mM dNTP 0.5 pl, EF-taq 0.2 U (Solgent,
Korea) and 0.5 pM of each primer (Table 1) under the
following conditions: 10 min at 95°C for initial denatur-
ation, and than 30 cycles of PCR that consisted of dena-
turation for 10 s at 98°C, annealing for 15 s at 55°C, and
extension for 30 s at 72°C, and a final extension step was
done for 10 min at 72°C in a PCR Thermal Cycler DICE
Gradient (TaKaRa, Japan). The expression assay for EED
mRNA was performed using the cDNA obtained from
various human digestive tract tissues (Clontech, USA).

SNP Selection

On the basis of the Genbank dbSNP database (http://www.
ncbi.nlm.nih.gov), we selected three SNPs (rs7952481,
rs1391221, and rs974144) in the EED gene. The informa-
tion of 17952481 (g.-1850G>C), rs1391221 (g.-993G>C),
and rs974144 (g.12351C>T) SNPs was derived from the
NCBI SNP database. The SNPs with unknown heterozy-
gosity and minor allele frequencies below 5% in an Asian
population were excluded. The reference sequence for
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Table 1 Primer sequences used for RT-PCR, genotyping, and promoter assay in EED gene

Applications Primers Primer sequence (5" — /) Regions
High-resolution EED-HF1 TCCCACTAATCTCTCACACACGGA 2.-1850G>C (rs7952481)
melt (HRM) EED-HRI TCCAGGCACTACTAAGCACTCCTCA
EED-HF2 AGCACTTTGGCTGTAACTCATTGGA 2.-993G>C (rs1391221)
EED-HR2 TCCTTCCAGTTGCTACCAATAGTGG
EED-HF3 ATCAATGAGCTGAAATTCCATCCAAGAGATCCA 2.12351C>T (15974144)
EED-HR3 TGTGGACTCTCTTCTCATGGTT
RT-RCT EED-MF1 TGGGCGATTTGATTACAGCCAGT mRNA
EED-MR1 ATCCCAGCGCCAAATACTGGCA
Promoter assay EED-PF1 AAAAAAGAGCTCTAATCTCTCACACACGGA Promoter
EED-PR1 AAAAAAAAGCTTCCTCTCGGACATATTCCT

the EED gene was based on the sequence of human
chromosome 11, NC_000011.9.

Genotype Analysis

Genotype analysis for the SNPs of the FED gene was
performed by high-resolution melting (HRM) analysis. The
10-pl reaction mixtures were made up using the 1x
QuantiTect Probe PCR Kit (Qiagen, USA) and they con-
sisted of 50 ng of genomic DNA, 100 nM of each primer
(Table 1), and 1x Evagreen solution (Biotium, USA). The
PCR cycling and HRM analysis was carried out using a
Rotor-Gene thermal cycler RG6000 (Corbett Research,
Australia). The PCR cycling conditions were as follows:
one cycle of 95°C for 15 min; 45 cycles of 95°C for 10 s,
and the annealing conditions were 58°C for 10 s and 72°C
for 30 s; HRM analysis was performed at 77-95°C with the
temperature being increasing at 0.1°C/s and the fluores-
cence was recorded.

Statistic Analysis

x* tests were applied to estimate the Hardy—Weinberg
equilibrium (HWE). Pair-wise comparison of the biallelic
loci was employed for the analyses of the Linkage Dis-
equilibrium (LD). The haplotype frequencies of the EED
gene for multiple loci were estimated using the expectation
maximization (EM) algorithm with SNPAlyze software
(DYNACOM, Japan). Logistic regression analyses (SPSS
11.5) were used to calculate the odds ratios (with the 95%
confidence intervals). A p value <0.05 was considered to
indicate statistical significance.

Luciferase Assay
The promoter region of the human EED gene carrying

either the g.-1850G or g.-1850C allele was inserted
upstream of the firefly luciferase gene in the pGL3 basic

plasmid vector (Promega, Madison, WI, USA) and this was
verified by DNA sequencing. To make these constructs, we
amplified the target sequence by PCR using a forward
primer with Sacl and a reverse primer with Hindlll
(Table 1). These promoter plasmids were co-transfected
into the 293T cells (ATCC, USA) with a pRLTK control
vector (Promega), using Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA), according to the manu-
facturer’s instructions. The assays for firefly luciferase
activity and Renilla luciferase activity were performed
48 h after the transfection of the cells using the Dual-
Luciferase Reporter Assay System (Promega) with a
microplate luminometer LB 96V (BERTHOLD, Australia).
To normalize the transfection efficiency, the luminescence
value of the pGL3-basic vector was standardized with the
value of the pRL-TK vector. Each experiment was repeated
three times, and each sample was studied in triplicate.

Results

The EED gene was selected as a candidate susceptibility
gene for IBD by our previous cDNA microarray analysis
[28] because the expression level of the EED gene was
more decreased in both the UC and CD patients than that
of the healthy controls. To validate the accuracy of the
microarray expression profiling data, the expressed levels
of the EED gene were compared in three CD and UC
patients and three healthy controls by RT-PCR. As shown
in Fig. la, the expressed level of EED mRNA was sig-
nificantly down-expressed in the peripheral blood of both
the UC and CD patients as compared to that of the
healthy controls. The expression pattern of EED mRNA
in 12 normal tissues obtained from the digestive tract was
also examined. The results showed that the expressed
level of EED mRNA in the tissues from the human
digestive system was highest in the liver and ileum tis-
sues, while the expressed levels of EED mRNA in the
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A EED
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1. Liver 2. Stomach 3. Colon(Desending) 4. Colon{Transverse)

5. Colon{Ascending) 6. ileocecum 7. duodenum 8. rectum

9, jejunum 10. ilewm 11. Cecum 12. Esophagus

Fig. 1 Expression patterns of the EED mRNA by RT-PCR. a The
validation of EED mRNA expression in the UC, CD patients, and the
healthy controls, and (b) in the tissues of human digestive system

transverse colon and rectum tissues were barely detectable
(Fig. 1b).

To determine whether the EED SNPs are associated
with UC susceptibility, the genotypes of the EED poly-
morphisms were analyzed by the HRM method, and the
genotype and allelic frequencies between the UC patient
and healthy control groups were compared. The genotype
frequencies of all loci were in HWE, except for g.-993G>C
in the healthy controls, as determined by »* tests (data not
shown). The genotype and allelic frequencies of the
g.-1850G>C SNP in the UC patient group were signifi-
cantly different from those of the healthy control group
(Table 2; p = 0.018 and 0.017, respectively). These results
suggest that the g.-1850G>C SNP in the EED gene appear
to be associated with UC susceptibility.

We further analyzed the haplotype frequencies of the
SNPs in the UC patients and the healthy controls to deter-
mine the possible correlation between the haplotypes
associated with g.-1850G>C, g.-993G>C and g.12351C>T
of the EED gene and the susceptibility to UC (Table 3). Out
of eight possible haplotypes, four major haplotypes (98.8
and 97.8%, respectively) were identified in the healthy
controls and UC patients, respectively (Table 3). The dis-
tribution of the two haplotypes (GGT and CGC) were
notably different in the UC patients compared to that of the
healthy controls (p = 0.024 and 0.033, respectively). These
results suggest that EED polymorphisms might be an
important genetic factor associated with UC susceptibility.

To evaluate the putative functional polymorphisms, we
assessed actual promoter activity with the luciferase
reporter assay (Fig. 2). We prepared two reporter con-
structs that contained the G or C allele of the human EED
gene g.-1850G>C polymorphisms. In the 293T cells, the
luciferase activity in the cells with the C allele with g.-
1850G>C polymorphism was at least twofold higher than
that in the cells with the G allele. This result suggests that
the g.-1850C allele might affect the increased transcrip-
tional activity of the EED gene in vivo.

Discussion

IBD is a chronic disease that is frequently encountered in
the gastrointestinal tract and it can profoundly affect the
quality of life. Although great advances have been made in

Table 2 Genotype and allele analyses of the polymorphisms of EED gene in the UC patients and the healthy controls

Position® Genotype/allele Control n (%) UC n (%) Odds ratio® (95% CI) P°
2.-1850G>C (rs7952481) GG 241 (47.91) 42 (33.87) 1.00 0.018
GC 200 (39.76) 64 (51.61) 1.84 (1.19-2.83)
CcC 62 (12.33) 18 (14.52) 1.67 (0.90-3.09)
G 682 (67.79) 148 (59.68) 1.00 0.017
C 324 (32.21) 100 (40.32) 1.42 (1.06-1.89)
2.-993G>C (rs1391221) GG 372 (70.59) 97 (70.29) 1.00 0.945
GC 155 (29.41) 41 (29.71) 1.01 (0.67-1.53)
CcC 0 (0.00) 0 (0.00) -
G 899 (85.29) 235 (85.14) 1.00 0.924
C 155 (14.71) 41 (14.86) 1.01 (0.70-1.47)
2.12351C>T (1s974144) CC 173 (32.89) 54 (38.85) 1.00 0.253
CT 259 (49.24) 67 (48.20) 0.83 (0.55-1.25)
TT 94 (17.87) 18 (12.95) 0.61 (0.34-1.11)
C 605 (57.51) 175 (62.95) 1.00 0.132
T 447 (42.49) 103 (37.05) 0.80 (0.61-1.05)

% Calculated from the translation start site

® Logistic regression analyses were used for calculating OR (95% CI; confidence interval)

© Value was determined by Fisher’s exact test or y* test from 2 x 2 contingency table
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Table 3 Haplotype frequencies between UC patients and healthy controls in EED SNPs

Haplotype Frequency?® 7 P°

2.-1850G>C 2.-993G>C 2.12351C>T Con ucC

G G T 0.409 0.331 5.064 0.024

C G C 0.309 0.381 4.539 0.033

G C C 0.141 0.116 1.085 0.298

G G C 0.129 0.150 0.711 0.399
Others 0.012 0.022 - -

? Values were constructed by EM algorithm with genotyped SNPs
® Values were analyzed by ;52

24 -
20 -
16

12

Relative luciferase activity

PGL3 basic
(control)

PGL3 basic pPGL3 basic
(EED g.-1850G) (EED g.-1850C)

Fig. 2 EED promoter activity between polymorphisms by luciferase
reporter assay. EED g.-1850G and EED g.-1850C represent luciferase
activities in two constructs with a major allele (g.-1850G) and a minor
allele (g.-1850C), respectively. Control represents luciferase activity
without polymorphism as a standard (pGL3 basic only). Data were
obtained from three independent experiments and are represented as
the mean £ SE. Data are standardized as a mean value in the control

the management of IBD with the introduction of immune-
modulators and monoclonal antibodies, the precise etiology
of IBD is unclear. However, IBD is thought to be the result
of an aberrant intestinal immune response to bacterial
microflora and this occurs in genetically susceptible indi-
viduals. DNA microarray analysis can be used to identify
susceptibility candidate genes in complex genetic disorders
and to identify novel disease-related genes. This technol-
ogy has been used to study gene expression profiling in the
mucosal biopsies from UC or CD patients and healthy
controls, and it has identified the genes with altered
expression, including the CD74, NGAL, GRO, and cal-
cium-binding S700 genes [29, 30]. We previously reported
that an exon 4 variation of the Tim-1 gene and the SNPs of
the IL27 and TNFRSF17 genes were associated with UC in
a Korean population [28, 31, 32].

The EED gene was previously identified as a candidate
gene because the expressed level of this gene was more
decreased in both the UC and CD patients than that of the
healthy controls, as was determined by cDNA microarray
analysis using the mRNAs isolated from healthy controls
and IBD (UC and CD) patients [28]. However, there was no
information on the relation of genetic variations of the EED
gene and gastrointestinal disease such as IBD. In this study,
we validated the expressed levels of the EED gene by
RT-PCR with using the total RNAs isolated from three CD
or UC patients and three healthy controls. The expression
levels of the EED gene in both the UC and CD patients
were shown to be similar to the results of the cDNA
microarray analysis (Fig. 1a). We analyzed the genotypes of
the EED gene SNPs in the UC patients and healthy controls.
The genotype and allele frequencies of the g.-1850G>C
polymorphism of the EED in the UC patients were signif-
icantly different from those in the controls group (Table 2).
This result suggests that the g.-1850G>C polymorphism of
the EED might be associated with the susceptibility to UC.
The distributions of the two haplotypes (GGT and CGC) of
the EED SNPs g.-1850G>C, g.-993G>C and g.12351C>T
in the UC patients were also notably different from that of
the healthy controls (Table 3). These results suggest that
EED polymorphisms might be an important genetic factor
associated with UC susceptibility.

These results led us to think it is interesting to know that
EED gene polymorphism (g.-1850G>C) may have some
influence on the susceptibility to UC. This may happen
because the polymorphisms within the binding site of the
promoter region may influence the expression level by
suppression or activation of binding between the specific
transcriptional binding site and transcription factor. Due to
its implication, we decided to investigate the role of the
2.-1850G>C polymorphism in the EED by luciferase
reporter assay. Our result shows that the luciferase activity
for the C allele with g.-1850G>C polymorphism was
higher than that for the G allele in the 293T cells (Fig. 2).
This result indicates that the g.-1850C allele might affect
the increased transcriptional activity level of the EED gene
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in vivo, and it might have an influence on the susceptibility
to UC.

In conclusion, the results of this study suggest that the
EED gene might be a candidate gene associated with the
pathogenesis of UC. The haplotypes of the EED polymor-
phisms might be one of the markers for UC susceptibility.
Although it is not clear how the EED polymorphisms are
related to the susceptibility of UC, our results provide useful
information for further functional studies of the EED gene
and gastrointestinal disease such as colorectal cancer and
inflammatory responses. It will be interesting to show the
expression levels of the EED in the colon tissues of UC
patients and health controls by further studies. This may
substantiate that the EED is involved in regulation of
inflammation.
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