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Abstract: Objectives: Estrogen is suggested to participate in pathogenesis of irritable bowel syndrome (IBS), but
expression of G protein-coupled estrogen receptor (GPER) in the colon of IBS patients has never been investigated.
The aim of this study was to investigate the expression of GPER and classical estrogen receptors in the colon of IBS
patients and healthy controls. Methods: Colonic biopsies were obtained by endoscopy from patients with IBS (n =
46) and healthy subjects (n = 13). Expression of GPER, estrogen receptor o (ERx) and estrogen receptor B (ERB) in
mast cells were measured by double-labelling immunofluorescence. Quantification of mRNA expression was per-
formed for GPER, ERa and ERP by real-time polymerase chain reaction. Results: Differential distribution of GPER,
ERa and ERPB were detected in human colonic mucosa. The expression of GPER in the cytoplasm of mast cells and
GPER-positive cells was significantly higher in diarrhea-predominant IBS (D-IBS) patients than that in constipation-
predominant IBS (C-IBS, P < 0.001) patients and healthy subjects (P = 0.005). ERx and ER[3 were not detected in
majority of mast cells in colonic mucosa and no difference of immunostaining results for ERx and ER3 was found
among these three groups. A positive correlation (r = 0.451, P = 0.011) between GPER-positive cell counts and
abdominal pain severity was observed in D-IBS group. Relative mRNA expression of GPER in D-IBS was also higher
than that in C-IBS (P = 0.018) and healthy subjects (P = 0.011). Conclusions: The present study, for the first time,
demonstrated the expression of GPER in human colonic mucosa and its correlation with abdominal pain severity.
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Introduction

Irritable bowel syndrome (IBS) is one of the
most common functional gastrointestinal dis-
eases, which is characterized by abdominal
pain and bowel habits disturbance. Gender dif-
ferences in prevalence of IBS were reported
both in Asian and Western countries in previ-
ous studies [1-3], but the reason of female pre-
dominance in IBS remains unclear. Symptoms
of female patients with IBS such as abdominal
pain seemed to be related with menstrual cycle
and were always exacerbated in the premen-
strual and menstrual phases [4, 5]. Sex hor-
mones have been suggested to play important
roles in IBS etiology [6, 7].

As a common symptom in IBS, abdominal pain
is associated with the changes of visceral per-
ception, gastrointestinal motility and immune
response. A number of studies conducted in
animal models of visceral pain have demon-

strated that sex hormones, especially estrogen,
participated in modulating visceral sensitivity,
but the mechanisms were still unclear [8-10].
By binding to two ligand-activated transcription
factors: estrogen receptor o (ERx) and estrogen
receptor 3 (ERP), the typical role of estrogen on
pain modulation is mostly shown in mediating
genomic effects [11]. Nevertheless, estrogen is
also involved in non-genomic effects. This is
achieved by rapid cellular signaling, which is
associated with membrane receptors [12].

G protein-coupled estrogen receptor (GPER),
also known as GPR30, was first described in
1990s [13] and detected in numerous tissues
[14]. GPER could mediate estrogen-dependent
rapid signaling events, independent of classical
estrogen nuclear receptors [15]. The associa-
tion of estrogen with IBS etiology has been
studied extensively, and most experiments
were focusing on classical estrogen receptors,
of which the effects need hours or days to be
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Table 1. Clinical characteristics of the patients and healthy controls

Characteristics D-IBS HCs

Numbers 31 13

Gender (F/M) 20/11 8/5

Age (median/range) 35.5/20-55 37/19-58 47/35-61

Pain severity (mean + SD) 1.94+0.89 1.40+0.63 0

Duration (median/range) (months)  48/8-240 54/9-180 0

Allergic diseases none none

Other Gl diseases none Reexamination for polyps 7; Family history of
colorectal cancer 4; none 2

Drugs using within 2 weeks none none

F/M = female/male; Gl = gastrointestinal, HCs = healthy controls.

achieved. But estrogen mediated non-genomic
effects (within a few minutes) on visceral sensi-
tivity were rarely investigated. There were few
reports about the expression of GPER in the
colon of human and IBS patients neither.

A number of studies demonstrated mast cell
(MC) counts and MC released mediators, such
as mast cell tryptase (MCT) and histamine,
were increased in colon of IBS patients [16,
17]. It has been widely accepted that MC par-
ticipates in regulating visceral hypersensitivity,
intestinal motility and immune response.
Estrogen could regulate cytokine release in
human mast cells [18] via a non-genomic effect
[19]. It is suggested that there are associations
among estrogen, mast cells and IBS patho-
genesis.

Our hypothesis is that estrogen receptors are
expressed in mast cells in human colon. In the
present study, we aimed to examine the expres-
sion of ERa, ERB and GPER in the colonic muco-
sa of IBS patients and healthy controls, and to
investigate whether or not these estrogen
receptors are located in mast cells of the colon.

Materials and methods
Subjects and tissue samples

The study was approved by the ethics commit-
tee of the Second Affiliated Hospital of Xi'an
Jiaotong University. As showed in Table 1, 46
IBS patients (D-IBS 31 and C-IBS 15) fulfilling
the Rome |IIl criteria were recruited from
September 2011 to December 2013 in the
Department of Gastroenterology, the Second
Affiliated Hospital of Xi'an Jiaotong University.
13 Healthy controls (HCs) were selected in sub-

2239

jects with normal colon and no gastrointestinal
symptoms (such as patients with polyps and
family history of colon cancer). Exclusion crite-
ria for IBS patients and HCs were as following:
use of mast cell stabilizers, NSAIDS, corticoste-
roids, estradiol and anti-estrogen agents in the
past 2 weeks, history of allergic diseases, his-
tory of ovariectomy, other gastrointestinal dis-
eases and severe organic disorders. Patients
and HCs gave written informed consent before
the procedures.

Before the colonoscopy, all the subjects were
performed with a complete medical history and
physical examination. Severity of abdominal
pain was scored according to published IBS
related studies [20, 21]: O, absent; 1, mild (not
influencing activities); 2, relevant (diverting
from, but not urging modification of activities);
3, severe (influencing activities markedly
enough to urge modifications); 4, extremely
severe (precluding daily activities). Other infor-
mation about gender, age, duration of symp-
toms were also obtained. After taking polyethyl-
ene glycol-electrolyte solution for 4-6 hours, all
the subjects underwent colonoscopy. Four
mucosal biopsy specimens were taken from
the sigmoid colon and immediately put into lig-
uid nitrogen and stored at -70°C until use.

Immunofluorescence

Specimens were fixed in 10% formalin for H&E
staining and immunofluorescence staining.
Routine H&E staining were performed and ana-
lyzed by experienced pathologists to exclude
inflammation of the colonic mucosa. After dehy-
dration with 30% sucrose solution, specimens
were immersed in OCT embedding medium and
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Figure 1. Localization of GPER in mast cells of colonic mucosa. GPER was mainly detected surrounding mucosal
glands within lamina propria (B and D). GPER (B, green) and tryptase (A, red) were observed to coexpress (C and
D, yellow) in mast cells within lamina propria. With DAPI staining (E, blue), GPER was observed to locate in the cyto-
plasm (F, yellow). The staining was showed with 400 x magnification (A-C) and 200 x magnification (D-F).

snap frozen. Cryostat sections (5 um) were cut
at -27°C onto glass slides and stored at -20°C
until use.

specific binding sites, followed by incubating
overnight with antibodies (rabbit polyclonal)
against G-protein coupled receptor 30 (Abcam,
Hong Kong, China, 1:200), ERa (Santa Cruz

For single-labelling immunofluorescence of Biotechnology, USA, 1:100), ERB (Santa Cruz

estrogen receptors, sections were incubated
with 10% goat serum for 30 min to block non-
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Biotechnology, USA, 1:100), respectively at
4°C. After PBS washes, sections were then
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incubated with anti-rabbit 1gG-FITC antibody
produced in goat (Sigma, Germany, 1:100) for 1
h at 37°C in the dark.

For double labelling immunofluorescence, pri-
mary antibodies of estrogen receptors were as
described above. To detect mast cell in the
colon, anti-mast cell tryptase antibody (Mouse
monoclonal, Abcam, Hong Kong, 1:200) was
used as primary antibody. The mixture of anti-
bodies against mast cell tryptase and a single
estrogen receptor were incubated overnight at
4°C, washed in PBS, and incubated with goat
anti-mouse IgG-TRITC antibody (ZSGB, China,
1:100) and goat anti-rabbit IgG-FITC antibody
(Sigma, Germany, 1:100) for 1 h at 37°C in the
dark. To identifying the cell morphology of the
nuclei, the sections were counterstained with
DAPI (Sigma, Germany) for 3 min followed by
PBS washes. The negative controls were incu-
bated with PBS instead of the primary anti-
bodies.

All sections were mounted in a fluorescence
microscope (Nikon ECLPSE TE2000-U) for
examination. Counts of positive stained-cells
were performed at 200 x magnification. The
number of positive-stained cells were counted
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Figure 2. Comparison of GPER-positive cell
counts and the correlation with symptoms
in D-IBS patients. Mean counts of GPER-
positive (A) cells in colonic mucosa of D-
IBS patients were significantly higher than
that of C-IBS (*P < 0.001) and HCs (**P =
0.005), compared by Mann-Whitney U test.
GPER-positive cells counts had positive cor-
relation (B) with pain severity (r=0.451, P=
0.011) and no correlation (C) with duration
of symptoms (r = 0.104, P = 0.577), com-
pared by Spearman correlation test.

by 2 researchers independently in three non-
overlapping fields and expressed as average
positive-stained per high power field (cells/
hpf).

Real-time PCR

Total RNA was extracted from the frozen tissue
using the TRIzol reagent (TaKaRa, Japan)
according to the manufacturer’s instructions
and stored at 4°C. The amount of RNA was esti-
mated by UV spectrophotometry (NanoDrop
Technologies, USA) at 260 nm. 2 yg sample of
total RNA was used to synthesize cDNA using a
PrimeScript RT Master Mix (TaKaRa, Japan).

The quantitative real-time polymerase chain
reaction (PCR) was performed with the ABI
PRISM 7500 Sequence Detection System
(Applied Biosystems) using SYBR® Premix Ex
Tag™ (TaKaRa, Japan) in accordance with the
manufacturer’s protocol. The primers used in
the present study were as follows: GPER (172
bp), forward CAACCTCGCCGCCTTCTC, reverse
CTGCTCGGTGCTGTCTGG; ERa (185 bp), for-
ward CCTGATGATTGGTCTCGTCTG, reverse GGC-
ACACAAACTCCTCTCC; ERB (197 bp), forward
ATACCTTCCTCCTATGTAGAC, reverse TGTGAT-
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Figure 3. Distribution of ERx and ERf in human colonic mucosa. ER« (B, green) and ERp (E, green) were detected
mostly in lamina propria and minorly in epithelial layer. ERx and ER[, by double staining with tryptase (A and D; red),
were not detected in majority of mast cells (C and F). The staining results were showed with 200 x magnification.

were compared using one-way

1.5
c analysis of variance (ANOVA)
g E D-IBS and Dunnett t test. Two-tailed P
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Figure 4. Relative mRNA expression of GPER, ERa and ER(. Compared

distributed mainly in the cells
surrounding mucosal glands

with ANOVA and Dunnett t test, relative mRNA expression of GPER in D-IBS within lamina propria (Figure

was higher than that in C-IBS (*P = 0.018) and healthy subjects (**P =
0.011). No significant differences were found among the three groups for

ERa (P = 0.150) and ERB (P = 0.178).

AACTGGCGATGG; B-actin (156 bp), forward
ACTTAGTTGCGTTACACCCTT, reverse  GTC-
ACCTTCACCGTTCCA. Briefly, The 25 ul PCR
reactions consisted of 12.5 pyl SYBR green, 1 yl
PCR forward and 1 ul PCR reverse primers, 2 ul
cDNA and 8.5 pl ddH,0. The ampilification pro-
tocol was: 3 min at 95°C, followed by denatur-
ing at 94°C for 30 s, annealing at 55 to 56°C
(primers dependent) for 30 s and extension at
72°C for 30 s for a total of 45 amplification
cycles. All the experiments were repeated tripli-
cate and relative mRNA quantities of GPER,
ERa and ERB were normalized to B-actin
expression.

Statistical analysis

All data were analyzed using the SPSS 16.0
software (SPSS Inc., Chicago). Values were pre-
sented as mean + standard deviation (SD). The
comparison of positive-stained cell counts
were performed using non-parametric Kruskal-
Wallis test for group differences and Mann-
Whitney U test for within group differences.
Correlations between cell counts and symp-
toms were analyzed using Spearman correla-
tion test. The relative mRNA expression levels
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1B). Double staining with anti-
bodies to GPER and tryptase
(Figure 1A) showed GPER was
present in majority of tryptase-
positive mast cells of colonic mucosa (Figure
1C and 41D). By counterstaining with DAPI
(Figure 1E), we found GPER was located in the
cytoplasm of mast cells and no positive-stain-
ing of the nucleus were observed (Figure 1F).

Increased GPER-positive cells in D-IBS patients

As showed in Figure 2A, mean counts of GPER-
positive cells in colonic mucosa of D-IBS
patients were 23.5 * 5.2 (cells/hpf), which was
higher than that of C-IBS patients (15.0 + 5.2, P
< 0.001) and healthy controls (17.1 + 6.6, P =
0.005). However, no differences were found
between C-IBS patients and healthy controls (P
= 0.344). There was also no difference of
GPER-positive cell counts between females
and males (24.0 + 4.8 vs. 22.8 + 6.2, P =
0.847).

Correlation of GPER-positive cell counts with
symptoms in D-IBS patients

As showed in Table 1, all patients with D-IBS
complained of abdominal pain, with an average
score of 1.94 (95% CI 1.61-2.26). Duration of
symptoms for D-IBS patients ranged from 6 to
240 with a median of 48 months. Analyzed by

Int J Clin Exp Pathol 2014;7(5):2238-2246
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Spearman correlation test (Figure 2B and 2C),
there was a significant positive correlation (r =
0.451, P = 0.011) between GPER-positive cell
counts and abdominal pain severity in the
D-IBS group. There was no correlation (r =
0.104, P = 0.577) of GPER-positive cell counts
with symptoms duration.

Distribution of ERa and ER[ in colonic mucosa

Immunofluorescence for ERx and ER(3 was per-
formed in the same condition. ERa-positive
cells (Figure 3B) in the colonic mucosa were
detected in 10 of 31 D-IBS patients, 4 of 15
C-IBS patients and 4 of 13 HCs. ERB-positive
cells (Figure 3E) were detected in 13 of 31
D-IBS patients, 6 of 15 C-IBS patients and 7 of
13 HCs. No differences of positive-staining per-
centages for ERa (P = 0.929) and ERB (P =
0.722) were found between the IBS patients
and HCs. Both ER« (Figure 3B) and ER[ (Figure
3E) were detected mostly in lamina propria and
minorly in epithelial layer. By counterstaining
with DAPI, ERa and ER( were mainly detected
with a nuclear localization in cells within lamina
propria, but we did not detect the colocalization
of ER«x (Figure 3C) or ERB (Figure 3F) with MCT
(Figure 3A and 3D) in these samples, suggest-
ing ERax and ERB did not express in mucosal
mast cells of human colon.

Relative mRNA expression of GPER, ERa and
ERf

We found by real-time quantitative PCR that the
MRNA of GPER were detected in colonic muco-
sa of all the subjects. The average mRNA level
(normalized to B-actin) of GPER were 0.839
(95% Cl 0.719-0.960) in D-IBS patients, 0.567
(95% CI 0.415-0.721) in C-IBS patients and
0.513 (95% C1 0.333-0.692) in HCs, and mRNA
level of GPER was significantly higher than that
in C-IBS (P = 0.018) and healthy subjects (P =
0.011). ERa and ERB had low levels of mRNA
expression and there were no differences of
MRNA levels for ERa (P = 0.150) and ERB (P =
0.178) between IBS patients and the healthy
controls. The results were showed in Figure 4.

Discussion

To the best of our knowledge, G protein-coupled
estrogen receptor (GPER) has never been inves-
tigated in human colonic mucosa. We found
that GPER was located in mast cells of the lam-
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ina propria in human colonic mucosa. Our
results offered an additional site distinct from
classical estrogen receptors for estrogen to act
on mast cells in human colon.

Recent studies suggested that estrogen could
modulate visceral sensitivity in animal models
[22, 23], and the effects were achieved by bind-
ing with classical nuclear estrogen receptors
[10] to induce long-term genomic processes.
But IBS-related symptoms as abdominal pain
and discomfort always appear and disappear
rapidly. It is supposed that rapid non-genomic
effects of estrogen may be involved in regulat-
ing the visceral perception. GPER, an intracel-
lular transmembrane estrogen receptor [24],
had been reported to induce rapid pronocicep-
tive estrogenic effects [25] at the spinal level,
but association of GPER with colonic mast cells
has never been examined. We showed that
GPER was located specifically in the cytoplasm
of mucosal mast cells of colon, but whether
GPER located at plasma membrane or cyto-
plasm is still controversial [24, 26] and need to
be clearly resolved.

Mast cells were described in a number of stud-
ies to participate in pathogenesis of visceral
hypersensitivity [27, 28] and its stabiliser could
improve symptoms in IBS patients [29].
However, relationship of gender difference in
IBS with mast cell behavior was not defined.
Previous studies have demonstrated that estro-
gen nuclear receptors were expressed in mast
cells and might regulate mast cell behavior by
mediating long-term genomic effects [30]. It
was also demonstrated that estrogen activated
mast cells via a non-genomic effect mediated
by ERa [19], yet in the study design effect of
GPER was not excluded and function of estro-
gen receptors located in colonic mast cells
were not investigated. Our findings were not in
consistent with these results. We found ER«
and ERP were not detected in majority of mast
cells of colonic mucosa and no differences
were found of expression for ERax and ER[ in
colonic mucosa between the IBS patients and
healthy controls, which suggested that effects
of estrogen on colonic mast cells were not
mediated directly by ERxand ERpB. Furthermore,
by immunofluorescene methods, GPER was
also detected in samples of colonic mucosa
negative-stained with ERa and ERB. In our
study, increased GPER-positive cells were

Int J Clin Exp Pathol 2014;7(5):2238-2246
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found in D-IBS patients compared to C-IBS
patients and healthy subjects, and a positive
correlation between GPER expression and
abdominal pain severity was observed in D-IBS
patients. We suggested that GPER in colonic
mucosa might mediate effects of estrogen on
mast cells independently from traditional estro-
gen receptors to influence visceral sensitivity.

Mechanisms underlying overexpression of
GPER in the colon of D-IBS patients were not
investigated in this study and remain unclear. A
possible explanation is that GPER is mostly
located in colonic mast cells, and its expres-
sion might be increased accompanied with
elevated mast cell numbers. Mechanism of
estrogenic effects on colonic mast cells via
GPER was still unclear. It was suggested in a
study [26] that GPER mediated peripheral
mechanism for pain modulation might be
involved. We supposed that increased mast
cells in D-IBS patients provided more binding
sites of GPER for estrogen and the occurrence
of abdominal pain might be associated with the
estrogen level. Females always have higher
level of estrogen than males, which can explain
why female was easier to be disturbed by IBS
related symptoms. In our study we did not
found correlation between GPER expression
and symptoms duration. An explanation is that
GPER mediated estrogenic effects is rapid and
not long acting as genomic effects mediated by
ERa and ERB. We did not study GPER expres-
sion in IBS patients of mixed type (IBS-M) and
undefined type (IBS-U) because of insufficient
recruitments (IBS-M 2, IBS-U 0).

In conclusion, we demonstrated that GPER
rather than ERa and ER[ was located in mast
cells of the human colon and increased expres-
sion of GPER in D-IBS patients was correlated
with abdominal pain severity. It was suggested
that GPER-mediated estrogenic effects on IBS
pathogenesis might be associated with activa-
tion of mast cells in the colon. Our findings pro-
vided a new direction for understanding the
pathogenesis of gender differences in IBS and
the mechanisms should be investigated by fur-
ther studies.
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