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Background/Aims

Emerging evidence shows that the mechanism of irritable bowel syndrome (IBS) is associated with neurotrophic factors and tight
junction proteins (TJPs). It is known that there are sex differences in the pathophysiology of IBS. The aim of the present study is to
determine expression levels of neurotrophic factors, TIPs, and cytokines according to IBS subtype and sex.

Methods

From 59 IBS (33 IBS-constipation, 21 IBS-diarrhea, and 5 IBS-mixed) and 36 control patients, colonic mucosa mRNA expression
levels of transient receptor potential vanilloid-1 (TRPV1), nerve growth factor (NGF), glial cell-derived neurotrophic factor (GDNF),
and various TJPs were assessed by real-time polymerase chain reaction. Western blot was performed to determine levels of zonular
occludens-1 (ZO-1). Serum levels of cytokines were measured by enzyme-linked immunosorbent assay.

Results

TRPV1, GDNF, and NGF mRNA levels were significantly increased in those with IBS-constipation compared to those in controls (all P
< 0.05). However, they showed no significant difference between those with IBS-diarrhea and controls. Expression level of TRPV1
correlated with that of GDNF (r = 0.741, P < 0.001) and NGF (r = 0.935, P < 0.001). ZO-1 RNA expression levels were lower (P =
0.021) in female IBS-diarrhea than those in controls, although they showed no significant differences between male IBS-diarrhea and
controls. Serum IL-1p levels in female IBS were significantly higher than those of male IBS, especially in IBS-constipation (P < 0.001).

Conclusion

Our results suggest that neurotrophic factors and IL-1p are closely related to IBS-constipation and that decrease of ZO-1 is an
important factor in female with IBS-diarrhea.
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Introduction

Irritable bowel syndrome (IBS) is a common functional bowel
disorder of unclear etiology characterized by recurrent abdominal
pain or discomfort.' The prevalence of IBS by the Rome III criteria
in the general population is 1.1% to 29.2% worldwide.” It is ap-
proximately 10.0% in Korea.” IBS occurrence is known to be higher
in females than that in males, with odd ratio of 1.67.* In the litera-
ture, there are several reports regarding sex and gender differences
in terms of IBS subtypes and response to IBS treatment.** For
instance, IBS-constipation (IBS-C) is frequent in females whereas
IBS-diarrhea (IBS-D) is predominant in males.”® Despite there are
a few reports regarding sex and gender difference of IBS in animal
studies,” causes of vulnerability of females to IBS remain unclear.”’
So far; most IBS studies have focused on IBS-D or post-infectious
IBS (PI-IBS) that develops into IBS-D or on mixed type IBS
(IBS-M). Importantly, only a few papers have illustrated research
regarding IBS-C pathophysiology."’

The possible pathophysiology of IBS is multifactorial.*"'
Among them, emerging data highlight that neurotrophic factors
and altered intestinal permeability might contribute to IBS and
related symptoms. Increased attention has been also given to the
neural-immune-endocrine network mechanism in IBS-D. Nerve
growth factor (NGF) and glial cell-derived neurotrophic factor
(GDNF) are closely related to the pathogenesis of IBS."” In addi-
tion, transient receptor potential vanilloid-1 (TRPV1) is believed to
be an important integrator of the transmission and modulation of
pain with NGF or GDNE"

A previous study has demonstrated that tight junction proteins
(TJPs) such as zonula occludens-1 (ZO-1) and occludin (OCLN)
expression are lower in IBS patients than those in controls.”* In
subgroup analyses, OCLN and claudin-1 (CLLDN1) expression
levels are decreased in IBS-D patients, but not in IBS-C or IBS-M
patients."* However, a study that compares the degree of expression
of TJPs depending on IBS subtype and sex has not been reported
yet. Various inflammatory cytokines are known to be involved in
the pathophysiology of IBS.""'* Previous studies have shown that
serum levels of pro-inflammatory cytokines such as I1.-1, I1.-8,
and TNF-q, are increased in IBS patients.”” Furthermore, there are
differences in types of cytokines recruited according to their origin,
colon mucosa, or blood of IBS patients. Importantly, only a few
studies regarding blood cytokines in IBS patients have reflected
systemic effects.

With such background, we hypothesized that the mechanisms
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underlying IBS could be different depending on IBS subtype and
sex. Thus, the aim of this study is to evaluate expression levels of
neurotrophic factors, TJPs, and cytokines in IBS patients and
clarify sex differences in the pathophysiology of IBS.

Materials and Methods

Subjects

Subjects were prospectively enrolled at the Department of
Gastroenterology of Seoul National University Bundang Hospital
between September 2013 and September 2017. Subjects were as-
signed into IBS or control group according to the Rome I11 criteria.
The control group was defined as subjects without gastrointestinal
symptoms or colonoscopic lesions. All subjects were from Korea
and the control group consisted of subjects who underwent colo-
noscopy for the purpose of health checkup. They received colonos-
copies and questionnaires about IBS symptoms under the supervi-
sion of a well-trained interviewer. IBS patients were categorized into
IBS-D, IBS-C, IBS-M,, and unsubtyped (IBS-U) on the basis of
the Rome I1I criteria. We excluded PI-IBS patients. This study was
approved by the Institutional Review Board of SNUBH (Approval
No. B-1305/202-003). Written informed consent was obtained
from all subjects. This study protocol has been registered at Clini-
calTrals.gov (NCT03675100).

Symptom Assessment Questionnaire

A validated Rome III criteria-based bowel disease question-
naire was translated from the original Bowel Disease Questionnaire
into Korean (Korean Bowel Disease Questionnaire) and used to
investigate patient’s bowel symptoms.'®'” Patients were asked to
rate frequency and severity of symptoms experienced over the last
3 months prior to the study. The severity of abdominal pain was
scored from 1 to § according to its impact on patients’ daily activi-
ties: 1, mild; 2, relevant; 3, moderate; 4, severe; and §, extremely se-
vere. The frequency of abdominal pain was graded from 0 to 6 ac-
cording to the following scale: 0, absent; 1, less than once a month; 2,
1 day/month; 3, 2-3 days/month; 4, once a week; 5, 2-3 days/week;
and 6, daily.

Colonoscopic Biopsy

During colonoscopic examination, 2 biopsies were carefully
taken from normal looking sigmoid colon mucosa of each subject
using standard biopsy forceps. Samples were processed for mRNA

expression analysis of neurotrophic factors and TJPs or Western
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blot analysis for detecting ZO-1. In addition, if subjects agreed to
provide a biopsy for immunohistochemical (IHC) analysis of ZO-

1, another biopsy specimen was collected using the same method.

Real-time Quantitative Polymerase Chain Reaction

In order to stabilize and protect RNA from degradation, biopsy
specimens were stored in RNAlater Solution (Ambion, Austin, TX,
USA) at 4C after endoscopy. Total RNAs were extracted from
these colonic mucosal biopsy specimens using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA) as recommended by the manufac-
turer. Extracted RNA was purified using RNeasy mini kits (Qiagen,
Valencia, CA, USA). Synthesis of cDNA was performed using 1
ug of total RNA with a High Capacity cDNA kit (Applied Bio-
systems, Foster City, CA, USA) according to the manufacturer’s
instructions. Thermal cycling parameters for reverse transcription
were: 10 minutes at 25C, 120 minutes at 37C, and 5§ minutes at
85C. Real-time quantitative polymerase chain reaction was per-
formed in triplicates using a StepOnePlus Real-time PCR (Applied
Biosystems) with SYBR Premix Ex TaqTM (Takara Bio, Shiga,
Japan) according to manufacturers’ instructions and protocols.
Primers used in this study followed those published previously.”*'
Thermal cycling was then performed as follows: initial denaturation
at 95C for 10 seconds followed by 40 cycles of 95T for § seconds
and 60-65C for 33 seconds. Expression levels of mRNAs for tar-
get genes were compared with endogenous control -actin using
the 27" method.

Western Blot Analysis and Immunohistochemical
Analysis of Zonula Occludens-1

Total protein was extracted from colon tissue using radioim-
munoprecipitation assay buffer (Cell Signaling Technology, Bev-
erly, MA, USA) containing protease and phosphatase inhibitors.
After electrophoresis, proteins were transferred to polyvinylidene
difluoride membranes. Rabbit polyclonal antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) against ZO-1 and f-actin
were used as primary antibodies. An imaging analyzer was used
to measure band densities. For IHC, ZO-1 tissue sections were
treated with 3% hydrogen peroxide and nonspecific binding sites
were blocked. Sections were then incubated with anti-ZO-1 anti-
bodies (61-7300; Thermo Fisher Scientific, Inc, Waltham, MA,
USA). An automatic immunostainer (BenchMark XT; Ventana
Medical Systems, Inc, Tucson, AZ, USA) and an UltraView Uni-
versal DAB detection kit (Ventana Medical Systems) were used for
immunostaining.”” Expression percentage was assessed as a ratio

between the number of cells stained with ZO-1 divided by the total

Table 1. Baseline Characteristics of Healthy Controls and Irritable Bowel Syndrome Patients
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NA

NA

0.895
0.187

NA

Abdominal pain severity

1.2 %£0.9
46.6 = 12.6

NA

Abdominal pain frequency
IBS Sx duration (mo)

‘P < 0.05 was considered statistically significant.

IBS, irritable bowel syndrome; IBS-C, constipation type irritable bowel syndrome; IBS-D, diarrhea type irritable bowel syndrome; IBS-M, mixed type irritable bowel syndrome; M, male; F, female; Sx, symp-

tom.
Data are presented as mean = SEM or n.



number of cells counted in a section. ZO-1 expression was quanti-
fied using Image] 1.501 software. Reported values are the average
of different images from different subjects within each group.

Measurement of Serum Cytokines

Collected serum samples were immediately frozen at —20T
and then stored at —80C until further laboratory analyses were car-
ried out. Based on existing literature describing alterations between
IBS patients and healthy controls, serum levels of TNF-q, IL-1f,

and IL.-8 were measured using enzyme-linked immunosorbent as-

say kits (R&D Systems, Minneapolis, MN, USA).

Statistical Methods
SPSS for Windows (version 18.0; SPSS, Chicago, 1L, USA)
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was used for all statistical analyses. Data are expressed as mean =
standard error of the mean. Continuous variables were analyzed us-
ing Kruskal-Wallis test or Mann-Whitney test. Mann-Whitney test
was done as a post-hoc test. Fisher’s exact test was used for analysis
of categorical variables. Spearman rank correlation analysis was
performed to determine correlation between 2 variables. All results
were considered statistically significant when P-values were less
than 0.05.

Results

General Characteristics
Baseline characteristics of 59 IBS patients and 36 control sub-
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Figure 1. Transient receptor potential vanilloid-1 (TRPV1), nerve growth factor (NGF), and glial derived neurotrophic factor (GDNF)
mRNA expression levels in the colonic mucosa of irritable bowel syndrome (IBS) patients. (A-C) Significantly higher expression
levels of TRPV1, NGF, and GDNF were observed in constipation type IBS (IBS-C) patients compared to controls. (D, E) There was
a strong positive relationship between TRPV1 and NGF or GDNF (r = 0.935, P < 0.0001 for NGF; r = 0.741, P < 0.0001 for GDNF).
IBS-D, diarrhea type irritable bowel syndrome; IBS-M, mixed type irritable bowel syndrome.
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jects are shown in Table 1. Compared to controls, IBS patients were
younger (P = 0.002) and female patients were predominant in IBS
(P = 0.026). Abdominal pain severity and frequency were simi-
lar among the 3 IBS subtypes. These parameters showed no sex-
specific differences in IBS.
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TRPV1 mRNA levels in colonic mucosa were significantly
increased in IBS patients than those in controls. In subgroup analy-
sis, only IBS-C group showed significant higher levels of TRPV1

Z0-1 (female) Z0-1 (female)

P =10.024
P =10.021

Relative mRNA expression
N

Relative mRNA expression
N

Control IBS
(n=15) (n=239)

Control IBS-C IBS-D IBS-M
(n=15)(n=27) (n=9) (n=23)

OCLN (female) OCLN (female)

Relative mRNA expression
N

Relative mRNA expression
N

Control IBS
(n=15) (n = 39)

Control IBS-C IBS-D IBS-M
n=15)(n=27) (n=9) (n=23)

CLDN1 (female) CLDN1 (female)

Relative mRNA expression
Relative mRNA expression

Control IBS
(n=15) (n=239)

Control IBS-C IBS-D IBS-M
(h=15M=27)(n=9 (n=3)

Figure 2. Zonula occludens-1 (ZO-1), occludin (OCLN), and claudin-1 (CLDN1) mRNA expression levels in the colonic mucosa of
IBS patients according to IBS subtype and sex. (A) Female irritable bowel syndrome (IBS) patients showed significantly lower ZO-1
mRNA expression levels, especially in diarrhea type IBS (IBS-D) and mixed type IBS (IBS-M) than control females (P = 0.021). (B,
C) OCLN and CLDN1 mRNA expression levels were similar among subtypes and sexes. IBS-C, constipation type irritable bowel syn-

drome.
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than the control group (P = 0.002) (Fig. 1A). NGF and GDNF
mRNA levels were also significantly increased in IBS patients than
those in controls, especially those in IBS-C (P = 0.010 and P =
0.002, respectively) (Fig. 1B and 1C). There were no significant
sex differences in TRPV1, NGE or GDNF expression. When the
relationship between TRPV1 and NGF or GDNF expression was

Table 2. Zonular Occludens-1, Occludin, and Claudin-1 Expression
in the Colonic Mucosa According to the Severity of Abdominal Pain

in Irritable Bowel Syndrome Patients

Expression of Various Factors in IBS Subtype and Sex

analyzed, a strong positive correlation was observed (r = 0.935, P <
0.0001 in NGEF; r = 0.741, P < 0.0001 in GDNF) (Fig. 1D and
1E).

Table 3. Multivariate Analysis of Sex, Irritable Bowel Syndrome
Types, Neurotrophic Factors, and Tight Junction Proteins With Ab-

dominal Pain Severity

Pain severity ~ Pain severity Povalue Variable Odds ratio (95% CI) P-value
-3 3 Female sex 0.106 (0.006-1.866) 0.125
IBS Z0-1 0.77 (1.76) 0.45 (0.75) 0.075 Age 0.945 (0.872-1.024) 0.170
OCLN 1.78 (1.59) 0.54 (1.16) 0.005* IBS-C 1.000 (reference)
CLDNI1 2.23(3.80) 0.29 (1.71) 0.036" IBS-D 1.805 (0.095 - 34.350) 0.695
IBS-C 70-1 1.04 (1.85) 0.69 (0.99) 0.578 IBS-M 33.193 (0.285-3872.180) 0.149
OCLN 1.78 (1.51) 3.31(2.52) 0.284 TRPV1 mRNA 1.673 (0.291-9.622) 0.564
CLDNI1 3.05(3.96) 7.48 (0.86) 0.032° NGF mRNA 1.490 (0.250-8.865) 0.661
IBS-D 20-1 0.69 (1.20) 0.51(0.45) 0.601 GDNF mRNA 0.495 (0.201-1.218) 0.126
OCLN 1.54(2.27) 0.51(0.60) 0.067 Z0O-1 mRNA 0.407 (0.081-2.044) 0.275
CLDN1 0.88 (3.15) 0.29 (1.25) 0.149 Occludin mRNA 0.167 (0.017-1.650) 0.126
IBS-M  ZO-1 2.25(3.32) 0.05 (0.04) 0.333 Claudin-1 mRNA 0.987 (0.424-2.294) 0.975
OCLN 2.53(1.28) 0.49 (0.85) 0.200 IBS-C, constipation type irritable bowel syndrome; IBS-D, diarrhea type irri-
CLDNI1 1.00 (0.40) 0.20 (0.19) 0.200 table bowel syndrome; IBS-M, mixed type irritable bowel syndrome; TRPV1,

‘P < 0.05 was considered statistically significant.

IBS, irritable bowel syndrome; IBS-C, constipation type irritable bowel
syndrome; IBS-D, diarrhea type irritable bowel syndrome; IBS-M, mixed
type irritable bowel syndrome; ZO-1, zonula occludens-1; OCLN, occludin;
CLDNI, claudin-1.

transient receptor potential vanilloid-1; NGE, nerve growth factor; GDNE,
glial derived neurotrophic factor; ZO-1, zonula occludens-1.
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Figure 3. Western blot analysis of zonula occludens-1 (ZO-1) mRNA expression level in each irritable bowel syndrome (IBS) subtype
and sex. (A, B) ZO-1 mRNA expression levels in diarrhea type IBS (IBS-D) and mixed type IBS (IBS-M) patients were significantly
lower than those of the control group. (C) Sex difference of ZO-1 mRNA expression in IBS-D compared with control (*P < 0.05). Con,
control; C, constipation type; D, diarrhea type; M, mixed type; IBS-C, constipation type irritable bowel syndrome.
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Comparison of Tight Junction Protein-related
Genes' Expression Levels and Association Between
Expression of Tight Junction Proteins and Irritable
Bowel Syndrome Symptoms

Female IBS-D patients showed significantly lower ZO-1
mRNA levels than females in the control group (2.74 %= 0.67 vs
1.55 = 0.80, P = 0.021) (Fig. 2A). However, no differences in
Z0O-1 mRNA levels were observed in males. OCLN and CLDN!1
mRNA expression levels were similar among the 3 IBS subtypes
(Fig. 2B and 2C). While ZO-1 mRNA expression was not sig-
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nificantly different according to the severity of abdominal pain,
OCLN and CLDNI1 expression levels were significantly lower in
IBS patients with a pain severity score of 4 or 5. In IBS-C patients,
OCLN and CLLDNI expression levels were increased according
to abdominal pain severity. In addition, CLLDN1 expression was
significantly higher in abdominal pain severity 4-5 group (P =
0.032). In IBS-D patients, expression levels of ZO-1, OCLN, and
CLDNI1 were generally decreased as absolute values with increas-
ing abdominal pain severity, although these decreases were not sta-
tistically significant (Table 2). Multivariate analysis was performed

to identify factors associated with IBS symptoms severity. However,
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Figure 4. Serum levels of (A) interleukin-8 (IL-8), (B) tumor necrosis factor-a (TNF-a), and (C) IL-1p cytokines in irritable bowel
syndrome (IBS) patients and controls according to IBS subtype and sex. (C) Serum IL-1p level was significantly higher in female IBS
patients than that in male IBS patients, especially in constipation type IBS (IBS-C) (*P < 0.001). IBS-D, diarrhea type irritable bowel
syndrome; IBS-M, mixed type irritable bowel syndrome.
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Table 4. Summary of All Significant Variables Found in Irritable Bowel Syndrome Patients

IBS-C (n = 33)

IBS-D (n = 21) IBS-M (n = 5)

Male Female
(n=6) (n=27)

Male Female Male
(n=12) (n=9) (n=2)

Female

(n=3)

Neurotrophic factors
TRPV1 i
NGF
GDNF i

Tight junction protein
Z0-1 - -
OCLN - -
CLDNI1 - -

Cytokines
1L.-8 - -
TNF-a - -
IL-1B - 1

—

IBS-C, constipation type irritable bowel syndrome; IBS-D, diarrhea type irritable bowel syndrome; IBS-M, mixed type irritable bowel syndrome; TRPV1, transient
receptor potential vanilloid-1; NGE nerve growth factor; GDNE glial derived neurotrophic factor; ZO-1, zonula occludens-1; OCLN, occludin; CLDNI, clau-

din-1; 1, significantly increased; |, significantly decreased; -, not significant.

no factor was significantly related to the severity of abdominal pain

(Table 3).

Western Blot Analysis of Zonula Occludens-1

In Western blot analysis, relative expression levels of ZO-1 in
IBS-D and IBS-M were significantly lower than those in controls.
In addition, relative expression level of ZO-1 showed sex difference

in IBS-D in comparison with controls (Fig. 3).

Serum Levels of Interleukin-8, Tumor Necrosis
Factor-a, and Interluekin-1p Cytokines in Irritable
Bowel Syndrome and Control Groups According to
Sex

Serum levels of IL.-8, TNF-q, and IL-1f cytokines were in-
creased in IBS patients than those in controls. In addition, serum
levels of IL-1[ were significantly increased in female IBS patients
than those in males. In subgroup analysis according to IBS subtype,
IL-8, TNF-q, and IL-1f levels were increased in female IBS-C
patients than in males, although I1.-8 and TNF-q levels were not
significantly higher in female IBS-C patients. However, levels of
IL-1p in female IBS-C patients were significantly increased com-
pared to those in male IBS-C patients (P < 0.001) (Fig. 4).

Discussion

Recently, neural-immune-endocrine network including nerve

growth factors has attracted increasing attention not only in IBS,"
12(],23,24

but also in esophagea and gastric pathophysiology.”’ In the

esophagus, TRPV1 receptors and neurotropic factors have been
reported to play an important role in the inflammatory process.”**
Our team has also demonstrated that TRPV1, GDNE and NGF
are up-regulated in reflux esophagitis.”’ Furthermore, functional
dyspepsia group has higher expressions of TRPV1, GDNE NGF
mRNA, and TRPV1 staining than the control group.”® In the
present study, TRPV1, NGE and GDNF expression levels were
significantly higher in IBS-C patients regardless of sex. In addition,
a strong correlation was observed among these neurotrophic factors
(Table 4). NGF promotes growth of neurons and tissues differen-
tiation together with changes in plasticity of nerve fibers in case of
acute chronic stress or tissue damage. NGF known to play a pro-
algesic role during inflammation is upregulated in colonic mucosa
of IBS patients.”* GDNF belonging to the TGF-B superfamily is
overexpressed in IBS patients.”” It has been suggested that GDNF
is involved in gastrointestinal sensory transduction together with
TRPV1." Recently, Xu et al’” have reported that NGF mRNA ex-
pression is significantly increased in colonic mucosal tissues of IBS-
D patients, interacting with mast cells and sensory nerve fibers in
38 Chinese IBS-D patients and 20 healthy controls. However, their
study did not evaluate IBS-C patients. Furthermore, they did no
distinguish between PI-IBS and non-PI-IBS.

In contrast, in our study that excluded PI-IBS patients,
TRPV1, NGE and GDNF expression levels were significantly
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increased only in IBS-C patients, but not in IBS-D ones. These
differences may be due to different pathophysiologies of PI-IBS
and non-PI-IBS. The exact cause for such differences is currently
unclear. However, since serum IL-1{3 was closely related to IBS-C
in females, but not in IBS-D in our study, neurotrophic factors and
serum IL.-1 might be associated with inflammation in IBS-C.

TJPs are multi-protein complexes that form a barrier which
is a selectively permeable seal between adjacent epithelial cells.”
Modification of TJP molecules and paracellular permeability on
barrier function are regulated by various extracellular stimuli. They
are closely associated with maintenance of homeostasis.” TJPs
consist of cytoplasmic proteins such as ZO-1 and transmembrane
proteins such as occludin and claudin.” Occludin and claudin-1
can interact with peripheral scaffolding protein ZO-1 which binds
to actin cytoskeleton and microtubules.”* To date, there is a lack of
research on the role of TP in IBS. Piche et al” have reported that
increased paracellular permeability in IBS patients is associated with
a decrease in ZO-1 mRNA level. Other studies have demonstrated
a decrease in occludin expression from colonic mucosa in patients
with IBS." It has been reported that decreased expression and al-
tered cellular distribution of occludin and claudin-1 in IBS-D are
correlated with the intensity of IBS symptoms.'* In our study, only
ZO-1 expression was significantly decreased in IBS-D while dif-
ferences in expression levels of OCLN and CLLDN1 were minimal
(Table 4). These differences might originate from the different
roles between occludin/claudin and ZO-1. In particular, ZO-1 acts
directly on actin-myosin. Their interaction might play an important
role in IBS pathophysiology.”™ In addition, the present study dem-
onstrated that ZO-1 protein level was decreased based on Western
blotting. The present study was important in that it compared IBS-
D and IBS-C while completely excluding PI-IBS, unlike other
IBS-D studies that contained PI-IBS. The decrease in ZO-1 level
was significant in female non-post infectious IBS-D. These results
suggest that the mechanism of IBS in females might be different
from that of males, although our results need to be confirmed with
a larger sample in the future.

Increased colonic mucosal T lymphocytes™ and IL-1B” have
been reported in PI-IBS, with less consistency in non-PI-IBS. Ele-
vated basal and stimulated cytokine levels in the blood have been re-
ported in some IBS studies, but not in all IBS studies. Blood I1.-6
and IL.-8 levels were elevated in all IBS subgroups, with elevation
being the most in IBS-C.” IBS patients showed significantly higher
baseline levels of TNF-q, IL-1f, and IL.-6 than healthy controls.”
After analyzing IBS subgroups, all cytokine levels were significantly
higher in IBS-D whereas IBS-C patients showed increased IL-13

levels than healthy controls.” Chang et al*” have shown that mRNA
expression level of anti-inflammatory cytokine IL.-10 from sigmoid
colon mucosa is lower in female IBS than controls. Interestingly,
no difference was observed in males, thus advocating I1.-10 as a
potential biomarker for IBS. Cytokine levels in blood did not cor-
relate with their respective expression levels in the sigmoid colon
mucosa in IBS." There are a few studies on sex differences of vari-
ous cytokines expressed in patients with IBS. In one animal study,
colonic mucosal expression levels of IFN-y, TNF-q, IL-6, and
IL.-17 were higher in female IBS model rats, suggesting sex differ-
ences in cytokine expression.” However, in another animal study,
only IL-1P expression level was increased in the colonic mucosa of
female TBS rats.” It is important to note that research on the afore-
mentioned aspects is still lacking. These conflicting results may be
due to various reasons, such as differences in the method of quan-
tification of cytokines and different intestinal mucosa samples used
in each study. In our work, cytokines in the serum were significantly
increased in IBS-C, especially IL.-1f in female IBS-C (Table 4).
This is contrary to the previously accepted concept of “more inflam-
mation in IBS-D.” Peters et al'’ have recently demonstrated normal
colonic barrier and secretory function in female IBS-C. They have
concluded that, although IBS-C and IBS-D are diagnosed and
conceptualized using similar mechanistic framework, peripheral
mechanisms of these subtypes are quite different.

Higher IL-1 levels in female IBS-C can be explained by
activity of estradiol and inflammasome.” IL-1{ is expressed as an
inactive pro-IL-1[3 moiety. It is activated by cleavage caspase-1. Ac-
tivation of caspase-1 is achieved by cytosolic multiprotein complexes
called inflammasomes. A recent study has shown that estradiol can
activate Nod-like receptor protein 3 inflaimmasome expression in
female azoxymethane/dextran sulfate sodium mouse model.” Al-
though further research is needed in the future, these findings sug-
gest that serum IL-1f3 levels might be higher in female IBS patients
than those in male IBS because of the effect of estradiol.

The present study has several limitations. First, the number
of IBS patients enrolled in the present study was relatively small to
perform adequate analysis for the IBS subtype. The number of con-
trols was also small because it was not easy to obtain consent from
subjects due to the invasiveness of colonic mucosal biopsy. Second,
a bias could occur statistically in terms of the sex and IBS subtypes
because ratios of sex and IBS subtypes did not match between con-
trols and IBS patients. Third, we only focused on changes of brain-
gut neurotrophic factor and intestinal microenvironment (T]P)
according to IBS subtype. Thus, a complete analysis of brain-gut-

microbiome was not achieved.
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In conclusion, different expression levels of neurotrophic fac-
tors, neuropeptides, and cytokines were observed according to
subtypes and sexes of IBS. Colonic mucosal TRPV1, NGE and
GDNEF levels were higher in IBS-C while ZO-1 level was ob-
served to be significantly lower in female IBS-D. Serum IL-1f
levels were higher in female IBS-C. These findings suggest that
the pathophysiology of IBS-C and IBS-D may be different and
that IBS pathophysiology is dependent on the sex of an individual.
These findings unveil novel opportunities for therapeutic targets in
IBS. It might be possible to develop tailored therapy according to
the sex of patient.
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