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Background/Aims

MicroRNAs (miRNAs) were reported to be responsible for intestinal permeability in diarrhea-predominant irritable bowel syndrome
(IBS-D) rats in our previous study. However, whether and how miRNAs regulate visceral hypersensitivity in IBS-D remains largely
unknown.

Methods

We established the IBS-D rat model and evaluated it using the nociceptive visceral hypersensitivity test, myeloperoxidase activity assay,
restraint stress-induced defecation, and electromyographic (EMG) activity. The distal colon was subjected to miRNA microarray analysis
followed by isolation and culture of colonic epithelial cells (CECs). Bioinformatic analysis and further experiments, including dual
luciferase assays, quantitative real-time polymerase chain reaction, western blot, and enzyme-linked immunosorbent assay, were used
to detect the expression of miRNAs and how it requlates visceral hypersensitivity in IBS-D rats.

Results

The IBS-D rat model was successfully established. A total of 24 miRNAs were differentially expressed in the distal colon of IBS-D rats;
9 were upregulated and 15 were downregulated. Among them, the most significant upregulation was miR-200a, accompanied
by downregulation of cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT). MiR-200a mimic markedly inhibited the
expression of CNR1/SERT. Bioinformatic analysis and luciferase assay confirmed that CNR1/SERT are direct targets of miR-200a. Rescue
experiments that overexpressed CNR1/SERT significantly abolished the inhibitory effect of miR-200a on the IBS-D rats CECs.

Conclusions

This study suggests that miR-200a could induce visceral hyperalgesia by targeting the downregulation of CNR1 and SERT, aggravating
or leading to the development and progression of IBS-D. MiR-200a may be a regulator of visceral hypersensitivity, which provides
potential targets for the treatment of IBS-D.
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Introduction

Irritable bowel syndrome (IBS) is a chronic gastrointestinal
(GI) disorder characterized by recurrent abdominal pain related to
a change in bowel habit or defecation. Diagnosis is based on symp-
tom criteria, and the current standards are the Rome IV criteria
published in May 2016." IBS can be further subtyped using the
Bristol stool scale for bowel habits. Diarrhea-predominant irritable
bowel syndrome (IBS-D) is generally reported as the most com-
mon subtype (28-46% of all IBS),” which is characterized by altered
habit of bowel evacuation, visceral pain, and bloating in the absence
of biochemical or anatomical abnormalities.” Increasing evidence
suggests that chronic and acute stress (CAS) play an important role
in the pathophysiology of IBS-D." Stress is associated with symp-
tom onset, exacerbation, and perpetuation in patients with IBS-D.
Thus, stress-induced visceral hypersensitivity was suggested as an
important biological feature of IBS-D." Serotonin (5-hydroxytryp-
tamine [5-HTY) is a neurotransmitter implicated in the process of
visceral hypersensitivity, and it was reported that abnormal 5-HT
may be the cause of the altered sensation, secretion and motility in
GI tract of IBS-D." Serotonin transporter (SERT) is a serotonin
selective transporter that absorbs S-HT into GI cells.” Camilleri’
discovered that SERT was lowly expressed in the local intestinal
tract of IBS-D patients, which resulted in elevated intestinal 5-HT
levels and correlated with IBS-D susceptibility.” Cannabinoid recep-
tor 1 (CNR1) is associated with symptom phenotype, pain percep-
tion, inhibition of nerve transmission, and colonic transit in IBS-D.*
Inhibition of CNRI1 expression may enhance visceral sensitivity and
susceptibility to ulcerative colitis.” Furthermore, CNR1 inhibits GI
motility in the enteric nervous system, mainly by inhibiting contrac-
tile neurotransmitter release.® However, the molecular mechanism
of visceral hypersensitivity in patients with GI diseases is not fully
understood, and it deserves further study.

MicroRNAs (miRNAs) are a family of small non-coding
RNAs involved in numerous pathological and physiological pro-
cesses.” Previous studies demonstrated that gene expression was
regulated by miRNAs, which could bind to the 3’ untranslated re-
gion (UTR) of the mRNAs and inhibit their translation or promote
the degradation of mMRNAs.""" Increasing evidence demonstrated
that miRNAs were involved in the occurrence and development
of GI disorders.""* In our previous paper, we reported that the
up-expression of miR-144 in the intestinal tissue of the IBS-D rat
promotes intestinal permeability.” FHowever, the role of miRNAs

in regulating visceral hypersensitivity of IBS-D remains largely un-
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know.

For this reason, we constructed CAS IBS-D rat models and
used microarray analysis to screen for differentially expressed miR-
NAs. We found that miR-200a is highly expressed. Using bioin-
formatic analysis and in vitro validation, we identified CNR1 and
SERT as potential target genes for miR-200a. Our study provides
new ideas into the regulation of miRNAs in IBS-D, which may
be a new treatment strategy to relieve symptoms caused by visceral

hypersensitivity.

Materials and Methods

Establishment of Diarrhea-predominant Irritable
Bowel Syndrome Rat Models'

40 Sprague-Dawley rats (4 weeks, weight 180 = 10 g) were
acquired and rearranged at the Guangzhou University of Chinese
Medicine Experimental Animal Center. One week after adaptive
feeding, the rats were randomly divided into 2 groups: the control
group (10 male and 10 female) and model group (10 male and 10
female). The model group was established by submitting the rats to
unpredictable chronic stress for 3 weeks, followed by 7 days of rest
and 1 hour of acute restraint stress on day 28 (rat model of CAS).
Food (but not water) was removed 10 hours prior to the acute re-
straint stress exposure. The unpredictable chronic stress included
the following 7 stresses given at random: overnight illumination for
12 hours, 45°C environment for 5§ minutes, water deprivation for
24 hours, 4°C environment for 3 minutes, tail clamp for 1 minute,
level vibration (120/min) for 40 minutes, and food deprivation for

24 hours (Supplementary Material 1).

Nociceptive Visceral Hypersensitivity

The nociceptive visceral hypersensitivity test was performed on
day 28 according to the method described previously (Supplemen-
tary Material 2).”” EMG activity of the external oblique muscle was
used to measure the visceral sensitivity of the IBS-D rat models.
The method was as described previously (Supplementary Material
3).*" After completion of the nociceptive visceral hypersensitivity,
restraint stress-induced defecation, and EMG activity, the rats were
sacrificed to obtain the distal colon.

Restraint Stress-induced Defecation
The rats were housed individually with no restrictions on food
intake before testing. At day 28, 10 rats (5 from the control group

and 5 from the model group, regardless of the gender) were ran-

Vol. 24, No. 4 October, 2018 (656-668) 657



Qiuke Hou, et al

domly selected and placed in restraint cages (5 X 5 X 20 c¢m) for 1
hour at room temperature. The feces excreted during restraint stress
were divided into 3 types: hard pellet, soft pellet, and formless stool,
and counted separately. Another 10 rats (5 from the control group
and 5 from the model group, regardless of the gender) were left
unrestrained for 1 hour and served as the unstressed controls. Their

feces were also divided into 3 types and counted separately.

Myeloperoxidase Activity Assay
Myeloperoxidase (MPO) activity in colon tissue reflects the
level of inflammation. The method was described previously (Sup-

plementary Material 4).”

MicroRNA Microarray Analysis

The distal colons obtained from the model group and control
group were analysed using miRNA microarray analysis, which was
performed at Guangzhou RiboBio Co, Ltd. The method was as
described previously (Supplementary Material 5)."

Isolation and Culture of Colonic Epithelial Cells
Colonic Epithelial Cells (CECs) were isolated and cultured as

17,22

described previously (Supplementary Material 6).

Bioinformatic Analysis

MiRanda (http://www.microrna.org), PicTar (http://pictar.
mdc-berlin.de), and targetScan (http://www.targetscan.org) were
used in the bioinformatic analysis of miRNAs. The target genes

were verified using in vitro experiments.

RNA Oligoribonucleotides Synthesis and
Transfection

The method was described previously.” Briefly, CECs from the
IBS-D rats and control rats were seeded into 6-well culture plates
and transfected with RNA oligoribonucleotides (miR-200a mimic,
miR-200a inhibitor; mimic control, inhibitor control, silent-CNR1
(si-CNR1), and silent-SERT (si-SERT)) for 6 hours, using Li-
pofectamine 2000 (Invitrogen, Carlsbad, CA, USA). CECs from
control rats transfected with nothing were treated as the control
group, while CECs from IBS-D rats transfected with mimic con-
trol were treated as the model group. The CECs were collected and
examined using quantitative real-time polymerase chain reaction
(qRT-PCR), western blot, enzyme-linked immunosorbent assays
(ELISA), and dual luciferase assay.

Dual Luciferase Assay

The method was described previously.” Briefly, CECs were co-
transfected with the RNA oligoribonucleotides (miR-200a mimic,
miR-200a inhibitor; mimic control, inhibitor control, si-=CNR1, and
si-SERT) and reporter vectors (pmirGLO-wt-CNR1, pmirGLO-
mut-CNR1, pmirGLO-wt-SERT, and pmirGLO-mut-SERT)
using Lipofectamine 2000 (Invitrogen). Luciferase activity was
measured using a dual luciferase assay kit (Promega, Madison, W1,

USA) according to the manufacturer’s instructions.

Enzyme-linked Immunosorbent Assays

The method was described previously.”” Briefly, ELISA kits
(R&D Systems, Minneapolis, MN, USA) was used to determine
the CNR1 and SERT levels in the culture medium when CECs
were 80-90% confluent. The experiment was repeated in triplicate

and averaged. The optical density values indicated the expression

levels of CNR1 and SERT.

Quantitative Real-time Polymerase Chain Reaction
The method was described previously.'” Briefly, after total
RNA was extracted and complementary DNA (cDNA) was
synthesized, qRT-PCR was performed using an ABI Prism 7500
PCR system (Applied Biosystems, Carlsbad, California, USA).
Beta-actin was used as an internal reference, and the 2 method
was used to calculate the mRNA expression level. Each experiment

was performed 3 times (Table).

Western Blot
The method was described previously.” Briefly, after the pro-

tein was extracted from the CECs, protein concentrations were
determined using the BCA protein assay kit (Beyotime, Beijing,
China). Equal amounts of proteins were loaded onto sodium do-
decyl sulphate-polyacrylamide gels (SDS-PAGE) and transferred

Table. The Primer Sequences Were as Follows

CNR1 Forward 5-AGGGTACTTCCCACAGAAATTC-3
Reverse  8’-CGTGAAGGTGCCCAGCGTGA-¥

SERT Forward 5-ATCTCCTAGAACCCTGTAAC-3
Reverse  5-GAAATGGACCTGGAGTATTG-3

B-actin Forward $-GTCGGTGTGAACGGATTTG-3
Reverse > TCCCATTCTCAGCCTTGAC-3

CNRI, cannabinoid receptor 1; SERT, serotonin transporter.
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to polyvinylidene difluoride (PVDF) membranes. The membranes
were incubated with primary antibodies (1:300 dilution) overnight
at 4°C, then incubated with a secondary antibody (1:3000 dilution)
at 37°C for 1 hour, and examined using a chemiluminescence de-

tection kit. Beta-actin was the internal reference.

Rescue Assay

The method was described previously.” Briefly, the CECs were
transfected with the pcDNA 3.1 plasmid (pcDNA3.1-CNR1,
pcDNA3.1-SERT, or miR-200a mimics) respectively, or co-trans-
fected with the overexpression vector and the miR-200a mimic.
CECs transfected with no plasmid were treated as the blank group.
The expression of CNR1/SERT were detected by gRT-PCR and
Western blot.
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Statistical Methods

SPSS 17.0 (IBM Corp, Armonk, NY, USA) was used for
statistical analysis. Data were expressed as the mean = standard de-
viation. Student’s t test was used to compare the differences between
the 2 groups. One-way analysis of variance (ANOVA) was used to
compare the differences between 3 or more groups, and least sig-
nificant difference (I.SD) was used as a post hoc test to determine
which groups were significantly different from each other. The
correlation between CNR1, SERT, and miR-200a was determined
using Spearman’s correlation coefficients. When P < 0.05, the dif-

ference was statistically significant.

200071 _s_ control
—e— Model
*

1500 -
o
2
(\5 1000 A .
=
L

500

0 T T T 1
0 20 40 60 80
Colorectal distension (mmHg)

D

0.6 NS

[ |
=)
S 0.4
2
=
©
IS
8 0.2 4
=
0 T 1

Control Model

Figure 1. The establishment of the irritable bowel syndrome rat model. (A) The levels of nociceptive visceral hypersensitivity were significantly el-

evated (*P < 0.05, t test). (B) Electromyographic (EMG) activity was higher in model rats compared to the control group, especially at colorectal
distention of 40 mmHg and 60 mmHg (*P < 0.05, t test). (C) The restraint stress-induced defecation test showed that the amount of formless
stool in the model restrained group was significantly larger among all groups (*P < 0.05, ANOVA), while the difference between the control un-

restrained group, control restrained group and model unrestrained group was not statistically significant (NS, ANOVA and least significant differ-

ence). (D) The myeloperoxidase (MPO) activities were no different compared to the control group (NS, ¢t test). AUC, area under the curve.
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Figure 2. MicroRNA-200a (miR-200a) was upregulated and cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT) were downregu-
lated in distal colons of IBS-D rats. (A) There were 24 miRNAs differentially expressed in the model group compared to the control group based

on RNA microarray analysis; 9 were upregulated and 15 were downregulated. (B) Quantitative real-time polymerase chain reaction (QRT-PCR)
showed that miR-200a was significantly highly expressed in the model group (*P < 0.05, ¢ test). (C, D) Quantitative RI-PCR showed that CNR1
and SERT mRNAs were significantly lowly expressed in the model group (*P < 0.05, ¢ test). (E, F) There was a negative correlation between
CNR1/SERT and miR-200a expression (P < 0.05, Spearman’s correlation analysis).
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Results

The Establishment of the Diarrhea-predominant
Irritable Bowel Syndrome Rat Model

The IBS-D rat model was established using CAS method.
Average values of nociceptive thresholds was significant decreased
in IBS-D rats in response to graded colorectal distention (Fig. 1A).
EMG activity, measured in response to graded colorectal disten-
tion, was significantly higher in model rats compared to the control
group (Fig. 1B). The fecal output difference for 1 hour was not sta-
tistically significant between control group unrestrained rats, control
group restrained rats, and model group unrestrained rats. However,
fecal output was significantly increased in the model group under
restrained stress (Fig. 1C). The level of MPO activity did not dif-
fer significantly between the 2 groups after recovery from CAS (Fig.
1D). These results indicated that the CAS-induced IBS-D rat
model was successfully established.

A
wt CNR1 3'UTR 5'ugugagauguguauCAGUGUUu 3'
[T
miR-200a 3'uguagcaauggucuGUCACAAuU 5'
| |
mut CNR1 3'UTR 5'ugugagauguguauAAGUGUCu 3'

wt  SERT 3'UTR 5 uaAACAUU--CAGGACAGUGUUc3
N e R
3'ugUAGCAAUGGUCUGUCACAAu &'
| |
mut SERT 3'UTR 5'uaAACAUU --CAGGCCAGUGCUc 3'

miR-200a
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MicroRNA-200a Was Upregulated and Cannabinoid
Receptor 1 and Serotonin Transporter Were
Downregulated in Distal Colons of Diarrhea-
predominant Irritable Bowel Syndrome Rats
MicroRNA arrays were conducted to identify differentially
expressed miRNAs that are associated with IBS-D rats. Expres-
sion patterns of miRNAs were compared between IBS-D rats and
normal rats. A total of 24 significantly differentially expressed miR-
NAs (9 upregulated and 15 downregulated) were confirmed (fold
change > 2.0 or < 0.5 and P < 0.05) (Fig. 2A). Quantitative RT-
PCR confirmed that miR-200a expression was sharply increased
in the distal colons of IBS-D rats (Fig. 2B). Thus, we chose miR-
200a as our target in the following experiments. Target mRNAs of
miR-200a were determined using the miRGen web tool with the
algorithms TargetScanS and PicTar, and CNR1 and SERT genes
were identified as possible targets. Compared to the control group,
CNRI1/SERT were significantly lower expressed in the model
group (Fig. 2C and 2D). Further correlation analysis showed that
the expressions of CNR1 and SERT were negatively correlated
with miR-200a, implying that the expression of CNR1 and SERT

CNR1

B-actin

mimic control +
miR-200a mimic -
miR-200a inhibitor - - + -
inhibitor control -

SERT

B-actin

mimic control
miR-200a mimic - +
miR-200a inhibitor - - + -
inhibitor control - +

Figure 3. Cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT) are direct targets of microRNA-200a (miR-200a). (A) Bioinfor-
matic analyses show the predicted miR-200a binding site at the 3’ untranslated region (UTR) of CNR1 and SERT. (B) Western blot showed that
CNRI1 and SERT were lower expressed in the miR-200a mimic group and highly expressed in the miR-200a inhibitor group compared to the rel-

evant control groups. (C) Dual luciferase assays showed that luciferase activity was significantly reduced in colonic epithelial cells (CECs) co-trans-
fected with the miR-200a mimic and pmirGLO-wt-CNR1/SERT compared to CECs co-transfected with the miR-200a mimic and pmirGLO-
mt-CNR1/SERT. However, luciferase activity was significantly enhanced in CECs co-transfected with the miR-200a inhibitor and pmirGLO-wt-
CNRI1/SERT compared to CECs co-transfected with the miR-200a inhibitor and pmirGLO-mt-CNR1/SERT (*P < 0.05, ANOVA).
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Figure 3. Continued.

was negatively regulated by miR-200a (Fig. 2E and 2F).

Cannabinoid Receptor 1 and Serotonin Transporter
Are Direct Targets of MicroRNA-200a

Next, the underlying target genes of miR-200a in IBS-D rat
CECs were further investigated. Bioinformatic analyses found that
the CNRI and SERT mRNAs contain 3> UTR sequences match-
ing the seed region of miR-200a (Fig. 3A), indicating that CNR1/
SERT are potential target genes for miR-200a. Western blot
analysis showed that CNR1 and SERT were lowly expressed in the
miR-200a mimic group and highly expressed in the miR-200a in-
hibitor group compared to expression in the relevant control groups

(Fig. 3B). Furthermore, dual luciferase assays showed that lucifer-
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ase activity was significantly reduced in CECs co-transfected with
the miR-200a mimic and pmirGLO-wt-CNR1/SERT compared
to CECs co-transfected with the miR-200a mimic and pmirGLO-
mt-CNRI1/SERT. However, compared to CECs co-transfected
with the miR-200a inhibitor and pmirGLO-mt-CNR1/SERT; lu-
ciferase activity was significantly enhanced in CECs co-transfected
with the miR-200a inhibitor and pmirGLO-wt-CNR1/SERT
(Fig. 3C). These results indicated that CNR1/SERT are potential
targets for miR-200a (group A: CECs co-transfected with mimic
control and pmirGLO-wt-CNR1/SERT] group B: CECs co-
transfected with the miR-200a mimic and pmirGLO-wt-CNR1/
SERT).
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Cannabinoid Receptor 1 and Serotonin Transporter
Were Lowly Expressed and MicroRNA-200a Was
Highly Expressed in Diarrhea-predominant Irritable
Bowel Syndrome Colonic Epithelial Cells

ELISA results revealed a significant decrease in CNR1 and
SERT expression in IBS-D rat CECs compared to expression in
the control group (Fig. 4A). The protein (Fig. 4B) and mRNA
(Fig. 4C) expression levels of CNR1 and SERT were similar to
ELISA results. In addition, qRT-PCR results showed that miR-
200a was significantly highly expressed in the model group com-
pared to the control group at day 7 (Fig. 4D). These results are

consistent with the miRNA microarray analysis.
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MicroRNA-200a Inhibited the Expression of
Cannabinoid Receptor 1 and Serotonin Transporter
in Diarrhea-predominant Irritable Bowel Syndrome
Colonic Epithelial Cells

Quantitative RT-PCR showed that miR-200a expression was
significantly higher in the miR-200a transfection group than the
model group and the control group, indicating successful transfec-
tion (Fig. SA). Correspondingly, the western blot (Fig. 5B) and
gRT-PCR (Fig. 5C and 5D) results showed that CNR1/SERT
were downregulated significantly. The above results indicated that
miR-200a effectively inhibited the expression of CNR1 and SERT,

which were closely connected with visceral hypersensitivity.
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Figure 4. Cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT) were lower expressed and microRNA-200a (miR-200a) was highly
expressed in diarrhea-predominant irritable bowel syndrome colonic epithelial cells (CECs). (A) The enzyme-linked immunosorbent assay shows

a significant decrease in CNR1 and SERT expression in CECs from the model group compared to expression in these same cells from the control
group on day 7 (*P < 0.05, ¢ test). (B) The western blot shows that CNR1 and SERT were significantly downregulated in the model group com-
pared to the control group. (C) Quantitative real-time polymerase chain reaction shows similar results with western blot (*P < 0.05, ¢ test). (D)
MiR-200a was significantly upregulated in the model group compared to expression in the control group on day 7 (*P < 0.05, t test).
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Figure 5. MicroRNA-200a (miR-200a) inhibited the expression of cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT) in
diarrhea-predominant irritable bowel syndrome colonic epithelial cells (CECs). (A) Quantitative real-time polymerase chain reaction (QRT-PCR)

showed that miR-200a expression was significantly higher in the miR-200a transfection group than in the model group and the control group, in-
dicating successful transfection (*P < 0.05, ANOVA and least significant difference [LLSD]). (B) The western blot showed a significant reduction
in the expression of CNR1 and SERT in the miR-200a group. (C, D) Quantitative RT-PCR shows similar results with western blot (*P < 0.05,

ANOVA and LSD).

MicroRNA-200a More Strongly inhibited the
Expression of Cannabinoid Receptor 1 and
Serotonin Transporter in Diarrhea-predominant
Irritable Bowel Syndrome Colonic Epithelial Cells
Than si-CNR1 and si-SERT

IBS-D CECs were transfected with miR-200a, si-CNR1, and
si-SERT to compare their efficacy in relation to visceral hypersen-
sitivity. Quantitative RT-PCR showed successful transfection of
miR-200a, si-CNR1, and si-SERT (Fig. 6A). Western blot (Fig.
6B) and qRT-PCR (Fig. 6C and 6D) showed that CNR1 and
SERT were significantly reduced in the miR-200a, si-CNR1, and
si-SERT groups compared to the model group, and miR-200a

group was most reduced. Overall, miR-200a upregulation has a
stronger effect on inhibiting the expression of CNR1 and SERT
than si-CNR1 and si-SERT in IBS-D CECs.

Overexpression of Cannabinoid Receptor 1 and
Serotonin Transporter Partially Rescued the
Inhibitory Effects of MicroRNA-200a on Diarrhea-
predominant Irritable Bowel Syndrome Rat Colonic
Epithelial Cells

IBS-D rat CECs were co-transfected with CNR1 or SERT
overexpression vectors lacking the 3’ UTR to confirm the inhibi-
tory effects of miR-200a on IBS-D rat CECs. Western blot (Fig.
7A) and qRT-PCR (Fig. 7B) both showed that the expression of
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Figure 6. MicroRNA-200a (miR-200a) more strongly inhibited the expression of cannabinoid receptor 1 (CNR1) and serotonin transporter
(SERT) in diarrhea-predominant irritable bowel syndrome colonic epithelial cells (CECs) than si-CNR1 and si-SERT. (A) Quantitative real-
time polymerase chain reaction (QRT-PCR) showed successful transfection of miR-200a, si-CNR1, and si-SERT (*P < 0.05, ANOVA), and
there were no significant differences between si-CNR1 group and the si-SERT group (NS, least significant difference [LLSD]). (B) Western blot
showed that CNR1 and SERT were lowly expressed in the miR-200a and si-CNR1/si-SERT groups compared to the model group. Furthermore,
CNRI1 and SERT were significantly downregulated in the miR-200a group compared to the si-CNR1 and si-SERT groups. (C, D) Quantitative
RT-PCR shows similar results to western blot (*P < 0.05, ANOVA; NS, LSD).

CNRI1/SERT was significantly upregulated in CECs transfected
with pcDNA3.1-CNR1/SERT] but it was significantly downregu-
lated in CECs transfected with miR-200a. In addition, a significant
increase in CNRI1/SERT was detected in CECs transfected with
pcDNA3.1-CNR1/SERT alone compared to CECs co-transfect-
ed with pcDNA3.1-CNR1/SERT and miR-200a. These results
indicated that overexpressed CNR1/SERT could partially rescue
the inhibitory effect of miR-200a on CNR1/SERT.

Discussion

MiRNAs were largely reported to be involved in various bio-

logical activities in eukaryotes, regulating gene expression required

for critical biological processes.”” However, it remains largely
unclear how miRNAs act in the development and progression of
IBS. A study by Koukos et al” found that lacking miRNAs in the
intestinal epithelium could lead to barrier function and abnormal
intestinal epithelial differentiation and architecture. Zhou et al”’ re-
ported that miR-29 could target nuclear factor-kB-repressing factor
and Claudin 1 to increase intestinal permeability. Gut miR-199a/
b expression in IBS-D was significantly decreased, suggesting that
it might drive increased transient receptor potential vanilloid type
1 expression, leading to increased GI symptoms and abdominal
pain.” At present, visceral hypersensitivity is considered the main
pathogenesis of IBS-D, which can increase the sensitivity of the dis-

tal colon to stimuli and lead to abdominal pain. Recently, it has been
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Figure 7. Overexpression of cannabinoid receptor 1 (CNR1) and serotonin transporter (SERT) partially rescued the inhibitory effects of microR-
NA-200a (miR-200a) on diarrhea-predominant irritable bowel syndrome rat colonic epithelial cells (CECs). (A) Western blots showed that the
expression of CNR1/SERT was significantly upregulated in CECs transfected with pcDNA3.1-CNR1/SERT but significantly downregulated in
CECs transfected with miR-200a. In addition, a significant increase in CNR1/SERT was detected in CECs transfected with pcDNA3.1-CNR1/
SERT alone compared to CECs co-transfected with pcDNA3.1-CNR1/SERT and miR-200a. (B) Quantitative RT-PCR shows similar results to

western blot (P < 0.05, ANOVA and least significant difference).

increasingly accepted that abnormal miRNA expression correlates
with the pathological features of increased visceral hypersensitiv-
ity Therefore, it makes sense to identify which specific miRNAs
and their target genes are involved in regulating visceral hypersensi-
tivity to elucidate the pathogenesis of the disease and develop novel
effective treatments. In this paper, we established a CAS IBS-D rat
model and identified 24 differentially expressed miRNAs in the dis-
tal colon. Among them, miR-200a was upregulated the most. But
in our previous study,” IBS-D rat model was established with acetic
acid and miR-144 was up-regulated prominently. According to our
observation, both of acetic acid model vs CAS mode could suc-
cessfully established the IBS-D rat model. Ecetic acid model was
predominant with formless stool while CAS mode was predomi-
nant with increased defecate frequency and abdominal pain, which
is closely related to visceral hypersensitivity. MiR-144 was also
upregulated in CAS mode (data not shown), but the difference was
less than 2 fold and hence not shown on the heatmap. Subsequent

bioinformatics indicated that miR-200a maybe bind into CNR1/
SERT, triggering us to further investigate miR-200a and its role in
visceral hypersensitivity. CNR1 is a G-protein coupled receptor that
acts within the endocannabinoid system, which is involved in mod-
ulating neurophysiological processes controlling visceral hypersensi-
tivity, GI motility, intolerance, intestinal infection, and psychological
disturbances.” Hong et al™ also reported that CNR1 receptors are
downregulated in dorsal root ganglia neurons innervating the colon
under chronic stress induction. Treatment with CNR1 agonists
can prevent stress-induced visceral hyperalgesia. Further research
showed that elevated endocannabinoid levels, possibly induced by
enhanced glucocorticoids under chronic stress, reduced the CNR1
expression level, suggesting that CNR1 is a potential therapeutic
target for chronic stress-related visceral pain.”

Another target gene identified was SERT, also known as solute
carrier family 6 member 4 (SLC6A4). It is a serotonin-selective
transport protein that transports the neurotransmitter S-HT from
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synaptic spaces into presynaptic neurons and removes 5-HT from
the interstitial space.” 5-HT is synthesized in enterochromaffin
cells and modulates visceral sensitivity of the GI tract. It was re-
ported that SERT could uptake 5-HT into enterocytes to ensure
the recapture of serotonin.* The low-grade inflammation in IBS
patients may be contributed by alterations in S-HT.* Indeed, studies
showed SERT changes in depression,” obsessive-compulsive dis-
order” anxiety;”” and visceral hypersensitivity.”>" Moreover, SERT
transgenic mice could reverse key nociceptive signalling and may
be a potential approach to treating patients with increased visceral
hypersensitivity.

In the CAS induced IBS-D rat model, we observed that the
level of MPO activity did not differ compared to the control group.
However, the nociceptive visceral hypersensitivity levels were elevat-
ed in the model group. In addition, the amount of formless stool in
the model restrained group was significantly larger and EMG ac-
tivity was higher in model rats, suggesting the IBS-D animal model
was successfully established. Evidence from this animal model
also indicated that miR-200a may modulate CNR1- and SERT-
associated visceral hypersensitivity. Further in vivo experiments
showed that miR-200a upregulation enhanced visceral hypersen-
sitivity by inhibiting CNR1/SERT expressed in CECs of IBS-D
rats. In summary, miR-200a may promote the progress of IBS-D,
and miR-200a negatively correlated with CNR1/SERT. Though
the exact mechanism of miR-200a in IBS-D is not yet understood,
we hypothesize that it may be mediated by the endogenous interac-
tion between miR-200a and CNR1/SERT. The detailed regulatory
mechanism between miR-200a and CNR1/SERT requires further
investigation.

In conclusion, we determined that miR-200a plays a role in vis-
ceral hypersensitivity and directly targets CNR1 and SERT. Using
miRNA to reverse key nociceptive signalling processes that lead to
visceral pain requires further investigation. In general, this study of-
fers a potential promising new therapeutic method for reversing vis-
ceral hypersensitivity. However, it is necessary to study the detailed
mechanism and feasibility of this new therapy before conducting
clinical trials.
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