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Abstract: Background: Irritable bowel syndrome (IBS) is one of the most frequent Gl disorders. The etiology and
pathogenesis underlying IBS are currently unclear. Gene influence a number of chronic disease processes and may
also be involved in regulating disease activity in gastrointestinal disorders, but few studies of IBS have focused on
gene expression. Objective: The objective of this study was to screen the differentially expressed colonic mucosal
genes in IBS rats to build the expression profile of genes in the colon of IBS rats. Methods: Twenty SD rats were
divided randomly into two groups: the rats of control group were normal rats; the rats of model group were induced
by conditioned stimulus and unconditioned stimulus. The rats’ visceral sensitivity was evaluated by abdominal with-
draw reaction. Then we screened differential expression of colonic mucosal gene by the liquid chip technology and
verified by RT-PCR technology. Results: The IBS model was successfully established. Compared with control group,
the dose of injection water was decreased in model group (P<0.01). We screened htr4, htrla, 2rI3, nos1, Calca, npy,
crhr2, illb, p2rx3, nos2, tph1, crhrl, hmoxd1, trpvi, Vip, f2rl, tgfbl, htr3a, slc6a4, tff2, agp8 from the colon, but we
found that only the expression of nos1, il1b, htr3a in model group was up-regulated (P<0.05). Conclusion: Colonic

mucosal genes may be involved in the pathogenesis of IBS with the regulation in colon function.
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Introduction

Irritable bowel syndrome (IBS) is a common
functional gastrointestinal disease without
organic abnormalities characterized by recur-
rent abdominal pain or discomfort associ-
ated with abnormal bowel habits [1]. Evidence
shows that the diagnosis of IBS can be confi-
dently made for the patients fitting the symp-
toms-based criteria and having no concerning
features for organic diseases, including symp-
tom onset after age 50, severe or progres-
sively worsening symptoms, unexplained wei-
ght loss, nocturnal diarrhea, Gl bleeding, unex-
plained iron-deficiency anemia, and family his-
tory of colonic cancer, celiac disease, or inflam-
matory bowel disease [2]. Epidemiological
surveys show that the prevalence of IBS in
the western population is relatively high rang-
ing from 10% to 18% [3]. The pathogenesis
of IBS has not been completely understood
until recently. Some patients with diarrhea-
predominant IBS have increased intestinal
permeability or low-grade inflammation [4, 5].

Some patients with IBS demonstrate enha-
nced responses to distension of the gut lumen,
that is, visceral hypersensitivity accounting
for symptoms of urgency, bloating and abdomi-
nal pain [6].

A heritable component of IBS has been de-
monstrated in twin and family studies, alth-
ough heritability estimates have varied bet-
ween O and 57% [7]. Genetic variations that
alter gene expression cause phenotypic diver-
sity and play an important role in disease
susceptibility especially with regard to com-
plex conditions [8]. One of the studies [9]
found that 33% of IBS patients had a family
member with IBS as compared to only 2% in
the control group. In a recent large nation-
wide case cohort study from Sweden, a higher
odds ratio of IBS was found in first, second
and third degree relatives of IBS patients (OR
for first degree relatives: 1.75-1.90, for second
degree relatives: 1.10-1.78 and third degree
relatives: 1.11) [10]. And there are also sev-
eral candidate genes have been identified
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that are potentially linked to IBS [11]. Above
all genes play an important role in IBS. Our
research was to build IBS models, and to
screen differential expression of colonic mu-
cosal gene by the liquid chip technology so
as to build colonic mucosal gene expression
profile of IBS.

Materials and methods
Subjects

There were 20 adult female SD big rats, the
weight of every rat was about 200 g. Feeding
environment was provided by experimental
animal center of Zhejiang Chinese Medical
University. 20 SD rats were divided randomly
into two groups. The control group was 10,
model group was 10. They were put into the
environment where the temperature was
22-24°C, the humidity <60%, the noise <50 db.

Experimental procedure and method

Control group: They were normal rats. The
control group was injected by 1 ml saline for
control. After 2 weeks of normal eating and
drinking, we observed the condition of rats.
Then the rats’ visceral sensitivity was evalu-
ated by abdominal withdraw reaction.

Model group: The conditioned stimulus was
camphor ball special odor. The unconditioned
stimulus was rectal distention pressure (>60
mmHg (1 mmHg=0. 133 kPa)) combining with
extremities constraint. Rats were put into the
cage with camphor ball in it, we fixed the
extremities and trunk of the rats for 45 min.
At this time inserted catheter into rectum. The
distance from air bladder distal end to anal
was about 1 cm. The catheter was fixed at
the root of the tail. The balloon volume was 1.6
ml (hydrostatic pressure in Bowman’s space
>60 mmHg) and lasted for 60 s, filled gas 10
times once. This was a stress process. There
was one process in the first day, the same
process was performed on the second day
at the same time. The conditioned stimulus
was done on the fourth day. The completed
process was repeated once on the fifth day.
The process same as the fourth day was
performed on the sixth day. The conditioned
stimulus was performed on the eighth day.
Then the rats’ visceral sensitivity was evaluat-
ed by abdominal withdraw reaction.
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Model authentication: Visceral sensitivity was
evaluated by abdominal withdraw reaction
(AWR).

8 F urethral catheter which was lubricated by
liquid paraffin was inserted per anum. The dis-
tance from air bladder distal end to anal was
about 1 cm, and it was fixed at the root of the
tail. The rats were put on the platform, after
they accommodated the environment, we
gradually affused water into sacculus, and
recorded the water injection rate when the
rats raised the abdomen and made the back
like a bow. Rectal distention lasted for 30 s
every time, and repeated 3 times. And then
we took the mean number.

Experimental sample: After a laparotomy inci-
sion, a portion of the colon was removed and
placed in an oxygenated Tyrode’s solution. A
segment of 2 cm length colon were moun-
ted in a 10 ml organ bath containing Tyrode’s
solution that was bubbled with a 95% O, and
5% CO, mixture, and the temperature was
held at 37°C.

Experimental procedure: After preparing total
RNA, we did primer test and sample assay.
Then we performed reverse transcription.
After creating and setting up a plate docu-
ment, we prepared the PCR reaction plate,
after that we run the PCR reaction plate, then
we analyzed the result. The main procedure
was that: High-throughput sequencing was
conducted on independent samples. Total
RNA was extracted from duodenal tissues
with TRIzol (Invitrogen, Gaithersburg, MD, USA)
using the one-step method. After purification,
RNA concentration was analyzed using Nano-
drop (Nanodrop Technologies, Wilmington, DE)
and quality testing was conducted using
BioAnalyzer (Agilent Technologies, Palo Alto,
CA). Small RNA was purified from total RNA
to enrich molecules in the range of 16-30 nt,
and then 3’ and 5’ linker sequences were
attached, and SuperScript Il reverse trans-
criptase was used to synthesize cDNA. PCR
amplification was conducted.

Statistical analysis
The data was demonstr-ated as X + s. We used
SPSS package as statistical method. Two

samples’ mean numbers were compared by T
test. Significance level was P<0.05.
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Table 1. Colonic mucosal gene expression in ir-
ritable bowel syndrome rats

Control group (

Model group (X

Gene - P value
X *5) +s)
htr4 0.0683 +0.0287 0.0789 + 0.410* 0.52
htrla 0.1723 £0.1334 0.2201 + 0.1272% 0.42
f2rI3  0.3443 + 0.2234 0.5037 +0.3161* 0.21
nosl 1.3214 +0.4338 1.7893 + 0.5534" 0.03
Calca 0.2707 £0.1685 0.3290 + 0.1767% 0.46
npy 0.2473 £ 0.0893 0.3244 + 0.1556* 0.20
crhr2  0.2302 +0.1433 0.3031+0.1786* 0.33
il1b 0.0053 + 0.0019 0.0152 +0.0134" 0.045
p2rx3 0.1578 + 0.1041 0.2072 + 0.1303* 0.36
nos2  0.2510 + 0.1640 0.3621 + 0.2551* 0.26
tphl 0.0377 +£0.0241 0.0479 +0.0327* 0.44
crhrl  0.0048 + 0.0023 0.0045 + 0.0022% 0.81
hmox1 0.6324 +0.2561 0.7319 + 0.5565* 0.62
trpvl  0.0626 + 0.0335 0.0755 + 0.0346* 0.41
Vip 0.9260 + 0.6934 1.0079 + 0.7608* 0.80
f2ri1  0.3394 + 0.1621 0.4400 + 0.2819% 0.34
tgfbl 0.2326 + 0.0648 0.3192 + 0.1847% 0.19
htr3a  0.2121 + 0.0607 0.2985 + 0.1003" 0.0345
slc6a4 0.2567 +0.1388 0.2897 + 0.1786* 0.65
tff2 0.0380 +0.0338 0.0563 + 0.0356* 0.25
aqp8 0.2465 + 0.1542 0.2002 + 0.1267* 0.47

*Express P>0.05, “express P<0.05.

Results
The change of the model

After completing the models, we found that
there was no change of their behavior. Rats of
model group expressed excessive reaction
when they were frightened or they were per-
formed by intragastric administration. There
was also no change of their stool.

Model authentication

The rectum effusion amount of the model rats
(0.77 £ 0.08 ml) were lower than the control
group (1.52 + 0.09 ml), the difference had
statistical significance (P<0.01), so the sensi-
tivity of model rats was higher, it suggested
that model building method was successful.

The screening of microRNAs in colon of IBS
rats

The result of gene was listed in Table 1. We
screened htrd, htrla, 2rl3, nosl, Calca, npy,
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crhr2, illb, p2rx3, nos2, tphl, crhrl, hmoxi,
trpvd, Vip, f2rl, tgfbl, htr3a, slc6a4, tff2, aqp8
from the colon, but we found that only the
expression of nosi, illb, htr3a in model group
was up-regulated (P<0.05).

Discussion

Irritable bowel syndrome (IBS) is the most
common functional gastrointestinal disorder
with a worldwide prevalence rates ranging
between 7%-21% [12]. In the absence of reli-
able biomarkers or specific laboratory te-
sts, consensus criteria towards a positive dia-
gnosis have been developed: the symptom-
based Rome Il criteria [13]. Because of uncl-
ear etiology and pathogenesis and the lack
of treatment in clinical, the symptoms of IBS
patients are long-standing. IBS negatively aff-
ects quality of life, which reflects in incre-
ased work and school absenteeism, decre-
ased work productivity, and higher utilization
of the health care system, with considerable
repercussions on health and socioeconomic
systems [14]. There are a number of factors
involved including the enteric nervous system,
inflammatory processes, diet, and (recognized
more recently) microbiota. Visceral hypersensi-
tivity and altered pain perception also appear
to be important features of IBS, as demons-
trated in rectal sensitivity experiments [11].

It is traditionally believed that IBS is a result
of multiple factors including hypersensitivity
of the bowel, altered bowel motility, inflamma-
tion and stress [11]. However gene has been
popular in researches of IBS. It was revealed
that children of parents who had IBS made
20% more ambulatory care visits than the
children of parents without IBS (P=0.0001)
[15]. A research [16] found that a survey of
people residing in Olmsted county of Minne-
sota with functional gastrointestinal disor-
ders showed higher odds (OR=2.3; 95% CI: 1.3-
3.9) of reporting a relative with gastrointes-
tinal symptoms among these individuals.
Another research [17] reported that genetic
polymorphisms and haplotypes of CRHR2
are related to IBS. There is also a research
reported that the single-nucleotide polymor-
phisms rs56109847 led to reduced microRNA
binding and overexpression of the target gene
in intestinal cells, thereby increasing IBS-D
risk in the Chinese Han population [18]. Our
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research was to build IBS models, and to
screen differential expression of colonic mu-
cosal gene by the liquid chip technology.

We found 21 genes in our research, those
were: htrd htrl a2rl3, nosl, Calca, npy, crhr2,
illb, p2rx3, nos2, tphl crhrl, hmox1, trpvi,
Vipf2rl, tgfbl, htr3a, slc6a4, tff2, aqp8.
However the expression of nosi, illb, htr3a
in model group was up-regulated (P<0.05).
HTR3A, one of the 5-HT3 subunits (HTR3A,
HTR3B, HTR3C, HTR3D and HTR-3E), plays a
critical role in the formation of 5-HT3 rece-
ptor function [19]. One research has been
reported that HTR3E only expressed in the
gastrointestinal tissues [20]. However, Sero-
tonin (5-HT) is a brain-gut axis contact key
neurotransmitter, and it plays an important
role in the pathogenesis of IBS [21, 22]. As
a result, HTR3A might be a special gene
which plays a special role in IBS rats which
expressed in the colonic tissue of IBS rats.
Moreover, up to now we still did not find any
research about nosl and illb in IBS, so the
further research is needed to detect the rela-
tionship. In conclusion, the present study indi-
cated that genetic polymorphisms in nosi,
illb and htr3a were associated with IBS.

Conclusion

It is suspected in our study that different
gene involved in the mechanism of IBS with
the regulation in colon. The further resear-
ches will be done to detect the interacting and
interadjusting mechanism of colonic mucosal
in IBS patients, and we also want to build the
expression profiling of colonic mucosal to be
used for diagnosis and treatment of IBS.
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