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Introduction

Irritable bowel syndrome (IBS), a common functional bowel 
disease, influences the life quality of 5–10% of the general 
population (1,2). The main symptoms of IBS include 
chronic recurrent abdominal pain, diarrhea, and a change 
in bowel habits (3,4). Early diagnosis of IBS is difficult due 

to the multiple types of symptoms which commonly occur 
at least 6 months before detection. It is important to note 
the distinction between IBS and inflammatory bowel disease 
(IBD), microscopic colitis, and intestinal infection (5).  
IBS is frequently associated with damaged function of the 
intestinal mucosal barrier, which, as a physical barrier, 
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exerts a crucial role in restraining the aggression of 
pathogenic bacteria and other harmful substances (6). IBS 
is a heterogeneous disorder, and is closely associated with 
environmental factors and gut microbiota (7). Intestinal 
dysbiosis and hyperpermeability lead to persistent low-grade 
mucosal inflammation by activating innate immune-related 
pathways, causing diarrhea and visceral hypersensitivity 
in IBS patients (8-10). Tight junctions are the main 
intestinal barrier for regulating paracellular permeability 
between epithelial cells (11). The destruction of tight j
unctions in intestinal epithelial cells results in intestinal 
hyperpermeability and is thus involved in the pathogenesis 
of IBS (12-14). Zonula occludens-1 (ZO-1) and claudin-1 
(CLDN1) are 2 main components of tight junctions (15).  
Resveratrol protects intestinal epithelial barrier function 
by increasing ZO-1 expression (16). CLDN1 regulates 
paracellular permeabil ity by binding to the actin 
cytoskeleton (17). However, the upstream mechanisms that 
control ZO-1 and CLDN1 expression in IBS remain poorly 
understood. 

MicroRNAs (miRNAs, miRs) are a class of small 
noncoding RNA transcripts that regulate gene expression 
(18,19). Mounting evidence has demonstrated that 
miRNAs play a crucial role in regulating a wide variety of 
biological processes, and aberrant miRNAs are implicated 
in many human diseases, including cancer (20), allergic 
inflammation (21), bowel dysfunction (22), and IBS (23). 
For instance, miR-29a level is increased and its inhibition 
improves intestinal barrier function through enhancing 
ZO-1 and CLDN1 expression (2). miR-16 is downregulated 
in serum of IBS patients and its overexpression sustain tight 

junction integrity through suppressing NF-κB signaling (24). 
MiR-155-5p is an important miRNA involved in 

modulating intestinal inflammation and epithelial barrier. 
Wang et al. demonstrated that miR-155-5p plays a vital 
role in regulating allergic inflammation by increasing the 
expression of tight-junction proteins and thus modulating 
the epithelial barrier in atopic dermatitis (21). During 
corneal wound repair, miRNA-155-5p contributes to 
decreasing corneal epithelial permeability by regulating 
tight-junction protein expression (25). MiR-155-5p 
overexpression disturbs the intestinal epithelial barrier 
through the posttranscriptional repression of ZO-1 and 
Ras homolog family member A (RhoA) expression in 
experimental severe acute pancreatitis (26). Nevertheless, 
the role of miR-155-5p in IBS remains unclear. Here we 
explored the biological role of miR-155-5p in IBS and 
identified the direct and indirect target genes of miR-155-
5p to evaluate the effect of miR-155-5p on tight junctions. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4859/rc).

Methods

Participants

A total of 24 volunteers [14 IBS with diarrhea (IBS-D) 
patients, 10 healthy controls] undergoing a screening 
colonoscopy were recruited to participate in the study 
between January 2010 and March 2021. Samples collected 
from the 24 participants were stored in liquid nitrogen or 
at −80 ℃. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by Clinical Research Ethics Committee of 
the First Affiliated Hospital, Zhejiang University School 
of Medicine (No. 2022-996). Individual consent for this 
retrospective analysis was waived.

Establishment of the murine model of IBS

Animal experiments were performed under a project 
license (No. 2018-547) granted by The Animal Care and 
Use Committee of Zhejiang University, in compliance 
with institutional guidelines for the care and use of 
animals. A protocol was prepared before the study without 
registration. Male BALB/c mice (approximately 6-week-
old and 20 g) were obtained from the Laboratory Animal 
Center of the Chinese Academy of Sciences (Shanghai, 
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Table 1 The qRT-PCR primer sequences used in the study

Genes Sense (5'-3') Anti-sense (5'-3')

Hsa ZO-1 TAACAGAAGGAGTGAGAAGATTTGG GTGTGACTTTAGTAGGTTTAGCAGGC

Mmu ZO-1 CCCACTTCCCCAAAAACTCTTAT CCTCATCTTCATCTTCTTCCACAG

Hsa CLDN1 GCATGGTATGGCAATAGAATCG CTCCCAGAAGGCAGAGAGAAG

Mmu CLDN1 CTGGGTTTCATCCTGGCTTCTC CACTGTATCTGCCCGGTGCTT

Has-miR-155-5p CGGCTTAATGCTAATCGTGATAG GTGCAGGGTCCGAGGT

Mmu-miR-155-5p CGGCTTAATGCTAATTGTGATAG GTGCAGGGTCCGAGGT

qRT-PCR, quantitative real-time polymerase chain reaction.

China) and sustained under constant laboratory conditions 
(room temperature: 22–24 ℃; humidity: 55–70%; 12-hour 
dark/12-hour light cycle). All mice were anesthetized by 2% 
isoflurane, and a murine model of IBS was then established 
by administrating 1.5 mg trinitrobenzenesulfonic acid 
(TNBS) into the proximal colon as previously described 
(23,27). Mice were kept in a head-down position for  
1.5 minutes following administration of TNBS. The 
control mice were administrated with an equal volume of 
50% ethanol into the proximal colon. Visceral pain assay 
was carried out as previously described (28). Mice were 
euthanized and colon samples were collected.

Quantitative real-time polymerase chain reaction (qRT-
PCR)

Total RNA was isolated from colon tissues using TRIzol 
reagent (Thermo Fisher Scientific, Waltham, MA, USA). 
First-strand complementary DNA (cDNA) was synthesized 
from approximately 2 µg of total RNA with Moloney murine 
leukemia virus reverse transcriptase (Takara, Kyoto, Japan) 
and Oligo(dT)18 primers (Takara). qRT-PCR was performed 
using SuperScript™ III Platinum™ SYBR™ Green (Thermo 
Fisher Scientific) on a QuantStudio™ 5 Dx Real-Time PCR 
System. The temperature protocol was: 95 ℃ for 5 minutes, 
followed by 36 cycles of 95 ℃ for 15 seconds and 58 ℃ for 15 
seconds, with a final 5-minute extension at 72 ℃. The primer 
sequences used in the study are shown in Table 1. qRT-PCR 
analysis was carried out at least 3 times. Relative RNA level 
was calculated using the 2-ΔΔCT method. 

Western blot

Total protein was isolated from colon tissues using 
radioimmunoprecipitation assay (RIPA) buffer (Beyotime 

Biotechnology, Shanghai, China) and protein concentration 
was measured using a bicinchoninic acid (BCA)-protein 
quantification kit (Beyotime Biotechnology). Equal 
amounts of total proteins (approximately 50 µg) were 
subjected to a 12% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) to separate total proteins 
and then transferred onto polyvinylidene difluoride (PVDF) 
membranes (Thermo Fisher Scientific). Membranes were 
blocked using 3% bovine serum albumin (BSA) at room 
temperature (RT) for 60 minutes and then treated with the 
indicated primary antibody against ZO-1 (1:800, ab216880; 
Abcam, Cambridge, MA, USA), CLDN1 (1:2,000, 
ab15098, Abcam), and β-actin (1:6,500, ab6276, Abcam) for  
60 minutes at RT. The membranes were washed 5 times 
with tris-buffered saline with Tween (TBST) and then 
incubated with the secondary antibody (1:10,000, G-21040, 
Thermo Fisher Scientific) at RT for 60 minutes. The 
immunoblots were visualized using chemiluminescence 
detection. 

Immunohistochemistry (IHC)

Murine colon tissues were fixed in 4% paraformaldehyde 
(PFA), embedded in paraffin, and cut into sections of  
5 µm. After deparaffinization and rehydration, sections were 
incubated with ZO-1 (1:150, ab216880) and CLDN1 (1:200, 
ab15098) primary antibody overnight at 4 ℃, followed by 
incubation with the secondary antibody (1:1000, G-21040), 
and the reaction products were visualized with 100 µL of 
3,3'-diaminobenzidine (DAB) solution (Sigma-Aldrich, St 
Louis, MO, USA).

Dual-luciferase reporter assay

The recombinant plasmids of pGL3-CLDN1-3'-UTR-
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wt and pGL3-ZO1-3'-UTR-wt and their mutants (pGL3-
CLDN1-3'-UTR-mut and pGL3-ZO1-3'-UTR-mut) were 
constructed in our laboratory by inserting approximate 
350 bp cDNA into pGL3 plasmid (Promega, Madison, 
WI, USA). Cells from human intestinal epithelial cell line 
NCM460 were seeded in a 48-well plate (0.1×105 cells per 
well) and then cotransfected with 20 ng of recombinant 
plasmids of pGL3-CLDN1-3'-UTR-wt or pGL3-ZO1-3'-
UTR-wt (or their mutant), 2 ng of pRL-TK, and 40 nM of 
miR-155-5p (or miRNA control) with Lipofectamine™ 3000 
(Thermo Fisher Scientific) according to the manufacturer’s 
instructions. After transfection for 48 hours, NCM460 cells 
were collected and luciferase activities were assessed using 
the Dual-Luciferase Reporter Assay System (Promega).

Overexpression or inhibition of miR-155-5p

Has-miR-155-5p mimics (UUAAUGCUAAUCGU 
GAUAGGGGUU) were transfected into a human 
intestinal epithelial cell line (NCM460) to overexpress 
has-miR-155-5p. 2'-O-methyl modified mmu-miR-155-
5p inhibitor (ACCCCUAUCACAAUUAGCAUUAA) or 
negative control (anti-miRcont) was administered through 
intraperitoneal injection (10 µg inhibitor in 100 µL PBS, 
n=7). After treatment with miR-155-5p inhibitor for  
24 hours, the mice were euthanized. 

Enzyme-linked immunosorbent assay (ELISA) 

Blood samples were obtained from the murine abdominal 
aorta. Serum D-lactate (D-LA) and diamine oxidase 
(DAO) were assessed using D-LA (ab83429, Abcam) and 
DAO (ab241004, Abcam) ELISA kits in accordance with 
the manufacturer’s instructions. Murine proximal colon 
tissues were obtained, cut into pieces, and homogenized in 
hexadecyltrimethylammonium bromide (HETAB) buffer. 
Myeloperoxidase (MPO) activity was assessed using the 
indicated ELISA kit (ab275109, Abcam) in accordance with 
manufacturer’s instructions.

Statistical analysis

Data are shown as the mean ± standard error of mean and 
statistical analysis was carried out with SPSS 18.0 statistical 
software (IBM, Armonk, NY, USA). Differences between 
2 groups were analyzed using Student’s t-test or one-way 
ANOVA followed by the Scheffé test. The differences were 
deemed significant when P was less than 0.05.

Results 

The expression of miR-155-5p, CLDN1, and ZO-1 in 
colon biopsy samples

To explore the effect of miR-155-5p on IBS progression 
and on regulating intestinal permeability, we first measured 
miR-155-5p, CLDN1, and ZO-1 expression in colon 
biopsy samples of IBS-D. Figure 1A shows that the miR-
155-5p level was significantly upregulated in IBS-D patients 
(n=14) compared to controls (n=10). The miR-155-5p level 
was 3.16 times higher in the IBS-D patients than in the 
healthy controls. Meanwhile, the results from qRT-PCR 
and western blot analysis revealed that the expression of 
CLDN1 and ZO-1 in colon biopsy samples of IBS-D was 
significantly decreased in comparison with healthy controls 
(Figure 1B-1D).

The expression of miR-155-5p, CLDN1, and ZO-1 in IBS 
mice

To verify the dysregulated expression of miR-155-5p, 
CLDN1 and ZO-1 in IBS, a murine model of IBS was 
constructed. The mice with IBS exhibited a remarkable 
reduction of nociceptive threshold in the proximal colon 
(Figure 2A) and a marked enhancement of MPO activity 
(Figure 2B), suggesting that IBS mice were successfully 
constructed. Consistent with the above results in patients 
with IBS-D, the miR-155-5p level in IBS mice was 
significantly increased, whereas levels of CLDN1 and 
ZO-1 were concurrently decreased compared with control 
mice (Figure 2C-2E). IHC analysis also showed that the 
expression of CLDN1 and ZO-1 was downregulated in 
IBS mice (Figure 2F,2G). These results demonstrated 
that upregulated miR-155-5p might be involved in IBS 
progression by inhibiting CLDN1 and ZO-1. 

MiR-155-5p repressed CLDN1 and ZO-1 expression in 
intestinal epithelial cells

To explore whether miR-155-5p directly inhibited CLDN1 
and ZO-1 expression by targeting the 3'-untranslated region 
(UTR)  of  these  genes ,  TargetScan  7 .1  too l  was 
used to predict the potential targets of miR-155-5p. 
Bioinformatics analysis results showed that CLDN1 was 
a direct target gene of miR-155-5p (Figure 3A), whereas 
ZO-1 was not the direct target of miR-155-5p. To prove 
this prediction, recombinant plasmids of pGL3-CLDN1-
3'UTR containing a 3'-UTR fragment of the CLDN1 
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Figure 1 The expression of miR-155-5p, CLDN1, and ZO-1 in human colon biopsy samples. (A-C) qRT-PCR analysis of the miR-155-5p 
(A), CLDN1 (B), and ZO-1 (C) expression level in colon biopsy samples from normal controls (n=10) and patients with IBS-D (n=14). (D) 
Western blot analysis of CLDN1 and ZO-1 protein levels in colon biopsy samples from IBS-D patients (n=3) and controls (n=3). *P<0.05, 
**P<0.01. IBS-D, irritable bowel syndrome with diarrhea; CLDN1, claudin-1; ZO-1, zonula occludens-1; qRT-PCR, quantitative real-time 
polymerase chain reaction.
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gene or its mutant (pGL3-CLDN1-3'UTR-mut) were 
constructed and cotransfected with miR-155-5p into human 
intestinal epithelial cell line NCM460. Figure 3B,3C show 
that the luciferase activity of pGL3-CLDN1-3'UTR was 
markedly suppressed after miR-155-5p overexpression, 
but the mutation of 4 nucleotides in CLDN1-3'UTR led 
to complete loss of the suppressive effect. MiR-155-5p 
did not affect the luciferase activity of pGL3-ZO1-3'UTR  
(Figure 3D). Interestingly, miR-155-5p overexpression in 
NCM460 cells markedly repressed the protein expression 
of CLDN1 and ZO-1 (Figure 3E,3F). These results 
demonstrated that miR-155-5p repressed CLDN1 
expression by directly targeting 3'UTR of CLDN1 and 
repressed ZO-1 expression via an indirect pathway. 

MiR-155-5p inhibitor decreased intestinal permeability and 
inflammation and increased visceral response thresholds

Finally, we used the murine model of IBS to investigate 

whether miR-155-5p inhibition contributed to alleviating 
the symptoms of IBS. Figure 4A,4B show that miR-155-
5p-inhibitor treatment resulted in a significant increase in 
CLDN1 and ZO-1 expression level in IBS mice. The levels 
of D-LA and DAO were significantly increased in IBS 
mice compared with control mice, whereas miR-155-5p 
inhibition effectively repressed the increase (Figure 4C,4D),  
indicating that miR-155-5p inhibition decreased intestinal 
permeability. MPO activity was increased in IBS mice, 
whereas miR-155-5p inhibition repressed the increase 
(Figure 4E), indicating that miR-155-5p inhibition 
decreased intestinal inflammation. MiR-155-5p inhibition 
also restored the values of visceral nociceptive thresholds 
(Figure 4F). These results suggested that miR-155-5p 
inhibition alleviated the symptoms of IBS. 

Discussion

Despite s ignif icant  progress  in recent years ,  the 
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Figure 2 The expression of miR-155-5p, CLDN1, and ZO-1 in IBS mice. Murine model of IBS was established by administrating 1.5 mg 
of TNBS into the proximal colon. The level of nociceptive threshold (A) and MPO (Myeloperoxidase) activity (B) were then evaluated.  
(C-E) qRT-PCR analysis of the miR-155-5p (C), CLDN1 (D), and ZO-1 (E) expression level in murine colon tissues from controls (n=7) and 
IBS mice (n=7). IHC analysis of the (F) CLDN1 and (G) ZO-1 protein level in murine colon tissues from controls and IBS mice. Scale bar =  
100 µm. *P<0.05, **P<0.01. MPO, myeloperoxidase; CLDN1, claudin-1; ZO-1, zonula occludens-1; IBS, irritable bowel syndrome; TNBS, 
trinitrobenzenesulfonic acid; qRT-PCR, quantitative real-time polymerase chain reaction.

pathophysiology of IBS remains poorly understood. 
Mounting studies have revealed several mechanisms 
involved in the pathogenesis of IBS, including intestinal 
barrier dysfunction (2,22,23), visceral hypersensitivity 
(29,30), intestinal inflammation (31,32), and imbalance 
of intestinal flora (33,34). In the current study, we 
demonstrated that: (I) miR-155-5p expression was increased 
and CLDN1 and ZO-1 expression was decreased in IBS 
patients and mice, (II) miR-155-5p suppressed CLDN1 

and ZO-1 expression in intestinal epithelial cells, and (III) 
miR-155-5p inhibition reduced intestinal permeability and 
inflammation and increased visceral response thresholds. 
These results revealed the critical role of miR-155-5p in 
IBS and indicated that miR-155-5p might be a potential 
therapeutic target for IBS.

The intestinal mucosa contains the largest and most 
complex immune system (35,36). Emerging evidence has 
demonstrated that the level of proinflammatory cytokines 
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Figure 3 MiR-155-5p repressed CLDN1 and ZO-1 expression. miRcont as a miRNA control group. (A) Schematic diagram of miR-
155-5p binding to CLDN1 3'-UTR. (B) qRT-PCR analysis of the miR-155-5p expression level in NCM460 cells following miR-155-5p 
overexpression. (C) Dual-luciferase reporter assay was performed in NCM460 cells cotransfected with miR-155-5p (40 nM) and 20 ng of 
pGL3-CLDN1-3'-UTR-WT (or pGL3-CLDN1-3'-UTR-Mutation) after transfection for 48 hours. (D) Dual-luciferase reporter assay was 
performed in NCM460 cells cotransfected with miR-155-5p (40 nM) and 20 ng of pGL3-ZO1-3'-UTR-WT after transfection for 48 hours. 
(E, F) Western blot analysis of CLDN1 and ZO-1 protein levels after miR-150-5p overexpression in NCM460 cells. **P<0.01.  CLDN1, 
claudin-1; ZO-1, zonula occludens-1; qRT-PCR, quantitative real-time polymerase chain reaction.

is increased in the intestinal mucosa (37,38), while the 
level of anti-inflammatory cytokines is decreased (39). 
Nuclear factor kappa-B (NF-κB) signaling acts as a vital 
role in intestinal immune response (40). NF-κB activation 
facilitates the production of proinflammatory factors, 
resulting in subsequent abdominal pain and enhancing 
intestinal permeability (41,42). Yu et al. reported that 
berberine decreases intestinal inflammation and visceral 
hypersensitivity in IBS rats by repressing NF-κB-dependent 
intestinal mucosal inflammation (38). 

Mounting evidence has demonstrated that miRNAs 
are commonly differentially expressed in IBS and may be 
potential theragnostic targets for IBS. For instance, the 
levels of miR-23a, miR-422b, and miR-375 are significantly 
increased, while the levels of miR-219a and miR-338 are 
decreased in colonic tissues from IBS patients compared 
with controls (43). Furthermore, several miRNAs (miR-

663b, miR-342, etc.) could be used to precisely distinguish 
the different subtypes of IBS (44, 45). miRNAs exert a 
critical role in intestinal inflammation. Wu et al. revealed 
that miRNAs are dysregulated in chronic inflammatory 
bowel diseases, including ulcerative colitis, IBS, and 
infectious colitis (46). A previous study found that in 
IBS rats, miR-181c-5p expression was downregulated, 
while interleukin-1 alpha (IL-1α )  expression was 
concurrently upregulated (47). Functionally, miR-
181c-5p overexpression represses low-grade intestinal 
inflammation by inhibiting IL-1α expression in IBS rats (47).  
MiR-510 expression is decreased in the colon tissues 
of IBS patients, and downregulated miR-510 results in 
proinflammatory response and subsequent inflammatory 
injury by derepressing peroxiredoxin 1 (32). MiR-155 is 
frequently upregulated in inflammatory bowel disease. 
MiR-155 overexpression facilitates experimental colitis 

https://pubmed.ncbi.nlm.nih.gov/33014211/
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Figure 4 MiR-155-5p inhibitor decreased intestinal permeability and inflammation and increased visceral response thresholds. (A,B) qRT-
PCR analysis was carried out to assess the expression levels of miR-155-5p (A), and CLDN1 and ZO-1 (B) in control mice, IBS mice, and 
miR-155-5p-treated IBS mice (n=7). The level of D-LA (C), DAO (D), MPO activity (E), and nociceptive threshold (F) were evaluated 
to assess the effect of miR-155-5p inhibition on intestinal permeability, inflammation, and visceral response threshold. *P<0.05, **P<0.01.  
TNBS, trinitrobenzenesulfonic acid; qRT-PCR, quantitative real-time polymerase chain reaction; CLDN1, claudin-1; ZO-1, zonula 
occludens-1; IBS, irritable bowel syndrome;  D-LA, D-lactate; DAO, diamine oxidase; MPO, Myeloperoxidase. 

progression, whereas loss of miR-155 protects against 
experimental colitis by regulating Src homology-2 domain-
containing inositol 5'-phosphatase-1 expression (48),  
inactivating NF-κB signaling (49), T-helper type 1/type 
17 responses (50), or forkhead box O3 (51). Loss of miR-
155 also attenuates intestinal barrier dysfunction by 
inactivating NF-κB signaling and thus increasing occludin 
and ZO-1 expression (49). Given the similarly of IBS 
and IBD (chronic bowel inflammation, intestinal barrier 
dysfunction, etc.), we investigated whether miR-155 was 
correlated with IBS. We demonstrated that miR-155-5p 
expression was increased, and the expression of CLDN1 
and ZO-1 was decreased in the colon samples of IBS 
patients and mice. Functionally, miR-155-5p overexpression 
repressed CLDN1 and ZO-1 expression, while miR-
155-5p inhibition decreased intestinal permeability and 
inflammation and increased visceral response thresholds. 

Gut microbiota is dys-regulated in IBS patients, and gut 
microbiota dysbiosis results in pro-inflammatory response 
and injures intestinal barrier function (52,53). Based on this, 
probiotics have been developed into an effective treatment 
option in IBS (54). However, the correlation between miR-
155-5p and gut microbiota dysbiosis remains unclear, and 
is worth exploring. Taken together, our results revealed that 
miR-155-5p inhibition may alleviate the symptoms of IBS 
by increasing claudin-1 and ZO-1 expression. 

Conclusions

In summary, we comfirmed that miR-155-5p participated 
in the pathogenesis of IBS, at least in part by inhibiting 
CLDN1 and ZO-1 expression. Therefore, the miR-155-
5p could be a potential therapeutic target for IBS, which 
warrant further investigation.
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