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Abstract. Inflammatory bowel diseases (IBD) are a group of 
chronic disorders occurring in the intestinal tract. Previous 
studies demonstrated that genetics and microbiota play critical 
roles in the pathogenesis of IBD. Discoveries of genes that may 
regulate the homeostasis of gut microbiota and pathogenesis of 
IBD have the potential to provide new therapeutic targets for 
IBD treatment. The results suggested that the expression level 
of microRNA (miR)‑602 is negatively related to the develop‑
ment of IBD, and that miR‑602 overexpression in mice may 
prevent inflammation and intestinal barrier injuries in dextran 
sulfate sodium (DSS)‑induced IBD mice. It was also found that 
the microbiota is important for miR‑602‑mediated prevention 
of IBD, as the inhibitory effect of miR‑602 was lost when 
the microbiota was depleted using antibiotics. Furthermore, 
co‑housing or adoptive transfer of microbiota from miR‑602 
could attenuate the pathogenesis of IBD. In addition, it was 
demonstrated that miR‑602 could target tumor necrosis factor 
receptor‑associated factor 6 (TRAF6) in intestinal epithelial 
cells. Collectively, the present results suggest that miR‑602 
plays a protective role in DSS‑induced IBD by targeting 
TRAF6 in a microbiota‑dependent manner.

Introduction

Inflammatory bowel diseases (IBD) are immune disorders 
associated with chronic inflammation in the intestinal tract, and 
include Crohn's diseases and ulcerative colitis (1‑3). Previous 
studies revealed that the microbiota, genetics, immune dysreg‑
ulation and stress participate in the development of IBD (3‑7). 

The microbiota is thought to play a central role in the patho‑
genesis of IBD, and multiple strategies have been developed 
to treat IBD via targeting the gut flora (8‑11). Furthermore, 
previous studies have shown that certain microbiota or gut 
dysbiosis can influence the outcomes of IBD, autoimmune 
disorders and diabetes (12‑14). Moreover, segmented fila‑
mentous bacteria alone can have an important impact on the 
development of IBD and also regulate the immune responses 
in gut (15,16). Another previous study showed that the ratio of 
Firmicutes and Bacteroidetes can influence the sensitivity of 
mice to IBD induction, and a lower Firmicutes/Bacteroidetes 
ratio appears to be related to higher susceptibility to IBD in 
humans and mice (17).

The regulation of gut microbiota is very complex (18). 
Intestinal epithelial cells (IECs) include different cell types, 
such as Paneth cells, goblet cells and enterocytes, which 
produce antimicrobial peptides and mucus, including regen‑
erating islet‑derived protein 3 γ, Reg3α, mucin‑1 and mucin‑2, 
to regulate the constitution and homeostasis of gut micro‑
biota (19,20). Abnormal inflammatory cytokine production in 
the intestine can also regulate the gut microbiota directly or 
indirectly (21). Immune cells can secret inflammatory cyto‑
kines such as tumor necrosis factor α (TNF‑α), interleukin 17 
(IL‑17) and IL‑22 to regulate the function of IECs, thereby 
influencing the balance of intestinal flora (22,23). Moreover, 
stress can also affect the homeostasis of gut microbiota, 
causing mice to be more sensitive to IBD (24).

MicroRNAs (miRNA/miRs) are small non‑coding RNA 
molecules that exist in animals and plants, and play critical 
roles in the regulation of gene expression (25,26). Previous 
findings revealed that miRNAs can modulate gene expres‑
sion during or after transcription by targeting specific 
nucleotide sequences (25). Moreover, miRNAs participate in 
the development of different immune disorders and cancer 
types (26‑30). The expression of miR‑602 has been found to 
inhibit hepatitis C virus genotype 1b infection and regulate the 
expression levels of the tumor suppressor genes p53, p73 and 
Ras association domain family 1 isoform A in a hepatoma cell 
line (31). miR‑602 is also an important signaling regulator in 
chondrocytes (32). Tumor necrosis factor receptor‑associated 
factor 6 (TRAF6) signaling has be found to be involved in the 
development of IBD (33,34), and previous studies showed that 
miR‑146a can regulate the TRAF6 signaling pathway (34,35). 
However, it is not fully understood whether miRNA, in 
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particular miR‑602, plays a role in IBD pathogenesis and the 
regulation of gut microbiota.

The present results suggested that miR‑602 is downregulated 
in intestinal tissues from IBD mice. Furthermore, overexpres‑
sion of miR‑602 may prevent the development of IBD, increase 
the production of proinflammatory cytokines and decrease 
intestinal integrity in an IBD mouse model. In addition, the 
inhibitory effect of miR‑602 was lost when the microbiota was 
depleted using an antibiotic mix. It was also found that miR‑602 
can target the 3'‑untranslated region (3'UTR) of TRAF6 and 
inhibit the related signaling pathways in IECs.

Materials and methods

Bioinformatics assay. The expression level of miR‑602 in 
intestinal tissues under normal or ulcerative colitis condi‑
tion was based on GSE43009 and GSE53867 as previously 
described (36). GSE43009 and GSE53867 datasets were 
downloaded from NCBI's Gene Expression Omnibus (GEO) 
database (http://www.ncbi.nlm.nih.gov/geo/). The read count 
for miR‑602 was selected and used for further analysis.

Cell culture. Non‑transformed rat small intestinal IEC‑6 
cells (Bena Culture Collection) were cultured in DMEM 
(cat. no. 8112040; Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (cat. no. 10099‑141; Gibco; 
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 
100 µg/ml streptomycin (Gibco; Thermo Fisher Scientific, 
Inc.) at 37˚C with 5% CO2. Coca‑2 (American Type Culture 
Collection), a human intestinal epithelial cell line, was 
cultured in DMEM/F12 (Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% FBS and 1% penicillin‑streptomycin 
at 37˚C with 5% CO2.

Mice. Experiments were performed according to the 
Institutional Guidelines for the Care and Use of Laboratory 
Animals in Research and were approved by the Committee 
of Affiliated Hospital of Nanjing University of Chinese 
Medicine. Male C57BL/6 mice (age, 6‑8 weeks; weight, 20 g) 
were purchased from the Shanghai SLAC Laboratory Animal 
Co., Ltd. and raised in the Affiliated Hospital of Nanjing 
University of Chinese Medicine. The mice were housed at a 
constant room temperature (23±2˚C) and relative humidity 
(50±10%) with free access to food and water in a fixed 12‑h 
light/dark cycle.

Humane endpoint criteria were used in all experiments 
involving mice, which were monitored daily: Euthanasia was 
performed when mice exhibited signs of distress (weight 
loss ≥25%; hunched posture; diarrhea; loss of active movements), 
while animals with diarrhea but with weight loss <25% received 
daily intraperitoneal (i.p.) injections of 1 ml saline (x3, at 8 h 
intervals) to avoid dehydration (37). At the end of the experiment 
or for euthanasia, animals were euthanized with an overdose of 
pentobarbital (i.p, 500 mg/kg supplemented as needed), deep 
anesthetization was confirmed by loss of the pedal withdrawal 
reflex. In total, 50 mice were used, and no mice were euthanized 
or found dead over the course of the experiments.

Induction and evaluation of IBD. To induce IBD, mice were 
treated with drinking water containing 3% dextran sulfate 

sodium (DSS; MP Biomedicals LLC). DSS water was replaced 
every other day. There was no restriction regarding the dose of 
DSS solution that was provided ad libitum for 7 consecutive days, 
and control mice received standard drinking water throughout 
the 7‑day experiment. The disease index of IBD consisted of the 
following factors: Body weight loss, stool consistency and rectal 
bleeding (38). Body weight loss score was assessed as followed: 
i) No weight loss =0; ii) weight loss from 1‑5% compared to 
baseline =1; iii) weight loss from 6‑10% compared to base‑
line =2; iv) weight loss from 11‑20% compared to baseline =3; 
and v) weight loss >20% compared to baseline =4. Stool consis‑
tency was determined as follows: i) Well‑formed pellets =0; 
ii) pasty and semi‑formed stools =2; and iii) liquid stools =4. 
For bleeding, the following criteria were used: i) No blood =0; 
ii) positive bleeding =2; and iii) gross bleeding =4.

Adenovirus (Ad) vector treatment. Adenovirus vectors 
(pAdEasy/Track‑CMV) used in the present study were 
purchased from Agilent Technologies Inc. Blank vectors 
without miR‑602 were used as negative controls. To over‑
express miR‑602 (5'‑GAC ACG GGC GAC AGC UGC GGC 
CC‑3'), 100 µl of adenovirus suspension was injected intrave‑
nously into 8‑week‑old mice (2x109 particles/g body weight) 
retro‑orbitally using a 0.5 insulin syringe (Becton, Dickinson 
and Company) on day 1 and 3. The treatment lasted for 7 days, 
during which the mice were checked daily. After adenovirus 
treatment, mice were treated with 3% DSS (w/v) in drinking 
water for 7 days to establish an IBD mouse model.

Fecal microbiota depletion and fecal microbiota 
transplantation (FMT). For fecal microbiota depletion, 
antibiotics were administered in autoclaved drinking water 
for 4 weeks in the following concentrations: Vancomycin 
(1 g/l), ampicilin (1.5 g/l), kanamycin (1 g/l) and metronida‑
zole (1.5 g/l). This time course is consistent with standard 
antibiotic administration used in multiple studies for altering 
microbiota (39). After microbiota depletion, mice were treated 
with 3% DSS (w/v) in drinking water for 7 days to establish the 
IBD mouse model.

For mice with microbiota depletion, FMT was performed as 
described previously (40). In the morning, feces were collected 
and immediately diluted (1:20 w/vol) in sterile, anoxic Ringer 
buffer (Beijing Solarbio Science & Technology, Co., Ltd.) 
containing 1 g/l L‑cysteine (Sigma‑Aldrich; Merck KGaA) 
as a reducing agent. This was used as inoculum. Colonization 
was achieved by intragastric gavage with 200 µl inoculum 
once per day for 5 consecutive days. A total of 10 days after 
FMT, mice were treated with DSS for 7 days to establish the 
IBD mice model.

The mice were housed at a constant room temperature 
(23±2˚C) and relative humidity (50±10%) under a fixed 12‑h 
light/dark cycle. They were given free access to food and 
water. Each cage housed a total of 5 mice. To investigate the 
potential role of microbiota in miR‑602 mediated therapy in 
IBD, mice injected with adenovirus carrying negative control 
(Ad‑NC) were co‑housed with mice injected with Ad‑miR‑602 
for three weeks, after which the IBD model was induced. A 
total of 5 mice were included in each group.

Fecal microbiota was isolated from Ad‑NC and Ad‑miR‑602 
mice, and these fecal microbiotas were separately transferred 
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into antibiotic‑treated mice. After 10 days, IBD model was 
induced in these microbiota‑transferred mice and the patho‑
genesis index was recorded.

Histological analysis. Hematoxylin and eosin (H&E) staining 
was used to assess the induction of IBD. After euthanizing 
the mice, colon tissues from control mice and IBD mice were 
collected and fixed at room temperature in PBS containing 
4% paraformaldehyde for 72 h. The samples were sectioned 
to 6 µm thickness using a microtome (cat. no. SM2500; 
Leica Microsystems GmbH). Then, the sections were stained 
with hematoxylin and eosin (hematoxylin, 1.0 kg/l; eosin, 
0.827 kg/l), and examined under light microscopy (Olympus 
Corporation; magnification, x100).

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). To isolate RNA from colon tissues, a mortar 
and a pestle was used to grind the frozen tissues which were 
pre‑cooled by liquid nitrogen. After euthanizing the mice, the 
colon tissue samples were collected. After length measurement 
and weighing, the tissue sample was put into liquid nitrogen 
and grinded. The treated samples were lysed with TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) for extraction of 
mRNA. The generation of cDNA from the extracted mRNA 
samples was performed using the PrimeScript™ RT Reagent 
kit (cat. no. RR037B, Takara Bio, Inc.). After mixing RNA with 
the kit components as described in the user manual, the mixture 
was incubated at 37˚C for 15 min three times, and then incu‑
bated at 85˚C for 5 sec to inactivate the reverse transcriptase. 
RT‑qPCR analysis was performed to assess gene expression 
with Premix Ex Taq™ (Probe qPCR; cat. no. RR390W; 
Takara Bio, Inc.). The thermocycling conditions were as 
follows: 15 min at 95˚C (initial denaturation), followed by 
35 cycles of 15 sec at 94˚C (denaturation), 30 sec at 60˚C 
(annealing) and 30 sec at 72˚C (extension). For gene expression 

in cells, IEC‑6 and caco‑2 cells were collected, total RNA was 
isolated with TRIzol® (Invitrogen; Thermo Fisher Scientific, 
Inc.), and reverse transcription and qPCR was performed as 
aforementioned. miRNA and mRNA expression levels were 
quantified using the 2‑ΔΔCq method (41). The primers used for 
PCR are listed in Table I.

Western blotting. Cells were transfected with Ad‑NC and 
Ad‑miR‑602 using Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.). After 24 h incubation at 37˚C, cell samples 
were collected and lysed with Cell lysis buffer (Beyotime 
Institute of Biotechnology) containing the protease inhibitor 
cocktail (Beyotime Institute of Biotechnology) for western 
blotting and IP. After the protein concentration was determined 
using a bicinchoninic acid protein assay kit (Beyotime Institute 
of Biotechnology), protein extracts (10 µg) were analyzed via 
12% SDS‑PAGE. The proteins were then transferred onto 
nitrocellulose membranes, which were subsequently incubated 
with the following primary antibodies at 4˚C overnight: TRAF6 
(1:1,000; cat. no. ab227560; Abcam) and GAPDH (1:2,000; 
cat. no. 60004; ProteinTech Group, Inc.). After washing 
with PBST in triplicate, horseradish peroxidase‑conjugated 
anti‑anti‑rabbit (1:2,000; cat. no. SA00001‑7L; ProteinTech 
Group, Inc.) or anti‑mouse (1:2,000; cat. no. SA00001‑1; 
ProteinTech Group, Inc.) secondary antibodies were added and 
incubated at room temperature for 2 h. The membranes were 
then washed with Tris‑buffered saline and 0.1% Tween‑20 
in triplicate. Protein levels were assessed using an enhanced 
chemiluminescence mix (Thermo Fisher Scientific, Inc.).

Luciferase reporter assay. The luciferase reporter assay 
was performed as described previously (42). MODE‑K and 
Caco‑2 cells were co‑infected with wild‑type or mutant 
TRAF6‑3'UTR‑Luc firefly luciferase constructs (100 ng) and 
40 nmol/l miR‑602 mimics using Lipofectamine 2000 reagent 

Table I. Primer used for reverse transcription‑quantitative PCR.

Gene Forward (5'‑3') Reverse (5'‑3')

TNFα (m) ACTGAACTTCGGGGTGATCG GTTTGCTACGACGTGGGCTA
IL‑1β (m) TGCCACCTTTTGACAGTGATG ATGTGCTGCTGCGAGATTTG
IL‑6 (m) GTCCTTCCTACCCCAATTTCCA TAACGCACTAGGTTTGCCGA
TGF‑β (m) GTGGACACTCGATCGCTACC GATGCGAGGGACTCAAGAGG
OCLN (m) TTTCAGGTGAATGGGTCACCG GCTCCCAAGATAAGCGAACCT
MUC‑2 (m) TTGTCACCTTCGATGGGCTC TCTCGTGGCGCACAATAAGT
MUC‑3 (m) CAAGAAGAGCGCAAAGCAGG CCTCCATCCCACACACTTCC
ZO‑1 (m) AGAAAAAGAATGCACAGAGTTGT GAAATCGTGCTGATGTGCCA
TRAF6 (m) TCCAGAGTTTGCCGTCCAAG TGGGTCCCTTCAGAAGTTCA
GAPDH (m) TCTTTTGCGTCGCCAGCC CCATGGGTGGAATCATATTGGAAC
TRAF6 (h) GCGCACTAGAACGAGCAAG GGCAGTTCCACCCACACTAT
GAPDH (h) CTTTTGCGTCGCCAGGTGAAG ACCAAATCCGTTGACTCCGAC
miR‑602 (h/m) GACACGGGCGACAGCUG CTCGCTTCGGCAGCACA
U6 (h/m) CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

m, mouse; h, human; TNFα, tumor necrosis factor α; IL, interleukin; TGF‑β, transforming growth factor β; OCLN, occludin; MUC, Mucin; 
ZO‑1, zonula occludens; TRAF6, Tumor necrosis factor receptor‑associated factor 6.
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(Thermo Fisher Scientific, Inc.). Then, 2 ng of pRL‑SV40 plas‑
mids (Addgene, Inc.) were infected to assess the transfection 
efficiency. After incubation for 24 h at 22˚C, luciferase activity 
was analyzed using the Dual‑Luciferase® Reporter (DLR™) 
Assay System (Promega Corporation).

Statistical analysis. All experiments were performed 
≥3 times. Data are presented as the mean ± SEM. Data were 
analyzed using a one‑way ANOVA with Tukey's multiple 
comparison test or an unpaired two‑tailed Student's t‑test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression level of miR‑602 is negatively related to IBD 
development. The present study investigated the expression 
level of miR‑602 in intestinal tissues under normal or ulcer‑
ative colitis conditions based on GSE43009 and GSE53867. 
It was found that, compared with normal intestinal tissues 
from healthy mice, tissues with ulcerative colitis had a 
decreased expression level of miR‑602 (Fig. 1A and B). To 
examine this result, IBD was induced using DSS (Fig. 1C) 
and the intestinal tissues were collected for RNA analysis. 
It was found that intestinal tissues from IBD mice had 
decreased miR‑602 expression compared with intestinal 
tissue from control mice (Fig. 1D). Collectively, the present 
results suggested that the expression level of miR‑602 is 
negatively related to IBD development.

Overexpression of miR‑602 alleviates IBD in mice. To inves‑
tigate the role of miR‑602 in IBD development, miR‑602 
was overexpressed in mice by injecting Ad‑miR‑602. After 
5 days, it was found that the expression level of miR‑602 
was increased in intestinal tissues in mice with Ad‑miR‑602 
compared with those injected with Ad‑NC (Fig. 2A). The 
present study established an IBD mouse model using DSS, and 
then recorded body weight, occult blood, and diarrhea score. 
The present results suggested that overexpression of miR‑602 
increased body weight, but significantly decreased occult 
blood, diarrhea score and disease activity index (Fig. 2C‑E). 
Compared with healthy mice, Ad‑NC treated mice showed 
a significantly higher colonic weight/length ratio, while the 
colonic weight/length ratio of mice overexpressing miR‑602 
was similar to healthy mice (Fig. 2F). Therefore, the present 
results indicated that miR‑602 may alleviate IBD.

Furthermore, the mRNA expression level of inflamma‑
tory cytokines and the genes related to intestinal integrity 
were investigated. It was found that miR‑602 overexpres‑
sion significantly inhibited mRNA expression levels of the 
proinflammatory cytokines TNF‑α, IL‑1β and IL‑6, but 
increased the expression levels of the anti‑inflammatory 
cytokine transforming growth factor β (TGF‑β; Fig. 2G). 
Moreover, miR‑602 overexpression promoted the expression 
of occludin, zonula occludens 1 (ZO‑1), Mucin 2 (MUC‑2) 
and MUC‑3 (Fig. 2H), indicating that miR‑602 may 
prevent against the destruction of intestinal tissue integrity. 
Collectively, the present results suggested that miR‑602 
could have a protective role in IBD.

Figure 1. Expression of miR‑602 is downregulated in the intestinal tissues of DSS‑induced IBD mice. Analysis of the miR‑602 expression in the (A) GSE43009 
and (B) GSE53867. (C) Histological analysis of intestinal tissues in healthy mice and DSS‑induced IBD mice. (D) Expression levels of miR‑602 in the intes‑
tinal tissues from healthy mice and IBD mice (n=5‑6). *P<0.05 vs. healthy control group. IBD, inflammatory bowel diseases; miR, microRNA; DSS, dextran 
sulfate sodium.
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Co‑housing healthy, miR‑602‑overexpressing mice with IBD 
mice showed beneficial effects on IBD. Microbiota has been 
shown to play critical roles in the development of IBD (43). 
To investigate the potential role of microbiota in miR‑602 
mediated therapy in IBD, mice injected with Ad‑NC were 
co‑housed with mice injected with Ad‑miR‑602, after which 
IBD was induced 5 days later. An IBD model was also induced 
in Ad‑NC mice without co‑housing, which were used as 
control. It was found that those in the Ad‑NC + Ad‑miR‑602 
group had little difference in body weight change compared 
with the Ad‑NC + Ad‑NC group (Fig. 3A). Furthermore, the 
Ad‑NC + Ad‑miR‑602 group exhibited less severity in occult 

blood, diarrhea and disease scores (Fig. 3B‑D). It was also 
demonstrated that, while co‑housing with Ad‑miR‑602 mice 
did not significantly influence the colonic weight/length ratio, 
co‑housing decreased the expression levels of TNF‑α and 
increased the expression of the cellular integrity‑related gene 
ZO‑1 in intestinal tissues. Mice could transmit microbes to 
others upon transient co‑housing through coprophagy and 
grooming behaviors. Therefore, the present results suggested 
that microbiota from miR‑602‑overexpressing mice may be 
transferred to Ad‑NC mice during the co‑housing process, and 
that the microbiota plays a protective role in miR‑602‑medi‑
ated IBD.

Figure 2. Overexpression of miR‑602 alleviates IBD. Mice were injected with Ad‑NC or Ad‑miR‑602. (A) Expression level of miR‑602. Mice transfected 
with Ad‑NC or Ad‑miR‑602 were treated with DSS to induce IBD. *P<0.05 vs. the Ad‑NC group. (B) Body weight, (C) occult blood, (D) diarrhea score and 
(E) diseases activity index were analyzed. All, *P<0.05 vs. the Ad‑NC group. (F) Colonic weight and length were measured, and the ratio of weight to length 
was calculated. #P<0.05 and ##P<0.01 vs. the Ad‑NC water group. mRNA expression levels of (G) TNF‑α, IL‑1β, IL‑6 and TGF‑β. (H) mRNA expression levels 
of OCLN, ZO‑1, MUC‑2 and MUC‑3. n=5‑6. #P<0.05 and ##P<0.01 vs. the corresponding Ad‑NC water group. TNFα, tumor necrosis factor α; IL, interleukin; 
TGF‑β, transforming growth factor β; OCLN, occludin; MUC, Mucin; ZO‑1, zonula occludens; TRAF6, Tumor necrosis factor receptor‑associated factor 6; 
IBD, inflammatory bowel diseases; miR, microRNA; DSS, dextran sulfate sodium; Ad, adenovirus; NC, negative control.
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Overexpression of miR‑602 alleviates IBD in a microbiota‑
dependent manner. To further investigate whether miR‑602 
alleviates IBD via the microbiota, antibiotics were used to 
deplete the gut microbiota in Ad‑NC mice and Ad‑miR‑602 
mice, and their responses to DSS‑induced IBD were assessed. 
The results revealed that the inhibitory effect of miR‑602 on 
body weight, occult blood, diarrhea score, disease activity 
index and colonic weight/length ratio was lost when gut 
microbiota were depleted (Fig. 4A‑E). As presented in Fig. 4F, 
the inhibitory effect of miR‑602 on the expression of various 
pro‑inflammatory cytokines, including TNF‑α, IL‑1β, IL‑6 and 
TNF‑β was also lost when gut microbiota were depleted. In 
contrast, the stimulatory effect of miR‑602 on the expression 
of cellular integrity‑related genes, including OCLN, ZO‑1, 
MUC‑2 and MUC‑3, was inhibited when gut microbiota were 
depleted (Fig. 4G). These results suggested that gut microbiota 
depletion abrogated the effects of miR‑602 overexpression by 
alleviating IBD and regulating gene expression in the colon. 

Fecal microbiota was isolated from Ad‑NC and Ad‑miR‑602 
mice, and these fecal microbiota were separately transferred 
into antibiotic‑treated mice. After 10 days, IBD was induced 
in the microbiota‑transferred mice and the pathogenesis was 
recorded. The present results indicated that compared to 
Ad‑NC‑FMT mice, those that received fecal microbiota from 
Ad‑miR‑602 mice had a higher expression level of miR‑602 
in the colon (Fig. 5A), thus suggesting a bi‑directional interac‑
tion between miR‑602 and gut microbiota. Furthermore, fecal 
microbiota from Ad‑miR‑602 mice, as opposed to that from 
Ad‑NC mice, prevented weight loss, occult blood and diar‑
rhea in IBD mice (Fig. 5B‑E). It was found that Ad‑miR‑602 
mouse‑derived fecal microbiota also reduced the colonic 
weight/length ratio (Fig. 5F). The expression levels of inflam‑
matory cytokines and genes related to intestinal integrity were 
also examined, and it was demonstrated that Ad‑miR‑602 
mouse‑derived fecal microbiota decreased the expression levels 
of the proinflammatory genes TNF‑α, IL‑1β and IL‑6 (Fig. 5G). 

Figure 3. Co‑housing Ad‑miR‑602‑treated mice attenuates IBD in Ad‑NC‑treated mice. Ad‑NC‑treated mice were co‑housed with or without Ad‑miR‑602‑
treated mice, then induced with IBD. (A) Body weight, (B) occult blood, (C) diarrhea score and (D) diseases activity index of mice were analyzed. (E) Colonic 
weight and length were recorded, and the ratio of weight to length was calculated. (F) mRNA expression levels of TNF‑α, IL‑1β, IL‑6 and TGF‑β. (G) mRNA 
expression levels of OCLN, ZO‑1, MUC‑2 and MUC‑3. TNFα, tumor necrosis factor α; IL, interleukin; TGF‑β, transforming growth factor β; OCLN, occludin; 
MUC, Mucin; ZO‑1, zonula occludens‑1; TRAF6, Tumor necrosis factor receptor‑associated factor 6; IBD, inflammatory bowel diseases; miR, microRNA; 
DSS, dextran sulfate sodium; Ad, adenovirus; NC, negative control. n=5‑6. #P<0.05 vs. the Ad‑NC+Ad‑NC group in B‑D, F, and G.
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Moreover, Ad‑miR‑602 mouse‑derived fecal microbiota 
significantly increased the expression level of TGF‑β (Fig. 5G) 
and intestinal integrity‑related genes (Fig. 5H). Collectively, 
the present results suggested that miR‑602 may help to prevent 
the development of IBD in a microbiota‑dependent manner.

miR‑602 inhibits TRAF6 signaling in intestinal tissues. The 
present study investigated whether miR‑602 regulates IBD 
via the TRAF6 signaling pathway in intestinal tissues. It was 
demonstrated that TRAF6 expression level is significantly 
increased in IBD mice compared with healthy control mice 
(Fig. 6A). Moreover, overexpression of miR‑602 significantly 
inhibited TRAF6 mRNA and protein expression levels in 
IEC‑6 and Caco‑2 cells (Fig. 6B‑D). Furthermore, using a 
luciferase reporter assay it was found that the mutation in 
3'UTR miR‑602 binding sites of TRAF6 (Fig. 6E) abrogated 

the effects of wild‑type miR‑602 on TRAF6 expression level 
(Fig. 6F and G).

Discussion

Genetic mutations and microenvironment exposure are 
the most important factors for the occurrence of IBD (4,7), 
however, recent studies have demonstrated that the microbiota 
also plays a critical role in the progression of autoimmune 
disorders, such as colitis (10,11,44). Thus, targeting microbiota 
or developing microbiota‑related medicine may be an effective 
strategy to facilitate the treatment of IBD. However, it is not 
fully understood how the constitution and homeostasis of gut 
microbiota is regulated.

Previous studies have shown that miRNAs play an impor‑
tant role in the initiation and development of IBD (28). It has 

Figure 4. Antibiotics treatment abrogates the beneficial effects of miR‑602 overexpression in IBD mice. Mice were treated with Ad‑NC or Ad‑miR‑602, and 
then the gut microbiota was depleted using an antibiotics mix. Then, DSS was used to induce IBD. (A) Body weight, (B) occult blood, (C) diarrhea score and 
(D) disease activity index. (E) Colonic weight and length were measured, and the ratio of weight to length was calculated. (F) mRNA expression of TNF‑α, 
IL‑1β, IL‑6, TGF‑β. (G) mRNA expression level of OCLN, ZO‑1, MUC‑2 and MUC‑3. n=5‑6. TNFα, tumor necrosis factor α; IL, interleukin; TGF‑β, 
transforming growth factor β; OCLN, occludin; MUC, Mucin; ZO‑1, zonula occludens‑1; TRAF6, Tumor necrosis factor receptor‑associated factor 6; IBD, 
inflammatory bowel diseases; miR, microRNA; DSS, dextran sulfate sodium; Ad, adenovirus; NC, negative control; VAKM, the combination of vancomycin 
(1 g/l), ampicilin (1.5 g/l), kanamycin (1 g/l), and metronidazole (1.5 g/l); ABX, antibiotics. n=5‑6.
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been previously shown that miR‑148a is downregulated in 
human IBD and in tissues of patient with colorectal cancer, 
and that restoration of miR‑148a expression inhibits colitis 
and colitis‑associated tumorigenesis in mice (45). By contrast, 
miR‑155 is increased in the colonic mucosa and peripheral 
blood in patients with IBD, suggesting that miR‑155 may act as 
a biomarker for the diagnosis of IBD (46). Moreover, a recent 
study showed that the microbiota decreases the expression 
level of host miR‑665, which then increases the expression 
level of ATP Binding Cassette Subfamily C Member 3 in the 
host (46). In contrast to these previous studies, the present 
results suggested that miR‑602 regulated the microbiota, which 
then alleviated IBD development. In addition, the present 
study found that the regulation of gut flora by miR‑602 may 
be achieved via the targeting of TRAF6 in IECs, which play 

critical roles in the regulation of gut microbiota (47). Therefore, 
further studies on the exact mechanisms of miR‑602 on IECs 
may facilitate the development of a pharmacological target for 
the prevention and treatment of IBD.

Abnormal production of inflammatory cytokines is 
considered to be related to the development of colitis (48,49), 
however, neutralization of inflammatory cytokines does not 
always result in the alleviation of colitis (50), suggesting that 
the dysregulation of inflammatory cytokines may be caused 
by other upstream events (50). The present results suggested 
that miR‑602 downregulated the production of certain proin‑
flammatory cytokines, while upregulating the production of 
the anti‑inflammatory cytokine TGF‑β. Furthermore, these 
effects were dependent on the gut microbiota, as overexpres‑
sion of miR‑602 was not seen to have inhibitory effects in 

Figure 5. Fecal microbiota from Ad‑miR‑602‑treated mice attenuated IBD in mice. Fecal microbiota was isolated from the Ad‑NC or Ad‑miR‑602‑treated 
mice derived feces, and were transferred into antibiotic‑treated mice. DSS containing drinking water was used to induce IBD. (A) Expression level of miR‑602 
in Ad‑NC‑FMT and Ad‑miR‑602‑FMT groups. (B) Body weight, (C) occult blood, (D) diarrhea score and (E) disease activity index of the mice. (F) Colonic 
weight and length were used to calculate the ratio of weight to length. (G) mRNA expression levels of TNF‑α, IL‑1β, IL‑6 and TGF‑β. (H) mRNA expression 
levels of OCLN, ZO‑1, MUC‑2 and MUC‑3. FMT, fecal microbiota transplantation; TNFα, tumor necrosis factor α; IL, interleukin; TGF‑β, transforming 
growth factor β; OCLN, occludin; MUC, Mucin; ZO‑1, zonula occludens‑1; TRAF6, Tumor necrosis factor receptor‑associated factor 6; IBD, inflammatory 
bowel diseases; miR, microRNA; DSS, dextran sulfate sodium; Ad, adenovirus; NC, negative control. n=6. #P<0.05 vs. the Ad‑NC‑FMT group.
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microbiota‑depleted mice. Thus, dysbiosis in the gut may 
cause hyperactivation of the immune system, and therapies 
targeting microbiota may be an effective method to control 
immune responses during colitis.

Adoptive transfer of microbiota or the use of microbial prep‑
aration are considered to be ideal strategies for the treatment 
of autoimmune disorders and cancer types (51,52). The present 
study found that miR‑602 may shape the gut microbiota balance, 

even under a co‑housing situation. Furthermore, the present 
results suggested that overexpression of miR‑602 exerted bene‑
ficial effects on IBD mice, indicating this miR‑602 may regulate 
the constitution and colonization of gut microbiota. Moreover, 
microbiota has been found to influence the development of 
different kinds of immune disorders, such as experimental 
autoimmune encephalomyelitis and cancer types (53,54). Thus, 
future studies could investigate the combination of microbiota 

Figure 6. miR‑602 targets TRAF6 signaling in IEC. (A) Expression level of TRAF6 in intestinal tissues from healthy mice and IBD mice. mRNA expression 
levels of TRAF6 and miR‑602 in (B) IEC‑6 and (C) Caco‑2 cells treated with Ad‑NC or Ad‑miR‑602. (D) Protein expression levels of TRAF6 in IEC‑6 and 
Caco‑2 cells treated with Ad‑NC or Ad‑miR‑602. (E) TRAF6 3'UTR Mut site of mouse and human. There are two binding sites in the TRAF6 3'UTR, both 
of the binding sites were mutated. WT and TRAF6 3'UTR Mut in (F) Mode‑K and (G) Caco‑2 cell lines treated with Ad‑NC or Ad‑miR‑602. The expression 
of TRAF6 was calculated by testing the luciferase activities. TRAF6, Tumor necrosis factor receptor‑associated factor 6; IBD, inflammatory bowel diseases; 
miR, microRNA; DSS, dextran sulfate sodium; Ad, adenovirus; NC, negative control; WT, wild‑type; Mut, mutant; 3'UTR, 3'untranslated regions. n=5‑6. 
#P<0.05 vs. Ad‑NC group.
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adoptive transfer and miR‑602 overexpression, which may be a 
potential therapeutic method for colitis.

Furthermore, the present study identified that miR‑602 
exerted its inflammatory effect via the inhibition of TRAF6 
expression. Previous studies have shown that TRAF6 plays 
a critical role in IBD (33). It has been shown that TRAF6 
neddylation drives inflammatory arthritis by increasing 
NF‑κB activation, which then activate the expression of 
various inflammatory cytokines including TNF‑α, IL‑6 and 
IL‑8 (45).

Collectively, the present results suggested that miR‑602 
may alleviate IBD in a microbiota‑dependent manner and 
that IECs play important roles in such processes. The present 
results provide further evidence on the regulation of the gut 
microbiota and facilitate the development of strategies for the 
treatment of IBD.
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