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Effects of miR-939 and miR-376A on ulcerative colitis using a decoy strategy 
to inhibit NF-κB and NFAT expression
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The aim of this study was to explore the effects of miR-939 and miR-376A on the pathogenesis of ulcerative
colitis (UC) by using a decoy strategy to regulate the expression of nuclear transcription factor kappa B (NF-
κB) and nuclear factor of activated T cells (NFAT). Such strategies represent a potential novel treatment for
UC. Quantitative polymerase chain reaction (qPCR) analysis was used to detect the differences between the
expression of miR-939, miR-376a, NF-κB, NFAT in the tissue samples from the resting and active stages of
UC and healthy controls, and analyzed the correlation. The electrophoretic mobility shift assay was used to val-
idate the ability of miRNAs to bind to NF-κB and NFAT. The expression of components of the intestinal barrier
in UC and changes in apoptosis-related factors were examined by Western blotting, qPCR, and immunofluo-
rescence. After a dextran sulfate sodium (DSS)-induced mouse model of UC was established, the morpholog-
ical changes in the colonic tissues of mice, the changes in serum inflammatory factors, and the changes in urine
protein or urine leukocytes, liver enzymes, and prothrombin time were measured to examine intestinal perme-
ability. The expression of miR-939 and miR-376a in human UC tissue was significantly lower than that in the
normal control tissue, and was negatively correlated with the expression of NF-κB and NFAT. miR-939 and
miR-376a decoy strategies resulted in a beneficial increase in the expression of claudins, occludins, and ZO-1
protein and inhibited apoptosis in intestinal epithelial cells. The disease activity index of the UC model group
was significantly higher than that of the normal control group. The expression of inflammatory factors in the
decoy group was higher than that in the UC model group. Therefore, from the experimental results, it can be
concluded that using miR-939 and miR-376a to trap NF-κB and NFAT inhibits the activation of transcription
factors NF-κB and NFAT, which in turn inhibits the expression of inflammatory factors and results in partial
recovery of the intestinal barrier in UC. The decoy strategy inhibited apoptosis in the target cells and had a ther-
apeutic effect in the mice model of UC. This study provides new ideas for the development of future clinical
therapies for UC.
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Introduction
Ulcerative colitis (UC) is the occurrence of chronic, non-spe-

cific inflammatory lesions mainly in the colorectal mucosa and
submucosa, and presents as intestinal mucosal hyperemia, erosion,
ulcers, and hyperplasia.1,2 Studies in developed Western Countries,
such as the United States, have revealed an annual incidence rate
of approximately 2-10 individuals per 10 million, and that the
number of cases reported in the past decade is 3.8 times higher
than that in the preceding decade. The incidence in China and
some Asian Countries is also increasing annually.3,4 Owing to the
complex etiology of UC and the coexistence of multiple pathogen-
esis, clinical treatment is often limited to only a single mechanism
treatment; consequently, the clinical efficacy is not obvious, the
disease is difficult to cure, and recurrence is often a problem.5,6

Transcription factors (TFs) control almost all cell differentia-
tion and organ formation, cell growth and apoptosis, and cell signal
transduction through the transcriptional regulation of gene expres-
sion.7,8 TFs include nuclear transcription factor kappa B (NF-κB)
and nuclear factor of activated T cells (NFAT). NF-κB, as a pivot
in the signal transduction pathway, plays a key regulatory role in
cytokine-induced gene expression, and participates in various bio-
logical processes, such as immune response, the inflammatory
response, apoptosis, and tumorigenesis.9-11

In recent years, decoy strategies have been widely studied and
applied to explore the function of TFs.12 A synthetic double-chain
oligodeoxynucleotide (ODN) fragment containing the binding site
sequence of a transcription factor can compete with the normal
binding site of the transcription factor and block the activity of the
transcription factor. In recent years, there have been many reports
on the use of decoy strategies to study TFs, including NF-κB, Sp1,
and NFAT.13,14

MicroRNAs (miRNAs) have been reported to produce the
post-transcriptional inhibition of gene expression.15 Moreover,
decoy ODN and miRNA have a similar double-stranded structure,
and some researchers have proposed that miRNA may act as an
endogenous decoy molecule that causes the transcriptional regula-
tion of gene expression.16 It has been demonstrated that miR-939
and miR-376a bind to the TFs NF-κB and NFAT, and that Bcl-XL
and FasL/miR-26, as the transcriptional targets of NF-κB and
NFAT, can be regulated by miR-939 and miR-376a. Therefore, this
scholar proved that these miRNAs can indeed act as decoy
molecules to regulate the transcriptional activity of TFs.16 NF-κB
and NFAT can regulate the proliferation and differentiation of T
cells and participate in the immune regulation of the intestinal
inflammatory system.17,18 Therefore, the inhibition of NF-κB and
NFAT transcriptional activity is important for the treatment of col-
itis. To achieve this, miR-939 and miR-376a were selected as
endogenous decoy molecules for NF-κB and NFAT.

In this study, we hypothesized that miR-939 and miR-376A
could regulate the expression of NF-κB and NFAT through a decoy
strategy to regulate the pathogenesis of UC. miR-939 and miR-
376a decoy ODNs were designed, transfected into intestinal
epithelial cells in conjunction with NF-κB and NFAT, and the
expression of TFs, inflammatory factors, and apoptosis-related
proteins was detected. A DSS-induced mouse model of UC was
established to analyze the effects of miR-939 and miR-376a on the
pathogenesis of UC. This study not only supplements the theoreti-
cal exploration of the mechanism of UC pathogenesis, but also
provides new ideas for the development of future clinical therapies
for UC.

Materials and Methods

Cell culture
Clinical samples were collected from patients with UC

referred to the Zhujiang Hospital, Southern Medical University,
Guangzhou (China): the diagnosis of UC complied with the 2004
American Gastroenterological Association adult UC practice
guideline19 and the 2010 consensus opinion on the diagnosis and
treatment of inflammatory bowel disease in China.20 The obtained
colon tissue was placed in a sterile petri dish and washed several
times with phosphate-buffered saline (PBS) solution. The tissue
was cut into pieces, put into a centrifuge tube, and PBS solution
was added for repeated blowing and washing. The mixed digestion
liquid was added to the tissue and it was placed in a 37°C water
bath and left to shake for 30 min. After standing for 1 min, the
supernatant was transferred to another centrifuge tube. The culture
solution was added and the digestion steps were repeated 2 or 3
times. The supernatant was collected and centrifuged at 1000 r/min
for 5 min. The supernatant was added to the culture medium,
blown, mixed, and centrifuged. After the centrifugation step was
repeated 5-6 times, the precipitates were directly cultured in RPMI
1640 medium containing 20% fetal bovine serum, and then cul-
tured in an incubator at 37°C containing 5% CO2. Another section
of the colon tissue was placed in liquid paraffin, cooled, embed-
ded, and refrigerated until use. For analysis, the embedded tissue
was removed from the refrigerator and sliced.

In situ hybridization
Pepsin hydrochloric acid mixture (0.8%) was added to the

slides, which were then digested at 37°C in a water bath for 10
min, washed three times with TBS, dehydrated in a gradient
ethanol series, and dried at 20°C. The fluorescence probes were
added to the slices, covered by a coverslip, denatured at 98°C for
10 min, annealed in an ice bath, hybridized at 37°C in a water bath
for 60 min, washed three times with TBS, and alkaline phos-
phatase-labeled digoxin antibody was added (Bersinbio,
Guangzhou, China). After the slides were left to stand at room tem-
perature for 30 min, they were washed twice with a special wash-
ing solution, BCIP/NBT was added for color development, and the
slides were left to stand in the dark. After the color development
was terminated, 0.3% nuclear Fast Red was used to stain the
epithelial cell lining, dehydrated, and sealed with a transparent
seal. In situ hybridization was used to analyze the expression of
miR-939, miR-376, NF-κB, and NFAT in patient samples and
healthy controls, and to determine potential correlations.

Synthesis of ODN and selection of target sequences
The mutants of miR-376 and miR-939, antisense oligonucleotide

inhibitors against miR-939 and miR-376, were synthesized. NF-κB and
NFAT promoter-luciferase fusion plasmids were established. To pre-
pare decoy ODN, the NF-κB decoy ODN and NFAT decoy ODN were
designed based on the NF-κB element or NFAT element of c-myc gene
promoter region, respectively. The sequences used for the NF-κB
decoy ODN were: 5’-GAGUGGGACTTTCCCAGCGTG-3’ (sense),
5’-CTCGCTGGGAAAGTCCCACTC-3’ (antisense), and the
sequences used for the NFAT decoy ODN were: 5’-CGCCCAAA-
GAGGAAAATTTGTTTCATA-3’ (sense), 5’-TATGAAA-
CAAATTTCCTCTTTGGGCG-3’ (antisense). As stated in the litera-
ture, TNF-a is a proinflammatory cytokine, and the stimulation of
HT29 cells with TNF-a can be used to simulate an in vitro cell model
of UC.21 NF-κB decoy and NFAT decoy ODNs were transfected into
model cells using the Lipofectamine 2000. After 48 h, the luciferase
activity was measured to analyze the transfection efficiency.
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Electrophoretic mobility shift assay
The cultured cells were lysed, placed in an ice bath for 30 min,

and the nuclear proteins were extracted by centrifugation. The
EMSA/Gel-Shift kit (Beyotime, Shanghai, China) was used to
configure the oligonucleotide probe reaction system for the target
genes. The antibody was mixed with nuclear protein extract and
left to stand at 37°C for 2 h. After binding buffer was added, the
tubes were incubated at 37°C for 10 min. Finally, labeled probe
was added to each tube, and the tubes were incubated for 20 min.
The proteins were resolved by gel electrophoresis.

ELISA
The abovementioned model cells were seeded in 100-mm cul-

ture plates and left to adhere. The complete growth medium was
then removed and the cells were washed three times with PBS.
Subsequently, 10 mL of fresh serum-free basal medium was added
and the cells were incubated at 37°C in 5% CO2 for 3 days. The
medium was collected and centrifuged at 3,000 rpm for 15 min and
4°C. The culture supernatant was collected, and the secretion of
IL-8, IL1b, IL2, G-CSF, GM-CSF, and MIP-2α was detected using
ELISA kits (R&D Systems Europe, Abingdon, UK) in accordance
with the manufacturer’s protocol. The effects of different treat-
ments on UC cell inflammatory factors were detected. The
absorbance at 450 nm was detected using a microplate reader
(Synergy H1 M; Biotek, Winooski, VT, USA). At least three sepa-
rate culture plats were assayed for each clone.

Western blotting assay
The cells in each group were collected and the lysate was

added to extract the total protein. The proteins were isolated by gel
electrophoresis, transferred to a cellulose membrane, and sealed
with blocking solution for 2 h. The primary antibody solution
(Abcam, Cambridge, UK) was added and incubated at 4°C
overnight. TBST solution was added the membranes were washed
three times. Then, HRP-conjugated secondary antibody (Abcam,
1:2000 dilution) was added and incubated at room temperature for
30 min. After three washes in TBST solution, the chromogenic
ECL agent was added. After 1 min, a chemiluminescence imaging
system was used to detect the exposure of the target band. The pri-
mary antibodies and dilutions used in the experiment were: anti-
TNF-α (1:1000), anti-TLR4 (1:2000), anti-claudin (1:1000), anti-
occludin (1:1000), anti-ZO-1 (1:1000), anti-XIAP antibody
(1:5000), anti-cIAP (1:1000), anti-Bax (1:500), and anti-caspase-3
(1:1000).

RT-PCR
The cells were inoculated into 96-well plates, and Trizol was

added into each well to extract the total RNA. MMLV was used to
reverse-transcribe cDNA and the concentration of DNA was
detected. The primers for miR-939 and miR-376a were constructed
using cDNA as template, and a TaqMan probe set for Muc5ac
(Mm01276718-m1; Applied Biosystems, Foster City, CA, USA),
and real-time PCR Master Mix (Toyobo Biotech, Osaka, Japan)
with a Prism 7900HT Real-Time PCR System (Applied
Biosystems) were used to detect the target genes. GAPDH was
used as an internal reference. The mRNA expression of miR-939
and miR-376a was detected by RT-PCR. The PCR cycle conditions
were: 94°C for 60 s, 37°C for 60 s, and 72°C for 2 min, and 28
cycles were used.

Immunohistochemical studies 
Immunohistochemical staining was performed using the

immunoperoxidase avidin-biotin complex method (Vectastain
Elite ABC kit). Immune complexes were stained using 0.05% 3,3’-
diaminobenzidine, and the slides were counterstained with hema-

toxylin. Paraffin sections were stained with rabbit anti-NF-κB anti-
body (1:500; Bioworld Technology, St Louis Park, MN, USA) and
incubated overnight at 4°C, while the negative control group was
cultured with the same dose of PBS solution. On the second day,
slice with rabbit anti-NFAT antibody (1:500, Affinity) and react at
room temperature for 30 min. All antibodies were diluted with PBS
solution. These results were combined with pathological data to
analyze the correlation between miR-939 and NF-κB, and miR-
376 and NFAT.

Cytometry
Flow cytometry was used to detect the transfected model cells.

Transfected cells were collected, washed and resuspended with
1×binding buffer. FITC-Annexin V solution and PI solution were
added into cell suspension and stained at room temperature for 15
min under dark conditions. Flow cytometry (Beckman Coulter,
Jangsu, China) was used to detect the early apoptosis and late
apoptosis rate of stained cells.

Animal experiment
The mice used in this experiment were obtained from Wuhan

Biofavor Biotechnology Service Co., Ltd. The experiments were
approved by the Ethics Committee of Zhujiang Hospital of
Southern Medical University. Twenty-four SD rats were randomly
divided into the normal control group (6 rats) and the UC model
group (18 rats). DSS was dissolved in distilled water to prepare a
5% DSS (w/w) solution, which was supplied freely to the rats as
drinking water. The UC model (18 rats) was randomly divided into
the transfection artificial decoy group (6 rats), the miRNA-decoy
ODN group (6 rats), and the normal saline group. The artificial
decoy (NF-κB, NFAT) and miRNA-decoy (−939, −376A) ODNs
were injected into the colon, successively. The method of adminis-
tration, time, dose, and frequency used in this study were deter-
mined from previous studies.11 At 6 h after successful transfection,
fluorescein isothiocyanate16 was used to detect the permeability of
the intestinal tract in vivo. The white blood cell (WBC) count, pro-
thrombin time, blood urea nitrogen (BUN), creatinine (CREA),
glutamic (GLU), alanine transaminase (ALT), and aspartate
transaminase (AST) concentrations were measured at 12 and 24 h
after transfection, and changes in indicators, such as urine protein
or urine leukocytes, were analyzed at 24 h after transfection. At 24,
48, and 72 h after transfection, the left colon of each rat was taken
for gross observation and hematoxylin and eosin (HE) staining to
observe the morphological changes of colon tissue, and immuno-
histochemical staining was used to observe the expression of NF-
kBp65 in colonic mucosal cells. Primary abdominal intestinal
epithelial cells were isolated, and the expression of apoptosis-relat-
ed proteins (cIAP, XIAP, Bax, caspase-3, and claudin) was detect-
ed.

Statistical analysis
All statistical analyses were calculated using SPSS software

(version 20.0 J, SPSS Inc., Chicago, IL, USA), with p-values
<0.05 considered statistically significant. Count data were com-
pared using the χ2-test, whereas continuous variables, which were
reported as the mean ± standard deviation were compared using
Student’s t-test. All experiments were repeated three times.

Results

Expression of miR-939 and miR-376A in patients with UC
The expression of miR-939 and miR-376A in tissues from
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patients with UC was significantly lower than that in normal
human tissues (Figure 1A). The results of WB detection showed
that the expression of NF-κB and NFAT in UC tissues was signif-
icantly higher than that in normal human tissues (Figure 1B). The
expression of miR-939, miR-376A, NF-κB, and NFAT were nega-
tively correlated in patients with UC and healthy controls.

The use of miR-939 and miR-376A to trap NF-κB and
NFAT and analysis of their influence on the expression
of inflammatory factors

NF-κB decoy ODNs and NFAT decoy ODNs were transfected
into TNF-α-stimulated HT29 cells. After 48 h, compared with the
control group, the miR-939 antisense oligonucleotide inhibitor
group, and the miR-376 antisense oligonucleotide inhibitor group,
the luciferase activity of the NF-κB decoy ODN group and the
NFAT decoy ODN group was significantly reduced (Figure 2A);
the secretion of IL-8, IL1b, IL2, G-CSF, GM-CSF, and MIP-2α
was significantly decreased; and the secretion of TNF-a and TLR4
was statistically significantly decreased (Figure 2 B,C) (p<0.05).
However, when comparing the miR-939 and miR-376 groups with
the NF-κB decoy ODN group and NFAT decoy ODN group, no
significant differences were found (p>0.05).

Effects of miR-939 and miR-376A decoy strategies on
the intestinal barrier tight junction and permeability
restoration in UC

miR-939, miR-376A, and decoy ODNs were transfected into
the intestinal epithelial cells. Immunofluorescence staining of the
intestinal epithelial tight junction proteins claudins, occludins, and
ZO-1 was performed. Laser confocal microscopy imaging found
that the distribution of claudins, occludins, and ZO-1 was not sig-
nificantly altered in the miR-939 group and the decoy ODN group,
but that it was significantly different in the miR-939 antisense
oligonucleotide inhibitor group. There was no significant differ-

ence in the distribution of claudins, occludins, and ZO-1 in the
miR-939 group and the decoy ODN group, but that it was signifi-
cantly different in the miR-376a antisense oligonucleotide
inhibitor group (Figure 3A).

The Western blotting analysis showed that the expression lev-
els of claudins, occludins, and ZO-1 in the miR-939 and decoy
ODN groups were significantly higher than those in the miR-939
antisense oligonucleotide inhibitor group and the control group,
and that the decoy strategy resulted in the restoration of claudins,
occludins, and ZO-1 protein levels (Figure 3B).

The RT-PCR analysis showed that the mRNA expression of
claudins, occludins, and ZO-1 in the miR-939 and decoy ODN
groups was significantly higher than those in the miR-939 anti-
sense oligonucleotide inhibitor group and the control group, and
the decoy strategy was beneficial for recovery of the mRNA
expression claudins, occludins, and ZO-1 mRNA (Figure 3C).

Inhibitory effect of trap strategy on intestinal epithelial
cell apoptosis

miR-939 and miR-376A and decoy ODNs were transfected
into intestinal epithelial cells. The Western blotting analysis
showed that the expression levels of cIAP and XIAP proteins in the
miR-939 group and the decoy ODN group were lower than those
in the miR-939 antisense oligonucleotide inhibitor group. The anti-
sense oligonucleotide inhibitor group and control group were sig-
nificantly increased. The levels of Bax and Caspase-3 proteins in
the miR-939 group and decoy ODN group were higher than those
in the miR-939 antisense oligonucleotide inhibitor group. The lev-
els were significantly reduced in the antisense oligonucleotide
inhibitor group and the control group, and the decoy strategy
resulted in the inhibition of apoptosis in intestinal epithelial cells
(Figure 4 A,B). Flow cytometry was used to analyze the transfect-
ed model cells. The proportion of apoptotic cells was significantly
lower in the miR-939 and decoy ODN groups than in the miR-939

Figure 1. Expression of miR-939, miR-376a, NF-κB, and NFAT in UC patients. A) The expression of miR-939 and miR-376a in UC
patient tissues and normal human tissues. B) The expressions of NF-κB and NFAT in UC patient tissues and normal human tissues.
Compared with normal group; *p<0.05.
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antisense oligonucleotide inhibitor group and control group
(Figure 4C). Thus, the trap strategy inhibited apoptosis of intestinal
epithelial cells.

Therapeutic effects and side effects of trapping strate-
gies in a mouse model of UC

SD rats were randomly divided into the normal control group
(6 rats) and the UC model group (18 rats). The disease activity
index of the UC model group was statistically significantly higher
than that of normal control group (p<0.05).

At 6 h after successful transfection, the permeability of the liv-
ing intestinal cells was detected. The intestinal permeability of the
artificial decoy group and the transfected miRNA-decoy ODN
group was significantly lower than that of the UC model group
(Figure 5A).

At 24 h after transfection, compared with the UC model group,

the WBC count, BUN, Glu, ALT, AST, and 24 h urinary protein
content in serum were lower in the artificial mutagenation group
and miRNA-mutagenated ODN group, whereas the APTT, PT, and
CRAE contents were higher. The same results were found after
transfection for 48 h.

At 24, 48, and 72 h after transfection, the staining intensity of
NF-kB p65 in colonic mucosal cells was significantly higher in the
artificial decoy group and the transfected miRNA-decoy ODN
group than in the UC model group (Figure 5 B,C). The expression
levels of apoptosis-related protein Bax and Caspase 3 in the
miRNA-decoy ODN group and normal control group were signif-
icantly lower than those in the UC group. The expression levels of
cIAP, XIAP and claudins in the artificial decoy group and the
transfected miRNA-decoy ODN histones were statistically signif-
icantly higher than those in the normal control group (p<0.05)
(Figure 5D).
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Figure 2. MiR-939 and miR-376a were used to trap NF-κB and NFAT: analyze of their influence on the expression of inflammatory fac-
tors. A) The effects of NF-κB decoy ODNs and NFAT decoy ODNs transfection on luciferase activity in different treatment groups were
detected by luciferase reporter gene assay. B,C) The expression of TNF-α and TLR4 was detected by Western blotting. Compared with
control group, miR-939 antisense oligonucleotide inhibitor group, and miR-376 antisense oligonucleotide inhibitor group; *p<0.05.
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Discussion
Impaired intestinal mucosal barrier function is a key element

of the occurrence and development of UC.22 The intestinal mucosal
barrier consists of the tight junction protein claudin between adja-
cent epithelial cells. Previous studies23,24 found that the expression
of claudin-1, -3, -4, -5 is downregulated in the acute phase of UC.

Therefore, changes in the distribution structure of claudin protein
directly affect its closely linked structure and function, and the
detection of claudin can be used to observe changes in the function
of cells in UC. Intestinal epithelial cell apoptosis is an important
manifestation of the occurrence and development of UC. Some
studies have shown that certain inflammatory cytokines can pre-
vent apoptosis in intestinal epithelial cells during the treatment of
UC.25 Therefore, reversing the process of apoptosis through vari-
ous pathways is essential for the treatment of UC. It is generally

Figure 3. Analysis of the decoy strategy's effect on the tight connection and permeability restoration of intestinal barrier in UC. A) The
distribution of claudins, occludins, and ZO-1 in cells was detected by immunofluorescence. B) The protein expression levels of claudins,
occludins, and ZO-1 were detected by Western blot. C) The mRNA expression levels of claudins, occludins, and ZO-1 was detected by
RT-PCR. Compared with control group, and miR-939 antisense oligonucleotide inhibitor group, *p<0.05; compared with control
group, and miR-376a antisense oligonucleotide inhibitor group, #p<0.05.
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believed that the pathogenesis of UC is closely related to autoim-
mune damage and inflammatory infection. There is sufficient evi-
dence26 that in patients with UC, bacteria can activate the related
transcription genes to promote the production of regulatory
cytokines, such as TNF-a and CD8-T, by immune-active Th1 and
2 cells.27

The results of this study showed that the expression of miR-
939 and miR-376A in tissues from patients with UC was signifi-
cantly lower than that in healthy human tissues. There was a neg-

ative correlation of the expression of miR-939, miR-376a, NF-κB,
and NFAT between healthy subjects and patients with UC. After
transfection of the UC model cells for 48 h, the luciferase activity
of the NF-κB bait ODN group and the NFAT bait ODN group was
significantly lower than that in the other groups, and the expression
of related inflammatory factors was significantly lower. Binding
sites have been identified between miR-939 and NF-κB, and miR-
376a and NFAT, which demonstrated that miR-939 and miR-376a
were potential decoy molecules that could regulate the expression

[page 319]

Figure 4. The inhibitory effect of trap strategy on intestinal epithelial cell apoptosis. A,B) The protein expression levels of cIAP, XIAP,
Bax, and Caspase-3 was detected by Western blot. C) The transfected model cells were analyzed by flow cytometry; the dual parameter
scatterplots is divided into four quadrants; the number of scatters in the lower right quadrant represents the number of apoptotic cells.
Compared with control group, and miR-939 antisense oligonucleotide inhibitor group, *p<0.05; compared with control group, and
miR-376a antisense oligonucleotide inhibitor group, #p<0.05.
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Figure 5. Therapeutic effects and side effects of decoy strategies on UC model mice. A) The permeability of intestinal cells was detected
after transfection with different decoy molecules; the higher the detected fluorescence intensity, the higher the permeability of intestinal
cells. B) At 24, 48 and 72 h after transfection, HE staining was used to observe the morphological changes of the colon tissues. C) At
24, 48 and 72 h after transfection, the expression of NF-κBp65 in colonic mucosal cells was observed by immunohistochemical staining.
D) The protein expression levels of cIAP, XIAP, Bax, Caspase-3 and Claudin was detected at different transfection times by Western blot-
ting. Compared with UC model group, *p<0.05.
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of NF-κB and NFAT. The results of this study indicate that miR-
939 and miR-376a act to trap NF-κB and NFAT, which inhibits the
activation of the TFs NF-κB and NFAT, and subsequently inhibits
the secretion of related inflammatory factors, playing an important
role in the pathogenesis of UC.

Further study showed that compared with the controls, the
tight junction proteins (Claudins, Occludins, and ZO-1) in the
miR-939 group and ODN induced group was significantly
increased, whereas the proportion of apoptosis was significantly
decreased. miR-939 and miR-376a inhibited the activities of NF-
κB and NFAT, and were beneficial to the inhibition of intestinal
epithelial cell apoptosis, intestinal mucosal barrier, and repair and
integrity in UC, and exerted an inhibitory effect on the pathogene-
sis and progression of UC. It has been reported that the inhibition
of NF-κB and NFAT activity contributes to the improvement of
inflammatory response, affecting the function of the intestinal
mucosal immune system, and has therapeutic effects on inflamma-
tory bowel disease.28,29 The results of this study are consistent with
previous studies.

Likewise, our animal experiments found that the disease activ-
ity index of the UC model group was significantly higher than that
of the normal control group. The intestinal permeability in the arti-
ficially induced group and the miRNA-decoy ODN-transfected
group was significantly lower than that in the UC model group,
and the protein expression was significantly higher than that in the
normal control group. The results of this study indicated that miR-
939 and miR-376a could trap NF-κB and NFAT, and that the
expression of miR-939 and miR-376a inhibited the activation of
TFs NF-κB and NFAT, which had a therapeutic effect in the mouse
model of UC.

In summary, the expression of miR-939 and miR-376A is
reduced in tissues from patients with UC. The use of miR-939 and
miR-376A to trap NF-κB and NFAT inhibits the activation of the
TFs NF-κB and NFAT, and the expression of related inflammatory
factors has a restorative effect on the intestinal barrier in UC. The
decoy strategy inhibits apoptosis of the target cells and has a ther-
apeutic effect in the mouse model of UC. This provides a new
direction for the future development of clinical therapies for UC.
However, this study still has some limitations. Under the decoy
mechanism of miRNA, the research on the mice that established
UC model is not in-depth enough. The feeding, mortality and time
of death of mice cultured under different induction conditions can
be counted, these statistical results can further assist to explain the
therapeutic effect of the decoy mechanism on mice with UC. This
research needs to be further studied.
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