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Upregulation of microRNA-219-5p relieves ulcerative
colitis through balancing the differentiation of Treg/

Th17 cells

Xinhua Li, Lijuan Sun, Li Chen, Yonghong Xu and Xinjuan Kong

downregulating RORrt and STATS in UC mice (P < 0.05).

Conclusion: The upregulation of miR-219-5p relieved the colonic damage and inflammation of UC through balancing the
differentiation of Treg/Th17 cells. Eur J Gastroenterol Hepatol 32: 813-820
Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

Objective: This study aimed to investigate the specific regulatory roles of microBNA-219-5p (miR-219-5p) on ulcerative \
colitis (UC), and reveal the potential mechanisms relating with the differentiation of Treg/Th17 cells.

Methods: The mouse model of chronic UC was established by oral administration of 3% dextran sodium sulfate for three
cycles. After intravenous injected with lentivirus (LV)-miR-219-5p for 24 h, the disease activity index (DAI), colon length, as well
as the serum levels of Interleukin (IL)-6, -17A, -21, and -23 were measured. In addition, the histopathological changes in colon
tissues were observed by Hematoxylin-eosin staining. The differentiation of Treg/Th17 cells was detected by Flow cytometry,
and the expression of retinoic acid-related orphan receptor (RORrt), signal transducer and activator of transcription 3 (STAT3),
and forkhead box p3 (Foxp3) were detected by quantitative real-time PCR and Western blot.

Results: MiR-219-5p was downregulated in colonic mucosal tissues of UC mice (P < 0.05). UC mice injected with LV-miR-
219-5p exhibited significantly relieved histopathological changes of colon tissues, increased colon length, decreased

DA, as well as decreased serum levels of IL-6, -17A, -21, and -23 (P < 0.05). In addition, the injection of LV-miR-219-5p
significantly increased the percentage of Treg cells via upregulating Foxp3, and decreased the percentage of Th17 cells via

Introduction

Ulcerative colitis (UC) is an inflammatory bowel dis-
ease that characterized by inflammation and ulcers of
the colon [1]. The overall incidence of UC is about 1.2—
20.3/100 000 each year in the world, with a prevalence of
7.6-245/100 000 each year [2]. UC patients are usually
accompanied with the intestinal symptoms of bloody diar-
rhea and abdominal pain, as well as high risk of colorectal
cancer [3]. In clinic practice, the treatment of UC mainly
includes the stepwise application of mesalazine, corticos-
teroids, and immunomodulators or surgery [4]. In addi-
tion, tumor necrosis factor o (TNF-a) antagonists, such
as adalimumab, etanercept, and infliximab emerge as
effective therapeutic agents for UC [5,6]. However, the
long-term application of TNF-a antagonists may lead to
severe infection, autoimmune diseases, and malignancy
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[7]. Therefore, novel therapeutic strategy for UC with high
efficiency and safety is urgently needed.

MicroRNAs (miRs) is a type of short, non-coding
RNAs that play important roles in the pathogenesis of UC
[8]. Previous studies have been proved that some miRs are
upregulated in UC, such as miR-16, -21, -23a, -24, -29a,
-155,-126,-195,-203,-206,and -214, and some are down-
regulated in UC, such as miR-124, -192, -320, -375, and
-422b [9-11]. Since UC is a severe inflammatory process,
these miRs exert diverse regulatory roles in the inflamma-
tory process of UC. For example, miR-206 promotes the
inflammatory process by downregulating adenosine A3
receptor and activating nuclear factor-kappa B signaling,
thereby enhancing the severity of dextran sodium sulfate
(DSS)-induced UC [12]. The downregulation of miR-124
promotes the inflammation of UC by activating signal
transducer and activator of transcription 3 (STAT3) [13],
while the downregulation of miR-214 inhibits the inflam-
mation of UC by increasing levels phosphatase and tensin
homolog and PDZ and LIM domain 2 [14]. MiR-219-5p
is known as a tumor suppressor that also involved in the
regulation of inflammation. A previous study has proved
that miR-219-5p relieves spinal cord injury (SCI) by inhib-
iting neurogenic differentiation 2-regulated inflammation
[15]. However, researches on the specific regulatory roles
of miR-219-5p on UC are greatly limited.

The abnormal intestinal inflammatory response of UC
is closely associated with the imbalance of Treg/Th17 cell
differentiation [16]. The activation of Th17 cells and over-
production of cytokines directly contribute to the occur-
rence and development of UC [17]. Emerging researches
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have proved that diverse therapeutic agents against UC
are involved in the regulation of Treg/Th17 cell balance,
such as resveratrol [16], mesalazine [18], Norisoboldine
[19], and Heme oxygenase-1 [20]. In addition, the balance
of Treg/Th17 cell differentiation can also be regulated by
diverse miRs, such as miR-16 [21], 21 [22], -155 [23],
-141, -200a [24], and -384 [25]. However, the regulatory
roles of miR-219-5p on Treg/Th17 cell balance are still
unclear.

In this study, the mouse model of chronic UC was first
established. The specific regulatory effects of miR-219-5p
on the colonic damage and inflammation of UC were eval-
uated. In addition, the regulatory effects and mechanisms
of miR-219-5p on the differentiation of Treg/Th17 cells
were analyzed. Our findings may open up new insights
into the underlying mechanisms of inflammation in UC,
and provide a potential therapeutic target for UC.

Materials and methods

Establishment of mouse model of chronic ulcerative
colitis

A total of 40 BALB/c mice (male, 7 weeks, specific path-
ogen free grade) were purchased from the Beijing Vital
River Laboratory Animal Technology Co., Ltd. (Beijing,
China). All mice were fed in a specific pathogen-free
grade animal room with free access to water and food.
The mouse model of chronic UC was established by oral
administration of 3% DSD (dissolved in drinking water)
for three cycles. Each cycle consisted of 3% DSS for 5
days followed by drinking water (without DSS) for 14
days. The modeling lasted for 50 days. The disease activity
index (DAI) of UC was determined by weight loss, stool
consistency, and intestinal bleeding [26]. All animal assays
were approved by the local ethics committee.

Treatments

Lentivirus miR-219-5p negative control (LV-miR-NC)
and LV-miR-219-5p were purchased from Guangzhou
Ruibo Biotechnology Co., Ltd. (Guangzhou, China).
Mice (10 weeks) were randomly divided into four groups
(10 mice each group), including Control, normal mice;
UC, UC mice; UC + LV-miR-NC, UC mice intravenous
injected with 200 pl LV-miR-NC (5 x 107 TU/ml) through
vena caudalis; and UC + LV-miR-219-5p, UC mice intra-
venous injected with 200 pl LV-miR-219-5p (5 x 107 TU/
ml) through vena caudalis. After 24 h of treatment, mice
were anesthetized by intraperitoneal injection of 10%
chloral hydrate (300 mg/kg, bodyweight), and the blood
samples were collected from the abdominal aorta. All
mice showed no signs of peritonitis following adminis-
tration of 10% chloral hydrate. After blood collection,
mice were immediately sacrificed by cervical dislocation
followed by decapitation, and the colonic tissues were
collected.

Hematoxylin-eosin staining

The colonic tissues were fixed in 10% formaldehyde, dehy-
drated in graded ethanol, paraffin-embedded, and sliced.
Then the tissue sections were dewaxed in xylene, rehy-
drated in graded ethanol, and stained with Hematoxylin
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for 1 min and Eosin for 1 min. After dehydrated in graded
ethanol and vitrificated in dimethylbenzene, the tissue sec-
tions were observed under microscope (Olympus, Tokyo,

Japan).

ELISA

The serum levels of Interleukin (IL)-6, -17A, -21, and -23
were detected in mice by using ELISA kits (Boster, Wuhan,
China) in accordance with manufacturers’ instructions.
The optical density (OD) at 450 nm was measured by a
Microplate Reader (BIO-RAD, Hercules, California, USA).

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from blood samples by 25min of ficoll-hypaque
density gradient centrifugation at 2000 rpm/min, and then
resuspended in Roswell Park Memorial Institute-1640
medium containing 10% fetal bovine serum. PBMCs
were treated with 25 ng/ml phorbol myristate acetate
combined with 1 pg/ml ionomycin for 4 h, and monensin
for 2 h. For detection of Treg cell differentiation, PBMCs
were incubated with allophycocyanin (APC)-conjugated
anti-CD25 (1:1000; Bioss, Beijing, China) for 30min,
and phycoerythrin (PE)-conjugated anti-forkhead box p3
(Foxp3) (1:1000; Bioss) for 20 min at 4°C in darkness. For
detection of Th17 cell differentiation, PBMCs were incu-
bated with APC-conjugated anti-CD4 (1:1000; Bioss) for
30min, and PE-conjugated anti-IL-17A (1:1000; Bioss)
for 20 min at 4°C in darkness. Cells were finally analyzed
on a Flow cytometry (BD, San Jose, California, USA).

Quantitative real-time PCR

Total RNA was extracted from colonic mucosal tissues
using TRIzol-A (Thermo Fisher Scientific, Waltham,
Massachusetts, USA), and reverse-transcribed into cDNA
using a cDNA Reverse Transcription Kit (Thermo Fisher
Scientific) in accordance with manufacturers’ instructions.
Quantitative real-time PCR (qRT-PCR) was performed
on ABI 7500 (Applied Biosystems, Foster City, California,
USA) by using specific primers (Table 1). U6 and GAPDH
were used as internal controls. The PCR program included
95°C for 10 min, 40 cycles at 95°C for 10 s, 60°C for 20 s,
and 72°C for 34 s. The relative expression of target genes
was calculated according to the 222 method [27].

Western blot

Colonic mucosal tissues were lysed in RIPA Lysis buffer
(Beyotime, Shanghai, China). Total proteins were sepa-
rated by 10% SDS-polyacrylamide gel electrophoresis,
and transferred to polyvinylidenefluoride membrane. The
membrane was blocked with 5% skim milk in Tris-buffered
saline Tween (TBST) for 2 h, and incubated with spe-
cific primary antibodies (rabbit anti-mouse; anti-RORyt,
#23109R; anti-STAT3, #1141R; anti-Foxp3, #10211R;
anti-GAPDH, #0755R; 1:1000; Bioss) overnight at 4°C.
Then the membrane was washed with TBST for three
times, and incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody (goat anti-rabbit, #1141R,
1:2000; Bioss) for 1 h at 25°C. The protein bands were
visualized using a HRP color development kit (Thermo
Fisher Scientific).
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Table 1. The sequences of specific primers used in quantitative real-time PCR

Sequences
Primers Forward Reverse
miR-219-5p 5-GGTGATTGTCCAAACGG-3’ 5-CAGTGCGTGTCGTGGA-3"
ue 5’-GCTTCGGCAGCACATATACTAAAAT-3 5-CGCTTCACGAATTTGCGTGTCAT-3"
Foxp3 5-TGAGCTGGCTGCAATTCTGG-3" 5’-ATCTAGCTGCTCTGCATGAGGTGA-3"
RORyt 5-GCTGCTGACCCCAGTATGAA-3 5-AAAACCCCTCCCTCCCTCT-3/
STAT3 5-TTTGAGACAGAGGTGTACCACCAAG-3” 5-ACCACAGGATTGATGCCCAAG-3’
GAPDH 5’-GGCACAGTCAAGGCTGAGAATG-3" 5-ATGGTGGTGAAGACGCCAGTA-3’

Foxp3, forkhead box p3; ROR, retinoic acid-related orphan receptor; STAT3, signal transducer and activator of transcription 3.
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Fig. 1. The expression of miR-219-5p in colonic mucosal tissues of
ulcerative colitis (UC) mice at the mRNA level. Control, normal mice; UC,
UC mice; UC + LV-miR-NC, mice injected with lentivirus-miR-219-5p-neg-
ative control; UC + LV-miR-219-5p, mice intravenous injected with
lentivirus-miR-219-5p. *P < 0.05 vs. Control; #P < 0.05 vs. UC and UC +
LV-miR-NC.

Statistical analyses

All data were expressed as mean = SD. Statistical analysis
was performed by SPSS version 18.0 (SPSS Inc., Chicago,
Illinois, USA). Comparison between different groups was
determined by LSD-#-test (two groups) or one-way analy-
sis of variance (more than two groups). A P-value of less
than 0.05 represented significantly different.

Results

MiR-219-5p was downregulated in colonic mucosal
tissues of ulcerative colitis mice

The expression of miR-219-5p was detected in colonic
mucosal tissues of UC mice. qRT-PCR showed that the
expression of miR-219-5p in colonic mucosal tissues was
significantly lower in UC mice than in the control (P <
0.05). The expression of miR-219-5p in colonic mucosal
tissues of UC mice was significantly increased by the injec-
tion of LV-miR-219-5p (P < 0.05), but was not signifi-
cantly influenced by the injection of LV-miR-NC (Fig. 1).

Upregulation of miR-219-5p relieved colonic damage in
ulcerative colitis mice

The histopathological changes of colon tissues in UC mice
were observed by hematoxylin-eosin staining. As shown in
Fig. 2a, obvious intestinal wall thickening, inflammatory
cell infiltration, indistinct mucosal and muscular layers, as
well as intestinal gland disappearance were observed in the
colon tissues of UC mice. These histopathological changes
in UC mice were significantly relieved by the injection of
LV-miR-219-5p (Fig. 2a). In addition, significantly shorter
colon length, and higher DAI were observed in UC mice
than in the control (P < 0.05). The injection of LV-miR-
219-5p significantly increased the colon length and
decreased the DAI in UC mice (P < 0.05) (Fig. 2b and c).

Upregulation of miR-219-5p inhibited the inflammatory
response of ulcerative colitis mice

The inflammatory response of UC mice was evaluated by
four proinflammatory cytokines. As shown in Fig. 3a—d,
UC mice exhibited significantly higher serum levels of
IL-6, -17A, -21, and -23 than the control (P < 0.05). The
serum levels of IL-6, -17A, -21, and -23 in UC mice were
significantly decreased by the injection of LV-miR-219-5p
(P < 0.05), but were not significantly influenced by the
injection of LV-miR-NC (Fig. 3a—d).

Upregulation of miR-219-5p balanced the differentiation
of Treg/Th17 cells

The differentiation of Treg/Th17 cells was detected by
Flow cytometry. As shown in Fig. 4a and b, significantly
lower percentage of Treg cells and higher percentage of
Th17 cells were observed in UC mice than in the control
(P < 0.05). The injection of LV-miR-219-5p significantly
increased the percentage of Treg cells and decreased the
percentage of Th17 cells in UC mice (P < 0.05). The dif-
ferentiation of Treg/Th17 cells in UC mice was not signif-
icantly influenced by the injection of LV-miR-NC (Fig. 4a
and b).

Upregulation of miR-219-5p downregulated retinoic
acid-related orphan receptor and signal transducer and
activator of transcription 3, and upregulated forkhead
box p3

In order to reveal the regulatory mechanisms of miR-
219-5p on the differentiation of Treg/Th17 cells, the
expression of three important transcription factors (TFs)
involved in Treg/Th17 cell balance was detected. As shown
in Fig. 5a—c, the expression of retinoic acid-related orphan
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Fig. 2. The colon tissue damage in ulcerative colitis (UC) mice. (a) Hematoxylin-eosin staining of colon tissues; (b) colon length; (c) disease activity index
(DAI). Control, normal mice; UC, UC mice; UC + LV-miR-NC, mice injected with lentivirus-miR-219-5p-negative control; UC + LV-miR-219-5p, mice injected
with lentivirus-miR-219-5p. *P < 0.05 vs. Control; #P < 0.05 vs. UC and UC + LV-miR-NC.

receptor (RORrt) and STAT3 was significantly higher, and
the expression of Foxp3 was significantly lower in colonic
mucosal tissues of UC mice than those of the control at
both the mRNA and protein level (P < 0.05). The injection
of LV-miR-219-5p significantly decreased the expression
of RORrt and STAT3 in colonic mucosal tissues of UC
mice (P < 0.05) (Fig. 5a and b). In addition, the downregu-
lated Foxp3 in UC mice was also reversed by the injection
of LV-miR-219-5p (P < 0.05) (Fig. 5c). The expression of
these above TFs in colonic mucosal tissues of UC mice was
not significantly influenced by the injection of LV-miR-NC
(Fig. Sa—c).

Discussion

UC is a severe chronic inflammatory disease of the colon
that associated with high risk of colorectal carcinoma
[28]. UC can be induced by diverse factors, such as genetic
susceptibility variation, inappropriate immunoresponse,
undetermined environmental factors, as well as intesti-
nal dysbiosis [16,29]. In this study, the mouse model of
chronic UC was established by oral administration of 3%
DSD for three cycles. Fifty days later, obvious histopatho-
logical changes on colon tissues were observed, including
intestinal wall thickening, inflammatory cell infiltration,
indistinct mucosal and muscular layers, and intestinal
gland disappearance. In addition, significantly decreased
colon length and increased DAI were observed in UC mice.
These phenomena indicate that the chronic UC model is
successfully induced in mice. Since the pathological char-
acteristics of chronic UC are well simulated in the mouse

Copyright © 2020 Wolters Kluwer Health, Inc.

model, the specific regulatory roles of miR-219-5p on UC
were further analyzed.

MiR-219-5p is known as a tumor suppressor that
downregulated in diverse tumors, including colorectal
cancer [30], glioblastoma [31], chordoma [32], and hepa-
tocellular carcinoma [33]. In this study, we found that the
expression of miR-219-5p was significantly decreased in
the colonic mucosal tissues of UC mice. This result is con-
sistent with previous studies on miR-124 [34], -192 [9],
-214-3p [35], and -4284 [36]. A previous study indicates
that miR-20b, -98, and -125b-1 are upregulated in UC
patients, and these miRs may serve as diagnostic biomark-
ers in UC [37]. Since miR-219-5p was significantly down-
regulated in UC, we suspect that miR-219-5p may also
be used as a potential biomarker for the diagnosis of UC.

In this study, miR-219-5p was upregulated in UC
mice by the injection of LV-miR-219-5p. The injection of
LV-miR-219-5p into UC mice significantly relieved the
histopathological changes of colon tissues, increased the
colon length, and decreased the DAL These results indicate
that the upregulation of miR-219-5p relieves the colonic
damage of UC mice. Previous studies have proved that
miRs are closely associated with the therapeutic effects of
UC-targeting agents. For example, herb-partitioned moxi-
bustion decreases the macroscopic colon injury scores and
microscopic histopathology scores of UC mice by upreg-
ulating miR-184 and downregulating miR-490-5p [38].
MiR-214 inhibitor suppresses the inflammatory response
in colonic explants from three UC patients, and reduces
the DAI in UC mice [14]. Nicotine and thiopurine protects
against UC via upregulating miR-124 and downregulating

Unauthorized reproduction of this article is prohibited.
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Fig. 3. The levels of proinflammatory cytokines in ulcerative colitis (UC) mice. (a) Interleukin (IL)-6; (b) IL-17A,; (c) IL-21; (d) IL-23. Control, normal mice; UC,
UC mice; UC + LV-miR-NC, mice injected with lentivirus-miR-219-5p-negative control; UC + LV-miR-219-5p, mice injected with lentivirus-miR-219-5p. *P

< 0.05 vs. Control; #P < 0.05 vs. UC and UC + LV-miR-NC.

miR-31, respectively [39,40]. The upregulation of miR-
219-5p may exert similar protective effects on UC with
the upregulation of miR-184 and -124, as well as the
downregulation of miR-490-5p, -214, and -31.

UC is an inflammatory disease that associated with the
overproduction of diverse pro-inflammatory cytokines,
including IL-1f, -6, -8, -17, -23, and TNF-o [41,42].
During acute flares of UC, there is a marked infiltration of
macrophages into the inflamed mucosa, manifested by an
increase in macrophage-derived inflammatory cytokines,
such as IL-1p, IL-6, and TNF-a [43]. In this study, we
found that the serum levels of IL-6, -17A, -21, and -23
were significantly increased in UC mice. These results
illustrate that the inflammatory response is enhanced in
UC mice. In addition, the injection of LV-miR-219-5p sig-
nificantly decreased the serum levels of IL-6, -17A, -21,
and -23 in UC mice. Our findings are just consistent with

a previous study that miR-219-5p mimics significantly
inhibits the levels of TNF-a, IL-1p, and IL-6 in SCI mice
[15]. We suspect that the upregulation of miR-219-5p may
relieve the colonic damage of UC through inhibiting the
inflammatory response.

The imbalance of Treg/Th17 cells plays a key regula-
tory role in the inflammatory response of UC [44]. In this
study, we found that the percentage of Treg cells was sig-
nificantly decreased, and the percentage of Th17 cells was
significantly increased in UC mice. Since Th17 cells can ini-
tiate and amplify inflammatory response through secreting
proinflammatory cytokines, the increased Th17 cells con-
tribute to the promotion of inflammatory response in UC.
In addition, we found that the injection of LV-miR-219-5p
significantly increased Treg cells, and decreased Th17 cells
in UC mice. These results indicate that the upregulation
of miR-219-5p promotes the recovery of Treg/Th17 cell
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Fig. 4. The differentiation of Treg/Th17 cells in ulcerative colitis (UC) mice. (a) The percentage of Treg cells; (b) the percentage of Th17 cells. Control,
normal mice; UC, UC mice; UC + LV-miR-NC, mice injected with lentivirus-miR-219-5p-negative control; UC + LV-miR-219-5p, mice injected with lentivi-
rus-miR-219-5p. *P < 0.05 vs. Control; #P < 0.05 vs. UC and UC + LV-miR-NC.

balance. The upregulation of miR-219-5p may exert con-
sistent functions on Treg/Th17 cell balance with some
UC-targeting agents, such as resveratrol [16], mesalazine
[18], norisoboldine [19], and heme oxygenase-1 [20].
Moreover, our further assays showed that the injection of
LV-miR-219-5p significantly downregulated RORrt and
STATS3, and upregulated Foxp3 in UC mice. Since RORyt
and STATS3 are positively associated with Th17 cell dif-
ferentiation, and Foxp3 is positively associated with Treg
cell differentiation, our findings further illustrate that the
upregulation of miR-219-5p contributes to the balance of
Treg/Th17 cell differentiation. We suspect that the upreg-
ulation of miR-219-5p may inhibit the inflammatory
response of UC through balancing the differentiation of
Treg/Th17 cells. There is a massive infiltration of neutro-
phil granulocytes into the affected mucosa during acute
flares of UC, which is manifested clinically by an increase
in stool neutrophil granulocytes. The initial inflamma-
tory cell influx consists predominantly of neutrophil

granulocytes, which in turn orchestrate the recruitment of
monocytes and the activation of lymphocytes required for
a mature inflammatory response [43]. We speculate that
the miR-219-5p-mediated imbalance of Treg/Th17 cells is
closely associated with neutrophil granulocytes. However,
the changes of neutrophil granulocytes in UC mice, as well
as the specific regulatory role of miR-219-5p on neutro-
phil granulocytes are not evaluated in this study. Further
research on this field is still needed.

In conclusion, miR-219-5p was downregulated in
colonic mucosal tissues of UC mice. The upregulation
of miR-219-5p balances the differentiation of Treg/
Th17 cells, inhibits the production of proinflammatory
cytokines, thereby relieving the colonic damage in UC
mice. The upregulation of miR-219-5p may be a promis-
ing therapeutic target for UC. However, this study is still
limited in mouse model. Further researches on the efficacy
and safety of downregulated miR-219-5p in the treatment
of UC are still needed.
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Fig. 5. The expression of three transcription factors (TFs) involved in the regulation of Treg/Th17 cell balance at both the mRNA and protein level. (a)
Retinoic acid-related orphan receptor (RORrt); (b) signal transducer and activator of transcription 3 (STAT3); (c) forkhead box p3 (Foxp3). Control, normal
mice; UC, UC mice; UC + LV-miR-NC, mice injected with lentivirus-miR-219-5p-negative control; UC + LV-miR-219-5p, mice injected with lentivi-

rus-miR-219-5p. *P < 0.05 vs. Control; #P < 0.05 vs. UC and UC + LV-miR-NC.
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