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Abstract. – OBJECTIVE: The aim of this study 
was to explore the regulatory mechanism of mi-
cro ribonucleic acid (miR)-223 in ulcerative coli-
tis (UC) through the phosphatidylinositol 3-ki-
nase (PI3K)/protein kinase B (Akt)-mammalian 
target of rapamycin (mTOR) signaling pathway. 

MATERIALS AND METHODS: A total of 36 
Sprague-Dawley (SD) rats were randomly divid-
ed into three groups, including normal group 
(n=12), model group (n=12) and inhibitor group 
(n=12). Rats in the normal group received no 
treatment. Rats in the model group were used 
to establish a UC model. Meanwhile, rats in the 
inhibitor group underwent intraperitoneal injec-
tion of inhibitor and establishment of the UC 
model. Subsequently, specimens were obtained 
for detection. Immunohistochemistry was ap-
plied to measure the expression of mTOR. West-
ern blotting was adopted to determine the rela-
tive protein expressions of P85, P110 and phos-
phorylated Akt (p-Akt). Quantitative polymerase 
chain reaction (qPCR) was used to detect the 
mRNA expression of miR-223. Terminal deoxy-
nucleotidyl transferase-mediated dUTP nick end 
labeling (TUNEL) was utilized to determine cell 
apoptosis. Furthermore, an enzyme-linked im-
munosorbent assay (ELISA) was conducted to 
measure the content of interleukin-1 beta (IL-1β) 
and IL-6. 

RESULTS: Immunohistochemistry showed 
that the positive expression of mTOR increased 
remarkably in the model group and inhibitor 
group when compared with that of the normal 
group (p<0.05). However, it decreased notably 
in the inhibitor group when compared with the 
model group (p<0.05). Western blotting indicat-
ed that the protein expressions of P85, P110 and 
p-Akt in model group and inhibitor group were 
significantly higher than the ones of the nor-
mal group (p<0.05). However, the inhibitor group 
showed markedly lower relative protein expres-
sions of P85, P110 and p-Akt than the ones of 
the model group (p<0.05). Compared with the 
normal group, the expression level of miR-223 
was significantly elevated in model group and 

inhibitor group (p<0.05). However, there was no 
significant difference in the mRNA expression 
of miR-233 between the model group and the in-
hibitor group (p>0.05). The apoptosis rate of the 
cells increased prominently in the model group 
and in the inhibitor group when compared with 
the normal group (p<0.05). However, it was re-
markably reduced in the inhibitor group than the 
model group (p<0.05). In comparison with the 
normal group, the content of IL-1β and IL-6 was 
significantly up-regulated in the model group 
and in the inhibitor group (p<0.05). However, 
it declined notably in the inhibitor group com-
pared with the model group (p<0.05). 

CONCLUSIONS: MiR-223 can trigger cell 
apoptosis and inflammation in UC by up-regu-
lating the PI3K/Akt-mTOR signaling pathway.
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Introduction

Ulcerative colitis (UC) is a kind of non-spe-
cific inflammatory disease, whose etiology still 
remains unclear1,2. Limited to colorectal mucosa 
and submucosa, UC lesions occur most frequent-
ly in young people aged 20-30 years old. There 
are various initial manifestations of UC. Bloody 
diarrhea is the most common type of early symp-
tom, followed by abdominal pain, hematochezia, 
weight loss, vomiting, etc. Compared with the 
above-mentioned symptoms, fever is not common 
in UC patients. It has been found that UC is man-
ifested as chronic in a majority of patients. Acute 
or fulminant UC only accounts for a minority of 
patients (about 15%). These patients manifested 
such symptoms as frequent blood-stained stool 
(up to 30 times/day), abdominal pain and high 

European Review for Medical and Pharmacological Sciences 2019; 23: 4865-4872

W. JIANG1, Y.-P. HAN1, M. HU2, X.-Q. BAO1, Y. YAN1, G. CHEN1

1Department of Gastroenterology, First Affiliated Hospital of Jiamusi University, Jiamusi, China
2Department of General Surgery, First Affiliated Hospital of Jiamusi University, Jiamusi, China

Wei Jiang and Yupeng Han contributed equally to this work

Corresponding Author: Gang Chen, MM; e-mail: dncc_321@163.com

A study on regulatory mechanism of 
miR-223 in ulcerative colitis through 
PI3K/Akt-mTOR signaling pathway



W. Jiang, Y.-P. Han, M. Hu, X.-Q. Bao, Y. Yan, G. Chen

4866

fever3,4. In general, UC is a chronic inflammato-
ry bowel disease characterized by indeterminate 
pathogenesis, long course, and recurrent attacks. 
Currently, there is no efficacious preventive drug 
for UC.

As an important cell signal transduction path-
way, phosphatidylinositol 3-kinase (PI3K)/pro-
tein kinase B (Akt)-mammalian target of rapa-
mycin (mTOR) signaling pathway plays a vital 
role in mediating numerous processes, including 
cell proliferation, apoptosis, necrosis and inflam-
mation. It is believed that the physiological and 
pathological outcomes induced by abnormal acti-
vation of the pathway exert critical impacts on the 
occurrence and development of diseases5,6. There-
fore, some scholars have proposed that the PI3K/
Akt-mTOR signaling pathway exerts important 
effects on the pathogenesis of UC. Micro-ribonu-
cleic acid (miR)-233 is an important member of 
the miRNA family. Previous studies have demon-
strated that miR-233 participates in the regulation 
of multiple signaling pathways. Meanwhile, it 
can activate many downstream physiological and 
pathological responses to achieve their functions. 
Eventually, miR-233 plays vital roles in a variety 
of cellular responses, such as cell proliferation, 
differentiation, apoptosis and necrosis7.

The aim of this study was to further investi-
gate whether the regulatory mechanism of miR-
233 in the pathogenesis of UC was achieved by 
the mediation of the PI3K/Akt-mTOR signaling 
pathway.

Materials and Methods

Laboratory Animals
A total of 36 SPF Sprague-Dawley (SD) rats 

(aged 1-month-old) were purchased from Shang-
hai SLAC Laboratory Animal Co., Ltd. [license 
number: SCXK (Shanghai, China) 2014-0003]. 
All rats were fed in the Laboratory Animal Cen-
ter under the conditions of 12/12 h light/dark cy-
cle, conventional room temperature and humidi-
ty. Meanwhile, all rats were given free access to 
normal diet and sterile filtered water every day. 
This study was approved by the Animal Ethics 
Committee of Jiamusi University Animal Center.

Experimental Reagents and Instruments
Inhibitors: LY294002 primary antibodies: an-

ti-PI3K P110 antibody, anti-PI3K P85 antibody, 
anti-phosphorylated Akt (p-Akt) antibody, an-
ti-mTOR antibody, secondary antibodies (Ab-

cam, Cambridge, MA, USA), immunohisto-
chemistry kit (Abcam, Cambridge, MA, USA), 
terminal deoxynucleotidyl transferase (TdT)-me-
diated dUTP nick end labeling (TUNEL) apop-
tosis kit (Sigma-Aldrich, St. Louis, MO, USA), 
enzyme-linked immunosorbent assay (ELISA, 
DB Biotech, Košice, Slovakia) kit, AceQ quanti-
tative polymerase chain reaction (qPCR) SYBR 
Green Master Mix kit (Vazyme, Nanjing, China), 
HiScript II Q RT SuperMix for qPCR (+ gD-
NA wiper) kit (Vazyme, Nanjing, China), light 
microscope (Leica DMI 4000B/DFC425C, Mu-
nich, Germany), (Thermo Fisher, Waltham, MA, 
USA), fluorescence qPCR instrument (ABI 7500, 
Foster City, CA, USA).

Animal Grouping
All SD rats were divided into three groups, in-

cluding normal group (n=12), model group (n=12) 
and inhibitor group (n=12) using a random num-
ber table. The rats were fed adaptively in the 
Laboratory Animal Center for 7 d for subsequent 
experiments.

Rats in the normal group were fed normally 
without any treatment. Rats in the model group 
were used to establish the UC model and killed 
after successful modeling. Meanwhile, rats in the 
inhibitor group were first injected intraperitone-
ally with 30 mg/kg LY29400, and the UC model 
was established subsequently.

 
Establishment of UC Model

Dimethylhydrazine (DMH)/dextran sulfate so-
dium (DSS) method was adopted to establish the 
UC model according to the following steps. First-
ly, 0.4% DMH (20 mg/kg) was injected intraperi-
toneally into the rats. Subsequently, the rats were 
given free access to 3% DSS for 2 consecutive 
weeks. 3 weeks of such intervention was regard-
ed as a cycle. After 3 consecutive cycles, the UC 
model was successfully established in rats.

Specimen Acquisition
After successful anesthesia, specimens were 

directly obtained from 6 rats in each group. 
Briefly, colon tissues were taken out directly 
and washed with normal saline. Then the tissues 
were put into Eppendorf (EP) tubes and stored 
at -80°C for standby use. As for the remaining 6 
rats in each group, the specimens were obtained 
via perfusion-fixation. The thoracic cavity of rats 
was cut open to expose the heart. Subsequently, 
400 mL 4% paraformaldehyde was perfused from 
the left atrial appendage. After that, colon tissues 
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were taken out and soaked in 4% paraformalde-
hyde solution (Beyotime, Shanghai, China) for 
fixation.

Immunohistochemistry
Paraffin-embedded tissues were first sliced to 5 

μm-thick sections and placed into warm water at 
42°C for spreading. The sections were then col-
lected and baked to be prepared into paraffin-em-
bedded tissue sections. Next, the sections were 
soaked in xylene solution and graded alcohol in 
sequence for conventional deparaffinization until 
rehydration. After that, the sections were im-
mersed in a citric acid buffer solution, followed 
by heating in a microwave oven for 3 times (3 min 
each time). The sections were braised for 5 min 
after each heating to achieve sufficient antigen 
retrieval. After rinsing, endogenous peroxidase 
blocker was added dropwise to the specimens and 
reacted for 10 min. The sections were then rinsed 
and added with goat serum in drops for blocking 
for 20 min. Subsequently, the goat serum block-
ing buffer was shaken off. The anti-mTOR prima-
ry antibody (1:200) was added, followed by incu-
bation in a refrigerator at 4°C overnight. On the 
next day, the specimens were rinsed and added 
with the secondary antibody solution for reaction 
for 10 min. After rinsing adequately, streptavi-
din-peroxidase solution was added for reaction 
for 10 min, followed by dropwise addition of di-
aminobenzidine (DAB) (Solarbio, Beijing, China) 
for color development. Finally, the nucleus was 
counterstained with hematoxylin, mounted and 
observed under a microscope.

Western Blotting Assay
Lysis buffer (Beyotime, Shanghai, China) 

was added to colon tissues preserved under ul-
tra-low-temperature. After an ice bath for 1 h, 
the tissues were centrifuged at 14,000 g for 
10 min. Subsequently, the proteins were quanti-
fied by the bicinchoninic acid (BCA: Beyotime, 
Shanghai, China) method. The absorbance value 
and standard curve of proteins were detected 
by a microplate reader, and the concentration 

of proteins was calculated. Next, total proteins 
were denatured and separated via dodecyl sulfate, 
sodium salt-polyacrylamide gel electrophoresis 
(SDS-PAGE). The position of Marker proteins 
was observed, and electrophoresis was stopped 
when Marker proteins were located at the bottom 
of the glass plate in a straight line. After that, the 
proteins were transferred onto polyvinylidene flu-
oride (PVDF) membranes (Millipore, Billerica, 
MA, USA). After blocking with blocking buffer 
for 1.5 h, the membranes were incubated with 
anti-P110 primary antibody (1:1000), anti-P85 an-
tibody (1:1000), anti-p-AKT antibody (1:1000) at 
4°C overnight. On the next day, the membranes 
were incubated with corresponding secondary 
antibodies (1:1000). After rinsing, the proteins 
were subjected to sufficient development with a 
chemiluminescent reagent in the dark for 1 min.

Quantitative Polymerase Chain Reaction 
(qPCR)

Ribonucleic acid (RNA) extraction reagent was 
added into colon tissues to extract total RNA. 
Subsequently, extracted total RNA was reverse 
transcribed into complementary deoxyribonucle-
ic acid (cDNA) according to the instructions of 
reverse transcription kit. A reaction system of 20 
μL was used. Specific reaction conditions were as 
follows: reaction at 53°C for 5 min, pre-denatur-
ation at 95°C for 10 min, denaturation at 95°C for 
10 s and annealing at 62°C for 30 s, for a total of 
35 cycles. ∆Ct was detected first, and the expres-
sion level of target genes was calculated by the 
2-∆Ct. Primer sequences used in this study were 
shown in Table I.

TUNEL Apoptosis Assay
Tissues embedded in paraffin were first sliced 

to 5 μm-thick sections. Then they were placed 
in warm water at 42°C for spreading, followed 
by collection, baking and preparation into paraf-
fin-embedded tissue sections. Next, the sections 
were soaked in xylene solution and graded alco-
hol in sequence for conventional deparaffiniza-
tion until rehydration. TdT reaction solution was 

Table I. Primer sequences.

 Name Primer sequence

MiR-233 Forward primer: 5’GTGTGGAGCAACATCTGGCCTCTA 3’
 Reverse primer: 5’TTGGTTCAGCCACTGCCGAT 3’
GAPDH Forward primer: 5’ACGGCAAGTTCAACGGCACAG 3’
 Reverse primer: 5’GAAGACGCCAGTAGACTCCACGAC 3’
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added in drops for reaction in the dark for 1 h. 
Deionized water was then added dropwise and 
incubated for 15 min to terminate the reaction. 
After that, hydrogen peroxide was added in drops 
to block the activity of endogenous peroxidase. 
The working solution was added dropwise for 
reaction for 1 h, followed by rinsing. After add-
ing a diaminobenzidine (DAB) solution for color 
development, the sections were rinsed, mounted 
and observed.

Enzyme-linked Immunosorbent Assay 
(ELISA)

Colon tissues of rats were collected and pre-
pared into homogenate. The content of inflamma-
tory cytokines in colon tissues (including IL-1β 
and IL-6) was measured in accordance with the 
instructions of the ELISA kit.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
was adopted for all statistical analysis. Enumer-
ation data were expressed as mean ± standard 
deviation (SD). The t-test was performed for data 
meeting normal distribution and homogeneity of 
variance, corrected t-test was adopted for data 
meeting normal distribution and heterogeneity 
of variance, and a non-parametric test was con-
ducted for data not meeting normal distribution 
and homogeneity of variance. Rank sum test was 
utilized for ranked data, and the Chi-square test 
was used for enumeration data. p-values < 0.05 
were considered statistically significant.

Results

Expression of mTOR Detected 
Via Immunohistochemistry

As shown in Figure 1, a positive expression of 
mTOR was in sepia. Little positive expression of 
mTOR was observed in the normal group, while 
relatively more positive expression was found 
in the model group. According to the statistical 
results (Figure 2), the average optical density of 
mTOR positive expression increased remarkably 
in model group and inhibitor group when com-
pared with the normal group (p<0.05). However, 
it decreased notably in inhibitor group when com-
pared with model group, showing a statistically 
significant difference (p<0.05).

Relative Expressions of Related Proteins 
Detected Via Western Blotting

As shown in Figure 3, the protein expressions 
of p-Akt, P110 and P85 decreased in normal 
group and increased in model group. Statistical 
results (Figure 4) indicated that the relative pro-
tein expressions of p-Akt, P110 and P85 in model 
group and inhibitor group were evidently higher 
than those of normal group, and the differences 
were statistically significant (p<0.05). In com-
parison with the model group, inhibitor group 
showed significantly lower protein expressions of 
p-Akt, P110 and P85 (p<0.05).

MiR-233 Expression Detected Via qPCR
Compared with normal group, the mRNA ex-

pression level of miR-233 was significantly elevat-
ed in model group and inhibitor group, display-

Figure 1. Expression of mTOR detected via immunohistochemistry (×200).
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ing statistically significant differences (p<0.05). 
However, there was no significant difference in 
the mRNA expression of miR-233 between model 
group and inhibitor group (p>0.05) (Figure 5).

Apoptosis Rate Detected Via TUNNEL
The apoptosis rate increased markedly in the 

model group and inhibitor group in comparison 
with the normal group, with statistically signifi-
cant differences (p<0.05). However, it decreased 
remarkably in the inhibitor group when compared 
with the model group, showing statistically sig-
nificant differences (p<0.05) (Figure 6).

Content of IL-1β and IL-6 Detected 
Via ELISA

The model group and inhibitor group exhibited 
significantly increased content of IL-1β and IL-6 

compared with the normal group, showing statis-
tically significant differences (p<0.05). However, 
the content of IL-1β and IL-6 in inhibitor group 
was significantly declined than that of the model 
group, with statistically significant differences 
(p<0.05) (Figure 7).

Discussion

UC is a common digestive system disease in 
the clinic, whose pathogenesis has not been clar-
ified yet. Located in the colon, rectal mucosa and 

Figure 2. Average optical density of the positive expression 
of mTOR. *Model group and inhibitor group compared with 
normal group, p<0.05, #p<0.05 vs. model group.

Figure 3. Protein expressions detected via Western blotting.

Figure 4. Relative expressions of proteins. *Model group 
and inhibitor group compared with normal group, p<0.05, 
#p<0.05 vs. model group.

Figure 5. Expression of miR-233 detected via qPCR. *Model 
group and inhibitor group compared with normal group, p<0.05.
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submucosa, UC is a non-resolving inflammation 
characterized by diarrhea, abdominal pain, and 
tenesmus8. With the increased pace of life and 
improved lifestyle of human beings, the incidence 
rate of UC is rising continuously. Meanwhile, it 
has greatly increased year by year in China. Cur-
rently, it is argued that the pathogenesis of UC is 
very complex. It involves the interaction among 
various factors, including immunologic factors, 
environmental factors and genetic factors9, 10. In-
flammation and apoptosis are crucial pathological 
responses in the pathological process of UC. They 

can cause persistent damage to the colon and rec-
tal tissues as well as the submucosa, thus having 
great impacts on patients’ health and life quality. 
With the deepening of UC research, people came 
to realize that there is a close relationship be-
tween UC and cancers. Meanwhile, a prolonged 
course of UC will result in an increased incidence 
rate of colon cancer year by year11,12. Therefore, it 
is of important significance to further investigate 
the pathogenesis of UC and to seek effective 
methods for UC treatment. Although the patho-
genesis of UC remains unclear, it is well-known 
that the onset of UC is a complicated mecha-
nism correlated with multiple genes and signaling 
pathways. Many substances play vital regulatory 
roles in UC development and progression. As an 
important pathway in vivo, previous studies13,14 

found that PI3K/Akt-mTOR signaling pathway is 
able to activate β-catenin and its phosphorylation. 
It promotes the transcription of target genes and 
translation of proteins in downstream signaling 
pathways as well. Meanwhile, p-Akt produced by 
the phosphorylation of Akt in PI3K/Akt-mTOR 
cells signaling pathway is capable of accelerating 
the phosphorylation of β-catenin and triggering 
malignant proliferative changes in the intestinal 
gland15,16. In addition, epidermal growth factor 
(EGF) have exhibited important impacts on UC 
through acting on the PI3K/Akt-mTOR cell sig-
naling pathway. By binding to its receptors, EGF 
activates PI3K and P85 to recruit and activate 
P110 around the cells. Eventually, this may ac-
tivate phosphatidylinositol-bisphosphate on the 
surface of cell membrane and form a large num-
ber of phosphatidylinositol-triphosphate17. As a 
second messenger, phosphatidylinositol-triphos-
phate can further activate the phosphorylation 
of Akt to generate p-Akt, thus playing a role in 
signal transduction. Moreover, it exerts syner-
gistic effects via downstream GSK-3β and Wnt 
pathways, and also shows crucial functions in 
the proliferation and differentiation of intestinal 
epithelial cells as well as maintenance of normal 
physiological functions18,19. As a result, the abnor-
mality of PI3K/Akt-mTOR cell signaling pathway 
is considered to be involved in the onset of UC. It 
has also been indicated that PI3K/Akt-mTOR cell 
signaling pathway has great impacts on UC-in-
duced cell apoptosis and inflammation, and co-
lon cancer induced by long-term UC. Therefore, 
efficiently controlling the abnormal activation of 
PI3K/Akt-mTOR signaling pathway during the 
pathogenesis of UC has been considered a new 
idea for UC treatment. 

Figure 6. Apoptosis rate detected via TUNNEL. *Model 
group and inhibitor group compared with normal group, 
p<0.05, #p<0.05 vs. model group.

Figure 7. Content of IL-1β and IL-6 detected via ELISA. 
*Model group and inhibitor group compared with normal 
group, p<0.05, #p<0.05 vs. model group.
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MiRNAs are a category of non-coding RNAs, 
which are considered to play crucial regulatory 
roles in the body. It has been verified so far that 
miRNAs are closely correlated with the onset 
of various diseases. Studies20,21 manifested that 
miRNAs can degrade or inhibit downstream mR-
NAs by pairing with the corresponding non-cod-
ing regions of downstream target genes. Fur-
thermore, they play vital roles in controlling the 
transcription and regulating pathological process-
es, such as cell proliferation, differentiation and 
apoptosis in vivo. MiR-223 has been elucidated 
closely correlated with the occurrence and de-
velopment of various diseases. Meanwhile, it 
exerts important actions and effects on multiple 
pathological responses in diseases through regu-
lating diverse cell signal transduction pathways. 
Therefore, miR-223 is an important regulatory 
factor for diseases.

In the present work, the PI3K/Akt-mTOR 
signaling pathway was activated abnormally 
in the rat model of UC, including significantly 
up-regulated protein expressions of P80, P110 
and p-Akt and remarkably elevated mTOR in 
colon tissues. However, the inhibitor of PI3K/
Akt-mTOR signaling pathway could reduce 
highly expressed P80, P110 and p-Akt proteins 
during the pathogenesis of UC. Meanwhile, it 
effectively repressed the expression level of 
mTOR in colon tissues as well. The expression 
level of miR-233 increased evidently in the 
model group and inhibitor group when com-
pared with the normal group. This suggested 
that highly expression miR-233 was involved 
in the pathogenesis of UC. Moreover, both 
model group and inhibitor group showed sig-
nificantly higher apoptosis rate and inflam-
mation level than normal group. The results 
implied that apoptosis and inflammation were 
still important pathological responses of UC in 
rats. The inhibitor could significantly inhibit 
cell apoptosis and inflammation during UC. No 
significant difference in the expression level 
of miR-233 was observed between the model 
group and inhibitor group. However, the PI3K/
Akt-mTOR signaling pathway, apoptosis and 
inflammation were significantly suppressed in 
inhibitor group. Therefore, it could be seen that 
miR-223 exerted vital regulatory effects on cell 
apoptosis and inflammation in UC through the 
PI3K/Akt-mTOR signaling pathway. Besides, 
miR-223 could trigger cell apoptosis and in-
flammation in UC by up-regulating the PI3K/
Akt-mTOR signaling pathway.

Conclusions

We showed that miR-223 could trigger cell 
apoptosis and inflammation in UC by up-regulat-
ing the PI3K/Akt-mTOR signaling pathway. Our 
findings might provide a potential therapeutic 
strategy for the treatment of UC.
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