
5640

Abstract. – OBJECTIVE: JAK2 expression 
and dysfunction play a role in tumor pathogene-
sis. Bioinformatics analysis revealed a targeted 
binding site between miR-101 and the 3’-UTR of 
JAK2 mRNA. This study investigated the role of 
miR-101 in regulating JAK2 expression and af-
fecting the proliferation and apoptosis of cervi-
cal cancer cells.

PATIENTS AND METHODS: The tumor tis-
sues and adjacent tissues of patients with cer-
vical cancer were collected. The expression of 
miR-101 and JAK2 was detected by qRT-PCR. 
The dual luciferase reporter gene assay vali-
dated the targeting relationship between miR-
101 and JAK2. The cervical cancer Caski cells 
were cultured in vitro, and divided into miR-NC 
group and miR-101 mimic group. The expres-
sion of JAK2 and p-JAK2 was detected by West-
ern blot, cell apoptosis was detected by flow cy-
tometry, and cell proliferation was detected by 
EdU staining.

RESULTS: Compared with adjacent tissues, 
miR-101 expression was significantly decreased, 
and JAK2 expression was increased in cervical 
cancer tissues. There was a targeted regulatory 
relationship between miR-101 and JAK2. Com-
pared with HcerEpic cells, miR-101 expression 
in HeLa and Caski was significantly decreased, 
and the expression of JAK2 and p-JAK2 was 
significantly increased. Transfection of miR-101 
mimic significantly reduced the expression of 
JAK2 and p-JAK2 in Caski cells, reduced cell 
proliferation and increased cell apoptosis.

CONCLUSIONS: The decrease of miR-101 ex-
pression and the increase of JAK2 expression 
play a role in cervical cancer, while the increase 
of miR-101 expression can inhibit the prolifera-
tion and promote the apoptosis of cells by inhib-
iting the expression of JAK2.
Key Words:

MiR-101, JAK2, Cervical cancer. 

Introduction

Cervical carcinoma is a common female ma-
lignant tumor. The incidence rate is second only 
to breast cancer, ranking second in female malig-
nant tumors1, posing a serious threat to the lives 
and health of patients2,3.

The tyrosine kinase (JAK)-signal transducer 
and activator of transcription (STAT) signaling 
pathway is widely expressed in various tissues 
and cells, and the abnormal activation of JAK-
STAT signaling pathway is associated with the 
occurrence, progression, metastasis and drug re-
sistance of various tumors4-7. JAK2, an important 
regulator of the JAK-STAT3 signaling pathway, is 
a signaling pathway kinase that plays an import-
ant role in activating the JAK-STAT signaling 
pathway. A number of studies8-10 have shown that 
the abnormal expression and function of JAK2 
play an important regulatory role in the occur-
rence and progression of various tumors such as 
breast cancer, liver cancer and gastric cancer.

MicroRNA is an endogenous non-coding 
small-molecule single-stranded RNA in eukary-
otes with a length of about 22-25 nucleotides, 
which binds to the 3’-UTR of the target gene 
mRNA by complementary pairing, resulting in 
degradation or inhibition of translation. MicroR-
NAs that regulate the expression of target genes, 
which account for 1% of human genes, regulate 
the expression of more than 1/3 human genes11. 
Several studies have found that miR-101 is an im-
portant tumor suppressor gene that plays a role as 
a tumor suppressor gene in the development and 
progression of various tumors of gastric cancer, 
bladder cancer and prostate cancer12-14. A number 
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of studies have shown that the decreased expres-
sion of miR-101 is associated with the occurrence 
and progression of cervical cancer15-17. Bioin-
formatics analysis revealed a targeted binding 
site between miR-101 and the 3’-UTR of JAK2 
mRNA. This study was to detect the expression 
profiles of miR-101 and JAK2 in tumor tissues 
and paracancerous tissues of cervical cancer pa-
tients, and investigate whether miR-101 regulates 
JAK2 expression and affects cell proliferation 
and apoptosis of cervical cancer cells.

Patients and Methods

Patients
Thirty-six patients with cervical cancer who 

were treated in our hospital from April 2018 to 
September 2018 were enrolled. The specimens 
of cervical cancer tissue confirmed by histo-
pathological examination were collected and the 
paracancerous tissues which were located at least 
2 cm away from the tumor were collected as a 
control. This study was approved by the Ethics 
Committee of our hospital and informed consents 
were obtained from all patients.

Main Reagents and Materials
Human normal cervical epithelial HcerEpic 

cells, HEK293T cells were purchased from Bei-
jing Beina Biological (Beijing, China); Human 
Cervical Cancer HeLa, Caski cells were pur-
chased from Guangzhou Ginuo Bio (Guangzhou, 
China); RPMI-1640 medium, Opti-MEM reduced 
serum medium purchased from Gibco (Grand 
Island, NY, USA); Serum Fetal Bovine Serum 
(FBS) was purchased from Shanghai Ikesaisheng 
(Shanghai, China); TRIzol and Lipo 2000 were 
purchased from Invitrogen (Carlsbad, CA, USA); 
qRT-PCR SuperMix was purchased from Bei-
jing TransGen Biotech (Beijing, China); miR-101 
mimic, miR-NC, EdU Cell Proliferation Assay 
Kit was purchased from Guangzhou Rui (Guang-
zhou, China). Rabbit anti-human JAK2, p-JAK2 
polyclonal antibody was purchased from Cell Sig-
naling Technology (Danvers, MA, USA); rabbit 
anti-human β-actin polyclonal antibody was pur-
chased from Shanghai Shenggong Bio (Shanghai, 
China); HRP-conjugated secondary antibody was 
purchased from Jackson ImmunoResearch (West 
Grove, PA, USA); pMIR plasmid Purchased from 
Changsha Youbao Bio (Changsha, China); Du-
al-Luciferase Reporter Assay System was pur-
chased from Promega (Madison, WI, USA).

Cell Culture
HcerEpic, HeLa, and Caski cells were cultured 

in RPMI-1640 medium containing 10% FBS in 
a 37°C 5% CO2 cell culture incubator. After the 
cells were over, 0.125% trypsin digestion was 
performed to collect the cells followed by a sub-
culture at a ratio of 1:4 to 1:5. Cells in log phase 
were selected for experiments.

Construction of Luciferase 
Reporter Gene Vector

The PCR product of the full-length 3’-UTR 
fragment of the JAK2 gene or the fragment 
containing the mutant was cloned into the pMIR 
vector and designated as pMIR-JAK2-WT. A 
luciferase reporter vector containing the 3’-UTR 
mutant of JAK2 gene was also constructed and 
designated as pMIR-JAK2-MUT. pMIR-JAK2-
WT (or pMIR-JAK2-MUT) was transfected into 
HEK293T cells with miR-101 mimic (or miR-
NC) using Lipo 2000 reagent, and cultured for 48 
h followed by measuring the relative luciferase 
activity according to the Dual-Luciferase Report-
er Assay System kit instructions. 

Cell Transfection and Grouping
The Caski cells cultured in vitro were divid-

ed into two transfection groups: miR-NC trans-
fection group and miR-101 mimic transfection 
group. The general procedure for transfection 
was to dilute Lipofectamine 2000, miR-NC, miR-
101 mimic with Opti-MEM. After incubation for 
5 min at room temperature, gently mixing Lip 
2000 with miR-NC and miR-101 mimic for 20 
min incubation at room temperature followed by 
addition of the transfectants to the cell culture 
medium. After 72 hours of culture, cells were 
collected for analysis.

qRT-PCR Detection of Gene Expression
The RNA was extracted using TRIzol re-

agent, and the relative expression of the gene 
was detected by one-step qRT-PCR using Trans-
Script Green One-Step qRT-PCR SuperMix in 
the 20 μL reaction system including: 1 μg of 
Template RNA, 0.2 μM of pre-primer, 0.2 μM 
of post-primer, 10 μL of 2×TransStart Tip Green 
qPCR SuperMix, 0.4 μL of One-Step RT En-
zyme Mix, 0.4 μL of Passive Reference Dye II, 
and RNase-free water. The qRT-PCR reaction 
conditions were: 45°C, 5 min; 94°C, 30 s; (94°C, 
5 s; 60°C, 30 s) × 40 cycles, and gene expression 
was detected on a Bio-Rad CFX96 Real-time 
PCR instrument (Hercules, CA, USA).
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Western Blot
The cells were lysed by SDS lysate, and the total 

protein was extracted. After boiling at 100 °C for 
5 min, the protein concentration was determined 
by BCA method. 40 μg protein was separated 
by 10% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) separation gel 
and 5% concentrated gel, transferred to the poly-
vinylidene difluoride (PVDF) membrane (300 
mA, 100 min), blocked with 5% skim milk pow-
der at room temperature, and incubated with the 
primary antibody at 4°C overnight (the dilution 
ratios of JAK2, p-JAK2, and β-actin were 1:2000, 
1:800, 1:8000, respectively). After washing times 
with PBST, the membrane was incubated with the 
horseradish peroxidase (HRP)-labeled secondary 
antibody (1:10000 dilution) at room temperature 
followed by washing the membrane 3 times with 
PBST, addition of ECL luminescent solution for 
1-3 min, exposing and developing.

Flow Cytometry Detection of Apoptosis
The two miR-NC and miR-101 mimic trans-

fected cells were collected by trypsinization and 
resuspended in 100 μL Annexin V Binding Buf-
fer according to the instructions followed by 
addition of 5 μL FITC Annexin V and 10 μL PI. 
After incubation for 15 min at room temperature, 
400 μL Annexin V Binding Buffer was added to 
stop the reaction and cell apoptosis was measured 
using a Beckman Coulter FC500 MCL flow cy-
tometer (Brea, CA, USA).

Flow Cytometry Detection of 
Cell Proliferation

The two miR-NC and miR-101 mimic trans-
fected cells were harvested by trypsinization, 
and resuspended in 1640 complete medium con-
taining 10% FBS. After incubation with 10 μM 
of EdU at 37°C for 2 h, the cells were further 
cultured for 48 h. After the cells were collect-
ed by enzymatic digestion, cells were washed 
by centrifugation, fixed, and permeabilized, and 
then the reaction solution containing Alexa Fluor 
488 label was added, and the mixture was incu-
bated at room temperature for 30 minutes under 
dark, and cell proliferation was measured by flow 
cytometry.

Statistical Analysis
Statistical analysis of the data was performed 

using SPSS 18.0 software (SPSS Inc., Chicago, 
IL, USA). The measurement data were expressed 
as mean ± standard deviation (SD). The compari-

son between the measurement data of two groups 
was performed by Studen’s t-test. The difference 
of multiple groups was assessed by one-way 
ANOVA with Newman-Keuls multiple compar-
ison post-hoc analysis. p < 0.05 was considered 
statistically significant.

Results

A Targeting Relationship Between 
MiR-101 and JAK2 mRNA

Bioinformatics analysis revealed a comple-
mentary binding site between miR-101 and the 
3’-UTR of JAK2 mRNA (Figure 1A). The dual 
luciferase gene reporter assay showed that trans-
fection of miR-101 mimic significantly reduced 
relative luciferase activity in pMIR-JAK2-WT 
transfected HEK293T cells compared to miR-
NC transfected cells, while transfection miR-NC 
or miR-101 mimic had no significant effect on 
relative luciferase activity in pKIR-JAK2-MUT 
transfected HEK293T cells (Figure 1B), indi-
cating that miR-101 can target 3’-UTR of JAK2 
mRNA.

Figure 1. There is a targeting relationship between miR-
101 and JAK2 mRNA. (A) Schematic diagram of the site of 
action between miR-101 and the 3’-UTR of JAK2 mRNA; 
(B) Dual luciferase gene reporter assay. *Represents p < 
0.05 compared to miR-NC.
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Abnormal Expression of MiR-101 and 
JAK2 in Cervical Cancer

The results of qRT-PCR showed that the 
expression of miR-101 was significantly de-
creased in tumor tissues of patients with cer-
vical cancer compared with adjacent tissues 
(p < 0.05) (Figure 2A), while the expression of 
JAK2 mRNA was significantly increased (p < 
0.05) (Figure 2B).

Decreased MiR-101 and Increased JAK2 
Expression in Cervical Cancer Cells 

The results of qRT-PCR showed that the ex-
pression of miR-101 was significantly decreased 
and the expression of JAK2 mRNA was signifi-
cantly increased in HeLa and Caski cells com-
pared with normal cervical epithelial HcerEpic 
cells (p < 0.05) (Figure 3A). Western blot analysis 
showed that the expression of JAK2 and p-JAK2 

Figure 2. Abnormal expression of miR-101 and JAK2 in cervical cancer. (A) qRT-PCR detection of miR-101 expression in 
cervical cancer tissues; (B) qRT-PCR detection of JAK2 mRNA expression in cervical cancer tissues. *Represents p < 0.05 
compared to the two groups.

Figure 3. Increased expression of miR-101 in cervical cancer cells and increased expression of JAK2. (A) qRT-PCR detection 
of miR-101, JAK2 mRNA expression in cervical cancer cells; (B) Western blot analysis of JAK2, p-JAK2 protein expression 
in cervical cancer cells. *Represents p < 0.05 compared to HcerEpic cells.
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protein in HeLa and Caski cells was significantly 
higher than those in normal cervical epithelial 
HcerEpic cells (Figure 3B).

Increased MiR-101 Inhibits JAK2 
Expression and Proliferation of Cervical 
Cancer Cells, Induces Cell Apoptosis

The qRT-PCR assay showed that miR-101 
mimic transfection significantly up-regulated the 
expression of miR-101 in Caski cells compared 
to the miR-NC group (p < 0.05) (Figure 4A), re-
sulting in a significant decrease in JAK2 mRNA 
expression (Figure 4A). Western blot analysis 
showed that the expression of JAK2 and p-JAK2 
protein in Caski cells was significantly decreased 
in miR-101 mimic transfection group compared 
with miR-NC group (p < 0.05) (Figure 4B). Flow 
cytometry analysis showed that transfection of 
miR-101 mimic significantly increased apoptosis 
in Caski cells (Figure 4C) and attenuated cell 
proliferation (Figure 4D).

Discussion

The JAK-STAT signaling pathway is widely 
expressed in various tissues and cells, and is in-
volved in the regulation of various biological pro-
cesses such as cell survival, proliferation, cycle, 
apoptosis, migration and invasion, and abnormal 
activation of JAK-STAT signaling pathway are 
related to the occurrence, progression, metasta-
sis and resistance of several tumors4-7. JAK2, an 
important regulator of the JAK2-STAT signaling 
pathway, is a signaling pathway kinase that plays 
an important role in the activation of the JAK2-
STAT signaling pathway. In response to ligand 
binding, the receptor can form a homologous or 
heterodimer and phosphorylate the JAK2 kinase, 
and the activated JAK2 can phosphorylate the 
tyrosine residue of STAT, causing STAT to com-
plement STAT via the SH2 domain to the tyrosine 
phosphorylation site of the receptor complex, at 
which point JAK kinase is spatially adjacent to 
STAT and phosphorylates its hydroxytyrosine. 
Phosphorylated STAT is dissociated from the re-
ceptor complex, forms a dimer and is translocated 
from the cytoplasm to the nucleus, where it acts 
on specific DNA fragments, and regulates gene 
transcription and expression18-20. Several stud-
ies21-24 have shown that the abnormal expression 
of miR-101 is related to the occurrence, progres-
sion and metastasis of various tumors such as 
lung cancer, gastric cancer and pancreatic cancer. 

This study investigated whether miR-101 plays a 
role in regulating JAK2 expression and affecting 
the biological processes of proliferation and apop-
tosis of cervical cancer cells.

Analysis of the clinical samples in this work 
showed that compared with adjacent tissues, 
miR-101 expression in cervical cancer patients 
was significantly decreased, while the expression 
of JAK2 was significantly increased. Compared 
with normal cervical epithelial HcerEpic cells, 
miR-101 expression in cervical cancer HeLa and 
Caski cells was significantly decreased, while the 
expression of JAK2 was significantly increased. 
The results showed that the abnormal miR-101 
expression was associated with increased expres-
sion of JAK2, and the abnormalities of miR-101 
and JAK2 were associated with the pathogenesis 
of cervical cancer. In this paper, the dual lucif-
erase gene reporter assay showed that transfec-
tion of miR-101 mimic significantly reduced the 
relative luciferase activity of pMIR-JAK2-WT 
transfected HEK293T cells compared to miR-NC 
transfection group. Transfection of miR-NC or 
miR-101 mimic had no significant effect on the 
relative luciferase activity of pMIR-JAK2-MUT 
transfected HEK293T cells, revealing the target-
ed regulatory relationship between miR-101 and 
JAK2 mRNA. In the study of the relationship 
between miR-101 and cervical cancer, Huang 
et al25 found that the expression of miR-101 in 
cervical cancer HeLa cells was significantly ab-
normal, and overexpression of miR-101 in HeLa 
cells inhibits cell proliferation, attenuates cell in-
vasion, and induces apoptosis through inhibiting 
the expression of COX-2. Jiang et al15 observed 
that compared with normal cervical mucosa tis-
sue, miR-101 expression in cervical cancer pa-
tients is significantly reduced. In addition to 
tumor tissue, the expression of miR-101 was 
decreased in peripheral blood of cervical cancer 
patients, and was associated with FIGO clini-
cal stage and lymph node metastasis. Compared 
with those with higher expression of miR-101, 
the survival rate and prognosis of patients with 
lower miR-101 expression were lower and worse. 
Lin et al26 detected that miR-101 expression was 
abnormal in tumor tissues of cervical cancer pa-
tients compared with the control by using gene 
expression microarray and RT-PCR. LNA-ISH 
further showed that the positive rate of miR-101 
expression in cervical mucosa was 80%, while 
the positive rate of miR-11 expression in cervical 
cancer tissues was only 8%, and the positive rate 
of target gene COX-2 was significantly increased. 



MiR-101 affects proliferation and apoptosis of cervical cancer cells by inhibition of JAK2

5645

Figure 4. Increased miR-101 inhibits JAK2 expression and proliferation of cervical cancer cells, induces apoptosis. 
(A) qRT-PCR detection of miR-203, JAK2 mRNA expression; (B) Western blot analysis of JAK2, p-JAK2 protein 
expression; (C) flow detection of apoptosis; (D) flow detection of cell proliferation. * represents p < 0.05 compared to 
the miR-NC group.
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Liu et al27 demonstrated that miR-101 expression 
was significantly decreased in cervical cancer 
tissues compared with normal cervical tissues. In 
this study, miR-101 expression was significantly 
decreased in cervical cancer tissues and tumor 
cells, indicating that miR-101 plays a role as a 
tumor suppressor gene in the pathogenesis of 
cervical cancer, which was consistent with Jiang 
et al15 and Lin et al26. 

Further studies showed that transfection of 
miR-101 mimic significantly reduced the ex-
pression of JAK2 and p-JAK2 in cervical cancer 
Caski cells, which significantly attenuated cell 
proliferation and increased cell apoptosis. In the 
study of the relationship between miR-101 and 
the biological effects of cervical cancer cells, 
Liang et al16 showed that there is a targeted 
regulatory relationship between miR-101 and 
Fos gene in cervical cancer HeLa cells, overex-
pression miR-101 can block the G1/S phase of 
the cell cycle by inhibition of Fos expression. 
Lin et al28 observed that miR-101 plays a role 
as a tumor suppressor gene in cervical cancer. 
Overexpression of miR-101 in cervical cancer 
SiHa cells can inhibit cell proliferation, reduce 
cell invasion and increase cell apoptosis by in-
hibition of COX-2 gene expression. Liu et al27 
showed that overexpression of miR-101 in cer-
vical cancer SiHa cells significantly inhibited 
cell proliferation and cell cycle arrest, and pro-
moted apoptosis. Shen et al17 revealed that the 
expression of miR-101 was decreased in relation 
to cervical cancer. The expression of miR-101 
could inhibit the proliferation of cervical cancer 
cells and decrease growth ability and tumor-
igenicity in animals by inhibition of CXCL6 
expression. This study combines the targeting 
regulation between miR-124 and JAK2, reveal-
ing that the decreased expression of miR-101 
and the increased expression of JAK2 play a role 
in cervical cancer, while the expression of miR-
101 is increased. It has a negative anti-cancer 
effect on the malignant biological characteristics 
of cervical cancer cells. However, whether miR-
101 regulates the biological effects of JAK2 on 
cervical cancer cells in vivo remains unclear and 
requires further investigations.

Conclusions

We showed that the decrease of miR-101 ex-
pression and the increase of JAK2 expression 
play a role in cervical cancer, while the increase 

of miR-101 expression can inhibit the prolifera-
tion of cells and promote the apoptosis of cells by 
inhibiting the expression of JAK2.
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