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Abstract

Background: Cervical cancer is a malignancy that’s common in female with high incidence and mortality
worldwide. MicroRNAs (miRNAs) act a pivotal part in human cancer development. Our aim was to investigate the
effect of miR-126 on cervical cancer and its underlying molecular mechanism.

Results: Firstly, RT-qPCR assay revealed that the expression of miR-126 was significantly downregulated in cervical
cancer tissues and cell lines, compared with that in normal adjacent tissues and normal cervical epithelial cell line
(Ect1/E6E7), respectively. Then, ZEB1 was verified as a target of miR-126 by using luciferase reporter assay. Inversely,
the expression of ZEB1 was markedly upregulated in tumor tissues, and its mRNA level was negatively regulated by
miR-126 expression in SiHa and Hela cells. Moreover, the capability of cell proliferation, migration and invasion was
analyzed by CCK-8, wound healing assay and transwell assay, respectively. The results demonstrated that
overexpression of miR-126 inhibited SiHa and Hela cell proliferation, migration and invasion, while ZEB1 abolished
the inhibition induced by miR-126. Additionally, miR-126 suppressed MMP2 and MMP9 in mRNA and protein levels,
as well as inhibited the protein expression of p-JAK2 and p-STAT3 in both SiHa and Hela cells, while ZEB1 rescued
miR-126-induced suppression.

Conclusion: miR-126 functions as a tumor suppressor in cervical cancer cells in vitro, which inhibits the
proliferation, migration and invasion by suppressing MMP2, MMP9 expression and inactivating JAK2/STAT3 signaling
pathway through targeting ZEB1, suggesting that miR-126 might be a novel potential target for the diagnosis and
treatment of patients with cervical cancer.

Keywords: Cervical cancer, MiR-126, ZEB1, Migration, Invasion, Proliferation

Background
Cervical cancer is the fourth common female malig-
nancy in both incidence and mortality in the world [1].
However, with huge geographic difference, in developing
countries, cervical cancer is the third common cancer
due to imperfect control and prevention efforts [2, 3].
Despite the progressive treatment of cervical cancer
such as surgery, chemotherapy and radiotherapy, the
prognosis in advanced stage is still poor: a large number

of patients succumb to tumor metastasis and recurrence
[4]. Human papillomavirus (HPV) is a critical factor in
the development and pre-invasive lesions of cervical
cancer [5]. Early detection and prevention of HPV is the
most effective method against cervical cancer [6].
Besides HPV, other factors, such as smoking and immune
response, are also associated with lesion progression [7].
Therefore, identifying cervical cancer related factors and
exploring their underlying molecular mechanism would
be critical for cervical cancer diagnosis and treatment.
Currently, mounting evidence has verified that micro-

RNAs (miRNA) are closely associated with cancer devel-
opment, functioning as oncogenes or tumor suppressors
[8]. MiRNAs are small, non-coding, ~ 22 nucleotides in
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length RNAs, which play important roles in mammals
and other multicellular organisms [9, 10]. They modu-
late gene expression by complementing conversed region
of miRNAs with 3′ untranslated region (UTR) of target
mRNA [11]. In numerous human cancers, miRNAs in-
fluence cellular processes, such as proliferation, cell
cycle, apoptosis, differentiation, migration and invasion
[10]. There is evidence that dysregulation of miRNAs
play a critical role in cervical cancer development [12].
MiR-126 has been reported as a suppressor of tumor
formation, or a promotion of blood vessel growth and
inflammation [13]. A previous study revealed that
miR-126 expression is decreased in cervical cancer tis-
sues, and upregulation of miR-126 inhibits cell prolifera-
tion [14]. However, the role of miR-126 in migration,
invasion and the underlying molecular mechanism in
cervical cancer cells remain unclear.
In this study, the expression of miR-126 in cervical

cancer tissues and cell lines was measured. Moreover,
ZEB1 was verified as one of the targets of miR-126.
ZEB1 expression and its relationship with miR-126 were
also analyzed. miR-126 and ZEB1 were found to be in-
volved in regulating cell proliferation, migration and in-
vasion of cervical cancer. This study revealed a
molecular mechanism underlying cervical cancer pro-
gression, which may provide a new therapeutic target for
treatment of cervical cancer.

Methods
Patients and tissues
Totally 30 pairs of tumor tissues and corresponding ad-
jacent normal tissues were obtained from patients with
cervical cancer who underwent surgery at Nanjing Drum
Tower Hospital Clinical College of Nanjing Medical
University from September to December, 2018. The tis-
sue samples were soon frozen in liquid nitrogen, subse-
quently stored at − 80 °C for further analysis. None of
the patients received treatment such as radiotherapy and
chemotherapy before surgery. The Ethics Committee of

Nanjing Drum Tower Hospital Clinical College of Nan-
jing Medical University approved the protocol of this
study. Each participator provided the written informed
consent prior to the study. The relationship between the
expression of miR-126 or ZEB1 and clinical pathologic
features of patients with cervical cancer are shown in
Table 1.

Cell culture
Human cervical cancer cell lines (SiHa, Hela, ME180,
C33a, and CaSki) and normal cervical epithelial cell line
(Ect1/E6E7) were purchased from Cell Bank of Type Cul-
ture Collection of Chinese Academy of Sciences (Shang-
hai, China), which were maintained in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS,
V/V) and 1% penicillin/streptomycin (all purchased from
Gibco; Thermo Fisher Scientific, Inc. Waltham, MA,
USA). The cells incubate condition maintained at 37 °C
with 5% CO2.

Cell transfection
MiR-126 mimics (Item No. miR10000444–1-5; 5′-UCGU
ACCGUGAGUAAUAAUGCG-3′) and corresponding nega-
tive controls (NC, Item No. miR1N0000002–1-5; 5′-UUCU
CCGAACGUGUCACGUTT-3′) were obtained from
Ribobio (Guangzhou, China). pcDNA3.1 was purchased
from Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
pcDNA3.1-ZEB1 was established with ZEB1 coding se-
quence cloning into pcDNA3.1. Both SiHa and Hela cells
were seeded in 6-well plates and transfected in medium
without serum by Lipofectamine 2000 (Invitrogen, Thermo
Fisher Scientific, Inc.). 6 h post-transfection, the cells were
transferred to complete medium and continually incubated
for 48 h.

Luciferase reporter assay
Based on Bioinformatic prediction tool TargetScan (http://
www.targetscan.org/vert_72), ZEB1 was predicted as a po-
tential target of miR-126. To verify this prediction, ZEB1

Table 1 The relationship between miR-126 and ZEB1 expression and clinical pathologic features of patients with cervical cancer (n
= 30)

Factors Case miR-126 (mean) P value ZEB1 (mean) P value

Age (years) 0.37 0.82

< 60 22 0.48 ± 0.03 2.47 ± 0.12

≧60 8 0.53 ± 0.04 2.52 ± 0.15

Histological grade < 0.01 0.03

Well-intermediately differentiation 19 0.58 ± 0.04 2.74 ± 0.13

Poor differentiation 11 0.49 ± 0.03 2.31 ± 0.11

Lymph node metastasis 0.06 0.02

No 24 0.59 ± 0.04 2.15 ± 0.14

Yes 6 0.45 ± 0.03 2.85 ± 0.17

Xu et al. Hereditas          (2019) 156:11 Page 2 of 10

http://www.targetscan.org/vert_72
http://www.targetscan.org/vert_72


3’UTR and its mutant fragments (ZEB1 3’UTR Mut) were
inserted into the pmirGLO vector (Promega, Madison,
WI, USA). 1 × 104 SiHa and Hela cells were seeded into
96-well plates for 24 h and then co-transfected with ZEB1
3’UTR or ZEB1 3’UTR Mut as well as miR-126 mimics or
miR-NC mimics using Lipofectamine 2000 (Invitrogen,
Thermo Fisher Scientific, Inc.). 48 h post-transfection, the
luciferase activity was tested in the harvested cells by
using the Dual-Luciferase Reporter Assay System (Pro-
mega, Madison, WI, USA). The luciferase activity of
Renilla was normalized to that of firefly.

RT-qPCR
The miR-126 was extracted from cervical tissues and
cells using mirVana miRNA Isolation kit (Ambion;
Thermo Fisher Scientific, Inc.) and reverse transcribed
to cDNA by One Step PrimeScript miRNA cDNA syn-
thesis kit (Takara, Dalian, China). For other gene mRNA
expression, total RNA was isolated by using promega SV
total RNA isolation system (Promega, Madison, WI,
USA). RT was conducted by using PrimeScript RT re-
agent Kit with gDNA Eraser (Takara, Dalian, China).
RT-qPCR reaction was carried out using Power SYBR
Green PCR Master Mix (Applied Biosystems, Foster
City, CA, USA). The reaction was performed on an Ap-
plied Biosystems 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) and the conditions
were as follows: 95 °C for 10min, followed by 95 °C for 15
s and 60 °C for 1 min (40 cycles). The sequences of
primers were listed in the following: miR-126 F 5′-TCGG
CAGGCATTATTACTTTT-3′ and R 5′- CTCAACTGG
TGTCGTGGA-3′; U6 5′-GCTTCGGCAGCACATATAC
TAAAAT-3′; ZEB1 F 5′-GATGATGAATGCGAGTCAG
ATGC-3′ and R 5′-ACAGCAGTGTCTTGTTGTTG
T-3′; MMP2 F 5′-ATCGCTCAGATCCGTGGTG-3′ and
R 5′-TGTCACGTGGTGTCACTGTCC-3′; MMP9 F5’-G
GGGCTAGGCTCAGAGGTAAC-3′ and R 5′-TCACCC
GGTTGTGGAAACTC-3′; GAPDH F 5′-CAATGTGTC
CGTCGTGGATCT-3′ and R 5′-GTCCTCAGTGTAGCC
CAAGATG-3′. U6 or GAPDH was used as the endogen-
ous reference gene for miRNA and mRNA, respectively.
Relative expression of molecules was quantified by the
2-ΔΔCt method [15].

Western blot
Total protein was extracted by ice-cold RIPA lysis buffer
(Beyotime, Shanghai, China). Concentration of protein was
detected by BCA Protein Quantification kit (YEASEN,
Shanghai, China). Protein (30μg) was isolated using 10%
SDS-PAGE and subsequently transferred to PVDF mem-
brane (Invitrogen, Thermo Fisher Scientific, Inc.). After
blocking with TBST (Solarbio, Beijing, China) containing 5%
no-fat milk for 1 h, primary antibodies (anti-ZEB1: ab124512,
1:1000; anti-JAK2: ab108596, 1:5000; anti-p-JAK2: ab32101,

1:2000; anti-STAT3: ab68153, 1:1000; anti-p-STAT3:
ab76315, 1:2000; anti-MMP2: ab37150, 1:1000; anti-MMP9:
ab38898, 1:1000 and anti-GAPDH: ab9485, 1:2500, Abcam,
Cambridge, MA, USA) were incubated with the membrane
at 4 °C overnight. After washing with TBST, secondary anti-
body (donkey anti-rabbit IgG H&L (HRP): ab205722,
1:10,000, Abcam, Cambridge, MA, USA) was incubated with
the membrane at room temperature for 1 h. Images of pro-
tein bands were taken by using EasyBlot ECL kit (Sangon,
Shanghai, China). The relative expression was analyzed using
Image J software 1.48U (National Institutes of Health,
Bethesda, MD, USA) normalized to GAPDH.

Cell proliferation assay
Cell proliferation assay was assessed by using Cell Count
Kit-8 (CCK-8, Beyotime, Shanghai, China). Transfected
SiHa and Hela cells (all at the density of 1 × 104 cells/
well) were seeded into 96-well plates and maintained in
the incubator for 0, 12, 24 and 48 h. 10 μl CCK-8 was
added to each well, and the plates were continued to be
incubated for 4 h. The optical density (OD) of every well
was read at 450 nm using a microplate reader (Thermo
Fisher Scientific, Inc.).

Wound healing assay
The capability of cell migration in vitro was analyzed by
wound healing assay. Cells were transfected and then
seeded into 6-well plates (4 × 105 cells/well) to form the
single confluent cell layer. 10 μl sterile plastic pipette tip
was used to make an artificial wound. The cells were
continued to be incubated for 24 h. Images of the wound
were taken at 0 and 24 h by an inverted microscope
(Olympus Crop, Tokyo, Japan), and the wound widths
were measured with standard calipers.

Transwell assay
Transwell assay was used to measure the invasion ability
in vitro. The 24-well transwell chambers (pore size:
8 μm, Corning, NY, USA) coated with Matrigel (BD Bio-
sciences, Franklin Lakes, New Jersey, USA) was chosen in
this experiment. 200 μl transfected cells (5 × 104 cells/ml)
were added to the top chambers. 600 μl RPIM-1640
medium containing 10% FBS was added to the lower
chambers. 24 h later, the cells not invaded were removed
by cotton swabs. After washing with PBS, the invaded cells
were fixed in 4% paraformaldehyde for 10min, and
stained with 0.1% crystal violet for 15min. The number of
invaded cells was counted under an optical microscope
(Olympus Crop, Tokyo, Japan). Five random fields were
selected to observe.

Statistical analysis
GraphPad Prism7 software (GraphPad Software, Inc., La
Jolla, CA, USA) was used for statistical analysis in this
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study. Each experiment was repeated at least three
times. All the data were presented as mean ± SEM.
Comparisons between two groups were analyzed with
Student’s t-test except for the comparison in tumor tis-
sues and the adjacent tissues, which was used paired
Student’s t-test. Comparisons at multiple groups were
assessed by one-way ANOVA followed by
Newman-Keuls post hoc analysis. P value less than 0.05
was considered to be a statistically significant difference.

Results
MiR-126 expression is aberrantly decreased in both
tissues and cell lines of cervical cancer
To reveal the expression of miR-126 in cervical cancer, we
first detect its expression in tumor tissues and adjacent
normal tissues using RT-qPCR. Compared with that in
matched normal tissues, the expression of miR-126 was
notably downregulated in cervical cancer tissues (P < 0.01;
Fig. 1a). In addition, the relationship between miR-126 ex-
pression and clinical features was analyzed. The data indi-
cated that miR-126 level was significantly correlated with
histological grade (P < 0.01) instead of age and lymph node
metastasis (Table 1). Moreover, miR-126 expression was
also reduced in five cervical cancer cell lines (SiHa, Hela,
ME180, C33a and CaSki), compared with normal cervical
epithelial Ect1/E6E7 cell line (P < 0.01; Fig. 1b). These
findings suggested that miR-126 was reduced in cervical
cancer and may be related with tumor progression; more-
over, there were relatively lower miR-126 level in SiHa
and Hela cell lines, which were chose to be applied for the
following experiments.

MiR-126 targets ZEB1 in cervical cancer cells
To investigate the molecular mechanism underlying
miR-126 in cervical cancer cells, bioinformatics tool

TargetScan was used to forecast the putative candidate of
miR-126. The seed sequences of miR-126 matched ZEB1
3’UTR was described in Fig. 2a. Then, the results of the lu-
ciferase reporter assay demonstrated that the luciferase ac-
tivity of vector anchoring ZEB1 3’UTR was markedly
decreased by miR-126 overexpression in both SiHa and
Hela cells (P < 0.01). On the contrary, the luciferase activity
in SiHa and Hela cells did not affect by miR-126 mimics
when ZEB1 3’UTR was mutated, compared with miR-NC
mimics (Fig. 2b). Taken together, ZEB1 is one of the targets
of miR-126.

ZEB1 expression is upregulated in cervical cancer tissues
To examine ZEB1 mRNA and protein expression in cer-
vical cancer tissues and corresponding normal tissues,
RT-qPCR and western blot were performed, respectively.
As illustrated in Fig. 3a, the mRNA expression level of
ZEB1 was significantly elevated in tumor tissues, related
to that in corresponding non-tumor tissues (P < 0.01).
Meanwhile, ZEB1 protein expression was consistence
with its mRNA expression trend (P < 0.01; Fig. 3b). Fur-
thermore, the expression of ZEB1 was corrected with
histological grade and lymph node metastasis (P < 0.05),
which was not related to patients age (Table 1).

ZEB1 expression is negatively regulated by miR-126
To clarify the relationship between miR-126 and ZEB1
in cervical cancer cells, transfection efficiency was mea-
sured by RT-qPCR in transfected SiHa and Hela cells.
The expression of miR-126 was greatly upregulated
when SiHa and Hela cells transfected with miR-126
mimic, related to miR-NC mimics (P < 0.01; Fig. 4a). In
addition, ZEB1 expression was increased after SiHa and
Hela transfection of pcDNA3.1-ZEB1 at mRNA and pro-
tein levels, compared with pcDNA3.1 group (P < 0.01;

Fig. 1 The expression of miR-126 was reduced in tissues and cell lines of cervical cancer. a MiR-126 expression in cervical cancer tissues and
adjacent normal tissues (n = 30) was detected by RT-qPCR. b MiR-126 expression was measured by RT-qPCR in five cervical cancer cell lines (SiHa,
Hela, ME180, C33a and CaSki) and normal cervical epithelial cell line (Ect1/E6E7). Data were presented as mean ± SEM. ** indicated P < 0.01
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Fig. 4b and c). Furthermore, the expression of ZEB1 was
examined after cells transfection of miR-126 mimics and
miR-NC mimics. These results indicated that overex-
pression of miR-126 induced the downregulation of
ZEB1 in cervical cancer cells (P < 0.01; Fig. 4d). Similarly,
the protein level of ZEB1 was also decreased when
miR-126 was overexpressed (P < 0.01; Fig. 4e).

Overexpression of miR-126 inhibits cell proliferation,
migration and invasion of cervical cancer via targeting
ZEB1
To investigate the role of miR-126 in cervical cancer cells,
CCK-8 was performed to measure cell proliferation. The
results suggested that overexpressed miR-126 markedly
inhibited SiHa and Hela cell proliferation (P < 0.01), while

Fig. 2 ZEB1 is a potential target of miR-126 in cervical cancer. a. Putative miR-126 binding site in the 3’UTR of ZEB1 was predicted. The mutant
position of ZEB1 3’UTR binding site was also shown. b SiHa and Hela cells were co-transfected with ZEB1 3’UTR or ZEB1 3’UTR Mut, as well as
miR-126 mimics or miR-NC mimics. Luciferase reporter assay was performed after 48 h of incubation. Data were presented as mean ± SEM.
** P < 0.01

Fig. 3 ZEB1 expression was upregulated in cervical cancer tissues. a The mRNA expression of ZEB1 in tumor tissues and adjacent non-cancerous
tissues (n = 30) was measured by using RT-qPCR. b ZEB1 protein expression was measured in tumor tissues and matched non-tumor tissues and
the intensity of each band was quantitative. GAPDH was used for the normalization. Data were presented as mean ± SEM. ** P < 0.01
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ZEB1 abolished the inhibition induced by miR-126 (P < 0.01;
Fig. 5a). Moreover, wound healing assay evaluating the
migration capability revealed that miR-126 evidently sup-
pressed cell migration, as compared to miR-NC mimics
group (P < 0.01), while ZEB1 rescued the suppression in-
duced by miR-126 mimics (P < 0.01; Fig. 5b). Similarly, trans-
well assay data demonstrated that the invasion ability in
SiHa and Hela cells was significantly inhibited by miR-126 as
opposed to miR-NC mimics group (P < 0.01), which was re-
stored by ZEB1 (P < 0.01; Fig. 5c). These findings mentioned
above suggested that miR-126 targets ZEB1 to inhibit the
proliferation, migration and invasion of cervical cancer.

Overexpression of miR-126 suppresses the expression of
ZEB1, MMP2 and MMP9, as well as inactivates JAK2/
STAT3 signaling pathway via regulating ZEB1
Finally, the expression of ZEB1, MMP2 and MMP9
was measured when miR-126 was overexpressed. The
results demonstrated that miR-126 greatly suppressed
the expression of ZEB1, MMP2 and MMP9 at both
mRNA and protein levels (P < 0.01), while restoration of
ZEB1 abolished the suppression (P < 0.01; Fig. 6a-d).
Additionally, the protein level of p-JAK2 was downregu-
lated when miR-126 was induced (P < 0.01), and the same
was true of the protein level of p-STAT3 (P < 0.01), while

ZEB1 attenuated the downregualtion (P < 0.01). However,
neither miR-126 nor ZEB1 regulated the total protein
levels of JAK2 and STAT3 (Fig. 6d). The results showed
that miR-126 targets ZEB1 to suppress the expression of
MMP2, MMP9 and JAK2/STAT3 signaling pathway.

Discussion
In this study, the underlying molecular mechanism of
miR-126 was investigated in cervical cancer. MiR-126
has the tumor suppressive effect, which suppresses the
proliferation, migration and invasion in cervical cancer
cells via targeting ZEB1.
MiR-126 is expressed in endothelial cells and associ-

ated with angiogenesis and inflammation, for example,
its role in diabetes mellitus and coronary artery disease
[16–18]. In human cancers, miR-126 has been revealed
that is commonly decreased, and involved in many cellu-
lar processes such as proliferation, apoptosis, migration
and invasion, e.g. upregulation of miR-126 reduces cell
proliferation and increases the apoptosis of colorectal
cancer [19]. Besides, miR-126 also suppresses glioma cell
proliferation, migration and invasion [20, 21]. In
addition, miR-126 is downregulated in breast cancer and
suppresses metastasis in breast cancer development [22].
Furthermore, miR-126 also serves as a biomarker for

Fig. 4 The expression of ZEB1 was negatively regulated by miR-126 expression. a The expression of miR-126 was upregulated after SiHa and Hela
cells transfection of miR-126 mimics. b The expression of ZEB1 was upregulated after SiHa and Hela cells transfection of pcDNA3.1-ZEB1. c. The
protein level of ZEB1was increased in SiHa and Hela cells after cells transfection of pcDNA3.1-ZEB1. d Overexpression of miR-126 resulted in ZEB1
level downregulated. e Overexpressed miR-126 suppressed the protein level of ZEB1. GAPDH was used for the normalization. Data were
presented as mean ± SEM. ** P < 0.01
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cancer prognostic prediction [23]. In cervical cancer,
previous studies about miR-126 have focused on drug
resistance and chemo-sensitivity [14, 24], but the role in
cancer biology is largely unknown. This study concluded
that miR-126 expression was reduced in both tissues
and cell lines of cervical cancer. Moreover, overexpres-
sion of miR-126 inhibited cell proliferation, migration
and invasion. These results suggested that in cervical
cancer, miR-126 acts as a tumor suppressor, which was
concordant with its role in other cancers mentioned
above.
MiR-126 has a great influence on cervical cancer,

which may be attributed to its inhibition of cell pro-
liferation, migration and invasion through regulating
various target genes [25]. A previous study demon-
strated a close relationship between miR-126 and
ZEB1 in osteosarcoma [26]. Meanwhile, bioinformatic
analysis by TargetScan showed the 3’UTR of ZEB1
could bind to miR-126, and luciferase reporter assay
confirmed bioinformatic prediction in our study.
ZEB1, a member of ZEB family of transcription fac-
tors, acts as a driver of epithelial-mesenchymal transi-
tion (EMT) and cancer progression [27]. It was
reported that ZEB1 is abnormally expressed in various
human cancers and commonly involved in cell migra-
tion, invasion and metastasis [28]. For instance, ZEB1
expression is elevated in prostate cancer and inhibits

cell proliferation and invasion [29]. Additionally, in
non-small cell lung cancer, ZEB1, as a target of
miR-445, reverses its inhibition of the proliferation,
migration and invasion [30]. ZEB1 switches with cer-
vical cancer as a target of several miRNAs, such as
miR-211, miR-429 and miR-484 [31–33]. In the
current study, upregulated expression of ZEB1 was
found in cervical cancer tissues. Moreover, its expres-
sion was negatively regulated by miR-126 at mRNA
and protein levels in SiHa and Hela cells. Further-
more, the impact of ZEB1 on the proliferation, migra-
tion and invasion was opposite to those induced by
miR-126 overexpression. These findings demonstrated
that ZEB1 has the positive effect on cervical cancer
and further confirmed that ZEB1 is a target of
miR-126 meanwhile.
MMPs, especially MMP2 and MMP9, are known to

take an important part in tumor growth, migration
and invasion through degradation of extracellular
matrix (ECM) and activation of growth factors [34]. It
has been revealed that MMP2 and MMP9 are in-
volved in regulating tumor cell migration and inva-
sion [35, 36]. The JAK/STAT pathway is an important
oncogenic signaling cascade which consists of JAK
and STAT family [37]. Activated JAKs induce phosphoryl-
ation of latent STAT members, then leading to
dimerization, nuclear translocation and DNA binding

Fig. 5 Overexpression of miR-126 inhibited the proliferation, migration and invasion via targeting ZEB1 in both SiHa and Hela cells. a Cell
proliferation was analyzed by CCK-8. b Migration ability was detected by wound healing assay. The percent of wound was quantified. c The
capability of cell invasion was analyzed by transwell assay. The number of invaded cells was quantified. Data were presented as mean ± SEM.
** P < 0.01
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[38]. A majority of cancers are associated with constitutive
activation of members of the STAT family, particularly
STAT3 [39]. Activated STAT3 regulates numerous re-
sponses such as differentiation, proliferation, apoptosis,
angiogenesis and metastasis [37]. JAK1/STAT3 path-
way was related to ZEB1-mediated proliferation, mi-
gration, invasion and EMT processes [26]. In the
present study, miR-126 suppressed the expression of
MMP2 and MMP9, concurrently with reduction of
p-JAK2 and p-STAT3. Taken together, the results
demonstrated that miR-126 exerts tumor suppressing
effects on the proliferation, migration and invasion by
inhibiting MMP2, MMP9 and JAK2/STAT3 pathway
via targeting ZEB1.
However, there are limitations of the current study.

First, the number of tissue sample is small. A larger sam-
ple will be needed in future study to confirm these re-
sults. Furthermore, the effects of miR-126 and its
molecular mechanism would also be explored in vivo.

Conclusion
In conclusion, despite the limitations, miR-126 is re-
duced in cervical cancer tissues and cells. Additionally,
upregulation of miR-126 leads to downregulation of
ZEB1. Functionally, overexpression of miR-126 targets
ZEB1 to suppress the expression of MMP2, MMP9 and
inactivate JAK2/STAT3 signaling pathway, thus inhibit-
ing the proliferation, migration and invasion in vitro.
These data demonstrates that miR-126 might be a novel
possible therapeutic target for cervical cancer treatment.
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