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Upregulation of MicroRNA-4262 Targets Kaiso (ZBTB33) to Inhibit the 
Proliferation and EMT of Cervical Cancer Cells

Jing Feng

Department of Gynecology, Cangzhou Central Hospital, Hebei, P.R. China

More and more studies have reported that dysregulation of microRNAs (miRNAs) leads to the proliferation 
and EMT of multiple cancers. Recently, several reports have demonstrated that dysregulation of miR-4262 
occurs in numerous cancers. However, its role and precise mechanism in human cervical cancer (CC) have 
not been well clarified. Hence, this study aimed to explore the biological roles and precise mechanisms of 
miR-4262 in CC cell lines. The level of miR-4262 was found to be significantly decreased in CC tissues and 
cell lines. Moreover, decreased expression of miR-4262 was closely related to increased expression of Kaiso 
(ZBTB33), which belongs to the BTB/POZ family, in CC tissues and cell lines. The proliferation and EMT of 
CC cells were inhibited by a miR-4262 mimic. However, downregulation of miR-4262 enhanced the prolif-
eration and EMT of CC cells. Next, bioinformatics analysis predicted that miR-4262 might directly target the 
Kaiso gene. Besides, luciferase reporter assay had confirmed this result. Moreover, introduction of Kaiso in CC 
cells partially blocked the effects of miR-4262 mimic. In conclusion, miR-4262 suppressed the proliferation 
and EMT of CC cells by directly downregulating Kaiso.
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INTRODUCTION

Cervical cancer (CC) is the third leading cause of 
cancer-related deaths among women worldwide1. About 
500,000 new cases are diagnosed, with an estimated 
300,000 deaths per year1. With advances in surgery, 
radiotherapy, and chemotherapy, the mortality of CC has 
decreased2. Because of tumor recurrence and metastasis, 
patients with advanced CC still have very poor prognosis 
and significantly variable clinical outcomes3; however, 
the precise molecular mechanisms of CC are still unclear. 
Therefore, uncovering the molecular mechanisms of CC 
and identifying effective biomarkers in the development 
and progression of CC may provide the available targets 
for the prevention and treatment of CC.

MicroRNAs (miRNAs) are highly conserved small 
(about 22 nucleotides in length) noncoding RNAs4,5, which 
are involved in multiple biologic processes such as prolif-
eration, differentiation, invasion, and apoptosis. miRNAs 
can downregulate protein expression either by mRNA 
degradation and/or by translational repression, by recog-
nizing complementary sequences in the 3¢-untranslated 
regions (3¢-UTRs) of targeted mRNAs6,7. Increasing evi-
dence has shown that miRNAs play critical roles in vari-
ous kinds of cancers4–10. It has been reported that miRNAs 

can be tumor suppressors or oncogenes in CC, depending 
on the function of their target genes, including miR-5439, 
miR-94410, miR-3156-3p11, miR-92a12, miR-211113, and 
miR-42914. miR-4246 has attracted attention because the 
level of miR-4262 is significantly downregulated, and it 
functions as a tumor promoter in breast cancer, cutaneous 
malignant melanoma, and hepatocellular carcinoma15–17, 
whereas it functions as a tumor suppressor, and its level 
is significantly upregulated in osteosarcoma18. However, 
the function and precise molecular mechanism of miR-
4262 in CC remain unclear. Moreover, Kaiso, also called 
ZBTB33, is a transcriptional repressor and belongs to  
the BTB/pox virus and zinc finger (POZ) family19,20. More 
and more evidence demonstrates that Kaiso is involved in 
many biologic processes such as cell proliferation, inva-
sion, and epithelial–mesenchymal transition (EMT)21–23. 
Kaiso functions as a tumor promoter, is significantly 
increased in several cancers, and is closely associated 
with the development and progression of cancers24,25. 
However, the mechanisms underlying the regulation of 
Kaiso expression in CC are still unclear.

In this study, frequent downregulation of miR-4262 
was detected in CC tissues and cell lines. Upregulation of 
miR-4262 suppressed the proliferation and EMT of CC 
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cells. Furthermore, the oncogene Kaiso was the direct 
target of miR-4262. Overexpression of Kaiso blocked the 
inhibitory effects of miR-4262 on the proliferation and  
EMT of CC cells. Therefore, these results confirmed 
important roles for miR-4262 in the pathogenesis of CC, 
which indicated its potential application in CC treatment.

MATERIALS AND METHODS

Cell Culture and Human Tissue

End1/E6E7, a human normal cervical epithelium cell 
line, was cultured in keratinocyte serum-free medium 
(Gibco, Grand Island, NY, USA) containing 0.05 mg/ml 
bovine pituitary extract, 0.1 ng/ml human recombinant 
epithelial growth factor (R&D, Minneapolis, MN, USA), 
and 1% streptomycin–penicillin (Gibco). CC cells such 
as HT-3, C33A, HeLa229, HeLa, MS751, HCC94, SiHa, 
CaSKi, and ME-180 were grown in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco) containing 10% 
fetal bovine serum (FBS; Gibco) and 1% streptomycin– 
penicillin at 37°C in 5% CO2. Ten pairs of fresh CC tissues 
and their matched adjacent normal tissues were collected 
after curative surgical operations from Cangzhou Central 
Hospital (Hebei, P.R. China). All tissue biopsies were 
immediately frozen in liquid nitrogen until further use. 
Informed consent was obtained from all patients before 
surgery, and the study protocol was approved by the 
Ethics Committee of Cangzhou Central Hospital.

Bioinformatics Analysis of Potential Binding 
Partners for miR-4262

The bioinformatics program, TargetScan 6.2 (www. 
targetscan.org), was used to identify putative binding 
partners for miR-4262.

miRNA Transfection

The miR-4262 mimic, miR-negative control (miR-NC), 
miR-4262 inhibitor, miR-negative control of inhibitor  
(NC-inhibitor), the pcDNA3.1 vector, and pcDNA-
Kaiso were synthesized from GeneChem (Shanghai, P.R. 
China). HeLa and CaSKi cells were transfected using 
Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocols.

RNA Extraction and Quantitative Real-Time Reverse 
Transcription Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from HeLa and CaSKi cells 
by TRIzol reagent (Invitrogen). For miR-4262 detection, 
cDNA was synthesized using the PrimeScript RT Reagent 
Kit (TaKaRa, Japan). The qRT-PCR was performed using 
SYBR Premix ExTaq (TaKaRa) with the Bio-Rad Real-
Time PCR System (Bio-Rad, Hercules, CA, USA). The 
endogenous small nuclear RNA (snRNA) U6 was used as 
a housekeeping gene to normalize the level of miR-4262.  
The relative level of miR-4262 was quantified with the 

2−DDCt method. For proliferating cell nuclear antigen 
(PCNA), cyclin-dependent kinase 4 (CDK4), cyclin D1, 
cyclin-dependent kinase inhibitor 1A (p21), epithelial 
cadherin (E-cadherin), vimentin, b-catenin, and glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) mRNA 
analyses, Moloney murine leukemia virus (M-MLV) 
Reverse Transcriptase (Promega, Madison, WI, USA) was 
used for cDNA synthesis. The mRNA level of other genes 
was normalized to the mRNA expression of GAPDH and 
was also calculated by the 2−DDCt method. Each sample was 
assessed in triplicate. Primers used are listed in Table 1.

Cell Counting Kit-8 Assay

The CCK-8 assay (Dojindo, Japan) was used to detect 
the viabilities of HeLa and CaSKi cells. HeLa and CaSKi 
cells were seeded at a density of 1 ́  104 cells/well in 
96-well plates overnight. Cells were then transfected with 
miR-4262 mimic and inhibitor for 48 h. The cells were cul-
tured in complete medium containing WST-8 substrate at 
37°C for 2 h. The absorbance at 450 nm was detected using 
an electroluminescence immunosorbent assay reader.

Enzyme-Linked Immunosorbent  
Assay-Bromodeoxyuridine Assay (ELISA-BrdU Assay)

To investigate the effect of miR-4262 on the prolifera-
tion of HeLa and CaSKi cells, cells were seeded at a den-
sity of 1 ́  104 cells/well in 96-well plates overnight. The 
cells were transfected with miR-4262 mimic or inhibitor 
for 48 h at 37°C. Cell proliferation was estimated using 
Cell Proliferation ELISA-BrdU Kit (Roche Diagnostics, 

Table 1.  Sequence of Primers for qRT-PCR

Gene Primer Sequence

PCNA F: 5¢-CCTGCTGGGATATTAGCTCCA-3¢
R: 5¢-CAGCGGTAGGTGTCGAAGC-3¢

CDK4 F: 5¢-GGGGACCTAGAGCAACTTACT-3¢
R: 5¢-CAGCGCAGTCCTTCCAAAT-3¢

Cyclin D1 F: 5¢-GCTGCGAAGTGGAAACCATC-3¢
R: 5¢-CCTCCTTCTGCACACATTTGAA-3¢

p21 F: 5¢-GTGAAAACAGAGCGAGAGAGATG-3¢
R: 5¢-CAGGGGTACAGTGCTAAAGGC-3¢

E-cadherin F: 5¢-TACACTGCCCAGGAGCCAGA-3¢
R: 5¢-TGGCACCAGTGTCCGGATTA-3¢

b-catenin F: 5¢-AAAGCGGCTGTTAGTCACTGG-3¢
R: 5¢-CGAGTCATTGCATACTGTCCAT-3¢

Vimentin F: 5¢-GACGCCATCAACACCGAGTT-3¢
R: 5¢-CTTTGTCGTTGGTTAGCTGGT-3¢

U6 F: 5¢-CTCGCTTCGGCAGCACA-3¢
F: 5¢-AACGCTTCACGAATTTGCGT-3¢

GAPDH F: 5¢-GAGTCAACGGATTTGGTCGTATTG-3¢
R: 5¢-CCTGGAAGATGGTGATGGGATT-3¢

PCNA, proliferating cell nuclear antigen; CDK4, cyclin-dependent 
kinase 4; p21, cyclin-dependent kinase inhibitor 1A; E-cadherin, epithe-
lial cadherin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Indianapolis, IN, USA) according to the manufacturer’s 
instructions.

Western Blot Analysis

The protein was extracted using RIPA lysis buffer 
(Beyotime Biotechnology, P.R. China) containing pro-
tease inhibitors (Millipore, Billerica, MA, USA). The 
proteins were quantified using the BCA Protein Assay Kit 
(Beyotime Biotechnology). The Western blot system was 
established using a Bio-Rad Bis-Tris Gel System accord-
ing to the manufacturer’s instructions. Primary antibodies 
against Kaiso (1:1,000; Abcam, Cambridge, MA, USA), 
p21, cyclin D1, CDK4, PCNA (1:1,000; Cell Signaling 
Technology, Danvers, MA, USA), and a-tubulin (1:2,000; 
Sigma-Aldrich, St. Louis, MO, USA) were incubated 
with the polyvinylidene difluoride (PVDF) membrane 
(Millipore) at 4°C overnight, followed by washing three 
times in Tris-buffered saline-Tween (TBST) and incuba-
tion with secondary antibodies tagged by horseradish per-
oxidase (1:1,000; Cell Signaling Technology) for 2 h at 
room temperature. After rinsing, the protein levels were 
detected with an enhanced chemiluminescence (ECL)  
kit (Millipore) following the manufacturer’s instructions.

Dual-Luciferase Reporter Assay

The predicted 3¢-UTR sequence of Kaiso interacting 
with miR-4262 and mutated sequences within the pre-
dicted target sites were synthesized and then introduced 
into the pGL3 vector (Promega). HeLa and CaSKi cells 
were transfected with miR-4262 mimic or miR-NC, fol-
lowed by cotransfection with the wild-type or mutant 
3¢-UTR of Kaiso using FuGENE (Promega). Dual-
luciferase reporter assay was carried out on extracts from 
the cells 48 h after transfection and measured using the 
Dual-Luciferase Assay System (Promega). The firefly 
luciferase activity was normalized to the Renilla luciferase 
activity of each transfected well.

Statistical Analysis

All experiments were repeated three times. The data 
of multiple experiments are expressed as the mean ± stan-
dard error of the mean (SEM). Statistical analyses were 
performed using GraphPad Prism 5.0 (GraphPad Soft
ware, Inc., La Jolla, CA, USA). One-way ANOVA and 
Student’s t-test were used to measure the differences 
between the groups. A value of p < 0.05 was considered  
as a statistically significant result.

RESULTS

The Level of miR-4262 Was Decreased and the Kaiso 
Expression Was Increased in CC Tissues and Cell Lines

In this study, the miR-4262 level in the CC tissues was 
significantly decreased compared with normal tissues 
(Fig. 1A). Next, the level of miR-4262 was estimated by 

qRT-PCR in several CC cell lines including HT-3, C33A, 
HeLa229, HeLa, MS751, HCC94, SiHa, CaSKi, ME-180, 
and a human normal cervical epithelium cell line (End1/
E6E7). miR-4262 was significantly downregulated in these 
CC cell lines compared to that in End1/E6E7 cells (Fig. 1B). 
Moreover, TargetScan 6.2, an online database, suggested 
that Kaiso was predicted to be a direct target of miR-4262. 
For further study, the protein expression of Kaiso in both CC 
tissues and cell lines was determined and shown to be mark-
edly increased in CC tissues and cell lines (Fig. 1C and D).

Effects of miR-4262 on the Proliferation of  
HeLa and CaSKi Cells

Since miR-4262 was downregulated in CC cells, it was 
predicted that miR-4262 might function as a tumor sup-
pressor in CC. The miR-4262 level was higher or lower 
in the miR-4262 mimic or inhibitor group than in the 
miR-NC or miR-inhibitor group, respectively (Fig. 2A). 
For detecting the function of miR-4262 in the viability 
of CC cells, HeLa and CaSKi cells were transfected with 
miR-4262 mimic and inhibitor. The CCK-8 assay results 
demonstrated that introduction of miR-4262 significantly 
reduced the viabilities of HeLa and CaSKi cells, and 
knockdown of miR-4262 dramatically enhanced the via-
bilities of both cell lines (Fig. 2B). Furthermore, using the 
ELISA-BrdU assay, it was demonstrated that introduc
tion of miR-4262 could inhibit the proliferation of both 
HeLa and CaSKi cells, whereas downregulation of miR-
4262 promoted the proliferation of CC cells (Fig. 2C).

The Effects of miR-4262 on the Expression  
of Cell Proliferation and Cell Cycle-Related  
Proteins in CC Cells

Since miR-4262 could regulate the proliferation of 
HeLa and CaSKi cells, protein and mRNA expressions 
of cell proliferation and cell cycle-related genes such as  
PCNA, CDK4, cyclin D1, and p21 were determined by  
Western blot analysis and qRT-PCR, respectively. The results 
showed that the protein and mRNA expressions of PCNA, 
CDK4, and cyclin D1 were obviously downregulated in 
the miR-4262 mimic group compared with the miR-NC 
group, and were significantly upregulated in the miR-4262 
inhibitor group compared with the miR-inhibitor group 
(Fig. 3). Conversely, p21 protein expression was markedly 
increased by miR-4262 overexpression and decreased by 
miR-4262 knockdown (Fig. 3). The above data indicated 
that introduction of miR-4262 might be closely associ-
ated with downregulation of PCNA, CDK4, and cyclin  
D1, and upregulation of p21 in HeLa and CaSKi cells.

Effects of miR-4262 on EMT of CC Cells

Next, the effects of miR-4262 on the expression of  
EMT markers in both HeLa and CaSKi cells were explored 
using qRT-PCR assay. Introduction of miR-4262 in HeLa 
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and CaSKi cells led to increasing expression of the 
epithelial marker E-cadherin and decreasing expres-
sions of mesenchymal markers vimentin and b-catenin 
at the mRNA level (Fig. 4A). However, knockdown of 
miR-4262 had the opposite effects on EMT of CC cells 
(Fig. 4B). Altogether, the findings revealed that introduc-
tion of miR-4262 suppressed EMT of CC cells.

Kaiso Is a Direct Target of miR-4262 in CC Cells

Based on the bioinformatics tool (TargetScan 6.2), 
the Kaiso gene was identified as a binding target of 
miR-4262. First, Western blotting was performed to 
determine the protein expression of Kaiso in HeLa and 
CaSKi cells after transfection with miR-4262 mimic or 
inhibitor. As shown in Figure 5A, the protein level of 
Kaiso was decreased by miR-4246 overexpression in 
HeLa and CaSKi cells. Moreover, knockdown of miR-
4246 increased the protein level of Kaiso. To confirm 
whether the effects of miR-4262 were mediated by direct 
binding of miR-4262 with the 3¢-UTR of the Kaiso 
gene, the wild-type 3¢-UTR of Kaiso was cloned into 
the firefly luciferase reporter vector pGL3 (pGL3-Kaiso 
3¢-UTR WT), and then cotransfected with miR-4246 
mimic or miR-NC into HeLa and CaSKi cells for 48 h. 
Dual-luciferase reporter assays showed that miR-4262 

significantly suppressed WT Kaiso-3¢-UTR luciferase 
activity (Fig. 5C). A luciferase reporter plasmid carry-
ing the mutated 3¢-UTR of Kaiso (MUT Kaiso-3¢-UTR) 
based on the predicted miR-4246 binding sites (Fig. 5B) 
was generated and cotransfected. As shown in Figure 
5C, miR-4246 had no effect on the activity of luciferase 
carrying MUT Kaiso-3¢-UTR, which suggested that 
miR-4246 may target the 3¢-UTR of Kaiso, resulting in 
either the degradation or the inhibition of translation of 
Kaiso relative to miR-NC. These data indicated that the 
binding of miR-4246 with the 3¢-UTR of Kaiso gene was 
required to produce its effects.

Overexpression of Kaiso Partially Blocked the  
Effects of miR-4262 Mimic on the Proliferation  
and EMT of CC Cells

To confirm whether miR-4262 overexpression sup-
pressed the proliferation and EMT of CC cells through 
downregulation of Kaiso, HeLa and CaSKi cells were 
cotransfected with miR-4262 mimic and pcDNA-Kaiso 
(Fig. 6A). The ELISA-BrdU assay revealed that over-
expression of Kaiso significantly promoted the prolif-
eration of CC cells transfected with the miR-4262 mimic 
(Fig. 6B). Moreover, introduction of Kaiso decreased 
the E-cadherin expression and increased the vimentin 

Figure 1.  The levels of microRNA-4262 (miR-4262) and Kaiso in cervical cancer (CC) tissues and cell lines. (A) Relative miR-4262 
level in CC tissues and their corresponding adjacent normal tissues. (B) Relative miR-4262 level analyzed by qualitative real-time 
reverse transcription polymerase chain reaction (qRT-PCR) in several CC cell lines (C33A, HeLa229, MS751, HCC94, HeLa, HT-3, 
SiHa, CaSKi, and ME-180) and a human normal cervical epithelium cell line (End1/E6E7) were normalized with U6 small nuclear 
RNA (snRNA). (C) The protein level of Kaiso was determined by Western blot in CC tissues. (D) The expression of Kaiso was detected 
by Western blot in CC cell lines. All data are presented as mean ± standard error of the mean (SEM), n = 6. *p < 0.05, **p < 0.01, 
***p < 0.001 versus normal tissues or End1/E6E7.



ROLES OF miR-4262 IN CERVICAL CANCER CELLS	 1219

and b-catenin expression in HeLa and CaSKi cells after 
transfection with miR-4262 mimic (Fig. 6C). Hence, the 
effects of miR-4262 mimic on the proliferation and EMT 
of CC cells were partially reversed by overexpression 
of Kaiso. All of these results clearly demonstrated that  

miR-4262 overexpression suppressed the proliferation 
and EMT in CC cells possibly by downregulation of 
Kaiso expression, suggesting that knockdown of Kaiso 
may be required for the effects of a miR-4262 mimic  
on the proliferation and EMT of CC cells.

Figure 2.  Effects of miR-4262 on cell viabilities and proliferation in CC cells. HeLa and CaSKi cells were transfected with miR-4262 
mimic or miR-NC for 48 h. (A) The level of miR-4262 in HeLa and CaSKi cells was determined by qRT-PCR. (B) Cell viability was 
assessed by the cell counting kit-8 (CCK-8). (C) Cell proliferation was assessed by enzyme-linked immunosorbent assay-bromodeoxyu-
ridine (ELISA-BrdU) assay. All data are presented as mean ± SEM, n = 6. ##p < 0.01, ###p < 0.001 versus miR-NC or miR-inhibitor.
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Figure 3.  The effects of miR-4262 on the expression of cell proliferation and cell cycle-related proteins in CC cells. HeLa and CaSKi 
cells were transfected with miR-4262 mimic or inhibitor for 48 h. The protein and mRNA expressions of proliferating cell nuclear 
antigen (PCNA), cyclin-dependent kinase inhibitor 1A (p21), cyclin D1, and cyclin-dependent kinase 4 (CDK4) in HeLa and CaSKi 
cells were determined by Western blot and qRT-PCR, respectively. a-Tubulin was detected as a loading control. All data are presented 
as mean ± SEM, n = 6. #p < 0.05, ##p < 0.01, ###p < 0.001 versus miR-NC or miR-inhibitor.
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DISCUSSION

Previous studies have reported that many miRNAs are 
dysregulated in multiple types of cancers, and they can 
contribute to the development and progression of can-
cers26 as either tumor suppressors or promoters27. miR-
4262 has been investigated in hepatocellular carcinoma, 
cutaneous malignant melanoma, osteosarcoma, and breast  
cancer15–18. All these previous findings suggest that miR-
4262 functions as either a tumor suppressor or a promoter. 
However, the functional role and precise molecular mech-
anism of miR-4262 in CC remained unknown. Therefore, 
this study was designed to confirm the biological func-
tion and precise mechanism of miR-4262 in CC. For the  
first time, it was shown that the miR-4262 level was 
frequently downregulated in CC tissues and cell lines. 
According to these outcomes, it is speculated that miR-
4262 might be a tumor suppressor in CC. As expected, 
knockdown of miR-4262 inhibited the proliferation and 
EMT of HeLa and CaSKi cells. Results suggested that 
miR-4262 played critical roles in the regulation of the 
proliferation and EMT of CC cells, and it might therefore  
be a potential diagnostic and predictive biomarker.

Next, the precise mechanism of miR-4262 was inves-
tigated with regard to inhibiting the proliferation and 
EMT of CC cells. The qRT-PCR, Western blotting, and 
luciferase reporter assay showed that miR-4262 could 
directly target the Kaiso gene. Importantly, it also dem-
onstrated that the effects of miR-4262 mimic on the pro-
liferation and EMT of CC cells were partly reversed by 
the upregulation of Kaiso. This confirmed that miR-4262 
played important roles in suppressing the proliferation  
and EMT of CC cells, partly via downregulation of Kaiso.

In the current study, the results of the CCK-8 and 
ELISA-BrdU assays showed that overexpression of miR-
4262 markedly suppressed the viabilities and proliferation 
of HeLa and CaSKi cells. Recent reports have demon-
strated that a common characteristic of human cancer is 
disorder of cell cycle regulators, suggesting that a pos-
sible way for treating human cancers is the modulation 
of cell cycle progression in cancer cells28–30. To confirm 
the potential mechanisms of miR-4262 on the regulation 
of cell proliferation and the cell cycle, the effects of miR-
4262 mimic and inhibitor on cell proliferation- and cell 
cycle-related proteins such as PCNA, p21, cyclin D1, 
and CDK4 were detected by Western blot assay. The data 

Figure 4.  Overexpression of miR-4262 suppressed epithelial–mesenchymal transition (EMT) of CC cells. HeLa and CaSKi cells 
were transfected with miR-4262 mimic (A) or inhibitor (B) for 48 h. The expressions of epithelial cadherin (E-cadherin), b-catenin, 
and vimentin were determined by qRT-PCR in both cell lines. All data are presented as mean ± SEM, n = 6. #p < 0.05, ##p < 0.01 versus 
miR-NC or miR-inhibitor.
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showed that introduction of miR-4262 reduced the expres-
sions of PCNA, cyclin D1, and CDK4 and enhanced the 
expression of p21. PCNA, a proliferation marker, is con-
sidered to be closely associated in the nuclear region for 
DNA synthesis31. Cyclin D1 (one of the cell cycle pro-
teins) interacts with CDK4 to form the cyclin D1–CDK4 
complex and to phosphorylate (p) retinoblastoma (Rb), 
which plays an important role in tumorigenesis. Previous 

studies have reported that the cyclin D1/CDK4/p-Rb 
signaling pathway is altered in many cancers32,33 and is 
an important regulator of the G1-to-S phase transition of 
the cell cycle. However, p21 belongs to a member of the 
CDK interacting protein/kinase inhibitory protein (Cip/
Kip) family and blocks progression of the cell cycle 
through inhibition of the cyclin–CDK complex activity34. 

Collectively, these outcomes confirmed that miR-4262 

Figure 5.  Kaiso was a direct target of miR-4262. HeLa and CaSKi cells were transfected with miR-4262 mimic or inhibitor for 48 h. 
(A) The protein expression of Kaiso was determined by Western blot. a-Tubulin was detected as a loading control. (B) Schematic rep-
resentation of Kaiso 3¢-untranslated regions (3¢-UTRs) showing putative miRNA target site. (C) The analysis of the relative luciferase 
activities of wild type (Kaiso-WT) and mutant (Kaiso-MUT) in CC cells. All data are presented as mean ± SEM, n = 6. ##p < 0.01 versus 
miR-NC.
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affected cell proliferation by regulating PCNA, cyclin 
D1, CDK4, and p21. Additionally, EMT is one important 
molecular step in the process of distant metastasis, which 
is usually activated in many types of cancers including 
CC35,36. In EMT, genes such as E-cadherin, vimentin, 
N-cadherin, fibronectin, and b-catenin have been identi-
fied as the EMT markers37. After transfection with miR-
4262 mimic and inhibitor, the changes of EMT markers 
in both HeLa and CaSKi cells were determined. The data 
demonstrated that upregulation of miR-4262 dramatically 
increased the epithelial marker E-cadherin and decreased 
the mesenchymal markers vimentin and b-catenin, which 
suggested that miR-4262 might inhibit the EMT process 
to regulate metastasis.

For further study, the data confirmed that Kaiso was 
a direct target of miR-4262 in CC cells. Several studies 
have demonstrated that increased Kaiso expression exists 
in many kinds of human cancers such as breast, prostate, 
non-small cell lung, and colorectal cancers21,22,24,38, indi-
cating that Kaiso is considered to be a critical oncogene 

leading to the progression and metastasis of cancers. For 
example, Kaiso mediates the cyclin D1/cyclin E1/Rb1/
E2F pathway, controlling passage through the G1 restric-
tion point and accelerating cancer cell proliferation39. 
Kaiso also regulates miR-31 expression to accelerate cell 
migration and invasion of prostate cancer cells21. Bassey-
Archibong et al. demonstrated that knockout of Kaiso can 
inhibit transforming growth factor-b (TGF-b) signaling 
and metastasis of triple-negative breast cancer cells40. In  
this study, restoration of Kaiso blocked the effects of miR-
4262 mimic on the proliferation and EMT of CC cells.

In conclusion, the data demonstrated that the level 
of miR-4262 was dramatically decreased in CC tissues 
and cells. Overexpression of miR-4262 suppressed the 
proliferation and EMT of CC cells via directly targeting 
Kaiso. This novel miR-4262/Kaiso axis contributed to  
providing new insights into the mechanisms underlying 
the progression and metastasis of CC, and introduction 
of miR-4262 is considered to be a possible therapeutic 
strategy for treatment of CC in the future.

Figure 6.  Overexpression of Kaiso partially rescued miR-4262-inhibited cell proliferation and EMT in CC cells. HeLa and CaSKi 
cells were transfected with miR-4262 mimic with or without pcDNA-Kaiso. (A) The expression of Kaiso was determined by Western 
blot. a-Tubulin was also detected as a loading control. (B) Cell proliferation was assessed by ELISA-BrdU assay. (C) The expres-
sions of E-cadherin, b-catenin, and vimentin were determined by qRT-PCR. All data are presented as mean ± SEM, n = 6. #p < 0.05, 
##p < 0.01 versus pcDNA + miR-4262 mimic.
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