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Abstract
Erythropoietin-producing hepatocellular receptor A2 (EphA2) receptor tyrosine ki-
nase plays an important role in tissue organization and homeostasis in normal or-
gans. EphA2 is overexpressed in a variety of types of solid tumours with oncogenic 
functions. However, the role of EphA2 in cervical cancer (CC) is still needed to be 
further explored. Here, we examined the role of EphA2 by establishing a stable 
EphA2 knock-down CC cell lines or a stable EphA2-overexpressed CC cells lines. 
Overexpression of EphA2 increased cell proliferation and migration of CC while 
EphA2 knock-down decreased the CC tumorigenicity. In addition, EphA2 knock-
down suppressed CC tumour development in the xenograft mouse model. Inhibition 
of EphA2 by AWL-II-41-27, EphA2-specific tyrosine kinase inhibitor, or knock-down 
of EphA2 decreased mRNA and protein expression of cyclin-dependent kinase (CDK) 
6 in CC cells, which increased cellular susceptibility to epirubicin (EPI), an anti-cancer 
chemotherapy drug. A clinicopathological study of EphA2 was conducted on a cohort 
of 158 human CC patients. EphA2 protein expression was positively correlated with 
CDK6 protein expression, invasion depth, lymph node metastasis and clinicopatho-
logical stage (P < .05). This study demonstrates the oncogenic activity of EphA2 in 
vitro and in vivo, which provides insights into the relevant mechanisms that might 
lead to novel treatments for CC.
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1  | INTRODUC TION

Cervical cancer (CC) is a major gynaecologic cancer worldwide and 
ranks second mortality in women. CC accounts for a large propor-
tion of cancer-associated mortality.1 The decline in CC incidence is 
largely due to the widespread use of cytology screening; however, 
invasive CC still remains a considerable threat to the lives of women. 
Although CC patients in their early stages could often benefit from 
standard treatments of chemotherapy and radiotherapy, which sig-
nificantly improve clinical outcome, the development of clinical man-
agement still remains a challenge, especially in advanced-stage CC.2 
Epirubicin (EPI) is an initial chemotherapy drug for advanced and me-
tastasis CC patients.3 Over 50% of advanced CC patients eventually 
relapse despite their initial response to chemotherapy.4 Therefore, 
the chemotherapy resistance is the key barrier to improving therapy 
efficacy in CC patients.

Erythropoietin-producing hepatocellular A2 (EphA2) is a key 
member of Eph receptors, which is one of the largest subfamily of 
receptor tyrosine kinases (RTKs).5 EphA2 is frequently detected 
at low levels in various normal epithelial cells, and its overexpres-
sion has been investigated in solid tumours, including glioma,6 
non-small cell lung cancer,7 gastric cancer,8 renal cell cancer,9 col-
orectal cancer and endometrial cancer.10 Previously, we reported 
that the overexpression of EphA2 was related to poor prognosis 
of patients with gastric cancer and promotes proliferation through 
Wnt/β-catenin and Hippo pathways of gastric cancer cells.8,11 
However, the exact mechanism is still unclear by which EphA2 
plays a role in the development of CC and treatment of drug re-
sistance in CC.

Cyclin-dependent kinases (CDKs) are a family of protein ki-
nases involved in cell division, apoptosis and neurogenesis.12 
CDK6 is a member of the CDK family, which responsible cell cycle 
of G1 to S regulation and cell differentiation.13 CDK6 has been 
reported in many solid tumours, such as colorectal carcinoma, me-
dulloblastoma and oral squamous cell carcinomas.12,14 After the 
inhibitors of CDK6 were introduced into clinic treatment strategy 
in advanced breast cancer, the patients got more benefits from 
chemotherapy.15 Mitogenic forces, like oestrogen receptor tran-
scriptional activity and tyrosine kinase signalling including ERBB2, 
phosphoinositide 3-kinase/AKT and mammalian target of rapa-
mycin, can make cyclin D1 levels be increased, thereby CDK4/6 
activated, promoted cellular progression to S phase.16 However, 
it is not reported that the Eph family members regulate CDK6 ex-
pression in CC.

In this study, we examined that EphA2 promoted tumorigenic-
ity of CC in vivo and in vitro. EphA2 increased cell proliferation and 
migration and led to chemoresistance of CC to EPI, which was medi-
ated with the up-regulation of CDK6. In addition, we demonstrated 
the correlation between the protein expression levels of EphA2 and 
CDK6 in CC patients by immunohistochemical staining of tissue 
specimens. This study will provide a novel therapeutic strategy for 
CC treatment.

2  | METHOD AND MATERIAL

2.1 | Cells and reagents

SiHa, HeLa and C4-i cells were cultured in 1640 (C4-i and HeLa) and 
DMEM (SiHa) supplemented with 10% foetal bovine serum (FBS) and 
1% antibiotic-antimycotic and incubated at 37°C in a moist atmos-
phere containing 5% CO2. ALW-II-41-27 (ALW) was purchased from 
MedChemExpress. Epirubicin (EPI) was purchased from Sigma-Aldrich.

2.2 | Transduction and transfection

When SiHa cells reached 75%-90% confluence on the day of trans-
duction, two lentiviral stocks (EphA2-shRNA and control shRNA, 
purchased from Sigma) were transduced into the cells with polyeth-
ylenimine (PEI). Twenty-four hours after infecting, the cells were dis-
persed into a 10 cm culture dish with antibiotic (puromycin). When C4-i 
or HeLa cells reached 80%-90% confluence, PEI was used to transfect 
plasmids (EphA2-overexpressing plasmid and control empty vector 
plasmids). Twenty-four hours after infecting, the cells were dispersed 
into a 10  cm culture dish with antibiotic (puromycin) (hygromycin). 
After 2-3 weeks later, the cell colonies were collected, and Western 
blot analysis was collected to analyse the level of EphA2 expression.

2.3 | Western blot analysis

Anti-EphA2 antibody (#6997) and anti-CDK6 antibody (#13331) 
were purchased from CST. The transferred membranes blocked 
with 5% BSA were incubated more than 16 hours at 4°C with the 
primary (1:1000) and secondary antibodies (1:3000) for 1 hour in 
sequence. Pearce ECL Western blotting Substrate (purchased from 
Thermo Scientific) was explored for chemiluminescence detection.

2.4 | Cell proliferation assay

The cervical cancer cells were inoculated in 96-well plates with 
4  ×  103 cells per well and cultured 8-12  hours. At different time-
points, 10  µL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) dye was added, incubated for 3.5 hours at 37°C, and 
the original medium was removed. One hundred microliter DMSO 
shaker 10  minutes was added to each well. A microboard reader 
(Tecan) was used to measure the spectrometric absorbance at the 
wavelengths of 570 and 630 nm.

2.5 | Wound-healing assay

The cells at 95% laying fusion were wounded by dragging a line with 
a 10 µL pipette tip. The cells were washed by PBS for three times to 
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remove cellular debris, incubated for 12-24 hours, and the images 
were captured using an inverted microscope.

2.6 | Tumour sphere formation assay

The cells (1 × 102 cells/mL) were inoculated into each well of a 24-well 
ultra-low attachment plate and treated in a serum-free DMEM/F12 
medium (Invitrogen) supplemented with 15-20 ng/mL basic fibroblast 
growth factor, 15-20 ng/mL epidermal growth factor (R&D Systems), 
3-5 µg/mL insulin (Sigma) and B-27 Supplement (Life technologies), 
and about 20% of the medium was changed every 3-5 days. The im-
ages were obtained using an inverted bright-field microscope.

2.7 | Transwell migration assay

Transwell invasion assays were carried out on a 24-well 8 µm-pore-
size Transwell plates coated with Matrigel Basement Membrane 
Matrix (BD Bioscience) on the bottom. Cells (5 × 104) were added in 
the upper side of the insert treating with medium containing 1% FBS. 
In the lower chamber, the medium containing 10%-15% FBS was used 
as chemoattractant.

2.8 | Quantitative real-time PCR(q-rtPCR)

Synthesis of cDNA by extracting 1  μg total RNA with TRIzol 
(Invitrogen) and TaqMan Reverse Transcription Reagent. 
The relative expression of target gene mRNA was expressed 
by the ratio of target β-actin. The sequences for the prim-
ers of CDK6 are 5′-GCTGACCAGCAGTACGAATG-3′ and 
5′-GCACACATCAAACAACCTGACC-3′. The relative expression 
amount of target gene mRNA was calculated directly according to 
the standard curve.

2.9 | Animal studies

Four-week-old female NOD SCID mice were injected in their back-
side subcutaneously with SiHa-EphA2-KD, SiHa-Con, C4-i-Eph2-OE 
or C4-i-Con cells (1 × 106 cells in 200 µL culture media), and the tu-
mour development was monitored. After 3 weeks for SiHa cells or 
4 weeks for C4-I cells, the mice were sacrificed, and the tumour was 
collected, and the tumour size and weight were measured.

2.10 | Patient selection and pathologic tissue 
preparation

Between December 2017 and December 2018, 158 patients with 
CC, 103 patients with cervical intraepithelial neoplasia (CIN) and 
58 patients with cervicitis admitted to the 3rd Affiliated Hospital of 

Zhengzhou University (Zhengzhou, China) were selected. The study 
got permission from the Research Ethics Committee of this hospi-
tal. The various tissues were removed, fixed with 10% formalin and 
embedded in 65℃ paraffin blocks. Each sample was prepared with 
thickness of 4 µm, dewaxing and rehydration.

2.11 | Immunohistochemistry

Paraffin-embedded CC tissue sections were stained with EphA2 
(Santa Cruz sc-398832, 1:200) and CDK6 (Santa Cruz sc-7961 1:400) 
immunohistochemical staining. Non-immune goat serum was used 
instead of primary antibody to prepare negative control. Two inde-
pendent pathologists, respectively, evaluated the staining results. 
Means were taken for final analysis. The samples in which the stain-
ing intensity was none or weak and less than half cells were stained 
were rendered negative (−), while the samples with moderate or 
strong staining in more than half cells were positive.

2.12 | Availability of data

The data will be made available upon reasonable request.

2.13 | Statistical analysis

Differences between groups were examined for statistical signifi-
cance using Student's t test. All P values are two tailed, and P values 
<.05 were considered to indicate statistical significance.

3  | RESULT

3.1 | The knock-down of EphA2 decreased CC 
tumorigenicity in vitro and vivo

To examine the role of EphA2 in CC, we first established EphA2 
knock-down cell lines (SiHa-EphA2-KD, SiHa-Con). Knock-down ef-
ficiency of EphA2 protein in these cells was determined by Western 
blot analysis (Figure 1A). We next examined the in vitro tumorigenic-
ity of EphA2 using MTT assay, transwell migration assay, wound-
healing assay and tumour sphere formation assay. We found that 
the knock-down of EphA2 significantly reduced cell proliferation 
(Figure  1B), transwell migration (Figure  1C and Figure  S1A), cell 
migration (Figure 1D) and tumour sphere formation (Figure 1E and 
Figure  S1B). To further test the tumorigenic activity of EphA2 in 
vivo, we employed a mouse xenograft model. NOD SCID mice were 
inoculated with SiHa-EphA2-KD and SiHa-Con cells and monitored 
the tumour development. The mice were sacrificed after 3 weeks, 
and the tumours were collected and weighted (Figure 1F). We found 
that the knock-down of EphA2 significantly decreased CC tumour 
development (Figure 1F). Knock-down efficiency of EphA2 protein 
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in the tumours was determined by Western blot analysis (Figure 1G). 
These results indicate that knock-down of EphA2 suppressed CC tu-
morigenicity in vitro and vivo.

3.2 | The overexpression of EphA2 promotes CC 
tumorigenicity in vitro and in vivo

To further investigate the role of EphA2 in CC, we established EphA2 
overexpression cell lines (C4-i-EphA2-OE, C4-i-Con, HeLa-EphA2-OE 
and HeLa-Con). The level of EphA2 protein expression in these cells 

was determined by Western blot analysis (Figure 2A). We examined 
the in vitro tumorigenicity in these cells using the various assays as 
same as above. We found that the overexpression of EphA2 sig-
nificantly increased cell proliferation (Figure  2B), colony formation 
(Figure  2C and Figure  S2A), cell migration (Figure  2D) and tumour 
sphere formation (Figure 2E and Figure S2B). We next examined the 
in vivo tumorigenicity using xenograft experiment. NOD SCID mice 
were subcutaneously inoculated with C4-i-Con or C4-i-Eph2-OE 
cells in the flanks, and the tumour development was monitored. We 
found that EphA2 overexpression significantly increased tumour size 
(Figure 2F) and weight (Figure 2G) in NOD SCID mice. These results 

F I G U R E  1   The knock-down of EphA2 decreased tumorigenic cell growth of CC and inhibited CC xenograft tumour growth. A, Western 
blot analysis of EphA2 protein expression in SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-KD#1, SiHa-EphA2-KD#2) and control 
shRNA (SiHa-Con). B, MTT analysis for cell proliferation of SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-KD#1, SiHa-EphA2-
KD#2) and control shRNA (SiHa-Con). C, Transwell migration assay of SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-KD#1, SiHa-
EphA2-KD#2) and control shRNA (SiHa-Con). D, Wound-healing assay of SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-KD#1, 
SiHa-EphA2-KD#2) and control shRNA (SiHa-Con). E, Tumour sphere assay of SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-
KD#1, SiHa-EphA2-KD#2) and control shRNA (SiHa-Con). F, Xenograft tumour development in NOD SCID mice inoculated with SiHa cells 
transfected with EphA2 shRNA (SiHa-EphA2-KD#1) or control shRNA (SiHa-Con) (n = 10). Four weeks later, mice were sacrificed, and 
tumours were collected (left) and weighted. G, Western blot analysis of EphA2 protein expression in the tumours from Figure 1F. The results 
in (B) and (F) represent the mean ± SD. Statistically significant differences are indicated. **P < .01
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suggest that overexpression of EphA2 increased CC tumorigenicity in 
vivo and in vitro.

3.3 | EphA2 conferred CC cell chemotherapy 
resistance by up-regulating CDK6 expression

CDK6 plays an important role in regulating the cell cycle progres-
sion. However, there were no reports for the relation between CDK6 
and EphA2. To test the regulation of CDK6 by EphA2 in CC, we em-
ployed ALW that is EphA2 inhibitor specifically targeting Ser897 

phosphorylation.17 We investigated the level of CDK6 mRNA and 
protein by treatment of ALW in EphA2 overexpression or knock-down 
CC cell lines. EphA2 overexpression increased the level of CDK6 
mRNA and protein (Figure 3A) while EphA2 knock-down decreased 
them (Figure 3B). In addition, the treatment of ALW decreased the 
levels of CDK6 mRNA and protein in both C4-i-EphA2-OE cells 
(Figure  3A) and SiHa-Con cells (Figure  3B). These results suggest 
that EphA2 regulates the expression of CDK6 at the transcriptional 
level. At present, for standard chemotherapy regimens for the treat-
ment of CC, one of them is EPI alone or in combination with other 
conventional drugs, but its efficacy is limited due to the frequent 

F I G U R E  2   The overexpression of EphA2 increased tumorigenic cell growth of CC. A, Western blot analysis of EphA2 protein expression 
in C4-i and HeLa cells transfected with EphA2 expression plasmid (C4-i-EphA2-OE#1, C4-i-EphA2-OE#2, HeLa-EphA2-OE#1, HeLa-EphA2-
OE#2) and control vector (C4-i-Con, HeLa-Con). B, MTT analysis for cell proliferation of C4-i cells transfected with EphA2 expression 
plasmid (C4-i-EphA2-OE#1, C4-i-EphA2-OE#2, HeLa-EphA2-OE#1, HeLa-EphA2-OE#2) and control vector (C4-i-Con, HeLa-Con). C, 
Transwell migration assay of C4-i or Hela cells transfected with EphA2 expression plasmid (C4-i-EphA2-OE#1, C4-i-EphA2-OE#2, HeLa-
EphA2-OE#1, HeLa-EphA2-OE#2) and control vector (C4-i-Con, HeLa-Con). D, Wound-healing assay of C4-i cells transfected with EphA2 
expression plasmid (C4-i-EphA2-OE#1, C4-i-EphA2-OE#2, HeLa-EphA2-OE#1, HeLa-EphA2-OE#2) and control vector (C4-i-Con, HeLa-
Con). E, Tumour sphere assay of C4-i cells transfected with EphA2 expression plasmid (C4-i-EphA2-OE#1, C4-i-EphA2-OE#2, HeLa-EphA2-
OE#1, HeLa-EphA2-OE#2) and control vector (C4-i-Con, HeLa-Con). F, Xenograft tumour development in NOD SCID mice inoculated 
with control (C4-i-Con) or EphA2 overexpression (C4-i-EphA2-OE) cells (n = 4). Four weeks later, mice were sacrificed, and tumours were 
collected (left) and the volume was calculated (right). G, The tumours weight was calculated from Figure 2F. The results in (B), (F), and (G) 
represent the mean ± SD. Statistically significant differences are indicated.    **P < .01
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occurrence of drug resistance.18 We first examined CDK6 mRNA ex-
pression by treatment of EPI in C4-I or SiHa cell lines. We found that 
the expression of CDK6 mRNA was decreased by EPI treatment in 
a dose-dependent manner in these cell lines (Figure 3C). To test the 
drug resistance of EphA2 to EPI, we examined cell viability by EPI 
treatment in EphA2 overexpression or knock-down CC cell lines. We 
found that the overexpression of EphA2 could significantly increase 
the resistance of CC cells to EPI (Figure  3D) whereas the EphA2 
knock-down decreased the resistance of CC cells to EPI (Figure 3E). 
In addition, we also found that ALW could significantly increase the 
susceptibility of CC cells to EPI (Figure 3D,E). These results suggest 
that EphA2 regulates the chemotherapy resistance of CC cells by 
inducing CDK6 expression.

In addition, we investigated the effects of CDK6 overex-
pression on the oncogenic activity in EphA2 knock-down cells. 
We first overexpressed CDK6 in SiHa-EphA2-KD cells and es-
tablished the EphA2-KD/CDK6-OE cells (Figure  S3A). We next 
examined the oncogenic activity including proliferation, mi-
gration, sphere formation, and chemotherapy resistance using 
the EphA2-KD/CDK6-OE cells. We found that CDK6 overex-
pression in EphA2 knock-down cells significantly restored cell 

proliferation (Figure S3B), migration (Figure S3C) and sphere for-
mation (Figure S3D), which are similar to the control. In addition, 
we also found that the resistance to EPI of EphA2-KD/CDK6-OE 
cells was significantly increased compared to that of EphA2-KD 
cells (Figure S3E). Collectively, these results suggest that CDK6 
overexpression in EphA2 knock-down cells restores oncogenic 
activity of the cervical cancer cells.

3.4 | EphA2 levels were correlated with CDK6 levels 
in human CC

We analysed 158 cases of CC, 103 cases of CIN and 58 cases of nor-
mal cervical epithelium by immunohistochemistry to examined the 
EphA2 and CDK6 proteins expression (Figure 4A-F). We found that 
the expression of EphA2 and CDK6 protein was correlated with the 
clinical characteristics (Table 1). The expression level of EphA2 and 
CDK6 protein in the CC tissues were significantly higher than that 
in the cervical epithelium and CIN (Table 1). In addition, there was a 
significantly correlation between EphA2 protein and CDK6 protein 
expression in human cervical cancer tissues (Table 2). These results 

F I G U R E  3   EphA2 regulated CC cell chemotherapy resistance by inducing CDK6 expression. A, Real-time PCR analysis of CDK6 mRNA 
expression (left) and Western blot analysis of CDK6 protein expression (right) by treatment of ALW (0.5 µmol/L) for 48 h in C4-i cells 
transfected with EphA2 expression plasmid (C4-i-EphA2-OE#1) and control vector (C4-i-Con). B, Real-time PCR analysis of CDK6 mRNA 
expression (left) and Western blot analysis of CDK6 protein expression (right) by treatment of ALW (0.5 µmol/L) for 48 h in SiHa cells 
transfected with EphA2 shRNA (SiHa-EphA2-KD#1) and control shRNA (SiHa-Con). C, Real-time PCR analysis of CDK6 mRNA expression 
by treatment of ALW at various concentrations for 48 h in C4-i and SiHa cells. D, MTT analysis for cell proliferation by treatment of ALW 
(0.5 µmol/L) for 48 h in C4-i cells transfected with EphA2 expression plasmid (C4-i-EphA2-OE#1) and control vector (C4-i-Con). E, MTT 
analysis for cell proliferation by treatment of ALW (0.5 µmol/L) for 48 h in SiHa cells transfected with EphA2 shRNA (SiHa-EphA2-KD#1) and 
control shRNA (SiHa-Con). The results in (A-E) represent the mean ± SD. Statistically significant differences are indicated. *P < .05, **P < .01
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suggest that the correlation between EphA2 protein and CDK6 pro-
tein expression is manifested in human cervical cancer.

4  | DISCUSSION

RTK regulates a variety of cellular processes and downstream sig-
nal transduction pathways. EphA2, as one of the well-studied RTKs, 
has been a focus on cancer research for many years.9 Increasing 
evidence indicated that the EphA2 plays an important role in cell 
transformation, primary tumour progression, angiogenesis and 

metastasis in various tumour models.6-8 However, its exact func-
tion in CC has not been studied. The high expression of EphA2 and 
EphrinA-1 protein in cervical squamous cell carcinoma indicates a 
poorer overall survival,19,20 but the underlying mechanism remains 
largely unknown. Here we showed that the level of EphA2 expres-
sion in CC cell lines was positively correlated with tumour cell prolif-
eration, migration and invasion abilities, which was demonstrated by 
in vivo and in vitro experiments. EphA2 overexpression could lead to 
the up-regulation of CDK6 mRNA and protein expression, which re-
sults in promoting the abovementioned oncogenic functions and cell 
resistance to EPI. In addition, clinical pathological analysis revealed 

F I G U R E  4   Clinical relevance of EphA2 
and CDK6 in CC. Representative staining 
of immunohistochemical analysis for the 
protein expression of EphA2 and CDK6 in 
human normal cervical epithelium (A, B), 
CIN (C, D) and CC (E, F)

A C E

B D F

n

EphA2 CDK6

+ − P + − P

Age

<45 165 58 107 <.01 62 103 <.01

≥45 154 93 61 108 46

Normal cervical 
epithelial

58 7 51 <.01 9 49 <.01

CIN 103 24 79 31 72

Cervical cancer 158 120 38 132 26

Cervical cancer in situ 36 20 16 <.01 27 9 Ns

Advanced cervical 
cancer

122 100 22 105 17

Histologic type

Poor and 
undifferentiated

72 56 16 Ns 59 13 Ns

Well and moderate 50 44 6 46 4

Stage

Ⅰ 36 22 14 <.01 31 5 Ns

Ⅱ 86 78 8 74 12

Lymph node metastasis

− 64 47 17 <.05 85 10 Ns

+ 58 53 5 20 7

TA B L E  1   The Correlation of the 
staining of EphA2 and CDK6 in normal 
cervical epithelial, cervical intraepithelial 
neoplasia (CIN) and advanced cervical 
cancer (chi-square test)
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that the overexpression of EphA2 in CC tissue specimen was posi-
tively correlated with the tumour stage and lymph node metastasis.

We previously reported that EphA2 is frequently overex-
pressed and correlated with increased cell proliferation, invasion 
and migration ability of gastrointestinal tumours.8,11 The over-
expression of EphA2 in tumours is related to tumour metastasis 
and poor prognosis of patients, which is caused by epithelial-
mesenchymal transition (EMT) of tumour cells. Tumour cells with 
EMT show characteristics that promote distal metastasis and che-
motherapy resistance, including cell death resistance and senes-
cence, evasion of immune surveillance and acquisition of stem cell 
properties.21 EphA2 could activate Wnt/beta-catenin and Hippo 
signalling pathways, which in turn induced EMT and downstream 
signalling cascade, thus mediating tumour invasiveness and resis-
tance to cancer therapeutics in gastric cancer.8,11 Similar to CC, 
the prognosis of patients becomes significantly poor as the tumour 
metastases to other parts of the body, in which EMT plays an im-
portant role.22 EMT causes chemoresistance and radio-resistance 
in CC cells. The inhibition of EMT make CC cells be more sensitive 
to radiation and drugs. This sensitization could improve the sur-
vival rate of CC patients.

Interestingly, we found that the expression of EphA2 could 
lead to the regulation of CDK6 mRNA and protein expression in 
CC. It has been found that CDK6 plays an important regulatory 
role in the process of cell cycle.12 Previous studies have shown 
that the up-regulation of CDK6 activity is related to the occur-
rence of several cancers.16 CDK6 in the G1 phase of cell cycle can 
phosphorylate the retinoblastoma (Rb) and its related proteins, 
and relieve the inhibition of E2F. Then, E2F encodes the proteins 
required for DNA replication (S phase entry) by activating gene 
transcription. The CDK6 activation requires binding to D-type 
cyclins, which is phosphorylated by CDK-activated kinase (CDK7/
cyclin H/MAT1). CDK6 and Cip/Kip proteins could be deactivated 
by INK4s, as negative modulators of the CDK6-cyclin D complex. 
MicroRNAs (MiRNAs) blocking the expression of CDK6, which can 
inhibit the proliferation of many solid tumour cells, such as gli-
omas, medulloblastoma, prostate, bladder, gastric, hepatocellular 
and lung, suggesting that CDK6 plays an important role in the de-
velopment of these tumours.16,23-25 The mechanism of treatment 

by which targets CDK6 through inhibiting miRNA function has 
been proven in CC.26-28 We provided evidence that inhibiting 
EphA2 tyrosine kinase activity by specific tyrosine kinase inhibi-
tor (TKI) could also decrease CDK6 expression, indicating that the 
combination of both inhibitors might provide potential benefits to 
CC patients with high EphA2 protein expression.

In summary, we reported that the level of EphA2 expression is 
positively correlated with CC tumour proliferation, invasion, patient 
overall survival and therapeutic resistance of CC to EPI. EphA2 could 
be an therapeutic target for the treatment of CC. Combinational 
therapy targeting EphA2 with conventional chemotherapy drugs 
might provide therapeutic benefits to CC patients.
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