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Abstract. Homeobox A5 (HOXAS) is a member of the
homeobox gene (HOX) family, which plays an important role
in the development of various malignant tumors. Here, we
speculated that HOX A5 has an effect on cervical cancer devel-
opment. In our study, we aimed to explore the role and molecular
mechanism of HOXAS5 in regards to the cell proliferation and
apoptosis in cervical cancer. We found that expression levels
of HOXAS5 measured by RT-qPCR and western blot assays in
cervical cancer cell lines and tissues were both significantly
downregulated. We performed a gain-of-function experiment
by the transfection with pcDNA.3.1-HOXAS in ME-180 and
HT-3 cells to overexpress HOXAS, and the caspase-3 activity
measured by caspase-3 activity assay kit and cell apoptosis
detected by flow cytometry were obviously promoted.
Meanwhile, cell proliferation tested by BrdU assay, invasion
determined by Transwell and cell viability tested by MTT were
inhibited. Moreover, protein kinase B (AKT) was activated by
incubation with SC79 (AKT activator; 1 pg/ml) after HOXAS
overexpression, and reversed the effect of HOXAS overexpres-
sion on p27 expression. Additionally, significant elevation of
AKT activation measured by western blot analysis abrogated
the effect of HOXAS5 on caspase-3 activity, cell apoptosis,
proliferation, invasion and cell viability. Taken together, this
study revealed that HOX AS inhibits cervical cancer progression
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by regulating AKT/p27, proposing the potential role of HOXAS
in the prevention and treatment of cervical cancer.

Introduction

Cervical cancer is one of the most commonly diagnosed malig-
nancies in the world (1). The mortality rate associated with
cervical cancer is the highest among all female reproductive
tract malignant tumors, and cervical cancer seriously threatens
the health of women worldwide (2,3). Although improve-
ments in preventative measures and expansion of cervical
cancer screening have significantly diminished the incidence
and mortality rate in the developed world, there is a lack of
cervical cancer screening in developing countries (4). Cervical
cancer has a poor prognosis due to local invasion and lymphatic
metastasis (5). Thus, it is necessary to investigate the biological
mechanisms driving cervical cancer to provide novel insight
into the prevention and therapeutic management of this disease.

The expression and dysfunction of homeobox (HOX) genes
play an important role in the development of various malignant
tumors, such as lung cancer, breast cancer, colon cancer, pros-
tate cancer and leukemia (6-9). HOXAS is a member of HOX
gene family and is a transcriptional regulator that regulates cell
growth, differentiation and apoptosis (10,11). As the HOX genes
have become a ‘hot topic’ in cancer research, more researchers
have paid close attention concerning the relationship between
HOXAS and multiple malignancies in recent years. It has been
found that lack of HOXAS function and other genetic damage
can lead to breast cancer development (12). It has been reported
that HOXAS induces cell apoptosis and decreases cell drug
resistance in breast cancer, lung cancer and glioblastoma (13,14).
Moreover, a reduction in HOXAS expression was recognized to
be closely related to cell proliferation and invasion in tumors such
as non-small cell lung cancer and esophageal squamous (15,16).
However, the role of HOXAS in cervical carcinoma development
still remains unclear. In the present study, we aimed to investigate
and acquire insight into the molecular mechanisms of HOXAS
in cervical cancer to improve treatment of the disease.

Protein kinase B (AKT) is a homologue of v-AKT, a
proto-oncogene that exists in human chromosomes (17). A
variety of hormones, growth factors and cytokines can stimu-
late Akt activation, thereby regulating cell growth, proliferation,
motility, invasion, apoptosis and other processes (18). Studies
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have indicated that phosphorylation of AKT is increased in pros-
tate, breast and cervical cancer cells (19-21). AKT was found to
induce cell proliferation and survival in (3 cells, endothelial cells,
cardiomyocytes and tumor cells (21,22). It has been reported that
AKT activation can be constrained by HOXAS in mouse white
adipocytes (13). Nevertheless, the effect of HOXAS on AKT
phosphorylation in cervical cancer cells remains unknown. In
our study, we explored the correlation between HOXAS and
AKT phosphorylation in cervical cancer. p27 is an important
member of the p21 family of cyclin-dependent kinase inhibi-
tors and is a broad-spectrum cyclin-dependent kinase (CDK)
inhibitor that blocks the cell cycle through the transition point
into the S phase, and then inhibits cell growth and proliferation,
and is widely recognized as a tumor-suppressor gene in various
types of cancer, including cervical cancer (23-25). Moreover,
p27 expression could be regulated via AKT activation (26) and
thus we hypothesized that HOXAS regulates cell proliferation
and apoptosis via AKT/p27 in cervical cancer.

We aimed to probe into the molecular mechanisms of
HOXAS in cervical cancer by assessing the expression of
HOXAS in cervical cancer cells. We investigated the cell
proliferation and apoptosis in cervical cancer cell lines after
overexpressing HOXAS. We also investigated the molecular
mechanism of cell proliferation and apoptosis following the
overexpression of HOXAS in cervical cancer.

Materials and methods

Cell culture and tissues. The cervical cancer cell lines ME-180
(cat. no. HTB-33™), HT-3 (cat. no. HTB-32™), HeLa (cat.
no. CCL-2™) and SiHa (cat. no. HTB-35™) (ATCC; Manassas,
VA, USA) were grown in Dulbecco's modified Eagle's medium
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS; HyClone;
GE Healthcare Life Sciences), 100 U/ml of penicillin, and
100 pg/ml of streptomycin. Human cervical epithelial cells
(HCerEpiC; ScienCell Research Laboratories, Carlsbad, CA,
USA; cat. no. CP7060) (27), were cultured in cervical epithe-
lial cell medium (ScienCell Research Laboratories). Cells
were cultured in an atmosphere of 5% CO, at 37°C.

Cervical tumor samples (n=10, 40-50 years of age) were
collected in the Fourth People's Hospital of Shaanxi from
women with the average year of 42 years undergoing hyster-
ectomies without having been treated with radiotherapy or
chemotherapy. Two patients had a diagnosis of squamous
cell carcinoma (SCC), 6 presented with adenomatous carci-
noma (ADC) and 2 patients had an intermediate diagnosis of
adenosquamous cell carcinoma (ASC). Normal tissues (n=10,
40-50 years of age) were collected in the Fourth People's
Hospital of Shaanxi from women with the average year of
45 years old undergoing surgery for myoma or adenomyoma.
Normal tissue samples were non-malignant and negative
for human papilloma virus and ThinPrep cytologic tests.
The collections were performed between August 2017 and
September 2017 and were approved by the Ethics Committee
of The Fourth People's Hospital of Shaanxi. Informed consent
was obtained from all of the patients.

RT-qPCR assay. Total RNA of cells was extracted by using
TRizol (Gibco; Thermo Fisher Scientific, Inc., Waltham,
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MA, USA) and reverse-transcribed into cDNA using the
PrimeScript™ First Strand cDNA Synthesis kit (Takara
Biotechnology Co., Ltd., Dalian, China). The volume of
reverse-transcription polymerase chain reaction (RT-qPCR)
was 20 ul and it contained 10 yl SYBR Premix Ex Taq II
(Takara Biotechnology Co., Ltd.). The primers were as follows:
HOXAS, sense primer: 5-AGCCACAAATCAAGGACACA-3'
and antisense primer: 5'-GCTCGCTCACGGAACTATG-3'
GAPDH, sense primer: 5'-CGAAGGTGAAGGTCGGAGT-3'
and antisense primer: 5'-GAAGATGGTGATGGGATTTC-3"
The cycling parameters consisted of 94°C for 30 sec; 40 cycles
of 94°C for 40 sec, 60°C for 30 sec and 72°C for 30 sec and 72°C
for 10 min. The relative levels of gene expression were quanti-
fied using the 2-24¢ method (28). GAPDH was the reference
gene. The experiment was repeated three times.

Western blot analysis. Cells were treated with lysate and protein
was extracted. Then, the protein was quantified with a BCA kit
(Beyotime Institute of Biotechnology, Nantong, China). After
loading 25 pg of the protein onto gel for 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), the
proteins were separated and transferred onto polyvinylidene
fluoride (PVDF) membranes (Bio-Rad Laboratories, Hercules,
CA, USA) by electrophoretic transfer. The PVDF membranes
were then incubated with 5% skim milk for 1.5 h, followed
by incubation overnight at 4°C with the primary antibodies
(all from Abcam Inc., Cambridge, MA, USA): anti-HOXAS
(dilution 1:800; cat. no. ab82645) anti-AKT (dilution 1:500;
cat. no. ab8805), anti-Akt (phospho S473) (dilution 1:600;
cat. no. ab81283), anti-p27 (dilution 1:1,000; cat. no. ab32034)
and anti-GAPDH (dilution 1:500; cat. no. ab9485). Next, the
polyvinylidene fluoride was incubated with a secondary anti-
body (dilution 1:800; cat. no. ab7090) diluted in the blocking
buffer. Finally, the protein was detected using enhanced
chemiluminescence. The experiment was repeated three times.

Construction of the recombinant plasmids. The full-length
HOXAS5 gene (GenBank™ accession number NM_019102.3)
was amplified using RT-PCR, followed by insertion into the
plasmid pcDNA.3.1 (Clontech Inc., Palo Alto, CA, USA).
The restriction enzymes used for the cDNA and plasmid
pcDNA. 3.1 were EcoRI and BamHI. The recombinant plasmid
was then transducted into Escherichia coli DH5a cells
(Tiangen, Beijing, China), followed by amplification at 37°C.
Afterwards, the recombinant plasmids were extracted using a
plasmid DNA extraction kit (Takara Biotechnology Co., Ltd.).
The recombinant plasmid containing the correct sequence was
named pcDNA.3.1-HOXAS.

Cell transfection. The ME-180 and HT-3 cell lines were
separately cultured in 96-well plates and incubated in an
incubator (Thermo Fisher Scientific, Inc.) with 5% CO, for
24 h. The cells were transfected with pcDNA.3.1-HOXAS
(0.2 ug), pcDNA.3.1 (0.2 ug) or pcDNA.3.1-p27 (0.2 ug) using
Turbofect (0.5 ul; Thermo Fisher Scientific, Inc.) and incu-
bated at 37°C in 5% CO, for 24, 36, 48 or 72 h. Transfection
efficiency was measured by RT-qPCR and western blot assays.

Flow cytometric analysis. Cell apoptosis was examined
using an Annexin V-fluorescein isothiocyanate (FITC) and
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Figure 1. Relative expression of HOXAS in cervical cancer cell lines. The relative mRNA (A) and protein (B) levels of HOXAS5 were separately assessed by
gRT-PCR and western blot analyses. HCerEpic, human cervical epithelial cells; ME-180, HT-3, HeLa and SiHa: Cervical cancer cell lines. GAPDH was the
normalization gene. n=3, “P<0.01 vs. the HCerEpic cells indicates a significant difference. N, normal cervical tissues; T, cervical cancer tissues. n=10, *P<0.01

vs. N group indicates a significant difference.

propidium iodide (PI) kit (Jiancheng Bioengineering Institute,
Nanjing, China) in accordance with the supplier's instructions.
Briefly, cells were harvested and centrifuged at 200 x g for
5 min. The cells (5x10° cells/ml) were resuspended in the
binding buffer and mixed with 5 ul of Annexin V-FITC in
195 pl of the cell suspension for 30 min at 4°C. Afterwards,
cells were incubated with PI (6 ul) for 8 min. The apoptotic
cells were quantified by FACS analyzer (Beckman Coulter,
Brea, CA, USA). The experiment was repeated three times.

Caspase-3 activity assay. Caspase-3 activity in the cells
was measured in line with the explanatory memorandum
of a caspase-3 activity assay kit (Beyotime Institute of
Biotechnology). In brief, cells (1x10°) were centrifugated,
washed trice with PBS and incubated in 500 pl lysis buffer
on ice for 15 min. The activity of caspase-3 was tested by a
200 mmol/l AcDEVD-MCA fluorogenic substrate in the assay
buffer, and fluorescence intensity was quantified with spectro-
fluorometry. The experiment was repeated three times.

Cell viability. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assay was used to quantify cell
viability according to the specifications. Firstly, cells were incu-
bated in a 96-well plate in humid atmosphere of 5% CO, at 37°C
for 24 h followed by transfection. MTT (5 g/l) diluted in phos-
phate-buffered saline (PBS) was added and incubated at 37°C for
6 h. Subsequently, dimethyl sulfoxide (DMSO) (160 pl/well) was
added to dissolve the formazan, and the absorbance (OD) values
were read using an microplate reader at 490 nm (Thermo Fisher
Scientific, Inc.). The experiment was repeated three times.

Bromodeoxyuridine (BrdU) assay. Cell proliferation was
tested using a BrdU kit (Roche Applied Science, Mannheim,
Germany) on the basis of the instructions. Cells were plated
in 96-well plates and transfections were performed. Cells
were incubated with BrdU solution (10 ul/well) for 1.5 h
and then denaturing solution (100 ul/well) for 25 min. Cells
were then stained with anti-BrdU antibody for 1.5 h at room

temperature followed by staining with secondary antibody
solution. Next, 100 ul of tetramethyl benzidine substrate was
added and allowed to incubate for 30 min. Finally, the results
were detected at 450 nm using a SpectroFluor Plus multiwell
plate reader (Tecan Group, Ltd., Mannedorf, Switzerland).
The experiment was repeated three times.

Transwell invasion assays. Bio-Coat cell migration chambers
(BD Biosciences, San Jose, CA, USA) were used to assess
cervical cancer cell invasion. Chambers were coated with
Matrigel (Becton Dickinson; BD Biosciences), and the trans-
fected cells were suspended using 350 ul serum-free medium
(1x10° cells) and added to the top chamber. Then, the cells were
cultured with 5% CO, at 37°C for 48 h followed by the addition
of culture medium (500 pl1) with 10% FBS to the lower chamber.
Non-invading cells were gently removed using a cotton swab,
and invasive cells were fixed with 95% ethanol and stained
with trypan blue. The invasive cells were quantified as the
mean count of stained cells in six random fields under bright
field microscopy (x400 magnification) using an Olympus IX70
inverted microscope (Olympus Corp., Tokyo, Japan). The
experiment was repeated three times.

Statistical analysis. Statistical significance was determined
by the Student's t-test between two groups and by one-way
ANOVA followed by a Bonferroni test for multiple groups.
A P-value of <0.05 was considered to indicate a statistically
significant result. Data are expressed as the mean + standard
deviation (SD). Statistical analyses were processed with SPSS
version 22.0 software (IBM Corp., Armonk, NY, USA).

Results

Downregulation of the expression of HOXAS in cervical cancer.
We quantified the expression of HOXAS in cervical cancer cell
lines and tissues to explore the expression of HOXAS5 in cervical
cancer. The results showed that mRNA expression (Fig. 1A) of
HOXAS as determined by RT-qPCR in cervical cancer cell
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Figure 2. Effect of HOXAS upregulation on cervical cancer cell apoptosis. The relative mRNA (A) and protein (B) levels of HOXAS were separately measured by
qRT-PCR and western blot analyses in cells treated with pcDNA.3.1-HOXAS. Apoptosis of ME-180 and HT-3 cells was determined by the Annexin V-FITC/PI
assay (C) and caspase-3 activity (D) in cells treated with pcDNA.3.1-HOXAS. Control, cervical cancer cells; pcDNA.3.1-HOXAS, cervical cancer cells
transfected with pcDNA.3.1-HOXAS5 for 24 h; pcDNA 3.1, cervical cancer cells transfected with pcDNA.3.1 for 24 h. n=3, “P<0.01 vs. the pcDNA.3.1 group.

lines and tissues was significantly decreased in both when
compared with human cervical epithelial HCerEpic cells and
normal tissues. The mRNA reduction of HOXAS5 in ME-180,
HT-3, HeLa and SiHa cells exhibited no significant differences
between each cell line; thus we detected the protein expression
of HOXAS in ME-180 and HT-3 cells. The protein expression
(Fig. 1B) of HOXAS as determined by western blot analysis in
ME-180 and HT-3 cells was also significantly decreased when
compared with the HCerEPic cell line.

HOXAS5 overexpression induces cell apoptosis in cervical
cancer cell lines. To investigate the potential role of HOXAS
in cervical cancer, we measured cell apoptosis by using
Annexin V-FITC/PI assay and caspase-3 activity testing
after HOXAS overexpression in ME-180 and HT-3 cells.
Firstly, we overexpressed HOXAS by cells transfection with
pcDNA.3.1-HOXAS, and the data indicated that mRNA
(Fig. 2A) and protein (Fig. 2B) expression of HOXAS were
both increased twice. Thus, the gain-of-function experiment of
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Figure 3. Effects of HOXAS overexpression on proliferation and invasion in cervical cancer cells. The proliferation capacity was determined by MTT (A) and
BrdU (B) assays in cells transfected with pcDNA.3.1-HOXAS. (C) Invasion was assessed in cells transfected with pcDNA.3.1-HOXAS using the Transwell
invasion assay. pcDNA.3.1-HOXAS (24 h), cervical cancer cells transfected with pcDNA.3.1-HOXAS for 24 h; pcDNA.3.1-HOXAS (48 h), cervical cancer
cells transfected with pcDNA.3.1-HOXAS for 48 h; pcDNA.3.1-HOXAS (72 h), cervical cancer cells transfected with pcDNA.3.1-HOXAS for 72 h. n=3,

“P<0.05, “P<0.01 vs. the pcDNA.3.1 group.

HOXAS5 was successful. Subsequently, the effect of HOXAS
upregulation on cell apoptosis in ME-180 and HT-3 cells were
tested. In the Annexin V-FITC/PI assay (Fig. 2C), cell apop-
tosis was significantly induced by upregulation of HOXAS.
Moreover, caspase-3 activity (Fig. 2D) was also significantly
facilitated after pcDNA.3.1-HOXAS transfection.

HOXAS5 overexpression suppresses cell proliferation and
invasion in cervical cancer cell lines. To further estimate the
influence of HOXAS overexpression on cervical cancer, we
tested cell viability and proliferation using MTT and BrdU
assays, respectively. The results revealed that cell viability
(Fig. 3A) was markedly suppressed in the pcDNA.3.1-HOXAS
group when compared to that noted in the pcDNA.3.1group.
We also assessed the proliferation (Fig. 3B) of cells transfected
with pcDNA.3.1-HOXAS5 for 24, 48 and 72 h, and it was
showed that the proliferation in the pcDNA.3.1-HOXAS (24 h)
group was significantly inhibited in contrast to the pcDNA.3.1
group, and the suppression was slightly time-dependent.
Additionally, cell invasion (Fig. 3C) was detected by Transwell
invasion assay, and the data showed a significant decrease in
cell invasion after HOXAS overexpression. Therefore, HOXAS

displayed a valid inhibitory effect on cell proliferation and
invasion in cervical cancer cell lines.

Regulation of AKT activity and p27 expression by HOXAS.
To gain insight into the molecular mechanisms of HOXAS
in cervical cancer, we determined the protein expression of
p-AKT and p27 via western blot assay in ME-180 and HT-3
cells with HOXAS upregulation. The results indicated that
the protein level of p-AKT (Fig. 4) in the pcDNA.3.1-HOXAS
group was significantly reduced in contrast to the pcDNA.3.1
group. Meanwhile, p27 (Fig. 4) expression was increased in
the pcDNA.3.1-HOXAS5 group. Moreover, we treated ME-180
and HT-3 cells with SC79 (AKT activator, 0.1-10 pg/ml)
for 1 h after HOXAS overexpression. We found that SC79
(1-10 ug/ml) markedly activated AKT (p-AKT intensity
increase) in both the ME-180 and HT-3 cells and the activity
on p-AKT was dose-dependent (Fig. 5A). Thus, we measured
the protein expression of p27 in ME-180 and HT-3 cells with
HOXAS overexpression and SC79 (1 ug/ml) incubation for
1 h, and the results showed that p27 was obviously downregu-
lated (Fig. 5B). Meanwhile, caspase-3 activity (Fig. 5C) was
inhibited and cell viability (Fig. 5D) and invasion (Fig. 5E)
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were elevated. Thus, HOXAS5 controls cervical cancer cell
proliferation and apoptosis via the regulation of p-AKT/p27.

Discussion

Early symptoms of cervical cancer are not obvious, and
the malignant potential in advanced stages reaches a high
degree (29). Currently, lack of effective treatment and poor
prognosis give rise to the high mortality rate associated with
cervical cancer (30). Therefore, the study of the pathogenesis of
cervical cancer and the discovery of molecular markers for clin-
ical diagnosis and treatment are crucial to improve the survival
of patients with cervical cancer. Studies have demonstrated
that HOXAS plays a significant role in tumor development.
The heterotopic expression of HOXAS was found to promote
the proliferation and differentiation of esophageal cancer (31).
Zhang et al demonstrated that HOXAS could constrain
cell proliferation via modulating p21 in non-small cell lung
cancer (32). Wang et al demonstrated that HOXAS inhibition
by miR-1271 facilitated non-small cell lung cancer cell prolif-
eration and invasion (11). Ectopic expression of HOXAS was
found to induce apoptosis in human liposarcomas (33). Liu et al
found that HOXAS upregulation inhibits the proliferation and
promotes apoptosis in K562 leukemia cells (34). However, the
role of HOXAS in cervical cancer is still unclear. In the present
study, we found that HOX A5 was suppressed in cervical cancer
cell lines and tissues. Overexpression of HOXAS was achieved
by transfection with pcDNA.3.1-HOXAS5, which distinctly
accelerated caspase-3 activity and cell apoptosis in cervical
cancer cell lines. Moreover, HOXAS overexpression had
inhibitory effects on cell viability, proliferation and invasion
of cervical cancer cell lines. The role of HOXAS in cervical

cancer was found to be consistent with that in different cancers
in the literature mentioned above.

Feng et al found that HOXAS could restrain AKT activity
in the white adipocytes in mice (13). AKT, a proto-oncogene,
has a significant regulatory effect on cell proliferation, apop-
tosis and invasion of cancer cells. Palacios et al found that
AKT activation results in chronic lymphocytic leukemia (CLL)
B-cell proliferation (35). Yang et al demonstrated that inhibi-
tion of AKT activation by Matrine inhibited bladder cancer
cell proliferation and invasion in vitro (36). Upregulation of
AKT phosphorylation was also found to induce cell growth and
invasion in non-small cell lung cancer (37). Targeting of the
PI3K/AKT pathway by microRNA-29b promoted the apoptosis
of hepatic stellate cells in liver fibrosis (38). Das et al demon-
strated that suppression of AKT promoted FOXO3a-dependent
apoptosis in prostate cancer (39). Moreover, Jeyamohan et al
found that inhibition of the PI3K/Akt signaling pathway
could induce cell apoptosis in cervical cancer (40). In the
present study, we investigated whether AKT plays a role in
the regulation of cervical cancer development by HOXAS.
Analysis of the results showed that AKT phosphorylation
was suppressed by HOXAS overexpression in cervical cancer
lines. Additionally, AKT activation by SC79 visibly abolished
the effect of HOXAS overexpression on caspase-3 activity, cell
apoptosis, cell viability, proliferation and invasion in cervical
cancer cell lines. Therefore, AKT plays an important role in
the regulation of cervical cancer development by HOXAS.

p27, as a tumor suppressor, has been found to display
inhibitory effects on cervical cancer cells. miR-196a was found
to elevate cell proliferation via decreasing p27 expression in
laryngeal cancer (41). Singh et al reported that resveratrol
increases cell apoptosis via the p27 pathway in prostate cancer
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in ME-180 and HT-3 cells treated with SC79 (AKT activator, 0.1-10 gg/ml) for 1 h after HOXAS overexpression. 0.1, 1, 5, 10: Cells treated with SC79 (0.1, 1,
5, 10 pg/ml) for 1 h after HOXAS overexpression. n=3, #P<0.01 vs. the control group. (B) The relative protein levels of p27 were determined by western blot
analyses in ME-180 and HT-3 cells treated with SC79 (AKT activator, 1 xg/ml) for 1 h after HOXAS overexpression. (C) Caspase-3 activity was detected by
a kit in ME-180 and HT-3 cells treated with SC79 (1 pg/ml) for 1 h after HOXAS overexpression. (D) and (E) Cell proliferation and invasion abilities were
separately measured by the MTT and Transwell invasion assays in ME-180 and HT-3 cells treated with SC79 (1 pg/ml) for 1 h after HOXAS5 overexpression.
HOXAS5-SC79: Cells treated with SC79 (1 ug/ml) for 1 h after HOXAS5 overexpression. n=3, "P<0.05, “P<0.01 vs. the pcDNA.3.1-HOXAS5 group.

cells (42). Cui et al showed that upregulation of p27 by Snai2
inhibited the proliferation and tumor formation of human
cervical cancer cells (43). It was reported that AKT phos-
phorylation could elicit p27 transcription in HeLa cells (44).
Thus, we assumed that HOXAS5 could regulate p27 via
controlling AKT phosphorylation in cervical cancer cell lines.

In the present study, data showed that HOXAS overexpression
increased the expression of p27, and inhibited cervical cancer
development. In addition, elevation of AKT phosphorylation
reversed the effect of HOXAS upregulation on p27 expression.
Therefore, HOXAS5 overexpression inhibits cervical cancer
development via modulating p-AKT/p27.
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In summary, the results of the present study revealed that
HOXAS is down-regulated in cervical cancer cell lines and
tissues. The gain-of-function of HOXAS markedly decreased
cell viability, proliferation and invasion. Meanwhile, HOXAS
overexpression induced caspase-3 activity and increased
cell apoptosis in cervical cancer cell lines. Furthermore,
overexpression of HOXAS upregulated p27 expression via
controlling the activation of AKT, providing a novel target for
the treatment of cervical cancer.
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