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Abstract. The haematopoietic cell-specific protein 1-associ-
ated protein X-1 (HAX-1), as a mitochondrial membrane
protein, induces cancer progression and metastasis. The
present study aimed to investigate the role of HAX-1-induced
survival, migration and proliferation of human cervical
squamous carcinoma cells and to elucidate its potential
molecular mechanisms. The level of HAX-1 was examined by
quantitative polymerase chain reaction and western blot anal-
yses. The survival, migration and proliferation of the human
cervical squamous carcinoma SiHa cell line were measured
by the water-soluble tetrazolium salt (WST-1) assay, Transwell
assay and *H-thymidine incorporation into DNA (*H-TdR)
assay, respectively. The intracellular reactive oxygen species
(ROS) was estimated by the fluorescence of H,DCFDA, and
the mitochondrial membrane potential was tested using a JC-1
probe. The expression of the HAX-1 gene was significantly
increased in human cervical carcinoma tissues relative to
non-cancerous cervix tissues. Overexpression of HAX-1
increased the survival, migration and proliferation ability of
SiHa cells, decreased the production of ROS, and maintained
the integrity of the mitochondrial membrane and morphology.
The effect brought on these cells could be abrogated by the
addition of wild-type tumour protein P53 (p53) or carbonyl
cyanide-p-trifluoro methoxyphenylhydrazone-induced
mitochondrial dysfunction. In summary, these data support
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the notion that HAX-1 induced the survival, migration and
proliferation of human cervical squamous carcinoma cells by
inhibiting its downstream regulatory factor p53 in SiHa cells.

Introduction

Cervical cancer is one of the most serious diseases that threaten
the physical and mental health of women. The morbidities
and mortalities of cervical cancer rank first in China with
>150,000 newly diagnosed cases annually, accounting for
~38% of the total number of cases worldwide (1,2). Aetiology
studies have demonstrated that the incidence of cervical
cancer is multi-factorial, involving multiple steps, and that the
risk factors for cervical cancer may be associated with behav-
ioural factors, biological factors and genetic susceptibility
factors (3,4). Therefore, it is very important for the clinical
diagnosis and treatment of cervical cancer to evaluate the
associated mechanisms of the occurrence and development of
cervical cancer.

The occurrence and development of tumours are associated
with the pathological proliferation of cells and abnormal
apoptosis (5,6). Once the balance between promoting apop-
totic genes and inhibiting apoptotic genes is broken, tumours
inevitably develop (6,7). Mitochondrial dysfunction is one of
the key factors for apoptosis (8). Therefore, the present study
investigated the role of mitochondrial dysfunction in the devel-
opment of cervical cancer cells. Understanding the complex
process of the regulation of a variety of signalling networks
in the development and progression of cervical cancer is of
great importance. As one of the key genes promoting apop-
tosis, tumour protein P53 (p53) serves an important role
in controlling the cell cycle, inhibiting tumour formation,
maintaining cell genome integrity and responding to various
cellular stresses (9-12). In recent years, accumulating evidence
has demonstrated that the p53 protein may translocate from
the cytoplasm to the mitochondria and activate mitochon-
dria-related apoptotic pathways. However, the pS3-regulated
genes that serve a major role in cervical cancer have not yet
been identified.
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Haematopoietic cell-specific protein l-associated
protein X-1 (HAX-1) is a mitochondrial membrane protein
with complex physiological functions and is also a potential
oncogene (13). HAX-1 genes are overexpressed in numerous
types of cancer and are involved in the tumorigenesis, growth,
progression, invasion and metastasis of a number of human
malignancies (14). The present study aimed to comprehen-
sively determine the role of the p53 gene in HAX-1-induced
biological behaviour of cervical cancer cells and the associ-
ated mechanism of mitochondrial function.

Materials and methods

Chemicals and reagents. The human cervical cancer SiHa cell
line and the HeLa cell line were provided by the Hangzhou
Hibio Bio-tech Co., Ltd (Hangzhou, China; http://www.
hi-bio.cn/). The human cervical epithelial CRL2614cell
line was purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA; http://www.atcc.
org/Products/All/CRL-2614.aspx). The Lipofectamine® 2000
transfection reagent was purchased from Invitrogen; Thermo
Fisher Scientific, Inc. (Waltham, MA, USA). A water-soluble
tetrazolium salt (WST-1) kit, H,DCFDAKkit and JC-1kit were
purchased from Invitrogen; Thermo Fisher Scientific, Inc.
Antibodies againstHAX-1 (cat no. sc-166845), p53 and [-actin
were purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Carbonyl cyanide-p-trifluoro methoxyphenylhy-
drazone (FCCP) was obtained from Tianjin Kaitong Chemical
Reagent Co., Ltd. (Tianjing, China). The plasmids pCB6 + p53
encoding wild-type (wt) pS3 and pCB6 + p53 173L encoding
mutantp53 (mt) were supplied by Hangzhou Hibio Bio-tech
Co., Ltd. The wild-type amino acid sequence prior to mutation
for pCB6 + p53 173L was KQSQHMTEYV (164-172). Transwell
chambers were obtained from Invitrogen; Thermo Fisher
Scientific, Inc. HAX-1 and pB-actin gene primers were synthe-
sized by Shanghai Boya Biotechnology Co., Ltd. (Shanghai,
China; http://hkjum1210485.51sole.com/).

Tissue procurement and preparation. The present study was
approved by the Ethics Committee of the Chinese Academy
of Sciences and the Nanjing Maternity and Child Health Care
Hospital (Nanjing, China) and written informed consent was
obtained from all participants. Subsequently, the specimens
were organized and case data were collected. Between
December 2013 and October 2015, specimens of 24 cases
(median age of 43 years, age range of 25-56 years) of cervical
cancer and adjacent non-cancerous cervical tissues were
collected at the Nanjing Maternity and Child Care Center
Affiliated to Nanjing Medical University (Nanjing, China).
All specimens were confirmed by pathological examina-
tion. The research specimens were divided into two groups:
i) There were 24 cases of human cervical cancer tissues
(T), the pathological diagnoses of which were definite, and
ii) 24 cases of surrounding non-cancerous cervical tissues (N),
with no tumour cell infiltration, confirmed by pathology. For
cervical tissue analysis, the exclusion criteria was as follows:
Positivity for Chlamydia trachomatis, Neisseria gonorrhoeae,
Gardnerella vaginalis, Mycoplasma genitalium, Trichomonas
vaginalis, Mycoplasma pneumoniae and Herpes simplex virus
type 2 (HSV-2) sexually transmitted pathogens.
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Immunohistochemical analysis. Immunohistochemistry for
HAX-1in cervical cancer and adjacent non-cancerous cervical
tissues was performed as follows: Dewaxing in fresh xylene
(30 min at 55°C) and rehydration using an ethanol gradient
(100, 95, 80 and 70%) for 2 min each at room temperature for
antigen retrieval, the slides (2-3-pum-thick sections) were heated
inamicrowave ovenin0.02 M citrate bufferat pH 6.0. Subsequent
to cooling, the sections were incubated in 3% perhydrol solution
for 15 min at room temperature to block the endogenous perox-
idase reaction. Non-specific binding was blocked for 1 h by
incubation in 5% bovine serum albumin (Sigma Aldrich; Merck
KGaA, Darmstadt, Germany) at room temperature. Then, the
sections were incubated with mouse anti-human HAX-1 mono-
clonal antibody (dilution, 1:200; Santa Cruz Biotechnology,
Inc. Dallas, TX, USA; cat. no. sc-166845) overnight at 4°C. The
slides were then incubated with horseradish peroxidase-conju-
gated goat anti-mouse secondary antibody (dilution, 1:2,000;
Santa Cruz Biotechnology, Inc.; cat. no. sc-2005) for 30 min
at 37°C and 3,3'-diaminobenzidine Sigma-D8001 staining kit
(Sigma Aldrich; Merck KGaA) staining was used for evalua-
tion. The positive (brown) staining indicates the presence of the
HAX-1 protein, as detected by light microscopy (magnification,
x200).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from cervical tissue
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). The RNA was quantified by absorption at 260 nm. The
isolated RNA was then DNase-treated and reverse-transcribed
according to manufacturer's recommended protocol. To
detect HAX-1, the following primer sets were used: Forward,
5'-CGCGGATCCAGTACGGGAATGAGCCCT-3" and
reverse, 5-"ACGCGTCGACTTAACAAGGCTACCGGG
A-3'. According to the HAX-1 mutated vector, a single point
mutation for D148A (GAT->GCT) and DI159A (GAC->GCC)
was introduced to full-length HAX-1 that overlaps with the
specific Asp residue that was changed to Ala. The mutant
forward and reverse primers were as follows: D148A forward,
S"TTGGAGAGTGCTGCAAGAAGTGAATCCCCCCAA-3'
and reverse 5-ACTTCTTGCAGCACTCTCCAAGACCCC
CCCAAA-3'; and DI5S9A forward, 5'-CCAGCACCAGCC
TGGGGCTCCCAGAGGCCATTT-3' and reverse, 5'-GGA
GCCCCAGGCTGGTGCTGGTTGGGGGGATTC-3'". The
sequence analysis was performed to confirm Asp to Ala
conversions. Briefly, mRNA were reverse transcribed using a
PrimeScript reverse transcription kit, miScript SYBR Green
PCR kit and miScript primer assays according to the manufac-
turer's protocol (Qiagen, Inc., Valencia, CA, USA). RT-qPCR
was performed using an ABI PRISM 7300 sequence detection
system. Thermocycling parameters were 2 min at 50°C and
10 min at 95°C, followed by a total of 40 cycles of 15 s at
95°C and 1 min at 60°C. All of the reactions were performed
in triplicate. The gene expression Cq values of mRNA were
calculated by normalizing with the internal control of -actin.
The relative amounts of mRNA were calculated using the
248 method (15).

Electron microscopy. The cultured SiHa cells were trypsinized
and pelleted at 800 x g for 15 min at 4°C. Following superna-
tant removal, the cell mass was post-fixed in 1% OsO, for 1 h
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at room temperature and stained with 1% uranyl acetate for
2 h at room temperature. Next, the cell mass was dehydrated
an acetone series (50, 70, 80, 90 and 100%) for 15 min each
at room temperature, and flat-embedded in Durcupan (Fluka
Chemie AG, Buchs, Switzerland) and sectioned to 60-70 nm
thickness on 300 mesh copper slot grids. Finally, ultrathin
sections were examined at magnifications of x3,700 and
x12,500 and photographs were taken using a Zeiss 10° electron
microscope (Carl Zeiss AG, Oberkochen, Germany).

Western blot analysis. The cultured SiHa cells were treated
with pcDNA3.1-HAX-1 vector, pcDNA3.1-HAX-1 mutated
vector and pcDNA3.1 vector for 72 h at 37°C. Total protein of
SiHa cells was extracted using radioimmunoprecipitation assay
protein lysis buffer containing 150 mM NaCl, 1 mM Na,;VO,,
50 mM NaF, 1% Triton X-100, ImM EDTA, I mM PMSF, 10%
glycerol, 20 mM Tris-HCl (pH 7.5) and protease inhibitors for
30 min on ice. An equal quantity of total protein (~20-30 pg,
with the concentration of protein having been determined by
a BCA protein assay, was subjected to 10% SDS-PAGE and
transferred onto polyvinylidene difluoride membranes (EMD
Millipore, Billerica, MA, USA). The membranes were blocked
for 1 hin 5% skimmed milk dissolved in PBST (PBS containing
0.05% Tween 20) at room temperature. Following blocking,
primary antibodies againstHAX-1 (dilution, 1:400; cat.
no. sc-166845), p53 (dilution, 1:500; cat. no. sc-47698) and
B-actin (dilution, 1:500; cat. no. sc-69879) were applied to
the membranes overnight at 4°C. The proteins were visual-
ized with horseradish peroxidase-conjugated goat anti-mouse
secondary antibodies (dilution, 1:2,000; cat. no. sc-2005) for
1 h at room temperature using the enhanced chemilumines-
cence western detection system (Cell Signalling Technology,
Inc., Danvers, MA, USA), including a biotinylated protein
ladder, 20x LumiGLO reagent and 20x peroxide.

Cell survival analysis. The cultured SiHa cells were treated
with pcDNA3.1-HAX-1 vector, pcDNA3.1-HAX-1 mutated
vector and pcDNA3.1 vector for 72 h and examined for cell
survival using a WST-1 assay. The WST-1 (10 ul/well) was
added to each well and incubated at 37°C for 4 h. The cell
cultures were terminated and the culture supernatant was
discarded. Dimethyl sulfoxide (150 ul) was added to the cell
culture and incubated for 10 min to fully dissolve the reaction
product. The absorbance was measured at an optical density
(OD) of 490 nm using an automated microplate reader (EIx808;
BioTek Instruments, Inc., Winooski, VT, USA).

SiHa cell migration analysis. The effect of different treat-
ments on SiHa cell migration was measured by Transwell
experiments. Prior to the test, the cultured SiHa cells
(7.5x106 cells/ml) were starved for 24 h and placed in the upper
well of a 6.5-mm Transwell chamber with 8-ym pores (Corning
Incorporated, Corning, NY, USA). The upper chamber was
filled with 100 pl serum-free DMEM and the lower chamber
was filled with 500 ul culture medium containing 20% foetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.),
1% nonessential amino acids and 2 mM glutamine. After 4 h of
incubation, the migratory ability of SiHa cells was calculated
by staining the adherent cells directly with 4% paraformalde-
hyde for 30 min at room temperature. The migrated cells were
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counted under the light microscope (magnification, x400) in
five different fields per filter. The experiments were repeated
3-5 times.

Cell proliferation assay. The SiHa cells were treated with
pcDNA3.1-HAX-1 vector (2 pg/ml), pcDNA3.1-HAX-1
mutated vector (2 pg/ml) and pcDNA3.1 vector (2 ug/ml) for
72 h and were serum starved for 24 h. DNA synthesis was
measured by *H-thymidine incorporation (*H-TdR; Hibio
Bio-tech Co.) during the final 18-24 h. The cells were digested
and collected onto glass fibre filter paper. The radioactivity
retained on the dried filters was placed in liquid scintillation
vial (a control vial was also used) containing 5 ml scintilla-
tion solution (Hibio Bio-tech Co.) and counted in a TopCount
NxT scintillation counter (LKB Instruments, Mount Waverly,
Victoria, Australia).

Assay of intracellular reactive oxygen species (ROS). A
H,DCFDA fluorescent probe kit was used to estimate ROS
generation. The SiHa cells were treated with pcDNA3.1-HAX-1
vector (2 ug/ml), pcDNA3.1-HAX-1 mutated vector (2 yg/ml)
and pcDNA3.1 vector (2 ug/ml) for 72 h and incubated with
10 uM H,DCFDA at 37°C for 20 min in the dark. The produc-
tion of intracellular ROS was detected by inverted fluorescence
microscopy (magnification, x200) with excitation at 488 nm
and emission at 530 nm. The increase in fluorescence intensity
with respect to normoxic untreated controls was calculated by
subtracting the basal fluorescence levels.

Measurement of the mitochondrial membrane potential
(Aypm). The loss of mitochondrial membrane potential (Aym)
was measured in SiHa cells using the fluorescent cationic dye
JC-1 (Molecular Probes; Thermo Fisher Scientific, Inc.), which
is a mitochondria-specific fluorescent dye. According to the
manufacturer's protocols, treated SiHa cells were collected
and stained with 10 M JC-1 for 15 min at room temperature.
Changes in JC-1 monomers were detected at the excitation
wavelength 485 nm and the emission wavelength 530 nm
under fluorescence microscopy (magnification, x200). The
data are representative of 10 individual experiments.

Statistical analysis. SPSS 18 (SPSS, Inc., Chicago, IL, USA)
and GraphPad Prism (GraphPad Software, Inc., La Jolla, CA,
USA) were used for data analysis. The data are presented as
the mean =+ standard error of the mean. Quantitative data were
analysed by one-way analysis of variance, followed by Tukey's
post hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

HAX-1 gene expression in human cervical tissues. The
results demonstrated that the level of HAX-1 mRNA
and protein in cervical cancer tissues was significantly
higher than that in adjacent cervical tissues (P<0.001;
Fig. 1A and B). The location of HAX-1 protein was detected
by IHC. Fig. 1C demonstrates that HAX-1 protein (brown
staining) is predominantly expressed in the cytoplasm of
cervical squamous cell carcinoma tissues, the positive ratio
for these samples was ~75% of the immunohistochemical
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Figure 1. Expression level of the HAX-1 gene in human cervical tissues. (A) The relative HAX-1 gene levels in the T and N tissues. The level of HAX-1
mRNA was measured by qPCR. The results are presented as the mean + SEM of three independent experiments, each conducted in triplicate. ““P<0.001.
(B) The HAX-1 protein level was measured by western blot analysis. The graph was grey-scale scanned, and the target protein HAX-1 level was quantified and
histochemical staining (magnification, x200). The positive (brown) staining indicates the presence of the HAX-1 protein in human cervical tissues. (D) The
subcellular localization of HAX-1 was detected following cellular fractionation. The SiHa cells were separated into ER, Nu and Mt fractions. Calnexin,
histone Hi and mtSSB were detected by immunoblotting as markers for the ER, Nu and Mt fractions, respectively. (E) Relative HAX-1 gene expression levels
were observed in the cervical squamous carcinoma cell line, HeLa, SiHa and the human cervical epithelial CRL2614 cell line. The different expression levels
of HAX-1 were analysed by qPCR. (F) The expression of the HAX-1 protein was measured by western blot analysis. The graph depicts the relative HAX-1
protein levels normalised to (3-actin. The results are expressed as the mean + SEM of three separate experiments. ~'P<0.001, "P<0.01, ‘P<0.05 vs. CRL2614
cells. HAX-1, haematopoietic cell-specific protein 1-associated protein X-1; SEM, standard error of the mean; qPCR, quantitative polymerase chain reaction;
T, human cervical squamous cell carcinoma tissue; N, non-cancerous tissue; ER, endoplasmic reticulum; Nu, nuclear; Mt, mitochondrial.

staining. The expression of HAX-1 protein was detected in  to the mitochondria (Fig. 1D). These data indicated that the
the endoplasmic reticulum (ER), nuclear (Nu) and mitochon-  expression of the HAX-1 gene may be associated with the
drial (M) fractions in SiHa cells, but was primarily localized  occurrence of cervical cancer.
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Figure 2. Effect of the HAX-1 gene on the biological function of SiHa cells. (A) The HAX-1 protein level was measured by western blot analysis. The graph
was grey-scale scanned, and the target protein HAX-1 level was quantified and normalised to -actin. The results are expressed as the mean + SEM of
three separate experiments. “P<0.01, “P>0.05 vs. pcDNA3.1 vector groups. (B) WST-1 cell proliferation and viability. The SiHa cells were transfected with
pcDNA3.1-HAX-1 vector (2 pg/ml), pcDNA3.1-HAX-1 mutated vector (2 pzg/ml) and pcDNA3.1 null carrier plasmids (2 zzg/ml) for 72 h before performing the
WST-1 assay. The results are presented as the mean = SEM of three independent experiments, each conducted in triplicate. “P<0.01, “P>0.05 vs. pcDNA3.1
vector groups. (C) The effects of the HAX-1 gene on cell migration were measured by Transwell migration assay. ““P<0.001, “P>0.05 vs. pcDNA3.1
vector groups. (D) The proliferation of SiHa cells was detected by *H-TdR incorporation. The absolute CPM value indicated the proliferation of SiHa cells
(cpm/10° cells). ““P<0.001, “P>0.05 vs. pcDNA3.1 vector groups. HAX-1, haematopoietic cell-specific protein 1-associated protein X-1; SEM, standard error

of the mean; WST-1, water-soluble tetrazolium salt; CPM, counts per minute.

The basal level of HAX-1 in HeLa and SiHa cells is higher
than in human cervical epithelial CRL2614 cells, but the basal
level of HAX-1 in SiHa cells is markedly lower than in HeLa
cells (Fig. 1E and F). The SiHa cells were therefore used as the
primary subject in subsequent experiments.

Effect of overexpression of HAX-1 gene on the biological
behaviour of SiHa cells. The results demonstrated that the level
of HAX-1 protein in the pcDNA3.1-HAX-1 vector group was
significantly higher than that in the pcDNA3.1 vector group
(P<0.01; Fig. 1A). The results of the WST-1 assay demonstrated
that HAX-1 was able to increase the survival of SiHa cells
(Fig. 2B). To determine whether HAX-1 is a regulator of SiHa
cell migratory ability, Transwell experiments were performed,

which indicated that the number of HAX-1-mediated migrated
SiHa cells increased markedly (Fig. 2C). The present study
further utilized the *H-TdR incorporation assay to test
whether HAX-1 is a regulator of SiHa cell proliferation. As
demonstrated in Fig. 2D, the number of HAX-1-mediated
proliferating SiHa cells increased significantly.

Effect of overexpression of the HAX-1 gene on mitochondrial
function. Mitochondrial function was assessed based upon the
changes in mitochondrial ROS content and Aym. The experi-
mental data demonstrated that the ROS production mediated
by the HAX-1 gene in SiHa cells was significantly reduced
(P<0.001; Fig. 3A). Additionally, the Aym of SiHa cells
induced by the HAX-1 gene did not change and maintained
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Figure 3. Effect of overexpression of the HAX-1 gene on mitochondrial function. The SiHa cells were transfected with pcDNA3.1-HAX-1 vector,
pcDNA3.1-HAX-1 mutated vector or pcDNA3.1 null carrier plasmids for 48 h before the test. (A) Intracellular ROS analysis. The H,DCFDA fluorescent probe
was used to measure the changes in ROS levels by detecting changes in the fluorescence intensity of H,DCFDA. The results are presented as the mean + SEM.
“"P<0.001, “P>0.05 vs. pcDNA3.1 vector groups. (B) Mitochondrial membrane potential analysis. The Aym value was detected by JC-1 staining. *“P<0.001.
(C) The p53 protein level was analysed by western blot analysis. The graph was grey-scale scanned, and the target protein p53 level was quantified and
normalised to B-actin. The results are expressed as the mean + SEM of three separate experiments. ““P<0.001, “P>0.05 vs. pcDNA3.1 vector groups. HAX-1,
haematopoietic cell-specific protein 1-associated protein X-1; ROS, reactive oxygen species; SEM, standard error of the mean; Aym, change in mitochondrial

membrane potential; p53, tumour protein P53.

complete membrane potential (Fig. 3B). However, the ROS
production exhibited a significant increase, and the Aym
decreased significantly in the pcDNA 3.1-HAX-1 mutated
vector group and the pcDNA3.1-null plasmid group.

The experimental western blot analysis results indicated
that overexpression of the HAX-1 gene significantly inhibited
the expression of p53 (Fig. 3C) and that the HAX-1 mutant
did not change the expression of the p53 protein. These data
indicated that the HAX-1 gene might be an upstream regula-
tory factor of pro-apoptotic protein p53, inhibiting the rise in
its expression level.

Effect of the p53 gene on HAX-I-induced biological function
in SiHa cells. These results demonstrated that HAX-1 was able
to significantly increase the cell survival (Fig. 4A), migration
ability (Fig. 4B) and proliferation ability (Fig. 4C) of SiHa
cells, but these effects could be reversed by overexpression
of the wild-type p53 gene or FCCP-induced mitochondrial

dysfunction. At the same time, these results indicated that
in the pcDNA3.1-HAX-1 + wild-type p53 vector group and
the pcDNA3.1-HAX-1 + FCCP group, the intracellular ROS
increased significantly compared with the pcDNA3.1-HAX-1
group (P<0.01,P<0.05; Fig.4D). However, Ayymof SiHacells was
significantly decreased in the pcDNA3.1-HAX-1 + wild-type
p53 vector group and the pcDNA3.1-HAX-1 + FCCP group
(P<0.01; Fig. 4E). The mitochondrial morphology indicated
the presence of crista breaks that disappeared, and the stroma
presented a loose state. Certain mitochondria were markedly
swollen, and certain mitochondria even appeared vacuolated
(Fig. 4F).

Discussion
In recent years, novel therapies for targeting receptor, gene

and signal transduction in tumour formation have been
emerging (16,17). Among them, the inhibition of tumour cell
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migration and proliferation is a popular research topic. A
potential strategy for tumour gene therapy is to transfect apop-
totic genes into tumour cells and induce their apoptosis (18),
which may become a novel approach for the treatment of
cervical cancer.

HAX-1 is a mitochondrial protein, which prevents the
accumulation of B-cell lymphoma 2-associated X protein and
apoptosis regulator (Bax), thereby inhibiting the mitochondrial
apoptosis pathway (19,20). Studies have demonstrated that
HAX-1 is overexpressed in cancer. The results of the present
study also indicated that the HAX-1 protein is predominantly
expressed in the mitochondria of cervical squamous cells
(Fig. 1D). Overexpression of HAX-1 inhibits mitochondrial
collapse and the subsequent release of mitochondria-derived
apoptotic molecules, including cytochrome c. Apoptosis,
which is usually induced by mitochondrial dysfunction, is
an important target of cancer treatment (21). Mitochondrial
damage results in the opening of a non-specific pore in the
inner mitochondrial membrane, known as the mitochondrial
permeability transition pore (mPTP). Opening of the mPTP
causes the release of mitochondrial components into the
cytoplasm (22). Among these components are ROS, which
are key inducers of mitochondrial apoptosis (23). Therefore,
the present study aimed to comprehensively determine the role
of p53-induced apoptosis in the HAX-1-induced biological
behaviour of cervical cancer cells and the associated mecha-
nism of mitochondrial collapse and ROS generation.

HAX-1 acts as an anti-apoptotic protein by inhibiting
the accumulation of Bax, thereby interrupting the mitochon-
drial apoptosis pathway (24). Previous studies have revealed
that the expression of HAX-1 varies in different tumour
types, including oesophageal squamous cell carcinoma (25),
lung cancer, leukaemia, myeloma, breast cancer and hepa-
toma (26-28). Studies have reported that overexpression of
HAX-1 is associated with a poor prognosis in patients with
oesophageal squamous cell carcinoma (29). Therefore, HAX-1
may serve different biological roles in different tissues by
modulating specific proteins and specific signalling path-
ways (30). In order to understand the association between the
HAX-1 gene and the biological behaviour of cervical cancer
cells, the cell survival rate, migration rate and proliferation
rate were monitored. Following transfection of the HAX-1
expression vector into SiHa cells, the migration rate and the
survival rate increased significantly. These data confirmed
that HAX-1 serves an important role in promoting the survival
and migration ability of cervical cancer cells. Furthermore,
the HAX-1 gene may significantly reduce the accumulation of
intracellular ROS, protect the mitochondrial membrane poten-
tial, and maintain the integrity of the mitochondrial structure
and morphology.

As a key factor in inhibiting tumour formation, the p53
gene may be either wild-type or mutant type. The wild-type
p53 gene may act as a tumour suppressor gene by repairing
damaged DNA, blocking cell cycle, inhibiting cell proliferation
and promoting apoptosis (31-34). However, the mutant-type p53
promotes cell proliferation through negative regulation of the
wild-type p53 protein, thereby protecting cells from apoptosis
and promoting tumour development. Therefore, mutant-type
p53 exerts a cancer gene function (35). Over 50% of cancer cell
lines evade apoptosis by mutant pS3 and the other cancer cell
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lines also inhibit the activity of wild-type p53 by other mecha-
nisms (36). The results of the present study demonstrated that
the HAX-1 gene might significantly inhibit the p53 protein. The
HAX-1 gene may be regarded as a potential upstream regu-
lator of p53. The p53 signalling pathway has been involved in
HAX-1-induced cervical cancer cell migration and proliferation.
In the present study, the HAX-1 gene and wild-type p53 gene
were co-transfected into cervical cancer cells. It was revealed that
wild-type p53 is able to reverse the HAX-1-mediated inhibition
of the production of ROS and mitochondrial membrane poten-
tial. At the same time, the wild-type p53 gene also abolished the
HAX-1-induced survival and migration ability of cervical cancer
cells. The aforementioned effects of wild-type p53 interfere with
the HAX-1-induced biological changes, in a similar way to the
effects of FCCP-induced mitochondrial dysfunction. Therefore,
HAX-1 may induce the biological behaviour of cervical cancer
cells through inhibiting the p53-dependent pathway.

Taken together, the results of the present study provide
primary evidence that HAX-1 induced the survival, migration
and proliferation of human cervical squamous carcinoma cells
by inhibiting its downstream regulatory factor p53 in SiHa cells.
HAX-1 therefore holds promise as a prognostic biomarker and
potential therapeutic target for the treatment of cervical cancer.
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