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Abstract. Homeobox A5 (HOXA5) has been identified as a 
tumor suppressor gene in breast cancers, but its role in oral 
squamous cell carcinoma (OSCC) has not been confirmed. 
The Illumina GoldenGate Assay for methylation identified 
that DNA methylation patterns differ between tumorous and 
normal tissues in the oral cavity and that HOXA5 is one of 
the genes that are hypermethylated in oral tumor tissues. The 
present study obtained more‑complete information on the 
methylation status of HOXA5 by using the Illumina Infinium 
MethylationEPIC BeadChip and bisulfite sequencing assays. 
The results indicated that HOXA5 hypermethylation has great 
potential as a biomarker for detecting OSCC. Comparing 
HOXA5 RNA expression between normal oral tissue and OSCC 
tissue samples indicated that its median level was 2.06‑fold 
higher in normal tissues that in OSCC tissues. Moreover, treat‑
ment using the demethylating agent 5‑aza‑2'‑deoxycytidine 
can upregulate HOXA5 expression in OSCC cell lines, veri‑
fying that the silencing of HOXA5 is primarily regulated by 
its hypermethylation. It was also found that upregulation of 
HOXA5 expression can not only increase OSCC cell death but 
that it can also enhance the therapeutic effect of cisplatin both 
in vitro and in vivo, suggesting that HOXA5 is an epigeneti‑
cally downregulated proapoptotic gene in OSCC.

Introduction

Oral cancer is one of the most common cancers world‑
wide (1,2). The 2021 cancer registry annual report from the 
Ministry of Health and Welfare of Taiwan revealed that the 
age‑adjusted incidence and mortality rates of oral cancer in 
males were 40.38/100,000 and 16.38/100,000, respectively, 
making it the fourth most common cause of cancer‑related 
mortality among males in Taiwan (3). Other than cigarette 
smoking and alcohol drinking, betel nut chewing is the main 
risk factor for oral cancer and ~90% of patients in Taiwan are 
habitual betel nut chewers (4). Oral squamous cell carcinoma 
(OSCC) is the main subset or oral cancer, accounting for >90% 
of cases and has a poor prognosis (5). The standard treatments 
for OSCC include surgery, chemotherapy and radiotherapy (6). 
However, the 5‑year survival rate of OSCC is ~50% due to the 
poor responses to chemotherapy and radiotherapy resulting in 
recurrence and worse outcomes (7,8). However, the survival 
rate could be improved to ~80% if patients identify the 
symptoms and seek medical advice early, allowing them to 
be diagnosed in the initial stage and undergo the standard 
treatments (9,10). It is therefore important to identify reliable 
biomarkers for detecting OSCC.

Epigenetic alterations, particularly hypermethylation in the 
promoter region of tumor suppressor genes, have been identi‑
fied as biomarkers for a number of cancers including OSCC 
and play a critical role in oral cancer development (11). A 
number of genes responsible for cell‑cycle events, apoptosis, 
cell‑to‑cell adhesion and DNA repair are found to be hyper‑
methylated and silenced in OSCC (12). We have previously 
used the Illumina GoldenGate Assay to identify the DNA 
methylation status of 1,505 CpG sites encompassing 807 
genes in 40 OSCC tissue and 15 normal samples. The methyla‑
tion array data was used to identify the gene Homeobox A5 
(HOXA5), which is hypermethylated in OSCC samples (13).

HOXA5 is a member of the Hox gene family that plays an 
important role in embryonic development due to its transcrip‑
tional activation ability (14,15). A previous study found that 
HOXA5 protein is a positive regulator of p53 transcription and 
function in breast cancer cells, indicating that reduced HOXA5 
expression is an important step in tumorigenesis (16). Moreover, 
the effects of HOXA5 in various cancers have gradually been 
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elucidated over the past two decades. HOXA5 is downregu‑
lated by epigenetic alterations in breast cancer (17,18), lung 
adenocarcinoma (19) and xanthoastrocytoma (20), but upregu‑
lated in hepatocellular carcinoma (21). Aberrant expression of 
HOXA5 was also observed in OSCC; however, the epigenetic 
regulation and role of HOXA5 in OSCC has not been fully 
investigated (22).

The present study first examined the methylation status 
of HOXA5 in OSCC tissues by using techniques such 
as the bisulfite sequencing assay and Illumina Infinium 
MethylationEPIC BeadChip analysis (Illumina, Inc.). The 
expression level of HOXA5 was also analyzed to determine 
whether it differs between normal oral and OSCC tissues in 
patients with OSCC. The gene expression of HOXA5 in OSCC 
cell lines was then restored by using epigenetic drugs and 
employing lentivirus vector‑mediated gene transfer of HOXA5. 
Restoration of HOXA5 significantly upregulated HOXA5 and 
p53 expression and induced OSCC cell death. The results 
strongly suggested that HOXA5 was a proapoptotic gene that 
is epigenetically downregulated in OSCC.

Materials and methods

Specimen collection and bisulfite conversion of genomic 
DNA. The 25 paired OSCC and adjacent normal tissues used 
in the present study were collected from the tissue bank of 
China Medical University Hospital in Taiwan. The median 
age at surgery of the 25 male patients with OSCC from 
whom tissue was obtained for analysis was 52.0 years (range: 
36‑63 years). Tissue samples were collected from patients 
after obtaining written informed consent in accordance with a 
protocol approved by the Institutional Review Board of China 
Medical University Hospital (IRB no. CMUH102‑REC1‑054). 
Genomic DNA of these tissues and cultured cell lines was 
extracted using Gentra Puregene Tissue Kit (Qiagen GmbH) 
and bisulfite conversion of genomic DNA was performed 
using EZ DNA methylation kit (Zymo Research Corp.). 
Bisulfite conversed Universal Methylated Genomic DNA 
(MilliporeSigma) was used as in vitro methylated DNA (IVD) 
control for the methylation analysis.

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was extracted from cell lines (70‑80% confluence) or tissue 
specimens using REzol C & T reagent (Protech Technology 
Enterprise Co., Ltd.) according to the manufacturer's 
protocol. The aliquots of RNA were then used to synthe‑
size complementary DNA (cDNA) using SuperScript III 
First‑Strand Synthesis System (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. RT‑qPCR 
was performed using SYBR Green Realtime PCR Master 
Mix (Toyobo Life Science) and ABI StepOne real‑time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) as the following steps: 95˚C for 5 min, followed by 
50  cycles of successive incubation at 95˚C for 30  sec, 
62˚C for 30 sec and 72˚C for 45 sec. The primers used to 
amplify HOXA5 and p53 cDNA were: HOXA5 forward, 
5'‑GCGCAAGCTGCACATAAG‑3' and reverse, 5'‑CGG​
TTG​AAG​TGG​AAC​TCC​TT‑3'; p53 forward, 5'‑CCG​CAG​
TCA​GAT​CCT​AGC​G‑3' and reverse, 5'‑AAT​CAT​CCA​
TTG​CTT​GGG​ACG‑3'. GAPDH was also amplified as an 

internal control with primers 5'‑TTG​ACG​GTG​CCA​TGG​
AAT​TT‑3' and 5'‑GCC​ATC​AAT​GAC​CCC​TTC​ATT‑3'. 
All samples were analyzed in triplicate. The expression 
levels of HOXA5 and p53 were calculated using the 2‑∆∆Cq 
method (23) and normalized to that of GAPDH.

Bisulfite sequencing assay and quantitative methylation-
specific PCR. Bisulfite conversed DNA from tissues was 
amplified by two pairs of HOXA5 promoter‑specific primers 
which targeted one HOXA5 promoter region from ‑1423 to ‑841 
(forward, 5'‑AGG​AAT​AAA​GGG​GGT​TTT​AAT​AGA​G‑3'; and 
reverse, 5'‑TCC​AAC​CTA​AAA​AAT​CTT​CAT​CAC‑3') and 
another promoter region from ‑505 to ‑31 (forward, 5'‑ATT​TTT​
AAA​ATT​TAG​AGT​TGT​TGG​TAG​GA‑3'; and reverse, 5'‑CTA​
AAA​CAT​ATA​CTT​AAT​TCC​CTC​CTA‑3') upstream of the 
HOXA5 transcription start site (TSS). As treatment of DNA 
with sodium bisulfite converts unmethylated C to U, which is 
subsequently converted to T during PCR amplification, the 
forward primers for bisulfite sequencing assay are devoid of C, 
while the reverse primers are devoid of G. The PCR products 
were separated by gel electrophoresis, purified with a QIAquick 
gel extraction kit (Qiagen GmbH) and cloned into the yT&A 
cloning vector (Yeastern Biotech Co., Ltd.) followed by DNA 
sequencing. For quantitative methylation‑specific PCR (MSP), 
the region from‑268 to ‑59 upstream of the TSS of HOXA5 
was amplified for bisulfite converted DNA from cultured cells 
with the primers as followed: Forward, 5'‑AGT​TTT​GTT​TTT​
AGC​GGG​TGG​C‑3'; and reverse, 5'‑GTA​AAC​ACC​CAA​ATA​
TAA​AAT​ACG​AC‑3'. Quantitative MSP was performed using 
SYBR Green Realtime PCR Master Mix (Toyobo Life Science) 
and ABI StepOne real‑time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using the following steps: 95˚C 
for 5 min, followed by 45 cycles of successive incubation 
at 95˚C for 30 sec, 58˚C for 30 sec and 72˚C for 45 sec. A 
DNA fragment devoid of any CpG dinucleotide in COL2A1 
was amplified as an input control for quantitative MSP with 
the primers as followed: forward, 5'‑GGG​AAG​ATG​GGA​
TAG​AAG​GGA​ATA​T‑3'; reverse, 5'‑TCT​AAC​AAT​TAT​AAA​
CTC​CAA​CCA​CCA​A‑3'. For each sample, the threshold cycle 
number of methylated HOXA5 and COL2A1 were determined. 
The percentage of HOXA5 methylation was calculated using 
the 2‑ΔΔCq method as the ratio of HOXA5 to COL2A1 of a 
sample divided by the same ratio of IVD.

Cell culture. The OSCC cell lines OC2 and OCSL (obtained 
from Dr Yong‑Kie Wong, Department of Dentistry, Taichung 
Veterans General Hospital, Taichung, Taiwan) (24,25), estab‑
lished from surgical specimens of buccal mucosa squamous 
carcinoma from two Taiwanese male patients who had the 
habits of betel nut chewing, alcohol drinking and cigarette 
smoking, were maintained in RPMI 1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS, Invitrogen; Thermo Fisher Scientific, 
Inc.). They are immortalized cancer cells with unlimited 
growth potential and have been characterized by tumorigen‑
esis in nude mice. The transformed human embryonic kidney 
cell line 293T (ATCC; CRL‑3216) was grown in DMEM 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS. Mycoplasma negativity was confirmed before 
all cell experiments.
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5‑aza‑2'‑deoxycytidine treatment. Cells were seeded at a 
density of 1x106 cells in 10‑cm culture dishes and treated 
with 0.5  µM or 5  µM 5‑aza‑2'‑deoxycytidine (5‑Aza‑dC; 
(MilliporeSigma). At 72 h post‑treatment, cells were harvested 
and their DNA, RNA and proteins were extracted.

Western blot analysis. Cells were lysed by RIPA Lysis & 
Extraction Buffer with protease inhibitor cocktail (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
A BCA protein assay kit (Thermo Fisher Scientific, Inc.) was 
used to measure the protein concentration in cell lysates. Proteins 
(20  µg/lane) in cell lysates were resolved using SDS‑10% 
polyacrylamide gel electrophoresis and transferred onto polyvi‑
nylidene difluoride membranes (Bio‑Rad Laboratories, Inc.). The 
membranes were blocked for 2 h at room temperature in TBST 
with 5% non‑fat dry milk (Bio‑Rad Laboratories, Inc.) and incu‑
bated overnight at 4˚C with antibodies against HOXA5 (1:1,000 
dilution; cat. no. sc‑81289; Santa Cruz Biotechnology, Inc.), p53 
(1:1,000 dilution; cat. no. sc‑126; Santa Cruz Biotechnology, 
Inc.) and GAPDH (1:1,000 dilution; cat. no. sc‑47724; Santa 
Cruz Biotechnology, Inc.). Subsequently, the membranes were 
incubated with a horseradish peroxidase‑conjugated secondary 
antibody (1:10,000 dilution; cat. no. 31430; Thermo Fisher 
Scientific, Inc.) for 1 h at room temperature. The specific protein 
signals were detected using an enhanced chemiluminescence 
kit (cat. no. WBKLS0500; MilliporeSigma). Quantification of 
HOXA5 and p53 band intensities was determined using ImageJ 
software v1.49 (National Institutes of Health) and normalized to 
that of GAPDH.

Plasmid construction and lentivirus vector production. The 
full‑length human HOXA5 cDNA was amplified from the 
immortalized ovarian surface epithelia cell line IOSE (26) 
by RT‑PCR. The amplicon was cloned into a 2nd generation 
lentiviral vector plasmid pSin‑IRES‑GFP (IG) (27) at the XbaI 
and EcoRI sites to generate pSin‑HOXA5‑IRES‑GFP (HIG). 
The plasmids pIG or pHIG (12 µg) were cotransfected with 
lentiviral packaging plasmids pCMVdeltaR8.91 (10.8  µg) 
and pMD.G (1.2 µg) (obtained from the National RNAi Core 
Facility, Taipei, Taiwan) into 293T cells. At 48 h post‑transfec‑
tion the lentivirus‑containing supernatants were collected and 
filtered through 0.45‑µm pore size filters (MilliporeSigma) 
prior to use in transduction assays. Lentiviral vector stock 
at a multiplicity of infection (MOI) of 5 was used to infect 
OSCC cells. Successful infection of lentiviral vector IG or 
HIG was monitored by GFP expression 3 days later and the 
infected cells were sorted by FACSAria III Cell Sorter (BD 
Bioscience) for use in the RT‑qPCR assay. Lentiviral vector 
expressing short hairpin RNA (shRNA) was produced by 
transfection of pCMVdeltaR8.91 (10.8 µg), pMD.G (1.2 µg) and 
pLKO.1‑puro plasmid carrying an shRNA (12 µg) (obtained 
from the National RNAi Core Facility, Taipei, Taiwan) into 
293T cells (28). The shRNA sequences specific for HOXA5 
and GFP were 5'‑CCG​CAG​AAG​GAG​GAT​TGA​AAT‑3' and 
5'‑CAA​CAG​CCA​CAA​CGT​CTA​TAT‑3', respectively. OSCC 
cells infected with shHOXA5‑expressing lentivirus vector 
at an MOI of 5 were selected by incubating with 2 µg/ml 
puromycin (MilliporeSigma) for 2 days. Then cells were main‑
tained in the presence of 1 µg/ml puromycin. Cells infected 
with shGFP‑expressing lentiviral vector were used as a control.

Luciferase reporter assay. Two pGL2b plasmids (Promega 
Corporation) containing a wild‑type and an AP‑1 motif mutated 
p53 promoters inserted into polycloning sites upstream of the 
firefly luciferase (FL) reporter gene (29) were used in the assay. 
Each of the pGL2b plasmids were cotransfected with pRL‑TK 
Renilla luciferase (RL) control reporter vector (Promega 
Corporation) into cells by using Lipofectamine 2000 (Thermo 
Fisher Scientific, Inc.). At 48 h post‑transfection, cells were 
washed twice with phosphate buffered saline (PBS), lysed 
in the Luciferase assay lysis buffer (Promega Corporation), 
scraped from the culture dish and transferred to a tube. After 
vortex and centrifugation at 10,000 x g for 1 min at room 
temperature, the supernatant was collected for quantification 
of luciferase activity using Dual‑Luciferase Reporter Assay 
System (Promega Corporation) according to the manufac‑
turer's protocol. The relative transcriptional activity was 
determined as the ratio of FL to RL.

Cell viability analysis by MTS assay. Cells were seeded onto 
replicate 96‑well plates at a density of 2,000 cells/well on day 
0. The cell viability was determined on day 4 by the MTS assay 
using the CellTiter Aqueous One Solution Cell Proliferation 
Assay kit (Promega Corporation).

Cell necrosis assay. Cells were seeded onto replicate 6‑well 
plate at a density of 6x104 cells/well on day 0. On day 1, the 
cells were washed with PBS and cultured in the medium 
containing 2 µg/ml cisplatin. Three days later, the cells were 
harvested with trypsin, fixed with 70% ethanol for 24  h, 
stained with propidium iodide (MilliporeSigma) for 30 min 
at 37˚C and analyzed by FACSCalibur (BD Biosciences). The 
proportion of necrotic cells in sub‑G1 area was quantified 
using CellQuest Pro software (BD Biosciences).

In vivo experiments. The in vivo experiments were conducted 
in accordance with the principles of laboratory animal care at 
the National Institutes of Health and with the approval of the 
Institutional Animal Care and Use Committee at National Chung 
Cheng University, Taiwan, R.O.C. (IACUC no. 1080401). A total 
of 29 female athymic BALB/c nude mice (5‑6 weeks old; ~25 g) 
were supplied by National Laboratory Animal Center (Taipei, 
Taiwan). The housing conditions of the mice were as follows: 
12‑h light/dark cycle; temperatures of 18‑23˚C with 40‑60% 
humidity; and water and food accessible at all times. Following 
the induction of anesthesia using 2% isoflurane for four minutes 
and 1.5% maintenance, the mice were inoculated with 5x106 OC2 
cells in the right dorsal flank. When the tumor volumes reached 
~100 mm3 (16 days after tumor implantation), the mice received 
intraperitoneal injections of PBS or cisplatin at a weekly dose of 
3 mg/kg for a total of six treatments. Tumor length (L) and width 
(W) were measured daily with calipers and tumor volumes were 
calculated using the formula (LxWxW/2). At the experimental 
endpoint (60 days after tumor implantation), all mice were 
humanely sacrificed under a 2% isoflurane gas anesthesia by 
cervical dislocation. Mortality was verified through a physical 
examination for the absence of cardiac activity and respiration.

Statistical analyses. Wilcoxon signed rank test was used to 
test the difference in fold‑change of RNA expression between 
paired normal and tumor samples. One‑way ANOVA was 
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conducted for the comparion of methylation level and rela‑
tive protein expression among three dose levels of 5‑Aza‑dC 
followed by Dunnett's test for the multiple comparison against 

the control group. Student's t‑tests were performed for the 
comparion of relative RNA expression, cell viability, and cell 
necrosis between two treatment groups. For the comparison of 

Figure 1. Bisulfite sequencing analysis of the promoter regions for HOXA5. The promoter regions (A) from ‑1423 to ‑841 and (B) from ‑505 to ‑31 upstream 
of the transcription start site of HOXA5 comprised 72 CpG sites. The CpG sites are indicated by vertical bars. A representative bisulfite sequencing assay was 
applied to OSCC and normal oral tissues. For each tissue sample, five randomly chosen clones were sequenced and the methylation statuses of the 72 CpG sites 
are indicated by the circles: Closed and open circles represent methylated and unmethylated CpG sites, respectively.
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tumor growth rates, generalized linear models with generalized 
estimated equations were used to account for the correlation 
between the repeated measurements. The interaction terms 

between time and group in the generalized linear models were 
used to evaluate the difference in tumor growth rates. Analyses 
were performed using SAS version 9.4 (SAS Institute).

Table I. Performance of 44 CpG sites of HOXA5 for detecting OSCC.

	D iscrimination statistics
	UC SC	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Probe	 RefGene Group	 Mean ∆β	AUC	  (95% CI)	 P‑value

cg00809969	 3'‑UTR	 0.10	 0.84	 (0.72, 0.96)	 <0.0001
cg19701577	 3'‑UTR	 0.15	 0.91	 (0.83, 0.99)	 <0.0001
cg14974749	 Body	 0.28	 0.93	 (0.87, 1.00)	 <0.0001
cg20974609	 Body	 0.13	 0.77	 (0.62, 0.91)	 0.0003
cg10592111	 Body	 0.09	 0.75	 (0.60, 0.89)	 0.0011
cg16139219	 Body	 0.09	 0.76	 (0.61, 0.91)	 0.0007
cg11724970	 Body	 0.13	 0.77	 (0.63, 0.91)	 0.0002
cg05076221	 Body	 0.10	 0.79	 (0.65, 0.93)	 <0.0001
cg23936031	 1st Exon	 0.10	 0.69	 (0.53, 0.85)	 0.0178
cg09549073	 5'‑UTR	 0.08	 0.7	 (0.54, 0.86)	 0.0124
cg04863892	 TSS200	 0.07	 0.66	 (0.49, 0.83)	 0.0615
cg09207400	 TSS200	 0.07	 0.7	 (0.54, 0.85)	 0.0134
cg19759481	 TSS200	 0.09	 0.69	 (0.53, 0.86)	 0.0188
cg02916332	 TSS1500	 0.09	 0.74	 (0.59, 0.89)	 0.0021
cg17569124	 TSS1500	 0.08	 0.72	 (0.56, 0.88)	 0.0062
cg02005600	 TSS1500	 0.09	 0.74	 (0.59, 0.90)	 0.0018
cg25307665	 TSS1500	 0.15	 0.8	 (0.67, 0.93)	 <0.0001
cg14014955	 TSS1500	 0.09	 0.74	 (0.58, 0.89)	 0.0033
cg02646423	 TSS1500	 0.10	 0.7	 (0.54, 0.86)	 0.0151
cg20517050	 TSS1500	 0.15	 0.8	 (0.66, 0.93)	 <0.0001
cg23204968	 TSS1500	 0.12	 0.75	 (0.60, 0.91)	 0.0013
cg14058329	 TSS1500	 0.20	 0.9	 (0.81, 0.99)	 <0.0001
cg03207666	 TSS1500	 0.17	 0.9	 (0.81, 0.99)	 <0.0001
cg23454797	 TSS1500	 0.13	 0.8	 (0.67, 0.93)	 <0.0001
cg12015737	 TSS1500	 0.28	 0.91	 (0.82, 1.00)	 <0.0001
cg08070327	 TSS1500	 0.17	 0.87	 (0.76, 0.98)	 <0.0001
cg25506432	 TSS1500	 0.12	 0.87	 (0.76, 0.98)	 <0.0001
cg16997642	 TSS1500	 0.20	 0.89	 (0.80, 0.99)	 <0.0001
cg20817131	 TSS1500	 0.19	 0.91	 (0.81, 1.00)	 <0.0001
cg14013695	 TSS1500	 0.22	 0.91	 (0.83, 1.00)	 <0.0001
cg25390165	 TSS1500	 0.15	 0.9	 (0.81, 1.00)	 <0.0001
cg01323381	 TSS1500	 0.26	 0.92	 (0.85, 1.00)	 <0.0001
cg19643053	 TSS1500	 0.27	 0.94	 (0.87, 1.00)	 <0.0001
cg05774699	 TSS1500	 0.20	 0.91	 (0.84, 0.99)	 <0.0001
cg26023912	 TSS1500	 0.18	 0.91	 (0.83, 0.99)	 <0.0001
cg14882265	 TSS1500	 0.16	 0.89	 (0.80, 0.99)	 <0.0001
cg17432857	 TSS1500	 0.25	 0.94	 (0.87, 1.00)	 <0.0001
cg00969405	 TSS1500	 0.25	 0.93	 (0.87, 1.00)	 <0.0001
cg07049592	 TSS1500	 0.19	 0.93	 (0.85, 1.00)	 <0.0001
cg02106682	 TSS1500	 0.19	 0.93	 (0.85, 1.00)	 <0.0001
cg03368099	 TSS1500	 0.21	 0.92	 (0.82, 1.00)	 <0.0001
cg01748892	 TSS1500	 0.16	 0.88	 (0.78, 0.98)	 <0.0001
cg13694927	 TSS1500	 0.17	 0.88	 (0.77, 0.98)	 <0.0001
cg03744763	 TSS1500	 0.18	 0.86	 (0.75, 0.98)	 <0.0001

OSCC, oral squamous cell carcinoma; ∆β, βtumor‑βnormal; AUC, area under the receiver operating characteristic curve; CI, confidence interval.
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Results

HOXA5 hypermethylation as a biomarker for OSCC detec‑
tion. We have previously investigated the methylation levels 
of three CpG sites (‑1324, ‑479 and +187 related to TSS) in the 
promoter region of HOXA5 using the Illumina GoldenGate 
Methylation Array (Illumina, Inc). The methylation levels 
(presented as β values) at the three query sites (‑1324, ‑479 
and +187) were all significantly higher in the OSCC tissues 
than in normal oral tissues and the ‑1324 site was effective 
for detecting OSCC with an AUC of 0.83 (specificity=87%, 
sensitivity=80%) (13). To validate the array data, the present 
study analyzed the methylation status of HOXA5 promoter 
regions from ‑1423 to ‑841 and from ‑505 to ‑31 in several 
oral tissue specimens by using bisulfite sequencing assay. 
The comparison of three normal tissues with low β values 
(β=0.06, 0.08 and 0.03 for the ‑1324 site) indicated much 
higher methylation density in the promoter region of three 
OSCC tissues with high β values (β=0.31, 0.32 and 0.43 for 
the ‑1324 site) (Fig. 1).

To obtain more‑complete information on the methylation 
status of HOXA5, the present study applied the Infinium 
MethylationEPIC BeadChip assay (Illumina, Inc.) to 25 
paired OSCC and adjacent normal tissue specimens. Among 
the 44 CpG sites of HOXA5 analyzed using the BeadChip 
assay, 43 presented significantly higher methylation in OSCC 
tissues than in the normal oral tissues, with 25 CpG sites 
exhibiting AUCs of >0.80 (Table I). Comparison of HOXA5 
RNA expression between these paired normal oral and OSCC 
tissue specimens yielded results consistent with those obtained 
by the BeadChip assay. The median HOXA5 expression level 
was 2.06‑fold higher in normal tissues than in OSCC tissues 
(interquartile range=2.89; P<0.005; Fig. 2). These results indi‑
cated that HOXA5 is hypermethylated in OSCC tissues and 
that HOXA5 hypermethylation might hold great potential as a 
biomarker for detecting OSCC.

HOXA5 expression regulated by DNA methylation. The present 
study treated the OSCC cell lines OCSL and OC2 using the 
demethylating agent 5‑Aza‑dC to determine the correlation 
between HOXA5 methylation status and its gene expression and 
to observe whether HOXA5 expression could be augmented. 
Quantitative MSP analysis revealed that HOXA5 methylation 
levels decreased in a dose‑dependent manner after treatment 
using 5‑Aza‑dC (Fig. 3A). HOXA5 expression was observed to 
increase in the protein in both cell lines, which was consistent 
with the reduced DNA methylation (Fig. 3B). Increased p53 
expression was also observed in OC2 after 5‑Aza‑dC treat‑
ment, however, p53 expression was negligible in OCSL before 
and after 5‑Aza‑dC treatment (Fig. 3B). The results suggested 
that the methylation level and gene expression of HOXA5 
were negatively correlated and that DNA methylation plays an 
important role in HOXA5 downregulation in OSCC.

HOXA5 upregulates p53 transcriptional activity in OSCC. 
A previous study found that HOXA5 is a p53 transcription 
factor and induces the apoptosis of breast cancer cells (16). 
To determine if HOXA5 plays a role in regulating p53 
expression and inducing OSCC cell death, the present 
study either overexpressed or knocked down HOXA5 in 

Figure 2. HOXA5 expression levels in paired OSCC and adjacent normal 
tissues. HOXA5 mRNA levels were compared between the paired normal 
oral tissue and OSCC tissue specimens, with latter assigned a value of 1. Error 
bars indicate standard deviations. OSCC, oral squamous cell carcinoma.

Figure 3. HOXA5 methylation and expression levels following 5‑Aza‑dC 
treatment. (A) OC2 and OCSL cells were treated with DMSO, 0.5 µM 
5‑Aza‑dC, or 5 µM 5‑Aza‑dC for 3 days. The methylation level of HOXA5 
was measured using quantitative methylation‑specific PCR. (B)  The 
cells were lysed followed by extraction of proteins 3 days after DMSO or 
5‑Aza‑dC treatment and the protein levels of HOXA5, p53 and GAPDH were 
determined using western blotting (top panel). HOXA5 and p53 proteins 
were quantified using ImageJ software and normalized relative to GAPDH 
(middle and bottom panels). Protein levels of cells treated with DMSO were 
assigned a value of 1. Error bars indicate standard deviations. *P<0.05. 
5‑Aza‑dC, 5‑aza‑2'‑deoxycytidine; OSCC, oral squamous cell carcinoma.
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the OC2 cell line by employing lentiviral vector‑mediated 
HOXA5 transfer or RNA interference. When HOXA5 was 
overexpressed, the expression of p53 was also upregulated 
in OC2 (Fig. 4A). By contrast, HOXA5 knockdown using 
the lentiviral‑vector‑delivered shRNA targeting HOXA5 
downregulates the p53 expression (Fig. 4B). These results 
indicated a positive correlation between the expression levels 
of HOXA5 and p53. To further determine if p53 expression 
was transcriptionally regulated by HOXA5, we transfected 
OC2 cells using the wild‑type (pGL2b‑WTp53‑FL) or 
mutant‑type (pGL2b‑Mutp53‑FL) p53‑responsive luciferase 
expression plasmid followed by performing a luciferase 
reporter assay. A greater transcriptional activity of luciferase 
in HOXA5‑overexpressed cells was observed compared with 
control cells (Fig. 4C). These results indicated that HOXA5 
may act as a transcription factor in the upregulation of p53 
expression in OC2 cells.

Restoration of HOXA5 reduces OSCC cell viability. Previous 
studies have demonstrated that p53 affects the viability of 
various cancer cell types via mechanisms such as apoptosis, 
cell‑cycle arrest and senescence (30,31); the present study also 
demonstrated that HOXA5 can upregulate p53 expression 
in OC2 cells. An MTS assay was performed to measure the 
viability of HOXA5‑overexpressed OC2 cells and determine if 
HOXA5‑upregulated p53 expression influences the viability of 
OSCC cells. The results in Fig. 5A revealed that the viability of 

HOXA5‑overexpressed cells was inhibited relative to the IGs. 
Cisplatin is a common chemotherapy drug for treating various 
cancers, including OSCC (32). Nevertheless, the therapeutic 
effect of cisplatin can be attenuated by the loss of p53 function 
in cancer cells, which also induces resistance to cisplatin (33). 
HOXA5‑overexpressed cells were exposed to cisplatin and 
then cell viability was analyzed using the MTS assay to deter‑
mine whether HOXA5‑upregulated p53 expression enhanced 
the sensitivity of cisplatin. The results in Fig. 5A revealed that 
the viability of HOXA5‑overexpressed cells was inhibited 
relative to the IGs after exposure to cisplatin. Furthermore, 
a cell necrosis assay confirmed that HOXA5 overexpression 
induces necrosis in OSCC cells and hence reduces their 
viability (Fig. 5B).

HOXA5 enhances the therapeutic effect of cisplatin in OSCC 
in vivo. The in vitro experiments indicated that HOXA5 can 
reduce cell viability and enhance the therapeutic effect of 
cisplatin in OC2 cells. Cisplatin was administered to mice 
bearing subcutaneous OC2 xenografts to confirm the role 
of HOXA5 in enhancing the efficiency of chemotherapy 
against OSCC in vivo. In comparison with the IG/PBS group, 
cisplatin treatment slightly suppressed tumor growth in the 
IG/cisplatin group. HOXA5 overexpression further enhanced 
the therapeutic effect of cisplatin in the HIG/cisplatin group, 
indicating a strong antitumor effect from combining HOXA5 
and cisplatin (Fig. 6).

Figure 4. HOXA5 upregulates p53 expression in OSCC. (A) OC2 cells were transduced using IG or HIG followed by fluorescence‑activated cell sorting and the 
mRNA levels of HOXA5 and p53 in OC2 were quantified using RT‑qPCR. The expression level of each IG‑transduced cell was assigned a value of 1. (B) OC2 
cells were transduced using lentiviral vector carrying shHOXA5 or shGFP and selected using puromycin. The mRNA expression of HOXA5 and p53 in OC2 
were quantified using RT‑qPCR. The expression level of each shGFP‑transduced cell was assigned a value of 1. (C) The IG‑ and HIG‑transduced OC2 cells were 
transfected with pGL2b‑WTp53‑FL or pGL2b‑Mutp53‑FL and cotransfected with pRL‑TK to act as internal control reporters. Bioluminescence intensities of 
FL and RL were measured using a luminometer and the luciferase activity was calculated from the FL‑to‑RL ratio. The IG‑transduced OC2 cells transfected 
with pGL2b‑Mutp53‑FL were assigned a value of 1. Error bars indicate standard deviations. *P<0.05. WT, pGL2b‑WTp53‑FL; Mut, pGL2b‑Mutp53‑FL. 
OSCC, oral squamous cell carcinoma; IG, control lentiviral vector; HIG, HOXA5‑expressing lentiviral vector; RT‑qPCR, reverse transcription‑quantitative 
PCR; sh, short hairpin; FL, firefly luciferase; RL, Renilla luciferase; Mut, mutant; WT, wild‑type.

https://www.spandidos-publications.com/10.3892/mmr.2024.13421


CHEN et al:  EPIGENETIC DOWNREGULATION OF HOXA5 IN ORAL CANCER8

Discussion

The high‑throughput methylation array applied in the present 
study revealed that HOXA5 was hypermethylated in OSCC 
tissues, an observation that was also confirmed by the bisulfite 
sequencing analysis (Fig. 1). Hypermethylation of HOXA5 
has been identified as a mechanism that suppresses its expres‑
sion in breast and skin tumorigenesis (16,34). Consistent with 
RT‑qPCR data that revealed the HOXA5 expression level to 
be lower in OSCC tissues than in normal oral tissues (Fig. 2), 
HOXA5 expression can be promoted in OSCC cells after 
treating the cells using the demethylating agent 5‑Aza‑dC 
(Fig. 3).

While it is clear that DNA methylation plays an important 
role in inhibiting HOXA5 expression in OSCC, other epigen‑
etic regulations including histone hypoacetylation were also 
considered as contributing events in the process of oral carci‑
nogenesis (11). HOXA5 expression in OSCC cells increased 
following 5‑Aza‑dC treatment, while no such effects occurred 
following treatment with histone deacetylase inhibitor tricho‑
statin A (TSA) (data not shown). Consistent with the previous 
study (35) finding that DNA methylation was more dominant 
than histone hypoacetylation in regulating HOXA5 expres‑
sion in breast cancer cells, in which TSA treatment did not 
reactivate the silenced HOXA5, HOXA5 hypermethylation 
is the main mechanism underlying the inhibition of HOXA5 
expression in OSCC cells.

The present study demonstrated that restoring HOXA5 
expression not only inhibited OSCC growth in vitro but also 
enhanced the therapeutic effect of cisplatin both in vitro and 
in vivo. These effects were in part achieved by HOXA5 upreg‑
ulating p53 expression, which has also been demonstrated to 
activate an apoptotic pathway in breast cancer cells (16). p53 
upregulation has also been demonstrated to subsequently 
increase the expression of its downstream target genes, p21 
and Bax, in OSCC cells treated with natural compounds and 
aspirin (36‑38). However, p53 mutations have been reported to 
occur in ~50% of human cancers (39) and it is also the gene 
that most frequently mutates in OSCC and causes failure of 
cisplatin treatments and poor disease outcomes (40). A previous 

study on the p53‑mutated breast cancer cell line Hs578T found 
that HOXA5 could alternatively induce cell apoptosis via a 
p53‑independent pathway through the activation of caspase‑2 
and caspase‑8 (41). HOXA5 restoration therefore might still be 
able to activate caspases in the case of p53‑mutated OSCC, 
causing p53‑independent apoptosis.

Through monitoring the growth curves of tumors, it was 
found that HOXA5 greatly enhanced the therapeutic effect 
of cisplatin in vivo, achieving a major reduction in tumor 
size. However, at the experimental endpoint, all mice were 
humanely sacrificed without surgical excision of tumors. As 
a result, the present study was unable to show the appearance 
and the actual size of excised tumors.

In summary, the present study found a differential pattern 
of HOXA5 methylation between normal oral and OSCC 
tissues, indicating that HOXA5 hypermethylation is a reli‑
able biomarker for detecting OSCC. The data suggested that 
HOXA5 is a downregulated proapoptotic gene in OSCC and 
that restoring expression can help to treat OSCC regardless of 
the presence of chemotherapy.

Figure 5. Effect of HOXA5 restoration on OSCC cell viability. (A) The IG‑ and HIG‑transduced OC2 cells were seeded onto culture plates on day 0 and the 
cells were treated with 2 µg/ml cisplatin on day 1. Cell viability was analyzed on day 4 using MTS assay. (B) The IG‑ and HIG‑transduced OC2 cells were 
treated with 2 µg/ml cisplatin or PBS for 3 days and stained with propidium iodide and then analyzed using flow cytometry. The proportions of necrotic cells 
are presented. Error bars indicate standard deviations. *P<0.05. OSCC, oral squamous cell carcinoma; IG, control lentiviral vector; HIG, HOXA5‑expressing 
lentiviral vector; IG/Cis, IG/cisplatin; HIG/Cis, HIG/cisplatin.

Figure 6. HOXA5 enhances the therapeutic effect of cisplatin in the animal 
tumor model. The IG‑ and HIG‑transduced OC2 cells were subcutaneously 
implanted into the dorsal flanks of nude mice. When the tumor volumes 
reached ~100 mm3 (at 16 days after tumor implantation), the mice received 
six weekly intraperitoneal injections of PBS or cisplatin at a dose of 3 mg/kg. 
Error bars indicate standard deviations. *P<0.05. **P<0.001. IG, control lenti‑
viral vector; HIG, HOXA5‑expressing lentiviral vector; IG/Cis, IG/cisplatin; 
HIG/Cis, HIG/cisplatin.
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