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Summary

Purpose: To explore the effects of WW domain-containing 
oxidoreductase (WWOX) gene methylation on proliferation 
and apoptosis of osteosarcoma cells.

Methods: A total of 51 patients with osteosarcoma con-
firmed by pathological examinations were enrolled as the 
observation group, while 49 cases with non-osteosarcoma 
diagnosed and treated in our hospital were randomly selected 
as the control group. Osteosarcoma cell lines MG63 and HOS 
were selected as observation group, while those added with 
methylation inhibitor were set as control group, of which 
genomic methylation level was determined via HPLC. Prolif-
eration of the two cell lines was compared via cell counting 
kit-8 (CCK-8) assay at 12 h, 24 h, 36 h and 48 h. Invasion rate 
of cells in each group was tested via Transwell assay at 24 h. 

Results: The average methylation rate of WWOX gene was 
remarkably higher in osteosarcoma tissues in comparison in 

normal adjacent tissues and control group (p<0.05). A higher 
methylation rate was found in MG63 cell line compared with 
in HOS cell line (p<0.05). More cells were observed in MG63 
cell line than in HOS cell line and control group from 24h 
(p<0.05). Besides, 24-h invasion rate was higher in MG63 cell 
line than in HOS cell line and control group (p<0.05). Moreo-
ver, MG63 cell line prompted a lower 24-h apoptotic rate in 
comparison with HOS cell line and control group (p<0.05).

Conclusions: Methylation level of WWOX gene is inti-
mately associated with the occurrence and progression of 
osteosarcoma, which is able to promote the proliferation of 
cancer cells to a certain extent, thus accelerating the develop-
ment of disease.
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Introduction

 Osteosarcoma is one of the most common pri-
mary malignant bone tumors, which mainly occurs 
in children and adolescents, with high malignancy 
and poor prognosis. More than 80% of patients 
have micrometastases (mainly in the lungs) when 
they are definitely diagnosed with osteosarcoma, 
and the postoperative 5-year survival rate is ap-
proximately 20% [1-6]. WW domain-containing 
oxidoreductase (WWOX) gene is a gene isolated by 
Bednarek via shotgun gene sequencing technology, 

which is mainly located on chromosome 16q23.3-
q24, composed of 9 exons and able to encode 414 
amino acids [7]. A relevant study indicates that 
WWOX gene functions as a tumor-suppressor that 
is capable of inhibiting the proliferation of tumor 
cells, while its transcription and expression levels 
may be associated with the occurrence and pro-
gression of tumors [8]. A study has been confirmed 
that there is a declining expression of WWOX in 
patients with various tumors such as osteosarcoma, 
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colon cancer and breast cancer, which is correlated 
with the poor prognosis [9]. Recent studies have 
demonstrated a close association between abnor-
mal methylation of deoxyribonucleic acid (DNA) 
and the occurrence and progression of tumors. 
Therefore, the methylation levels of WWOX gene 
promoter in human osteosarcoma and osteochon-
droma cells were compared in this study to further 
explore the relationship between methylation of 
WWOX gene promoter and osteosarcoma, so as to 
investigate the effect of WWOX gene methylation 
on human osteosarcoma cells

Methods 

General data

 A total of 51 patients with osteosarcoma pathologi-
cally confirmed from September 2017 to November 2018 
were enrolled as the observation group (28 males and 23 
females aged 23.5±7.8 years on average), while 49 cases 
with non-osteosarcoma and non-malignancy diagnosed 
in our hospital were randomly selected as the control 
group (27 males and 22 females, with an average age of 
25.7±8.1 years). No statistically significant differences 
were found in gender and age between the two groups 
(p>0.05). This study was approved by the Ethics Commit-
tee of Affiliated Hospital of Qinghai University. Signed 
informed consents were obtained from all participants 
before the study entry.

Materials

 MG63 and HOS cell lines (American Type Culture 
Collection (ATCC) (Manassas, VA, USA)), methylation 
inhibitor (Decitabine, Isoreag, Shanghai, China), DNA 
methylation modification kit (EpiTect Bisulfite kit, QIA-
GEN, Hilden, Germany), high-glucose Dulbecco’s Modi-
fied Eagle Medium (DMEM, Hyclone, South Logan, UT, 
USA), fetal bovine serum (FBS, Gibco, Rockville, MD, 
USA), phosphate buffered saline (PBS, Hyclone, South 
Logan, UT, USA), Cell Counting Kit-8 (CCK-8, Dojindo, 
Kumamoto, Japan), and Apoptosis Detection Kit (Solar-
bio, Beijing, China).

Extraction of DNA 

 About 25 mg of osteosarcoma cells and normal oste-
oblast samples were routinely collected and placed into 
powder with liquid nitrogen to extract DNA using Ezup 
Column Animal Genomic DNA Purification Kit [Sangon 
Biotech (Shanghai, China) Co., Ltd.] in accordance the 
instructions. 

Detection of WWOX gene methylation

 According to the instructions of the DNA meth-
ylation modification kit, 15 µL of DNA was added with 
5 µL of RNase-free water, 85 µL Bisulfite Mix and 35 
µL DNA Protect Buffer in turn for modification for 5 h. 
Subsequently, the modified DNA was purified twice by 
desalting, followed by methylation-specific polymerase 
chain reaction (PCR) in a 50 µL system, including 25 µL 

of EpiTect Master Mix, 4 µL of modified DNA, 2 µL of 
forward primer and 2 µL of reverse primer and 17 µL 
of RNase-free water. WWOX gene methylation primer 
sequences are shown in Table 1. PCR was performed 
under the following conditions: methylation reaction 
(M): pre-denaturation at 95°С for 10 min, followed by 
40 cycles of 94°С for 30 s, 58°С for 45 s and 72°С for 45 
s, as well as extension at 72°С for 10 min, and unmeth-
ylation reaction (U): pre-denaturation at 95°С for 10 min, 
(94°С for 30 s, 53°С for 45 s and 72°С for 45 s) ×40 cycles 
and extension at 72°С for 10 min. The obtained product 
was purified, added into the BDSH of high-performance 
liquid chromatography (HPLC) instrument through a 
micro-injector, and eluted with the mixture of metha-
nol, sodium pentanesulfonate and triethylamine as 
the mobile phase at a low temperature (flow rate: 1 L/
min, ultraviolet wavelength: 273 nm, sensitivity: 0.01 
AUPS). The DNA methylation level in the samples was 
measured with deoxycytosine and methyldeoxycytosine 
standards as controls. Each sample to be determined was 
repeatedly measured three times and the average value 
was calculated. 

Cell culture and grouping

 Osteosarcoma cell lines MG63 and HOS were sub-
cultured using high-glucose DMEM containing 10% 
FBS, and transfected with lentivirus carrying an RFLP-
labeled plasmid, followed by screening via puromycin 
to obtain recombinant cell lines with a purity of more 
than 90%. Later, the MG63 cell line processed by meth-
ylation inhibitor Decitabine was as assigned into MG63 
+ Dec group, the treated HOS cell line was enrolled as 
HOS + Dec group, while the two cell lines without treat-
ment of Decitabine were MG63 group and HOS group, 
respectively.

Determination of cell proliferation via CCK-8 assay

 Cells in the four groups were inoculated into 96-
well plates at a density of 1×105 per well. Five replicates 
were tested at each time point. The absorbance at 12 h, 
24 h, 36 h and 48 h with a wavelength of 450 nm was 
measured by a microplate reader (Bio-Rad, Hercules, CA, 
USA). Then, the average values of five duplicate wells 
were compared.

Examination of cell migratory ability via transwell assay

 Three replicate wells were set for each group of 
cells, and the cells (1×106) were inoculated into the upper 
chamber according to the instructions of the Transwell 
kit. After 24 h, the number of cells entering the lower 
chamber was recorded using a fluorescence microscope 
under a field of view of 100×. Cells from three differ-

Primer sequence

WWOX Forward: 5'-CAAGGGCGAGTGAAGCAGT-3'

Reverse: 3'-GGCGGAGGGTGGTATTTTGT-5'

Table 1. WWOX gene methylation primer sequences
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ent positions randomly selected were counted in each 
well, and the average number of cells invading the lower 
chamber was calculated. 

Detection of cell apoptosis using flow cytometry

 Firstly, Binding Buffer (5×) was diluted into 1×Bind-
ing buffer working solution for the subsequent experi-
ment [4 mL sterile deionized water was added into 1 mL 
Binding Buffer (5×)]. Secondly, cells were digested using 
ethylene diamine tetraacetic acid (EDTA)-free trypsin 
for 3 min until the adherent cells could be gently pipet-
ted down. After trypsin digestion solution was removed, 
DMEM was added. Next, cells were pipetted down and 
transferred to the centrifuge tube, centrifuged at 500 g 
for 5 min, and collected. Subsequently, cells were pipet-
ted and washed with PBS, and counted. Cells (5×105) 
were collected and centrifuged at 500 g for 5 min, and 
then the supernatant was discarded. After that, about 
195 µL of Binding Buffer working solution was added to 
gently resuspend the cells. Then, 5 µL of Annexin V-FITC 
was added into the cells, slightly mixed, and incubated at 
room temperature for 10 min in the dark. Finally, 10 µL 
of propidium iodide (PI) (20 µg/mL) was added, slightly 
mixed, and incubated at room temperature for 5 min in 
the dark, followed by detection using a flow cytometer. 

Statistics

 SPSS 19.0 (IBM, Armonk, NY, USA) was applied for 
statistical analyses. Data were presented as mean ± SD. 
Differences between two groups were analyzed by us-
ing the Student’s t-test. Comparison between multiple 
groups was done using One-way ANOVA test, followed 
by Post Hoc test (least significant difference). The surviv-
al curves were plotted using the Kaplan-Meier method, 
and statistical significance between the two groups was 
detected using log-rank test. P<0.05 suggested that the 
difference was statistically significant. 

Results

Comparison of methylation rate of WWOX gene 
among three different tissues

 The average methylation rate of WWOX gene 
was remarkably higher in osteosarcoma tissues in 
comparison with that in normal adjacent tissues 
and control group (p<0.05), and no difference in 
methylation was notable between normal adjacent 
tissues and control group (p>0.05) (Figure 1).

Comparison of methylation rate of WWOX gene 
among four groups of cells

 A higher methylation rate was found in MG63 
cell line compared with HOS cell line and two 
groups treated with methylation inhibitor Decit-
abine (MG63 + Dec group and HOS + Dec group), 
while it was higher in HOS cell line than in MG63 
+ Dec group and HOS + Dec group (p<0.05) (Fig-
ure 2).

Proliferation in four groups of cells determined via 
CCK-8 assay

 More cells were observed in MG63 cell line 
than in HOS cell line and MG63 + Dec group and 
HOS + Dec group at 24 h, 36 h and 48 h (p<0.05), 
while the proliferation of HOS cell line was greater 
than in MG63 + Dec group and HOS + Dec group 
(p<0.05) (Figure 3).

Figure 1. Comparison of methylation rate of WWOX gene 
among three different tissues. *p<0.05 vs. osteosarcoma tis-
sues.

Figure 2. Comparison of methylation rate of WWOX gene 
among four groups of cells. *p<0.05 vs. HOS + Dec group, 
#p<0.05 vs. HOS group.

Figure 3. Proliferation in four groups of cells determined 
via CCK-8 assay. * The number of cells is significantly in-
creased in MG63 cell line compared with that in HOS group 
(p<0.05), a: Cells are markedly increased compared with 
that in MG63 + Dec group, b: Cells are notably raised com-
pared with that in HOS + Dec group.
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Comparison of migratory ability among four groups 
of cells

 The number of migrating cells within 24 h 
was larger in MG63 cell line than in HOS cell line, 
MG63 + Dec group and HOS + Dec group (p<0.05), 
while it was greater in HOS cell line in comparison 
with that in MG63 + Dec group and HOS + Dec 
group (p<0.05) (Figure 4).

Comparison of apoptotic rate among four groups of 
cells

 MG63 cell line prompted a lower 24-h apo-
ptotic rate in comparison with HOS cell line and 
control group (p<0.05), while it was lower in HOS 
cell line in contrast with that in MG63 + Dec group 
and HOS + Dec group (p<0.05) (Figure 5).

Discussion

 Osteosarcoma is a malignant tumor charac-
terized by strong invasiveness, which is prone to 
metastasis, and mainly occurs in the fast-growing 
bone tissues [10-13]. However, the pathogenesis of 
osteosarcoma remains unclear, which can be diag-
nosed only based on clinical symptoms and imag-
ing examinations, and most patients bear distant 
metastases when diagnosed. At present, the diag-

nosis of osteosarcoma is undergoing a bottleneck 
period owing to the limitations of medical technol-
ogy and high malignancy of the disease itself. How-
ever, epigenetics has become a significant diag-
nostic and therapeutic approach with the in-depth 
research on epigenetics (DNA methylation, histone 
modification and nucleosome recombination) and 
the emergence of drugs targeting genetically re-
lated enzymes and new detection technologies. 
Investigating the occurrence and progression of 
tumors from the perspective of epigenetics is con-
ducive to the early diagnosis and timely prevention 
of malignant tumors (such as bone tumors) and 
may provide new ideas for the treatment of bone 
tumors.
 WWOX gene is a new tumor-suppressor gene 
found on human common chromosomes, which is 
called WW domain-containing oxidoreductase due 
to the oxidoreductase domain [14,15]. WWOX is 
able to induce cell proliferation or apoptosis by 
interacting with various carcinogens. It has been 
reported in the literature that WWOX gene is ab-
normally expressed in solid tumors such as gastric 
and ovarian cancer [16-18]. In related studies, the 
ablation of WWOX gene in mice has been found to 
be highly associated with the progression of os-
teosarcoma [19-21]. Subsequent human osteosar-
coma genome-wide analysis reveals that WWOX 
expression is weakened in osteosarcoma cells [22-
25]. At the molecular level, the promoter inhibits 
the transactivation and reverses its expression after 
being methylated [26,27]. The expression of WWOX 
gene is suppressed due to its epigenetic changes, 
thus reducing its pro-apoptotic effect. In particular, 
the promoter methylation may play an important 
role. This study aimed to explore the association 
between WWOX gene methylation and osteosar-
coma cells.
 The average methylation rate of WWOX gene 
was compared between patients with osteosar-
coma and normal tissues in this study, which 
displayed that it was remarkably higher in os-
teosarcoma tissues (p<0.05), demonstrating that 
the average methylation level of WWOX gene is 
lower in normal cells than in patients with malig-
nant bone tumors. In addition to research at the 
tissue level, in vitro studies at the cellular level 
indicated that MG63 cell line exhibited a higher 
methylation rate than HOS cell line, so the two 
groups of cells represent the level of methylation 
according to the cell lines, that is, MG63 cell line 
represents high methylation group while HOS cell 
line represents low methylation group. In terms 
of the cell proliferation, more proliferating cells 
were detected in MG63 cell line in the high meth-
ylation group than in the low methylation group, 

Figure 4. Number of migrating cells in each group. *p<0.05 
vs. HOS + Dec group, #p<0.05 vs. HOS group.

Figure 5. Comparison of apoptotic rate among four groups 
of cells. *p<0.05 vs. HOS + Dec group, #p<0.05 vs. HOS group.
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MG63 + Dec group and HOS + Dec group, reveal-
ing that high methylation of WWOX gene is capa-
ble of promoting cell growth. Meanwhile, highly 
methylated MG63 cells also have advantages in 
migratory ability and apoptosis over lowly meth-
ylated HOS cells.

Conclusions

 In summary, osteosarcoma has a high grade 
of malignancy and poor prognosis, and its patho-
genesis (progression of disease) has not been fully 
illuminated through the current research, so a lot 
of further research is needed. It is revealed in this 
study that the methylation of WWOX gene is inex-
tricably linked to the progression of osteosarcoma, 

indirectly confirming the tumor suppressive effect 
of WWOX gene. The inhibitory effect on cancer 
cells disappears after the methylation of WWOX 
gene, which promotes cell proliferation and disease 
progression, and contributes to the gene therapy or 
biological therapy for tumors in the future.
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