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Nasopharyngeal carcinoma-associated gene 6 inhibits cell viability,
migration, invasion and induces apoptosis in osteosarcoma cells
by inactivating the Wnt/f3-catenin signaling pathway
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Abstract. Nasopharyngeal carcinoma-associated gene 6
(NGX6) is associated with the Wnt/B-catenin signaling
pathway in a number of different types of cancer, including
colorectal cancer (CRC). The present study is aimed to
determine the functional role of NGX6 in osteosarcoma
(OS) and to investigate the underlying mechanism associated
with the Wnt/B-catenin signaling pathway. NGX6 expression
levels in tissues derived from patients with OS and cell
lines (MG-63, Saos-2, U20S and HOS) was analyzed using
reverse transcription-quantitative PCR. NGX6 expression
levels were subsequently overexpressed through transfection
of the pcDNA3.1 (pcDNA)-NGX6 overexpression vector
into U20S and HOS cells. BML284 was utilized to activate
the Wnt/p-catenin signaling pathway. MTT, wound healing,
Transwell and flow cytometry assays were performed to analyze
cell viability, migration, invasion and apoptosis, respectively.
Western blotting was also used to analyze the protein expres-
sion levels of B-catenin, c-Jun and c-Myc. A xenograft model
was constructed by injecting pcDNA-NGX6-transfected
U20S cells into nude mice (BALB/c). The results of the
present study revealed that the expression levels of NGX6 were
downregulated in OS tissues and cell lines. The transfection
of pcDNA-NGXG6 into OS cells significantly inhibited the cell
viability, and migratory and invasive abilities, and induced
the apoptosis of U20S and HOS cells. The expression levels
of B-catenin, c-Jun and c-Myc were also significantly down-
regulated in pcDNA-NGX6-transfected U20S and HOS cells.
Notably, the treatment of transfected cells with BML284
significantly reversed the inhibitory effect of pcDNA-NGX6 on

Correspondence to: Dr Xiangda Wang, Department of Joint
Surgery, Qingdao West Coast Hospital, Affiliated Hospital of
Qingdao University, 1677 Wutaishan Road, Huangdao, Qingdao,
Shandong 266555, P.R. China

E-mail: wangxiangd225@163.com

Key words: nasopharyngeal carcinoma-associated gene 6,
osteosarcoma, Wnt/B-catenin, viability, migration, invasion, apoptosis

the viability, migration and invasion, and the promoting effect
on apoptosis in U20S cells. Furthermore, NGX6 overexpres-
sion also discovered to inhibit the growth of xenograft tumors
in vivo by inhibiting the Wnt/B-catenin signaling pathway. In
conclusion, the findings of the present study suggested that
NGX6 may suppress the viability, migration and invasion,
while facilitating the apoptosis of OS cells via blocking the
Wnt/B-catenin signaling pathway.

Introduction

Osteosarcoma (OS) is an aggressive malignancy that primarily
develops in the bones of adults and children (1). Worldwide, an
estimated 4 million people die of OS annually, with the disease
peaking between the ages of 15-19 years old (2). In Europe and
America, the 5-year survival rate for localized OS is ~65-70%,
whereas the 5-year survival rate is <20% for metastatic
OS (3). Surgical resection is the predominant method used
for the treatment of OS (4). However, the incidence (50%) and
metastatic rates (70%) following surgery remain high, which
seriously affects the health and life of patients with OS (5).
Consequently, research into the potential mechanisms of OS
and the identification of novel therapeutic targets for OS has
become a high priority.

Nasopharyngeal carcinoma-associated gene 6 (NGX6)
has been identified as a tumor metastasis suppressor gene,
encoding a class of membrane proteins (e.g. catenin-f1, tran-
scription factor 4 and transmembrane protein 8B) primarily
located in the nuclear and cell membrane (6). Previous studies
have reported a variety of biological functions for NGX®6,
including an ability to suppress angiogenesis, modulate
the protein expression levels of related genes, regulate cell
cycle progression, participate in cell signaling transduction
pathways (e.g., the epidermal growth factor receptor and
Wnt/B-catenin signaling pathways) and enhance the sensitivity
of patients to antitumor drugs (7-10). NGX6 was also identi-
fied to be aberrantly expressed in numerous different types
of human malignancy, such as nasopharyngeal carcinoma
(NPC) (11), and gastric (12), colon (12) and lung cancers (13).
Wang et al (11) reported that NGX6 expression levels were
downregulated in NPC, and the overexpression of NGX6
suppressed NPC cell proliferation and invasion. Guo et al (10)
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revealed that NGX6 expression levels were downregulated in
colorectal cancer cells, which suppressed cell invasion and
adhesion in colorectal cancer. However, the biological role
and regulatory mechanism of NGX6 in OS remains poorly
understood.

The Wnt/B-catenin signaling pathway is considered as a
[(-catenin-dependent extracellular signaling pathway, which
exerts a crucial role in regulating numerous biological processes,
such as cell proliferation, apoptosis, migration, survival
and differentiation (14-17). The aberrant activation of the
Wnt/B-catenin signaling pathway has been closely associated
with the development of various types of human malignancy, such
as hepatocellular carcinoma (HCC), colorectal cancer (CRC)
and OS (15-17). For instance, silencing of the sclerostin gene
facilitated the proliferation, while repressing the apoptosis, of OS
cells by stimulating the Wnt/B-catenin signaling pathway (18).
In addition, the knockdown of Sox2 inhibited the migration and
invasion of OS cells by blocking the Wnt/B-catenin signaling
pathway (19). Moreover, a previous study demonstrated that
NGX6 suppresses CRC cell invasion and adhesion by inhibiting
the Wnt/B-catenin signaling pathway (10). Nevertheless, to the
best of our knowledge, there are few studies on the underlying
regulatory mechanism between NGX6 and the Wnt/B-catenin
signaling pathway in OS.

The present study aimed to analyze the NGX6 expression
levels in OS tissues and cell lines. In addition, in vitro experi-
ments were performed to determine the effect of NGX6 on the
viability, apoptosis, migration and invasion of OS cells. The
association between NGX6 and the Wnt/B-catenin signaling
pathway in OS progression was also identified. The findings
illustrated the functional role of NGX6 in OS, providing a
potential novel therapeutic target for the treatment of OS.

Materials and methods

Clinical specimens. The use of patient tissues was approved
by the ethics committee of Qingdao West Coast Hospital,
Affiliated Hospital of Qingdao University (approval
no. QYFYWZLL25779A) and written informed consent was
obtained from all patients. In total, 60 patients (27 males and
33 females; age range, 35-63 years old) histologically diagnosed
with OS were recruited in our hospital between February 2017
and April 2019. The inclusion criteria were: i) First-time diag-
nosis; and ii) no prior history of radiotherapy, chemotherapy
and other adjuvant therapy. The exclusion criteria were:
i) Presence of other malignant tumors; and ii) treatment for
OS before admission. OS tissues and adjacent normal tissues
(distance from tumor margin, 2 cm) were collected from these
patients prior to the administration of treatment.

Cell culture. The human OS cell lines (MG-63, Saos-2, U20S
and HOS) and the human osteoblast cell line hFOB1.19 were
purchased from The Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences. All cells were
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (HyClone; Cytiva) and 1%
penicillin-streptomycin, and maintained at 37°C with 5% CO,.

Cell transfection. U20S and HOS cells (6x10° cells/well) in
the logarithmic growth phase were transfected with 20 nM

Table I. Primer sequences used for reverse transcription-
quantitative PCR.

Gene Primer sequence (5'-3")

Nasopharyngeal F: CAACAGCCTCAAGATCATCAGCA

carcinoma- R: GAGGAGGGGAGATTCAGTGTGGT

associated gene 6

[-catenin F: TGAGGACAAGCCACAAGATTAC
R: TCCACCAGAGTGAAAAGAACG

GAPDH F: GAGTCAACGGATTTGGTCGT

R: TTGATTTTGGAGGGATCTC

F, forward; R, reverse.

pcDNA3.1 (pcDNA)-NGX6 or pcDNA-negative control
(NC; both Sangon Biotech Co., Ltd.) using Lipofectamine®
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Cells were randomly divided into the BLANK (untransfected
cells), pcDNA-NC and pcDNA3.1-NGX6 groups. Following
transfection for 48 h at 37°C, the cells were used for follow-up
experiments.

To determine whether the regulatory effects of NGX6
on OS cells were associated with the Wnt/B-catenin
signaling pathway, U20S and HOS cells transfected with
pcDNA-NGX6 were treated with BML284 (20 xM; Abcam),
an activator of the Wnt/B-catenin signaling pathway, for 0, 24,
48, 72 or 96 h at room temperature. Cells were divided into
the following groups: i) pcDNA-NC; ii) pcDNA3.1-NGX6; and
iii) pcDNA3.1-NGX6 + BML284.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from tissues or cells using TRIzol® Plus
RNA Isolation reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). The concentration of total RNA was measured using a
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific,
Inc.). Total RNA (500 ng) was reverse transcribed into cDNA
at 42°C for 45 min using Moloney Murine Leukaemia Virus
Reverse Transcriptase (Invitrogen; Thermo Fisher Scientific,
Inc.). qPCR was subsequently performed using SYBR® Premix
Ex Taq™ (Takara Biotechnology Co.,Ltd.) on a StepOnePlus™
Real-Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The following thermocycling conditions were
used for the qPCR: Initial denaturation at 95°C for 3 min;
followed by 40 cycles at 95°C for 15 sec, annellation at 60°C
for 30 sec, elongation at 72°C for 1 min, and a final extension
at 72°C for 5 min. The primer sequences used for the gPCR are
listed in Table I. The mRNA expression levels of target genes
were quantified using the 224°4 method (21). GAPDH or U6
was used as the internal loading control.

Western blotting. Total protein was extracted from tissues
or OS cell lines (U20S and HOS) using RIPA lysis buffer
(Beyotime Institute of Biotechnology). Total protein was
quantified using a BCA Protein assay kit (Invitrogen; Thermo
Fisher Scientific, Inc.) and 50 ug protein/lane was separated
via 10% SDS-PAGE. The separated proteins were subse-
quently transferred onto a polyvinylidene fluoride membrane
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Figure 1. NGX6 expression levels are downregulated in OS tissues and cell lines. (A) mRNA expression levels of NGX6 in OS tissues (n=60) and normal tissues
(n=60) were analyzed by RT-qPCR. ""P<0.001 vs. normal tissue. (B) mRNA expression levels of NGX6 in OS cell lines (MG-63, Saos-2, U20S and HOS) and
the human osteoblast cell line hFOB1.19 were analyzed using RT-qPCR. “P<0.01, ""P<0.001 vs. hFOB1.19 cells. OS, osteosarcoma; NGX6, nasopharyngeal
carcinoma-associated gene 6; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 2. Overexpression of NGX6 inhibits the viability and induces the apoptosis of OS cells. (A) pcDNA-NGX6 overexpression vector was transfected into
U20S and HOS cells, and reverse transcription-quantitative PCR was performed to analyze the transfection efficiency compared with the pcDNA-NC and
BLANK groups. (B) Cell viability of transfected U20S and HOS cells was determined using an MTT assay. (C) Levels of apoptosis of transfected U20S
and HOS cells were analyzed using flow cytometry. "P<0.05, “P<0.01 vs. BLANK. BLANK, untransfected U20S or HOS cells; NGX6, nasopharyngeal
carcinoma-associated gene 6; NC, negative control; OD, optical density; PI, propidium iodide.

and blocked with 5% skimmed milk for 2 h at 25°C. The
membranes were then incubated with the following primary
antibodies (Abcam) overnight at 4°C: Anti-GAPDH (1:1,000;
cat. no. ab9485), anti-p-catenin (1:1,000; cat. no. ab32572),
anti-c-Jun (1:1,000; cat. no. ab40766) and anti-c-Myc (1:1,000;
cat. no. ab32072). After washing three times with TBST
(Tween-20; 0.05%) for 5 min, the membranes were incubated

with a horseradish peroxidase-conjugated anti-rabbit IgG
secondary antibody (1:2,000; cat. no. ab6721; Abcam) for 2 h
at 25°C. Protein bands were visualized using an chemilumines-
cent substrate kit (Invitrogen; Thermo Fisher Scientific, Inc.)
and analyzed using Gel-Pro Analyzer software (version 4.0;
Media Cybernetics, Inc.). GAPDH was used as the internal
loading control.
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Figure 3. NGX6 overexpression suppresses the migration and invasion of OS cells. (A) Relative migration rate of U20S and HOS cells transfected with
pcDNA-NGX6 was analyzed using a wound healing assay (magnification, x200). (B) Relative invasion rate of U20S and HOS cells transfected with
pcDNA-NGX6 was analyzed using a Transwell Matrigel assay (magnification, x200). “"P<0.01 vs. BLANK. BLANK, untransfected U20S or HOS cells;

NGX6, nasopharyngeal carcinoma-associated gene 6; NC, negative control.

MTT assay. The transfected U20S and HOS cells
(2x10* cells/well) were seeded into 96-well plates. Following
incubation for 24, 48, 72 or 96 h at 37°C, 20 ul MTT reagent
(5 mg/ml; Sigma-Aldrich; Merck KGaA) was added into
each well. After 4 h of incubation at 37°C, 150 ul DMSO was
added into each well to terminate the reaction. The absorbance
was measured at 450 nm using a microplate reader (Bio-Rad
Laboratories, Inc.).

Flow cytometric analysis of apoptosis. Early apoptosis in
transfected U20S and HOS cells were analyzed using an
Annexin V-FITC apoptosis detection kit (Invitrogen; Thermo
Fisher Scientific,Inc.) according to the manufacturer's protocol.
Briefly, cells were centrifuged at 200 x g for 5 min at 4°C
and resuspended in binding buffer. Cells were subsequently
stained with 5 1 Annexin V-FITC and 5 ml propidium iodide

for 15 min at 4°C in a dark room. Apoptosis was detected using
a FACScan flow cytometer (version 2.0; BD Biosciences) and
the data were analyzed using CellQuest software (version 5.1;
BD Biosciences).

Wound healing assay. U20S and HOS cells were plated
into six-well plates containing DMEM at a density of
5x10° cells/well. Upon reaching 90% confluence, the cell
monolayer was scratched using a sterile 100-u1 pipette tip to
form wounds. The cells were then incubated in serum-free
DMEM for 24 h at 37°C. Cells were observed and photo-
graphed at O and 24 h using an inverted light microscope
(Olympus Corporation; magnification, x200) and measured
using Imagel] software (version 1.46; National Institutes
of Health). The relative migration rate was calculated as
follows: (original gap distance-gap distance at 24 h)/original
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Figure 4. NGX6 overexpression blocks the Wnt/B-catenin signaling pathway in OS cells. The expression levels of -catenin, c-Jun and c-Myc in U20S
and HOS cells transfected with pcDNA-NGXG6 in the presence or absence of BML284 treatment (20 uM) were analyzed using western blotting. “P<0.01
vs. pcDNA-NC; #P<0.01 vs. pcDNA-NGX6. NGX6, nasopharyngeal carcinoma-associated gene 6; NC, negative control.

gap distance x100. Relative migration was normalized to the
BLANK or pcDNA-NC group.

Transwell Matrigel assay. Cell invasion was assessed using
Transwell chambers (Corning, Inc.) pre-coated (at 37°C for
30 min) with Matrigel® (BD Biosciences). Briefly, transfected
U20S and HOS cells were resuspended in serum-free medium
and 200 pul cell suspension (1x10° cells) was placed in the
upper chamber. Subsequently, 600 ul medium containing
10% FBS was plated into the lower chambers. Following 24 h
of incubation at 37°C with 5% CO,, the invasive cells in the
lower chamber were fixed with 4% paraformaldehyde at room
temperature for 20 min and stained with 0.5% crystal violet
at 37°C for 30 min. Cells in six independent fields per well
were imaged using a light microscope (Olympus Corporation;
magnification, x200), and the number of invading cells were
counted.

Establishment of xenograft tumor model mice. Animal experi-
ments were approved by the ethics committee of Qingdao
West Coast Hospital (approval no. QYFYWZLL25779) and
were performed in accordance with the Guide for the Care and
Use of Laboratory Animals (version 1996) (20). Male specific
pathogen free mice (BALB/c; age, 4 weeks; weight, 20-25 g;
n=30) were purchased from the Medical College of Shanghai
Jiaotong University (Shanghai, China). The animals were
housed in a sterile environment at a controlled temperature of
20°C with 40% relative humidity, 12-h light/dark cycles, and
free access to food and water. A volume of 100 xl U20S cells

(0.1x108 cells/ml) at the logarithmic growth phase from the
different groups (pcDNA-NGX6, pcDNA-NC, pcDNA-NGX6
+ BML284) were resuspended in PBS and subcutaneously
injected into the posterior limb of mice (n=10/group) to create
a subcutaneous tumor-bearing model. The tumor volume
was measured with a Vernier caliper every week following
injection. At the end of the 4th week, mice were anesthe-
tized with 50 mg/kg pentobarbital sodium and sacrificed by
cervical dislocation. The tumors were removed and weighed.
The experiment lasted for 4 weeks and no mice died during
this period.

Statistical analysis. Statistical analysis was performed
using SPSS 22.0 software (IBM Corp.). All experiments
were performed in triplicate and data are presented as the
mean + SD. A paired Student's t-test was used to determine
the significant differences between two groups (Fig. 1A),
while a one-way ANOVA test followed by Tukey's post hoc
test was used to determine the statistical differences between
>2 groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

NGXG6 expression levels are downregulated in OS tissues and cell
lines. RT-qPCR analysis revealed that NGX6 expression levels
were significantly downregulated in the OS tissues compared
with the normal tissues from patients (P<0.001; Fig. 1A).
Consistently, NGX6 expression levels were also significantly
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Figure 5. NGX6 overexpression inhibits the viability, migration and invasion, while inducing the apoptosis of OS cells by blocking the Wnt/B-catenin signaling
pathway. (A) MTT assay was used to analyze the viability of U20S cells transfected with pcDNA-NGXG6 in the presence or absence of BML284 treatment
(20 uM). (B) Levels of apoptosis of U20S cells transfected with pcDNA-NGXG6 in the presence or absence of BML284 treatment (20 M) were analyzed using
flow cytometry. (C) Migration rate of U20S cells transfected with pcDNA-NGZXG6 in the presence or absence of BML284 treatment (20 M) was analyzed using
a wound healing assay (magnification, x200). (D) Invasion rate of U20S cells transfected with pcDNA-NGXG6 in the presence or absence of BML284 treatment
(20 uM) was analyzed using a Transwell Matrigel assay (magnification, x200). "P<0.05, “P<0.01 vs. pcDNA-NC; "P<0.05, P<0.01 vs. pcDNA-NGX6. NGX6,
nasopharyngeal carcinoma-associated gene 6; NC, negative control; OD, optical density; PI, propidium iodide.

downregulated in OS cell lines (MG-63, Saos-2, U20S and HOS)
compared with the human osteoblastic cell line hFOBI.19, but
especially in U20S and HOS cells (P<0.01; Fig. 1B). Therefore,
U20S and HOS cells were selected for subsequent experiments.
These findings suggested that NGX6 expression levels may be
downregulated in OS tissues and cell lines.

Overexpression of NGX6 inhibits the viability, while promoting
the apoptosis of OS cells. To determine the effect of NGX6
on OS progression, NGX6 was overexpressed by the transfec-
tion of pcDNA-NGX6 into U20S and HOS cells. RT-qPCR
illustrated that the NGX6 expression levels were significantly
upregulated in the pcDNA3-NGX6 groups compared with
the BLANK groups in both cell lines (P<0.01; Fig. 2A). The
results of the MTT assay revealed that the optical density
(OD)450 values of the pcDNA-NGX6 groups were signifi-
cantly decreased at 48 h in both cell lines compared with the
BLANK groups (P<0.05; Fig. 2B). The levels of apoptosis
of U20S and HOS cells in the pcDNA-NGX6 groups were
significantly increased compared with the BLANK groups
("P<0.01; Fig. 2C). Conversely, the transfection of cells with
pcDNA-NC did not influence the viability or apoptotic rate of

U20S and HOS cells (Fig. 2B and C). These results indicated
that the overexpression of NGX6 may impede the viability and
promote the apoptosis of U20S and HOS cells.

Overexpression of NGX6 suppresses the migration and
invasion of OS cells. The relative migration and invasion rates
were significantly decreased in the pcDNA-NGX6 groups
compared with the BLANK groups in both cell lines (P<0.01;
Fig. 3A and B). The transfection of cells with pcDNA-NC did
not influence the migration and invasion rates of U20S and
HOS cells. Taken together, these data indicated that the over-
expression of NGX6 may repress the migration and invasion of
U20S and HOS cells.

NGX6 overexpression inhibits the Wnt/f3-catenin signaling
pathway. To determine the potential mechanism of NGX6
in OS, transfected U20S and HOS cells were treated with
BML284 (Wnt/p-catenin signaling pathway activator). In both
cell lines, the expression levels of B-catenin, c-Jun and c-Myc
were all significantly downregulated in the pcDNA-NGX6
groups compared with the pcDNA-NC groups (P<0.01;
Fig. 4). Conversely, BML284 treatment significantly reversed
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Figure 6. NGX6 represses the growth of xenograft tumors in vivo. (A) Tumor morphology at the 4th week post-injection and the tumor volume of xenograft
mice in the different groups at different time points. (B) Tumor weight at the 4th week post-injection in the different groups. (C) Expression levels of 3-catenin,
c-Jun and c-Myc in the different groups were analyzed using western blotting. "P<0.05, “P<0.01 vs. pcDNA-NC; “P<0.05, 7P<0.01 vs. pcDNA-NGX6. NGX6,

nasopharyngeal carcinoma-associated gene 6; NC, negative control.

the inhibitory effects of pcDNA-NGX6 on the expression
levels of B-catenin, c-Jun and c-Myc in U20S and HOS cells
("P<0.01; Fig. 4). These results indicated that the transfection
of pcDNA-NGX6 may block the Wnt/f-catenin signaling
pathway, while the intervention with BML284 may reverse
the inhibitory effect of pcDNA-NGX6 on the Wnt/B-catenin
signaling pathway.

NGX6 overexpression inhibits the viability, migratory and
invasive abilities, while facilitating the apoptosis of OS cells by
blocking the Wnt/f-catenin signaling pathway. To explore the
possible effect of the Wnt/f3-catenin signaling pathway on the
occurrence and development of OS in vitro, U20S cells were
treated with an activator of the Wnt/B-catenin signaling pathway
(BML284). The results indicated that treatment with BML284
reversed the inhibitory effects of pcDNA-NGX6 on the viability,
migration and invasion, and the promoting effect on the apop-
tosis of U20S cells (P<0.05, P<0.01; Fig. 5A-D). Collectively, the
results implied that treatment BML284 could reverse the effect
of NGX6 overexpression on the progression of OS in vitro.

Overexpression of NGX6 inhibits the growth of xenograft
tumors in vivo by blocking the Wnt/f3-catenin signaling

pathway. To verify the inhibitory effect of pcDNA-NGX6
on the tumorigenesis of OS, xenograft tumor model mice
were established. A significant decrease was observed in
both the tumor volume (P<0.05; Fig. 6A) and tumor weight
(P<0.01; Fig. 6B) in the pcDNA-NGX6 group compared
with the pcDNA-NC group. However, the addition of
BML284 treatment partially rescued the inhibitory effect
of pcDNA-NGX6 on the tumor growth and weight of mice
(P<0.05, P<0.01). In addition, the expression levels of
[-catenin, c-Jun and c-Myc in the tumor tissues were signifi-
cantly downregulated in the pcDNA-NGXG6 group compared
with the pcDNA-NC group (P<0.01; Fig. 6C), while the addi-
tion of BML284 partially rescued this inhibitory effect of
pcDNA-NGX6 on the expression levels of -catenin, c-Jun
and c-Myc in the tumor tissues of mice (P<0.05; Fig. 6C).
The results indicated that treatment with BML284 reversed
the suppressive effect of NGX6 overexpression on the growth
of xenograft tumors in vivo.

Discussion

NGXG6 expression levels were discovered to be downregulated
in colorectal (22), gastric (11) and liver cancers (23). Liu et al
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also reported that NGX6 expression levels were downregu-
lated in gastric cancer tissues, and these low expression levels
of NGXG6 facilitated the progression of gastric cancer (11). In
addition, Zhang er al (9) reported that the expression levels of
NGX6 were downregulated in colorectal cancer tissues, and
the downregulation of NGX6 exerted a promoting effect on the
occurrence and metastasis of colorectal cancer. The findings
of the present study were similar to those of previous studies;
for instance, the results revealed that NGX6 expression levels
were significantly downregulated in OS tissues and cell lines.
Peng et al (24) previously revealed that NGX6 inhibited the
proliferation and migration of NPC cells. NGX6 was discov-
ered to suppress cell proliferation, invasion and metastasis,
regulate the cell cycle and inhibit tumor angiogenesis in colon
cancer (10). Similar to the effects of NGX6 observed in other
types of cancer, the results of the present study demonstrated
that the overexpression of NGX6 inhibited the cell viability,
migration and invasion, while promoting the apoptosis of
U20S and HOS cells. These findings indicated that NGX6 may
function as a tumor suppressor gene during OS progression.
The Wnt/p-catenin signaling pathway serves a crucial
role in tumorigenesis and the abnormal activation of the
Wnt/B-catenin signaling pathway has been observed in
various types of human malignancies, such as HCC, CRC
and OS (16,17,25,26). Numerous genes have been identified
to exert their tumor suppressive roles in OS through blocking
the Wnt/B-catenin signaling pathway, including TraB domain
containing 2B (27), bone morphogenetic protein 9 (28) and
forkhead box protein O1 (29). Notably, NGX6 is involved
in the regulation of the Wnt/B-catenin signaling pathway
in CRC (25,30). Liu et al (31) demonstrated that NGX6
overexpression downregulated the expression levels of the
downstream target genes of the Wnt/B-catenin signaling
pathway, cyclin DI, c-Jun and c-Myc, in colon cancer
cells. Guo et al (10) illustrated that NGX6 suppressed the
translocation of B-catenin from the nucleus and cytoplasm
to the plasma membrane, thereby inhibiting the activity
of transcription factor 4 and downregulating the expres-
sion levels of the Wnt-target genes, c-Myc, cyclin D1 and
cyclooxygenase-2 in colon cancer cells. In the present study,
the overexpression of NGX6 significantly downregulated
the expression levels of B-catenin, c-Jun and c-Myc in OS
cells. These findings were consistent with previous studies,
which further suggested that the Wnt/B-catenin signaling
pathway may be blocked by NGX6 in OS. Thus, the blocked
Wnt/B-catenin signaling pathway may directly contribute to
the antitumor effect of NGX6 in colon cancer. Guo et al (30)
also discovered that NGX6 inhibited the proliferation,
invasiveness and extracellular matrix adhesion, in addi-
tion to promoting the apoptosis, of colon cancer cells
through suppressing the Wnt/B-catenin signaling pathway.
Consistent with these findings, the current study revealed
that NGX6 suppressed the viability, migration and invasion,
and promoted the apoptosis of OS cells, through blocking
the Wnt/pB-catenin signaling pathway. In addition, the
migration of OS cells was inhibited by the NGX6-mediated
suppression of the Wnt/B-catenin signaling pathway. The
verification experiments further illustrated the regulatory
relationship between NGX6 and the Wnt/f-catenin signaling
pathway in OS; the BML284-induced activation of the

Whnt/f3-catenin signaling pathway reversed the antitumor
effects of NGX6 on the viability, apoptosis, migration and
invasion of OS cells.

Furthermore, the present study also discovered that
NGX6 inhibited tumor growth in vivo through blocking
the Wnt/p-catenin signaling pathway. These findings indi-
cated that NGX6 may inhibit the tumorigenesis of OS both
in vitro and in vivo through blocking the Wnt/p-catenin
signaling pathway.

In conclusion, the findings of the present study revealed
that the expression levels of NGX6 were downregulated in OS
tissues and cell lines. The overexpression of NGX6 signifi-
cantly inhibited the viability, migration and invasion, and
induced apoptosis in OS cells in vitro. The growth of xenograft
tumors in vivo was also suppressed by NGX6 overexpression.
Additionally, the inhibitory effect of NGX6 on OS progression
was suggested to possibly occur through the suppression of
the Wnt/B-catenin signaling pathway. These data implied that
NGX6 may function as a potential therapeutic target for the
treatment of OS.
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