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Upregulation and biological function of
transmembrane protein 119 in osteosarcoma

Zhen-Huan Jiang1,6, Jun Peng1,6, Hui-Lin Yang2, Xing-Li Fu3, Jin-Zhi Wang4, Lei Liu1, Jian-Nong Jiang1,
Yong-Fei Tan5 and Zhi-Jun Ge5

Osteosarcoma is suggested to be caused by genetic and molecular alterations that disrupt osteoblast differentiation. Recent

studies have reported that transmembrane protein 119 (TMEM119) contributes to osteoblast differentiation and bone

development. However, the level of TMEM119 expression and its roles in osteosarcoma have not yet been elucidated. In the

present study, TMEM119 mRNA and protein expression was found to be up-regulated in osteosarcoma compared with normal

bone cyst tissues. The level of TMEM119 protein expression was strongly associated with tumor size, clinical stage, distant

metastasis and overall survival time. Moreover, gene set enrichment analysis (GSEA) of the Gene Expression Omnibus (GEO)

GSE42352 dataset revealed TMEM119 expression in osteosarcoma tissues to be positively correlated with cell cycle, apoptosis,

metastasis and TGF-β signaling. We then knocked down TMEM119 expression in U2OS and MG63 cells using small interfering

RNA, which revealed that downregulation of TMEM119 could inhibit the proliferation of osteosarcoma cells by inducing cell

cycle arrest in G0/G1 phase and apoptosis. We also found that TMEM119 knockdown significantly inhibited cell migration and

invasion, and decreased the expression of TGF-β pathway-related factors (BMP2, BMP7 and TGF-β). TGF-β application rescued

the inhibitory effects of TMEM119 knockdown on osteosarcoma cell migration and invasion. Further in vitro experiments with a

TGF-β inhibitor (SB431542) or BMP inhibitor (dorsomorphin) suggested that TMEM119 significantly promotes cell migration

and invasion, partly through TGF-β/BMP signaling. In conclusion, our data support the notion that TMEM119 contributes to the

proliferation, migration and invasion of osteosarcoma cells, and functions as an oncogene in osteosarcoma.

Experimental & Molecular Medicine (2017) 49, e329; doi:10.1038/emm.2017.41; published online 12 May 2017

INTRODUCTION

Osteosarcoma, a highly aggressive tumor arising in long bones,
represents the most common primary malignancy in teenagers
and young adults.1 It derives from primitive bone-forming
mesenchymal cells and predominantly occurs around regions
with active bone growth and repair, such as the knee joint,
lower femur and upper tibia,2 and data suggest that osteosar-
coma may be caused by genetic and molecular alterations that
disrupt osteoblast differentiation.3,4 With the recent advances
in treatment combining surgery with chemotherapy and radio-
therapy, the 5-year overall survival rate of osteosarcoma
patients has increased to ~ 50–60%.5,6 However, the survival
rate is o30% in patients who present with metastasis.7

Therefore, preventing metastasis during the early stage of

tumor development is key to improving the prognosis of
osteosarcoma patients.

Recently, numerous studies have demonstrated altered
expression of some transmembrane proteins (TMEMs)
in various human cancers, including kidney, lung, liver,
colon, glioma, breast and ovarian cancers, indicating that these
TMEMs function as important regulators of carcinogenesis.8–18

However, little is known regarding the association between
TMEMs and osteosarcoma. TMEM119, a member of the
transmembrane protein family and also known as osteoblast
induction factor (Obif), is O-glycosylated at its N-terminal
region.19 Studies to date have reported that TMEM119
contributes to bone and testis development20 as well as to
osteoblast differentiation.21–24 As it has been suggested that
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osteosarcoma is caused by disruption of osteoblast differentia-
tion, we hypothesized that TMEM119 may be involved in
osteosarcoma tumorigenesis. In the current study, we deter-
mined the expression patterns of TMEM119 at both the mRNA
and protein levels in osteosarcoma tissues and revealed the
clinical value of its aberrant expression in this disease.
Furthermore, the biological functions of TMEM119 in osteo-
sarcoma were elucidated in vitro and in vivo.

MATERIALS AND METHODS

Patients and tissue samples
Between January 2005 and June 2009, 20 patients with bone cysts and
100 patients with osteosarcoma admitted to Affiliated Yixing Hospital
of Jiangsu University and the First Affiliated Hospital of Soochow
University were enrolled in this study. The clinical stage of osteosar-
coma was classified according to the 6th edition of the tumor-node-
metastasis (TNM) classification of the International Union against
Cancer. For real-time PCR assays, 45 osteosarcoma and 20 bone cyst
samples were immediately frozen in liquid nitrogen and stored
at − 80 °C until use. Immunohistochemical (IHC) analysis was
performed on archived paraffin-embedded specimens from
100 patients with osteosarcoma, all of whom received follow-up
lasting from 3 to 60 months (average 34.3 months). This study was
approved by the Research Ethics Committee of Affiliated Yixing
Hospital of Jiangsu University and the First Affiliated Hospital of
Soochow University. Written informed consent was obtained from all
patients.

Real-time quantitative RT-PCR assay
The expression levels of TMEM119 mRNA in tissue samples or cell
lines were detected by real-time quantitative RT-PCR assay, as
previously described.25 Briefly, total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s protocol and treated with DNase to remove residual genomic
DNA. Reverse transcription was carried out using the RevertAid First
Strand cDNA Synthesis Kit (Fermantas, Hanover, MD, USA) with
random primers. The resulting cDNAs were used as templates for
PCR amplification on ABI 7500 instrument (Applied Biosystems,
Foster City, CA, USA) using the following primers: human TMEM119
forward primer, 5′-CTGGCCTTTCTGCTGATGTTC-3′, and reverse
primer, 5′-TCACTCTGGTCCACGTACTTC-3′; human glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) forward primer, 5′-CACC
CACTCCTCCACCTTTG-3′ and reverse primer, 5′-CCACCACC
CTGTTGCTGTAG-3′. Each sample was examined in triplicate, and
GAPDH served as the internal control.

Western blot analysis
Tissue samples and cultured cells were lysed on ice with radio-
immunoprecipitation assay buffer (150 mM NaCl, 1% nonyl
phenoxypolyethoxylethanol-40, 0.5% deoxycholate, 0.1% sodium
dodecyl sulfate (SDS) and 50 mM Tris pH 8) supplemented with
a protease inhibitor cocktail (Roche, Indianapolis, IN, USA). The
protein concentration was determined using bicinchoninic acid
(Pierce, Rockford, IL, USA). Equal amounts of protein from each
sample were separated using SDS-polyacrylamide gels and transferred
onto polyvinylidene difluoride membranes. After blocking with
5% skim milk, the membranes were probed overnight with primary
antibodies at 4 °C. Horseradish peroxidase-conjugated secondary
antibodies (Beyotime; Shanghai, China) followed by enhanced

chemiluminescence reagent (Pierce; Minneapolis, MN, USA) were
used for detection. Each sample was examined in triplicate, with
GAPDH as the loading control. The results were analyzed using
ImageJ software (http://rsb.info.nih.gov/ij/, Bethesda, MD, USA). The
sources of primary antibodies were as follows: antibodies against
CDK1, caspase-8, caspase-9, MMP2, Twist1, N-cadherin, vimentin,
α-SMA, BMP2, BMP7, TGF-β and Smad1 were obtained from Abcam
(Cambridge, MA, USA); antibodies against TMEM119, Bcl2 and
p-Smad1/5/8 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA); antibodies against CDC25A, PCNA, ZEB1,
E-cadherin, Smad2/3 and p-Smad2/3 were obtained from Cell
Signaling Technology (Danvers, MA, USA).

IHC analysis
IHC was performed to detect the levels of TMEM119 protein
expression in osteosarcoma tissues. For antigen retrieval, slides were
immersed in 10 mM sodium citrate buffer solution (pH 6) and heated
in a pressure cooker for 10 min. The slides were then incubated
overnight with anti-TMEM119 (1:100 dilution; goat IgG; Santa Cruz
Biotechnology) in a moist chamber at 4 °C followed by incubation for
1 h with a horseradish peroxidase (HRP)-conjugated secondary
antibody at room temperature. As a negative control, the primary
antibody was replaced with normal goat IgG. The sections were
developed with diaminobenzidine tetrahydrochloride and counter-
stained with hematoxylin. IHC staining was evaluated by two
independent pathologists according to the extent of positivity, as
follows: low or negative TMEM119 expression when positive staining
was present in no more than 25% of the tumor region; high
TMEM119 expression when staining was present in 425% of the
tumor region.

Cell culture
Human osteosarcoma cells, including Saos2, MG63, HOS, SW1353
and U2OS, and human embryonic kidney HEK293T cells were
purchased from the cell bank of the Shanghai Biology Institute,
Chinese Academy of Sciences (Shanghai, China) and maintained at
37 °C in a 5% CO2 atmosphere. MG63, HOS, Saos2, SW1353 and
HEK293 cells were grown in DMEM (Life Technologies; Carlsbad,
CA, USA) and U2OS cells in RPMI 1640 medium (Life Technologies).
All media were supplemented with 10% fetal bovine serum
(FBS; Hyclone, Logan, UT, USA) and 1% penicillin/streptomycin.

Small interfering RNA transfection
TMEM119 siRNA and control small interfering RNA (siRNA) were
designed and synthesized by Genepharma (Shanghai, China). To
knock down TMEM119 expression, U2OS and MG63 cells at 70–80%
confluence were transfected with 2 μg ml− 1 siRNA using Lipofecta-
mine 2000 transfection reagent (Life Technologies) following the
manufacturer’s instructions. After 48 h, the knockdown efficiency was
analyzed by real-time PCR and western blotting.

Construction of a TMEM119 overexpression construct and
infection into cells
The human TMEM119 gene was cloned into the CD513B-1 lentiviral
vector (SBI, Mountain View, CA, USA) by Genewiz (Suzhou, China).
CD513B-1 or CD513B-1-TMEM119 were cotransfected with psPAX2
and pMD2G (Addgene; Cambridge, MA, USA) into HEK293T cells
using Lipofectamine 2000 (Life Technologies). The viral supernatant
was collected and used to infect Saos2 cells. Approximately 48 h later,
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TMEM119 expression was analyzed by real-time PCR and western
blotting.

Counting Kit-8 assay
Counting Kit-8 (CCK-8) assay was performed to measure
cell proliferation by standard methods. Briefly, cells were plated in
96-well plates at a density of 3 × 103 cells per well. After overnight
incubation, cells were treated as indicated. At 0, 24, 48 and 72 h
after treatment, cells were incubated for 1 h in CCK-8 solution
(Dojindo Lab, Kumamoto, Japan) in culture medium at 37 °C.
Absorbance at 450 nm (A450nm) was detected using a microplate
reader (Bio-Rad; Richmond, CA, USA).

Cell cycle distribution analysis
Cell cycle distribution was determined by propidium iodide (PI)
staining and flow cytometry analysis. Briefly, cells plated in 6-well
plates were transfected with TMEM119 siRNA or control siRNA.
At 48 h after transfection, the cells were collected, resuspended in PBS,
and fixed overnight in 70% ethanol at − 20 °C. The cells were then
washed in PBS and resuspended in PI staining buffer containing
20 μg ml− 1 PI and 100 μg ml− 1 ribonuclease (Sigma; St Louis,
MO, USA). After a 30-min incubation in the dark, the cells were
analyzed by FACScan flow cytometry (BD Biosciences; San Jose,
CA, USA).

Cell apoptosis assay
The percentage of cells undergoing apoptosis was evaluated by double
staining with Annexin V-fluorescein isothiocyanate (FITC) and PI.
At 24 h after siRNA transfection, the cells were harvested, incubated

for 20 min with Annexin V-FITC Apoptosis Detection solution
(BD Biosciences) in the dark, and analyzed by flow cytometry.
Annexin V-positive and PI-negative-stained cells are early apoptotic
cells, whereas cells showing positive staining with Annexin V and
PI are in the late stages of apoptosis.

Tumor xenografts in nude mice
Animal experiments were approved by the Animal Experimentation
Ethics Committee at Affiliated Yixing Hospital of Jiangsu University.
Twelve female BALB/c nude mice at 4–5 weeks old (SLAC Animal,
Shanghai, China) were maintained under normal specific pathogen-
free conditions throughout the experiments. To establish a xenograft
tumor model, 2 × 106 U2OS cells in 0.1 ml PBS were subcutaneously
injected into the right flank of the mice. Ten days after cell
inoculation, the mice were randomly divided into two groups and
administered TMEM119 siRNA or control siRNA containing formu-
lations via intravenous injection twice a week for 3 weeks (n= 6 per
group). Tumor growth was monitored were measured every three days
as previously described.8 At 45 days after inoculation, the mice were
euthanized by cervical dislocation, and tumor weight was recorded.
For IHC analyses, tumors were formalin-fixed, paraffin-embedded,
sectioned and analyzed using Ki67 immunostaining (Abcam) or the
TUNEL assay (Roche).

Cell migration and invasion assays
To measure the migration and invasive potential of cells, transwell
assays were carried out using non-Matrigel-coated and Matrigel-
coated Boyden chambers (BD Biosciences), respectively. U2OS and
MG63 cells were transfected with TMEM119 siRNA or control siRNA.

Figure 1 TMEM119 overexpression is associated with poor survival of osteosarcoma patients. (a) TMEM119 mRNA expression was
significantly higher in osteosarcoma tissues (n=81) than in normal osteoblasts (n=6) from GSE42352 (Po0.05). (b) The level of
TMEM119 mRNA was significantly elevated in osteosarcoma tissues (n=45) compared to that in bone cyst tissues (n=20) from patients
admitted to Affiliated Yixing Hospital of Jiangsu University and the First Affiliated Hospital of Soochow University (Po0.0001).
(c) TMEM119 protein expression was determined by western blotting analysis in osteosarcoma (T1–T4) and bone cyst tissues (N1–N4).
The experiments were repeated at least three times with similar results. (d) TMEM119 protein expression in osteosarcoma tissues was
determined by IHC staining. Magnification: ×200, scale bars: 100 μm. (e) The overall survival time of 100 patients with osteosarcoma
based on IHC staining (P=0.0003, HR=0.411, 95% CI: 0.254–0.668). (f) Survival analysis of patients from GSE39055 (P=0.0011,
HR=0.118, 95% CI: 0.0.28–0.428).
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Saos2 cells were infected with TMEM119 or the vector. The cells were
serum-starved overnight, harvested, resuspended in serum-free med-
ium, and added to the upper chamber (1× 105 per well). Medium
containing 10% FBS was added to the lower chamber. After
incubation for 24 h, the upper side of the membrane was gently
wiped with cotton swabs. The membrane was then fixed in
4% formaldehyde and stained with 0.5% crystal violet. The number
of migrated and invaded cells was counted in five random microscope
fields (×200).

Bioinformatic analysis
Osteosarcoma gene expression data were obtained from Gene
Expression Omnibus (GEO) using accession numbers GSE42352
and GSE39055. To determine differentially expressed genes
associated with TMEM119 expression, gene set enrichment
analysis (GSEA) was performed based on the GSE42352 dataset using
GSEA version 2.0 from the Broad Institute at MIT, as previously
described.26

Statistical analysis
GraphPad PRISM software version 6.0 (San Diego, CA, USA)
was used for the statistical analysis. The association between
TMEM119 expression and various clinicopathological features of
osteosarcoma patients was analyzed using Fisher’s exact test. Overall
survival for patient groups with low or high TMEM119
protein expression was determined by the Kaplan–Meier method
and log-rank test. For in vitro experiments, data from three indepen-
dent experiments are presented as the mean± s.d. (s.d.); statistical
analysis was performed using Student’s t-test or ANOVA followed by
post hoc analysis. Statistical significance was set at Po0.05.

Table 1 Correlation of TMEM119 expression with

clinicopathological features of osteosarcoma

Variable All cases

TMEM119 protein expression

P-valueLow (n=41) High (n=59)

Age at surgery
o14 32 14 18 0.8278
⩾14 68 27 41

Gender
Male 57 22 35 0.6819
Female 43 19 24

Anatomic location
Femur 50 23 27 0.2313
Tibia 28 13 15
Humerus 10 3 7
Others 12 2 10

Tumor size
⩾5 cm 55 17 38 0.0265*
o5 cm 45 24 21

Clinical stage
IIA 42 25 17 0.0019**
IIB/III 58 16 42

Distant metastasis
Absent 58 30 28 0.0135*
Present 42 11 31

*Po0.05, **Po0.01.

Figure 2 GESA on the GSE42352 dataset. Enrichment plots of gene expression signatures for cell cycle (a), cell apoptosis (b), metastasis
(c) and TGF-β (d) pathways according to TMEM119 expression level. NES, normalized enrichment score.
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RESULTS

TMEM119 expression in human osteosarcoma tissues
First, we analyzed microarray data of the Gene Expression
Omnibus (GEO) dataset (Access id: GSE42352) and found
that TMEM119 expression was significantly increased in
osteosarcoma tissues compared with normal osteoblast samples
(Figure 1a, Po0.05). We then used real-time PCR to assess
TMEM119 mRNA expression in 45 snap-frozen osteosarcoma
tissues and 20 bone cyst tissues collected from Affiliated Yixing
Hospital of Jiangsu University and the First Affiliated Hospital
of Soochow University. Compared with bone cyst tissues,
TMEM119 mRNA expression was significantly increased in
osteosarcoma tissues (Figure 1b, Po0.0001). Similar changes
were observed at the protein level by western blot analysis
(Figure 1c, Po0.05).

Increased TMEM119 expression is associated with the
prognosis of osteosarcoma patients
Next, we attempted to explore the association of TMEM119
expression and patient prognosis. IHC staining was performed
on 100 human osteosarcoma specimens using a primary
antibody against TMEM119, with 59 osteosarcoma tissues
showing high levels of TMEM119 expression and 41 tissues
low expression (Figure 1d). The 100 osteosarcoma patients
were divided into two groups according to IHC results: high
TMEM119 expression group (n= 59) and low TMEM119
expression group (n= 41). The association between TMEM119
expression and various clinicopathological features of
osteosarcoma patients was then analyzed, and the results are
shown in Table 1. The results of Fisher’s exact test indicated
TMEM119 expression to be strongly associated with tumor size
(P= 0.0265), clinical stage (P= 0.0019) and distant metastasis

Figure 3 Suppressing TMEM119 expression represses the proliferation of osteosarcoma cells. (a) TMEM119 expression in five
osteosarcoma cell lines was analyzed by real-time PCR (left panel) and western blotting (right panel) using GAPDH as the internal control.
The experiments were repeated at least three times with similar results. (b) TMEM119 expression in U2OS and MG63 cells was analyzed
by real-time PCR (left panel) and western blotting (right panel). The experiments were repeated at least three times with similar results.
(c) Cell proliferation was detected in siRNA-transfected U2OS and MG63 cells by the CCK-8 assay. ***Po0.001.
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(P= 0.0135). Simple regression analysis showed a significant
correlation between tumor size and the level of TMEM119
expression (R= 0.7919, Po0.0001).

The correlation between TMEM119 protein expression and
prognosis of osteosarcoma patients was also analyzed using the

Kaplan–Meier method and the log-rank test. As shown in
Figure 1e, the overall survival time of the low TMEM119
expression group (median overall survival, 48 months) was
significantly longer than that of the high TMEM119 expression
group (median overall survival, 25 months; Po0.01). Similar

Figure 4 Suppressing TMEM119 expression induces G0/G1-phase arrest and apoptosis in osteosarcoma cells. (a) U2OS and MG63 cells
cultured in 6-well plated were transfected with the indicated siRNA, and the cells were collected 48 h later. Cell cycle distribution was
analyzed by PI staining and flow cytometry. (b) Protein levels of cell cycle-related proteins (PCNA, CDC25A and CDK1) in osteosarcoma
cell lines were detected by western blotting. (c) Apoptosis was analyzed by Annexin V/PI staining. (d) Levels of apoptosis-related proteins
(caspase-9, caspase-8 and Bcl2) were detected by western blotting. The experiments were repeated at least three times with similar
results. ***Po0.001.
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results were observed when analyzing the GSE39055 dataset
(Figure 1f, Po0.01). These results suggest that upregulation of
TMEM119 expression in osteosarcoma patients contributes to
poor survival.

TMEM119-related pathways
To identify pathways, biological processes and molecular
functions correlated with TMEM119 expression in osteosar-
coma, we performed GSEA on the GSE42352 dataset.
As shown in Figure 2, high TMEM119 expression was strongly
associated with cancer-related pathways, including the cell
cycle, apoptosis, metastasis and TGF-β signaling, which
suggests that TMEM119 may participate in osteosarcoma
pathogenesis and progression.

Knockdown of TMEM119 expression inhibits growth of
osteosarcoma cells in vitro
To examine the biological roles of TMEME119, we knocked
down its expression in U2OS and MG63 cells, which express
relatively high levels of TMEM119 (Figure 3a), using siRNA.
TMEM119 siRNA efficiently suppressed TMEM119 expression
in both osteosarcoma cell lines (Figure 3b). Cell proliferation
was detected in vitro using the CCK-8 assay (Figure 3c), and
TMEM119 siRNA transfection significantly decreased

proliferation at 24, 48 and 72 h compared with control siRNA.
A bromodeoxyuridine (BrdU) incorporation assay also demon-
strated the inhibitory effects of TMEM119 siRNA on cell
proliferation at 48 h after siRNA transfection (Supplementary
Figure S1). In contrast, the proliferation of Saos2 cells, which
express a low level of TMEM119, was increased by TMEM119
overexpression (Supplementary Figure S2). These results
suggest that TMEM119 may promote osteosarcoma cell
proliferation.

TMEM119 knockdown induces G0/G1-phase arrest and
apoptosis in osteosarcoma cells
As GSEA revealed cell cycle and apoptosis pathways to be
strongly associated with high TMEM119 expression, flow
cytometry analysis was applied to examine the cell cycle and
apoptosis in TMEM119-knockdown cells. Compared with
control siRNA-transfected cells, the U2OS cell population
transfected with TMEM119 siRNA at G0/G1 phase was
significantly increased by 39.4%, with those in S phase being
decreased by 37.4%. Similar results were obtained in MG63
cells (Figure 4a). Consistent with our functional assays, both
cell lines knocked down for TMEM119 showed a significant
decrease in the levels of G1/S transition-related proteins PCNA,
CDC25A and CDK127 (Figure 4b). Moreover, TMEM119

Figure 5 Knockdown of TMEM119 in osteosarcoma cells suppresses tumor growth in vivo. (a) U2OS cells were subcutaneously injected in
athymic nude mice. Tumor volume was measured for 45 days after TMEM119 siRNA or control siRNA injection (n=6). *Po0.05,
**Po0.01, ***Po0.001. (b) At day 45, the mice were euthanized, and xenografts were weighed (n=6, Po0.0001). (c) TMEM119
expression in xenografts from nude mice was determined by western blotting. The experiments were repeated at least three times with
similar results. (d) Ki67 immunostaining and (e) the TUNEL assay were performed on the xenografts. Magnification: ×200, scale bars:
100 μm.
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siRNA transfection markedly increased the rates of both early
and late apoptotic cells compared with the cells transfected
with siNC (Figure 4c). It is not surprising that TMEM119
knockdown led to a significant decrease in the levels of anti-
apoptotic (Bcl2)28 and an increase in pro-apoptotic (caspase-8
and caspase-9)29 proteins (Figure 4d). These data suggest that
the anti-proliferation effect of TMEM119 siRNA on osteosar-
coma cells may occur through inhibition of the G1/S cell cycle
transition and induction of apoptosis.

Silencing of TMEM119 suppresses the tumorigenesis of
osteosarcoma cells in vivo
To determine the growth inhibitory effects of TEMEM119
siRNA in vivo, a xenograft tumor model was established via
subcutaneous injection of U2OS cells into nude mice followed
by treatment with TMEM119 siRNA or control siRNA. Com-
pared with the control siRNA-treated group, TMEM119 siRNA
treatment significantly slowed the tumor growth rate (Figure 5a)
and reduced tumor weight by 72.4% at 45 days after inoculation

Figure 6 Silencing of TMEM119 inhibits the migration and invasion of osteosarcoma cells. (a, b) Migration and invasion assays were
performed on siRNA-transfected U2OS (a) and MG63 cells (b). Magnification: ×200, scale bars: 100 μm. (c) Protein levels of metastasis-
related proteins (MMP2, Twist1, ZEB1, E-cadherin, N-cadherin, vimentin and α-SMA) in osteosarcoma cell lines were detected by western
blotting. (d) Protein levels of TGF-β pathway-related factors (BMP2, BMP7 and TGF-β) in U2OS and MG63 cells were detected by western
blotting. The experiments were repeated at least three times with similar results. **Po0.01, ***Po0.001.
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(Figure 5b). Western blot analysis showed that TMEM119
siRNA treatment led to a significant decreased in TMEM119
expression in xenografts (Figure 5c). Furthermore, IHC staining
and the TUNEL assay demonstrated that TMEM119 siRNA
treatment caused a significant decrease in Ki67-positive cells
(Figure 5d) and a notable increase in apoptotic cells (Figure 5e),
respectively. These results confirm the above in vitro data that
TMEM119 siRNA exerts a significant proliferation-inhibiting
effect on osteosarcoma cells.

TMEM119 knockdown inhibits the migratory and invasive
abilities of osteosarcoma cells
Metastasis is another essential hallmark of tumors. Considering
that cell metastasis process was strongly associated with
TMEM119-higher expression, we speculated that TMEM119
may have critical roles in the migratory and invasive abilities of
osteosarcoma cells. U2OS and MG63 cells transfected with
TMEM119 siRNA or control siRNA were cultured in
non-Matrigel-coated and Matrigel-coated Boyden chambers,
respectively. As shown in Figures 6a and b, after 24 h of
incubation, cells transfected with TMEM119 siRNA showed a
significant decrease in the number of migrated and invaded
cells compared with the control siRNA-transfected cells. These
results illustrate anti-metastatic effects of TMEM119 on
osteosarcoma. In addition, a significant decrease in metastatic
factors (MMP2, Twist1, ZEB1, vimentin, N-cadherin and
α-SMA) but an increase in an anti-metastatic factor
(E-cadherin) were observed in TMEM119-knockdown cells
(Figure 6c).

As indicated by GSEA analysis, TMEM119 expression was
strongly associated with the TGF-β pathway (Figure 2d), which
is well known to be involved in cell migration and invasion.
The results presented in Figure 6d show that the protein levels
of TGF-β pathway-related factors (BMP2, BMP7 and TGF-β)
were also decreased in TMEM119 siRNA-transfected U2OS
and MG63 cells.

The effects of TMEM119 on the migration and invasion of
osteosarcoma cells are dependent on the TGF-β/BMP
pathway
To investigate the functions of TGF-β in TMEM119 siRNA-
inhibited cell migration and invasion, U2OS and MG63 cells
silenced for TMEM119 were treated with TGF-β or vehicle
(DMSO). As shown in Figures 7a and b, TGF-β exposure
significantly promoted osteosarcoma cell migration and inva-
sion and rescued the effects of TMEM119 siRNA.

To further explore the involvement of TGF-β/BMP, Saos2
cells, which normally have low TMEM119 expression, over-
expressing TMEM119 were treated with TGF-β inhibitor
(SB431542) or BMP type I receptor inhibitor (dorsomorphin).
TMEM119 overexpression significantly promoted migration and
invasion, whereas SB431542 or dorsomorphin treatment had the
reverse effects. Moreover, we detected the phosphorylation of
Smad2/3 and Smad1/5/8 by western blotting. TMEM119 over-
expression significantly increased the levels of p-Smad2/3 and
p-Smad1/5/8, and such effects were impaired by SB431542 and
dorsomorphin, respectively (Figure 8). These data indicate that
TMEM119 may promote cell migration and invasion, at least
partially by activating the TGF-β/BMP pathway.

Figure 7 Exogenous TGF-β rescues the inhibitory effects of TMEM119 siRNA on cell migration and invasion. Cell migration and invasion
assays were performed on siRNA-transfected U2OS (a) and MG63 (b) cells in a Boyden chamber containing either DMSO (vehicle) or
10 ng ml−1 TGF-β (Sigma). Magnification: ×200, scale bars: 100 μm. **Po0.01, ***Po0.001.
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DISCUSSION

TMEM119 belongs to the TMEM family, the members of
which function as important regulators of carcinogenesis.8–18

TMEM119 has an important role in osteoblast differentiation
by regulating the BMP2 pathway.21–24 However, the expression
and roles of TMEM119 in bone cancer remain unclear. In this
study, we identified TMEM119 as a potential oncogene in

osteosarcoma based on analysis of publicly available datasets
and clinical subjects as well as in in vitro and in vivo functional
experiments.

First, we analyzed the microarray data of a public available
dataset (GSE42352) and found that TMEM119 was frequently
up-regulated in osteosarcoma tissues compared with the
normal osteoblasts, as confirmed by real-time PCR analyses

Figure 8 TGF-β inhibitor or BMP inhibitor impairs the effects of TMEM119 overexpression on migration and invasion. (a, b) Saos2 cells
were infected with vector of the TRMEM119 lentivirus, and migration and invasion assays were performed in a Boyden chamber containing
either DMSO (vehicle) or 10 μM SB431542 (SB; Sigma). Magnification: ×200, scale bars: 100 μm. (c) Phosphorylation of Smad2/3 was
determined by western blotting. (d, e) Saos2 cells infected with vector of the TRMEM119 lentivirus, and migration and invasion assays
were performed in a Boyden chamber containing either DMSO (vehicle) or 5 μM dorsomorphin (DM; Sigma). Magnification: × 200, scale
bars: 100 μm. (f) Phosphorylation of Smad1/5/8 was determined by western blotting. The experiments were repeated at least three times
with similar results. *Po0.05, **Po0.01, ***Po0.001 (n=3).
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on our own samples. Furthermore, we showed that the level of
TMEM119 protein was strongly associated with tumor size,
clinical stage, distant metastasis and overall survival time. These
results reveal the potential prognostic value of TMEM119 in
osteosarcoma. Next, GSEA analysis of TMEM119 indicated its
association with cancer-related processes and pathways, includ-
ing the cell cycle, apoptosis, metastasis and TGF-β signaling,
which was further validated in osteosarcoma cells by functional
assays and western blotting analysis. These results indicate that
TMEM119 functions as an oncogene and may be a potential
target in osteosarcoma gene therapy.

The epithelial–mesenchymal transition (EMT) is involved in
the complex pathogenesis of tumors. In our study, TMEM119
knockdown caused increased expression of the main EMT factor
(E-cadherin)30 and decreased the expression of EMT inducers
(ZEB1,Twist, vimentin, N-cadherin and α-SMA).30 Our data
suggest that TMEM119 siRNA may inhibit osteosarcoma cell
invasion by suppressing EMT. TGF-β signaling has been
implicated as a major induction signals of EMT,30 and several
studies have liked TGF-β signaling to the progression
of osteosarcoma. TGF-β1 is overexpressed in osteosarcoma
tissues, and high-grade osteosarcomas have significantly higher
expression of TGF-β1 than low-grade osteosarcomas.31 Evidence
shows that TGF-β can stimulate the growth of cultured
osteosarcoma cell lines.32–34 TMEM119 promotes osteoblast
differentiation by regulating the BMP2 pathway.21–24 We found
that silencing TMEM119 expression significantly decreased the
levels of TGF-β1, BMP2 and BMP7 proteins, and TGF-β
exposure significantly rescued the inhibitory effects of
TMEM119 siRNA on osteosarcoma cell migration and invasion.
Furthermore, the promoting effects of TMEM119 overexpres-
sion on osteosarcoma cell migration and invasion were
impaired by a TGF-β inhibitor (SB431542) or a BMP inhibitor
(dorsomorphin). These findings suggest the involvement of the
TGF-β/BMP pathway in the functions of TMEM119 in
osteosarcoma.

In conclusion, the results presented here demonstrate that
TMEM119 might be a useful prognostic factor for osteosar-
coma. TMEM119 has strong effects on the growth, migration
and invasion of osteosarcoma cells via regulation of cancer-
related pathways, including TGF-β signaling.
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