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Silencing Transmembrane Protein 45B (TNEM45B) Inhibits
Proliferation, Invasion, and Tumorigenesis in Osteosarcoma Cells
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Transmembrane protein 45B (TMEM45B) is a member of the TMEM family of proteins and has been reported
to be expressed abnormally in different kinds of human tumors. However, the biological function of TMEM45B
in osteosarcoma remains unclear. The objective of this study was to investigate the role of TMEM45B in
regulating the biological behavior of osteosarcoma cells. Our results demonstrated that the expression of
TMEM45B at both the protein and mRNA levels was dramatically upregulated in human osteosarcoma cell
lines. Knockdown of TMEM45B significantly suppressed the proliferation, migration, and invasion of U20S
cells in vitro. Mechanistically, knockdown of TMEM45B sharply downregulated the expression level of
B-catenin, cyclin D1, and c-Myc in U20S cells. Finally, knockdown of TMEM45B attenuated tumor growth
in transplanted U20S-derived tumors in nude mice. Taken together, our results demonstrated that TMEM45B
plays an important role in regulating the proliferation, migration, and invasion of osteosarcoma cells and that
its effects on proliferation and invasion were mediated partially through the Wnt/B-catenin signaling pathway.
These observations support our belief that TMEM45B may serve as an oncogene in the development and pro-

gression of osteosarcoma.
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INTRODUCTION

Osteosarcoma is the most common primary bone tumor
in children and adolescents'. Despite the development of
multiple therapeutic strategies for osteosarcoma, includ-
ing wide tumor excision, multiagent chemotherapy, and
radiotherapy in the past few decades®, approximately
30% of children with osteosarcoma ultimately die from
metastasis’. Therefore, dissecting the molecular mecha-
nisms that regulate osteosarcoma invasion may facilitate
the advancement of clinical treatment.

The transmembrane (TMEM) family of proteins plays a
key role in a variety of physiological functions, including
transepithelial ion transport, olfaction, phototransduction,
smooth muscle contraction, nociception, cell proliferation,
and control of neuronal excitability®®. Transmembrane
protein 45B (TMEM45B) is a member of TMEMs and
has been reported to be expressed abnormally in differ-
ent kinds of human tumors’. Recently, one study reported
that TMEM45B showed a high expression in pancreatic
cancer tissues and cell lines compared with the normal
pancreatic tissues and cells. Also, downregulation of

TMEM45B substantially repressed the proliferation,
invasion, and migration of pancreatic cancer cells, accom-
panied by the induction of cell cycle arrest and apopto-
sis'’. However, the biological function of TMEM45B
in osteosarcoma remains unclear. The objective of this
study was to investigate the role of TMEM45B in reg-
ulating the biological behavior of osteosarcoma cells.
These results indicated that TMEM45B may serve as an
oncogene in the development and progression of osteo-
sarcoma, and knockdown of TMEM45B inhibited osteo-
sarcoma cell proliferation and invasion, at least in part,
through the inactivation of the Wnt/B-catenin signaling
pathway.

MATERIALS AND METHODS
Cell Culture
Three human osteosarcoma cell lines (U20S, SaOS,,
and MG-63) and the normal osteoblast cell line (hFOB1.19)
were obtained from the American Type Culture Collec-
tion (Manassas, VA, USA) and maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
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10% fetal bovine serum (FBS; Gibco, Grand Island,
NY, USA), 100 U/ml penicillin, and 0.1 g/ml streptomy-
cin (Sigma-Aldrich, St. Louis, MO, USA) at 37°C in a
humidified 5% CO, environment.

Short Hairpin RNA-Mediated Knockdown of TMEM45B
and Cell Transfection

A specific TMEM45B shRNA (shTMEM45B; 5’-GC
CGCAATTAGGACTTTGT-3’) and the negative control
shRNA (shNC) were synthesized by Sangon Biotech
(Shanghai, P.R. China). U20S cells were transfected
with shTMEM45B or shNC using Lipofectamine™ 2000
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions.

Cell Proliferation Assay

Cell proliferation was detected by the cell counting
kit-8 (CCK-8) assay. Briefly, infected cells (1x 10" cells/
well) were plated in 96-well plates and cultured at 24-h
intervals for 4 days. Then 10 pl of CCK-8 solution was
added into each well for 1 h of incubation. The absor-
bance at 450 nm was determined using a microplate
reader (Bio-Rad, Hercules, CA, USA).

Cell Migration and Invasion Assays

For the cell migration assay, infected cells (1x 10"
cells/well) were suspended in serum-free medium and
plated in the upper chamber (Corning Costar, Corning,
NY, USA), and 600 pul of DMEM medium supple-
mented with 10% FBS was added into the lower cham-
ber. After 24 h of incubation, the cells that had migrated
to the lower surface were fixed in methanol, stained
with 0.1% crystal violet for 15 min, and counted under
a light microscope (Olympus, Tokyo, Japan). For the
cell invasion assay, the inserts were coated with 100 pl
of diluted (1:10) Matrigel (BD Biosciences, San Jose,
CA, USA).

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from osteosarcoma cell
lines using the TRIzol reagent (Invitrogen) according to
the manufacturer’s instructions. RNA (5 ug) was reverse
transcribed using SuperScript Reverse Transcriptase
IIT (Invitrogen). qRT-PCR was performed on the ABI
Prism 7000 Sequence Detection System (Applied Bio-
systems, Eugene, OR, USA) using the SYBR Green
PCR Master Mix (Applied Biosystems). The sequences
of the primers were as follows: TMEM45B, 5-TCCTT
CACCGCGCCTATAATC-3’ (forward) and 5-TACCGG
GTTCATGCCATTCTC-3" (reverse); P-actin, 5-GATC
ATTGCTCCTCCTGAGC-3’ (forward) and 5-ACTCCT
GCTTGCTGATCCAC-3’ (reverse). PCR products were
separated on 1.2% agarose gels and visualized with
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ethidium bromide (EB). The relative expression level was
calculated using the 27**Ct cycle threshold method.

Western Blot

Cells were lysed in RIPA buffer containing 50 mM
Tris-HCI (pH 8.0), 150 mM protease, and phosphatase
inhibitor mixtures. Equivalent amounts of protein (30 pg)
were separated using 10% SDS-PAGE and transferred
to PVDF membrane (Millipore, Boston, MA, USA). After
blocking with 5% skim milk in TBS/Tween 20 (0.05%,
v/v) for 1 h, the membrane was incubated with specific
primary antibodies (anti-TMEM45B, anti-B-catenin, anti-
cyclin D1, anti-c-Myc, and anti-GAPDH) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight.
Subsequently, the membranes were incubated with horse-
radish peroxidase-conjugated secondary antibody for 1 h
at room temperature. The target protein was visualized
using enhanced chemiluminescence (Pierce, Rockford,
IL, USA).

Xenograft Tumor Formation Assay

For xenograft tumor formation, infected U20S cells
(1x10°% were injected subcutaneously into 4-week-old
female nude mice (n=7 per group). Tumor growth was
monitored with calipers once a week for a total of 4 weeks.
Tumor volume was calculated from two perpendicular
diameters using the formula: volume = (length/2) x (width?).
Tumors were removed and weighed. All of the animal
experiments were approved by the Institutional Animal
Care and Use Committee of Tianjin Medical University
General Hospital (P.R. China).

Statistical Analysis

All data were presented as meanz*standard deviation
(SD). The statistical significance of the difference was
analyzed by ANOVA and post hoc Dunnett’s test. A value
of p<0.05 was considered to be statistically significant.

RESULTS

TMEMA45B Was Highly Expressed in Osteosarcoma
Cell Lines

We examined the endogenous expression of TME
M45B in human osteosarcoma cell lines using qRT-PCR
and Western blotting. The mRNA expression levels of
TMEM45B were significantly higher in human osteosar-
coma cell lines compared with that in the normal osteo-
blast cell line (hFOB1.19) (Fig. 1A). Consistent protein
levels were observed by Western blotting (Fig. 1B).

Knockdown of TMEM45B Inhibited Osteosarcoma
Cell Proliferation In Vitro

To study the role of TMEM45B in the progression of
osteosarcoma, we established a stably transfected U20S
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Figure 1. TMEM45B was highly expressed in osteosarcoma
cell lines. (A) The mRNA expression level of TMEM45B was
evaluated in osteosarcoma cell lines by qRT-PCR. (B) The
protein expression level of TMEM45B was evaluated in osteo-
sarcoma cell lines by Western blotting. GAPDH was used as a
loading control. *p<0.05, compared with the shNC group.

cell line expressing shRNA against TMEM45B. The
expression of TMEM45B at both the protein and mRNA
levels was dramatically decreased in U20S cells after
transfection with sShTMEM45B (Fig. 2A). These results
indicate that the silencing of TMEM45B by shRNA tar-
geting TMEM45B in U20S cells was successful. The
CCK-8 assay was then performed to determine the effect
of sShTMEM45B on cell proliferation, and the results
indicated that knockdown of TMEMA45B significantly

1023

suppressed U20S cell proliferation, compared with the
shNC group (Fig. 2B).

Knockdown of TMEMA45B Inhibited Osteosarcoma
Cell Migration and Invasion In Vitro

We next investigated the effects of sSs TMEM45B on
cell migration and invasion in vitro using the Transwell
migration chamber and Matrigel invasion assays. The
cells in the lower chamber of the Transwell were obvi-
ously reduced in U20S cells infected with shTMEM45B
compared to shNC-treated cells (Fig. 3A). In addition,
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Figure 2. Knockdown of TMEM45B inhibited osteosarcoma
cell proliferation in vitro. U20S cells were transfected with
shTMEM45B or shNC for 48 h, respectively. (A) The expres-
sion of TMEM45B at both the mRNA and protein levels was
analyzed by qRT-PCR and Western blotting. (B) The CCK-8
assay was performed to determine the effect of ss TMEM45B on
cell proliferation. *p<0.05, compared with the shNC group.
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Figure 3. Knockdown of TMEM45B inhibited osteosarcoma
cell migration and invasion in vitro. U20S cells were trans-
fected with shTMEM45B or shNC for 48 h, respectively.
(A) Transwell migration assay was used to detect cell migration.
(B) Matrigel invasion assay was used to detect cell invasion.
*p<0.05, compared with the shNC group.

stable knockdown of TMEM45B significantly suppressed
invasion in the U20S cells (Fig. 3B).

Knockdown of TMEMA45B Inhibited the Activation
of the Wnt/B-Catenin Pathway in Osteosarcoma Cells

In order to explore the molecular mechanisms by which
TMEM45B affects osteosarcoma growth and metastasis,
we focused on the Wnt/B-catenin signaling pathway.
Knockdown of TMEM45B sharply downregulated the
expression level of B-catenin, cyclin DI, and ¢c-Myc in
U20S cells, compared with the shNC group (Fig. 4).

Knockdown of TMEMA45B Inhibited Tumor
Growth In Vivo

Finally, we investigated the role of sSc TMEM45B in
osteosarcoma in vivo using a xenograft model of osteo-
sarcoma. We observed that the mean subcutaneous tumor
size was lower in the shTMEM45B-treated group than
in the shNC group over time (Fig. 5A). In addition, the
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mean tumor weight of the shTMEM45B-treated group
was prominently reduced compared to the control groups
(Fig. 5B).

DISCUSSION

Herein we present the first study on the expression and
role of TMEM45B in osteosarcoma. Our results demon-
strated that the expression of TMEM45B at both the protein
and mRNA levels was dramatically upregulated in human
osteosarcoma cell lines. Knockdown of TMEM45B signif-
icantly suppressed the proliferation, migration, and inva-
sion of U20S cells in vitro. Mechanistically, knockdown
of TMEM45B sharply downregulated the expression level
of B-catenin, cyclin D1, and c-Myc in U20S cells. Finally,
knockdown of TMEM45B attenuated tumor growth in
transplanted U20S-derived tumors in nude mice.

Previous studies have shown that TMEM45B plays an
important role in cancer development and progression.
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Figure 4. Knockdown of TMEM45B inhibited the activation
of the Wnt/B-catenin pathway in osteosarcoma cells. (A) U20S
cells were transfected with sShTMEM45B or shNC for 48 h,
respectively. The expression of B-catenin, cyclin Dlc, and c-Myc
proteins was then analyzed by Western blotting. (B) Expression
of B-catenin, cyclin DI, and c-Myc proteins was analyzed
using Gel-Pro Analyzer version 4.0 software and normalized to
GAPDH. *p<0.05, compared with the shNC group.
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Figure 5. Knockdown of TMEM45B inhibited tumor growth
in vivo. Infected U20S cells (1x10°) were injected subcuta-
neously into 4-week-old female nude mice. (A) Tumor growth
was monitored with calipers once a week for a total of 4 weeks.
(B) Tumors were removed and weighed after 20 days. *p<0.05,
compared with the shNC group.

TMEM45B was found to be overexpressed in lung can-
cer, and silencing of TMEM45B expression obviously
inhibited lung cancer cell proliferation in vitro and in
vivo''. In line with the results of previous studies, we
observed that the expression of TMEM45B at both the
protein and mRNA levels was dramatically upregu-
lated in human osteosarcoma cell lines. Moreover, the
in vitro and in vivo assays showed that knockdown of
TMEMI6A significantly suppressed the proliferation of
U20S cells in vitro, as well as attenuated tumor growth
of transplanted U20S-derived tumors in nude mice.
These data imply that TMEM45B may be a novel onco-
gene in osteosarcoma.

Metastasis has been recognized as the main cause of
fatal outcomes in osteosarcoma patients'”. Once patients
suffer metastasis, the 5-year survival rate drops to 17%".
In the current study, we showed that suppressed expres-
sion of TMEM45B significantly suppressed the migration
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and invasion of U20S cells in vitro. These data imply
that TMEM45B plays a critical role in the metastasis in
osteosarcoma.

An accumulating body of evidence indicates that acti-
vation of the Wnt/B-catenin signaling pathway contributes
to tumorigenesis and tumor progression'*'. Recently, it
was reported that aberrant activation of the Wnt/B-catenin
pathway is found in osteosarcoma and was associated
with osteosarcoma progression'’. B-Catenin is a crucial
signaling molecule in the Wnt/B-catenin pathway'®. In the
nucleus, B-catenin interacts with T-cell factor/lymphocyte
enhancer factor (TCF/LEF) and triggers downstream tar-
get genes, including c-Myc, cyclin D1, and matrix metallo-
proteinases (MMPs), which control cell proliferation, cell
cycle, differentiation, metastasis, and apoptosis'g’zo. Thus,
inhibition of the Wnt/B-catenin signaling may be a poten-
tial strategy for the treatment of osteosarcoma . For
example, Brun et al. confirmed that silencing four and half
LIM protein 2 inhibited osteosarcoma cell proliferation,
invasion, and migration in vitro by regulating the Wnt/
B-catenin signaling pathway™. We observed that knock-
down of TMEM45B sharply downregulated the expression
level of B-catenin, cyclin DI, and c-Myc in U20S cells.
These results suggest that knockdown of TMEM45B sup-
pressed the growth and metastasis of osteosarcoma, pos-
sibly by regulating the Wnt/B-catenin signaling pathway.

In summary, our results demonstrate that TMEM45B
plays an important role in regulating the proliferation,
migration, and invasion of osteosarcoma cells and that
its effects on proliferation and invasion are mediated
partially through the Wnt/B-catenin signaling pathway.
These observations support our belief that TMEM45B
may serve as an oncogene in the development and pro-
gression of osteosarcoma.
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