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Background: Human transmembrane protein 176A (TMEM176A) is upregulated in several
tumors. Growing evidence has suggested the high clinical value of TMEM176A as a biomarker
for early tumor diagnosis. However, less is known about the function of TMEM176A in glio-
blastomas (GBMs).

Methods: In this study, we systematically analyzed the effect of TMEM176A knockdown
and overexpression in GBM cells (U87, T98G and A172) on cell proliferation, cell cycle and
cell apoptosis.

Results: Our results indicated that TMEM176A acted as a tumor-promoting factor in GBM
cells. Moreover, a specific ERK1/2 inhibitor, U0126, suppressed the function of TMEM176A in
GBM cells. Therefore, we proposed that TMEM176A may be involved in a pathway including
ERK1/2 in the regulation of the cell cycle. Moreover, we also found that TMEM176A affected
the expression of Bel2 and played a central role in apoptosis of GBM cells.

Conclusion: Taken together, our results not only elucidated the multiple functions of
TMEM176A in GBM cells but also provided a deep insight into the potential targets of
TMEM176A in the growth of GBM cells.

Keywords: TMEM176A, cell cycle, cell apoptosis, ERK1/2, glioblastomas

Introduction

Glioblastomas (GBMs) are one of the most malignant brain tumors worldwide and
are most commonly diagnosed in adults.! More than half of the sufferers of GBM die
within | year of the diagnosis. Much attention has been directed toward discovering
effective therapies for GBM; however, the survival rate of GBM patients is still very
low.>* Therefore, a better understanding of the key factors related to the mechanisms
of GBM is urgently needed.

Human transmembrane protein 176A (TMEM176A) was mapped to human chromo-
some 7q36.1, which belongs to the TMEM family. Although the functions of TMEM176A
are not well known in the context of cancers, growing reports indicated the potential
value of TMEM176A as a useful biomarker for tumors. TMEM176A inhibits the growth
of esophageal cancer cells in vivo and in vitro and acts as a diagnostic and prognostic
biomarker in esophageal squamous cell cancer (ESCC).° Moreover, reports have shown
that dysregulation of TMEM176A is linked with cancer pathology, which also suggests
the high potential value of TMEM176A in the treatment of certain cancers.® Addition-
ally, research focused on GBM has demonstrated that the knockdown of TMEM14A
and TMEM45A suppresses the proliferation, migration, and invasion of glioma cells.”*
Moreover, TMEMO97 has been reported as a potential therapeutic target in GBM.” How-
ever, the function of TMEM176A in GBM has scarcely been reported; therefore, it is
meaningful to determine the functional characteristics of TMEM176A in GBM.
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Cyclin D1 has been reported as an essential positive
regulator of the cell cycle,'” and alteration of Cyclin D1
can influence cell cycle progression. The upregulation of
Cyclin D1 promotes G1/S progression, which contributes
to tumorigenesis.!! Moreover, high expression of Cyclin D1
is associated with an increased risk of mortality from breast
cancer.'? Additionally, Cyclin D1 has been reported as a key
target in treating cancer'® and has been regarded as a strong
prognostic marker for cancers. Moreover, the expression of
Cyclin D1 is upregulated in GBM cells compared with normal
brain tissue and has been shown to be regulated by MiR-17 to
affect cell viability and migration.'* In addition, it was previ-
ously reported that Cyclin D1 is targeted by MiR-15b in the
regulation of GBM cell proliferation and apoptosis.® Taken
together, these findings indicate that Cyclin D1 is essential
in the regulation of GBM cell development. Notably, in a
previous study, the downregulation of Cyclin D1 was found
to silence the expression of TMEM14A in human ovarian
cancer cells.®* However, the homolog of TMEM 14A remains
unknown in GBM. Therefore, it is valuable to examine the
relationship between TMEM176A and Cyclin D1 in GBM.

Previous reports have highlighted that the Cyclin D1/P21
signaling pathway plays a critical role in tumor growth and
tumor cell invasion.'* Moreover, the Cyclin D1/P21 pathway
is also important in the proliferation of GBM cells.'® P21,
a universal inhibitor of Cyclin-dependent kinases (CDKs),
negatively regulates the progression of the cell cycle.
Research has suggested that P21 promotes the development
of Proneural Glioma through tyrosine phosphorylation.!’
Meanwhile, certain factors contribute to GBM by nega-
tively regulating P21,' and it is doubtful that those factors
accelerate the phosphorylation of P21. However, whether
TMEM176A affects the phosphorylation in GBM cells
warrants further study.

The formation of a P21/Caspase-3 complex has been
demonstrated to block the pro-Caspase-3 cleavage site and
the subsequent activation of Caspase-3, resulting in the
prevention of apoptosis.!* Caspase-3, which belongs to the
cysteine protease family, plays a key role in apoptosis.?
Aberrant expression of Caspase-3 has often been reported in
certain human cancers. For breast cancer, the expression level
of Caspase-3 is negatively correlated with the overall survival
rate.?> Moreover, it has been reported that Caspase-3 inhib-
its chemical-induced hepatocarcinogenesis.”® Additionally,
a previous report indicated that Caspase-3 is involved in the
metabolism of GBM cells.*

B-cell lymphoma protein 2 (Bcl2) acts as an antiapoptotic
factor in the intrinsic apoptosis pathway.® Reports have

shown that Bcl2 is also essential for cell cycle progression.?
The dysregulation of Bcl2 not only disrupts normal cell
development but also contributes to tumor progression.?
Some reports have indicated that Bcl2 is the primary target
for microRNA-16 in the inhibition of glioma cell growth
and invasion.?”?® BCL2L12 is a newly identified member
of the Bcl2 family, which exhibits a substantially elevated
expression in chronic lymphocytic leukemia patients.” More-
over, BCL2L 12 mediates the development of GBM through
regulating Caspase-3 and Caspase-7.** Hence, Bcl2 plays a
central role in the metabolism of GBM. However, little is
known about whether TMEM176A affects the expression
of Bcl2. Extracellular signal-regulated kinase 1/2 (ERK1/2)
belong to the mitogen-activated protein kinase (MAPK)
group, which is related to the regulation of cell cycle pro-
gression, proliferation, and apoptosis.*® It has been reported
that the apoptosis regulators Bcl2 and Caspase-3 can down-
regulate the expression of ERK.*! The ERK1/2 signaling
pathway has an important function related to the cell cycle
checkpoint.*? Dysregulation of ERK1/2 through phospho-
rylation (p-ERK1/2) contributes to cell development in
gliomas.* Moreover, a previous report has indicated that cell
proliferation in gliomas is negatively regulated by ERK1/2
activity.>* Hence, the major function of ERK1/2 in gliomas
is dependent upon the phosphorylation modification.

To examine the role of TMEM176A and its possible
targets in GBM, RNA interference was used to knockdown
the expression of TMEM176A in GBM cells. Meanwhile,
a lentiviral vector was used to overexpress TMEM176A. Our
data not only provide a deep understanding of the molecular
mechanisms underlying TMEM176A but also provide the
basis for determining the potential targets of TMEMI176A
in the growth of GBM cells.

Materials and methods

Tissue specimens and cell culture

GBM samples (n=84) and adjacent noncancerous tissues
(n=12) were obtained from The Fourth People’s Hospital of
Jinan, People’s Republic of China. Samples were snap-frozen
in liquid nitrogen and stored at —80°C for further analysis. All
patients provided informed and written consent. This study was
approved by the independent ethics committee of The Fourth
People’s Hospital of Jinan, People’s Republic of China.

The GBM cell lines used in this study (T98G, U87, U251,
SHG44, U343, and A172) were obtained from the cell bank of
the Shanghai Biology Institute (Shanghai, People’s Republic
of China). Fetal bovine serum (10%) (GIBCO, Grand Island,
NY, USA) was added to all culture media along with 2 mM

submit your manuscript

7764

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Potential targets of TMEMI76A in the growth of glioblastoma cells

L-glutamine and 1% penicillin/streptomycin (Solarbio,
Shanghai, People’s Republic of China). Cells were grown
in DMEM (Trueline, HyClone, Logan, UT, USA) and main-
tained in a 5% CO, atmosphere at 37°C.

RNA isolation and real-time PCR

Total RNA from GBM samples was extracted using TRIzol
Reagent (Invitrogen, Carlsbad, California, USA). Then,
RNA was reverse transcribed into complementary DNA
(cDNA) using the cDNA synthesis kit (Fermentas, Canada)
according to the manufacturer’s instructions. The conditions
for the Real-time PCR reaction were as follows: 95°C for
10 minutes followed by 40 cycles of 95°C for 15 seconds
and 60°C for 45 seconds. Gene expression was normalized
to the expression of GAPDH, and relative gene expression
was calculated using the 2722 method. All data represent
the average of three replicates. The primers used are listed
in Supplementary material S1.

Lentiviral-mediated RNA interference
and overexpression of TMEMI76A

Three plasmids containing siRNA targeting positions of
human TMEM176A (NM_018487.2) were synthesized
(Major, People’s Republic of China). The negative control
(siNC) contained a nonspecific scrambled siRNA sequence.
A lentiviral plasmid (pLVX-puro) containing the full-length
human TMEM176A cDNA sequence and an empty plasmid
acted as negative controls for overexpression (0eNC). All
plasmids were transiently transfected into cells using Lipo-
fectamine 2000 (Invitrogen, USA) according to the instruc-
tions of the manufacturer. Experiments were performed 48
hours after the transfection. Detailed information on the
sequence of sSiTMEM176As is provided in Table S1.

Western blot

Whole protein lysates were extracted from the indicated cells
(U87, T98G, and A172) using RIPA lysis buffer (JRDUN,
Shanghai, People’s Republic of China) with an EDTA-free
protease inhibitor cocktail (Roche, Germany). The protein
concentration was estimated using an Enhanced BCA
protein assay kit (Thermo Fisher, Shanghai, China). Equal
amounts of total protein (25 pug) were fractionated using 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a nitrocellulose membrane
(Millipore, MA, USA) overnight. Then, after being blocked
with 5% nonfat dry milk for 1 hour at room temperature, the
membranes were probed at 4°C overnight with the primary

antibodies followed by incubation for 1 hour at 37°C with
the secondary antibody (anti-mouse IgG) (1:1,000; Beyotime,
Shanghai, People’s Republic of China). An enhanced chemi-
luminescence system (Tanon, People’s Republic of China)
was used to detect the level of protein expression. Detailed
information on the primary antibodies is provided in Table S2.
Each sample was tested in triplicate, and GAPDH served as
the internal reference.

Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) assay (SAB, MD, USA)
was used to examine cell proliferation according to the
protocol of the manufacturer. Briefly, cells transfected as
indicated were seeded in 96-well plates and cultured for 0,
24,48, and 72 hours, and then the CCK-8 solution (1:10) was
mixed into each well and incubated for 1 hour. A microplate
reader (Pulangxin, People’s Republic of China) was used to
measure the optical density values (OD) at a wavelength of
450 nm. Each time point was tested in triplicate.

Cell cycle assay

DNA content was determined by propidium iodide (PI)
staining. Cells with or without treatment were collected
and resuspended in PBS. Then, 70% ethanol was added
at —20°C for at least 2 hours to fix the cells. Then, all groups
were treated with RNase A (Solarbio, People’s Republic of
China) at 37°C for 15 minutes. After that, PI (7seabiotech,
People’s Republic of China) was added to the cells, and then
the cells were incubated at room temperature in darkness
for 30 minutes. Flow cytometry (BD, NJ, USA) was used to
determine the DNA content. The FlowJo cell cycle analysis
program was used to analyze the ratio of cells at the GO/G1,
S, and G2/M phases.

Cell apoptosis assay

In brief, cells (U87, T98G, and A172) were collected and
stained using the Annexin V-fluorescein isothiocyanate
(FITC) apoptosis detection kit (Beyotime, People’s Republic
of China) according to the instructions of the manufacturer at
48 hours after the viral infection. Then, flow cytometry (BD,
USA) was used to assess the rate of apoptosis.

Xenograft model

The assay was carried out according to the Institute’s guide-
lines for animal experiments and was approved by the inde-
pendent ethics committee of The Fourth People’s Hospital
of Jinan, People’s Republic of China. The same number of
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cells for each cell line (n=2x10°) was subcutaneously injected
into the right flank of 4-6-week-old BALB/c nude mice
(Shanghai Laboratory Animal Company). The length and
width of the tumors were examined every 3 days for 33 days
after the injection. The volume of the tumor was calculated
as follows: length x (width?/2).

Statistical analysis

GraphPad Prism software Version 7.0 (CA, USA) was
used for the statistical analyses. Data were displayed as the
mean + SD of at least three samples. Statistical significance
was determined by one-way analysis of variance (ANOVA)
for multiple comparisons. A P-value<<0.05 was accepted to
indicate statistical significance.

Results
Expression of TMEM|76A was upregulated

in GBM samples and cell lines

The mRNA expression levels of TMEM176A and
TMEM176B were examined using qRT-PCR performed on
84 GBM tissues and 12 normal brain samples. Meanwhile,
eight pairs of GBM tissues and matched para-cancerous
samples were used to determine the protein levels of
TMEMI176A and TMEM176B using Western blot. As
shown in Figure 1A, both the mRNA and protein expression
levels of TMEM176A and TMEM176B were upregulated
in GBM compared with normal samples, which was in
agreement with the data collected from The Cancer Genome
Atlas (TCGA) GBM dataset (Figure 1B). Meanwhile,
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Figure | TMEMI76A was upregulated in GBM tissues and cell lines.

Notes: (A) The mRNA and protein levels of TMEMI76A and TMEMI76B in GBM tissues *P<<0.05 vs Normal ***P<0.00| vs Normal. (B) TMEMI76A expression was
significantly increased in GBM tissues (n=529) when compared with normal brain tissues (n=10) of patients from the TCGA GBM dataset (***P<0.001 vs Normal). (C)
Survival analysis of patients from the TCGA GBM dataset. (D) The mRNA and protein levels of TMEMI76A in different GBM cell lines. **P<<0.01, ***P<<0.001 vs T98G.

Abbreviations: GBM, glioblastoma; TCGA, The Cancer Genome Atlas.
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Kaplan—Meier survival analysis suggested that the survival
time of patients with lower TMEM176A expression was
clearly longer than that of patients with higher TMEM176A
expression (Figure 1C, P<<0.01). The analysis of GBM
genomic profile was performed according to a previous
report,® and all relevant information can be found on the
website https://cancergenome.nih.gov/search. Moreover,
the mRNA and protein levels of TMEM176A were also
detected in six GBM cell lines, including T98G, U87, U251,
SHG44, U34, and A172. As shown in Figure 1D, the level
of TMEM176A was significantly upregulated in T98G and
U87 cells compared with the other cell lines. On the other

hand, the A172 cells exhibited the lowest expression level
of TMEM176A among all the GBM cell lines. Based on
these results, T98G, U87, and A172 cells were chosen for
further study.

Establishing knockdown and
overexpression of TMEMI76A in

GBM cells

To silence the expression of TMEM176A, three short
hairpin RNAs (shRNAs) targeting human TMEM176A
(siTMEM176A; RNAil-1, RNAil-2, RNAil-3) and a
nonspecific scrambled siRNA (siNC) were synthesized and
transfected into T98G and U87 cell lines. The untreated cells
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Figure 2 Knockdown and overexpression of TMEMI76A in GBM cells.
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acted as a blank control (Blank). As shown in Figure 2A, all
three TMEM176A-siRNAs strongly reduced the levels of
endogenous TMEM176A. Cells transfected with RNAil-1
and RNAi1-2 exhibited lower TMEM176A levels compared
with cells transfected with RNAil-3. Therefore, RNAil-1
and RNAil-2 were chosen for further study. In addition,
A172 cells were transfected with a plasmid overexpress-
ing TMEM176A (0eTMEMI176A) and a mock plasmid
(0eNC). The blank control was indicated above. Based on the
TMEM176A mRNA and protein levels shown in Figure 2B,
aremarkable overexpression of TMEM176A was achieved in
0eTMEM176A-transfected cells. Hence, the 0eTMEM76A
cell line was chosen for the following TMEM176A overex-
pression analysis.

Knockdown of TMEMI76A suppressed

cell proliferation

The Cell Counting Kit-8 assay was used to examine the
function of TMEM176A in the proliferation of GBM cells.
BLANK, siNC, siTMEM176A1-1 and siTMEM176A1-2
plasmids were transfected into U87 and T98G cells. As
shown in Figure 3A, there was no obvious difference in cell
proliferation between the BLANK and NC groups. However,
the cell growth rate of sSiTMEMI176A cells was signifi-
cantly decreased at 24, 48, and 72 hours compared with the
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levels of TMEM176A following overexpression by oeTMEMI76A in A172 cells, **P<<0.001 vs BLANK.

Abbreviation: GBM, glioblastoma.
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NC group. Therefore, we concluded that TMEM176A was
a positive regulator of cell proliferation in GBM.

Knockdown of TMEMI|76A suppressed
GO/G| phase arrest and cell apoptosis

Flow cytometry was utilized to assess the cell cycle in dif-
ferent cell groups as indicated above. As shown in Figure 3B,

no obvious difference was found between BLANK- and siNC-
transfected cells. However, the siTMEM176A-transfected
cells exhibited an obvious abundance of G0/G1 phase cells.
Meanwhile, TMEM176A siRNA caused a significant decrease
in G2/M phase cells. In addition, an Annexin V-FITC/
PI staining assay was performed to explore the effect
of TMEM176A on the rate of apoptosis of GBM cells.
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Abbreviation: GBM, glioblastoma.

As shown in Figure 3C, the rate of apoptosis of cells trans-
fected with TMEM176A siRNAs was significantly higher
than that of cells transfected with siNC and BLANK. These
results indicate an antiapoptotic function of TMEMI176A
in GBM.

Depletion of TMEM|76A influenced
the expression levels of Cyclin DI, P21,

Caspase-3 and Bcl2

The protein levels of Cyclin D1, P21, Caspase-3 and Bcl2
in different GBM cells, as indicated above, were identified
by Western blot. As shown in Figure 3D, the protein level
of Cyclin D1 was significantly downregulated in cells trans-
fected with TMEM176A siRNAs. However, cells transfected
with sSiTMEM176A exhibited remarkably elevated expres-
sion of P21, Caspase-3, and Bcl2. These results suggest the
possible targets of TMEM176A in GBM cells.

Knockdown of TMEM176A influenced

signal transduction in GBM cells

Many key proteins involved in signal transduction pathways
are dependent upon phosphorylation modification, includ-
ing ERK1/2, P38, c—Jun N—terminal kinases (JNKs), AKT,
STAT3, and MTOR. Therefore, Western blot analysis was
used to examine the phosphorylation level of several of
these key proteins. As shown in Figure 4A and B, most
of the signal transduction proteins exhibited a decrease in
phosphorylation following the silencing of TMEM176A
expression. These results indicate that TMEM176A is
involved in the signal transduction in GBM cells. Interest-
ingly, knockdown of TMEM176A strongly inhibited the
expression of p-ERK1/2.

The function of TMEMI76A was
suppressed by a specific ERK1/2
inhibitor U0126

To determine the correlation between TMEM176A and
ERK1/2, a specific ERK1/2 inhibitor, U0126, (10 uM)
was added to 0eNC- and 0eTMEM176A-transfected cells.
As shown in Figure 5A, the overexpression of TMEM176A
strongly increased the cell proliferation rate of A172 cells
compared with 0eNC cells; however, the cell proliferation rate
was obviously decreased following the addition of the inhibi-
tor U0126. Moreover, the overexpression of TMEM176A
promoted cell cycle progression in A172 cells; however, the
GO/G1 cell phase was heavily arrested after treatment with
U0126 (Figure 5B). As shown in Figure 5C, the cell apoptosis
ratio was remarkably decreased in the 0e TMEM176A cells;
however, the cell apoptosis rate was highly significantly
elevated in the U0126-treated groups, and o0eTMEM176A
also reduced cell apoptosis. Taken together, these results
demonstrate a potential correlation between ERK1/2 and
TMEM176A in GBM cells. Additionally, the protein expres-
sion level of p-ERK1/2 was also inhibited by U0126 in
0eTMEM176A cells. On the other hand, the protein expres-
sion levels of Caspase-3 and P21 were recovered when U0126
was added to 0eTMEM176A cells (Figure 5D). In addition,
the possible positive correlation between Cyclin D1 and
TMEM176A was weakened by the inhibitor U0126.

Knockdown of TMEMI|76A inhibited the

tumorigenicity of GBM cells in nude mice
To investigate the effect of TMEM176A on tumorigenicity
in vivo, an equal number of T98G cells transfected with
scrambled siRNA or TMEM176A-siRNA were injected
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Figure 4 Knockdown of TMEMI76A affects the signal transduction in GBM cells.

Notes: (A) The protein level of signal transduction-related proteins in U87 cells transfected with siNC, siTMEMI76Al-1, and siTMEMI76A1-2, respectively, **P<<0.01 vs
BLANK, **P<0.001 vs BLANK. (B) The protein level of signal transduction-related proteins in T98G cells transfected with siNC, siTMEMI76Al-1 and siTMEMI76A1-2,

respectively, **P<<0.0 vs BLANK, **P<0.001 vs BLANK.
Abbreviation: GBM, glioblastoma.

hypodermically into nude mice, and tumor formation was
analyzed for 33 days. As shown in Figure 6A—C, although
both of the injected cell types developed tumors, it was clear
that the TMEM176A-siRNA cells significantly suppressed
the tumor growth rate. Both the volume and weight of TME-
M176A-siRNA tumors were highly significantly reduced
compared with the siNC tumors. Moreover, the levels of cell
cycle-related proteins (Cyclin D1, P21, and ERK1/2) were sig-
nificantly decreased in the TMEM176A knockdown tumors.
In contrast, the cell apoptosis-related proteins (Caspase-3
and Bcl2) were significantly increased in siTMEM176A
tumors (Figure 6D). These results suggest an essential role
of TMEM176A in the cell cycle and apoptosis.

Discussion
GBM is a common malignant brain tumor, for which the
overall survival rates are limited to within 2 years. Although

traditional therapy (tumor resection and radiotherapy) can
help fight against the development of GBM, the prognosis
is usually disappointing. Therefore, gaining a deeper insight
into the molecular mechanisms underlying GBM may con-
tribute to the development of a biomarker for diagnosing
GBM at the early phase.

In this study, we systematically analyzed the function
of a positive tumor regulator, TMEM176A, in GBM cells.
RNA interference was employed to silence the expression
of TMEM176A. Additionally, a lentiviral vector was used
to mediate the overexpression of TMEM176A. The results
from these two experimental phases were in agreement, and
therefore, our results were more reliable.

From our CCK-8 assay, the cell proliferation rate was pro-
foundly suppressed after silencing TMEM176A, which was
upregulated in oeTMEM176A cells. Therefore, TMEM176A
may serve to promote cell proliferation in GBM. Moreover,
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Figure 5 ERK/2 inhibitor U0126 inhibits the function of TMEMI76A.

Notes: (A) Cell proliferation was detected 0, 24, 48, and 72 hours after transfection with 0eNC, 0eTMEMI76A, 0eNC+U0126 and 0eTMEMI76A+U0126 in A172 cells
*P<0.05 vs 0eNC, **P<<0.01 vs 0eNC, ***P<0.001 vs 0eNC. (B) Cell cycle profile of cells transfected with 0eNC, 0e TMEM|76A, 0eNC+U0126 and 0eTMEMI76A+U0126 in

A172 cells. *P<0.01 vs 0eNC. (C) Cell apoptosis profile of cells transfected with 0eNC,

0eTMEMI76A, 0eNC+U0126 and 0e TMEMI76A+U0126 in A172 cells. **P<<0.01 vs

0eNC, ##P<0.001 vs 0eNC. (D) The protein levels of Cyclin DI, P21, cleaved-Caspase-3, Bcl2, ERK1/2 and p-ERK /2 in different transfected cells. **P<0.001 vs oeNC.

Abbreviation: GBM, glioblastoma.

the ERK1/2 signaling pathway is essential in the cell cycle
process. The activating of the ERK1/2 signaling pathway
promotes tumorigenesis and progression of gastric cancer.*
A previous report demonstrated that dysregulation of ERK1/2
can trigger tumor cell development in GBM.* Phospho-
rylation of ERK1/2 is necessary for cell proliferation and

transformation,’” and in this study, the activity of ERK1/2 was
heavily suppressed following the knockout of TMEM176A
expression. Meanwhile, the level of p-ERK1/2 was sig-
nificantly elevated in 0eTMEM176A cells. Therefore, it
appears that TMEM176A promotes the phosphorylation of
ERK1/2. Interestingly, the effect of TMEM176A on cell
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Abbreviation: GBM, glioblastoma.

proliferation, cell cycle, and cell apoptosis was remarkably
inhibited by a specific ERK1/2 inhibitor, U0126. Our results
suggest that ERK1/2 may be direct targets of TMEM176A
in GBM cells.

Moreover, previous reports have demonstrated that
Cyclin D1 is a central target in the regulation of cell

proliferation and apoptosis in GBM cells.>*® Downregulating
the expression of Cyclin D1 contributes to the inhibition of
tumor growth.* In this study, the expression of Cyclin D1 was
notably decreased once TMEM176A expression was silenced.
Moreover, the expression of Cyclin D1 depends on the acti-
vation of the MEK/ERK pathway in oval cells.** Therefore,
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our results not only demonstrated that TMEM176A may
be involved in a pathway including ERK1/2 and Cyclin D1
but also indicated the important role of TMEM176A in the
regulation of the cell cycle.

A previous report demonstrated that Bel2 family members
neutralize the maturation of Caspase-3, thereby increasing
the tumor growth rate.* In this study, we doubted that this
neutralization effect had dropped off once the Bel2 level was
decreasing, which might promote the expression of Caspase-3
insiTMEM176A cells. Similar results were also obtained from
the analysis of 0c TMEM176A cells. Therefore, TMEM176A
may regulate Bcl2 directly and may, therefore, be negatively
correlated with Caspase-3. Taken together, these results
suggest a central role of TMEM176A in the apoptosis of
GBM cells. However, the ERK inhibitor U0126 promotes
the expression of Caspase-3 in 0eTMEM176A cells, which
indicates that ERK may downregulate the expression of
Caspase-3 in GBM cells. Therefore, further study is war-
ranted to investigate the possible relationship between ERK
and Caspase-3 in GBM cells.

In addition, it would be valuable to include the cell lines
that exhibited moderate TMEM176A expression in our
experiments. Moreover, TMEM14A and TMEMA45A play a
key role in cell migration and invasion;”® therefore, further
study is warranted to investigate the function of TMEM176A
in the migration and invasion of GBM cells.

Conclusion

In the present study, we examined the effect of TMEM176A
knockdown and overexpression in GBM cells. Our results
not only provide a better understanding of TMEM176A in
GBM but also provide support for the clinical application
of TMEM176A.
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Supplementary materials
Supplementary material SI Primer

sequence information

1.1 Homo sapiens transmembrane protein 176A
(TMEM176A), mRNA

NCBI reference sequence: NM_018487.2

Primer F 5" AGTGCCTGCCGCATCTCC 3’

Primer R 5" TCCAACATTTCCTTCTGGTCTC 3’

Pos: 445-692

Amplified product: Size: 248 bps

1.2 Homo sapiens transmembrane protein 176B
(TMEM176B), transcript variant 5, mRNA

NCBI reference sequence: NM_001101314.1

Primer F 5" TGTTGTCCTCTGCGTGAATAGC 3’

Primer R 5" TTCCTCAGCATCTGCATGTAAG 3’

Pos: 315491

Amplified product: Size: 177 bps

1.3 Homo sapiens glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), transcript variant 1, mRNA
NCBI reference sequence: NM_001256799.2

Primer F 5 AATCCCATCACCATCTTC 3’

Primer R 5" AGGCTGTTGTCATACTTC 3’

Pos: 436653

Amplified product: Size: 218 bps

Table S1 Human gene TMEMI76A (NM_018487.2) RNAI targeting locus information

RNA.I targeting locus Sequence

Name Locus position

RNAiI-1 61-79 CAGACTGTGTCCCTGACAA
RNAiI-2 273-291 GATCTTGAGTGCAGTCCTA
RNAi1-3 659-677 TGCTCTTGGGTGTCTGGAT

Table S2 The primary antibodies information

Antibody name Source Dilution factor
c-MET Abcam, UK 1:500

Caspase-3 Abcam, UK 1:500

AKT CST, USA 1:1,000

p-AKT CST, USA 1:2,000

GAPDH CST, USA 1:2,000

Abbreviation: CST, cell signaling technology.
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