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Abstract. Gastric cancer is the second major cause of
death associated with cancer and ranks among the top four
cancers diagnosed worldwide. Previous findings identified
the association of transmembrane proteins (TMEMs) with
tumorigenesis of various types of cancer, including breast,
liver and kidney cancer. However, the expression and the
biological function of TMEMSs, especially TMEMI119, and
its possible molecular mechanism in gastric cancer remain
less understood. CCK-8 and flow cytometric analysis was
employed to examine the viability and apoptosis of gastric
adenocarcinoma SGC-7901 and AGS cells, gastric carcinoma
MKN45 cells, as well as gastric epithelial cell lines GES-1
after transfection with TMEM119-siRNA (siTMEM119),
respectively. Quantitative PCR, western blot analysis
and immunohistochemistry was performed to detect the
expression levels of TMEM119, Bax, Bcl-2 and caspase-3. The
results showed that, TMEM119 was elevated with the highest
expression detected in SGC-7901 cells compared to AGS cells,
MKN4S5 cells, as well as GES-1. TMEM119 silencing in the
gastric cancer cell line, SGC-7901, significantly inhibited
cell viability and induced apoptosis. The downregulation of
TMEMI119 exhibited reduced levels of Bcl-2 and higher levels
of Bax and caspase-3 in SGC-7901 cells. These results suggest
that TMEMI119 is useful in the treatment of gastric cancer.

Introduction

Gastric cancer is a well-known malignant tumor, which is
harmful to human health. The incidence of gastric cancer
increases significantly with age, and the peak age of onset
is 50-80 years, although it is showing a younger tendency
every year (1). The proportion of 19- to 35-year-old patients
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with gastric cancer has increased from 1.7 to 3.3% in the
past 40 years (1). Although surgical resection and adjuvant
chemotherapy and radiotherapy are primarily employed in
the treatment of the disease, most patients with gastric cancer
succumb to tumor recurrence and metastasis (2-4), and the
five-year survival rate is <24% (5). The occurrence of gastric
cancer is influenced by many factors (6,7). The specific
molecular mechanism of the occurrence of gastric cancer
remains to be determined. Current use of traditional cytotoxic
chemotherapy agents for gastric cancer is limited (8). At
present, many studies involving molecular pathways aim to
identify new targets to treat gastric cancer. The development
of molecular diagnostic science has further supported the
finding of new molecular targets.

Transmembrane protein 119 (TMEMI119) belongs to
the transmembrane proteins (TMEMs) family. Differential
regulation of TMEMs is observed in many types of cancer.
TMEMI176A and TMEM176B were significantly elevated in
lymphoma and associated with certain cancer pathology (9).
TMEM?72 and TMEM116 were downregulated in metastatic
clear cell renal cell carcinoma (ccRCC) tissue, and TMEM30B
and TMEM45B were downregulated in advanced-stage
samples of ccRCC, suggesting that TMEM could be utilized as
a potential predictor for metastases and cancer progression (10).
TMEM45B was overexpressed in lung cancer and the
knockdown of TMEMA45B suppressed lung cancer cell invasion,
migration and proliferation and caused cell cycle arrest and
cell apoptosis (11). TMEMI106A is often methylated in human
gastric cancer and TMEMI106A upregulation suppressed cell
growth and induced apoptosis in gastric cancer cell lines (12).
TMEM119 is important in bone formation and normal bone
mineralization. Recently, TMEM119 induced the trans-
shipment and differentiation of muscle cells into osteoblasts
by enhancing the interaction of BMP2 and the bmp-runx?2
pathway (13). TMEM119 was increased in osteosarcoma,
connected with tumor size, clinical stage and overall survival
time, and associated with cell cycle, metastasis, apoptosis as
well as TGF-p signaling in osteosarcoma cell lines (14). It was
found that human microglia, along with neuroblastoma cells
and Alzheimer's disease, expressed high levels of TMEM119
mRNA (15). However, the functions of TMEM119 in gastric
cancer remain to be investigated.

In the present study, the impact of TMEMI119 on cell
viability and apoptosis of SGC-7901 and AGS cells, gastric
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carcinoma MKN45 cells, as well as gastric epithelial cell lines
GES-1 was investigated. It was found that there was more
TMEMI119 in gastric cancer tissues than in normal tissues and
knockdown of TMEM119 significantly curbed viability and
induced cell apoptosis of SGC-7901, AGS cells and MKN45
cells. In addition, TMEM119 downregulation decreased
the expression of Bcl-2 but increased the expression of Bax
and caspase-3. Our results demonstrate a significant role of
TMEMI119 in the regulation of SGC-7901 cell viability and
apoptosis.

Materials and methods

Analysis of bioinformatics. Data regarding gene expres-
sion were obtained from The Cancer Genome Atlas website
(TCGA; https://cancergenome.nih.gov/).

Patient specimens. Tumor and general gastric specimens were
obtained from 90 gastric cancer patients who experienced
surgery at the Zhejiang Hospital (Hangzhou, China) from
June, 2010 to April, 2015. The research program was approved
by the Zhejiang Hospital Ethics Committee. All the partici-
pants in this study provided informed consent.

Cell culture. Gastric adenocarcinoma SGC-7901 and AGS
cells, gastric carcinoma MKN45 cells, as well as gastric
epithelial cell lines GES-1 (The Cell Bank of Type Culture
Collection of Chinese Academy of Sciences, Shanghai, China)
were used in the present study. The cell lines were cultured
in DMEM medium followed by 10% (v/v) fetal bovine serum
(Life Technologies; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) at 37°C and 5% of the CO, in an incubator.

RNA interference. TMEM119 mRNA (5'-ugggauaguggacuuc
uuc-3') and non-specific interference siRNA sequences (control
siRNA; 5'-uucuccgaacgucacgu-3') siRNA were synthesized
and transfected with Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) as per the manufacturer's protocol.
Assays were performed 48 h after transfection. The TMEM119
mRNA expression in 249 gastric cancer tissues and 33 normal
gastric tissues from the TCGA dataset was first examined.

Cell Counting kit-8 (CCK-8) assay. Cell viability was
determined using a Cell Counting kit-8 (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan), where the substrate
was 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,
4-disulfophenyl)-2H-tetrazolium monosodium salt (WST-8).
After the cells were incubated for 12, 24, 48 and 72 h, CCK-8
solution (10 ul) was placed into each well of the plate. The
plates were incubated at 37°C, 5% CO,, for 4 h.

Cell apoptosis assay. In accordance with the manufacturer's
protocol, SGC-7901 cell apoptosis was analyzed using
the Annexin V-FITC/iodide (PI) cell apoptosis kit
(BD Biosciences, Franklin Lakes, NJ, USA). The cells were
washed with phosphate buffered salline (PBS) three times,
followed by trypsin digestion, centrifugation at 400 x g at
room temperature for 10 min, and were adjusted to 5x10*/ml,
after which they were suspended in binding buffer containing
Annexin V-FITC and PI. The fluorescence intensity was
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measured via flow cytometry (BD Biosciences) after 10 min
of incubation in the dark.

Reverse transcription and quantitative PCR. Using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) RNA was
extracted from patient tissue samples and cell lines, and were
treated with DNase I (Roche Diagnostics, Indianapolis, IN,
USA) to eliminate residual DNA as per the manufacturer's
protocol. The Prime Script PTMP RT reagent kit (Perfect Real
Time; Takara Biotechnology Co., Ltd., Dalian, China) was
used to generate cDNA, and reverse transcribed with 1 ug total
RNA, followed by SYBR-Green qPCR Master (Thermo Fisher
Scientific, Inc.) to determine quantitative PCR in accordance
with the manufacturer's protocol. Primers used to amplify the
coding region were: 5'-CTGGCCTTTCTGCTGATGTTC-3'
(forward) and 5'-TCACTCTGGTCCACGTACTTC-3'
(reverse), for TMEMI119, and 5'-CACCCACTCCTCCACCTT
TG-3' (forward) and 5-CCACCACCCTGTTGCTGTAG-3'
(reverse) for GAPDH. GAPDH mRNA levels were employed
for normalization while the 2244 method was employed to
calculate the expression changes.

Western blot analysis. To determine the protein expression level,
complete cell extracts were prepared in the lysis buffer. After
culture, the medium was removed, SGC-7901 cells were obtained
and washed with PBS, and were immediately lysed in a buffer
containing 20 mM Tris-HCI. The total protein was quantitatively
determined using BCA protein. Loading buffer was added into
the cytoplasm extract and boiled for approximately 5 min. The
gel was then separated from each sample of the same amount
by 10% SDS-PAGE, and transferred to the nylon membrane.
Following incubation for 1.5 h with a 5% degreasing emulsion in
the fresh block buffer, rabbit anti-human Bax, Bcl-2, caspase-3
and GAPDH polyclonal antibodies (1:500; cat. nos. PA5-11378,
PA5-20068, PA5-16332, and PA1-987-HRP; Thermo Fisher
Scientific, Inc.) and rabbit anti-human TMEMI119 polyclonal
antibody (1:500; cat. no. ab185333; Abcam,Cambridge, MA,
USA) were incubated overnight at 4°C in freshly prepared TBST
containing 5% skim milk. The membrane was cleaned 3 times
with the TBST and then incubated with the secondary antibody
at room temperature for 2 h. Specific proteins were tested with
enhanced chemiluminescence after goat anti-rabbit polyclonal
secondary antibody (1:1,000; cat. no. 31460; Thermo Fisher
Scientific, Inc.) binding.

Immunohistochemistry. Tissue sections (5 ym) were cut and
mounted on slides. After dewaxing and rehydration, the sections
were antigen-retrieved in 10 mm citrate buffer for 5 min at
100°C. Endogenous peroxidase activity and non-specific
antigens were blocked with 3% hydrogen peroxide and serum,
followed by incubation with rabbit anti-human TMEMI119 poly-
clonal antibody (1:500; cat. no. HPA051870; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) over-night at 4°C. The
slides were then incubated with goat anti-rabbit secondary
polyclonal antibody (1:2,000; cat. no. A0545; Sigma-Aldrich;
Merck KGaA), developed using 3,3'-diaminobenzidine
solution and counterstained with hematoxylin.

Statistical analysis. Statistical analysis was performed using
the ANOVA and post-hoc test was SNK test. P<0.05 was
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Figure 1. Expression of TMEM119 in gastric cancer tissues. (A) An increase of TMEM119 mRNA expression in 249 gastric cancer tissues compared with 33
ordinary gastric tissues from the TCGA database. (B) TMEM119 protein expression was increased in four gastric cancer tissues as compared to the corre-
sponding normal gastric tissues, as indicated in the western blot analysis. (C) Immunohistochemical analysis reveals tumor upregulation (magnification, x400).
(D) TMEM119 mRNA expression was higher in all the gastric cancer cell lines compared to GES-1 cells, with the highest expression detected in SGC-7901
cells. Low power (x200). Scale bars,100 gm. “P<0.01. TMEM119, transmembrane protein 119; TCGA, The Cancer Genome Atlas.

considered to indicate a statistically significant analysis. All
statistical analyses were carried out with the GraphPad Prism
software (GraphPad Software, Inc., La Jolla, CA, USA).

Results

TMEMI119 is upregulated in gastric cancer tissues and cell
lines. The TMEM119 mRNA expression in 249 gastric cancer
tissues and 33 normal gastric tissues from the TCGA dataset
was first examined (Fig. 1A). TMEMI119 showed a significantly
higher expression in gastric cancer tissues than in ordinary
tissues. TMEM119 protein levels in gastric cancer tissues and
normal gastric tissues obtained from the Zhejiang Hospital
were evaluated using western blot analysis. TMEMI119
protein expression was increased in all four gastric cancer
tissues compared with the normal gastric tissues (Fig. 1B).
Immunohistochemical analysis revealed that the expression
of TMEM119 was significantly upregulated in gastric cancer
tissues compared with the corresponding normal gastric
tissues (Fig. 1C). Quantitative PCR analysis showed a higher
expression of TMEM119 in all the gastric cancer cell lines
compared to GES-1 cells, with the highest expression detected
in SGC-7901 cells. The SGC-7901 cells were therefore used
for subsequent experiments (Fig. 1D). These data further
indicate that TMEMI119 was significantly upregulated in

gastric cancer, and that TMEM119 may facilitate gastric
cancer carcinogenesis.

TMEM119 silencing inhibits SGC-7901 cell viability. To
validate the role of TMEMI119 in gastric cancer in vitro, a
special siRNA targeting TMEMI119 and a scramble siRNA
(control siRNA) were transfected into the gastric cancer
cell lines, SGC-7901. According to Fig. 2A-C, siTMEMI119
transfection significantly decreased the mRNA and protein
expression of TMEMI119 by 79.8 and 73.1% in SGC-7901,
respectively. Moreover, the cell viability after siTMEM119
transfection was also measured by CCK-8 assay. Our results
showed that siTMEM119 transfection significantly inhibited
SGC-7901 cell viability by 15.8,20.6,31.9 and 48.6% at 12,24,
48 and 72 h, respectively (Fig. 2D).

TMEMI119 silencing induces SGC-7901 cell apoptosis. To
determine the function of TMEM119 in the cell apoptosis of
SGC-7901, a flow cytometry assay was performed. As shown in
Fig. 3A and B, siTMEM119 transfection significantly increased
apoptotic cells of SGC-7901 by 10.2-fold. Additionally, some
proteins associated with apoptosis, including Bax, Bcl-2 and
caspase-3, were also measured by western blot analysis. We
found that siTMEM119 transfection greatly decreased Bcl-2
expression but increased the expression of Bax and caspase-3
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Figure 2. TMEMI119 silencing inhibited SGC-7901 cell viability. After transfection of SGC-7901 cells with TMEM119-siRNA (siTMEMI119), the expression
of TMEM119 was measured by (A) quantitative PCR and western blot analysis. (B and C) Cell viability was measured using the CCK-8 assay. (D) “P<0.01,
compared to SGC-7901. TMEMI119, transmembrane protein 119; PCR, polymerase chain reaction; CCK-8, Cell Counting Kit-8.
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Figure 3. TMEM119 silencing induced SGC-7901 cell apoptosis. After transfection of SGC-7901 cells with TMEM119-siRNA (siTMEM119), cell apoptosis
was measured by (A and B) flow cytometry assay and the expression of Bcl-2, Bax as well as caspase-3 was measured by (C and D) western blot analysis.

“P<0.01, compared to SGC-7901. TMEM119, transmembrane protein 119.

in SGC-7901 cells (Fig. 3C and D). According to the results,
TMEMI119 silencing induces SGC-7901 cell apoptosis through
an increase of Bax/Bcl-2 ratio and caspase-3 expression.

Discussion

TMEM proteins have been recently extensively studied in
different types of malignant tumors (9-11) and other members
of TMEM proteins have been found to be overexpressed in
gastric cancer. TMEMI106A is often methylated in human

gastric cancer and TMEMI106A upregulation suppressed cell
growth and induced apoptosis in gastric cancer cell lines (12).
TMEMI16A overexpression contributes to tumor invasion
and poor prognosis of human gastric cancer (16). However,
knowledge concerning the aberrant expression and potential
role of TMEMI119 in gastric cancer is lacking. In the present
study, we demonstrated that TMEM119 was overexpressed
in gastric cancer tissues by analyzing independent dataset
downloaded from the TCGA website, and our western blot
analysis results on 90 pairs of gastric cancer as well as normal
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tissues. TMEMI119 silencing inhibited cell viability and caused
cell apoptosis of gastric cancer cells.

Previous findings revealed that TMEMI19 was
overexpressed in osteosarcoma tissues and the knockdown
of TMEMI119 suppressed the migratory and invasive
abilities of osteosarcoma cells and osteosarcoma cell
growth in vitro and in vivo, causing GO/Gl-phase arrest and
apoptosis (14). In line with the previous study, it was identified
that TMEM119 was significantly upregulated in gastric cancer
tissues compared to ordinary tissues from the TCGA database
and our hospital samples. TMEM119 silencing significantly
prevented SGC-7901 cell viability as well as induced cell
apoptosis. There are several pathways to induce cancer cell
apoptosis, such as regulating apoptosis-related genes, and
changing intracellular Ca** concentration in endoplasmic
reticulum and mitochondrial pathway (17,18). Apoptosis is
a complex signaling pathway in which there are a number
of genes responsible for pro- and anti-apoptosis, including
the Bax, Fas, p38, p53 and caspase family and the Bcl-2
family (19,20). Numerous studies have shown that Bcl-2 plays
a key role in the complex cell death signaling pathways (21,22).
Bcl-2 family proteins contain anti- as well as pro-apoptotic
genes. Bcl-2 belongs to anti-apoptotic genes, while Bax
belongs to pro-apoptotic genes, and a ratio between them
determines cell apoptosis or not. The anti-apoptotic role of
Bcl-2 is very significant in cell life and cell response to adverse
stimulation (23). In the present study, our results revealed
that TMEM119 silencing significantly caused apoptosis of
SGC-7901 cells and an increase of the Bax/Bcl-2 ratio as well
as caspase-3 expression.

In conclusion, we have demonstrated that TMEM119 was
increased in gastric cancer tissues and is essential in regulating
cell viability and apoptosis in vitro. In addition, the molecular
mechanism involved may be the increase in the Bax/Bcl-2
ratio as well as caspase-3 expression, indicating novel targets
for therapeutic interventions to prevent gastric cancer.
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