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Abstract: Non-small cell lung cancer (NSCLC) is one of the most common human malignancies, which threatens
people’s life heavily. Recently, TMEM98 is supposed to be of great value for the discoveries of anti-tumor drugs.
We attempt to explore the biological role of TMEM98 in the human lung carcinoma. Clinical lung cancer tissue and
normal tissue were collected, and the mRNA expression of TMEM98 in cancer tissue was significantly higher than
that in normal tissue. By real-time-PCR and Western blot analysis of TMEM98 expression, human A549 and H460
cells were determined to carry out further investigations. By CCKS, it is found that siRNA-TMEM98 treatment ef-
fectively suppressed the proliferation of A549 and H460 cells. In addition, the invasion and migration of A549 and
H460 cells were also inhibited by siRNA-TMEM98. We then studied the invasion and migration related proteins level
by Western blot. From our result, the protein expression of MMP-2, MMP-9, RhoC and MTA1 were all regulated dra-
matically in siRNA-TMEM98 groups compared with the control and mock group. To conclude, our results indicated
that siRNA-TMEMO98 inhibited the invasion and migration of lung cancer cells, which can be considered as a novel
target for NSCLC treatment.
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Introduction

Non-small cell lung cancer (NSCLC) is one of
the most common human malignancies threat-
ening people’s life and its incidence continues
to rise. The most common cause of lung cancer
is smoking and nearly 87% of lung cancer cases
are caused by smoking. The NSCLC metastasis
is reported as the most important cause
leading to the failure of treatment [1, 2].
Chemotherapy, radiotherapy and surgical treat-
ment are widely used for NSCLC therapy.
However, the cure rate of NSCLC is very low
because of the postoperative complication,
side effects and recurrence.

There is little report about human TMEM98
gene. Its chromosome localization is in
17q11.2. There are two RNA splicing forms
released in the NCBI database, TMEM98-v1
and TMEM98-v2. Although there is slightly dif-
ference between them in the 5 untranslated
region, the coding products of them are almost
the same, which consists of 226 amino acid

and the molecular weight is 24.6 kDa, isoelec-
tric point is 4.718. There is a high homologous
among different species. Comparing with the
amino acid sequence of the mouse, the homol-
ogy is as high as 98.7%.

Itis predicted that TMEM98 is type | membrane
molecular by TMHMM analysis. By Signal P
analysis, it found that there was typical signal
peptide consist of 21 amino acid in its
N-terminal, which implied that TMEM98 might
probably be a new secretory protein [3]. It
appears up regulated under the stimulation of
infammation. This suggests that there should
be some relationships between TMEM98 and
the development of inflammation. There is a
closed relationship between inflammation and
tumor. Many tumor progressions are accompa-
nied with inflammatory injuries; and inflamma-
tory microenvironment can promote the surviv-
al and the progress of tumor cells. Therefore,
TMEMO98 will be of great value for the discover-
ies of the new target of the treatments to inflam-
mations and anti-tumor drugs.
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Table 1. Primers used in qRT-PCR analysis

real-time PCR (gqPCR), west-

ern blot, proliferation, cell

Gene Primer sequence Species . ) )

TMEMO8 Forward: 5'-CAATTGAGCTTCCACCTG-3' Human cycle, migration and inva-
Reverse: 5’-CCGACAGAGCTCTAGAGAAC-3’ sion assay.

GAPDH Forward: 5’-CACCCACTCCTCCACCTTTG-3’ Human Cell proliferation assay

Reverse: 5'-CCACCACCCTGTTGCTGTAG-3’

In the present study, we attempt to explore the
effect of sSiIRNA-TMEM98 silencing on migration
and invasion in human lung cancer cells which
expressed TMEM98 notably. Moreover, the
mechanisms involved are also investigated to
provide new thoughts for the treatment of
NSCLC.

Materials and methods
Patients and tissue samples

38 lung cancer patients admitted to Zhongnan
Hospital were enrolled in this study. All patients
have complete clinical and pathological follow-
up data. Adjacent normal lung tissues were
also collected as negative controls. These nor-
mal lung tissues were resected within at least 2
cm of the tumor margin when the patients
underwent definitive surgery. Ethical approval
for the study was provided by the independent
ethics committee, Zhongnan Hospital. Informed
and written consent was obtained from all
patients or their advisers according to the eth-
ics committee guidelines.

Cell culture

H1229, H446, A549, SPCA-1 and H460 cells
are human lung carcinoma cells. All cells were
obtained from the Shanghai Cell Bank, Chinese
Academy of Sciences (Shanghai, China). Cells
were cultured in DMEM supplemented with
10% fetal bovine serum, 100 units/mL penicil-
lin and 100 ug/mL streptomycin, and incubat-
ed in a humidified atmosphere at 37°C with 5%
CO,.
miRNA transfection

Cells were seeded in antibiotic-free medium
the day before transfection. The cells were
transfected with 50 nmol/L of TMEM98-siRNA
or negative control by using lipofectamine™
2000 (Invitrogen, Shanghai, China) accor-
ding to the instructions provided by the manu-
facturer. After 48 hours, the transfected cells
were collected and processed for quantitative
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Cell viability was assessed
by Cell Counting Kit (CCK)-8
kit (Tongren, Shanghai, China). Briefly, 4 x 10°
cells were seeded in each 96-well plate, and
further incubated for 24 and 48 hours, respec-
tively. CCK-8 reagent was added to each well at
1 hour before the endpoint of incubation. The
optical density (OD) 450 nm values in each well
were determined by a microplate reader.
Experiments were repeated at least three times
each time in triplicate.

Cell invasion assay

Cell invasion assay was performed by a 24-well
Transwell chamber with a pore size of 8 um
(Sigma, San Francisco, USA). The inserts were
coated with 50 yL Matrigel (dilution at 1:2; BD
Bioscience). Cells were trypsinised after trans-
fection for 24 hours and transferred to the
upper Matrigel chamber in 100 yL of serum-
free medium supplementing 1 x 10°cells and
incubated for 24 hours. The lower chamber was
filled with medium containing 10% FBS as
chemo attractants. After incubation, the cells
that passed through the filter were fixed and
stained by 0.1% crystal violet. The numbers of
invaded cells were counted in five randomly
selected high power fields under a microscope
(Olympus, Shenzhen, China).

Migration assay

Cells in logarithmic phase were digested by
0.25% trypsin (Gibco, Shanghai, China) and
then suspended in RPMI-1640 (Hyclone) medi-
um containing 10% fetal calf serum (Gibco).
Cells were seeded in a 12-plate microplate at a
density of 1 x 10°cells/ml and then incubated
for 1 h. The supernatant was discarded and
cells were washed 2 times by PBS (Gibco). 4%
paraformaldehyde (Thermo, Waltham, USA)
was supplemented for 15 min and cells were
stained by Giemsa (Thermo, Waltham, USA) for
30 min. Then cells were washed several times
and the optical density (OD) values were read at
570 nm by a microplate reader (Thermo,
Waltham, USA). Adhesion rate (%) = (OD,/0OD,)
x 100%, ODl: HB treated groups; ODO: control
group.
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Figure 1. Expression of TMEM98 in human lung cancer tissue and cells. A. 37 lung cancer tissues and their adjacent
normal tissues were collected and mRNA expression of TMEM98 mRNA was identified by RT-PCR. B. mRNA expres-
sion of TMEM98 mRNA in H1229, H446, A549, SPCA-1 and H460 cells was detected by RT-PCR. C and D. Protein
level of TMEM98 mRNA in H1229, H446, A549, SPCA-1 and H460 cells was assessed by Western blot. **P < 0.01
compared with A549 cell line; #p < 0.01 compared with H460 cell line; data are expressed as the mean + SD, n = 6.

Reverse transcription and real-time PCR

The mRNA expression of TMEM98 in cells after
TMEM98-siRNA transfection was quantified by
RT-PCR. Total RNA was isolated from cells using
Trizol Reagent (Invitrogen) and quantified. cDNA
was synthesized from 5 mg of RNA using AMV
reverse transcriptase (Fermentas, USA) accord-
ing to the manufacturer’s instructions. TMEM98
was amplified from the cDNA by RT-PCR. The
PCR conditions consisted of 5 min at 95°C one
cycle, 30 seconds at 95°C, 30 seconds at
55°C, 30 seconds at 72°C, and 7 min at 72°C
35 cycles. Primer pairs for human genes were
designed using the Primer Express Software
(Applied Biosystems, Shanghai, China) and are
listed in Table 1.

Western blot
Cultured or transfected cells were harvest and

washed twice with PBS and lysed in ice-cold
radio immunoprecipitation assay buffer (RIPA,
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Beyotime, Shanghai, China) with freshly added
0.01% protease inhibitor cocktail (Sigma,
Shanghai, China) and incubated on ice for 30
min. Cell lysis was centrifuged at 13,000 rcf for
10 min at 4°C and the supernatant (20-30 pg
of protein) was run on 10% SDS-PAGE gel and
transferred electrophoretically to a polyvinyli-
dene fluoride membrane (Millipore, Shanghai,
China). The blots were blocked with 5% skim
milk, followed by incubation with antibodies
against TMEM98 (Abcam), GAPDH (Fermentas),
MMP-2 (Abcam), MMP-9 (Abcam), RhoC and
MTAL1 (CST). Blots were then incubated with
goat anti-mouse or anti-rabbit secondary anti-
body (Beyotime, Shanghai, China) and visual-
ized using enhanced chemiluminescence (ECL,
Thermo Scientific, Shanghai, China).

Statistic analysis

All results are presented as the mean + SD and
the data were analyzed by a SPSS 13.0 statisti-
cal package (SPSS Inc., Chicago, IL). Data for

Int J Clin Exp Pathol 2015;8(12):15661-15669
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Figure 2. Protein expression of TMEM98 in A549 and H460 cells. A and B. After TMEM98-siRNA transfection for 48
h, Protein expression of TMEM98 in A549 cells was quantified by Western blot analysis. C and D. After TMEM98-
siRNA transfection for 48 h, Protein expression of TMEM98 in H460 cells was quantified by western blot analysis.
**P < 0.01 compared with the control cells; #P < 0.01 compared with the mock cells; data are expressed as the
mean = SD, n = 6.
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Figure 3. Effect of sSiRNA-TMEM98 on the proliferation of A549 and H460 cells. A and B. After TMEM98-siRNA
transfection for 12, 24 48 and 72 h, cell viability of A549 and H460 cells was identified by flow cytometry. **P <
0.01 compared with the control cells; #P < 0.01 compared with the mock cells; data are expressed as the mean +
SD, n = 6.

multiple comparisons were subjected to one- value of P < 0.05 was considered statistically
way ANOVA followed by Dunnett’s test and a significant.
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Figure 4. Effect of sSiRNA-TMEMO98 on the invasion of A549 and H460 cells. After TMEM98-siRNA transfection for 48
h, invasive ability of human A549 and H460 cells was identified by transwell assay. **P < 0.01 compared with the
control cells; #P < 0.01 compared with the mock cells; data are expressed as the mean + SD, n = 6.

Results

Expression of TMEMO9S8 in lung cancer tissues
and normal tissues

To verify the biological role of TMEM9S8 in lung
carcinoma, we used real-time PCR to detect the
expression levels of TMEM98 in lung cancer
patients’ tissues. We collected 35 lung carci-
noma tissues and their adjacent normal tis-
sues. As Figure 1A shows, TMEM98 expression
level was higher in lung tumor tissues than that
of adjacent normal tissue control (P < 0.01).

TMEMB98 expression in human lung cancer
cells

An obvious difference was presented in lung
cancer tissue and normal tissue. We then
detected the mRNA expression and protein
level of TMEM98 in various lung carcinoma cell
lines including H1229, H446, A549, SPCA-1
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and H460 cells by RT-PCR and western blot,
respectively. As shown in Figure 1B, TMEM98
MRNA expressions in A549 and H460 cell lines
were significantly higher than any other cell
line. In addition, western blot displayed that
protein level of TMEM98 was the highest
among all the cell line (Figure 1C and 1D). As a
result, A549 and H460 cell lines were deter-
mined to carry out further investigations.

SiRNA-TMEMO9S8 inhibited the proliferation of
A549 and H460 cells

TMEM98 mRNA was interfered in A549 and
H460 cells as previously described. Western
blot was employed to identify the interference
efficient. Western blot showed that TMEM98
protein level was declined notably in TMEM98
SiRNA group in comparison with the control
group and mock groups in both A549 and H460
cells (Figure 2).

Int J Clin Exp Pathol 2015;8(12):15661-15669
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Figure 5. siRNA-TMEM98 depressed the migration of A549 and H460 cells. A549 and H460 cells were tranfected
after 48 h, cell migration was detected as previously described. **P < 0.01 compared with the control cells; #P <
0.01 compared with the mock cells; data are expressed as the mean + SD, n = 6.

In addition to explore the effect of siRNA-
TMEMO98 on the proliferation of human A549
and H460 cells, CCK8 assay was employed to
identify the cell proliferation. As shown in Figure
3A, proliferation of siRNA-TMEM98 human
A549 cell group was significantly depressed
compared with control and mock groups at 72
h. In Figure 3B, siRNA-TMEM98 also markedly
suppressed the proliferation of human H460
cells compared with control and mock groups
after transfection for 72 hours.

SiIRNA-TMEM98 suppressed the migration and
invasion of A549 and H460 cells

Cell migration and invasion were also studied
by transwell assay. It is showed in Figure 4, the
invasive ability of siRNA-TMEM98 group was
degraded notably in comparison with the con-
trol and mock group of A549 and H460 cells. In
Figure 5, the migration rate of sSiRNA-TMEM98
group was obviously lower than that of control
and mock group of A549 and H460 cells.
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Expression of MMP-2, MMP-9, RhoC and MTA1
was regulated by siRNA-TMEM98

MMP-2, MMP-9, RhoC and MTA1 are identified
as invasion and migration related genes.
Therefore, we further detect the protein expres-
sion by Western blot. As for human A549 cells,
MMP-2, MMP-9, RhoC and MTA1 expression
were all suppressed by siRNA-TMEM98 com-
pared with the control and mock groups (Figure
6A and 6B). It is shown in Figure 6C and 6D,
compared with the control and mock groups,
MMP-2, MMP-9, RhoC and MTA1 expression in
H460 cell were also attenuated markedly by
SiRNA-TMEM98 treatment.

Discussion

In 2008, Chinese National Human Genome
Center analyzed the Genome Database in order
to obtain novel cytokines. They selected many
candidates and verified many kinds of proteins.
Human TMEM98 (transmembrane protein 98)

Int J Clin Exp Pathol 2015;8(12):15661-15669
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Figure 6. sSiRNA-TMEM98 suppressed the MMP-2, MMP-9, RhoC and MTA1 expression. (A and B). After 48 h of
TMEM9S8 siRNA treatment, western Western blot was performed to identify the protein levels of MMP-2, MMP-9,
RhoC and MTA1 in A549 cells. GAPDH was also detected as the control of sample loading. (C and D). After 48 h of
TMEM98 siRNA treatment, the protein expressions of MMP-2, MMP-9, RhoC and MTA1 in cells were analyzed by
western Western blot in H460 cells. GAPDH was also detected as the control of sample loading. **P < 0.01 com-
pared with the control cells; ##P < 0.01 compared with the mock cells; data are expressed as the mean + SD, n = 6.

is one of them. So far, we poorly understand the
functions and the functional mechanisms of
TMEM. It is predicted that TMEM9S8 is | type
membrane molecular by TMHMM analysis. It is
found that there was typical signal peptide con-
sist of 21 amino acids in its N-terminal, which
implied that TMEM98 might be a new secretory
protein. It appears up-regulation under the
stimulation of inflammation. This suggests that
there should be some relationships between
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TMEM98 and the development of inflamma-
tion. It is known that a closed relationship was
between inflammation and tumor [4, 5]. Many
tumor progressions are accompanied with
inflammatory injuries; and inflammatory micro-
environment can promote the survival and the
progress of tumor cells [6, 7]. Therefore,
TMEMO98 will be of great value for the discover-
ies of the new target of the treatments to
inflammations and anti-tumor drugs.

Int J Clin Exp Pathol 2015;8(12):15661-15669
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Therefore, we studied the role of TMEM98 in
human NSCLC. Firstly, we found that TMEM98
expressed obviously higher in lung cancer tis-
sue than in normal tissue. Metastasis of NSCLC
cancer cells is a complex multistep process
including cell adhesion, invasion and migration
[8, 9]. Therefore, interruption of one or more of
these processes is considered as a serviceable
strategy. In our study, the result indicated that
SiRNA-TMEM98 showed obvious inhibition of
adhesion and invasion in human A549 and
H460 cells. Cellular functions are regulated by
multiple signal pathways and genes. The initial
step of tumor cell invasion is beginning with the
breakdown of the cytomembrane, a process
known as dependent on type IV collagen-
degrading enzymes, mainly MMP-2 and MMP-9
[10, 11]. The expression of MMPs, particularly
the MMP-2 and MMP-9, has been associated
with high potential of metastasis in several
human carcinomas including NSCLC [12, 13].
MMP-2 and MMP-9 expression are also regu-
lated by MTALl. Western blot analysis was
employed to investigate the expression of
MMP-2, MMP-9 and MTA1 in human A549 and
H460 cells by siRNA-TMEM98 treatment after
48 h. Of the three Rho GTPases, RhoC is most
convincingly linked with cancer metastasis.
Association between RhoC and tumor progres-
sion has been described in a variety of tumor
types, including breast cancer [14], non-small
cell lung carcinoma [15], colon carcinoma [16],
and hepatocellular carcinoma [17, 18]. In addi-
tion, our results exhibited that RhoC expression
was also depressed by siRNA-TMEM9S8 in
human A549 and H460 cells.

To conclude, we demonstrated that siRNA-
TMEMO98 expressed high in human NSCLC tis-
sue and can obviously inhibit the proliferation
of NSCLC cells. siRNA-TMEM9S8 significantly
suppress the invasion and migration of human
A549 and H460 cells by down regulating the
protein levels of MAT1, MMP-2, MMP-9 and
RhoC. Our results may also be relevant for
human NSCLC carcinoma therapy.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhouqing Wu, De-
partment of Oncology, Zhongnan Hospital of Wuhan
University, Wuhan, China. Tel: +86-27-67812860;
Fax: +86-27-67812860; E-mail: wuzhouqing2015@
126.com

15668

References

[1] Monsé E, Montuenga LM, Sanchez de Cos J,
Villena C; Lung Cancer CIBERES-RTICC-SEPAR-
Plataforma Biobanco Pulmonar. Biological
Marker Analysis as Part of the CIBERES-RTIC
Cancer-SEPAR Strategic Project on Lung Can-
cer. Arch Bronconeumol 2015; 51: 462-467.

[2] Blinman P, Hughes B, Crombie C, Christmas T,
Hudson M, Veillard A, Muljadi N, Millward M,
Wright G, Flynn P, Windsor M, Stockler M,
McLachlan S; Australasian Lung Cancer Trials
Group (ALTG). Patients’ and doctors’ prefer-
ences for adjuvant chemotherapy in resected
non-small-cell lung cancer: What makes it
worthwhile? Eur J Cancer 2015; 51: 1529-
1537.

[3] Sun W and Zhang Q. Does the association be-
tween TMEM98 and nanophthalmos require
further confirmation? JAMA Ophthalmol 2015;
133: 358-359.

[4] Wang D and DuBois RN. Immunosuppres-
sion associated with chronic inflammation in
the tumor microenvironment. Carcinogenesis
2015; 36: 1085-1093.

[5]1 Zou J, Guo P, Lv N and Huang D. Lipopolysac-
charide-induced tumor necrosis factor-alpha
factor enhances inflammation and is associat-
ed with cancer (Review). Mol Med Rep 2015;
12: 6399-404.

[6] Bendtzen K, Christensen O, Nielsen CH and
Holmstrup P. A matrix of cholesterol crystals,
but not cholesterol alone, primes human
monocytes/macrophages for excessive endo-
toxin-induced production of tumor necrosis
factor-alpha. Role in atherosclerotic inflamma-
tion? Discov Med 2014; 17: 309-312.

[71 Yang L and Karin M. Roles of tumor suppres-
sors in regulating tumor-associated inflamma-
tion. Cell Death Differ 2014; 21: 1677-1686.

[8] ShiL, Zhang B, Sun X, Lu S, Liu Z, Liu Y, Li H,
Wang L, Wang X and Zhao C. MiR-204 inhibits
human NSCLC metastasis through suppres-
sion of NUAK1. Br J Cancer 2014; 111: 2316-
2327.

[9] Goyette MA and Cote JF. NSCLC metastasis:
going with ELMO3. Oncotarget 2014; 5: 5850-
5851.

[10] de Vicente JC, Lequerica-Fernandez P, Santa-
maria J and Fresno MF. Expression of MMP-7
and MT1-MMP in oral squamous cell carcino-
ma as predictive indicator for tumor invasion
and prognosis. J Oral Pathol Med 2007; 36:
415-424.

[11] Kim JM, Noh EM, Kwon KB, Kim JS, You YO,
Hwang JK, Hwang BM, Kim MS, Lee SJ, Jung
SH, Youn HJ, Chung EY and Lee YR. Suppres-
sion of TPA-induced tumor cell invasion by sul-
furetin via inhibition of NF-kappaB-dependent

Int J Clin Exp Pathol 2015;8(12):15661-15669


mailto:wuzhouqing2015@126.com
mailto:wuzhouqing2015@126.com

(12]

[13]

(14]

siRNA-TMEM®98 and lung cancer cells

MMP-9 expression. Oncol Rep 2013; 29:
1231-1237.

Dong QZ, Wang Y, Tang ZP, Fu L, Li QC, Wang
ED and Wang EH. Derlin-1 is overexpressed in
non-small cell lung cancer and promotes can-
cer cell invasion via EGFR-ERK-mediated up-
regulation of MMP-2 and MMP-9. Am J Pathol
2013; 182: 954-964.

Rao JS, Gondi C, Chetty C, Chittivelu S, Joseph
PA and Lakka SS. Inhibition of invasion, angio-
genesis, tumor growth, and metastasis by ade-
novirus-mediated transfer of antisense uPAR
and MMP-9 in non-small cell lung cancer cells.
Mol Cancer Ther 2005; 4: 1399-1408.

Xing F, Sharma S, Liu Y, Mo YY, Wu K, Zhang YY,
Pochampally R, Martinez LA, Lo HW and Wa-
tabe K. miR-509 suppresses brain metastasis
of breast cancer cells by modulating RhoC and
TNF-alpha. Oncogene 2015; 34: 4890-4900.
Shikada Y, Yoshino |, Okamoto T, Fukuyama S,
Kameyama T and Maehara Y. Higher expres-
sion of RhoC is related to invasiveness in non-
small cell lung carcinoma. Clin Cancer Res
2003; 9: 5282-5286.

15669

(16]

(17]

(18]

Bellovin DI, Simpson KJ, Danilov T, Maynard E,
Rimm DL, Oettgen P and Mercurio AM. Recip-
rocal regulation of RhoA and RhoC character-
izes the EMT and identifies RhoC as a prognos-
tic marker of colon carcinoma. Oncogene
2006; 25: 6959-6967.

Wang W, Wu F, Fang F, Tao Y and Yang L. Inhibi-
tion of invasion and metastasis of hepatocel-
lular carcinoma cells via targeting RhoC in vitro
and in vivo. Clin Cancer Res 2008; 14: 6804-
6812.

Xie S, Zhu M, Lv G, Zhang Q and Wang G. The
role of RhoC in the proliferation and apoptosis
of hepatocellular carcinoma cells. Med Oncol
2012; 29: 1802-1809.

Int J Clin Exp Pathol 2015;8(12):15661-15669



