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TSPANS8 promotes gastric cancer growth and metastasis
via ERK MAPK pathway
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Abstract: Aims: This study was designed to investigate the effects of Tetraspanin 8 (TSPANS8) overexpression and
TSPANS suppression on gastric cancer cell proliferation and invasion. Furthermore, whether extracellular-signal reg-
ulated kinase (ERK) mitogen-activated protein kinase (MAPK) pathway was involved in TSPAN8’s function on gastric
cancer cells was examined. Methods: The expression of TSPANS8 in human gastric cancer tissues and gastric cancer
cell lines was detected using real-time PCR and western blot analysis. TSPAN8-pcDNA3.1 plasmid or TSPAN8 siRNA
was transfected into the gastric cancer cell lines to overexpress or suppress TSPANS. Cells were treated with U0126
to inhibit ERK MAPK pathway. Cell proliferation and invasion were assessed by MTT and transwell-matrigel assay.
Results: TSPAN8 was overexpressed in human gastric cancer tissues and gastric cancer cell lines compared with
the normal. TSPANS8 overexpression promoted cell proliferation and invasion, while TSPAN8 suppression inhibited
cell proliferation and invasion. TSPAN8 could activate the ERK MAPK pathway in gastric cancer cells, and MEK-ERK
inhibition reversed the effects of TSPAN8 overexpression on cell proliferation and invasion. Conclusion: This study
firstly demonstrated that TSPANS8 promotes gastric cancer cell growth and metastasis at least partially through the
activation of ERK MAPK pathway. These findings provided a novel molecular basis for the understanding and treat-
ment of gastric cancer.
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Introduction cells (PBMCs) of healthy volunteers, however, it
is significantly upregulated in gastric cancer tis-
sues and circulating cancer cells in the periph-
eral blood of patients with gastric cancer [12].
Recently, it is reported that TSPAN8 may medi-
ates the effects of EGF on gastric cancer cells
[13]. All these findings indicate that TSPAN8
may be involved in the development of gastric
cancer. However, the basic mechanisms under-
lying TSPANS8'’s effects on gastric cancer cell
growth and metastasis are still unclear and
deserve investigation.

Gastric cancer is the second leading cause of
cancer-related death worldwide [1], it is quite
common in East Asia [2-4]. Most gastric cancer
patients have advanced or metastatic diseases
at the time of diagnosis [5], and the median
survival time is often less than 1 year for these
patients [6]. Therefore, it is important to under-
stand the molecular mechanisms behind gas-
tric cancer metastasis.

Tetraspanin 8 (TSPANS8) is a cell surface protein
that belongs to the tetraspanin family. It has
been implicated as a human tumor-associated
antigen in certain types of cancers [7-11], such
as hepatocellular carcinoma, pancreatic can-
cer, and colon carcinoma. Matsumura et al
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Materials and methods
Tissues samples

The malignant tissues and matched normal tis-
sues were collected from 15 patients with gas-
tric cancer. All these patients received no che-
motherapy or radiotherapy at the time of diag-
nosis. The study was approved by the Ethics
Committee of Huaihe Hospital of Henan
University, and all patients provided written
informed consent prior to beginning this study.

Cell culture and cell transfection

Human gastric cancer cell lines (MGC-803,
AGS, MKN-28, BGC-823) and human gastric
epithelial cell line GES-1 were purchased from
ScienCell Research Laboratories (San Diego,
CA, USA). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Grand
Island, NY, USA) supplemented with 10% fetal
bovine serum (Gibco) in a humidified atmo-
sphere of 5% CO, at 37°C. U0126 (Selleck
Chemicals, Houston, TX, USA) was dissolved in
DMSO to a final concentration of 10 yM and
treated cells for 24 h. Transfection of pcDNA3.1,
TSPAN8-pcDNA3.1, control siRNA and TSPAN8
siRNA was performed in MKN-28 and BGC-823
cells by using Lipofectamine 2000 transfection
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions.

MTT assay

MTT assay was used to determine cell prolifera-
tion ability. The cells were seeded into 96-well
plates at 1x10* cells/well. After culturing at
37°C in a 5% CO, humidified atmosphere for
indicated times, 50 yl MTT (KeyGEN BioTECH,
Nanjing, Jiangsu, China) was added to each well
and incubated at 37°C for 4 hours. The media
was then removed and 150 yl DMSO was
added to solubilize the formazan dye. Absor-
bance was measured at 570 nm using a micro-
plate reader (Multiskan Ascent 354; Thermo
Labsystems, Waltham, MA, USA).

Cell invasion assay

The matrigel was diluted with serum-free
DMEM and pre-coated the Transwell chamber
(Corning Inc., Corning, NY, USA) at 37°C for 30
min. After solidification, 1 ml cell suspension
without serum at the density of 5x10* cells/ml
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was added to the upper chamber. The lower
chamber filled with 1 mlI DMEM containing 10%
fetal bovine serum was used as a chemoattrac-
tant. After incubation at 37°C for 12 h, the non-
invaded cells in the upper chamber were
removed using a cotton swab, the invaded cells
were fixed in 95% ethanol. Fixed cells were then
stained with hematoxylin for 10 min and count-
ed under the microscope (Olympus, Tokyo,
Japan).

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) analysis.

Total RNA was extracted from the human gas-
tric cancer cell lines and human gastric epithe-
lial cell line using TRIzol reagent (Invitrogen). 3
pg of RNA was reversely transcribed to single-
stranded cDNAs using Superscript Il Reverse
Transcriptase (Invitrogen). For the qPCR, 2 pl
cDNA, 300 nM primers and SYBRGreen
(Applied BioSystems) were mixed to a final vol-
ume of 20 ul. The primers used were as foll-
ows: TSPANS (sense: cttgcttctgatectgetec, anti-
sense: ttatttccccaatcagecage), GAPDH (sense:
aagaaggtggtgaagcagge, antisense: tccaccac-
ccagttgctgta). The PCR reaction was followed
by 38 cycles at 95°C for 30 sec, 60°C for 30
sec and 72°C for 45 sec, in the ABI Prism 7000
Sequence Detection System (Perkin-Elmer
Applied Biosystems, Foster City, CA, USA). The
expression of TSPAN8 was calculated and nor-
malized to GAPDH using the 2(**t) method.

Western blot

Cells (1x10°) and tissues (0.5 mg) were lysed in
1 ml ice-cold RIPA buffer (Beyotime, Shanghai,
China) contained 2 mM phenylmethylsulfonyl
fluoride, complete protease and phosphatase
inhibitor cocktail (Roche, Mannheim, Germany).
The lysates were resolved on 10% SDS-PAGE
and transferred onto a PVDF membrane
(Millipore, Billerica, MA, USA). After blocking
with 5% non-fat milk at 37°C for 2 h, immunob-
lotting was done by the incubation of the pri-
mary antibodies (rabbit polyclonal to TSPANS,
Abcam, Cambridge, MA, USA; rabbit monoclo-
nal to p-MEK1/2(S217/221),mouse monoclo-
nal to MEK1/2, Cell Signaling Technology, Inc.,
Beverly, MA, USA; goat polyclonal to p-
ERK1/2(T202/Y204), mouse monoclonal to
ERK1/2, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA; Mouse monoclonal to GAPDH,
Boster, Wuhan, Hubei, China) at 37°C for 2 h,
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Figure 1. Expression of TSPANS8 protein in malignant tissues and matched normal tissues from patients with gastric

cancer. *P < 0.05.
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Figure 2. Expression of TSPAN8 in human gastric
cancer cell lines (MGC-803, AGS, MKN-28, BGC-823)
and human gastric epithelial cell line (GES-1). A. Ex-
pression of TSPAN8 mRNA. B. Expression of TSPAN8
protein. P < 0.01, * P < 0.05, compared with GES-1
cells.

followed by incubation with the horseradish
peroxidase labeled secondary antibody at 37°C
for 1 h. GAPDH antibody was used to verify
equal protein loading. Blots were developed
with the enhanced chemiluminescence kit
(Pierce Biotechnology, Inc., Rockford, IL, USA).

Statistical analysis

The data are presented as the mean + SD of
three independent experiments. Significance of
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differences was calculated by the two tailed
Student’s t test. A P value less than 0.05 was
considered statistically significant.

Results

Expression of TSPANS8 in human gastric cancer
tissues and gastric cancer cell lines

We investigated the expression of TSPANS in
malignant tissues and matched normal tissues
from patients with gastric cancer using western
blot analysis. We found that TSPANS8 protein
expression was higher in the malignant tissues
compared with the matched normal tissues
(Figure 1).

Next, the expression of TSPAN8 was examined
in human gastric cancer cell lines (MGC-803,
AGS, MKN-28, BGC-823) and human gastric
epithelial cell line (GES-1). RT-gPCR results
showed that compared with the GES-1 cells,
TSPAN8 mRNA was increased in human gastric
cancer cells. Among these gastric cancer cell
lines, MKN-28 cells showed the lowest TSPANS
MRNA expression, while BGC-823 cells showed
the highest TSPAN8 mRNA expression (Figure
2A). The results of TSPANS8 protein expression
from western blot analysis were similar to the
results from RT-gPCR analysis (Figure 2B).

Effect of TSPAN8 overexpression on cell prolif-
eration and invasion

As MKN-28 cells showed the lowest expression
of TSPAN8, TSPAN8-pcDNA3.1 plasmid was
then transfected into the MKN-28 cells to over-
express TSPANS. It was demonstrated in Figure
3A, the expression of TSPAN8 protein was
increased about 4.8 fold in MKN-28 cells fol-
lowing transfection.
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Figure 3. Effects of TSPAN8 overexpression on MKN-28 cell proliferation and invasion. A. Expression of TSPANS
protein in MKN-28 cells following transfection with control vector and TSPAN8-pcDNA3.1 plasmid. B. MKN-28 cell
proliferation detected by the MTT assay. C. MKN-28 cell invasion ability determined by the transwell-matrigel assay.
#P < 0.01, "P < 0.05, compared with the cells transfected with the control vector.
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Figure 4. Effects of TSPANS8 inhibition on BGC-823 cell proliferation and invasion. A. Expression of TSPANS8 protein in
BGC-823 cells following transfection with control siRNA and TSPAN8 siRNA. B. BGC-823 cell proliferation detected by
the MTT assay. C. BGC-823 cell invasion ability determined by the transwell-matrigel assay. P < 0.01, “P < 0.05,
compared with the cells transfected with the control siRNA.
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Figure 5. Effect of TSPAN8 on MEK-ERK expression in MKN-28 and BGC-823 cells. A. Effect of TSPAN8 overexpres-
sion on MEK-ERK expression in MKN-28 cells. * P < 0.05, compared with the cells transfected with the control vec-
tor. B. Effect of TSPANS inhibition on MEK-ERK expression in BGC-823 cells.*P < 0.01, "P < 0.05, compared with the

cells transfected with the control siRNA.

The effect of TSPAN8 overexpression on MKN-
28 cell proliferation was determined by MTT
assay. It was shown that the survival rate was
significantly increased in the TSPAN8 overex-
pression cells compared with the control cells
(Figure 3B).

Transwell-matrigel assay was used to examine
the effect of TSPANS8 overexpression on MKN-
28 cell invasion. The migrated cell number in
the control group was 20+3, however, it was
increased to 4515 in the TSPANS8 overexpres-
sion group (Figure 3C).

Effect of TSPANS8 suppression on cell prolifera-
tion and invasion

TSPANS8 siRNA was transfected into the BGC-
823 cells, which exhibited the highest expres-
sion of TSPAN8 among these human gastric
cancer cell lines, to suppress TSPANS8 expres-
sion. Western blot analysis confirmed the sig-
nificantly decreased expression of TSPANS8 pro-
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tein in BGC-823 cells following transfection
with the TSPANS8 siRNA (Figure 4A).

The MTT assay revealed that the survival rate
of TSPANS8 suppressed-BGC-823 cells was sig-
nificantly decreased compared with the control
cells (Figure 4B). In addition, the migrated cell
number was significantly decreased by TS-
PAN8 suppression in BGC-823 cells (Figure
4C).

Effect of TSPAN8 on MEK-ERK expression in
MKN-28 and BGC-823 cells

To investigate the effect of TSPAN8S on MEK-
ERK expression, TSPAN8-pcDNA3.1 plasmid
and TSPANS8 siRNA were transfected into the
MKN-28 cells and BGC-823 cells, respectively.
Then, the expression levels of phospho-MEK-
1/2 and phospho-ERK1/2 were determined by
western blot analysis, as normalized to total
MEK1/2 and ERK1/2. We found phospho-
MEK1/2 and phospho-ERK1/2 expression was
significantly increased in the TSPAN8 overex-
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Figure 6. MEK-ERK inhibition reversed the effect of TSPAN8 overexpression on MKN-28 cell proliferation and inva-
sion. A. Expression of MEK-ERK in MKN-28 cells following treatment with U0126. #P < 0.01, compared with the
vehicle control. B. MKN-28 cell proliferation detected by the MTT assay. P < 0.01, “P < 0.05, compared with the
vehicle control. C. MKN-28 cell invasion ability determined by the transwell-matrigel assay. P < 0.01, compared with

the vehicle control.

pression cells, but decreased in the TSPAN8
suppressed cells (Figure 5A and 5B).

MEK-ERK inhibition reversed the effects of
TSPANS overexpression on cell proliferation
and invasion

To determine whether MEK-ERK was involved in
the effects of TSPAN8 overexpression on cell
proliferation and invasion, U0126 was used to
inhibit MER-ERK expression in TSOPANS8-
pcDNA3.1-transfected MKN-28 cells. As ex-
pected, western blot analysis showed that the
expression of phospho-MEK1/2 and phospho-
ERK1/2 was significantly decreased following
U0126 treatment (Figure 6A).In the meanwhile,
the increased survival rate and migrated cell
number caused by TSPANS8 overexpression was
significantly reduced following MEK-ERK inhibi-
tion (Figure 6B and 6C).

Discussion

In this study, we examined the expression of
TSPANS8 in human gastric cancer tissues and a
series of human gastric cancer cell lines.
Consistent with the previous study [13], TSPAN8
was overexpressed in the malignant tissues
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compared with the matched normal tissues
from patients with gastric cancer. In addition,
we found that TSPAN8 expression was also
increased in human gastric cancer cell lines
compared with the normal control cell line.
Recently, it was found that TSPAN8 shows
organ-specific metastasis in hepatocellular
carcinoma, and TSPAN8 was differentially
expressed in hepatocellular carcinoma cell
lines with differing metastatic potential [14]. In
the present study we detected the expression
of TSPANS8 in human gastric cancer cell lines
with different differentiation and metastatic
potential, and it seems that among these gas-
tric cancer cell lines, the endogenous expres-
sion of TSPAN8 was higher in low differentia-
tion and high metastasis gastric cancer cell line
BGC-823, and TSPANS8 expression was lower in
MKN-28 gastric cancer cell line, which with
high differentiation and low metastasis.

Although elevated expression of TSPAN8 has
been detected in human gastric cancer tissues
and a series of human gastric cancer cell lines,
the mechanisms underlying its role in gastric
tumorigenesis remain unclear. Next, we per-
formed the in vitro study to elucidate the func-
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tion of TSPANS8 on gastric cancer cell growth
and metastasis. We selected MKN-28 cell line
with low expression of TSPAN8 and transfec-
ted with TSPAN8-pcDNA3.1 to overexpress
TSPANS8. BGC-823 cell line with high expres-
sion of TSPAN8 was selected and transfected
with TSPAN8 siRNA to suppress TSPANS8. The
results from MTT assay and transwell-matrigel
assay demonstrated TSPAN8 overexpression
promoted cell proliferation and invasion, while
TSPANS8 suppression inhibited cell proliferation
and invasion. Collectively, these results indi-
cate that TSPAN8 promotes gastric tumori-
genesis.

TSPANS is a member of the transmembrane 4
superfamily, also known as the tetraspanin
family. It has been evidenced that tetraspanins
have a unique ability to organize a network of
molecular interactions, including other mem-
bers of the tetraspanin family, signaling mole-
cules and integrins [15, 16]. Based on this ‘tet-
raspanin-web’, tetraspanins play important
roles in fundamental cellular processes such
as cell proliferation, differentiation and immune
[17, 18]. More importantly, they can modulate
the motility and the metastatic potential of
tumor cells [19,20]. It has been demonstrated
in metastatic pancreatic and colorectal carci-
noma cell lines, TSPAN8 associates with CD151
and integrin a6B4 to promote cell migration
[21]. In addition, after protein kinase C (PKC)
activation [11, 22], TSPAN8 could associate
with integrins a3B1 and o6B1l. Kuhn et al
reported that TSPANS8 associates with EpCAM,
CD44v6 and claudin-7 to form a complex that
facilitates metastasis formation [23]. As
TSPANS8 are able to connect a variety of pro-
teins involved in different signaling pathways,
we investigated whether ERK MAPK pathway,
which was reported to be associated with gas-
tric tumorigenesis [24-27], was involved in
TSPANS8’s function on gastric cancer cells.

The mitogen-activated protein kinases (MAPKs)
are widely expressed in all cell types. It has
been demonstrated that MAPK pathways play a
major role in controlling a variety of cellular
physiological processes [28, 29]. The extracel-
lular-signal regulated kinase (ERK, also known
as p42/44 MAP kinase) is a core kinase of the
MAPK family and has been implicated in the
regulation of cell proliferation, apoptosis, differ-
entiation, and progression in a variety of human
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cancers [30]. ERK can be activated by a wide
variety of oncogenes and extracellular stimuli,
and MEK is the canonical upstream regulator of
ERK. In the present study, it was revealed that
the phosphorylated protein levels of MEK and
ERK were significantly increased in the TSPANS
overexpression cells, but decreased in the
TSPANS8 suppressed cells. It suggests that
TSPANS could activate the ERK MAPK pathway
in gastric cancer cells. U0126 was used to
inhibit ERK MAPK pathway, in the meantime,
we found the increased survival rate and
migrated cell number caused by TSPANS over-
expression was also significantly reduced.
These results indicate that ERK MAPK pathway
is essential for the effect of TSPANS8 on gastric
cancer cell proliferation and migration.

In summary, this study analyzed the expression
profile of TSPAN8 in malignant tissues from
patients with gastric cancer and human gastric
cancer cell lines. In addition, the in vitro study
firstly demonstrated that TSPAN8 promotes
gastric cancer cell growth and metastasis at
least partially through the activation of ERK
MAPK pathway. These findings provided a novel
molecular basis for the understanding and
treatment of gastric cancer.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zhimin Suo, Depart-
ment of gastroenterology, Huaihe Hospital of Henan
University, No. 8 Baobei Road, Gulou District,
Kaifeng 475000, Henan, China. Tel: +86-371-239-
06325; Fax: +86-371-23906058; E-mail: zhimin_
suo@163.com

References

[1] Jemal A, Siegel R, Xu J, Ward E. Cancer statis-
tics, 2010. CA Cancer J Clin 2010; 60: 277-
300.

[2] Hartgrink HH, Jansen EP, van Grieken NC, van
de Velde CJ. Gastric cancer. Lancet 2009; 374
477-490.

[3] Wu CW, Hsiung CA, Lo SS, Hsieh MC, Chen JH,
Li AF, Lui WY, Whang-Peng J. Nodal dissection
for patients with gastric cancer: a randomised
controlled trial. Lancet Oncol 2006; 7: 309-
315.

[4] Parkin DM, Bray F, Ferlay J, Pisani P. Global
cancer statistics, 2002. CA Cancer J Clin 2005;
55: 74-108.

Int J Clin Exp Med 2015;8(6):8599-8607


mailto:zhimin_suo@163.com
mailto:zhimin_suo@163.com

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

ERK MAPK pathway mediates TSPAN8’effect on gastric cancer cells

Dassen AE, Lemmens VE, van de Poll-Franse
LV, Creemers GJ, Brenninkmeijer SJ, Lips DJ,
Vd Wurff AA, Bosscha K, Coebergh JW. Trends
in incidence, treatment and survival of gastric
adenocarcinoma between 1990 and 2007: a
population-based study in the Netherlands.
Eur J Cancer 2010; 46: 1101-1110.

GASTRIC (Global Advanced/Adjuvant Stomach
Tumor Research International Collaboration)
Group, Oba K, Paoletti X, Bang YJ, Bleiberg H,
Burzykowski T, Fuse N, Michiels S, Morita S,
Ohashi Y, Pignon JP, Rougier P, Sakamoto J,
Sargent D, Sasako M, Shitara K, Tsuburaya A,
Van Cutsem E, Buyse M. Role of chemotherapy
for advanced/recurrent gastric cancer: an indi-
vidual-patient-data meta-analysis. Eur J Cancer
2013; 49: 1565-1577.

Kanetaka K, Sakamoto M, Yamamoto Y,
Yamasaki S, Lanza F, Kanematsu T, Hirohashi
S. Overexpression of tetraspanin CO-029 in he-
patocellular carcinoma. J Hepatol 2001; 35:
637-642.

Wang H, Rana S, Giese N, Buchler MW, Zdller
M. Tspan8, CD44v6 and alpha6beta4 are bio-
markers of migrating pancreatic cancer-initiat-
ing cells. Int J Cancer 2013; 133: 416-426.
Greco C, Bralet MP, Ailane N, Dubart-
Kupperschmitt A, Rubinstein E, Le Naour F,
Boucheix C. E-cadherin/p120-catenin and tet-
raspanin Co-029 cooperate for cell motility
control in human colon carcinoma. Cancer Res
2010; 170: 7674-7683.

Berthier-Vergnes 0O, Kharbili ME, de la
Fouchardiére A, Pointecouteau T, Verrando P,
Wierinckx A, Lachuer J, Le Naour F, Lamartine
J. Gene expression profiles of human melano-
ma cells with different invasive potential reveal
TSPANS8 as a novel mediator of invasion. Br J
Cancer 2011; 104: 155-165.

Herlevsen M, Schmidt DS, Miyazaki K, Zoller
M. The association of the tetraspanin D6.1A
with the alpha6beta4 integrin supports cell
motility and liver metastasis formation. J Cell
Sci 2006; 116: 4373-4390.

Matsumura N, Zembutsu H, Yamaguchi K,
Sasaki K, Tsuruma T, Nishidate T, Denno R,
Hirata K. Identification of novel molecular
markers for detection of gastric cancer cells in
the peripheral blood circulation using genome-
wide microarray analysis. Exp Ther Med 2011;
2: 705-713.

Zhu H, Wu 'Y, Zheng W, Lu S. CO-029 is overex-
pressed in gastric cancer and mediates the ef-
fects of EGF on gastric cancer cell proliferation
and invasion. Int J Mol Med 2015; 35: 798-
802.

Fang TT, Sun XJ, Chen J, Zhao Y, Sun RX, Ren N,
Liu BB. Long Non-coding RNAs are Differentially
Expressed in Hepatocellular Carcinoma Cell

8606

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Lines with Differing Metastatic Potential. Asian
Pac J Cancer Prev 2014; 15: 10513-10524.
Hemler ME. Tetraspanin proteins mediate cel-
lular penetration, invasion, and fusion events
and define a novel type of membrane microdo-
main. Annu Rev Cell Dev Biol 2003; 19: 397-
422.

Charrin S, le Naour F, Silvie O, Milhiet PE,
Boucheix C, Rubinstein E. Lateral organization
of membrane proteins: tetraspanins spin their
web. Biochem J 2009; 420: 133-154.

Kdberle M, Kaesler S, Kempf W, Wélbing F,
Biedermann T. Tetraspanins in mast cells.
Front Immunol 2012; 3: 106.

Yamamoto Y, Grubisic K, Oelgeschlager M.
Xenopus Tetraspanin-1 regulates gastrulation
movements and neural differentiation in the
early Xenopus embryo. Differentiation 2007;
75:235-245.

Hemler ME. Tetraspanin proteins promote mul-
tiple cancer stages. Nat Rev Cancer 2014; 14:
49-60.

Detchokul S, Williams ED, Parker MW, Frauman
AG. Tetraspanins as regulators of the tumour
microenvironment: implications for metastasis
and therapeutic strategies. Br J Pharmacol
2014; 171: 5462-5490.

Gesierich S, Paret C, Hildebrand D, Weitz J,
Zgraggen K, Schmitz-Winnenthal FH, Horejsi V,
Yoshie O, Herlyn D, Ashman LK, Zoéller M.
Colocalization of the tetraspanins, CO-029 and
CD151, with integrins in human pancreatic ad-
enocarcinoma: impact on cell motility. Clin
Cancer Res 2005; 11: 2840-2852.

Claas C, Seiter S, Claas A, Savelyeva L, Schwab
M, Zbller M. Association between the rat ho-
mologue of CO-029, a metastasis-associated
tetraspanin molecule and consumption coagu-
lopathy. J Cell Biol 1998; 141: 267-280.

Kuhn S, Koch M, Nuibel T, Ladwein M, Antolovic
D, Klingbeil P, Hildebrand D, Moldenhauer G,
Langbein L, Franke WW, Weitz J, Zéller M. A
complex of EpCAM, claudin-7, CD44 variant
isoforms, and tetraspanins promotes colorec-
tal cancer progression. Mol Cancer Res 2007;
5:553-567.

Liu Z, Xu X, Chen L, Li W, Sun Y, Zeng J, Yu H,
Chen C, Jia J. Helicobacter pylori CagA inhibits
the expression of Runx3 via Src/MEK/ERK
and p38 MAPK pathways in gastric epithelial
cell. J Cell Biochem 2012; 113: 1080-1086.
Kang MH, Oh SC, Lee HJ, Kang HN, Kim JL, Kim
JS, Yoo YA. Metastatic function of BMP-2 in
gastric cancer cells: the role of PI3K/AKT,
MAPK, the NF-kB pathway, and MMP-9 expres-
sion. Exp Cell Res 2011; 317: 1746-1762.
Kang W, Tong JH, Chan AW, Lee TL, Lung RW,
Leung PP, So KK, Wu K, Fan D, Yu J, Sung JJ, To
KF. Yes-associated protein 1 exhibits oncogen-

Int J Clin Exp Med 2015;8(6):8599-8607



[27]

(28]

8607

ERK MAPK pathway mediates TSPAN8 effect on gastric cancer cells

ic property in gastric cancer and its nuclear ac-
cumulation associates with poor prognosis.
Clin Cancer Res 2011, 17: 2130-2139.
Fukuda M, Kurosaki W, Yanagihara K,
Kuratsune H, Sairenji T. A mechanism in
Epstein-Barr virus oncogenesis: inhibition of
transforming growth factor-beta 1-mediated
induction of MAPK/p21 by LMP1. Virology
2002; 302: 310-320.

Furukawa T. Impacts of activation of the mito-
gen-activated protein kinase pathway in pan-
creatic cancer. Front Oncol 2015; 5: 23.

[29]

(30]

Lei YY, Wang WJ, Mei JH, Wang CL. Mitogen-
activated protein kinase signal transduction in
solid tumors. Asian Pac J Cancer Prev 2014,
15: 8539-8548.

Chambard JC, Lefloch R, Pouyssegur J,
Lenormand P. ERK implication in cell cycle
regulation. Biochim Biophys Acta 2007; 1773:
1299-1310.

Int J Clin Exp Med 2015;8(6):8599-8607



