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Abstract

Background Gastric cancer (GC) is one of the most
common human cancers. Genes expressed only in cancer
tissue, especially on the cell membrane, will be useful
biomarkers for cancer diagnosis and therapeutics.
Methods To identify novel genes encoding transmem-
brane protein specifically expressed in GC, we generated
an Escherichia coli ampicillin secretion trap (CAST) li-
brary from diffuse-type GC cell line MKN-45. CAST is a
survival-based signal sequence trap method that exploits
the ability of mammalian signal sequences to confer
ampicillin resistance to a mutant B-lactamase lacking the
endogenous signal sequence.

Results By sequencing 1,536 colonies, we identified 23
genes encoding the transmembrane protein present in GC.
Among these genes, TSPANS (also known as CO-029 and
TM4SF3) gene, which encodes transmembrane protein te-
traspanin 8, was emphasized as a candidate. Immunohis-
tochemical analysis of tetraspanin 8 in human GC tissues
revealed that 72 (34 %) of 210 GC cases were positive for
tetraspanin 8, and microvessel density was significantly
higher in tetraspanin 8-positive GC than in tetraspanin

Electronic supplementary material The online version of this
article (doi:10.1007/s10120-015-0478-z) contains supplementary
material, which is available to authorized users.

K. Anami - N. Oue - N. Sakamoto - K. Sentani - T. Hayashi -
Y. Naito - H. Z. Oo - W. Yasui (X))

Department of Molecular Pathology, Hiroshima University
Institute of Biomedical and Health Sciences, 1-2-3 Kasumi,
Minami-Ku, Hiroshima 734-0037, Japan

e-mail: wyasui@hiroshima-u.ac.jp

T. Noguchi

Department of Gastrointestinal Surgery, Oita University Faculty
of Medicine, 1-1 Hasamamachiidaigaoka, Yufu 879-5503, Japan

@ Springer

8-negative GC. Furthermore, univariate and multivariate
analyses revealed that tetraspanin 8 expression is an inde-
pendent prognostic classifier of patients with GC. TSPANS
knockdown by siRNA reduced the invasion of GC cell line.
The reduction of invasiveness was retrieved by the te-
traspanin 8-containing exosome.

Conclusion These results suggest that tetraspanin 8 is
involved in tumor progression and is an independent
prognostic classifier in patients with GC.

Keywords Gastric cancer - Prognosis -
Neovascularization

Introduction

Gastric cancer (GC), which develops as a result of multiple
genetic and epigenetic alterations [1], is one of the most
common human cancers. Better knowledge of the changes
in gene expression that occur during gastric carcinogenesis
may lead to improvements in the diagnosis, treatment, and
prevention. The identification of biomarkers for cancer
diagnosis and targets for treatment is a major goal in this
field [2]. Genes that encode transmembrane/secretory
proteins and that are expressed specifically in cancers can
be ideal biomarkers for cancer diagnosis [3]. If the function
of a gene product is involved in the neoplastic process, then
the gene may constitute a therapeutic target.

It has been demonstrated that trastuzumab improves sur-
vival for patients with human epidermal growth factor re-
ceptor 2 (HER2)-positive advanced GC, which is frequently
observed in intestinal-type GC [4]. In the case of diffuse-type
GC, however, a novel therapeutic target is needed.

We previously performed an Escherichia coli ampi-
cillin secretion trap (CAST) to identify transmembrane
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proteins present in GC cells [5]. CAST is a signal se-
quence trap method that was developed by Ferguson et al.
[6]. Signal peptides, which typically consist of 4—15 hy-
drophobic amino acids flanked by a basic NH2 terminus
and a polar COOH terminus, target secreted and trans-
membrane proteins in their appropriate subcellular loca-
tion [7]. That a consensus sequence for the signal peptide
has not been identified suggests that standard molecular
techniques are not well suited to the identification of such
proteins. CAST is a survival-based signal sequence trap
method that exploits the ability of mammalian signal se-
quences to confer ampicillin resistance to a mutant
B-lactamase, which lacks an endogenous signal sequence
[8]. Using this method, we identified several GC-associ-
ated genes and reported that DSC2 was associated with
the intestinal mucin phenotype of GC [5]. Although the
authors confirmed the usefulness of CAST through a li-
brary from MKN-1 and MKN-28, they did not identify
any GC-specific genes that were appropriate for use as
novel biomarkers for cancer diagnosis or novel
therapeutic targets.

In the present study we generated a CAST library from
diffuse-type GC cell line MKN-45 to identify genes that
encode transmembrane proteins present in GC, especially
in diffuse-type GC. Secreted proteins were excluded from
candidates in the present study because transmembrane
proteins were considered to be better for therapeutics.
Herein, we provide a list of genes that encode trans-
membrane proteins expressed in GC. Among these genes,
we focused on the TSPANS (also known as CO-029 and
TM4SF3) gene, which is overexpressed in GC and nar-
rowly restricted in normal tissues. TSPANS encodes te-
traspanin 8 protein, which is a member of the
tetraspanins, a family of proteins that crosses the mem-
brane four times and is involved in numerous biological
processes [9]. In human cancers, overexpression of te-
traspanin 8 has been reported in relation to hepatocellular
carcinoma [10], pancreatic cancer [11], colon cancer [12],
and esophageal cancer [13]. It has been also reported that
TSPANS mRNA is upregulated in the GC tissues com-
pared to normal gastric tissues by microarray analysis
[14]. Furthermore, tetraspanins have been reported to be
components of exosomes [15], and exosomes containing
rat TSPANS have been shown to affect tumor cell mi-
gration, proliferation, and tumor angiogenesis [16]. In the
present study, we examined the expression and distribu-
tion of tetraspanin 8§ in human GC by immunohisto-
chemistry and investigated the relationship between
tetraspanin 8 staining and clinicopathologic characteris-
tics. In addition, we investigated the biological function
of tetraspanin 8 in cancer cell growth and invasiveness by
RNA interference (RNAi). The role of tetraspanin
8-containing exosomes was also examined.

Materials and methods
Cell lines

Four GC cell lines were used (MKN-1, MKN-7, MKN-45,
and MKN-74). All GC cell lines were purchased from the
Japanese Collection of Research Bioresources Cell Bank
(Osaka, Japan). All cell lines were maintained in RPMI
1640 (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan)
containing 10 % fetal bovine serum (FBS, BioWhittaker,
Walkersville, MD, USA) in a humidified atmosphere of
5 % CO, and 95 % air at 37 °C.

CAST library construction

CAST library construction was performed as described
previously [6].

Tissue samples

In total, 260 primary tumor samples were collected from
patients diagnosed with GC who were treated at Hiroshima
University Hospital or an affiliated hospital. This study was
approved by the Ethics Committee for Human Genome
Research of Hiroshima University.

For quantitative reverse transcription—polymerase chain
reaction (QRT-PCR), 50 GC samples and corresponding
non-neoplastic mucosa samples were used. Samples were
frozen immediately in liquid nitrogen and stored at —80 °C
until use. Fourteen types of normal tissue samples (heart,
lung, stomach, small intestine, colon, liver, pancreas, kid-
ney, bone marrow, leukocytes, spleen, skeletal muscle,
brain, and spinal cord) were purchased from Clontech (Palo
Alto, CA, USA).

For immunohistochemical analysis, archival formalin-
fixed, paraffin-embedded tissues from 210 patients who
had undergone surgical excision for GC were used. We
examined one or two representative tumor blocks from
each patient.

Tumor staging was determined according to the TNM
classification system [17]. Histological classification of GC
was determined according to the Lauren classification
system [18].

Evaluation of the specificity of gene expression

To evaluate the specificity of the expression of each gene, a
specificity index was calculated as described previously
[19]. In brief, normal tissue in which the target gene ex-
pression was highest among the 14 types of normal tissues
was identified then analyzed by qRT-PCR (the mRNA
expression level in this tissue was denoted as A). Using
gqRT-PCR, we then identified GC among the nine GC

@ Springer



372

K. Anami et al.

samples in which the target gene expression was highest
(the mRNA expression level in this tissue was denoted as
B). The ratio of B to A was defined as the specificity index.
When the specificity index of the target gene was >10, the
gene was considered to show high specificity for GC.
When the specificity index of the target gene was <10 and
>2, the gene was considered to show low specificity for
GC. When the specificity index of the target gene was <2,
the gene was considered to show no specificity for GC.

Exosome preparation

TSAPNS siRNA-trasfected MKN-45 cells and negative
control siRNA-transfected MKN-45 cells were grown to
80-90 % confluence in RPMI 1640 medium containing
10 % FBS. The medium was removed, and the cells were
washed twice with phosphate-buffered saline (PBS). Cells
were incubated for 48 h in 20 ml serum-free RPMI 1640
medium. After 48 h, the medium was collected. After
centrifugation of conditioned medium from TSAPNS
siRNA-transfected MKN-45 cells and negative control
siRNA-transfected MKN-45 cells for 30 min at 3,000x g,
supernatants were pelleted and washed in PBS at
100,000xg for 2 h and 10 min. The final pellet was re-
suspended in a small volume of PBS, and the protein
content was measured using a DC protein assay in accor-
dance with the manufacturer’s instructions (Bio-Rad
Laboratories, Hercules, CA, USA). Exosomes were
aliquoted and frozen at —80 °C.

gRT-PCR, Western blot, immunohistochemistry, mi-
crovessel counts, RNAi, cell growth assay, in vitro inva-
sion assay, wound-healing assay, and statistical methods
were as follows.

gRT-PCR was performed with an ABI PRISM 7700
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA) as described previously [20]. Western blot
was performed as described previously [21]. RNAi was
performed as described previously [22]. Cell growth
was monitored by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay [23]. These
methods are described in detail in the Supplementary ma-
terials and methods.

Results

Generation of the MKN-45 CAST library

To identify transmembrane protein encoding genes, we
generated a CAST library from diffuse-type GC cell line
MKN-45 and sequenced 1,536 ampicillin—resistant colo-

nies from the MKN-45 CAST library. The obtained se-
quences were compared with those deposited in public
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databases using BLAST (accessed at http://blast.ncbi.nlm.
nih.gov/Blast.cgi), and the subcellular localization of the
gene products was evaluated using data from GeneCards
(accessed at: http://www.genecards.org/index.shtml). From
a total of 1,536 colonies, 1,210 were named human genes,
which included 482 genes. In order for E. coli to survive
the antibiotic challenge, the signal sequence and translation
initiator ATG codon must be cloned in-frame with the
leaderless B-lactamase reporter. Among the 482 genes, 237
were cloned in-frame upstream of the leaderless PB-lacta-
mase gene. Of these 237 genes, 10 encoded secreted pro-
teins, 80 encoded transmembrane proteins, and 129
encoded proteins that were neither secreted nor trans-
membrane proteins. The remaining 18 genes have not been
well studied.

Identification of genes expressed more highly in GC
than in 14 types of normal tissue

To identify genes expressed specifically in GC, we com-
pared the gene list from the MKN-45 GC cell line CAST
library to the normal stomach CAST library. The normal
stomach CAST data had been previously determined [5].
Genes that were detected at least twice in the GC cell line
CAST library, but not detected in the normal stomach
CAST library, were selected. Finally, 23 candidates from
MKN-45 were obtained (Table 1). To confirm that these
candidates were GC-specific, qRT-PCR was performed to
measure their expression in 9 GC tissue samples and in the
14 types of normal tissue. Representative data are shown in
Fig. 1. Expression of the 23 candidates was not necessarily
GC-specific; however, several showed much higher ex-
pression in GC than in normal tissues. We then focused on
cancer specificity by calculating the specificity index
(Table 1). Of the 23 candidates, 5 genes (ATP6AP2,
SERINC3, TSPANS, ATP11B, and SLC38A2) showed high
specificity for GC (B/A ratio >10 and B/A ratio = 10);
11 genes (PLA2G2A, CDHI7, SLC35F5, SLCI2A2,
TMEM41B, CLDN7, ITGB6, PLP2, MUCI13, ZDHHCI4,
and TMCO3) showed low specificity for GC (B/A ratio <10
and B/A ratio >2).

mRNA expression of TSPANS in GC and noncancerous
tissues.

Among the five genes that showed high specificity for
GC, we focused on TSPANS because it accounted for the
largest number of detected clones in the MKN-45 CAST
library. TSPANS encodes tetraspanin 8 protein, which is a
member of the tetraspanin family. It has been reported that
TSPANS is highly expressed in several types of human
cancer [10-14]. Tetraspanins are involved in adhesion,
motility, matrix modulation, and cell fusion [9]. Although
it has been reported that TSPANS is expressed in the GC
cell line [24], and that TSPANS mRNA is upregulated in
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Table 1 Summary of gRT-PCR analysis of candidate genes specifically expressed in GC

Gene name  Normal organ with highest expression GC with highest Specificity No. of GC cases with  No. of GC cases with
expression mRNA  index mRNA expression mRNA expression level
Organ name mRNA. expression level (B) (B/A) level two-fold greater 10-fold greater than
expression than normal organ with normal organ with
level (4) highest expression highest expression
High specificity
ATP6AP2  Colon 42 226" 56.5 2 1
SERINC3 Skeletal muscle 6.4 199.5 312 1 1
TSPANS Small intestine 76.6 1606.8 21 5 1
ATPI11B Pancreas 34 394 11.6 1 1
SLC38A2 Skeletal muscle 16.2 162.6 10 2 1
Low specificity
PLA2G2A  Small intestine 47.8 3722 7.8 1 0
CDH17 Small intestine 117.8 729.1 6.2 1 0
SLC35F5  Pancreas 4.2 25.1 6 1 0
SLCI2A2  Leukocyte 14 81.6 5.8 1 0
TMEM41B  Pancreas 6.1 353 5.8 1 0
CLDN7 Colon 28.9 450.2 52 2 0
ITGB6 Skeletal muscle 17.3 69.1 4 1 0
PLP2 Pancreas 2 7.8 39 1 0
MUCI3 Small intestine 31.1 83.3 2.7 1 0
ZDHHCI4 Brain 8.9 23.6 2.7 1 0
TMCO3 Pancreas 3.7 8.5 23 1 0
No specificity
SLC7Al Pancreas 19.6 28.2 14 0 0
SLCI2A6  Leukocyte 10.6 14 1.3 0 0
CEACAMS5  Kidney 3.8 4.7 1.2 0 0
TMYSF3 Pancreas 2.7 32 1.2 0 0
PTP4Al Skeletal muscle 29.9 24.1 0.8 0 0
TSPANI Bone marrow 35.8 12.6 0.4 0 0
TMEMS59  Spinal cord 12.1 3 0.2 0 0

GC Gastric cancer

* The units are arbitrary. Target mRNA expression levels were standardized to 1.0 pg total RNA from normal stomach as 1.0

GC tissues compared to normal gastric tissues according to
microarray analysis [14], detailed expression of TSPANS
has not been investigated. Among the 14 types of normal
tissue, low-level TSPANS mRNA expression was detected
in normal small intestine, colon, and liver. In normal gas-
tric mucosa, TSPANS expression was extremely low
(Fig. 1).

We analyzed TSPANS mRNA expression in 41 addi-
tional GC tissue samples and corresponding non-neoplastic
mucosa samples. The ratios of TSPANS mRNA expression
levels to GC tissue and corresponding non-neoplastic mu-
cosa were calculated. A >2-fold ratio was considered to
represent overexpression. TSPANS was overexpressed in
24 % (10/41) of the examined samples.

Immunohistochemical staining for tetraspanin 8 in GC
and noncancerous tissues

To further analyze the expression of TSPANS in GC, we
performed immunohistochemical analysis of tetraspanin 8.
The mouse monoclonal anti-tetraspanin 8 antibody was
detected in a single band of approximately 29 kDa on
Western blot analysis of cell extracts from MKN-45 cells,
suggesting that the anti-tetraspanin 8 antibody specifically
recognizes tetraspanin 8 protein (data not shown). In qRT-
PCR analysis, obvious mRNA expression was observed in
normal small intestine and colon. Thus, immunohisto-
chemical analysis was first performed in normal small in-
testine and colon to serve as positive controls. Staining of
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Fig. 1 qRT-PCR analysis of candidate genes that encode cell surface
proteins in 14 types of normal tissues and 9 GC samples. Definitions
of high specificity, low specificity, and no specificity are as described
in “Materials and Methods.” mRNA expression levels of ATP6AP2,

tetraspanin 8 was observed on cell membranes of the ep-
ithelial cells of the colon (Fig. 2a). Tetraspanin 8 staining
was also detected on the cell membranes of the epithelial
cells of the small intestine (data not shown).

Next, immunohistochemical analysis was performed on
210 GC samples. Weak or no staining of tetraspanin 8 was
observed in the epithelial cells in non-neoplastic gastric
mucosa (Fig. 2b). Expression of tetraspanin 8 was not
detected in inflammatory cells or fibroblasts. In contrast,
GC tissues showed stronger, more extensive staining than
corresponding non-neoplastic mucosa. Tetraspanin 8
staining was observed on cell membranes in both intesti-
nal-type (Fig. 2¢) and diffuse-type GC (Fig. 2d). In addi-
tion to cancer cells, capillary endothelial cells in GC tissue
were also stained by tetraspanin 8 (Fig. 2e). Expression of
tetraspanin 8 was found in both tetraspanin 8-positive and
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TSPANS, and SLC38A2 were much higher in GC samples than in
normal tissues. In contrast, mRNA expression levels of SLC12A6,
CEACAMS, and TMEMS50B did not differ significantly between GC
and normal tissues

tetraspanin 8-negative GC cases. In contrast, tetraspanin 8
expression was not detected in endothelial cells of medi-
um-sized blood vessels in GC tissue (Fig. 2e). In non-
neoplastic gastric mucosa, tetraspanin 8 expression was not
found in endothelial cells of capillaries or medium-sized
blood vessels. In the present study, we only focused on
tetraspanin 8 expression in cancer cells. When more than
10 % of cancer cell were stained, the immunostaining was
considered positive for tetraspanin 8. In total, 72 (34 %) of
210 GC cases were positive for tetraspanin 8.

The relationship of tetraspanin 8 staining to clinico-
pathologic characteristics is shown in Table 2. No statis-
tically significant relationship was found between
tetraspanin 8 expression and any clinicopathologic fea-
tures. However, the survival rate of patients who were GC
positive for tetraspanin 8 was significantly worse than that
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Fig. 2 Immunohistochemical
analysis of tetraspanin 8 in non-
neoplastic human tissues and
GC tissues. a Immunostaining
tetraspanin 8 in non-neoplastic
colon revealed that colonic
epithelial cells expressed
tetraspanin 8 on cell
membranes. Original
magnification: x200.

b Immunostaining tetraspanin 8
in non-neoplastic gastric
mucosa. Original magnification:
%200. ¢ Immunostaining
tetraspanin 8 in intestinal-type
GC. Tetraspanin 8 staining was
observed in GC cells on cell
membranes. Original
magnification: x400.

d Immunostaining tetraspanin 8
in diffuse-type GC. Tetraspanin
8 staining was observed in GC
cells on cell membranes.
Original magnification: x400.
e Immunostaining tetraspanin 8
in GC. In addition to GC cells,
tetraspanin 8 staining showed
capillary endothelial cells on
cell membranes. Original
magnification: x400. Arrow,
capillary blood vessel.
Arrowhead, medium-sized
blood vessel. Inset, capillary
blood vessel. High
magnification image of the
fields indicated by the arrow is
shown. f Kaplan-Meier plot of
the survival in patients with GC

f 104
2 08- ',r,e=tr;:sspamn 8 negative
%
-§ 0.6
Q
S 0.4
IS
= Tetraspanin 8 positive
» 0.2 n=32
Log rank P = 0.002
0.0 T T T
0 1000 2000 3000

of patients negative for tetraspanin 8 (P = 0.002, log-rank
test, Fig. 2f). To evaluate the potential use of tetraspanin 8
expression as a prognostic classifier, univariate and mul-
tivariate Cox proportional hazards models were used to

Days after surgery

further evaluate the association between tetraspanin 8 ex-
pression and cancer-specific mortality (Table 3). In uni-
variate analysis, the expression of tetraspanin 8 (HR 2.605;
95 % CI 1.371-4.952; P = 0.004) and tumor stage (HR
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Table 2 Relationship between tetraspanin 8 expression and clinico-
pathologic characteristics in gastric cancer

Tetraspanin 8 expression

Positive Negative P value®
Age (years)
<65 14 (33 %) 28 0.8840
>65 58 (35 %) 110
Sex
Male 41 (33 %) 85 0.5140
Female 31 (37 %) 53
T classification
T1/T2 30 (32 %) 65 0.4520
T3/T4 42 (37 %) 73
N classification
NO 10 (26 %) 28 0.2446
N1/N2/N3 62 (36 %) 110
Stage
1 43 (32 %) 91 0.3749
v 29 (38 %) 47
Histological classification
Intestinal type 33 (34 %) 63 0.9800
Diffuse type 39 (34 %) 75

4 Fisher’s exact test

12.044; 95 % CI 5.756-27.746; P < 0.001) were associ-
ated with survival. In the multivariate model, which in-
cluded tetraspanin 8 expression and tumor stage,
tetraspanin 8 expression and tumor stage were found to be
independent predictors of survival in patients with GC
(Table 3).

It has been reported that tumor-derived exosomes con-
taining tetraspanin 8 can induce angiogenesis in tumorous
tissue [16]. Thus, we also analyzed the association between
tetraspanin 8 expression and microvessel density. The
microvessel density of tetraspanin 8-positive GC
(mean £ SE, 47.5 + 2.0) was significantly higher than that
of tetraspanin 8-negative GC (mean % SE, 41.0 £ 21.7,
P =0.019).

Effect of tetraspanin 8 inhibition on cell growth
and invasive activity

Tetraspanin 8 has been reported to promote cell growth and
migration through its cooperation with integrins and non-
integrin partners [11, 25]. Since the biological impact of
tetraspanin 8 in GC has not been investigated, we per-
formed cell growth and in vitro invasion assays. MKN-45
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cells, which showed the highest expression of tetraspanin 8
in the four GC cell lines, were selected for these ex-
periments (Fig. 3a). To investigate the possible antiprolif-
erative effects of TSPANS knockdown, we performed an
MTT assay 8 days after siRNA transfection. Western
blotting confirmed the suppressed expression of tetraspanin
8 by RNAi in MKN-45 cells (Fig. 3b). TSAPNS siRNA1-
trasfected and siRNA2-transfected MKN-45 cells showed
significantly reduced cell growth relative to negative con-
trol siRNA-transfected MKN-45 cells (Fig. 3c).

To determine the possible role of tetraspanin 8 in the
invasiveness of GC cells, we used modified Boyden
chamber assays. On day 2, the invasiveness of TSAPNS
siRNA1-trasfected and siRNA2-transfected MKN-45 cells
was less than that of the negative control siRNA-trans-
fected MKN-45 cells (Fig. 3d). We also investigated cell
migration activity by wound-healing assay. On fibronectin-
coated culture slides, cell migration activity was inhibited
in TSPANS siRNAl-trasnfected and siRNAZ2-transfected
MKN-45 cells compared to negative control siRNA-
transfected cells (data not shown). However, as TSPANS
knockdown cells showed significantly reduced cell growth,
the differences in cell number observed in the invasion
assay and wound healing assay could be caused by the
reduced cell growth. These results suggest that tetraspanin
8 stimulates cell growth and invasion in GC cancer cells.

Effect of tetraspanin 8 containing exosomes on cell
growth and invasive activity

Exosomes, 50—-100-nm vesicles, derived from endosomes
forming multivesicular bodies, are released by various cells
such as tumor cells, epithelial cells, dendritic cells, and
lymphocytes. Exosomes contain selectively enriched
mRNA and miRNA, which regulate gene expression in
target cells. Tetraspanin 8 has been reported to be a com-
ponent of exosomes [16]. We therefore examined the effect
of tetraspanin 8-containing exosomes on GC cells. Western
blot analysis revealed that exosome preparations of both
TSAPNS8 siRNAIl-transfected MKN-45 cells (exosome-
siTSPANS-1) and negative control siRNA-transfected
MKN-45 cells (exosome-NC) contained the exosome
marker CD63 (Fig. 4a). We confirmed that tetraspanin 8
protein was reduced in exosome-si7ZSPANS-1 compared to
exosome-NC by Western blot.

We analyzed the effect of exosome preparations on cell
growth in TSPANS8 siRNAI-transfected MKN-45 cells by
MTT assay. The cell growth of TSPANS siRNAI1-trans-
fected MKN-45 cells treated with exosome-siTSPANS-1
did not differ significantly from that of TSPANS siRNA1-
transfected MKN-45 cells (Fig. 4b). In contrast, the cell
growth of TSPANS siRNAl-transfected MKN-45 cells
treated with exosome-NC was significantly higher than that
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Tabl.e 3. Univariate and' Characteristic Univariate analysis Multivariate analysis
multivariate Cox regression
analysis of tetraspanin 8 HR (95 % CI) P value HR (95 % CI) P value
expression and survival in
gastric cancer Tetraspanin 8 expression
Negative 1 (Ref) 1 (Ref)
Positive 2.605 (1.371-4.952) 0.004 2.227 (1.162-4.264) 0.016
Tumor stage
v 1 (Ref) 1 (Ref)
/v 12.044 (5.756-27.746) <0.001 11.23 (5.383-25.741) <0.001
Age (years)
>66 1 (Ref)
<66 0.662 (0.332-1.437) 0.282
Sex
Female 1 (Ref)
Male 1.089 (0.571-2.063) 0.856
Histologic classification
Intestinal type 1 (Ref)
HR Hazard ratio, CT confidence Diffuse type 1.369 (0.723-2.630) 0.355
interval
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Fig. 4 Effect of tetraspanin 8-containing exosomes in GC cells.
a Western blot analysis of CD63 and tetraspanin 8 in exosome
preparations of both negative control siRNA-transfected MKN-45
cells (exosome-NC) and TSAPNS siRNA1-transfected MKN-45 cells
(exosome-siTSPANS-1). b Effect of tetraspanin 8-containing exo-
somes in TSPANS siRNA1-transfected MKN-45 cells on cell growth.
Cell growth was assessed by an MTT assay at 1, 2, 4, and 8 days after

of TSPANS siRNAl-transfected MKN-45 cells. We ana-
lyzed the effect of exosome preparations on cell growth in
TSPANS siRNA2-transfected MKN-45 cells by MTT as-
say, and similar results were obtained (data not shown).
These results suggest that tetraspanin 8-containing exo-
somes can promote GC cell growth.

We also analyzed the effect of exosome preparations on
invasiveness in TSPANS siRNAl-transfected MKN-45
cells by a modified Boyden chamber assay. The invasive-
ness of TSPANS siRNA 1-transfected MKN-45 cells treated
with exosome-siTSPANS-1 did not differ significantly from
that of TSPANS siRNAl-transfected MKN-45 cells
(Fig. 4c¢). In contrast, the invasiveness of TSPANS siRNA1-
transfected MKN-45 cells treated with exosome-NC was
significantly higher than that of TSPANS siRNAIl-trans-
fected MKN-45 cells. We analyzed the effect of exosome
preparations on the invasiveness in TSPANS siRNA2-
transfected MKN-45 cells by a modified Boyden chamber
assay, and similar results were obtained (data not shown).
These results suggest that tetraspanin 8-containing exo-
somes can promote GC cell invasion. However, because it
is usual to use two cell lines as materials to show that the
results are not specific to a cell line, but general, the effect
of tetraspanin 8-containing exosomes on the growth and
invasion of other GC cells should be examined in the near
future.

Discussion

To identify genes that encode transmembrane proteins
present in GC, especially in diffuse-type GC, we generated
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TSPANS siRNA1

seeding on 96-well plates. Bars and error bars, mean and SE of three
different experiments. ¢ Effect of tetraspanin 8-containing exosomes
in TSPANS siRNAl-transfected MKN-45 cells on cell invasion.
MKN-45 cells transfected with TSPANS siRNA1 were incubated in
Boyden chambers with exosome-NC or exosome-siTSPANS-1. After
1 and 2 days, invading cells were counted. Bars and error bars, mean
and SE of three different experiments. NS Not significant

a CAST library from diffuse-type GC cell line MKN-45.
We identified several genes that encode transmembrane
proteins present in GC. qRT-PCR revealed that expressions
of ATP6AP2, SERINC3, TSPANS, ATP11B, and SLC38A2
were much higher in GC than in 14 types of normal tissues.
Among these five genes, which showed high specificity for
GC, we focused on TSPANS, which encodes tetraspanin 8
protein. Tetraspanins are a family of proteins that cross the
membrane four times and are involved in numerous bio-
logical processes [9]. Although the overexpression of te-
traspanin 8 has been described in relation to several human
cancers [10-13], and it has been also reported that TSPANS
mRNA is upregulated in the GC tissues compared to the
normal gastric tissues by microarray analysis [14], the
significance of tetraspanin 8 protein in GC remains unclear.
Immunohistochemical analysis revealed that tetraspanin 8
protein was expressed in GC cells and that 72 (34 %) of
210 GC cases were positive for tetraspanin 8. Furthermore,
univariate and multivariate analyses demonstrated that te-
traspanin 8 protein expression is an independent prognostic
classifier of patients with GC. These results indicate that
immunohistochemical analysis of tetraspanin 8 is a
clinically useful method for the prediction of GC patient
survival.

In the present study, tetraspanin 8 protein expression
was shown to be an independent prognostic classifier for
patients with GC. In addition, TSPANS knockdown cells
were less invasive than negative control siRNA-transfected
cells. TSPANS siRNA-transfected MKN-45 cells treated
with exosome-NC were significantly more invasive than
TSPANS siRNA-transfected MKN-45 cells treated with
exosome-siTSPANS. Furthermore, the microvessel density
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of tetraspanin 8-positive GC was significantly higher than
that of tetraspanin 8-negative GC. These results indicate
that tetraspanin 8 was involved in tumor progression rather
than GC pathogenesis. Given that tetraspanin 8 is fre-
quently overexpressed in GC and that it is narrowly re-
stricted in normal tissues, it could be a good therapeutic
target with fewer adverse effects for GC.

In addition to GC cells, tetraspanin 8 expression was ob-
served in the capillary endothelial cells of GC tissue. It has
previously been reported that capillary endothelial cells ex-
press tetraspanin 8 [26]. Interestingly, tetraspanin 8 expres-
sion was not observed in capillary endothelial cells in non-
neoplastic gastric mucosa. The vascular anatomy of tumors is
typically distinct from that of normal tissues and, using te-
traspanin 8 conjugated to anti-tumor drugs, it may be possible
to selectively target anti-tumor drugs to GC. E-cadherin,
claudin, EPCAM, a6p4 integrin, CD44v, and EWI are sug-
gested as key associated transmembrane proteins for
TSPANS, and antibodies against them may block tumor an-
giogenesis in treating patients with TSPANS-positive tumors
[27]. Actually, Ailane et al. [28] reported that in a nude mouse
model, a monoclonal antibody against 7SPANS inhibited the
growth of tumors expressing TSPANS up to 70 % in vivo,
while it did not affect the cell growth in vitro.

TSAPNS siRNA-transfected MKN-45 cells showed sig-
nificantly reduced cell growth in comparison to negative
control siRNA-transfected MKN-45 cells. Although the
underlying mechanisms remain unclear, it has been re-
ported that tetraspanin 8 is associated with increased re-
sistance to apoptosis [29]. The ability of tumor cell
populations to expand in number is determined not only by
the rate of cell proliferation, but also by the rate of cell
attrition. Apoptosis represents a major source of this at-
trition. Because resistance to apoptosis contributes to
chemotherapy resistance, the expression of tetraspanin 8
could be associated with chemotherapy efficiency. The
association between tetraspanin 8 expression and che-
motherapy resistance should be examined. Because
TSPANS knockdown by siRNA may affect expression of
other genes, overexpression of TSPANS should be per-
formed in the near future.

In conclusion, our present study yielded a list of genes
that encode transmembrane proteins present in GC. We
found that tetraspanin 8 is expressed in GC cell membrane
and that tetraspanin 8 expression is associated with poor
survival. The purpose of this study is to identify genes that
encode the transmembrane protein present in diffuse-type
GC. Although tetraspanin 8 is equally expressed by both
intestinal- and diffuse-type GC, tetraspanin 8-positive GC
cases were observed in 34 % of diffuse-type GC. Because
in diffuse-type GC only 3.4 % of cases are positive for
HER?2 [30], tetraspanin 8 could be a good therapeutic target
for diffuse-type GC rather than HER?2.
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