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Background: Crosstalk between cancer cells and fibroblasts is crucial for tumour progression. It has been reported that exosomes
derived from cancer cells play an important role in the intracellular communications involved in the development of carcinoma.
However, the role of exosomes from fibroblasts remains unclear. This study aimed to clarify the effect of exosomes from
fibroblasts on the motility of gastric cancer cells.

Methods: 5 gastric cancer cell lines were used: OCUM-12, NUGC-3, MKN45, FU97 and MKN74. 2 cancer-associated fibroblasts
(CAFs) were used. CD9 expression of exosomes from fibroblasts was examined by western blot. The effect of exosomes on the
motility of cancer cells was analysed by migration assays. MMP2 was examined by RT-PCR or gelatin zymography. Then, CD9 and
MMP2 expressions of 619 gastric cancers were analysed by immunohistochemistry.

Results: Exosomes from CAFs were taken into scirrhous-type gastric cancer cells, namely OCUM-12 cells and NUGC-3 cells, but
not into other types of gastric cancer cells. Exosomes from CAFs were positive for CD9. Exosomes from CAFs significantly
stimulated the migration and invasion of OCUM-12 and NUGC-3 cells, which was inhibited by anti-CD9 antibody or CD9-siRNA.
MMP2 expression of OCUM-12 and NUGC-3 cells was significantly decreased by CD9-siRNA. 116 CD9-positive cases were
significantly correlated with scirrhous-type gastric cancer, lymph node metastasis and venous invasion. The
5-year survival rate of patients with CD9-positive tumours was significantly lower (Po0.001) than in those with CD9-negative
tumours.

Conclusions: CD9-positive exosomes from CAFs might stimulate the migration ability of scirrhous-type gastric cancer cells.

Scirrhous-type gastric carcinoma, or Borrman type 4 gastric
cancer, also known as linitis plastica carcinoma, is characterised by
rapid cancer cell infiltration with abundant stromal cells. This type
of gastric cancer shows an extremely poor prognosis, as compared
with other types of gastric carcinoma (Japanese Gastric Cancer A,
1998; Otsuji et al, 2004; Tahara, 2004; Ikeguchi et al, 2009; Yashiro
and Hirakawa, 2010). Of various stromal cells, fibroblasts
constitute a major component in the tumour microenvironment
of scirrhous-type gastric cancer (Otsuji et al, 2004; Semba et al,
2009).

It has been well recognised that crosstalk between cancer cells
and stromal cells is crucial for tumour progression (Fuyuhiro et al,
2012; Hasegawa et al, 2014; Kasashima et al, 2014). Exosomes are
small membrane vesicles containing functional biomolecules that
can be horizontally transferred to recipient cells (Valadi et al,
2007). It has been reported that the exosomes play complex roles in
intracellular communications (Yuana et al, 2013). Recent
researches have revealed that the exosomes from cancer cells
might be associated with the development of the tumour
microenvironment such as metastatic niche formation and
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angiogenesis (Hoshino et al, 2015; Ji et al, 2015; Fujita et al, 2016).
On the other hand, the role of exosomes from stromal cells in
relation to cancer cells remains unclear. Fibroblasts surrounding
cancer cells were reported to be cancer-associated fibroblasts
(CAFs) and to have distinct features from normal fibroblasts (NFs)
(Fuyuhiro et al, 2012; Kinoshita et al, 2015; Satoyoshi et al, 2015).
We previously reported that CAFs stimulate the progression of
scirrhous gastric cancer cells (Fuyuhiro et al, 2012). While
exosomes from CAFs might influence the biologic behavior of
gastric cancer cells, the effect of exosomes from CAFs on the
motility of cancer cells remains unclear. It has been reported that
CD9, one of surface markers of exosomes, might be associated with
cancer migration and invasion (Hong et al, 2005; Zöller, 2009).
However, the role of CD9-positive exosomes from CAFs has not
yet been investigated. In this study, we examined the role of CD9-
positive exosomes from CAFs in the invasion and migration ability
of gastric cancer cells.

MATERIALS AND METHODS

Cell culture and cell lines. Five gastric cancer cell lines, NUGC-3
(JCRB Cell Bank, Osaka, Japan), OCUM-12(Kato et al, 2010),
MKN45 (JCRB Cell Bank), FU97 (American Type Culture
Collection, Rockville, MD, USA) and MKN74 (JCRB Cell Bank),
and four fibroblast cell lines, CaF64, CaF65, NF64 and NF65, were
used. NUGC-3 and OCUM-12 were derived from scirrhous-type
gastric cancer, MKN45 and FU97 were from poorly differentiated-
type gastric cancer, and MKN74 were from intestinal-type gastric
cancer. Two CAFs of CaF64 and CaF65, were established from the
tumoural tissue of gastric cancer. 2 NFs of NF64 and NF65, were
established from non-tumoural gastric tissue. CaF64 and NaF64
were from 67-year-old man with gastric cancer, and CaF65 and
NF65 were from 68-year-old man with gastric cancer. The primary
culture was initiated as previously reported (Kinoshita et al, 2015).
Briefly, the gastric tumour specimen was excised under aseptic
conditions, and minced with forceps and scissors. The culture
medium consisted of concentrations with Dulbecco’s modified
Eagle medium (DMEM; Wako, Osaka, Japan) with the addition of
10% foetal bovine serum (FBS; Nichirei Biosciences Inc., Tokyo,
Japan), 100 IU ml� 1 penicillin (Wako), 100 mg ml� 1 streptomycin
(Wako), and 0.5 mM sodium pyruvate (Wako). Cells were cultured
in 21%O2 at 37 1C. Fibroblasts were used from 3rd passage to 12th
passage in culture, mainly at 5th passage.

Isolation of exosome from fibroblasts. Exosomes were obtained
from supernatant of cells as previously described with some
modifications (Yoshioka et al, 2014; Hoshino et al, 2015). In brief,
after cells were grown semi-confluent in DMEM containing 10%
FCS, cells were washed with PBS and incubated for an additional 2
days in 5 ml of serum-free DMEM. The supernatant was collected,
and centrifuged by 300 g for 5 min to discard any floating cells.
After that, the media was collected and centrifuged at 2000 g for
10 min to discard cellular debris. Then, the media was filtered
using a 0.8mm pore filter (Millipore, Billerica, MA, USA). The
collected media was then ultracentrifuged at 100 000 g for 1.5 h at
4 1C. The exosomes pellet was washed with 35 ml PBS, followed by
a second step of ultracentrifugation at 100 000 g for 1.5 h at 4 1C.
The supernatant was discarded and stored � 80 1C. The amount
and number of exosomes from 10 mg protein was quantified by
Nanosight Nanoparticle Tracking Analysis (QuantumDesign,
Tokyo, Japan).

Western blot of exosomes. Exosomes (1mg protein) were
subjected to 10% SDS–PAGE and the separated proteins were
transferred onto polyvinylidene difluoride membrane using Trans-
Blo Turbo Transfer System (BIO-RAD, Hercules, CA, USA)
according to the manufacture’s instruction. Then, the membrane

was placed in PBS-T solution containing each primary antibody:
anti-CD9 (1 : 1000; Life technologies, Carlsbad, CA, USA), anti-
CD63 (1 : 1000; Life technologies), and anti-CD81 (1 : 1000; Life
technologies). The blots were incubated with secondary antibody
(anti-mouse HRP- conjugated antibody, 1 : 300; Cell Signaling).
The bands were detected using an enhanced chemiluminescence
using ECL prime (GE health care, little Chalfont, UK). Western
blots were analysed using the Luminescent image analyzer LAS
4000-plus (Fuji, Tokyo, Japan).

Western blot of proteins from cell lines. OCUM-12, and NUGC-
3 cells were rinsed with PBS, and incubated in DMEM with or
without interfereing CD9 (CD9 siRNA). After transfection of CD9
siRNA, cell extracts (20 mg protein) were used for western blot
analysis. The following primary antibodies were used: b-actin
(1:300; Sigma-Aldrich, St Louis, MO, USA), anti-CD9 (1 : 1000;
Life Technologies), and MMP2 (ab86607, 1 : 300; Abcam, Cam-
bridge, UK).

Labelling of exosomes and fluorescence microscopy. For in vitro
uptake assays, purified exosomes were fluorescently labelled using
PKH26 (red) membrane dye (Sigma-Aldrich). We used 4 mM of
PKH26 and the same volume of 10 mg/ml exosomes. PKH26-
labelling exosomes (1 mg/ml) were added to gastric cancer cells, and
incubated with 2% FBS at 37 1C for 24 h. After washing off excess
exosomes, cancer cells were further incubated with DAPI (Wako;
1 : 1000) for 30 min at room temperature, and were viewed under a
fluorescence microscope Leica TCS-SP5 (Leica, Wetzler, Ger-
many). Excitation wave length used for DAPI and PKH26 were
405 nm, and 543 nm, respectively.

Wound healing assay. Gastric cancer cells were cultured in 96-
well plates (Essen ImageLock, Essen In- struments, Birmingham,
UK). After the cells reached semi-confluence, a wound was created
in the cell monolayer with the 96-well Wound Maker (Essen
Bioscience, Ann Arbor, MI, USA). Cancer cells were cultured in
DMEM with 2% FBS in the presence of exosome (1 mg/ml) from
CAFs or PBS as control. Scratched fields were taken pictured every
3 h and were monitored with Incucyte Live-Cell Imaging System
and software (Essen Instruments). The degree of cell migrations
was analysed as a percentage of wound confluence. The mean of
eight fields was calculated as the sample value.

Invasion assay. The in vitro invasiveness was measured by two-
chamber matrigel invasion assay, as previously reported
(Kasashima et al, 2014). We used the chemotaxicell chambers
(Millipore, Billerica, MA, USA) with a 12 mm pore membrane filter
coated with 50 mg of matrigel (upper chamber) in a 24-well culture
plate (lower chamber). Gastric cancer cells (2� 103 cells/200 ml/
chamber) were seeded in upper chamber, and 20 ml exosome from
fibroblasts (a final concentration: 1mg/ml exosomes with 2% FBS)
were added to the upper chamber. After incubation for 72 h, cancer
cells that invaded through a filter to the lower surface of the
membrane were stained by the Diff- Quik (Sysmex, Kobe, Japan),
and were manually counted under a microscope at � 200
magnification. Six randomly chosen fields were counted for each
assay. The mean of six fields was calculated as the sample value.

Patients. A total of 619 patients who had undergone a resection of
the primary gastric cancer were enrolled in this study. The
pathologic diagnoses and classifications were made according to
the UICC TNM classification of malignant tumours 7th edition
(2009). The study protocol conformed to the ethical guidelines of
the Declaration of Helsinki. This study was approved by the Osaka
City University ethics committee. Written informed consent was
obtained from all patients.

Inhibition of CD9. Small interfereing CD9 (CD9 siRNA) and
anti-CD9 neutralising antibody were used. CD9 siRNA (Ambion,
Carlsbad, CA, USA) and nontargeting siRNA (negative-siRNA;
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Ambion) were used. The transfection mixture was prepared by
adding 150 ml of Opti-MEM including 9ml of Lipofectamine RNA
iMAX Reagent (Life technologies) to 150 ml of Opti- MEM
including 90 pmol of siRNA and incubating for 5 min. The
transfection mixture or anti-CD9 neutralising antibody was added
to OCUM-12 cells, NUGC-3 cells, and CaF64 fibroblasts in six-
well dish containing 1.7 ml of DMEM with 2% FBS. RT–PCR were
performed 48 h after transfection. The exosomes from CD9 siRNA
transfected CaF64 cells were collected, and then the exosomes were
used for wound healing assays and invasion assays. Also, we
examined the effect of the inhibition of CD9 adhesion molecule on
the uptake of exosomes in cancer cells using anti-CD9 neutralising
antibody (1 mg ml� 1).

Quantitative real-time reverse transcription–PCR. Reverse
transcription–PCR (RT-PCR) was performed using ABI Prism
7000 (Applied Biosystems, Foster City, CA, USA). The primer and
probe sequences were follows. The primer and probe sequences
used in this assay were Taqman Gene expression Assay, Assay ID
Hs01548727 for matrix metalloproteinase-2 (MMP-2) expression.
As an internal control, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (accession number: NM- 002046, NM-001256799,
P 50-CCCCTGCAAATGAGCCCCAGCCTTC-30 Forward 50-CCA
TCTTCCAGGAGCGAGATC-30 Reverse 50-GGCAGAGATGAT-
GACCCTTTTG-30) were used. RT–PCR was performed at 95 1C
for 15 s and 60 1C for 60 s for 40 cycles using the ABI Prism 7000.
The mRNA level of each gene was normalised by the internal
control GAPDH.

Gelatin zymography. OCUM-12 cells and NUGC3 cells were
prepared at 50–60% confluence in 96-well dishes. After the
treatment of exosomes derived from CaF64 and/or CD9 antibody,
these cells were incubated during 48 h. Then, the supernatant was
used for the following gelatin zymography (Cosmo-bio, Tokyo,
Japan). LAS-3000 imaging system was used for measuring the
density of the band (Fuji, Tokyo, Japan).

Immunohistochemical determination of CD9 and MMP2.
Immunohistochemical staining was analysed using 619
gastric cancers. Sides were deparaffinised and then heated for
10 min at 105 1C in an autoclave in Target Retrieval Solution
(Dako, Carpinteria, CA, USA). After blocking endogenous
peroxidase activity, the specimens were incubated with CD9
antibody (1:200; Life Technologies) and MMP2 (ab86607, 1 : 300;
Abcam, Cambridge, UK) for 1 h at room temperature, and were
incubated with biotinylated goat anti-rabbit IgG for 10 min. The
slides were treated with streptavidin-peroxidase reagent, fol-
lowed by counterstaining with Mayer’s haematoxylin. CD9
expression was evaluated at the invading tumour front. CD9
expression was evaluated by intensity of staining and
percentage of stained cancer cells and stromal cells, respectively:
intensity was given scores 0–3 (0¼ no, 1¼weak, 2¼moderate,
3¼ intense), and the percentage of immunopositive cells
was given scores 0–3 (0¼ 0%, 1¼ 10%, 2¼ 20–30%, 3¼ 40–
100%). The two scores were multiplied to obtain the final
result of 0–9. Expressions were considered positive in tumour
cells when scores were three or more and negative when scores
were 0–2. Evaluation was made by two double-blinded
independent observers who were unaware of clinical data and
outcome.

Statistical analysis. Associations between CD9 expression and
clinicopathological findings were analysed using the w2-test.
Overall survival (OS) was defined as the time from surgery to
death from any cause. OS curves were estimated by the Kaplan–
Meier method and compared using the log-rank test. Multivariate
analysis was performed using cox proportional hazard model. As
for wound healing assay, invasion assay and RT–PCR, t-test was
used to determine the significance of differences between groups.
All statistical analyses were performed using the JMP statistical
software (version 8.0; SAS Institute, Cary, NC, USA). Two-sided
probability (P) value ofo0.05 was considered to be statistically
significant.

CaF64 exosome

NF64 exosome

CaF65 exosome

NF65 exosome

NUGC-3
Exosome/DAPI

OCUM-12 MKN74 MKN45 FU97

Figure 1. Uptake of exosomes from fibroblasts into gastric cancer cells. Exosomes were dyed with PKH26 (red), and the nuclei of cancer cells
were dyed with DAPI. PKH26-labelled exosomes derived from CaF64 were distinctly observed in the membrane and cytoplasm of NUGC-3 cells
and OCUM-12 cells, but were scarcely found in that of MKN45, FU97 and MKN74 cells. Exosomes derived from NF64 were not found in any
cancer cell lines. PKH26-labelled exosomes from CaF65 were also observed in NUGC-3 cells and OCUM-12 cells, but exosomes from NF65 were
scarcely found. A full colour version of this figure is available at the British Journal of Cancer journal online.
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Figure 2. Effect of exosomes from fibroblasts on the migration of gastric cancer cells. (A) The number of 1 ng of exosomes (100ml of 10 ng ml� 1) was
counted by Nanosight Nanoparticle Tracking Analysis (Quantum Design, Tokyo, Japan). Black line is the mean value, and the red area is SD (n¼ 5). The
particle size of exosomes was mainly distributed at 100–200 nm, and the total number of exosomes was not significantly different between CAF and
NAF. The distribution pattern of exosomes size and number was not different between CAF and NAF in a same patient. (B) The western blot analysis
showed the expressions of CD9, CD63, and CD81 in exosomes from fibroblasts. CD9 was expressed in exosomes from CaF64 and CaF65. CD63 was
not expressed on any exosomes. CD81 was expressed on exosomes from NF65. (C) The effect of anti-CD9 antibody to uptake of exosomes. The uptake
of exosomes was abrogated by CD9 blocking antibody both in OCUM-12 cells and NUGC3 cells. (D) Representative images of wound-healing assay.
Pictures shows the initial wound mask at 0 h (grey) and the wound mask at 24 h (orange). The number of cancer cells migrating across the wound was
increased by the addition of exosomes derived from CaF64 compared with that in the control. CD9 siRNA or CD9 neutralisation antibody decreased the
migration-stimulating activity of exosomes from CaF64. (E) Effect of CD9-positive exosomes on the migration of cancer cells. The presence of
CD9-positive exosomes in the cell culture significantly increased migration of NUGC-3 cells and OCUM-12 cells. The decrease rate of migration by
CD9-siRNA was evident in NUGC-3 cells. In contrast, the decrease rate of migration by the treatment of anti-CD9 antibody was evident in OCUM-12
cells. CD9 siRNA or CD9 neutralisation antibody significantly decreased the migration-stimulating activity of exosomes from CaF64. Relative wound
confluence (%) was calculated as 100�wound closure area at each time (orange)/wound area at time 0 (grey). Data are presented as means±s.d. (F) the
effect of exosomes from siCD9 transfected CaF. Exosomes from siCD9 transfected CaF could not increase the migration activity of NUGC-3 cells and
OCUM-12 cells. A full colour version of this figure is available at the British Journal of Cancer journal online.
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Figure 3. Effect of exosomes from fibroblasts on the invasion of gastric cancer cells. (A) Representative images of invading NUGC-3 cells and
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exosomes derived from CaF64 cells, compared with the control. CD9 siRNA or CD9 neutralisation antibody decreased the invasion-stimulating
activity of exosomes from CaF64. (B) Exosomes from CaF64 cells significantly stimulated the invasive behavior of OCUM-12 and NUGC-3 cells.
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this figure is available at the British Journal of Cancer journal online.
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RESULTS

Uptake of exosomes from fibroblasts into gastric cancer
cells.. PKH26-labelled exosomes derived from CaF64 and CaF65
were distinctly observed in the cell membrane and cytoplasm of
two scirrhous-type gastric cancer cell lines, NUGC-3 cells and
OCUM-12 cells, but not in other type of gastric cancer cells.
Meanwhile, exosomes derived from NF64 and NF65 were scarcely
found in these two scirrhous-type gastric cancer cells. (Figure 1).

The size distribution and CD9, CD63, and CD81 expressions of
exosomes from fibroblasts. The size distribution of exosomes
(10 mg) from fibroblasts was shown in Figure 2A. The total number
of exosomes from the same patient was not significantly different
between CAF and NF. In contrast, exosomes from CaF64 and
CaF65 were positive for CD9, while exosomes from NF64 and
NF65 were negative for CD9. CD81 was expressed on NF65. CD63
was not found on any fibroblasts (Figure 2B). The anti-CD9
neutralising antibody abrogates the uptake of exosomes from
CaF64 into both NUGC-3 cells and OCUM-12 cells (Figure 2C).

Effect of exosomes from fibroblasts on the migration and
invasion abilities of gastric cancer cells. Figure 2D shows a
representative phase-contrast image of scirrhous-type gastric
cancer cells, NUGC-3 and OCUM-12, by wound-healing assay.
The number of migrating NUGC-3 cells and OCUM-12 cells was

significantly increased by the addition of exosomes derived from
CaF64 (P¼ 0.0006 and P¼ 0.011, respectively). This migration-
stimulating activity of exosomes from CaF64 was significantly
decreased by treatment with CD9 siRNA (P¼ 0.0002 and
P¼ 0.007, respectively; Figure 2E). Exosomes from CD9 siRNA
transfected CaF64 did not stimulate the migration ability of
NUGC-3 cells and OCUM-12 cells (Figure 2F). Figure 3A is a
representative phase-contrast image of NUGC-3 cells and OCUM-
12 cells that passed through the membrane filter. The number of
invading NUGC-3 cells and OCUM-12 cells was significantly
increased by the treatment with CD9-positive exosomes derived
from CaF64. However, this migration-stimulating activity of
exosomes was significantly decreased after CD9-siRNA treatment
and CD9 neutralisation (Figure 3B). Exosomes from CD9 siRNA
transfected CaF64 did not stimulate the invasive ability of NUGC-3
cells and OCUM-12 cells (Figure 3C).

MMP2 mRNA expression and MMP2 activity. MMP2 activity, as
determined by gelatin zymography, is shown in Figure 4A. After
treatment of exosomes from CaF64, the MMP2 enzyme activity
was increased in both NUGC-3 cells and OCUM-12 cells.
Neutralisation by CD9 antibody significantly reduced the enzyme
activity of MMP2 in NUGC-3 and OCUM-12 cells (Figure 4B).
The level of MMP2 mRNA was significantly increased following
the addition of exosomes from CaF64 in NUGC-3 cells, and was
significantly decreased by anti-CD9 antibody (Figure 4C). CD9
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and MMP2 expression were decreased by treatment with CD9-
siRNA in both OCUM-12 cells and NUGC-3 cells (Figure 4D). The
MMP2 level was significantly decreased by treatment with CD9-
siRNA in both OCUM-12 cells and NUGC-3 cells (Figure 4E).

Relationship between CD9 expression and clinicopathological
factors in gastric cancer. CD9 expression was mainly observed on
the cell membranes of cancer cells and in the cytoplasm of stromal
cells. MMP2 expression was mainly observed on the cytoplasm of
cancer cells and in stromal cells. (Figure 5A). We evaluated the
CD9 expressions of cancer cells and stromal cells. The correlation
between CD9 expression and clinicopathological factors is shown
in Table 1. The CD9 expression in stromal cells was significantly
correlated with CD9 expression on cancer cells (Po0.0001).
Cancer cells in 116 of 619 cases were positive for CD9. Cancer-cell
CD9 positivity was significantly correlated with sex (female),
scirrhous type (Type 4), tumour depth (T3-4), lymph node
metastasis, lymphatic invasion and MMP2 expression. Stromal
cells in 132 of 619 cases were positive for CD9. Stromal-cell CD9
positivity was significantly correlated with scirrhous type (Type 4),
tumour depth (T3-4), lymph node metastasis and MMP2
expression. CD9 expression in cancer cells was significantly
correlated with CD9 in stromal cells (Po0.0001). Cases with
CD9 positivity in both tumour and stromal cells were significantly
correlated with sex (female), scirrhous type (Type 4), tumour depth

(T3-4), lymph node metastasis, lymphatic invasion and MMP2
expression. Correlations between MMP2 expression of cancer cells
and clinicopathological factors are shown in Table 2. MMP2
expression was significantly associated with tumour depth (T3-4),
lymph node metastasis, lymphatic invasion and venous invasion.

Survival. The OS curves of patients by CD9 expression by the
Kaplan–Meier method are shown in Figure 5B–D. The 5-year OS
rates of patients with and without CD9 expression on cancer cells
were 45.4% and 71.8%, respectively. Patients with CD9-positive
expression on cancer cells showed significantly worse OS than
patients without CD9 expression (log–rank; Po0.0001). According
to the analysis for each stage, the OS rates of stage I and stage III
patients with CD9 expression on cancer cells were significantly
worse than those with CD9-negative expression (P¼ 0.0043 and
P¼ 0.031, respectively; Figure 5B). Patients with CD9-positive
expression in stromal cells showed significantly worse OS than
patients with CD9-negative expression (P¼ 0.0001). According to
the analysis for each stage, the OS rate of stage I patients with CD9
expression on stromal cells was significantly worse than that with
CD9-negative expression (P¼ 0.0023; Figure 5C). Patients with
CD9 positivity in both cancer and stromal cells had significantly
worse prognosis than the patients with CD9 negative in either of
cancer or stromal cells (Po0.0001). The analysis for each stage
revealed that stage I patients with dual expression showed a

Table 1. Correlation between CD9 expression and clinicopathologic factors in 619 patients with gastric cancer

CD9 expression on
tumour cells

CD9 expression
in stromal cells

CD9 expression in tumour
and stromal cells

Clinicopathological
factors

Negative
(n¼503)

Positive
(n¼116)

P value
Negative
(n¼487)

Positive
(n¼132)

P value
Either

negative
(n¼512)

Both positive
(n¼107)

P value

Age, years
o65 222 (81.6%) 50 (18.4%) 216 (79.4%) 56 (20.6%) 224 (82.3%) 48 (17.7%)
X65 281 (81.0%) 66 (19.0%) 0.84 271 (55.7%) 76 (44.3%) 0.69 288 (83.0%) 59 (17.0%) 0.83

Sex
Female 239 (86.9%) 36 (13.1%) 234 (85.9%) 41 (14.9%) 243 (88.4%) 32 (11.6%)
Male 264 (76.7%) 80 (23.3%) 0.0011 253 (73.6%) 91 (26.4%) 0.0004 269 (78.2%) 75 (21.8%) 0.0007

Macroscopic type
0–3 447 (83.5%) 88 (16.5%) 435 (81.3%) 100 (18.7%) 456 (85.2%) 79 (14.8%)
4 (scirrhous-type) 56 (66.7%) 28 (33.3%) 0.0005 52 (61.9%) 32 (38.1%) 0.0001 56 (66.7%) 28 (33.3%) 0.0001

Histologic type
Differentiated 230 (79.3%) 60 (20.7%) 220 (75.9%) 70 (24.1%) 236 (81.4%) 54 (18.6%)
Undifferentiated 273 (83.0%) 56 (17.0%) 0.24 267 (81.2%) 62 (19.8%) 0.11 276 (83.9%) 53 (16.1%) 0.41

Tumour depth
T1–2 304 (87.6%) 43 (12.4%) 291 (83.9%) 56 (16.1%) 306 (88.2%) 41 (11.8%)
T3–4 199 (73.2%) 73 (26.8%) o0.0001 196 (72.1%) 76 (27.9%) 0.0004 206 (75.7%) 66 (24.3%) o0.0001

Lymph node metastasis
Negative 291 (86.1%) 47 (13.9%) 278 (82.0%) 61 (18.0%) 295 (87.0%) 44 (13.0%)
Positive 210 (75.5%) 68 (24.5%) 0.0008 207 (74.5%) 71 (25.5%) 0.023 215 (77.3%) 63 (22.7%) 0.0016

Lymphatic invasion
Negative 235 (87.7%) 33 (12.3%) 223 (83.2%) 45 (16.8%) 237 (88.4%) 31 (11.6%)
Positive 268 (76.6%) 82 (23.4%) 0.0003 264 (75.4%) 86 (24.6%) 0.018 275 (78.6%) 75 (21.4%) 0.001

Venous invasion
Negative 420 (82.2%) 91 (17.8%) 403 (78.9%) 108 (21.4%) 426 (83.4%) 85 (16.6%)
Positive 83 (76.9%) 25 (23.1%) 0.21 84 (77.8%) 24 (22.2%) 0.8 86 (79.6%) 22 (20.4%) 0.35

MMP2 expression
Negative 39 (95.1%) 2 (4.9%) 41 (91.1%) 4 (8.9%) 42 (93.3%) 3 (6.7%)
Positive 439 (80.9%) 104 (19.1%) 0.012 420 (78.2%) 117 (21.8%) 0.025 443 (82.5%) 94 (17.5%) 0.038

CD9 expression in
stromal cells

Negative 478 (98.2%) 9 (1.8%)
Positive 25 (18.9%) 107 (81.1%) o0.0001

Values in parentheses are percentages unless indicated otherwise
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significantly worse OS than those with negative expression in one
or both cell types (P¼ 0.0021; Figure 5D). Univariate and
multivariate analyses using the proportional hazard model are
shown in Table 3. Univariate analysis revealed that the overall
survival of patients significantly correlated with CD9 expression
on cancer cells, CD9 expression in stromal cells, both expressions,
age, macroscopic type-4 cancer, undifferentiated-type cancer,
tumour depth (T3–4), lymph node metastasis, distant metastasis,
venous invasion and infiltration. Multivariable logistic regression
analysis revealed that CD9 expression on cancer cells, age,
macroscopic type-4 cancer, undifferentiated-type cancer, tumour
depth (T3–4), lymph node metastasis, distant metastasis, venous
invasion and infiltration, were independent predictive parameters
for patient OS.

DISCUSSION

Scirrhous-type gastric cancer cells are surrounded by abundant
CAFs. In this study, scirrhous-type gastric cancer cells took up
exosomes from CAFs, but other types of gastric cancer cells did
not. Scirrhous gastric carcinoma differs from other types of gastric
carcinoma in its pathogenesis and biological behaviour (Japanese
Gastric Cancer A, 1998; Otsuji et al, 2004; Tahara, 2004; Ikeguchi
et al, 2009; Yashiro and Hirakawa, 2010), and has especially high
invasive and metastasising potential compared with intestinal-type
cancer (Zheng et al, 2007; Yamashita et al, 2009; Qiu et al, 2013;
Chen et al, 2016). In this study, exosomes from CAFs were shown
to significantly increase the migration and invasion abilities of
scirrhous-type gastric cancer cells. These findings suggested that
exosomes from CAFs might promote the malignant behaviours of
scirrhous gastric carcinoma. Exosomes from CAFs were positive

for CD9, but not for CD63 and CD81. CD9 inhibitor significantly
decreased the motility-stimulating activity of CAFs exosomes.
These findings suggest that CD9-positive exosomes from sur-
rounding abundant CAFs are associated with the malignant
phenotype of scirrhous gastric cancer.

Since both cancer cells and stromal cells expressed CD9 by
immunohistochemistry, we analysed the relationship between
clinicopathological factors and CD9 expression on cancer cells,
in stromal cells and in both. CD9 expression was mainly observed
on the cell membrane of cancer cells and in the cytoplasm of
stromal cells. The immunohistochemical study indicated that CD9
expression on cancer cells and/or in stromal cells was positively
associated with scirrhous gastric carcinoma, tumour depth, lymph
node metastasis, lymphatic invasion and venous invasion. CD9
exosomes might be associated with the migration activity of
scirrhous gastric cancer cells. The prognosis of patients with CD9
positivity in cancer and/or stromal cells was significantly worse
than that of patients with dual CD9-negative expression. This was
especially true of patients at stage I, in whom CD9 positivity was
associated with significantly worse OS than that of CD9 negativity.
CD9 exosomes might play an important role in the early
progression of gastric cancer. Lymphatic invasion and venous
invasion are important factors for distant metastasis in patients
with gastric cancer at stage I (Abe et al, 1995; Lee et al, 2012). Since
CD9 expression is closely associated with the invasion activity of
gastric cancer in our study, CD9 expression might be associated
with poor survival for patients with gastric cancer at stage I. CD9
expression in stromal cells was significantly correlated with CD9
expression on cancer cells, suggesting that most CD9 exosomes on
cancer cells might be derived from surrounding stromal cells.

Cancer-cell CD9-positive patients had significantly worse OS
than patients without CD9 expression. CD9 inhibition significantly

Table 2. Correlation between MMP2 expression and clinicathological factors in 592 patients with gastric cancer

MMP2 in tumour cells
MMP2 and CD9 expression on

tumour cells

Clinicopathological
factors

Negative (n¼45) Positive (n¼535) P value
Either negative

(n¼488)
Both positive

(n¼104)
P value

Age, years
o65 23 (8.9%) 235 (91.1%) 217 (82.8%) 45 (17.2%)
X65 22 (6.8%) 302 (93.2%) 0.34 271 (82.1%) 59 (17.9%) 0.82

Sex
Female 22 (8.6%) 235 (91.4%) 230 (87.5%) 33 (12.5%)
Male 23 (7.1%) 302 (92.9%) 0.50 258 (78.4%) 71 (21.6%) 0.0037

Macroscopic type
0–3 44 (8.4%) 482 (91.6%) 449 (84.2%) 84 (15.8%)
4 (scirrhous-type) 1 (1.8%) 55 (98.2%) 0.039 39 (66.1%) 20 (33.9%) 0.0013

Histologic type
Differentiated 21 (7.4%) 262 (92.6%) 231 (80.2%) 57 (19.8%)
Undifferentiated 24 (8.0%) 275 (92.0%) 0.78 257 (84.5%) 47 (15.5%) 0.16

Tumour depth
T1 and T2 38 (11.3%) 298 (88.7%) 303 (88.9%) 38 (11.1%)
T3 and T4 7 (2.9%) 239 (97.1%) o0.0001 185 (73.7%) 66 (26.3%) o0.0001

Lymph node metastasis
Negative 33 (10.0%) 296 (90.0%) 288 (86.8%) 44 (13.2%)
Positive 12 (4.8%) 238 (95.2%) 0.017 198 (77.0%) 59 (23.0%) 0.0022

Lymphatic invasion
Negative 30 (11.5%) 231 (88.5%) 233 (88.6%) 30 (11.4%)
Positive 15 (4.7%) 305 (95.3%) 0.002 255 (77.7%) 73 (22.3%) 0.0004

Venous invasion
Negative 42 (8.8%) 438 (91.2%) 406 (83.4%) 81 (16.6%)
Positive 3 (2.9%) 99 (97.1%) 0.026 82 (78.1%) 23 (21.9%) 0.20

The role of CD9-positive exosomes BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2017.487 875

http://www.bjcancer.com


decreased the invasion activity of scirrhous gastric cancer cells. It
was previously reported that CD9 and CD147 double-positive
exosomes were useful markers for patients with colorectal cancer
(Yoshioka et al, 2014). Our study suggested that CD9 might also be
useful as a prognostic marker for patients with gastric cancer. In
addition, CD9 might be a promising therapeutic target in patients
with gastric cancer.

The MMP2 activity of cancer cells was significantly increased by
exosomes derived from CAFs, and was decreased by anti-CD9
antibody or si-CD9 RNA in this study. Previously, CD9 expression
in melanoma cells has been shown to be positively associated with
MMP-2 expression (Hong et al, 2005). Hong et al (2005) have
reported that CD9 induces MMP-2 expression by activating c-Jun
through p38 MAPK and JNK signalling pathways in human
melanoma cells. When the exosomes from CAF were added in
OCUM-12 and NUGC-3 cells, the MMP2 expression was
increased on both cancer cells, which might indicate that CD9 in
exosomes might up-regulate MMP2 in gastric cancer cells. We
compared the contribution between endogenous CD9 and
exosomal CD9 by the treatment of CD9-siRNA and anti-CD9
antibody. The decrease rate of migration and invasion ability by
CD9-siRNA was evident in NUGC-3 cells, while that of anti-CD9
antibody was evident in OCUM-12 cells. These findings suggested
that the migration and invasion ability of scirrhous-type of gastric
cancer cells might be regulated by both endogenous CD9 and
exosomal CD9, while the contribution rate of endogenous CD9
and exosomal CD9 was different between the cell lines.

CAFs exosomes were taken into scirrhous-type gastric cancer
cells, while NFs exosomes were not. The difference between CAFs
and NFs has been investigated previously. Some papers reported that
CAFs stimulated the aggressiveness of cancer cells by upregulating
TGFb and lysyl oxidase-like 2 (LOXL2) but NFs did not (Fuyuhiro
et al, 2012; Yeung et al, 2013; Kasashima et al, 2014). Exosomes
derived from CAF were positive for CD9 while those from NFs was
negative. In addition, the uptake of exosomes was abrogated by anti-
CD9 neutralising antibody in both OCUM-12 cells and NUGC3
cells. These findings suggest that scirrhous-type gastric cancer cells
have an affinity for CD9-positive exosomes from CAFs, as recipient
cells, which may increase the motility of cancer cells. It was reported
that CD9 is associated with b1 integrin adhesion receptors (Zöller,
2009; Wang et al, 2011), and We previously reported that b1
integrin was frequently expressed on the scirrhous-type gastric
cancer cells and was closely associated with peritoneal metastasis
(Nishimura et al, 1996; Matsuoka et al, 2000). These findings might
suggest that the high expression of b1-integrin on the scirrhous-type

gastric cancer cells might be one of the reasons for the selective
uptake of CD-9 expressing exosomes from CAF.

Luga and Wrana (2013), reported that breast fibroblasts secrete
exosomes that promote breast cancer cell (BCC) protrusive
activity, motility and metastasis by activating autocrine Wnt-PCP
signalling in BCCs, and suggested that this phenomenon was
related to CD81-positive exosomes from breast stromal cells. On
the other hand, our study showed that CD81 was not expressed in
exosomes from gastric CAFs. Exosome types might differ among
stromal cell types in a tumour microenvironment.

In conclusion, CD9-positive exosomes from CAFs might be
associated with the migration and invasive ability of scirrhous-type
gastric cancer cells through MMP2 activation.
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