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Abstract

Background The antitumor effects of antiplatelet agents
in gastric cancer cells are not well known. In this study, the
possibility of gastric cancer treatment with an antiplatelet
agent, mainly aspirin, was examined both in vivo and
in vitro.

Methods For in vivo experiments, tumor-bearing mice
were treated by an antiplatelet antibody or aspirin, and the
tumor growth was compared. For in vitro experiments,
human gastric cancer cell lines were used to confirm the
cancer cell growth and inhibition by reducing the platelet
count or using aspirin. We also examined several cytokines
by using an ELISA assay and conducted microRNA
microarray analysis of MKN-45 tumor cells to determine
the influence of platelets or aspirin.

Results In vivo experiments showed that tumor growth
was inhibited by halving the circulating platelet count by
using an antiplatelet antibody or peroral daily aspirin.
In vitro experiments showed that the proliferation rates of
gastric cancer cell lines were increased after coincubation
with platelets and that the effect was inhibited by aspirin.
Although the expression of interleukin-6, platelet-derived
growth factor, transforming growth factor-p, and pros-
taglandin E2 did not correlate with tumor growth inhibition
by aspirin, seven microRNAs showed altered expression in
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cancer cells in response to coincubation with platelets or
addition of aspirin. Cells transfected with mir-4670-5p
showed a significant increase in proliferation compared to
negative control cells.

Conclusions Our study showed that platelets increased
the proliferation of gastric cancer cells and that this
increase was inhibited by antiplatelet antibody or aspirin.
Mir-4670-5p may play an important role in these
responses.
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Introduction

Platelets have important functions in hemostasis, immu-
nity, and inflammation, and what is more, they play a key
role in cancer growth and metastasis [1]. Since the close
relation between platelet count and metastatic activities
was first reported in 1968 [2], much experimental evidence
has suggested that platelets mediate tumor cell growth,
dissemination, and angiogenesis [3]. It is now recognized
that tumor cell-induced platelet aggregation (TCIPA) is a
crucial mechanism underlying cancer growth and metas-
tasis [4]. Interaction with platelets protects tumor cells
from immune elimination and facilitates their survival in
blood [5].

Paraneoplastic thrombocytosis is observed in 10-57 %
of patients with cancer, and elevated platelet counts can
lead to cancer progression and metastasis [6, 7]. Sup-
pressing platelet activity may improve outcomes in patients
with cancer. Several recent studies have investigated
treatments with antiplatelet agents, particularly aspirin [3,
8], because aspirin caused a reduction of platelet activities
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[9]. A correlative study of randomized controlled trials
evaluating the cardiovascular benefits of aspirin reported
that aspirin also reduced the risk of distant metastasis after
cancer incidence [8]. This antitumor effect is considered to
be driven by the inhibition of cyclooxygenase-2 (COX-2),
which is overexpressed in cancer cells [10, 11], or by
platelet adhesion to tumor cells, the latter of which is
essential for preventing immune surveillance by natural
killer cells [12]. Stone et al. proposed that the paracrine
signal pathway mediates paraneoplastic thrombocytosis in
ovarian cancer [7]; interleukin-6 secreted from cancer cells
stimulates hepatic thrombopoietin production, which could
promote thrombocytosis. However, it is not known whether
reducing platelet counts is effective in tumor suppression
or which functions of aspirin have antitumor activity in
gastric cancer cells. In this study, the possibility of gastric
cancer treatment with an antiplatelet agent was examined
both in vivo and in vitro.

Materials and methods
Cell lines and cell culture

Human gastric cancer cell lines MKN45 (JCRB0254) and
NUGC3 (JCRBO0822) were obtained from the Japanese
Collection of Research Bioresources (Osaka, Japan), and
AGS (CRL1739) was obtained from the American Type
Culture Collection (Rockville, MD, USA). Cells were
cultured in RPMI 1640 (Life Technologies, Carlsbad, CA,
USA) medium supplemented with 10 % fetal bovine serum
(Sigma-Aldrich, St. Louis, MO, USA) and 1 % penicillin/
streptomycin (Life Technologies) and maintained under an
atmosphere of 5 % CO, at 37 °C.

In vivo experiments

Male BALB/c nude mice, 4 weeks old, were purchased
from CLEA Japan (Tokyo, Japan) and bred in the Animal
Laboratory Unit, Osaka University, Japan. A total of
3 x 10° MKN-45 cells in 50 pl PBS plus 50 pl Matrigel
(BD Biosciences, San Jose, CA, USA) were subcuta-
neously injected into the right flank of each mouse. The
mice were randomized into treatment and control groups.
For antiplatelet antibody (APA, antimouse glycoprotein
1bo, Emfret Analytics, Wurzburg, Germany) experiments,
mice were treated by tail vein injection with 100 pl APA
(0.5 pg/g of body weight) every 4 days or control 100 pl
IgG (Emfret Analytics). For aspirin (Sigma-Aldrich)
experiments, mice were treated orally with 100 pl aspirin
(20 mg/kg of body weight) daily or control 100 pl drinking
water; this aspirin dosage is equivalent to a daily human
dosage of about 80—110 mg/day [13]. Aspirin and drinking
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water were administered using an oral feeding needle. For
platelet counts, 30 pl blood was collected from the tail vein
prior to cell injection and 2 days after APA injection.
Platelet counts were measured using a VetScan HM2
Hematology Analyzer (Abaxis, Union City, CA, USA).
Tumor volume was calculated using the equation
V (mm®) = A x B?/2, where A is the largest diameter and
B the smallest diameter. All mice were killed on day 22.
The tumors were collected, weighed, and then fixed in
formalin and embedded in paraffin. All animal experiments
were performed in accordance with the currently pre-
scribed guidelines and using a protocol approved by Osaka
University.

Immunohistochemistry

The expression of Ki67 and CD31 in the tumors from
tumor-bearing mice, fixed as described above, was detected
with the DAKO-labeled streptavidin-biotin kit (DAKO,
Carpinteria, CA, USA). Slides were boiled in 10 mM
citrate buffer (pH 6.0) for 20 min for antigen retrieval and
incubated with Ki67 antibody (RM-9106-S, rabbit antihu-
man monoclonal IgG, diluted 1:200; Thermo Scientific,
Waltham, MA, USA) and CD31 antibody (DIA310, rat
antimouse monoclonal IgG, diluted 1:20; Dianova, Ham-
burg, Germany), respectively, followed by the Avidin/Bi-
otin Complex Kit (Vector Laboratories, Burlingame, CA,
USA). Tumor tissue was counterstained with hematoxylin
after immunostaining. Ki67 staining was recorded as the
ratio of positively stained cells to all tumor cells in ten
fields from each section at 200x magnification.
Microvessel density (MVD) was the average vessel count
in all tumor cells in ten fields from each section at 200x
magnification.

Platelet preparation

This study was approved by the institutional review board
at Osaka University Hospital. For in vitro experiments,
platelets were isolated from the venous blood of one
healthy volunteer. The platelet preparation method was
adapted from Ford et al. [14]. Five vol of OptiPrep ™ was
diluted with 22 vol of Solution B [0.85 % (w/v) NaCl,
20 mM Hepes-NaOH, pH 7.4, 1 mM EDTA] to produce a
1.063 g/ml density barrier. In a 15-ml centrifuge tube, 5 ml
of blood was layered over 5 ml of the 1.063 g/ml solution
and centrifuged at 350 g for 15 min at 20 °C in a swinging-
bucket rotor, and the rotor was allowed to decelerate
without braking. The platelet-containing band was har-
vested from the broad turbid band below the interface.
Isolated platelets were counted in a Vetscan HM2 Hema-
tology Analyzer (Abaxis) and suspended in RPMI 1640 for
concentration adjustment. Cytokines in the culture
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supernatant ~ were  measured by  enzyme-linked
immunosorbent assay (ELISA). Platelet-derived growth
factor (R&D Systems, Minneapolis, MN, USA), trans-
forming growth factor-f (R&D Systems, Minneapolis,
MN, USA), and prostaglandin E2 (ENZO Life Science,
Famingdale, NY, USA) were measured using an ELISA
kit, and interleukin-6 was measured by LSI Medience
Corp. (Tokyo, Japan).

CCK-8 assay

The proliferation rate of human gastric cancer cells was
determined by a CCK-8 assay (Dozindo Laboratories,
Kumamoto, Japan). The lysed platelets were seeded on
porous membranes (0.4 um, PET membrane, Life Tech-
nologies) and incubated with gastric cancer cells in a
coculture system without direct contact. After 3 days, the
membranous insert on which the platelets were seeded was
removed, and the CCK-8 solution (10 pl/100 pl of cell
suspension) was added to each well of the plate with the
cancer cells. The plate was incubated for 2 h, and the
absorbance was then measured at 450 nm using a micro-
plate reader (Bio-Rad Laboratories, Hercules, CA, USA).
Experiments were performed in six wells, and the average
was calculated as the value.

MicroRNA microarray

Total RNA was isolated from cells using TRIzol reagent
(Life Technologies) according to the protocol provided by
the manufacturer. MicroRNA (miRNA) expression profil-
ing was performed using the 3D-Gene Human miRNA
Oligo chip (Toray Industries, Chiba, Japan) with RNA
extracted from human MKN-45 gastric cancer cells that
were incubated under four different conditions for 3 days:
normal conditions, coincubated with platelets only, coin-
cubated with aspirin only, and coincubated with both pla-
telets and aspirin.

MicroRNA transfection

MKN-45 cells were transfected with pre-miR miRNA
precursor molecules at 30 nmol/l: hsa-miR-485-3p
(#PM10799, Applied Biosystems, Carlsbad, CA, USA),
hsa-miR-491-5p (#PM11479, Applied Biosystems), hsa-
miR-3200-3p (#PM17850, Applied Biosystems), hsa-miR-
4288 (#PM17022, Applied Biosystems), hsa-miR-4670-5p
(#PM22253, Applied Biosystems), hsa-miR-4725-5p
(#PM22436, Applied Biosystems), and hsa-miR-6887-5p
(#PM27272, Applied Biosystems). Transfection was per-
formed using SiPORT NeoFX (Ambion) in 96-well plates.
Pre-miR negative control (#PM17110, Applied Biosys-
tems) was also used.

Real-time RT-qPCR and TagMan miRNA assay

The TagMan miRNA assay (Applied Biosystems) was used
to measure miRNA levels. This assay detects only the
mature form of the specific miRNAs. First, 10 ng of RNA
was reverse transcribed, and the resulting cDNA was
amplified using the following specific TagMan microRNA
assays: hsa-miR-4670-5p, ID 464872; RNU6B, ID 001093.
The PCRs were performed with the 7500HT Sequence
Detection System (Applied Biosystems). Amplification
data were normalized to RNU6B expression. Quantitation
of relative expression was conducted using the 2744
method [15].

Statistical analysis

In vivo and in vitro analysis, data are expressed as
mean =+ standard deviation (SD) (n = 6, for each group).
Differences between groups were examined for statistical
significance by Student’s ¢ test. Two-sided P values were
calculated, and a value of P < 0.05 was considered to be
statistically significant. All statistical analyses were per-
formed using the SPSS Statistics software program, version
20 (IBM Corp., Armonk, USA).

Results
In vivo antitumor activity of antiplatelet antibody

In order to confirm that the platelets were affecting tumor
growth in vivo, we used an APA directed against mouse
glycoprotein 1bor to reduce platelets in mice bearing
gastric cancer tumor MKN-45. Platelet counts were
reduced up to 50 % at 2 days after injection with 100 pl
APA (0.5 ng/g of body weight) (Fig. S1A), and the
reduction was maintained by repeating the injection every
4 days (Fig. SIB). The tumors treated with APA grew
more slowly than those treated with control IgG (Fig. 1a).
On day 22, tumor weights were lower in tumors treated
with APA (Fig. 1b). The proliferation index and MVD in
the resected tumors on day 22 were evaluated by staining
for Ki67 and CD31 antigens, respectively (Fig. 2a, b). We
found that the mice treated with APA had a significantly
lower percentage of Ki67 positivity compared with those
treated with control IgG (29.8 vs. 42.7 %, respectively;
P < 0.05). Mice treated with APA demonstrated a sig-
nificantly greater reduction of MVD, indicative of tumor-
associated neovascularization in tumors, than the mice
treated with control IgG (7.2 vs. 17.0 %, respectively;
P < 0.05).
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Fig. 1 The antitumor effect of antiplatelet antibody (a, b) and aspirin (¢, d) in vivo. Tumor growth, in terms of both size and weight, was
significantly inhibited with these agents. *P < 0.05. The results are mean £ SD. n = 6 for each group

In vivo antitumor activity of aspirin

In order to confirm whether aspirin affects tumor growth
in vivo, we used oral aspirin in mice bearing gastric cancer
tumor MKN-45. Tumors grew more slowly in mice treated
with aspirin than in those treated with water (Fig. 1c). On
day 22, tumor weights were lower in mice receiving aspirin
(Fig. 1d). The proliferation index and MVD in the resected
tumors on day 22 were evaluated by staining for Ki67 and
CD31 antigens, respectively. The tumors in mice treated
with aspirin showed a lower percentage of Ki67 positivity
than those in mice treated with drinking water (33.8 vs.
45.4 %, respectively; P < 0.05) (Fig. 2c). The aspirin-
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treated group also showed a greater reduction in MVD (9.5
vs. 14.9 %, respectively; P < 0.05) (Fig. 2d).

In vitro antitumor activity of aspirin

Human platelets were incubated with MKN-45, NUGC-3,
and AGS cells for 3 days. Because platelets and cancer
cells had no direct contact due to their separation by the
polycarbonate membrane, any platelet effects on cells were
due to soluble factors. Platelet concentration (2 x 10”/ml)
was according to a previous study [16]; 1 x 10"/ml of
platelets were also used to evaluate the growth effects after
halving the concentration. The proliferation rate of all three
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Fig. 2 Immunostaining of tumors resected from mice, using
antiplatelet antibody (a, b) or aspirin (¢, d). Ki67 positivity (a,
¢) and MVD (b, d) were lower in mice that received either antiplatelet

types of gastric cancer cells increased after coincubation
with platelets (Fig. 3). This effect was more pronounced
with higher platelet concentrations.

To confirm that the proliferative effects of platelets
were inhibited by aspirin, 1 mM aspirin was added to
gastric cancer cells coincubated with 2 x 107/ml plate-
lets for three days (Fig. 4), because a previous study
showed that 1 mM aspirin caused up to 35 % reduction

b
30 f 1
25

2 2

=

g 15

=

25

20

15

MYVD / field

10

Aspirin (+)

Aspirin (-)

Ay
‘ »,

agent. Images were taken at original magnification x100. *P < 0.05.
The results are mean £ SD. n = 6 for each group. Scale bars,
100 pm

of platelet activities [9]. Coincubation with platelets
resulted in significant growth of all three types of cancer
cells, and this effect was inhibited by aspirin in two of
three cell lines. Furthermore, the addition of only
aspirin did not alter cell growth in any of the three cell
lines.

Because platelets are thought to release numerous fac-
tors during activation, and some of those affecting

@ Springer
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Fig. 3 Proliferative effect of platelets. Results are normalized to cancer cells incubated under normal conditions. Proliferation rates of gastric
cancer cells correlated positively with platelet counts. *P < 0.05. The results are mean £ SD of six experiments

proliferation can be inhibited by aspirin, we used ELISA
assays to examine the effect of four cytokines (interleukin-
6, platelet-derived growth factor, transforming growth
factor-f, and prostaglandin E2) on cell proliferation. These
cytokines were added to the supernatant in which MKN-45
tumor cells and platelets had been cultured for 3 days
either with or without aspirin. None of the cytokines
affected aspirin’s inhibition of platelet-induced cell growth
(Figure S2).
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MicroRNA expression analysis

We examined the miRNA microarray of MKN45 with or
without platelets and aspirin to determine the influence of
platelets. We examined the following changed miRNAs in
cells that had been cultured in four environments: increased
more than 1.75-fold by coincubation with platelets, and the
increase was inhibited more than 1.75-fold by adding aspirin.
In total, seven miRNAs (mir-485-3p, mir-491-5p, mir-3200-
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Fig. 4 Proliferative effect of platelets and aspirin in vitro. Results are
normalized to cancer cells incubated with RPMI1640 alone. Although
the proliferation rates of a MKN-45, b NUGC-3, and ¢ AGS gastric

3p, mir-4288, mir-4670-5p, mir-4725-5p, mir-6887-5p)
were detected with the above-mentioned expression changes
(Fig. 5). To confirm which miRNAs were implicated in the
response to coincubation with platelets, these miRNAs were
transfected into MKN-45 cells. Among them, mir-4670-5p-
transfected cells showed a significant increase in the WST
assay compared to the negative control cells after day 3
(Figs. 6,S3A, S3B). We confirmed that the expression levels
of miR-4670-5p in RT-qPCR were very similar to those in

cancer cells increased after coincubation with platelets, they were
inhibited by the addition of 1 mM aspirin. *P < 0.05. The results are
mean £ SD of six experiments

the microarray (Fig. S4). In vivo experiments showed a clear
trend toward suppression of miR-4670-5p expression treated
by APA or aspirin (Fig. S5).

Discussion
In this study, both halving the circulating platelet count and

administering daily peroral aspirin inhibited tumor growth
in mice, and tumors from mice treated with APA or aspirin

@ Springer
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Fig. 5 Fold-changes in MKN-45 gastric cancer cells coincubated
with platelets. We examined seven miRNAs whose expression
changed in cells cultured under four conditions: with neither platelets

showed a significantly lower proliferation index (Ki67
positivity) and MVD compared with controls. When tumor
cells were coincubated with platelets in vitro in such a way
that direct contact was prevented by a polycarbonate
membrane, cell growth increased proportionately with
platelet count. Although aspirin did not inhibit tumor cell
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nor aspirin, with platelets only (cell growth increased more than 1.75-
fold), with aspirin only, and with both platelets and aspirin (cell
growth inhibited more than 1.75-fold)

growth in the absence of platelets, it did inhibit the pro-
liferative effect of platelets.

Thrombocytosis is common in patients with advanced
tumors [7, 17], and it is thought that the paraneoplastic
increase in platelet count can promote tumor growth.
Indeed, among 260 patients with T2—4 gastric cancer who
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underwent gastrectomy in our hospital, patients with pla-
telet counts over 250,000/pl showed significantly poorer
survival compared to those with platelet counts under
250,000/ul (data not shown). While activated platelets
release a variety of factors [5, 18], it is unknown which are
responsible for promoting the proliferation of gastric can-
cer cells. In our study, microarray analysis showed that
seven miRNAs exhibited altered expression in cancer cells
in response to coincubation with platelets or the addition of
aspirin. In particular, proliferation of mir-4670-5p-trans-
fected cells was significantly higher than that of negative
control cells. The change in mir-4670-5p expression in
tumor cells was considered a candidate for the antitumor
effect through the platelets by aspirin. However, we think
several factors such as growth factors or cytokines are
involved in tumor growth by the platelet. Since mir-4670-
5p might be one of the platelet activities, treatment against
not mir-4670-5p but platelets would be more effective.
Several studies have suggested mechanisms underlying
the antitumor effects of aspirin, such as prevention of
COX-2 overexpression in tumor cells due to inflammation
in the absence of platelets or to direct platelet-tumor cell
interaction [10, 19] or prevention of this interaction by
inhibiting cyclooxygenase-1 (COX-1) in platelets [12].
Although COX-1 is expressed constitutively in various
tissues, COX-2 is produced by stimulation such as
inflammation [20]. COX-2, unlike COX-1, is not produced
in the anucleate platelet, whereas cancer cells synthesize
COX-2 [10, 21]. Aspirin inhibits both COX-1 and COX-2,
but it preferentially inhibits COX-1 [22]. In this study the
amount of aspirin we used in mice was equivalent to a low
dose in humans [13], which is considered to inhibit tumor

growth through platelet inhibition. However, aspirin itself
did not demonstrate an anticancer effect and showed a
blocking effect at low doses [23]. The model used in the
current study suggested that aspirin inhibited tumor growth
caused by interaction with platelets.

Several cytokines may be associated with tumor growth
induced by platelets and inhibited by aspirin [5]. Although
recent studies reported that interleukin-6, platelet-derived
growth factor, transforming growth factor-f, and pros-
taglandin E2 might affect tumor growth [7, 24, 25], those
we examined did not exhibit such activity. Platelets are
anucleate but do have messenger RNA, whose translation
may be regulated by miRNAs [26]. Although there are no
reports of miRNA associated with tumor growth induced
by platelets, our findings showed that mir-4670-5p may
play such a role. One of the transcripts of mir-4670-5p is
calmodulin-binding transcription activator 1 (CAMTAL).
Because the previous studies showed that CAMTAT1 inhi-
bits tumor progression in some cancers [21, 27], the
excessive mir-4670-5p in tumor cells due to the interaction
with platelets may inhibit the expression of CAMTA1 and
lead to the progression of tumor cells. However, to our
knowledge, there are no reports demonstrating the signifi-
cance of mir-4670-5p in cancer cells, and thus further
investigation is needed to elucidate its function.

In conclusion, our in vivo and in vitro experiments
showed that platelets increased the proliferation of gastric
cancer cells and that this increase was inhibited by aspirin.
In addition, mir-4670-5p may play an important role in
these processes.
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