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Background: Bone marrow-derived mesenchymal stem cells (BM-MSCs) have been identified
to be closely associated with cancer progression. Our previous experimental results showed that
BM-MSCs promote tumor growth and metastasis of gastric cancer through paracrine-soluble
cytokines or exosomes. However, the elements that affect the role of BM-MSCs in promoting
tumor metastasis are not clear. It is known that thrombocytosis in cancer patients is very com-
mon. Recently, platelets are recognized to play a critical role in tumor progression.

Purpose: This study aims to observe the effect of BM-MSCs which were co-cultured with
platelets on tumor cell metastasis.

Methods: Platelet aggregation rate and the expression of P-selectin of platelets co-incubated
with conditioned medium of SGC-7901 cells and BM-MSCs were detected by flow cytometry
and platelet aggregometer. We also analyzed the change of BM-MSCs after co-incubation
with platelets or platelets which were treated with SGC-7901 cells using transwell assay and
Western blot analysis. The proliferation and migration ability and expression of VEGF, c-Myc,
and sall-4 in SGC-7901 cells treated with medium of BM-MSCs which were co-cultured with
platelets were detected. SGC-7901 cells were injected into Balb/c nude mice and the extent of
lung metastasis was observed. Both in vitro and in vivo assays were used to analyze the effect
of platelets on enhancing the ability of BM-MSCs to promote cancer metastasis.

Results: Results suggested that BM-MSCs and tumor cells can promote platelet aggregation
rate and the expression of P-selectin. The protein levels of ai-smooth muscle actin, vimentin,
and fibroblast activation protein in BM-MSCs were higher after co-incubation with platelets,
and SB431542 was used to confirm the effect of TGF-[3 on transdifferentiation of BM-MSCs
into cancer-associated fibroblasts. Medium of BM-MSCs treated with platelets enhanced the
proliferation and migration ability of SGC-7901 cells. More lung metastases were found in mice
which were injected with SGC-7901 cells treated with conditioned medium from BM-MSCs
co-incubated with platelets.

Conclusion: Tumor cells and BM-MSCs activate platelets which can change the character-
istics of BM-MSCs through secretion of TGF-3. Moreover, we found that platelets enhanced
the effect of BM-MSCs on tumor metastasis, which suggested a potential target and approach
for gastric cancer therapy.

Keywords: mesenchymal stem cells, platelets, gastric cancer, metastasis, bone marrow

Introduction

It is reported that tumor involves complex multicellular interactions between cancer
cells and stromal cells, especially mesenchymal stem cells (MSCs).1? MSCs were
originally isolated from bone marrow and have been defined as a plastic-adherent
fibroblastic cell population, expressing a defined immunophenotype such as CD105,
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CD73, and CD90.® Multiple evidence indicates that bone
marrow-derived MSCs (BM-MSCs) promote tumor growth
and metastasis.* ¢ Our previous findings confirmed that MSCs
can enhance cancer proliferation, migration, and stemness
and impair the anti-tumor immune response of peripheral
blood mononuclear cells through disruption of Treg/Th17
balance.”® The potential of MSCs to inhibit anti-tumor
immunity is widely recognized.’ Besides the immunosup-
pressive effect, BM-MSCs can promote colorectal cancer
progression through paracrine neuregulin 1/HER3 signaling. '
We also demonstrated that BM-MSCs play an important role
in promoting tumor growth in gastric cancer, which may be
through paracrine-soluble cytokines or exosomes.!'"'3 BM-
MSCs can be attracted to inflammatory sites and then they
can differentiate into several cell types.'* Due to BM-MSCs
tropism to cancer cells, BM-MSCs were found to have the
ability to transdifferentiate into cancer-associated fibroblasts
(CAFs) and perivascular-like cells.’*"'7 Our previous results
have shown that BM-MSCs can be transdifferentiated into
Gastric cancer-MSCs (GC-MSCs).'® In addition, TGF-f1 was
identified as the key molecule regulating BM-MSCs tropism
to prostate carcinoma cells, and TGF-B1 secreted by prostate
carcinoma cells and tumor microenvironment cells sustained
the transdifferentiation of MSCs into pro-tumor supporting
CAFs.”” However, the exact mechanism of transformation
is not clear now. We made a hypothesis that platelets may
have an important role in the process.

Recently, the relationship between platelets and cancer
has received much attention. It has been widely recog-
nized that as a component of the tumor microenvironment,
platelets can influence tumor growth, tumor metastasis,
tumor angiogenesis, inflammation in tumor, and chemother-
apy efficiency.?’ Blood platelets can interact with different
types of cells, including inflammatory cells, tumor cells, and
MSCs.?! Platelets can be activated by tumor cells and the
expression of P-selectin, glycoprotein IIb/Illa, glycoprotein
VI and glycoprotein Ib can also be upregulated.? It is dem-
onstrated that P-selectin-mediated adhesion between cancer
cells and platelets can promote tumor progression.* More
and more studies focused on the role played by platelets in
cancer metastasis. Studies show that platelets can enhance
cancer cell survival and metastasis in vitro and in vivo by
interaction between TLR4 and tumor cell-released high-
mobility group box1 protein, shielding cancer cells from
immune defense, inducing anoikis resistance, and so on.*2¢
In addition, the interaction between platelets and cancer
cells can contribute to metastasis via preventing natural
killer cell recognition and the epithelial-mesenchymal

transition (EMT) of tumor cells through the TGF-$ and
nuclear factor-kB pathway.?*

In present study, we demonstrated that tumor cells and
BM-MSCs induced platelet activation. Then, we investigated
the influences of platelets on BM-MSCs. Our results showed
that platelets enhanced the effect of BM-MSCs on tumor
proliferation and metastasis. It will be of great significance
in the diagnosis and treatment of tumor.

Materials and methods

Isolation of human platelets and BM-MSCs
As described previously, human BM-MSCs were isolated
from bone marrow aspirates.”’” Primary BM-MSCs were
obtained from normal healthy subjects from Affiliated
Hospital of Jiangsu University (Jiangsu, China). Human
platelets were obtained from healthy volunteers from Jiangsu
University. All the procedures were approved by the Ethics
Committee of Affiliated Hospital of Jiangsu University
and the written informed consents were obtained from all
subjects. Whole blood was drawn from healthy subjects via
median cubital vein and collected in EDTA-K2 anticoagulant
tubes. Blood was centrifuged at 800x g for 5 minutes at room
temperature to obtain platelet-rich plasma (PRP), and this
fraction was further centrifuged at 2,000x g for 5 minutes.
Then we obtained platelet-poor plasma (PPP) and platelet
pellet. Platelet pellet was resuspended in 1 mL PBS and was
centrifuged at 2,000x g for 5 minutes twice. Washed platelets
were resuspended in 1 mL PBS.

Cell culture and preparation

of conditioned medium (CM)

SGC-7901 gastric cancer cell lines were obtained from
Shanghai Cell Bank (Shanghai, China) and cultured in
RPMI-1640 medium (Thermo Fisher Scientific, Waltham,
MA, USA) with 10% FBS within a humidified incubator
containing 5% CO, at 37°C. BM-MSCs were cultured in
low-glucose DMEM medium (L-DMEM) (Thermo Fisher
Scientific) supplemented with 10% FBS within a humidified
incubator containing 5% CO, at 37°C. When the conflu-
ence of passage 3 BM-MSCs reached 80%, we substituted
L-DMEM supplemented with 2% FBS for L-DMEM supple-
mented with 10% FBS. Then, the conditioned medium of
BM-MSCs (BM-MSCs-CM) was collected after 48 hours.
Similarly, when the confluence of SGC-7901 reached 70%,
we substituted RPMI-1640 supplemented with 2% FBS
for RPMI-1640 supplemented with 10% FBS. Then, the
conditioned medium of SGC-7901 (SGC-7901-CM) was
collected after 48 hours.
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Flow cytometry

We detected the expression of platelet P-selectin by flow
cytometry. Platelets (1x10°) were co-incubated with 2 mL
SGC-7901-CM or BM-MSCs-CM in six-well plate at 37°C
for 2 hours, and then platelets were centrifuged at 2,000x g
for 5 minutes. Platelet pellet was resuspended in 1 mL PBS
and co-incubated with monoclonal antibodies against
P-selectin (fluorescein isothiocyanate [FITC]-conjugated)
(BD Biosciences, San Jose, CA, USA) for 30 minutes at 4°C
in the dark. After washing twice, platelets were analyzed
with a FACSCanto (BD Biosciences). Results were analyzed
using CFlow PLUS. To identify the isolated BM-MSCs,
1x10° cells were incubated with the monoclonal antibodies
against CD19, CD34, and CD45 (FITC-conjugated); and
CD29, CD105, and CD90 (phycoerythrin-conjugated) (BD
Biosciences). Steps are the same as P-selectin.

Determination of platelet aggregation

PRP and PPP were prepared as described earlier.”® PRP was
co-incubated with PBS, BM-MSCs-CM, and SGC-7901-CM,
respectively, for 30, 60, 120, and 180 minutes at 37°C. Then
PRP was centrifuged at 2,000x g for 5 minutes at room
temperature and resuspended in 0.2 mL PPP. About 0.2 mL
of PPP was placed in a cuvette, and the platelet aggregation
rate of PPP was set as zero. The level of platelet aggrega-
tion was determined using SC-2000 Platelet Aggregometer
(Succeeder, Beijing, China). Results were recorded as percent
of maximal aggregation.

Western blot analysis

Proteins were extracted by using total protein extraction
kit (Vazyme, Nanjing, China) and qualified by NanoDrop-
2000 spectrophotometer (Thermo Fisher Scientific). Total
protein lysates were separated in 12% SDS-PAGE and
transferred to polyvinylidene fluoride membranes. Then
the PVDF membranes were blocked with 5% nonfat milk.
After 60 minutes, membranes were washed three times in
Tris-Buffered Saline and Tween 20 (TBS-T) and incubated
with primary antibodies overnight at 4°C. Subsequently,
the membranes were incubated with secondary antibody
for 1 hour at room temperature on the following day. All

Table | Primer sequences for the amplification of target genes

primary antibodies used were purchased from Cell Signaling
Technology (Danvers, MA, USA). The gray densitometric
was detected with Image Quant LAS 4000. GAPDH served
as the loading control.

RNA isolation and qRT-PCR

Total mRNA of cells in each group was extracted with TRIzol
reagent (Thermo Fisher Scientific) and the yield and purity
of mRNA were determined by NanoDrop-2000 spectropho-
tometer (Thermo Fisher Scientific). The cDNA synthesis was
carried out using reverse transcription kit (Vazyme), and the
synthesized cDNA was stored at —20°C. TGF-§ mRNA expres-
sion was calculated by duplicate amplification and a compara-
tive cycle threshold method (ACt) as previously described.?
Primers of human TGF-f and B-actin are shown in Table 1.

Transwell migration assay and cell count
Cells were loaded into the upper compartment (5x10¢, final
volume, 200 puL) in serum-deprived L-DMEM or RPMI-1640
medium. The transwell chambers (diameter: 8 um; Corning
Inc., Corning, NY, USA) were placed into 24-well plates
with 600 L conditioned medium and incubated at 37°C for
12 hours. After cell migration, upper side of the filter was
swabbed to remove the nonmigratory cells. The filters were
then fixed in 4% paraformaldehyde and stained with 0.5%
crystal violet for 15 minutes. Results were analyzed by micro-
scope. All the experiments in each group were performed in
triplicate. About 1x10°> BM-MSCs or SGC-7901 cells were
seeded into six-well cell culture plates with different treat-
ment in a humidified incubator containing 5% CO, at 37°C
for 24, 48, and 72 hours. The cell proliferation was detected
by Neubauer-improved counting chamber.

Tube formation assay

Tube formation assay was performed to analyze the regulat-
ing effect of platelets and BM-MSCs on tumor angiogenesis.
The procedure was carried out in accordance with a previ-
ously published method.” First, Matrigel (50 uL/well; BD
Pharmingen, San Diego, CA, USA) was added to each well
of'a 96-well plate and then incubated for 30 minutes at 37°C
for matrix formation. Human umbilical vein endothelial

Genes Primer sequence (5-3") Product size (bp) Annealing temperature (°C)
TGF-3 130 Forward: AGCGACTCGCCAGAGTGGTTA 60

Reverse: GCAGTGTGTTATCCCTGCTGTCA
[ractin 256 Forward: CCTGGCACCCAGCACAAT 60

Reverse: GGGCCGGACTCGTCATAC
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cells (Shanghai Institutes for Biological Sciences, Shanghai,
China) were added onto the gel at a density of 2x10* cells/
well in L-DMEM with 10% FBS or in different conditioned
medium. After incubation for 6 hours at 37°C, the cells were
visualized and photographed by an inverted microscope to
evaluate the tube-like structure formation. Results were
quantified by measuring node numbers in the field.

In vivo experiments

Eighteen 4-5-weeks old male Balb/c nude mice (Model
Animal Research Center of Nanjing University, Nanjing,
China) were divided into three groups randomly and each
group had six mice. All animal experiments were conducted
under the approval of Animal Experiments Ethics Committee,
Jiangsu University, China, and carried out according to the
guidelines of the National Institutes of Health Guides for
the Care and Use of Laboratory Animals. BM-MSCs were
co-cultured with platelets or T-platelets for 48 hours, and
then the medium of BM-MSCs was collected. SGC-7901
cells were co-cultured with the condition medium from
BM-MSCs for 48 hours. Then SGC-7901 cells (2x10°) with
different treatment were injected into the tail vein of mice.
SGC-7901 cells co-cultured with medium of individual BM-
MSCs were used as the control group. We observe these mice
every day and the extent of lung metastasis was determined
3 months later. Tumors from lung tissue of three groups
were immunostained for VEGF, Ki-67, c-Mye, and Sall-4.
The procedure was carried out according to a previously
described method.*

Statistical analysis

Data were expressed as mean + standard error of the mean
(SEM) of three independent experiments. Results were
analyzed using GraphPad Prism software 5.0 (GraphPad
Software, La Jolla, CA, USA). Student’s #-test was used to
evaluate statistical significance when two data sets were com-
pared. When more groups were analyzed, we used ANOVA.
P<0.05 was considered statistically significant.

Results
Tumor cells and BM-MSCs induce

platelet activation

Based on the criteria of the International Society for Cellular
Therapy,*! we detected characteristic surface markers of BM-
MSCs. Flow cytometry analysis conveyed that BM-MSCs
were positive for CD90, CD29, and CD105, but negative for
hematopoietic markers (CD19, CD45, and CD34), which
displayed the characteristic surface markers of BM-MSCs
(Figure S1). To investigate the interaction between tumor

cells, BM-MSCs, and platelets, we first examined the effects
of tumor cells and BM-MSCs on platelets. The platelet
aggregation rate and P-selectin were widely considered as
indicators of platelet activation. We detected the platelet
aggregation after treatment of platelets with SGC-7901-CM
or BM-MSCs-CM for 30, 60, 120, and 180 minutes. As is
shown in Figure 1A, at 120 minutes, compared with the
PBS control group (8.00+2.31), SGC-7901-CM and BM-
MSCs-CM increased the platelet aggregation obviously
(P<<0.01). Since the highest platelet aggregation was observed
at 120 minutes, we decided to use 120 minutes as the major
end point for platelet co-incubation with SGC-7901 in vitro.
In keeping with this observation, we detected the expression
of platelet P-selectin using flow cytometry. The expression
of P-selectin in SGC-7901-CM group was 31.4%=+1.71% and
the BM-MSCs-CM group was 21.37%%1.00%. Both of them
were higher than control group which was 3.17%%0.40%
(Figure 1B). The results showed that after treatment with
SGC-7901-CM or BM-MSCs-CM for 120 minutes, there was
a significant increase in the expression of platelet P-selectin
(P<0.01). In Figure S2, platelets were co-cultured with
SGC-7901 cells and BM-MSCs for 2 hours at 37°C and
the platelets aggregation was photographed by microscope.
Compared with image at 0 hours, the image at 2 hours showed
that platelets were activated and have a tendency to move
toward cancer cells and BM-MSCs.

Platelets induce BM-MSCs
transdifferentiation into CAF-like
cells by increasing TGF-f3

Tumor-educated blood platelet (TEP) is found in cancer
patients and is demonstrated to contribute to tumor progres-
sion. In our study, we collected the medium of SGC-7901
cells which were cultured in RPMI-1640 supplemented
with 2% FBS (SGC-7901-CM). Then 2x108 platelets were
cultured with 2 mL SGC-7901-CM in order to mimic plate-
lets in cancer patients (TEP). After 2 hours, platelets were
centrifuged at 2,000x g for 5 minutes and resuspended with
I mL PBS. We called the platelets as T-platelets in this
study. The BM-MSCs were randomly divided into the MSCs
group (1x10%), platelets + MSCs group (2x10%+1x10%), and
T-platelets+ MSCs group (2x10%+1x10°). The expression of
o-smooth muscle actin (0t-SMA), fibroblast activation pro-
tein (FAP), and vimentin was analyzed by Western blotting.
We found that co-incubation of BM-MSCs with platelets,
especially with T-platelets, induced a significant increase of
markers associated with CAF-like phenotype (Figure 2A).
BM-MSCs and CAFs have similar cell morphology. They
were both plastic-adherent and exhibited spindle-shaped
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Figure | Tumor cells and BM-MSCs induce platelet activation.

Notes: (A) The platelet aggregation rate of platelets co-cultured with SGC-7901-CM or BM-MSCs-CM for 30 minutes (a), 60 minutes (b), 120 minutes (c), and 180 minutes (d).
(B) The expression of P-selectin of platelets co-cultured with SGC-7901-CM or BM-MSCs-CM for 120 minutes was detected by flow cytometric analysis. The results are

expressed as mean £ SEM. *P<<0.05, **P<<0.01, ***P<<0.001.

Abbreviations: BM-MSC, bone-marrow mesenchymal stem cell; CM, conditioned medium; FITC, fluorescein isothiocyanate; SEM, standard error of the mean; SSC, side

scatter.

morphology. BM-MSCs were evaluated by microscopy for
homogenous, elongated, spindle-shaped morphology. CAFs
have uneven sizes and more branched synapses and were
larger in size than BM-MSCs. We observed the morphology

of BM-MSCs before and after T-platelet treatment by micro-
scope (Figure S3). As shown in Figure S3, we found that
BM-MSCs became larger in size with the appearance of
some branched synapses. However, the change in BM-MSCs
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Figure 2 Platelets induce BM-MSCs transdifferentiation into CAF-like cells by secreting TGF-f.
Notes: (A) The expressions of 0-SMA, FAP, and vimentin were detected using Western blotting. (B) The expression of TGF-B was detected using Western blotting
and quantitative Real-time PCR (RT-PCR) (C) TGF-f receptor block treatment impaired the increase of CAF-like phenotype in BM-MSCs caused by TGF-f derived from

platelets. The results are expressed as mean + SEM. *P<<0.05, **P<<0.01, ***P<0.001.

Abbreviations: BM-MSCs, bone-marrow MSCs; CAF, cancer-associated fibroblast; FAP, fibroblast activation protein; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
MSC, mesenchymal stem cell; PLT, platelet; SEM, standard error of the mean; 0.-SMA, c-smooth muscle actin.

morphology was not very obvious because of the similar cell
morphology of BM-MSCs and CAFs.

To investigate whether TGF-f plays a critical role in
BM-MSCs transdifferentiation into CAF-like cells, the
expression of TGF-3 in BM-MSCs was detected using West-
ern blotting and quantitative Real-time PCR (RT-PCR). We
found that the expression of TGF-f in both platelet+MSCs
group and T-platelet+MSCs group increased obviously
compared with that in control group. Western blotting
for TGF-B protein showed the same trends as observed
for mRNA expression (Figure 2B). We supposed that the
increased secretion of TGF-B in platelets and BM-MSCs
may be one of the possible reasons for the activation of
BM-MSCs transdifferentiation into CAF-like cells. In tumor
microenvironment, platelets are affected by tumor cells
which result in higher TGF-f3 concentrations in platelets. It
is also possible that TEPs stimulate BM-MSCs to secret more
TGF-B. That is why we found that MSC+T-platelets group

expressed the highest levels of 0-SMA, vimentin, and FAP.
To confirm our investigation that TGF-} has an important
role in BM-MSCs transdifferentiation into CAF-like cells
induced by platelets, we added MSC + PLT+SB431542
group and MSC+T-PLT+SB431542 group (Figure 2C).
SB431542 (MedChem Express, Monmouth Junction, NIJ,
USA) is a potent and selective inhibitor of ALKS and also
an inhibitor of TGF- receptor. BM-MSCs were cultured in
L-DMEM supplemented with 10% FBS. When the conflu-
ence of BM-MSCs reached 80%, platelets or T-platelets were
added in BM-MSCs and 10% FBS was replaced by 2% FBS.
Eight hours before adding platelets, SB431542 was added to
MSC+PLT+SB431542 group and MSC+T-PLT+SB431542
group in order to inhibit TGF- receptor in BM-MSCs (the
final concentration of SB431542 was 10 uM). Total proteins
were extracted from BM-MSCs 48 hours after adding platelets
and the expression of CAF-like phenotype (a-SMA, vimen-
tin, and FAP) was analyzed by Western blotting. Figure 2C
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conveys that SB431542 reduced the expression of 0-SMA,
vimentin, and FAP in BM-MSCs. In other words, TGF-3
receptor block treatment impaired the increase of CAF-like
phenotype in BM-MSCs caused by TGF-p.

Platelets promote BM-MSCs proliferation
and migration

The migratory ability of BM-MSCs co-incubated for 12 hours
with platelets or with T-platelets was analyzed by transwell
assay. The result indicated that platelets strongly increased
the migratory ability of BM-MSCs (Figure 3A) and the BM-
MSCs displayed more significant tropism to T-platelets than
platelets. However, the specific mechanism needs further
study. Besides the migratory ability of BM-MSCs, we also
explored the effects of platelets on BM-MSCs proliferation.
As expected, compared with MSCs group, the proliferation
of platelet+MSCs group and T-platelet+MSCs group was
enhanced (Figure 3B).

Platelets enhanced the effect of BM-
MSCs on proliferation and metastasis

of tumor cells

To investigate the role of platelets in the interaction between
BM-MSCs and gastric cancer cells, we firstly detected the
proliferation of SGC-7901 cells co-cultured with platelets

Control

w
N
NS
>

Rk

N

Cell count

Cell count
(x10%/mL)

MSC MSC+PLT MSC+
T-PLT

Figure 3 Platelets promote BM-MSCs proliferation and migration.

MSC MSC+PLT MSC+

and conditioned medium from BM-MSCs treated with plate-
lets or T-platelets. The results suggested that compared with
MSCs-CM group and platelets group, the proliferation of cells
in (platelet+MSCs)-CM group and (T-platelet)+MSCs-CM
group was enhanced (Figure 4A). Next, the angiogenesis
ability of BM-MSCs was detected by tubule formation
assay. The result of tubule formation assay in vitro showed
that compared with the MSCs-CM group, the angiogenic
ability was enhanced in the (platelet+MSCs)-CM group and
(T-platelet)+MSCs-CM group (Figure 4B). Then we made a
hypothesis that platelets enhanced the effects of BM-MSCs on
tumor metastasis. We analyzed the migration ability of SGC-
7901 cells co-cultured with or without (BM-MSCs+PLT)-CM
in vitro by transwell assay (Figure 4C). Results indicated that
the migration ability of SGC-7901 cells was upregulated by
(BM-MSCs+PLT)-CM. Also, we detected the expression
of VEGF, ¢-Myec, and sall-4 in SGC-7901 cells in vitro
by Western blotting (Figure 4D). We also performed an
experiment in vivo and the results showed that the (BM-
MSCs+platelets)-CM+ SGC-7901 group and (BM-MSCs+T-
platelets)-CM+SGC-7901 group had much more lung
metastatic foci compared with the control group (Figure 5A).
The round translucent nodules on lung are considered as the
lung metastatic foci and they were calculated with naked
eyes. Compared with the (BM-MSCs+platelets)-CM-SGC-

607 _
[ otk
L y '
b
® +« 401
25
[]
E o 20 A
]
(&)
0-
Control MSC+PLT MSC+
T-PLT
48 h 72 h
3 sokek

ek
ek

N

Cell count
(%x105/mL)

MSC MSC+PLT MSC+

T-PLT T-PLT

Notes: (A) The migratory ability of BM-MSCs was analyzed by transwell assay (X200 , scale bar: 50 um). (B) The proliferation of BM-MSCs was detected by cell counting
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Figure 4 Platelets enhanced the effect of BM-MSCs on proliferation and metastasis of tumor cells.

Notes: (A) Platelets enhance the ability of BM-MSCs to promote the proliferation of gastric tumor cells. (B) Platelets enhance the ability of BM-MSCs to angiogenesis (x100,
scale bar: 100 um). (C) BM-MSCs treated with platelets enhance the migration ability of SGC-7901 cells (x200, scale bar: 50 um). (D) The expression of VEGF, c-Myc, and
Sall-4 in SGC-7901 cells with different treatments. The results are expressed as mean £ SEM. *P<<0.05, **P<<0.01, ***P<<0.001.

Abbreviations: CM, conditioned medium; MSC, mesenchymal stem cell; PLT, platelet; VEGF, vascular endothelial growth factor; BM-MSCs, bone-marrow MSCs; SEM,
standard error of the mean.
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Notes: (A) Platelets enhance the ability of BM-MSCs to promote gastric cancer transfer in vivo. (B) The supernatants of the BM-MSCs when stimulated by platelets enhance
the expression of VEGF, Ki-67, c-Myc, and Sall-4. Black arrows indicate positive cells (x200, scale bar: 50 pm). The results are expressed as mean £ SEM. *P<<0.01.
Abbreviations: CM, conditioned medium; MSC, mesenchymal stem cell; PLT, platelet; VEGF, vascular endothelial growth factor; BM-MSCs, bone-marrow MSCs; SEM,

standard error of the mean.

7901 group, the number of lung metastatic foci in (BM-
MSCs+T-platelets)-CM+SGC-7901 group increased greatly.
The results of experiment in vivo confirmed that platelets
enhanced the ability of BM-MSCs to promote gastric cancer
metastasis. Tumors from lung tissue of three groups were
immunostained for VEGF, Ki-67, c-Myc, and Sall-4. Then we
analyzed the expression of VEGF, Ki-67, c-Myc, and Sall-4
by Pannoramic MIDI pathology section scanner (Figure 5B).
Immunohistochemistry revealed that the anatomic organiza-
tion of the lung was different in the presence of platelets and
BM-MSCs. Those cells stained brownish yellow in nucleus
or cytoplasm were regarded as the positive cells. The number
of positive cells and depth of cell coloration determined the
expression of VEGF, c-Myec, Ki67, and sall-4. Our results
showed that the supernatants of the BM-MSCs when stimu-
lated by platelets enhanced the expression of VEGF, Ki-67,
c-Myec, and Sall-4.

Discussion

Platelets are recognized to halt hemorrhage after vascular
injury and tissue trauma by releasing various bioactive
factors.*? Other than coagulation function, contributions of
platelets to tumor progression have received more and more
attention in recent years. TEPs are involved in the progression
and spread of tumors, and can be used for cancer detection
and progression monitoring.*® Platelets are reported to con-
tribute to cancer cell proliferation and metastasis by direct
interactions and secretion of bioactive proteins.* In this study,
we found the tendency of platelets to move toward cancer

cells and BM-MSCs and confirmed that platelets can be
activated by BM-MSCs and cancer cells. Activated platelets
secrete higher level of growth factors, proangiogenic regula-
tory proteins, chemokines, and proteolytic enzymes such as
TGF-P, platelet-derived growth factor, platlet factor 4, and
thrombospondin-1.* It has been confirmed that the forma-
tion of platelet—tumor cell aggregates by integrin olIbp3
(glycoprotein IIb/I1Ia) bridging in tumor microenvironment
could promote immune evasion and cancer metastasis.** In
our research, we explored the role played by platelets in the
process of homing MSCs to tumor sites. Our results revealed
increased expression of CAF markers (0.-SMA, vimentin, and
FAP) and TGF-f3 in BM-MSCs. So we made a hypothesis that
BM-MSCs were promoted to transdifferentiate to CAFs by
TGF- in tumor microenvironment, and this hypothesis was
confirmed using SB431542. Weber et al demonstrated that
TGF-B autocrine/paracrine signaling loop acted to initiate and
maintain this CAF phenotype.*® In addition, it has been found
that TGF-B from platelets, which was essential for EMT of
tumor cells, and podoplanin promoted hematogenous metas-
tasis in part by releasing TGF-f3,* which is consistent with our
research. We subsequently focused on the potential effects
of plateles on BM-MSCs in tumor progression. Previous
research has revealed a tropism of BM-MSCs toward tumor
cells.’” Our data showed that platelets enhanced BM-MSCs
migration ability. In other words, the ability of BM-MSCs
to migrate toward tumor cells was enhanced. In tumor
microenvironment, tumors recruit MSCs, and MSCs convert
into cancer-associated fibroblasts inducing an EMT, which

OncoTargets and Therapy 2018:1 |

submit your manuscript

8259

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wang et al

Dove

ultimately promotes metastasis to secondary tumor sites.* We
next proceeded with analysis of proliferation and migration
ability of cancer cells and expression of cancer-associated
cytokines such as VEGF in cancer cells. As expected, platelets
enhanced the ability of BM-MSCs to promote cancer progres-
sion. Angiogenesis is a prerequisite for primary tumor growth,
cancer cell intravasation, extravasation, and growth of cancer
foci at distant sites.* In the present study, we found that BM-
MSCs treated with platelets can enhance angiogenesis in vitro
and in vivo. The expression of Ki67 is strongly associated
with tumor cell proliferation and growth.** The increased
expression of Ki67 demonstrated that platelets enhanced the
ability of BM-MSCs to promote cancer cell proliferation. In
addition, the oncoprotein c-Myc is overexpressed in a large
number of human cancers, including colon, gastric, breast,
lung, and prostate cancers. c-Myc is frequently found to be
constitutively activated and overexpressed in tumor cells at
the metastatic niche compared with primary tumors through
pathways triggered by microenvironmental signals.*' Sall-4
is a zinc-finger transcriptional factor for embryonic stem cell
self-renewal and pluripotency. Previous research has demon-
strated that sall-4 overexpression contributed to growth and
metastasis of gastric cancer in vivo through the modulation
of EMT.* In our study, the fact that platelets enhance the
ability of BM-MSCs to promote cancer cells metastasis is
very clear but the underlying mechanism is still unknown.
We detected the expression of sall-4 and c-Myc in order to
explore whether sall-4 and c-Myc play a role during this
process. According to our findings, sall-4 and c-Myc are
worthy of concern for potential function in the interactions
between platelets and MSCs in tumor microenvironment.
However, the underlying mechanism by which platelets affect
MSCs needs more exploration. Finally, it is worth noting that
our research possibly devises novel treatment strategies for
gastric cancer.

Conclusion

Our study confirmed that conditioned medium of tumor
cells and BM-MSCs can active platelets, and that platelets
promote BM-MSCs proliferation and migration. We found
that platelets induce BM-MSCs transdifferentiation into
CAF-like cells through TGF-B. Moreover, we demonstrated
that platelets enhanced the effect of BM-MSCs on prolifera-
tion and metastasis of tumor cells.
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Figure S| Characteristic surface markers of BM-MSCs were detected by flow cytometry analysis.
Abbreviations: BM-MSCs, bone marrow-derived mesenchymal stem cells; FITC, fluorescein isothiocyanate; PE, phycoerythrin.

Figure S2 (A) Platelet aggregation of platelets co-cultured with SGC-7901 cells for 0 hours (a, b) and 2 hours (c, d) was photographed by microscope. (B) Platelet
aggregation of platelets co-cultured with BM-MSCs for 0 hours (a, b) and 2 hours (c, d) was photographed by microscope. The magnification of a and c is x400 (scale bar:
10 um) and the magnification of b and d is X200 (scale bar: 20 um).

Abbreviation: BM-MSCs, bone marrow-derived mesenchymal stem cells.
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Figure S3 Cell morphology of BM-MSCs co-cultured with T-platelets for 0 hours (A) and 24 hours (B).
Note: Magnification %100, scale bar: 40pum.
Abbreviation: BM-MSCs, bone marrow-derived mesenchymal stem cells.
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