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Autologous tumor-derived microvesicles influence gene expression
profiles and enhance protumorigenic chemotactic potential, signal
transduction and cellular respiration in gastric cancer cells
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Abstract. Tumor-derived microvesicles (TMVs) interact with
a variety of different cell types within the immune system,
including lymphocytes, monocytes, dendritic cells and tumor
cells that they have originated from. In the present study, the
effects of autologous-TMVs (auto-TMVs) on gene expression,
chemotaxis, intercellular signaling and cellular metabolism
were examined in cells of the gastric cancer (GC) cell line 1415
(GCl1415). The effects of auto-TMVs on mRNA gene expres-
sion in GC1415 cells were assessed using pathway-focused
PCR arrays. A chemotaxis assay was performed using the
HoloMonitor M4 System. Signaling pathways were evalu-
ated using western blot analysis, and cellular respiration was
measured using the Seahorse XF Cell Mito Stress Test.
Exposure of the GC1415 cells to auto-TMVs led to the over-
expression (75 genes) and underexpression (96 genes) of genes
that are associated with signal transduction, metabolism,
chemotaxis, angiogenesis and metastasis. The auto-TMVs
were indicated to induce chemotaxis and activate the
PI3K/AKT signaling pathway in GC1415 cells. However, the
MAPK/ERK signaling pathway was not indicated to be acti-
vated. Furthermore, studies on cellular respiration in GC1415
cells exposed to auto-TM Vs demonstrated a metabolic shift to
glycolysis. The results of the current study thus indicate that
auto-TM Vs may exert an effect on tumor cell function.
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Introduction

New gastric cancer (GC) cases have declined by 40% world-
wide over the past 50 years (1-3). However, GC continues to
be a significant public health concern (1-3). GC is the third
most common type of cancer and the second leading cause
of cancer-associated mortality worldwide (4,5). It has been
estimated that globally, GC accounts for 989,600 new cases
and 738,000 deaths annually, rendering its case-fatality ratio
higher compared with other common malignancies, including
colon, breast and prostate cancer (3).

Extracellular vesicles (EVs) are small membrane sacs
that are released by a variety of cell types under normal or
pathological conditions (6). Previously known as ‘cellular
dust’, EVs are now recognized as important mediators during
cell-to-cell communication (6). It has been demonstrated that
EVs transport bioactive cargo between cells in the form of
transmembrane receptors, mRNAs, microRNAs (miRNAs or
miRs) and signaling molecules, which are able to modify the
extracellular microenvironment (6-10). For example, cancer
EVs carrying transforming growth factor § (TGF-f) have been
indicated to induce fibroblast differentiation into cancer asso-
ciated fibroblasts with increased levels of a-smooth muscle
actin (11). A previous study also demonstrated that exosomes
containing extracellular matrix metalloprotease (MMP)
inducer, which is released by lung carcinoma cells, enhanced
MMPs in fibroblasts and led to tumor progression and
metastasis (12). Wieckowski et al (13) demonstrated that EVs
isolated from head and neck squamous cell carcinoma cells
expressed melanoma-associated antigen 3/6 and Fas ligand,
and were able to induce apoptosis in CD8" T lymphocytes.
The aforementioned studies indicated that cancer cells may
release EVs to escape immunological surveillance by exerting
a direct effect on normal cells. There is increasing evidence
that cancer cells may also communicate via autologous EV
release to impair an effective anti-tumor response from the
immune system. Gamperl er al (14) revealed that microparti-
cles containing tissue factor that were isolated from pancreatic
adenocarcinoma cells were able to induce cell migration in
tumor cells by activating the protease activated receptor 2
(PAR?2) signaling pathway. An additional study demonstrated
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that EVs derived from pancreatic cancer cells led to the down-
regulation of Hes-1 transcription factor, an intracellular target
of the Notch-1 signaling pathway, which was indicated to
induce the apoptosis of these cells (15). Al-Nedawi et al (16)
reported that glioblastoma (GMB)-derived EVs containing
epithelial growth factor receptor variant IIT (EGFRVIII)
were transferred from EGFRvIII-positive GMB cells to
EGFRvllI-negative GMB cells, which led to the activation
of the mitogen-activated protein kinase (MAPK) and Akt
signaling pathways, and resulted in the expression of vascular
endothelial growth factor (VEGF).

The subject of the current study was the human GC cell
line, GC1415 (patent pending), of Caucasian origin that was
previously established and characterized in our laboratory (17).
The aim of the present study was to investigate whether the
autologous tumor-derived microvesicles (auto-TMVs) released
by GC1415 cells are capable of altering the following: i) Gene
expression; ii) chemotactic potential; iii) signal transduction;
and iv) cellular respiration in GC1415 cells that are exposed
to them.

Materials and methods

Isolation of TMVs. Cells of the previously characterized
GCl1415 cell line (17) were cultured using bi-weekly passages
in DMEM (GE Healthcare) supplemented with 5% FBS
(Biowest), which was centrifuged at 50,000 x g for 1 h at room
temperature to remove bovine EVs. The cells were regularly
tested for Mycoplasma sp. contamination using a PCR-ELISA
kit (Roche Diagnostics GmbH) and for endotoxin contamina-
tion using a Limulus test (Charles River Laboratories, Inc.),
according to the manufacturers' protocols. Supernatants
from cell cultures were collected at ~90% confluency and
centrifuged using a modified protocol that was previously
described (18). Briefly, the collected supernatants were spun at
3,000 x g for 10 min at room temperature to remove cellular
debris and transferred to a new Eppendorf-type test tube
and spun again for 30 min at 13,000 x g at room tempera-
ture. Supernatants were subsequently transferred to new
Eppendorf-type test tube and centrifuged for 2 h at 100,000 x g
at 4°C. Supernatants were then discarded and the remaining
pellets were re-suspended in 100 gl filtered (0.22 ym) PBS.
The auto-TMV protein concentration was obtained according
to the Bradford method's protocol using Quick Start Bradford
Dye reagent (Bio-Rad Laboratories, Inc.). Isolated auto-TM Vs
were tested for endotoxin contamination using a Limus test
and stored at -20°C until further use. Based on our previous
studies, the quantity of auto-TMVs used in the subsequent
experiments was determined to be 3 ug (18,19).

Nanoparticle tracking analysis (NTA). Average size, modal
size and size distribution of auto-TMVs were obtained
using the NANOSIGHT LM10-HS488FT14 Nanoparticle
Characterization system (Malvern Instruments, Ltd.) as previ-
ously described (18). A total of 1 ul auto-TMV suspension
was then diluted to 1:1,000 in filtered (0.22 m) PBS to obtain
the total sample volume of 1 ml. Subsequently, ~700 ul of the
sample was loaded manually into the measuring chamber
using a 1-ml insulin-type syringe (Terumo Corp.) and the
syringe was mounted onto the pump to deliver the sample at
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a constant flow rate of 80 units. Subsequently, three 1-min
videos were recorded using the sSCMOS camera for each
sample and analyzed using NanoSight NTA 3.1 analytical
software (Malvern Instruments, Ltd.).

Scanning electron microscopy (SEM). For morphological
and size analyses, auto-TMVs were fixed using 2.5% glutar-
aldehyde at room temperature for 10 min and particles were
washed twice in PBS using an ultracentrifugation step for
30 min at 100,000 x g and 4°C. The auto-TMV pellet was
then re-suspended in 100 ul PBS, and a 20-ul suspension was
applied to the double-sided adhesive conductive carbon tape
(Agar Scientific, Ltd.) and allowed to air-dry for ~1 h at room
temperature. The air-dried auto-TMVs were then subjected
to dehydration using gentle, stepwise washing with ethanol at
50, 70, 90 and 100%. Imaging was performed using a Tescan
Vega 3 scanning electron microscope (magnification, 80.1 kx)
equipped with a tungsten cathode (TESCAN), which was set
at the acceleration voltage of 10 kV, and a secondary electron
detector.

RT-qPCR arrays. For mRNA gene expression, the GC1415
cells (1x10°% were suspended in 500 ul of the DMEM
(GE Healthcare) cell medium supplemented with 5% FBS
(Biowest) and exposed to auto-TMVs (3 pg) for 2 h (37°C;
5% CQO,). The same number of GC1415 cells cultured under
the same culturing conditions but without the exposure to
auto-TMVs was used a control. Total RNA isolation and
first-strand cDNA synthesis were subsequently performed as
previously described (20). The generated cDNA was used for
the analyses of mRNA gene expression (in duplicate) using
the pathway-focused (angiogenesis, tumor metastasis, onco-
gene and tumor suppressor genes) RT? Profiler PCR Arrays
(Qiagen GmbH) according to the manufacturer's protocol. A
total of 25 ul prepared PCR component mix, which included
5 ul cDNA, was added to each well of a 96-well PCR array
plate and capped with cap strips. A PCR reaction was then
performed (initial denaturation for 10 min at 95°C, then 15 sec
at 95°C and 1 min at 60°C for 40 cycles) using the 7300 Real
Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). Following each PCR run, a melting curve
analysis was performed using 7300 System SDS software
version 1.2.3 (Applied Biosystems; Thermo Fisher Scientific,
Inc.) to verify the amplified PCR product. The obtained PCR
array data were analyzed using the on-line Data Analysis
Center (Qiagen GmbH).

Chemotaxis assay. The chemotaxis assay was performed
using the p-slide chemotaxis set (ibidi GMbH) according to
the manufacturer's protocol. At 1 day prior to the experiment,
all components of the p-slide chemotaxis set, including the
slide, caps, plugs and cell medium (DMEM + 5% FBS) were
placed in a CO, incubator (37°C; 5% CO,) overnight for gas
equilibration. Additionally, the microscope component of the
HoloMonitor M4 system (Phase Holographic Imaging AB)
was switched on and left overnight inside the CO, incubator to
achieve parameter stability. The following day, a total of 6 ul
GCl1415 cell suspension (~3x10° cells/ml) was applied to the
u-slide seeding channel via its filling port. The u-slide was then
placed into a Petri dish with a sterile wet tissue surrounding
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the slide and was left in the CO, incubator for 3 h until cell
seeding was achieved. Following cell seeding, a total of 65 ul
cell medium was applied to each reservoir located on the sides
of the p-slide seeding channel, according to the manufacturer's
protocol. A total of 30 ul cell medium containing auto-TM Vs
(3 ng) was introduced into one of the reservoirs to achieve a
uniform auto-TMVs gradient. All filling ports were closed
with plugs apart from those of the cell seeding channel, which
were covered with caps. The p-slide was then mounted onto
the microscope stage inside the CO, incubator with the cells
in the cell seeding channel focused under a X10 objective,
and a 24-h observation interval was set to capture images
every 5 min. Following a period of 24 h, the recordings were
analyzed using the M4 Studio tracking software version 2.6.2.
(Phase Holographic Imaging AB).

Western blot analysis. For protein expression analyses,
GCl1415 cells (1x10° cells) alone or with auto-TMVs (3 pg)
were incubated for 0.5, 2 and 24 h (37°C; 5% CO,) in a CO,
incubator. Cell lysates were then prepared and electrophoresis
was performed, as previously described (21). A total of 20 ug
lysed protein of each sample was heated (70°C; 10 min) and
electrophoresis was performed in 14% polyacrylamide gel.
The proteins were then transferred onto PVDF membranes,
blocked (room temperature; 1 h) using Tris-Buffered Saline
with 0.1% Tween and 1% bovine serum albumin (TTBS) and
incubated (overnight; 4°C) with the following monoclonal
antibodies (mAbs; all, 1:1,000): Rabbit anti-phospho-AKT
(cat. no. 4060S), anti-phospho-p44/42 MAP kinase
(cat. no. 9106S) and anti-GAPDH (cat. no. 2118; all, Cell
Signaling Technology, Inc.). The membranes were subse-
quently washed in TTBS and incubated with secondary goat
anti-rabbit antibody (cat. no. 7074S; Cell Signaling Technology,
Inc.; 1:4,000) conjugated with horseradish peroxidase (HRP)
at room temperature for 1 h. The protein bands were visual-
ized using SuperSignal West Pico PLUS Chemiluminescent
Substrate (Thermo Fisher Scientific, Inc.) and analyzed with
the Kodak Gel Logic 1500 imaging system (Kodak). Where
applicable, densitometric analysis was performed using the
Kodak Molecular Imaging software version 4.5.0 (Kodak).
Additionally, lysates obtained from auto-TMVs alone (20 pg)
were tested for the presence of exosomal markers, including
Alix, CD9 and CD63, using the same protocol as aforemen-
tioned. The following mAbs (all, 1:1,000) were used: Mouse
anti-Alix (cat. no. 2171; Cell Signaling Technology, Inc.),
rabbit anti-CD9 (cat. no. 13174; Cell Signaling Technology,
Inc.) and rabbit anti-CD63 (cat. no. sc5275; Santa-Cruz
Biotechnology, Inc.). The following secondary antibodies
were used (all HRP-conjugated, 1:4,000): for Alix detection-
horse anti-mouse (cat. no. 7076P2, Cell Signaling Technology,
Inc.) and for CD9 and CD63 detection-goat anti-rabbit
(cat. no. 7074S, Cell Signaling Technology, Inc.). Visualization
of the respective proteins was performed as aforementioned.

Cellular respiration. For the assessment of mitochondrial
respiration, the oxygen consumption rate (Ocr) was measured
using the Seahorse XF analyzer and the Seahorse XF Cell
Mito Stress Test, according to the manufacturer's protocol
(Agilent Technologies, Inc.). The GC1415 cells (2x10%) were
suspended in the DMEM cell culture medium supplemented
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with 5% FBS and transferred into wells of Cell Culture
Miniplates (Agilent Technologies, Inc.) to allow overnight cell
seeding under standard conditions (37°C; 5% CO,). To achieve
the required stability, the chambers of the Extracellular Flux
Cartridge (Agilent Technologies, Inc.) were filled with the XF
Calibrant (Agilent Technologies, Inc.) and placed overnight
in an incubator (37°C) without CO,. After a period of 24 h,
the culture medium was carefully aspirated and discarded,
and the GC1415 cells were washed twice with 200 ul
pre-warmed (37°C) stabilized Seahorse Medium (Agilent
Technologies, Inc.) that was prepared according to the manu-
facturer's protocol. A total of 180 ul Seahorse Medium was
added to each well containing the washed GC1415 cells, and
the Cell Culture Miniplate was then placed in an incubator
(37°C) without CO, for 1 h. Using the Seahorse Medium,
concentrations of auto-TMVs (3 ug), oligomycin, p-triflouro-
methoxyphenylhydrazone and rotenone/antimycin A (all from
Agilent Technologies, Inc.) mix were prepared and loaded
into the appropriate chambers of the calibrated Extracellular
Flux Cartridge, which was then placed into the Seahorse XF
analyzer. The stabilized Cell Culture Miniplate containing
the GC1415 tumor cells was then placed into the Seahorse
XF analyzer and the Acute Injection Seahorse XF Cell Mito
Stress Test protocol was started with the initial injection
of auto-TMVs. The GC1415 cells from each of the wells
were subsequently lysed using the M-PER reagent (Thermo
Fisher Scientific, Inc.) and their protein concentration was
assessed (Bradford assay) for normalization. All the results
were analyzed using Wave software version 2.6.0.31 (Agilent
Technologies, Inc.).

Statistical analysis. All the data in the present study were
analyzed using GraphPad software version 5.0 (GraphPad
Software, Inc.) and are presented as the means + standard
error of the mean. An unpaired Student's t-test (western
blot densitometric analysis) and one-way ANOVA followed
by Dunnett's post hoc test (Ocr analysis) were used to assess
the differences among groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Characterization of auto-TMVs. The NTA indicated the size
range of auto-TMVs to be 90-800 nm, demonstrating that the
predominant population of studied vesicles was composed
of microvesicles (Fig. 1A), which, according to the position
statement of the International Society for Extracellular Vesicles
on minimal information for studies of extracellular vesicles 2018
guidelines, are defined as medium/large EVs (22). The average
size of the analyzed auto-TMVs was 160.7 nm, and their modal
size was 124 nm. An image of auto-TM Vs obtained using SEM
confirmed these results (Fig. 1B). Western blot analysis revealed
the presence of endosomal/cytosolic markers (Alix and CD9;
Fig. 1C) in auto-TMVs, indicating that they are composed, in
part, of a population that exhibits an intracellular origin.

PCR arrays. The gene expression data identified the overex-
pression of 75 genes and the underexpression of 96 genes in
GCl1415 cells following interaction with auto-TMVs. These
genes included oncogenes, tumor suppressor genes and genes
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Figure 1. Characterization of auto-TMVs. (A) Size range of auto-TMVs obtained using nanoparticle tracking analysis. Data are from one representative
experiment (n=3). (B) An image of auto-TMVs obtained using scanning electron microscopy. (C) Protein expression of (a) Alix, (b) CD9 and (¢) GAPDH in
auto-TMVs. Lane 1, size marker; lane 2, auto-TMVs; auto-TM Vs, autologous tumor-derived microvesicles.

associated with angiogenesis and metastasis. A number of the
overexpressed genes included genes that code for transcrip-
tion factors or their co-activators [including MYC, forkhead
box D3 (FOXD3), MYB, ETS Proto-Oncogene 1 (ETSI),
ETS Transcription Factor ELKI (ELKI), JUNB, transcription
factor protein 20 (TCF20) and FOS; Fig. 2A], with TCF20
exhibiting the highest fold increase (16.85). Another set of
overexpressed genes included genes that code for proteins with
kinase activity [including phosphatidylinositol-4-phosphate
3-kinase catalytic subunit type 2 alpha (PIK3C2A), Janus
kinase 2 (JAK-2), fibroblast growth factor receptor 4 (FGFR4),
AKT-1 and CDK4; Fig. 2B], receptor tyrosine kinases (RTKs),
including [Fms related tyrosine kinase 1 (FLTI), RET, MET,
KIT and Erb-B2 receptor tyrosine kinase 2 (ERBB2); Fig. 2C]
and their potential ligands [including KIT ligand (KITLG) and
epidermal growth factor (EGF); Fig. 2C]. In the protein kinase
group, the AKT-1 gene exhibited the highest fold increase
(3.31), ERBB? indicated the highest fold increase in the RTK
group (4.29) and EGF exhibited the highest fold increase in
the RTKs ligands group (2.5) compared to the control. A large
number of affected transcripts comprised of tissue inhibitors of
metalloproteinases (TIMPs; including TIMP-1, -2, -3 and -4,
Fig. 2D) and matrix metalloproteinases (MMPs; including
MMP-2, -9, -11 and -14; Fig. 2D). In the current study, all the
transcripts were downregulated apart from TIMP-2, which
was slightly elevated with a fold increase at 1.10. The mRNA
expression of chemokine ligands presented a more challenging

scenario. In this case, a number of genes were underexpressed
[including C-C motif chemokine ligand (CCL)2, CCL7, C-X-C
motif chemokine ligand (CXCL)I and CXCL5; Fig. 2E], while
other genes were overexpressed (including CXCL6, CXCL9
and CXCLI2; Fig. 3E). The obtained data also indicated an
association between the tumor suppressor protein p53 (7P53),
which was downregulated (6.79) and mouse double minute 2
homolog (MDM?2), which was upregulated (3.35; Fig. 2F).
Other mRNA transcripts that were substantially overex-
pressed in the GC1415 cells following contact with auto-TMYV,
including methionine aminopeptidase 2 [(METAP2); 7.33-fold
increase], interleukin-1 B [(IL1-f3); 7.95-fold increase] and
nitric oxide synthase 3 [(NOS3); 6.88-fold increase; Fig. S1].
The expression heatmaps of all tested genes are presented in
Fig. SI.

Chemotaxis. The average migration distance by the control
GCl1415 cells was 71.6 um over a period of 12 h. The average
motility speed over a period of 12 h was 31.15 ym/h with
the highest speed being recorded at 11 h (46.7 yum/h). The
average distance migrated by the GC1415 cells towards
their auto-TM Vs gradient was 80.5 ym over a period of 12 h.
The average motility speed for the same time period was
27.20 pm/h with the highest being 59.3 ym/h, which was
observed at the 10 min mark of the experiment. However, the
average motility speed was lower for the GC1415 cells exposed
to the auto-TM Vs gradient, and they covered a higher distance
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Figure 2. Effect of auto-TMVs on mRNA gene expression in GC1415 cells. Fold change in mRNA gene expression of (A) transcription factors, (B) protein
kinases, (C) receptor tyrosine kinases and their ligands, (D) tissue inhibitors of metalloproteinases and matrix metalloproteinases, (E) chemokines and
(F) tumor suppressor protein 53 and mouse double minute 2 homolog. Dashed line signifies the controls (n=2). Auto-TMVs, autologous tumor-derived
microvesicles.
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Figure 3. Upper panels depict the raw migration pattern of (A) GC1415 cells alone and (B) GC1415 cells exposed to auto-TMV gradient. The lower panels
depict the average migration pattern of (C) GC1415 cells alone and (D) GC1415 cells exposed to auto-TM Vs gradient. Each colored line represents a single cell
migration pattern. Data are from one representative experiment (n=3). Auto-TM Vs, autologous tumor-derived microvesicles.
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compared with control GC1415 cells. Additionally, the migra-
tion tracking graph of GC1415 cells exposed to the auto-TM Vs
gradient, as presented in Fig. 3, exhibited a more orderly
pattern compared with the control GC1415 cells, implying
the chemoattractant capabilities of auto-TMVs. The highest
motility speed for the gradient-exposed GCI1415 cells was
observed almost immediately (10 min) after the cell tracking
was initiated when compared with the control GC1415 cells,
which was recorded at the 11-h time point.

Western blot analysis. The PI3K/AKT and MAPK/ERK
signaling pathways were analyzed in the GC1415 cells and
in the GC1415 cells treated with auto-TMVs at time inter-
vals of 0.5, 2 and 24 h. The MAPK/ERK signaling pathway
constituents (p44/p42 MAP kinase) were not indicated to
be influenced by auto-TMVs at any of the tested time points
(Fig. 4A). However, an increase in the phosphorylated form
of AKT kinase (phospho-AKT; Fig. 4A and B) was observed
at the 0.5 h time point, indicating that auto-TM Vs-stimulated
signal transduction may occur via the PI3K/AKT pathway.

Cellular respiration. Treatment of the GC1415 cells with
auto-TM Vs resulted in a decrease in the Ocr compared with
the control GC1415 cells, as presented in Fig. 5, indicating
a decrease in mitochondrial respiration. The Ocr values
measured during the basal respiration phase were decreased
in treated GC1415 cells, which suggested that auto-TMVs
decreased initial cellular energy requirements (Fig. 6A). This
decrease in cellular energy demand was also evident during the
ATP production phase of the experiment and in the Ocr values
obtained for the spare respiratory capacity measurements
(Fig. 6B and C).

Discussion

Cancer develops as a consequence of the continual and
uncontrolled proliferation of cells, the outcome of which is an
unfavorable transformation, leading to the invasion of normal
tissue/organs and throughout the body (23). The loss of respon-
siveness of cancer cells to signals controlling normal cell
behavior is a result of abnormalities that develop in multiple
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Figure 5. The Cell Mito Stress Test profile presenting Ocr values for
auto-TM Vs (blue), GC1415 cells alone (red) and GC1415 cells treated with
auto-TMVs (green). All measurements were performed in duplicate. Data
are from one representative experiment (n=4). Ocr, oxygen consumption rate;
auto-TM Vs, Autologous tumor-derived microvesicles.

cell regulatory systems. The current study demonstrated that a
number of genes, protein expression and cell behavior/metabo-
lism are affected in auto-TM V-exposed GC1415 cells and this
may suggest that, auto-TM Vs play a role in facilitating cancer
proliferation and metastasis.

An abnormal gene expression profile in cancer cells is
associated with their potential to proliferate and spread (23).
The data obtained in the current study indicated a variety of
genes that were affected in GC1415 cells following contact
with auto-TMVs. For example, TCF20 mRNA, which was
highly overexpressed (Fig. 2A), is a transcriptional coacti-
vator that enhances the activity of Jun and Spl transcription
factors (24). With the Fos subunit, Jun can form AP-1 tran-
scription factor, which can bind to the promoter gene regions
of a number of genes (including IL-2, CD95L, MMP-1 and
TGF-p) that are associated with cell proliferation, differentia-
tion and apoptosis (22-25). Spl is also a transcription factor
that binds GC/GT-rich promoter elements through its zinc
fingers and has been indicated to play a role in tumor growth
and metastasis by regulating cell cycle genes and VEGF (24).
Genes encoding TIMPs, which are glycoproteins that are
natural inhibitors of MMPs-peptides and are associated with
the degradation of the extracellular matrix (26,27), were also
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affected (underexpressed) in auto-TMVs-exposed GC1415
cells (Fig. 2D). This indicated their potential involvement
in metastasis. A simultaneous underexpression of MMP
(including, MMP-2, -9, -11 and -14; Fig. 2D) mRNA tran-
scripts was also observed. However, the downregulation of
TIMP mRNA transcripts was demonstrated, MMP mRNA
underexpression and its significance requires future investiga-
tion. The results of the current study indicated an association
between TP53 and MDM?2 transcript expression (Fig. 2F),
which may also imply that auto-TMVs may be initiating
mechanisms in GC1415 cells that increase tumor proliferation.
The p53 protein is a known tumor suppressor that is capable
of initiating DNA damage repair, apoptosis and/or cell cycle
arrest in affected cells, which are important mechanisms in
tumorigenesis (28,29). The MDM2 protein, selectively binds
to the p53 protein, and causes its inactivation, which limits its
anticancer potential (30,31).

The interaction between antigens and surface receptors
initiates an intracellular signaling cascade that generates an
appropriate cellular response (23). However, the mechanisms
through which auto-TMVs initiate the PI3K/AKT signaling
pathway in GC1415 cells has not yet been determined.
However, this may be associated with one of the receptors
exhibiting tyrosine kinase activity (namely RTKs) (30-32).
The expression of HER-2/neu receptor, a member of the RTK
family, on GC1415 cells, has been previously reported (18).
In the current study, the upregulation of HER/2 neu (ERBB2)
mRNA gene expression (Fig. 2C) was observed in GC1415
cells treated with auto-TM Vs, and this result may demonstrate
its involvement in signal transduction. The overexpression of
HER/2 neu (ERBB?2) protein and its mRNA has been reported
in a variety of tumor types, which may lead to the activation
of downstream protein kinases and transcription factors that
can propagate tumor progression and metastasis (29-33).
The simultaneous upregulation of AK7-1 mRNA (Fig. 2A)
and the phosphorylated form of AKT 1 kinase protein
(Fig. 4A), in auto-TMV-exposed GC1415 cells, support this
hypothesis. Additionally, it has been reported that AKT-1,
through the activation of mTOR, induces hypoxia-inducible
factor la levels, which is a complex that is responsible for
binding to hypoxia-responsible elements of the promoters of
genes coding for glycolytic enzymes (34). This is in concur-
rence with the results of the current study, which indicated a
decrease in the Ocrs (Figs. 5 and 6), suggesting that contact

with auto-TM Vs may cause a metabolic switch from oxidative
phosphorylation to glycolysis in GC1415 cells, a phenomenon
frequently observed in tumor metabolism and referred to as
the Warburg effect (35). It should be pointed out, however, that
the observed Ocrs were relatively low (~40 pmol/min), which,
in part, may be explained by the low auto-TM Vs concentration
(3 pg) used in the experiments. During growth, tumor cells
require increasing amounts of energy to meet their cellular
demands (34,36,37). Glycolysis, although not as efficient as
oxidative phosphorylation, metabolizes glucose more rapidly
and delivers ATP to growing tumors at a faster rate (38).
Additionally, intermediates generated during glycolysis have
been indicated to be shunted into subsidiary pathways causing
the de novo generation of nucleotides, lipids and amino acids,
which can be utilized by tumor cells to propagate further
proliferation (39).

Metastasis is the final stage of cancer and requires
a migratory ability of cancer cells that is facilitated by
surface chemokine receptors that are present at the cell
surface (35,38,39). A higher expression of CXCR4, CXCR7
and their ligand, CXCL12/SDF-1, has been observed in GC
cells, particularly in the intestinal-type, where it has been
associated with lymph node and liver metastasis (40,41).
Previous phenotyping has revealed that GC1415 cells express
a number of chemokine receptors, including CXCR4 (17).
However, in this aforementioned study, CXCR4 expression
was relatively low (<10%) (17). Other researchers have
revealed that exposure of the GC1415 cells to auto-TM Vs
induces an enhancement of tumor growth and cancer-cell
induced angiogenesis in NOD-SCID mice (18). It has also
been previously reported that surface receptors and mRNA
transcripts can be transferred to target cells by EVs (40-42).
The gene expression data acquired in the current study
demonstrated that CXCR4 and its ligand's (CXCL12/SDF-1)
mRNA were upregulated in GC1415 cells treated with
auto-TM Vs and this may indicate their chemotactic abilities
(Figs. 2E and S1A). The CXCR4 receptor and its mRNA
may be transferred to GC1415 cells via auto-TM Vs, which
may lead to an instant enhancement in the receptor's surface
expression, or de novo synthesis from the transferred mRNA
transcript. However, the CXCL12 mRNA translation in
exposed GC1415 cells may lead to the synthesis of the ligand
and its potential release via auto-TM Vs, which may serve as
a chemoattractant for CXCR4* cells.
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The aim of the present study was to assess the effects
of auto-TMVs on GC1415 cells. The initial characterization
of auto-TMVs revealed their size range as 90-800 nm with
an average size of 160.7 nm, suggesting that the majority of
auto-TM Vs are within the same size range as microvesicles.
The obtained gene expression data indicated an array of genes
to be overexpressed and underexpressed in GC1415 cells that
were exposed to auto-TMVs. These genes coding for proteins
engaged in cellular processes, including signal transduc-
tion, metabolism, chemotaxis, angiogenesis and metastasis.
Chemotaxis experiments performed in the present study
revealed that GC1415 cells migrated towards their auto-TM Vs
gradient. Signal transduction experiments performed in the
current study indicated the PI3K/AKT signaling pathway to be
affected in auto-TMVs-exposed GC1415 cells. The obtained
data on cellular metabolism in GC1415 cells exposed to
auto-TM Vs have revealed a metabolic shift from oxidative
phosphorylation to glycolysis.

In conclusion, the data from the current study demonstrate
that EVs released by tumor cells may also interact and induce
behavioral changes under in vitro conditions in other tumor
cells. These changes may enhance pro-tumorigenic activity
in cancer cells interacting with auto-TMVs. Further studies
focusing on the individual aspects of the presented data
(including signal transduction, metabolism and chemotaxis)
will provide increased knowledge regarding the effect of
autologous TM'Vs on tumor cells.
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