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CD90 affects the biological behavior and energy
metabolism level of gastric cancer cells by targeting
the PI3K/AKT/HIF-1a signaling pathway
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Abstract. CD90, also known as Thy-1 cell surface antigen,
is located on human chromosome 11g23.3, and encodes a
glycosylphosphatidylinositol-linked cell surface glycoprotein.
CD90 serves a key role in malignancy by regulating cell prolif-
eration, metastasis and angiogenesis. Gastric cancer is one of
the most common types of malignancy. Patients with advanced
gastric cancer have a poor prognosis. CD90 plays a key role in
the occurrence and progression of gastric cancer. However, the
molecular mechanism of CD90 in gastric cancer is currently
unclear. In order to identify the molecular mechanism by which
CD90 affects the biological behavior and energy metabolism of
gastric cancer cells, the present study used Cell Counting Kit-8
assays, lactate concentration determination and ATP content
determination. The results demonstrated that CD90 promotes
proliferation and inhibits senescence in gastric cancer cells. In
addition, CD90 enhanced the invasion and migration abilities
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of AGS gastric cancer cells. Overexpression of CD90 resulted
in the accumulation of intracellular lactic acid in AGS cells.
CD90 upregulated lactate dehydrogenase levels and increased
the NADPH/NADP* ratio in AGS cells. CD90 overexpression
decreased the ATP concentration in AGS cells. PI3K, PDK1,
phosphorylated-AKT-Ser473, HIF-1a, MDM?2 and SIRTI1
levels were upregulated in CD90-overexpressing AGS cells,
compared with AGS cells transfected with the empty vector.
In contrast, PTEN, p53, SIRT2, SIRT3 and SIRT6 were down-
regulated. The results indicate that CD90 affects the biological
behavior and levels of energy metabolism of gastric cancer
cells by targeting the PI3K/AKT/HIF-1a signaling pathway.

Introduction

Gastric cancer (GC) is the third leading cause of cancer-asso-
ciated death and the fourth most prevalent malignancy
worldwide, accounting for 8% of total cancer incidence and
10% of cancer-associated deaths. There were ~21,320 cases
of GC (13,020 men and 8,300 women) and 10,540 patients
died from GC in 2012 in the United States (1). Patients with
advanced GC have a poor prognosis (2,3). The identification
of non-invasive tumor markers that can detect the early stages
of cancer, or assess the risk of cancer development in indi-
viduals may decrease the mortality rate of GC (4). However,
the mechanism underlying GC development is not yet fully
understood, and further research is required in order to clarify
its pathogenesis and potential molecular targets.

The geneencoding CD90 (alsoknownas THY1 or Thy-1 Cell
Surface Antigen), is located on human chromosome 11q23.3,
and encodes a glycosylphosphatidylinositol-linked cell
surface glycoprotein (5-8). CD90 regulates key biological
processes, such as cell apoptosis, migration, adhesion, cell-cell
and cell-matrix interactions and T-cell activation (5-8).
Furthermore, numerous reports have demonstrated that CD90
has key functions in regulating cell proliferation, angiogenesis
and metastasis in cancer (9-11). CD90 is a prognostic marker
in certain types of cancer (12,13). CD90 is upregulated in
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GC tissues and modulates the expression levels of osteonectin
to inhibit the apoptosis of GC cells (14). However, the precise
mechanism underlying the effects of CD90 in GC remains
unclear.

Non-cancerous cells produce energy primarily via oxida-
tive phosphorylation in mitochondria. Tumor cells, even under
aerobic conditions, generate energy primarily through glyco-
lytic pathways (15). During glycolysis, glucose is converted
to lactic acid (LD) (16,17). A large number of intermediate
products promote cell proliferation. As a result, glucose
consumption increases, leading to anaerobic glycolysis (18).
The metabolic rates of glucose, lactate, pyruvate, glutamine
and fatty acids in tumor cells are notably higher than those
in normal cells. Their complex metabolic properties allow
tumor cells to generate ATP, maintaining a balance of redox
states, and providing energy for survival, growth and prolifera-
tion (19,20). Song et al (21) identified intermediate products
of aerobic glycolysis pathways, such as increased expression
levels of a-ketoglutarate and fumaric acid in cancer tissues,
indicating that abnormal changes in glucose metabolism
could be used to distinguish between GC cells and normal
cells. Similarly, previous studies have demonstrated abnormal
glucose metabolism is present in GC cells (22,23).

The present study aimed to investigate the effect of CD90
on biological behaviors, such as proliferation, cell senescence,
and invasion and migration ability in GC cells. Changes in
LD concentration, lactate dehydrogenase (LDH) levels, ATP
concentrations and the NADPH/NADP* ratio were assessed
following induction of CD90 overexpression in GC cells. The
present study also investigated the mechanism underlying the
effects of CD90 in GC.

Materials and methods

Cell culture and transfection. The human GC cell line
AGS was acquired from the Chinese Academy Medical
Science (Beijing, China). Cells were cultured in Ham's/F-12
(HyClone; Cytiva) with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.), 100 pg/ml streptomycin and 100 U/ml peni-
cillin (GE Healthcare Life Sciences), at 37°C with 5% CO,.
The coding region of the CD90 gene was generated via PCR
using the following primer pair: 5“ATACTCGAATGAACC
TGGCCATCAGCAT-3' and 5-GCGGAATTCTCACAG
GGACATGAAATCCG-3'. PCR was performed under the
following conditions: One cycle for 5 min at 94°C; 30 cycles
for 45 sec at 94°C, 45 sec at 55°C and 90 sec at 72°C; and final
extension for 10 min at 72°C. The fragments were cloned into
the TA vector (Promega Corporation) and used to transform
E. coli JM109 (Takara Biotechnology Co., Ltd.) according to
the manufacturers' instructions. Following selection and prop-
agation, the pure plasmid DNA was prepared using standard
methods (24). The DNA fragments (498 bp) were removed
from the TA vector using restriction enzyme digestion with
Xhol and EcoR1 (Promega Corporation) and then subcloned
into the pEGFP-N1 vector. The brief steps are as follows: The
pEGFP-N1 vector was also treated with restriction enzyme
digestion with Xhol and EcoR1 (Promega Corporation), the
linear pEGFP-N1 vector was purified, and then the DNA
fragments (498 bp) were linked with it to obtain the pEGFP
vector with this DNA fragment. The fusion sequences were

verified via DNA sequencing using ABI 3730 (Sigma-Aldrich;
Merck KGaA). In order to establish a stable CD90-expressing
cell line, plasmid pEGFP-N1/CD90 or control empty
vector pPEGFP-N1 was transfected into AGS cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol and as
previously described (14,25,26). In order to obtain stable
CD90-overexpressing cells, 1,000 xg/ml G418 (Sigma-Aldrich;
Merck KGaA) was added 48 h after transfection; this level
was sustained for >14 days. The maintenance concentration,
500 pg/ml G418, was used throughout the cell culture. CD90
overexpression was verified using western blotting.

Cell Counting Kit-8 (CCK-8) assay. Cell proliferation was
detected using a CCK-8 assay (7 Sea Biotech Co., Ltd.)
according to the manufacturer's instructions. Cell suspension
(200 pl) was seeded in 96-well cell culture plates at a density of
1,000 cells/well and incubated at 37°C for 6 days. Cell density
was measured every 24 h. A total of 20 ul CCK-8 solution
was added to each well and incubated for 2 h at 37°C. Finally,
the absorbance was measured at 450 nm using a Paradigm
Detection System (Beckman Coulter, Inc.).

B-Galactosidase staining. Cells were washed three times in
a 6-well plate with 1X PBS and fixed using f-galactosidase
staining stationary solution (cat. no. C0602; Beyotime
Institute of Biotechnology) at room temperature for 15 min.
The plate was rinsed twice with 1X PBS, and 1 ml staining
solution (10 pl each of P-galactosidase staining solution A
and B, 930 ul p-galactosidase staining solution C and 50 pl
X-gal solution) was added. The plate was incubated over-
night at 37°C without CO, Cellular senescence was detected
using a Senescence-associated p-Galactosidase Staining kit
(cat. no. C0602; Beyotime Institute of Biotechnology). Images
were captured using a light microscope (magnification, x10;
cat. no. CKX41; Olympus Corporation). Blue [3-galactosidase
positive cells were considered to be senescent.

Cell invasion and migration assays. A Corning Matrigel
invasion chamber in 24-well plates with 8-ym pores (Corning
Life Sciences) and standard Transwell inserts (6.5 mm)
were used to perform the cell invasion assays. In total, 20 ul
Matrigel was used for per well. A total of 2.5x10* cells were
suspended in 500 ul of serum-free medium (Hyclone; Cyvita)
and added to the top chamber. A total of 750 ul Ham's/F-12
growth medium (Hyclone; Cyvita) with 20% FBS was added
to the lower chamber. Cells were then allowed to invade onto
the lower surface of the upper chamber following incubation
in a humidified incubator with 5% CO, at 37°C, for 48 h. The
cells were fixed with 4% paraformaldehyde for 10 min at room
temperature, and stained with 0.1% crystal violet at room
temperature for 10 min. The cells on the upper surface of the
upper chamber were removed using a cotton swab. Images
were captured using a light microscope at x100 magnifica-
tion. Cells were counted from at least five randomly selected
fields for each experiment. Falcon Cell Culture Inserts with
8-um pores (Corning Life Sciences) were used to perform
cell migration assay using the aforementioned method,
but without Matrigel coating on the upper surface of the
Transwell filters.
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LD assay. A total of ~5x10° cells were seeded and cultured for
48 h for each group. The LD content in the cells and media
were detected. Ultrasonic fragmentation (40 kHz, for 5 sec
and stopped for 1 sec, on ice) was used to produce the cell
homogenate, and reagents were added according to the manu-
facturer's instructions (Nanjing Jiancheng Bioengineering
Institute). Absorbance was measured at 721 nm using the
Paradigm Detection system (Beckman Coulter, Inc.). Finally,
the protein concentration was determined to calibrate the
LD value in each group.

LDH detection. A total of ~1x10° cells were seeded and
cultured at 37°C for 48 h for each group. The LDH content
in the cells and media were detected. Ultrasonic fragmen-
tation (40 kHz for 5 sec and stopped for 1 sec on ice) was
used to produce the cell homogenate, and then reagents were
added according to the manufacturer's instructions (Nanjing
Jiancheng Bioengineering Institute). Absorbance was
measured at 440 nm using the Paradigm Detection system.
Finally, the protein concentration was determined and used to
calibrate the LD value in each group.

NADP*/NADPH assay. In order to extract NADP*,
the Coenzyme II NADP (H) content test kit was used
(cat. no. A115-1-1; Nanjing Jiancheng Bioengineering
Institute). In total, 1 ml of acidic extract was added to
5,000,000 cells. Cells were then sonicated (at 40% for 5 sec
and stopped for 1 sec on ice) for 1 min, boiled for 5 min,
cooled in an ice bath and centrifuged at 10,000 x g at 4°C for
10 min. The supernatant was retained and an equal volume
of alkali extract was added to neutralize it. The solution was
mixed and centrifuged at 10,000 x g for 10 min, followed by
the addition of 1-7 reagents from the aforementioned kit then
mixing. Absorbance was measured at 570 nm. The NADP*
content was calculated as: 4.570x(AA-0.062)/Cpr, where
AA is the absorbance value of measuring tube-contrast tube
absorbance value, and Cpr is the sample protein concentration.
In order to extract NADPH, 1 ml alkali extract was added to
5,000,000 cells. Cells were sonicated for 1 min (40 kHz for
5 sec and stopped for 1 sec on ice), boiled for 5 min, cooled
in an ice bath and centrifuged at 10,000 x g at 4°C for 10 min.
The supernatant was retained, and the same volume of acid
extract as the supernatant was added to neutralize it. The solu-
tion was mixed and centrifuged at 10,000 x g 4°C for 10 min,
followed by the addition of 1-7 reagents from the aforemen-
tioned kit and mixing. Absorbance was measured at 570 nm
as aforementioned. The NADPH content was calculated as:
7.200x(AA-0.072)/Cpr, where AA is the absorbance value of
measuring tube-contrast tube absorbance value, and Cpr is the
sample protein concentration.

ATP detection. An ATP content test kit (cat. no. S0026;
Beyotime Institute of Biotechnology) was used to detect the
ATP content according to the manufacturer's instructions.
Relative fluorescence unit values were determined using a
Luminometer (Beckman Coulter, Inc.). A standard curve was
constructed and the ATP concentration of the sample was
calculated. Protein concentrations were then assessed. The
concentration of ATP was divided by the protein concentration
and the units were converted to nmol/mg protein.

Western blotting analysis. CD90-overexpressing AGS cells
(AGS-CD90) and control AGS cells (AGS/vector) were lysed
in RIPA buffer (CoWin Biosciences), and a bicinchoninic acid
kit (Thermo Fisher Scientific, Inc.) was used to determine
the protein concentration. A total 50 ug sample protein was
added to 5X loading buffer, boiled for 5 min, then separated
using 10% SDS-PAGE gel and transferred onto nitrocellulose
membranes (HyClone; Cytiva). The nitrocellulose membranes
were incubated at 4°C with TBST ((25 mM Tris-HCI, 150 mM
NaCl, pH 7.5 and 0.05% Tween-20) containing 5% non-fat milk,
followed by overnight incubation at 4°C with the following
primary antibodies: Rabbit anti-CD90, anti-PI3K, anti-PDK1,
mouse anti-AKT, rabbit anti-phosphorylated (p)-AKT-Ser473,
anti-HIF-1a, mouse anti-MDM?2, mouse anti-PTEN, rabbit
anti-p53, mouse anti-Sirtuin (SIRT) 1, mouse anti-SIRT 2, rabbit
anti-SIRT 3 and mouse anti-SIRT 6 (all 1:1,000; cat.nos. YT0783,
YT3709, YT3645, YT0173, YP0006, YT2133, YT2692,
YT5752, YT3528, YM1416, YM1271, YT4304 and YM1274,
respectively; all ImmunoWay Biotechnology Company). After
washing three times with PBS and incubation with labeled
secondary antibodies, including anti-rabbit secondary antibody
(1:3,000; cat. no. sc-2004) and anti-mouse secondary antibody
(1:3,000; cat. no. sc-2005) (both Santa Cruz Biotechnology,
Inc.), signals were visualized using an enhanced chemilumines-
cence detection system (EMD Millipore). Rabbit anti-3-tubulin
(1:5,000; cat. no. T0O028; Affinity Biosciences) was used as a
loading control.

Statistical analysis. The data are presented as the mean =+ stan-
dard error of the mean from three independent experiments.
Differences in parametric variables were analyzed using
one-way ANOVA followed by Student-Newman-Keuls
post hoc test, and differences in non-parametric variables
between groups were analyzed by Kruskal-Wallis test
followed by Bonferroni's. Differences of non-parametric vari-
ables were analyzed using Mann Whitney U tests. Differences
between two quantitative variable groups were analyzed using
unpaired Student's t-tests and GraphPad Prism version 5.01
(GraphPad Software). All other statistical analyses was
performed using SPSS (version 11.0; SPSS, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

CD90 promotes proliferation of GC cells. A previous study
demonstrated that expression levels of CD90 are higher in GC
tissues compared with adjacent normal tissues (9). In order to
investigate the effect and potential mechanism of CD90 in GC,
a CD90-overexpressing AGS cell line was established, using
G418 to select the positive clones. Western blotting confirmed
that CD90 was stably and highly expressed in AGS-CD90
cells (Fig. 1A). In order to verify whether CD90 influences the
proliferation rate of GC cells, a CCK-8 assay was performed.
The results demonstrated that the cell proliferation rate was
significantly increased in AGS-CD90 cells compared with that
in control cells (P<0.05). These results indicated that CD90
promotes proliferation of GC cells (Fig. 1B).

CD90 inhibits senescence of GC cells. Senescence repre-
sents stable cell cycle arrest and serves a key role in tumor
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Figure 1. Detection of cell proliferation and senescence in gastric cancer cells. (A) Western blotting analysis of CD90 in AGS-CD90 and AGS-vector cells.
(B) CCK-8 analysis was performed using a CCK-8 assay kit. (C and D) Cell senescence analysis using (3-galactosidase staining (magnification, x200).
Histogram shows the percentage of senescent cells. Data are presented as the mean =+ standard error of the mean. P-values were calculated using Unpaired
“P<0.05, “P<0.01. AGSCD-90, gastric cancer cells transfected with pEGFP-N1/CD90; AGS-vector, gastric cancer cells transfected with pPEGFP-N1; CCK-8,

Cell Counting Kit-8.

development and suppression. The senescence-specific marker
[-galactosidase catalyzes the production of a blue-green
product of X-Gal, and those cells stained with f-galactosidase
appear blue-green in color when observed under a microscope
according to the instructions of the f-galactosidase staining kit
(cat.no. C0602; Beyotime Institute of Biotechnology). The role
of CDI90 in cell senescence was assessed using f-galactosidase
staining in the present study. The percentage of senescent
AGS-CD90 cells was 12.14%, while that in the control group
was 17.09%. The proportion of AGS-CD90 cells that were
positive for $-galactosidase staining was significantly smaller
than that of the control cells (P<0.05). This indicated that
CD90 inhibits the senescence of AGS cells (Fig. 1C and D).

CD90 promotes the invasion and migration abilities of
GC cells. Invasion and migration ability experiments were
performed. The results demonstrated that the number of
invasive cells in the AGS-CD90 group was 1,397, while
that in the control group was 406. The number of migratory
cells in the AGS-CD90 group was 163, whereas that in the
control group was 61. The number of AGS-CD90 cells passing
through matrix (cell invasion test) or polycarbonate membrane
(cell migration test) in the low nutritional environment was
higher than that of AGS-vector cells (P<0.01). These results
demonstrated that CD90 promoted the invasion and migration
abilities of GC cells (Fig. 2).

CD90 affects the LD concentration of GC cells. LD is a
key metabolite in aerobic glycolysis in tumor cells. The
level of LD is associated with tumor metastasis and poor
prognosis (27,28). LD concentration was detected in
AGS-CD90, AGS-vector cells and culture supernatant in the
present study. There was no significant difference in the LD
concentrations between the AGS-CD90 and AGS-vector cell

culture supernatant. However, the intracellular LD concen-
tration of AGS-CD90 cells was higher than that of the
AGS-vector cells. These results indicated that CD90 over-
expression resulted in the accumulation of LD in GC cells
(Fig. 3A and B).

CD90 upregulates LDH concentration in GC cells. Pyruvate is
degraded to LD under the action of LDH and cannot enter the
tricarboxylic acid cycle (29). Therefore, it was hypothesized
that the level of LDH in AGS-CD90 cells would be altered in
the present study. LDH concentration was detected in the cells
and culture supernatant of the AGS-CD90 and AGS-vector
groups. The intracellular LDH concentration was increased
in AGS-CD90 cells compared with that in AGS-vector cells.
However, there was no significant difference in LDH concen-
tration in the cell culture supernatant of the AGS-CD90 and
AGS-vector groups (Fig. 3C and D).

CD90 increases the NADPH/NADP* ratio of GC cells. NADP*
is a coenzyme of dehydrogenases and produces NADPH.
Therefore, changes to the NADPH/NADP* ratio are associ-
ated with the pentose phosphate pathway and biosynthesis.
The present study compared the intracellular NADPH/NADP*
ratios of AGS-CD90 and AGS-vector cells. The results
demonstrated that the NADPH/NADP* ratio in AGS-CD90
cells was higher than that in control cells. The present results
also indicated that CD90 influenced levels of NADPH and
NADP* in GC cells (Fig. 4A).

CD90 decreases the ATP concentration of GC cells.
NADPH/NADP* is associated with intracellular ATP
content. In order to investigate whether CD90 affects the
ATP levels of GC cells, ATP concentration was detected
in the cells and culture supernatant of the AGS-CD90 and
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AGS-vector groups. The ATP concentration was lower in
AGS-CDO90 cells compared with that in the AGS-vector
cells. This indicated that CD90 decreases ATP concentra-
tion in GC cells (Fig. 4B).

CD90 affects the biological behavior and levels of energy
metabolism of GC cells by regulating the PI3K/AKT/HIF-1a

signaling pathway. Western blotting was performed to
investigate the mechanism by which CD90 affects biological
behavior and energy metabolism in GC cells. The results
demonstrated that levels of PI3K, PDK1, p-AKT-Ser473,
HIF-lo. and MDM2 were upregulated in AGS-CD90 cells
compared with control cells. In contrast, levels of PTEN and
p53 were downregulated in AGS-CD90 cells (Fig. 5). The
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Figure 5. Western blotting analysis of the PI3K/AKT/HIF-1a signaling pathway. (A) Levels of PI3K, PTEN, PDK1, AKT, p-AKT-Ser473, HIF-1a, MDM2,
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results of the present study demonstrated that CD90 affects = SIRT2, SIRT3 and SIRT6 levels were downregulated in
the activity of the PI3K/AKT/HIF-1a signaling pathway. In ~ AGS-CD90 cells (Fig. 5). These results indicate that CD90
addition, expression levels of SIRT1 were upregulated in  affects the levels of LD and ATP via regulation of levels of
AGS-CDO0 cells compared with control cells. Meanwhile, SIRTs and HIF-1a.
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Discussion

GC is the fourth most frequently occurring malignancy
worldwide (1,30), and is the second leading cause of
cancer-associated mortality (31). East Asia accounts for
~60% of GC cases worldwide, and 41% of cases occur in China
alone (1). Although progress in early diagnosis and adjuvant
therapy has improved outcomes for patients with GC, radical
surgery remains to be the primary treatment approach. GC
can relapse with local or distant metastasis following radical
gastrectomy; therefore, outcomes remain unsatisfactory. The
pathogenesis of GC is a multi-factor and multi-step process,
involving microorganisms, proto-oncogenes, tumor suppressor
genes and immunological factors (32-35). Helicobacter pylori
is considered to be a notable cause of GC but does not account
for all cases (36). Thus, the molecular basis of GC remains
unclear.

Energy metabolism in cancer cells is an area of interest
in research. The Warburg effect indicates that cancer cells
have faults in mitochondrial oxidative phosphorylation (37).
Even in the presence of plentiful oxygen, cancer cells rely
primarily on anaerobic glycolysis in the cytosol as a source
of ATP to support cell proliferation (38). Normal cells do
not tend to use the aerobic glycolysis pathway. Aerobic
glycolysis occurs most frequently in proliferative cells, such
as tumor cells, which use glucose via the glycolysis pathway,
even in aerobic conditions, which requires overexpression
of glucose transporters and glycolytic enzymes, resulting in
the secretion of LD (39-41).

A previous study verified that abnormally high expres-
sion levels of CD90 are present in GC tissues, and as such,
constructed an AGS cell line that stably overexpresses CD90,
demonstrating that CD90 promotes proliferation and inhibits
apoptosis (14). The present study investigated the effect of
CD90 on the biological behavior and energy metabolism of
GC cells. CD90 promoted cell proliferation and the inva-
sion and migration abilities of AGS cells, and inhibited their
senescence. Overexpression of CD90 promoted the accumula-
tion of LD and ATP, upregulated the LDH concentration and
increased the intracellular NADPH/NADP* ratio in AGS cells.
The association between metabolic levels of lactate, ATP and
malignant tumors has been confirmed by previous studies (42).
For example Choi er al (43) demonstrated that elevated
glycolysis, combined with increased LD production and secre-
tion, is a key metabolic feature of neuroendocrine prostate
cancer (NEPC). Certain oncogenes or tumor suppressor genes
serve key roles in the regulation of metabolism and biological
behavior of malignant tumor cells. Monocarboxylate trans-
porter 4 (MCT4) is a plasma membrane LD transporter. The
expression level of MCT4 can be inhibited using antisense
oligonucleotides; this decreases LD secretion and glucose
metabolism, thus affecting the proliferation of NEPC cells (43).
Similarly, the present study demonstrated that CD90 serves a
key role in the metabolism and biological behavior of GC cells.
It has also been demonstrated that LD secreted by tumors is
associated with a decrease of macrophages in head and neck
squamous cell carcinoma, and induces polarization of M2-like
macrophages (44). These previous studies also demonstrate the
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key role of LD in the pathogenesis of malignant tumors. LD,
NADPH, ATP and other metabolites serve an important role
in the occurrence and progression of malignant tumor cells.
Circulating melanoma cells, metastases and primary tumor
cells exhibit elevated levels of reactive oxygen species (ROS).
Compared with these cells, a highly metastatic type of cancer
experiences reversible metabolic changes, increased mito-
chondrial NADPH levels and ROS stress resistance; inhibition
of these effects decreases metastasis of tumor cells (39,45).
ATP is released into the extracellular matrix via exocytosis
or hemichannels (46). In order to amplify TGF-f1-induced
migration of lung cancer cells, autocrine signaling via exocy-
tosis of ATP and activation of P2 receptors is required (47).
Alvarez et al (48) demonstrated that hemichannels activate
the downstream region of the aVf3 integrin-PI3K-PLCy-IP3R
pathway and are responsible for Thy-1-induced, hemi-
channel-mediated and Syndecan-4-modulated ATP release,
which transactivates P2X7Rs to induce Ca(2+) entry into cells.
The present study demonstrated that CD90 affects the levels of
LD, ATP and other metabolites of GC cells, and influences the
invasion and metastasis ability of GC cells, thus clarifying the
function and mechanism of CD90 in GC.

In order to investigate the mechanism underlying the
effects of CD90 on the biological behavior and energy
metabolism of GC cells, key molecules involved in the
PI3K/AKT/HIF-1a signaling pathway were assessed. It was
demonstrated that CD90 upregulated the levels of PI3K,
PDK1, AKT, p-AKT-Ser473, HIF-1a and MDM?2, and down-
regulated the levels of PTEN and p53 (Fig. 6). Hyper-activation
of PI3K/AKT signaling is common in numerous types
of malignant tumor and promotes cell proliferation (49).
Studies have demonstrated that metastasis suppressor protein
1 is regulated by PTEN to suppress invasion, migration
and epithelial-to-mesenchymal transition of gastric carci-
noma cells by inactivating PI3K/AKT signaling (50,51).
Dupuy et al (52) demonstrated that pyruvate dehydrogenase
kinase 1 phosphorylates pyruvate dehydrogenase, thus
serving a key role in reprogramming metabolism. HIF-1a
is another key molecule in the PI3K/AKT/HIF-1a signaling
pathway. Studies have demonstrated that dimerization of the
HIF-1a and -f subunits forms the HIF-1 complex (53,54).
This complex alters the transcription of associated genes
such that tumor cells under hypoxic conditions generate
energy to maintain growth (55,56). In tumor cells, mutated
p53 cannot interact with BCL2 and therefore cannot promote
mitochondrial membrane permeation. Therefore, in addition
to the effect on transcriptional activity, the p53 mutant can
also promote the survival of cancer cells via direct action
on mitochondrial function (57). Furthermore, the Sirtuin
histone deacetylase family has been identified as a key
regulatory factor in metabolism of cancer cells (58,59). In
summary, the PI3K/AKT/HIF-1a signaling pathway serves a
key role in regulating the metabolism and biological behavior
of malignant tumor cells (Fig. 6).

The present study demonstrated that CD90 affects the
metabolism and biological behavior of GC cells via the
PI3K/AKT/HIF-1a signaling pathway. The interaction between
CD90 and this pathway, and the mechanism underlying its
regulation, are not yet fully understood. Further investigations
are thus required in order to elucidate this.

The present study demonstrated that CD90 disrupts the
biological behavior and metabolic processes of GC cells,
potentially via the PI3K/AKT/HIF-1a signaling pathway.
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