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Podocalyxin promotes cisplatin chemoresistance in osteosarcoma
cells through phosphatidylinositide 3-kinase signaling
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Abstract. Osteosarcoma (OS) is the most common type of
primary bone malignancy. The use of multiagent, intensive
chemotherapy has markedly improved the long-term survival
rate of patients with OS. However, chemoresistance continues
to be the principal reason for poor survival and disease recur-
rence in patients with OS. Innate or acquired resistance to
cisplatin, which is one of the most effective drugs against OS,
is common. Understanding the molecular basis underlying
cisplatin chemoresistance in OS cells may serve as a basis for
the identification of novel therapeutic targets and biomarkers.
High expression levels of podocalyxin (PCX) have been shown
to be correlated with poor outcome in various types of cancer.
A recent study suggested that PCX may contribute to cancer
chemoresistance. The present study aimed to explore the role
of PCX in OS by determining its effects on cisplatin chemo-
resistance in OS cells. Stable overexpression and knockdown
of PCX were performed in MG-63 and U20S human OS cell
lines. Overexpression of PCX in the two cell lines significantly
increased the half maximal inhibitory concentration (ICs,) of
cisplatin, cell colony formation, phosphatidylinositide 3-kinase
(PI3K) activity and Akt phosphorylation at serine 473, and
decreased cisplatin-induced cell apoptosis. Furthermore, the
effects of PCX were largely attenuated by treatment with the
selective PI3K inhibitor BKM120. Conversely, knockdown of
PCX expression markedly decreased the ICs of cisplatin, cell
colony formation, PI3K activity and Akt phosphorylation at
serine 473, and increased cisplatin-induced cell apoptosis. In
conclusion, the present study was the first, to the best of our
knowledge, to provide evidence that PCX promotes cisplatin
chemoresistance in OS cells through a PI3K-dependent mech-
anism. The results of the present study provided novel insight
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not only into the functional role of PCX in cancer, but also into
the molecular mechanisms underlying OS chemoresistance.

Introduction

Osteosarcoma (OS) is the most common type of primary bone
malignancy, and the eighth most common type of cancer in chil-
dren, comprising 2.4% of all malignancies in pediatric patients
and ~35% of all bone cancers worldwide (1). The five-year
survival rate of patients with OS has significantly improved over
recent decades to 60-70%, since the advent of combinatorial
chemotherapy (2). However, survival has since leveled, despite
advances in therapeutic strategies (3). Standard chemotherapy
of OS is based on a combination of several drugs: Neoadjuvant
therapy with methotrexate, cisplatin and doxorubicin, followed
by surgery and post-operative chemotherapy with methotrexate,
cisplatin, doxorubicin, cyclophosphamide and vincristine (4).
The use of cisplatin, which is an effective anti-tumor agent with
a wide spectrum of activity against human solid tumors (5),
has been shown to be a useful chemotherapeutic strategy for
pre-operative induction therapy of OS. Patients who responded
well to pre-operative cisplatin chemotherapy were also shown to
have an improved survival rate (6). Furthermore, the inclusion of
cisplatin has been shown to be associated with a better outcome
for high-grade OS (7). Intrinsic or acquired chemoresistance is
the predominant reason for poor survival and disease relapse in
patients with OS (8). Recently, novel molecular-targeted drugs
have emerged; however, these drugs have not been well estab-
lished for the treatment of OS (9). In addition, the molecular
mechanisms underlying OS chemoresistance remain to be eluci-
dated. Therefore, identification of factors that contribute to OS
chemoresistance and elucidation of the underlying mechanisms
is essential for the development of novel therapeutic strategies.
Podocalyxin (PCX) is a highly glycosylated and sialylated
transmembrane protein. PCX is a CD34 ortholog that is usually
expressed on hematopoietic stem cells, hemangioblasts,
vascular endothelial cells, podocytes and a subset of neural
progenitors (10). Aberrant PCX expression has been reported
in leukemia (11,12), undifferentiated thyroid carcinoma (13)
and renal cell carcinoma (14). High protein expression levels
of PCX have been shown to be correlated with poor outcome
in a subset of breast carcinoma, and have also been associ-
ated with increased aggressiveness of breast and prostate
cancer cells (15,16). Recently, it has been demonstrated that
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PCX promotes astrocytoma cell survival against temozolo-
mide-induced apoptotic stress (17), thus suggesting that PCX
may also contribute to cancer chemoresistance. The present
study aimed to explore the role of PCX in OS by determining
its effect on cisplatin chemoresistance in OS cells.

Materials and methods

Cell lines, plasmids and reagents. MG-63 (CRL-1427) and
U20S (HTB-96) human OS cell lines were purchased from
the American Tissue Culture Collection (Manassas, VA, USA).
The cells were grown in Dulbecco's modified Eagle's medium
(Invitrogen Life Technologies,Carlsbad,CA,USA) supplemented
with 10% fetal bovine serum (Invitrogen Life Technologies)
and 100 U/ml penicillin-streptomycin (Sigma-Aldrich, Beijing,
China) in an incubator with a humidified atmosphere of 95% air
and 5% CO, at 37°C. Human full-length PCX cDNA (SC302189;
Origene Technologies, Inc., Beijing China) was sub-cloned into
apcDNA 3.1 expression vector (Invitrogen Life Technologies) at
the Kpnl and NotI sites. A human PCX short hairpin (sh)RNA
plasmid (RHS3979-98487921; 5'-AGTTCATCCCATTTG
TCCT-3') was purchased from Open Biosystems (Huntsville,
AL, USA). Mouse anti-human anti-PCX (3D3) monoclonal
(cat. no. 39-3800) antibody and Lipofectamine® 2000 transfec-
tion reagent were purchased from Invitrogen Life Technologies
(Carlsbad, CA, USA). Selective phosphatidylinositide 3-kinase
(PI3K) inhibitor BKM120 (cat. no. sc-364437A), and rabbit
anti-human anti-Akt serine 473 (ser473) (cat. no. sc-1618)
and rabbit anti-human anti-phosphorylated (p)-Akt (ser473)
(cat. no. sc-101629) polyclonal antibodies were purchased from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). All primary
antibodies were incubated with the membrane at a dilution of
1:500 for 1 h in Tris-buffered saline with Tween 20 containing
5% skimmed milk powder for blocking at room temperature.
All secondary antibodies were purchased from Jackson
ImmunoResearch Laboratories, Inc. (West Grove, PA,USA). The
TiterTACS in situ Apoptosis Detection kit (cat. no. 4822-96-K)
was purchased from R&D Systems (Minneapolis, MN, USA).
The PI3K Activity ELISA kit (cat. no. K-1000s) was purchased
from Echelon Biosciences, Inc. (Salt Lake City, UT, USA).
Cisplatin, puromycin, G418 and all chemicals of reagent grade
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Transfection and lentiviral transduction. The PCX expres-
sion construct was transfected into the MG-63 and U20S cells
using Lipofectamine® 2000 transfection reagent, according
to the manufacturer's instructions. Pools of stable transduc-
tants were generated via selection with G418 (700 pg/ml),
according to the manufacturer's instructions. Lentiviral
transduction was performed in the MG-63 and U20S cells.
Lentiviral particles were packaged with vector psPAX2 and
vector pMD2.G, according to the manufacturer's instructions
(Open Biosystems). A control virus containing a scrambled
shRNA sequence, which did not lead to the specific degrada-
tion of any cellular mRNA, was used as a negative control
for PCX-shRNA lentiviral particles. Pools of stable transduc-
tants were generated via selection with puromycin (5 ug/ml).

Western blot analysis. The cells were dissolved in 250 ul
2X SDS loading buffer (62.5 mM Tris-HCI, pH 6.8, 2%
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SDS, 25% glycerol, 5% 2-mercaptoethanol; Sigma-Aldrich)
and incubated at 95°C for 10 min The supernatant collected
following centrifugation at 2,000 x g for 15 min at 4°C was used
for protein determination using the Coomassie blue method.
Equal amounts of protein for each sample were separated by
10% SDS-PAGE and blotted onto polyvinylidene difluoride
microporous membranes (EMD Millipore, Billerica, MA,
USA). The membranes were then incubated for 1 h with the
primary antibodies at a 1:500 dilution and then washed. The
membranes were subsequently incubated with the horseradish
peroxidase-conjugated secondary antibodies (1:4,000) for 1 h.
The blots were visualized using a GE Healthcare Enhanced
Chemiluminescence kit (GE Healthcare, Little Chalfont, UK).
Three independent experiments were performed for each
western blot analysis. Western blots were quantified using
ImagelJ software version 1.42 (National Institutes of Health,
Bethesda, MD, USA).

Cisplatin chemosensitivity/chemoresistance assay. The cells
were plated in duplicates in 96-well plates at a density of
5x10° cells/well. Following a 24-h incubation, the medium
was replaced with fresh medium with or without various
concentrations of cisplatin (0.1, 0.25, 0.5, 1.0, 1.5, 3.0, 6.0,
15.0, 30.0 and 55.0 mM). For BKM120 treatment, cells
were treated with BKM120 (50 yM) for 48 h. Cell viability
was assayed six days later, using a modified MTT assay
(Sigma-Aldrich) as previously described (18). The 96-well
plate used was purchased from Thermo Fisher Scientific
(Beijing, China) and the microplate reader (SpectraMax
Plus 384) was purchased from Molecular Devices, LLC
(Beijing, China). The half maximal inhibitory concentration
(ICy,) was defined as the concentration resulting in a 50%
reduction in growth, as compared with that of the control cells.

Cell colony formation assay. Colony formation assays were
performed as previously described (19). Briefly, the cells were
treated with cisplatin (5 mM) at 37°C for 48 h, then trypsinized
(Sigma-Aldrich), re-seeded in 100-mm plates (1x10° cells/plate)
and cultured at 37°C for 2 weeks. For BKM120 treatment, cells
were treated with BKM120 (50 uM) for 48 h. The plates were
subsequently fixed with cold methanol (Sigma-Aldrich) at-20°C
for 30 min, stained with crystal violet (0.1%) (Sigma-Aldrich)
and finally washed with water in order to remove background
staining. Images were captured using a scanner (InGenius3;
Syngene Inc., Frederick, MD, USA), and all colonies >1.5 mm
in diameter were counted.

Cell apoptosis assay. The cells were cultured at
9x10* cells/well in 96-well tissue culture plates and treated
with cisplatin (5 mM) at 37°C for 48 h. For BKM120 treat-
ment, cells were treated with BKM120 (50 M) for 48 h.
The rate of cell apoptosis was measured at 48 h using the
microplate reader-based TiterTACS in situ Apoptosis
Detection kit, according to the manufacturer's instructions.
The SpectraMax Plus 384 microplate reader was used to
measure optical density. Each experiment was repeated three
times in duplicates.

PI3K activity assay. PI3K activity was determined using the
PI3K Activity ELISA kit, according to the manufacturer's
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Figure 1. Expression of PCX in OS cells following overexpression or
knockdown of PCX. Expression of PCX was detected in (A) MG-63 and
(B) U20S human OS cells by western blot analysis. Lanes: 1, NC; 2, VC; 3,
PCX; 4, PCX + BKM120; 5, SC; and 6, PCX-shRNA. (3-actin was used as
a loading control. The density of the PCX blot was normalized against that
of the B-actin blot in order to obtain the relative PCX blot density, which
was expressed as a fold change relative to that of the NC group (designated
as 1). Three independent experiments were performed for each western blot
analysis. Values are expressed as the mean + standard deviation. *“P<0.05, vs.
the controls (NC, VC and SC); °P<0.05, vs. the PCX group; °P<0.05, vs. the
PCX + BKM120 group. Groups: NC, normal control cells; VC, cells stably
transfected with empty pcDNA3.1 vector; PCX, cells stably transfected with
PCX; PCX + BKM120, cells stably transfected with PCX and treated with
the phosphatidylinositide 3-kinase inhibitor BKM120 (50 M) for 48 h; SC,
cells stably transduced with scramble control shRNA; and PCX-shRNA,
cells stably transduced with PCX-shRNA. PCX, podocalyxin; OS, osteosar-
coma; shRNA, small hairpin RNA.

instructions (20,21). For BKM120 treatment, cells were treated
with BKMI120 (50 uM) for 48 h. For direct functional
assessment of PI3K activity, PI3K was isolated by immuno-
precipitation using an anti-PI3K antibody (cat. no. 06-195;
EMD Millipore) to the p85 adapter subunit. The ability of
the co-precipitated p110 catalytic subunit to convert standard
phosphatidylinositol 4,5-bisphosphate to phosphatidylinositol
3.4,5-trisphosphate (PIP3) in a kinase reaction was assessed
by measuring the generated PIP3 by ELISA. The SpectraMax
Plus 384 microplate reader was used to measure optical density.
Each experiment was repeated three times in duplicates.
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Figure 2. Effects of PCX on the ICy, of cisplatin in (A) MG-63 and (B) U20S
human OS cells. The cells were treated with or without various concentrations
of cisplatin for six days, and the ICs, values were determined in the following
groups: NC, normal control cells; VC, cells stably transfected with empty
pcDNA3.1 vector; PCX, cells stably transfected with PCX; PCX + BKM120,
cells stably transfected with PCX and treated with the phosphatidylinositide
3-kinase inhibitor BKM120 (50 uM) for 48 h; SC, cells stably transduced
with scramble control shRNA; and PCX-shRNA, cells stably transduced with
PCX-shRNA. Each experiment was repeated three times in duplicate. Values
are expressed as the mean + standard deviation. “P<0.05, vs. the controls (NC,
VC and SC); "P<0.05, vs. the PCX group; °P<0.05, vs. the PCX + BKM120
group. PCX, podocalyxin; OS, osteosarcoma; shRNA, small hairpin RNA;
1Cy, half maximal inhibitory concentration.

Statistical analysis. Statistical analyses were performed using
SPSS for Windows 19.0 (International Business Machines,
Armonk, NY, USA). Values are expressed as the mean + stan-
dard deviation. Comparisons of the means among multiple
groups were performed by one-way analysis of variance
followed by post hoc pairwise comparisons using Tukey's
tests. A two-tailed P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Overexpression and knockdown of PCX in human OS cells.
The MG-63 and U20S human OS cell lines were used as cell
models in the present study. As shown in Fig. 1, PCX was consti-
tutively expressed in the two cell lines. PCX was overexpressed
or knocked down in the cells by stable transfection with a PCX
expression vector or lentiviral transduction of PCX-shRNA,
respectively. PCX was overexpressed by 9.6- and 7.3-fold in
the MG-63 and U20S cells transfected with the PCX expres-
sion vector, respectively, as compared with that in the control
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Figure 3. Effects of PCX on cell colony formation in OS cells treated with cisplatin. (A) MG-63 and (B) U20S human OS cells were treated with 5 M cisplatin
for 48 h and then cultured for two weeks. The colonies were stained with crystal violet and counted in the following groups: NC, normal control cells; VC,
cells stably transfected with empty pcDNA3.1 vector; PCX, cells stably transfected with PCX; PCX + BKM120, cells stably transfected with PCX and treated
with the phosphatidylinositide 3-kinase inhibitor BKM120 (50 M) for 48 h; SC, cells stably transduced with scramble control shRNA; and PCX-shRNA,
cells stably transduced with PCX-shRNA. Each experiment was repeated three times in duplicate. Values are expressed as the mean + standard deviation.
1P<0.05, vs. the controls (NC, VC and SC); °P<0.03, vs. the PCX group; °P<0.05, vs. the PCX + BKM120 group. Magnification, x5. PCX, podocalyxin; OS,

osteosarcoma; shRNA, small hairpin RNA.

cells. Conversely, the endogenous expression levels of PCX
were knocked down by ~80 and 75% in the MG-63 and U20S
cells transduced with PCX-shRNA, respectively (Fig. 1). A
preliminary study using the selective PI3K inhibitor BKM120
had suggested that PCX may regulate OS cell chemoresistance
predominantly through a PI3K-dependent mechanism (data not
shown); therefore, the present study used the selective PI3K
inhibitor BKM120 (50 #M) in all experiments. As shown in
Fig. 1, treatment with BKM120 had no significant effect on the
expression levels of PCX in the two cell lines.

Effects of PCX on cisplatin chemoresistance in OS cells. To
explore the effects of PCX on OS chemoresistance, the present
study examined the ICs, values of cisplatin on OS cells. As

shown in Fig. 2, following six days of cisplatin treatment, the
cisplatin ICs, values on MG-63 and U20S cells were 1.2 and
6.2 uM, respectively. Overexpression of PCX significantly
increased the ICy, values to 3.9 and 17.8 uM, respectively,
which was reduced by ~50% following treatment with BKM120
(50 pM) (Fig. 2). Conversely, knockdown of PCX expression
markedly decreased the ICs, values of cisplatin on MG-63 and
U20S cells to 0.5 and 2.1 uM, respectively (Fig. 2).

Effects of PCX on OS cell colony formation following cisplatin
treatment. To determine the effects of PCX on the long-term
survival of OS cells, colony formation assays were performed
in MG-63 and U20S cells treated with 5 mM cisplatin for 48 h.
After two weeks, the cells were fixed and stained to visualize
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Figure 4. Effects of PCX on cell apoptosis in OS cells treated with cisplatin.
(A) MG-63 and (B) U20S human OS cells were treated with 5 #M cisplatin for
48 h. Cell apoptosis was measured using a microplate reader-based TiterTACS
in situ Apoptosis Detection kit in the following groups: NC, normal control
cells; VC, cells stably transfected with empty pcDNA3.1 vector; PCX, cells
stably transfected with PCX; PCX + BKM120, cells stably transfected with
PCX and treated with the phosphatidylinositide 3-kinase inhibitor BKM120
(50 uM) for 48 h; SC, cells stably transduced with scramble control sShRNA;
and PCX-shRNA, cells stably transduced with PCX-shRNA. Each experiment
was repeated three times in duplicate. Values are expressed as the mean + stan-
dard deviation. “P<0.03, vs. the controls (NC, VC and SC); *P<0.05, vs. the
PCX group; °P<0.05, vs. the PCX + BKM120 group; PCX, podocalyxin; OS,
osteosarcoma; shRNA, small hairpin RNA.

the colonies. As shown in Fig. 3, the number of cell colonies
in the MG-63 and U20S cells was 20 and 48, respectively.
Overexpression of PCX significantly increased the number
of colonies to 147 and 259, respectively (P<0.05), which was
reduced by ~50% following treatment with BKM120 (50 uM)
(Fig. 3). Conversely, knockdown of PCX expression markedly
decreased the number of colonies in the MG-63 and U20S
cells to 7 and 10, respectively (Fig. 3).

Effects of PCX on cisplatin-induced OS cell apoptosis.
The present study also examined the effects of PCX on
cisplatin-induced apoptosis in OS cells. Under normal culture
conditions, overexpression and knockdown of PCX had no
significant effects on OS cell apoptosis (P>0.05), as compared
with that of the control cells (data not shown). Following 48 h
of cisplatin treatment (5 mM), the percentages of apoptotic
MG-63 and U20S cells were 27.3 and 21.5%, respectively
(Fig. 4). Overexpression of PCX markedly decreased the
percentage of apoptotic cells to 8.3 and 5.1%, respectively,
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Figure 5. Effects of PCX on PI3K activity in OS cells. In (A) MG-63 and
(B) U20S human OS cells, PI3K activities were determined using a PI3K
Activity ELISA kit in the following groups: NC, normal control cells; VC,
cells stably transfected with empty pcDNA3.1 vector; PCX, cells stably trans-
fected with PCX; PCX + BKMI120, cells stably transfected with PCX and
treated with the PI3K inhibitor BKM120 (50 uM) for 48 h; SC, cells stably
transduced with scramble control shRNA; and PCX-shRNA, cells stably
transduced with PCX-shRNA. Each experiment was repeated three times in
duplicate. Values are expressed as the mean + standard deviation. *P<0.05, vs.
the controls (NC, VC and SC); "P<0.03, vs. the PCX group; “P<0.05, vs. the
PCX+BKM120 group. PCX, podocalyxin; OS, osteosarcoma; shRNA, small
hairpin RNA; PI3K, phosphatidylinositide 3-kinase.

which was partially reversed by treatment with BKM120
(50 pM) to 16.9 and 10.2%, respectively (Fig. 4). Conversely,
knockdown of PCX markedly increased the percentage of
apoptotic cells to 62.0 and 67.9%, respectively (Fig. 4; P<0.05).

Effects of PCX on PI3K activity and phosphorylation of Akt in
OS cells. The results of the present study suggested that PCX
promotes cisplatin chemoresistance in OS cells, predominantly
through a PI3K-dependent mechanism. Previous studies have
demonstrated that the PI3K/Akt pathway is important for
cancer cell chemoresistance (22-25). Therefore, the present
study examined the effects of PCX on the activity of PI3K and
phosphorylation of Akt in OS cells. As shown in Fig. 5, overex-
pression of PCX increased PI3K activity by 5.3-fold in MG-63
cells and by 4.2-fold in U20S cells, as compared with that in
the control cells, which was attenuated by BKM120 treatment
(50 pM). Conversely, knockdown of PCX expression decreased
PI3K activity by ~50% in the two cell lines (Fig. 5; P<0.05). A
similar trend was observed for the phosphorylation at serine 473
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Figure 6. Effects of PCX on p-Akt expression levels in OS cells. In (A) MG-63
and (B) U20S human OS cells, expression levels of total Akt and p-Akt at
serd73 were determined by western blot analyses. Lanes: 1, NC; 2, VC; 3,
PCX; 4, PCX + BKM120; 5, SC; and 6, PCX-shRNA. Total Akt expression
levels were not significantly altered by PCX in MG-63 and U20S cells. The
density of the p-Akt (ser473) blot was normalized against that of total Akt
in order to obtain the relative p-Akt blot density, which was expressed as a
fold changes of that of the NC (designated as 1). Three independent experi-
ments were performed for each western blot analysis. Values are expressed
as the mean + standard deviation. *P<0.05, vs. the controls (NC, VC and
SC); "P<0.05, vs. the PCX group; °P<0.05, vs. the PCX + BKM120 group.
Groups: NC, normal control cells; VC, cells stably transfected with empty
pcDNA3.1 vector; PCX, cells stably transfected with PCX; PCX + BKM120,
cells stably transfected with PCX and treated with the phosphatidylinositide
3-kinase inhibitor BKM120 (50 M) for 48 h; SC, cells stably transduced
with scramble control shRNA; and PCX-shRNA, cells stably transduced
with PCX-shRNA. p-Akt, phosphorylated Akt; PCX, podocalyxin; OS,
osteosarcoma; shRNA, small hairpin RNA; ser, serine.

of Akt (Fig. 6; P<0.05), which is required for full activation of
Akt by PI3K. Overexpression of PCX was observed to increas
Akt phosphorylation by approximately 4.5-fold in MG-63 cells
and by approximately 3.6-fold in U20S cells, as compared
with that of the control cells, the phosphorylation of which was
abolished by BKM120 treatment (50 M) (Fig. 6). Conversely,
knockdown of PCX expression reduced Akt phosphorylation by
approximately 55% in the two cell lines (Fig. 6).
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Discussion

The use of multiagent, intensive chemotherapy has markedly
improved the long-term survival rate of patients with OS (5).
However, chemoresistance continues to be the principal
reason for poor survival and disease recurrence in patients
with OS (26). Innate or acquired resistance to cisplatin, one
of the most effective drugs against OS (27), is common (28).
Therefore, understanding the molecular basis for cisplatin
chemoresistance in OS cells may serve as a basis for iden-
tification of novel therapeutic targets and biomarkers. A
previous study suggested that PCX, a transmembrane protein
that is critical for the malignant progression of various types
of cancer (11-16), may also contribute to cancer chemoresis-
tance (17). The present study was the first, to the best of our
knowledge, to provide evidence supporting an important role
of PCX in promoting cisplatin chemoresistance in OS cells.

The clinical significance of PCX in cancer progression
has been investigated in numerous types of tumor, including
uterine (29), colon (30) and breast (31) carcinomas. In uterine
endometrioid adenocarcinoma, PCX expression has been shown
to be correlated with tumor grade (29). Furthermore, overex-
pression of PCX is an independent indicator of poor outcome
in breast and colorectal carcinoma (30,31). Specifically in
colorectal cancer, PCX expression was observed predominantly
on the invasive tumor front, thus suggesting its importance in the
metastatic spread of this type of cancer (30). A previous study
demonstrated that PCX promotes astrocytoma cell survival
against temozolomide-induced apoptotic stress (17), suggesting
that PCX may also promote cancer chemoresistance. Therefore,
in the present study, the role of PCX was investigated in OS
cell chemoresistance, in order to provide novel insight into the
functional role of PCX in cancer.

The present study used two OS cell lines with relatively large
differences in their genetic background as cell models to demon-
strate a generalizable role of PCX in OS cell chemoresistance to
cisplatin. The ICs, of cisplatin was used as a measure of cisplatin
chemoresistance, with an increased ICs, value reflecting clinical
chemoresistance to cisplatin (32). In addition, cell colony forma-
tion and apoptosis assays were used to measure long-term and
early cell survival against cisplatin treatment, respectively. In
the two cell lines, overexpression of PCX significantly increased
the IC,, of cisplatin and cell colony formation, and decreased
cisplatin-induced cell apoptosis, whereas knockdown of PCX
expression markedly decreased the ICy, of cisplatin and cell
colony formation, and enhanced cisplatin-induced cell apop-
tosis. Potential OS cell chemoresistance mechanisms include
dysfunctional membrane transport, resistance to apoptosis and
the persistence of stem cell-like tumor cells (33). The results of
the present study suggested that PCX may promote cisplatin
chemoresistance in OS cells predominantly through inhibition
of cisplatin-induced apoptosis and promotion of cell survival.

The promoting effect of PCX on the IC, of cisplatin and cell
survival of OS cells was markedly attenuated by treatment with
a selective PI3K inhibitor, which did not affect the expression
of PCX. These results suggested that PCX is able to promote
cisplatin chemoresistance in OS cells, predominantly through
a PI3K-dependent mechanism, which was corroborated by the
results showing that knockdown of PCX expression decreased
PI3K activity and PI3K-mediated Akt phosphorylation in
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OS cells. These findings are also concordant with those of
previous studies, which indicated that the PI3K/Akt pathway
has a critical role in cancer chemoresistance (22-25). Of note,
the selective PI3K inhibitor only blocked ~50% of the effect of
PCX on cisplatin chemoresistance and cell survival in OS cells,
suggesting the involvement of other signaling pathways, which
may be identified in further studies.

Neoadjuvant therapy usually consists of methotrexate,
cisplatin and doxorubicin. Post-operative chemotherapy for
OS usually consists of methotrexate, cisplatin, doxorubicin,
cyclophosphamide and vincristine. As one of the most common
first-line chemotherapy drugs for OS, cisplatin elicits DNA
repair mechanisms by crosslinking DNA, which in turn acti-
vates apoptosis when DNA repair proves impossible (34). Given
the important role of cisplatin in OS chemotherapy, and the
significant promoting effect of PCX on cisplatin chemoresis-
tance in OS cells, PCX may be a potential target for overcoming
chemoresistance in OS. Future studies by our group are aimed
at investigating whether PCX may impact OS cell resistance
to other chemotherapy agents used in neoadjuvant therapy and
post-operative chemotherapy.

In conclusion, the present study was the first, to the best
of our knowledge, to provide evidence suggesting that PCX
promotes cisplatin chemoresistance in OS cells through a
PI3K-dependent mechanism. The results of the present study
provided novel insight not only into the functional role of PCX
in cancer, but also into the molecular mechanisms underlying
OS chemoresistance.
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