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Establishment and characterization of a
cisplatin-resistant human osteosarcoma cell line
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Abstract. The aim of the present study was to establish a new
cisplatin-resistant human osteosarcoma cell line and investi-
gate its biological characteristics. The human osteosarcoma
cell line SOSP-9607 was exposed to cisplatin by stepwisely
increasing the concentrations in the medium to select for the
drug-resistant subline, SOSP-9607/CDDP cells. The morpho-
logical features were observed using inverted microscopy.
The growth curves of SOSP-9607 and SOSP-9607/CDDP
cells were drawn to calculate the doubling time. FCM was
also used to determine the distribution of the cell cycle. The
MTT assay was performed to test the drug resistance of SOSP-
9607 and SOSP-9607/CDDP cells. Transwell assay was used
to examine the invasive capability of the SOSP-9607/CDDP
and SOSP-9607 cells. RT-PCR was performed to determine
the mRNA expression levels of drug resistance-related and
apoptosis-related genes, MDR1, MRP1, MRP2, LRP, ABCG2,
GST-mt, Bel-2 and Bax, in both cell lines. SOSP-9607/CDDP
cells exhibited changes in morphology, proliferation rate,
doubling time, cell cycle distribution and invasive capability
as compared with the SOSP-9607 cells. SOSP-9607/CDDP
cells were 6.24-fold resistant to cisplatin in comparison with
the SOSP-9607 cells and also exhibited cross-resistance to
methotrexate and adriamycin. SOSP-9607/CDDP cells overex-
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pressed MRP1, MRP2 and GST-mx. In conclusion, SOSP-9607/
CDDP cells are invaluable tools with which to study the
resistance of anticancer drugs and to identify the methods to
overcome resistance.

Introduction

Osteosarcoma is a rare highly malignant bone tumor that
occurs predominantly in adolescents and young adults. A
defining feature of osteosarcoma is the high rate of metastasis
and the most common site of metastasis is the lungs. In the
era before the use of chemotherapy, over 85% of post-surgery
patients developed metastases (1). Chemotherapy routinely
plays an important role in the treatment of advanced osteosar-
coma. At present, although the percentage of patients cured has
increased between 60 and 70% by neoadjuvant chemotherapy
coupled with limb-sparing surgery, the prognosis remains poor
for most patients with metastatic or recurrent osteosarcoma (2).
This poor prognosis is mostly due to the development of drug
resistance by osteosarcoma cells after chemotherapy. Cisplatin
or cis-diamminedichloroplatinum (II) (CDDP) is one of the
most active anticancer agents, widely used against various
tumors including osteosarcoma. The mechanism of cisplatin
anticancer activity is generally believed to be its binding to
DNA, interfering with the cell repair mechanism, eventually
leading to cell death (3). However, the success of chemo-
therapy depends on the sensitivity of the tumor to CDDP, as
osteosarcoma cells often acquire resistance to drugs and even
develop multiple drug resistance, which results in treatment
failure. In this regard, CDDP resistance has become one of the
major clinical issue to overcome. Alhough extensive research
has been carried out concerning the resistance to CDDP, there
is no mechanism to completely explain the clinical response
to CDDP therapy. For the purpose of fully understanding drug
resistance, establishment of cultured cell lines resistant to anti-
cancer drugs is primarily necessary. In the present study, we
established a human osteosarcoma subline resistant to CDDP
and examined the characteristics and mechanisms of CDDP
resistance in this cell line.
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Materials and methods

Anticancer agents. CDDP was purchased from Hansoh
Pharmaceutical Co. (Lianyungang, China) and stored at a
concentration of 1 mg/ml at room temperature. Methotrexate
(MTX) was purchased from Hualian Pharmaceutical Co.
(Shanghai, China) and stored at a concentration of
1 mg/ml diluted in 0.9% NaCl at -20°C. Adriamycin (ADM)
was purchased from Hisun Pharmaceutical Co. (Taizhou,
China) and stored at a concentration of 2 mg/ml diluted in 0.9%
NaCl at -20°C. Paclitaxel (PTX) was purchased from Bristol-
Myers Squibb (Shanghai, China) and stored at a concentration
of 6 mg/ml at -20°C.

Cells and cell culture. The human osteosarcoma cell line
SOSP-9607 was established in our laboratory as described
previously (4). The cells were cultured in RPMI-1640 medium
(HyClone, USA) supplemented with 10% fetal calf serum
(FCS; Sijiging Co.), 100 U/ml of penicillin G and 100 ug/ml of
streptomycin, in a humidified atmosphere of 5% CO, at 37°C.
CDDP-resistant cells were established by stepwisely increasing
the concentrations of CDDP in the medium (5). CDDP was
added to the cells at concentrations from 0.1, 0.2, 0.5, 1 to
2 ug/ml when they grew to 60-70% confluency. After continuous
exposure to CDDP for 2 days, the medium was replaced with
a fresh CDDP-free medium until the surviving cells recovered
favorably. When cells grew to the same confluency, CDDP was
added to the medium again. Each concentration was repeated
six times. After 12 months, cells that grew in the medium with
2 ug/ml of CDDP were designated as SOSP-9607/CDDP cells
and stored for further investigation.

Growth curves and the doubling time (T,). The cells in an
exponential growth phase (1x10%/5 ml) were seeded in a
60-mm plastic dish. The numbers of cells were counted using
a hemocytometer every 24 h for 7 days. The growth curve
was plotted using the average number of cells from triplicate
plastic dishes. The doubling time (T,) of each cell line was
counted according to the formula: T, = At x 1g2/(IgN, - 1gN);
where N, is the cell number at the beginning and N, is the cell
number at the end, and At is the time from N to N,.

Cell cycle analysis by flow cytometry. The SOSP-9607 and
SOSP-9607/CDDP cells in the logorithmic phase of growth
were collected following trypsin digestion. The cells were
washed with PBS and fixed in 70% ethanol at 4°C overnight.
The fixed cells were washed with cold PBS and stained
with 50 mg/ml DNA-binding dye propidium iodide (PI;
Sigma-Aldrich, St. Louis, MO, USA) and 1.0 mg/ml RNase
(Invitrogen, Carlsbad, CA, USA) for 30 min at 37°C in the
darkness and examined with a fluorescence-activated cell
sorting (FACS) flow cytometer (BD Biosciences, San Jose,
CA, USA). Each test was repeated in triplicate.

Drug sensitivity assay. The 3-(4,5-dimethyl-2-thiazol)
-2,5-diphenyl-2H tetrazolium bromide (MTT) assay was
applied to determine the sensitivities of the cell lines
SOSP-9607 and SOSP-9607/CDDP to the drugs CDDP,
MTX, PTX and ADM. Monodispersed cells in the exponen-
tial growth phase following trypsinization were plated into
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96-well plates at 5x10°/well. After an overnight incubation,
the medium was replaced with a fresh one containing various
concentrations of the drugs mentioned above. Eight different
concentrations for each drug were used in triplicate wells.
Drug-free medium was added to the control and blank wells.
After the plates were incubated for 72 h, 20 ul of 5% MTT
was added to each well for 4 h at 37°C. Then the MTT solu-
tion was removed, and the insoluble formazan crystals were
dissolved in 150 ul of dimethylsulfoxide (DMSO; Sigma). The
absorbance was measured at wavelengths of 490 and 630 nm
using a Multiskan Ascent microplate photometer (Thermo
Labsystems, USA). Resistance indices (RIs) were calculated
by the ratio of the 50% inhibitory concentration (ICs,) values
of the SOSP-9607/CDDP to SOSP-9607 cells.

Invasive capability of the cells. Transwell assay was used to
examine the invasive capability of the SOSP-9607/CDDP and
SOSP-9607 cells. The 6.5-mm Transwell insert (pore size,
8 um; 24-well insert; Corning) was pre-coated with 40 ul
BD Matrigel (1:8 dilution, BD Biosciences). The cells were
inoculated on the filter at a density of 5x10* cells/filter and
incubated with serum-free medium for 48 h. The medium with
20% fetal bovine serum was added to the lower chamber outside
of the insert. The cells that invaded through the Matrigel and
reached the lower surface of the filter were fixed with 95%
ethanol for 30 min and then stained with 0.1% crystal violet
for 10 min. The numbers of cells in 10 random fields were
counted under a light microscope at x200 magnification and
the average was calculated.

RT-PCR analysis. Total RNA was isolated from the cells
in the exponential growth phase with TRIzol (Invitrogen).
Complementary DNA (cDNA) was instructed by reverse tran-
scription (RT) of 5 ug each total RNA. Each cDNA sample
was amplified with ExTaq (Takara, Japan). PCR reactions
for the indicated genes were carried out using the following
forward and reverse primers in Table I. The cycling conditions
included: denaturing at 94°C for 5 min, annealing at 55°C for
60 sec and extension at 72°C for 60 sec, with total PCR cycles
of 30, with a final extension at 72°C for 10 min. Each of the
amplified PCR products was determined by electrophoresis on
an 1.5% agarose gel. The PCR results were observed under a
Molecular Imager ChemiDoc XRS System and analyzed with
Quantity One Software (both from Bio-Rad, Hercules, CA,
USA). The ratio of the band density of the PCR for the gene of
interest and the housekeeping gene GAPDH was used as the
quantitative index of equal loading of cDNA for PCR samples
among the SOSP-9607 and SOSP-9607/CDDP cell lines.

Statistical analysis. Data are expressed as mean + standard
deviation (SD) and the experiments were repeated three times.
Continuous variables were analyzed using the Student's t-test.
P<0.05 was considered to indicate a statistically significant
result. All statistical analyses were performed using SPSS 17.0
software (SPSS, Chicago, IL, USA).

Results

Establishment of the cisplatin-resistant cell line. We estab-
lished SOSP-9607/CDDP cells by stepwise exposure methods
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Table I. Primers used for the RT-PCR analysis.
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Gene Forward Reverse

MDRI1 5'-GAATCTGGAGGAAGACATGACC-3' 5'-TCCAATTTTGTCACCAATTCC-3'

MRP1 5'-TCAGCCCTTCCTGACAAGCT-3' 5'-TCTCTGCTGCAGGAGGTCCG-3'

MRP2 5'-TAGAGCTGGCCCTTGTACTC-3' 5'-TCAACTTCCCAGACATCCTC-3'

LRP 5'-CCCCCATACCACTATATCCATGTG-3' 5'-TCGAAAAGCCACTCATCTCCTG-3'
ABCG2 5'-CAACCATTGCATCTTGGCTG-3' 5'-CAAGGCCACGTGATTCTTCC-3'

GST-nt 5'-CATGCTGCTGGCAGATCAGG-3' 5'-CATTCATCATGTCCACCAGG-3'

Bcl-2 5'-ATGTCCAGCCAGCTGCACCTGAC-3' 5'-GCAGAGTCTTCAGAGACAGCCAGG-3'
Bax 5'-GCTTCAGGGTTTCATCCAGG-3' 5'-AAAGTAGGAGAGGAGGCCGT-3'
GAPDH 5'-ACCACCATGGAGAAGGCTGG-3' 5'-CTCAGTGTAGCCCAGGATGC-3'

Figure 1. Morphology of (A) SOSP-9607 and (B) SOSP-9607/CDDP cells
in the exponential growth phase. Morphological characteristics were deter-
mined using an inverted microscope at an original magnification of x200.
SOSP-9607 cells were observed to be medium in volume, even in size and
oval in shape with little cytoplasm and a clear nucleolus. SOSP-9607/CDDP
cells are larger in volume and triangular or irregular in shape with a mark-
edly enlarged nucleus and cytoplasm and more multiple nucleoli.

(from 0.1 ug/ml cisplatin) for 12 months. Under a light micro-
scope, both SOSP-9607 and SOSP-9607/CDDP cells grew
adhering to the bottom. SOSP-9607 cells were medium in
volume, even in size and oval in shape with little cytoplasm
and a clear nucleolus (Fig. 1A). SOSP-9607/CDDP cells are
larger than the SOSP-9607 cells in volume and trianglular
or irregular in shape with a markedly enlarged nucleus and
cytoplasm, and more multiple nucleoli (Fig. 1B).

=8~ SOSP-9607
=B~ S0SP-9607/DDP

g

Cell number (x10%)
8

Time (day)

Figure 2. Growth curves of SOSP-9607 and SOSP-9607/CDDP cells. The cell
growth curves were plotted with culture time on the x-axis and the average
cell counts/per day on the y-axis. The SOSP-9607/CDDP cells grew more
slowly than their SOSP-9607 parental cells, with a decrease in the growth
curve.

Growth curves and doubling time (T,;). The cell growth curve
was plotted with culture time on the x-axis and the average
cell counts/per day on the y-axis. The SOSP-9607/CDDP cells
grew more slowly than their SOSP-9607 parental cells, with a
decrease in growth curves. The resistant cell lines appeared to
have a delay in the initiation of logarithmic growth. According
to the cell growth curves (Fig. 2), the T, of SOSP-9607 and
SOSP-9607/CDDP cells was 29.79+0.57 and 45.11+2.37 h,
respectively, which was significantly different (P<0.01).

Cell cycle analysis. The cell cycle distribution was assessed
with flow cytometry. As shown in Fig. 3, there were more
SOSP-9607/CDDP cells in the G,/G, phase and less in the S
phase as compared to the SOSP-9607 cells (P<0.05). There
was no significant difference between the two cell lines in
regards to the G,/M phase.

Drug sensitivity assay. The results of the MTT assays showed
that the ICy, values for the SOSP-9607 and SOSP-9607/CDDP
cells to CDDP were 2.45+0.27 and 15.31+0.21 ug/ml, respec-
tively. The RI of the SOSP-9607/CDDP cells was 6.24 times,
which means that this cell line was highly resistant to CDDP.
The SOSP-9607/CDDP cells also had cross resistance to
MTX and ADM, respectively, but showed no resistance to
PTX (Table II).
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Figure 3. Cell cycle distribution of the (A) SOSP-9607 and (B) SOSP-9607/CDDP cells. (C) Flow cytometric data displayed in a histogram. Higher percentages
of SOSP-9607/CDDP cells were noted in the G,/G, phase and a lower percentage was noted in the S phase as compared to the SOSP-9607 cells ("P<0.05).

Table II. Drug sensitivity of the SOSP-9607 and the
SOSP-9607/CDDP cells.

ICy, (mean + SD, pg/ml)

Agent SOSP-9607 SOSP-9607/DDP RI
CDDP 2.45+0.27 15.31+0.21 6.24*
ADM 3.23+0.56 6.67+0.45 2.06*
MTX 11.38+0.19 20.42+0.48 1.79°
PTX 0.37+0.05 0.41+0.11 1.11

RIs were determined by the ratio of IC, values of SOSP-9607/DDP
to that of SOSP-9607 cells. “P<0.05, as determined by Student's t-test
between the ICs, values of both cell lines. CDDP, cisplatin; ADM,
adriamycin; MTX, methotrexate; PTX, paclitaxel; ICs,, 50% inhibi-
tory concentration; SD, standard deviation; RI, resistance index.

Invasive capability of the cells. Transwell assays with a layer
of Matrigel on the top inserts were performed to examine the
invasive capability. After incubation for 48 h, the number of
cells that penetrated both the Matrigel and membrane was
counted. The results showed that the invasive capability of the
SOSP-9607/CDDP cells was increased compared to the inva-
sive capability of the parental SOSP-9607 cells (P<0.01; Fig. 4).

Expression of drug resistance-related and apoptosis-related
genes. Gene expression analysis of MDR1, MRP1, MRP2,
LRP, ABCG2, GST-n, Bcl-2 and Bax is shown in Fig. 5A.

After normalizing the mRNA expression level of each gene
relative to that of GAPDH, the levels of MRP1, MRP2 and
GST-mr mRNA in the SOSP-9607/CDDP cells were more
highly expressed than those levels in the SOSP-9607 cells
(P<0.01); however, there were no differences in expression
for MDR1, LRP, ABCG2, Bcl-2 and Bax mRNA between the
SOSP-9607 and SOSP-9607/CDDP cells (Fig. 5B).

Discussion

Chemotherapy is one of the principal modes of treatment for
cancer, yet drug resistance is one of the major impediments
for effective chemotherapy in cancer patients. Cancer cells
may become cross-resistant to a broad spectrum of chemo-
therapeutic agents after a single drug treatment, known as
multidrug resistance (MDR). MDR can be divided into two
broad categories: intrinsic or acquired (6). There are a number
of mechanisms known to be involved in cancer drug resis-
tance, such as increased rates of drug efflux, alterations in
drug metabolism and mutation of drug targets (7). However,
there have been few studies on osteosarcoma drug-resistant
cell lines (8-11), which has impeded research on the mecha-
nism of drug resistance of osteosarcoma. The establishment
of drug-resistant cancer cell lines is crucial for studying the
biological characteristics of resistant cells, the mechanisms of
drug resistance and the methods to overcome it. In the present
study, we established a CDDP-resistant osteosarcoma cell line
in vitro as a model for investigating chemotherapy resistance
by intermittent exposure of osteosarcoma parental cells to a
high concentration of CDDP with time-stepwise increments.
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Figure 4. Invasive capability of the (A) SOSP-9607 and (B) SOSP-9607/CDDP cells. (C) The invasive capability of the SOSP-9607/CDDP cells was increased

compared to that of the parental SOSP-9607 cells ('P<0.01).
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Figure 5. RT-PCR analysis of the SOSP-9607 and SOSP-9607/CDDP cells. (A) Agarose gel electrophoresis image of RT-PCR products for MDR1, MRPI,
MRP2, LRP, ABCG2, GST-x, Bcl-2, Bax and GAPDH. (B) mRNA expression levels of MDR1, MRP1, MRP2, LRP, ABCG2, GST-nx, Bcl-2, Bax after

normalization relative to GAPDH. "P<0.01.

After an induction of 12 months, a CDDP-resistant
osteosarcoma cell line SOSP-9607/CDDP was established
with a typical MDR phenotype. As compared with the
parental SOSP-9607 cells, SOSP-9607/CDDP cells showed
6.24-fold resistance to CDDP and cross-resistance to other
various drugs, including MTX and ADM. The resistance of
SOSP-9607/CDDP cells was not decreased after 3 months
of culturing in drug-free medium. This multidrug-resistant
characteristic of the SOSP-9607/CDDP cells might imply the

failure of chemotherapy combinations of CDDP with other
anticancer drugs in clinical practice.

The human osteosarcoma cell line SOSP-9607 was estab-
lished in our laboratory from a specimen of a 17-year-old
patient with pathologically diagnosed osteosarcoma (4).
Morphologically, the SOSP-9607/CDDP cells were larger than
the SOSP-9607 cells in volume and showed various differ-
ences in shape, nucleus and nucleoli. Our results are consistent
with those of another study. Wen ef al (12) found that these
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ultrastructural changes might facilitate the cisplatin-resistant
cell survival after CDDP therapy. Normally, resistant cells
should grow faster due to resistance. In this study, the resis-
tant cell line grew slower than the parental cell line and the
doubling time of the SOSP-9607/CDDP cells was higher than
that of the SOSP-9607 cells (45.11 vs. 29.79 h). Wang et al (13)
found that this lower growth of resistant cells might be caused
by the existence of non-cycling dormant cells. Our results
suggest that after resistance was established, the resistant cells
changed their characteristics and lost the majority of the prolif-
erative ability. The growth delay of the SOSP-9607/CDDP cell
line warrants further study. Furthermore, the percentages of
SOSP-9607/CDDP cells in the G,/G, phases were significantly
increased when compared with these percentages in the
SOSP-9607 cells in the corresponding phases (Fig. 3). There
is a critical balance between cell cycle arrest (promoting DNA
repair and survival) and cell death following chemotherapy.
In response to DNA damage, some genes will be activated
or inactivated to induce cell cycle arrest in the G, phase in
order to repair damaged DNA (14). A higher proportion of
SOSP-9607/CDDP cells was in the G,/G, phases, possibly
indicating an enhanced capacity in DNA damage repair, which
could be considered as a mechanism of drug resistance. The
majority of cisplatin DNA damage is removed by the NER
system (15). Excision repair cross-complementing rodent repair
deficiency, complementation group 1 (ERCCI) participates in
the NER system. Bellmunt et al found that ERCC1 expression
was negatively correlated with survival and/or responsiveness
to cisplatin-based regimens in several human neoplasms (16).
The molecular mechanism of DNA damage repair of the
SOSP-9607/CDDP cell line requires further investigation. The
results of the invasion assays showed that the invasive capa-
bility of the SOSP-9607/CDDP cells was increased compared
to that of the parental SOSP-9607 cells (P<0.01; Fig. 4). The
increased invasive capability of the SOSP-9607/CDDP cells is
involved in tumor metastasis and progression.

The ATP-binding cassette (ABC) transporter family of
transmembrane proteins has been linked to resistance to
commonly used chemotherapeutics by promoting drug efflux.
Several members of this protein family have been studied
extensively, such as multidrug resistance protein 1 (MDRI,
ABCBI), MDR-associated protein 1 (MRP1, ABCCI) and
breast cancer resistance protein (BCRP, ABCG2) (17).
Moreover, lung resistance protein (LRP) could confer drug
resistance by redistributing drugs away from intracel-
lular targets (18). Therefore, we used RT-PCR to detect the
expression levels of these genes in the SOSP-9607 and SOSP-
9607/CDDP cells. There were no differences in MDR1, LRP
and BCRP mRNA expression between the SOSP-9607 and
SOSP-9607/CDDP cells; however, MRP1 and MRP2 expres-
sion was significantly increased in the SOSP-9607/CDDP
cells when compared with that in the SOSP-9607 cells. MRP
overexpression is one of the major mechanisms of cisplatin
resistance. Borst et al suggested that MRP1, MRP2, MRP3
and MRPS5 also mediate some degree of cisplatin resistance
by increasing cisplatin export (19). In particular, other reports
suggest that MRP2 overexpression is responsible for an
increased efflux of cisplatin in resistant cells (20) and MRP2
expression levels might predict the responsiveness of tumors
to platinum-based therapies (21). Our results also suggest that
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drug resistance in the SOSP-9607/CDDP cells might be asso-
ciated with a mechanism mediated by MRP-induced changes
in membrane transport function. It is known that aquated
cisplatin avidly binds to cytoplasmic nucleophilic species,
such as glutathione (GSH). Elevated levels of GSH and
glutathione S-transferase (GST) have been observed in cispl-
atin-resistant cells, both in vitro and ex vivo (22). Furthermore,
Lai et al found that overexpression of GST-n increased GST
activity in an adriamycin-resistant cell line. Currently, it is
generally accepted that increased GST activity is mainly
due to overexpression of GST-rt (23). In the present study,
GST-mt expression was significantly increased in the SOSP-
9607/CDDP cells when compared with that in the SOSP-9607
cells. These results are consistent with those of another study
in two cisplatin-resistant endometrial cancer cell lines (24). Of
note, glutathione S-conjugates are readily extruded by cells
via MRP1 or MRP2 (25), which possibly explain why MRP
expression levels are increased in cisplatin-resistant cells.
In short, these findings suggest that the mechanism of drug
resistance in SOSP-9607/CDDP cells may be associated with
enhanced inactivation of anticancer drugs induced by GST-n
and increased efflux of drug conjugates induced by MRP1 or
MRP2. Recent studies have demonstrated that anticancer drug
resistance is induced by mutation of the apoptosis mechanism
of cancer cells. Proapoptotic members (Bax, Bak, Bad and
Bil) and antiapoptotic members (Bcl-2, Bcl-XL and Mcl-1) of
the BCL-2 protein family participate in these lethal cascades,
and the majority have been shown to modulate the cellular
response to cisplatin. Several studies have found that Bax
deficiency and overexpression of BCL-2 conferred resistance
to CDDP and to several other stressors in vitro (26,27). In the
present study, we compared the expression levels of BCL-2
and Bax in the SOSP-9607 and SOSP-9607/CDDP cells, yet
no difference was noted between the resistant cells and the
parental cells. However, the level of gene expression did not
necessarily parallel with the level of protein. Western blot and
protein function assays should be carried out to investigate
whether the BCL-2 protein family members participate in the
mechanism of resistance to CDDP in SOSP-9607/CDDP cells.

In conclusion, we established the stable SOSP-9607/CDDP
drug-resistant osteosarcoma cell line, which showed cross
resistance to other drugs. Thus, this cell line could serve as a
useful tool for further study concerning the molecular mecha-
nisms of osteosarcoma drug resistance and may lead to the
establishment of novel therapeutic strategies for osteosarcoma.
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