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ZHENGYI RUAN', JIANHUA LIU' and YANPING KUANG?

Departments of lenecology and Assisted Reproduction, Shanghai Ninth People's Hospital Affiliated
to Shanghai Jiao Tong University School of Medicine, Shanghai 200011, P.R. China

Received October 16, 2014; Accepted September 29, 2015

DOI: 10.3892/etm.2015.2836

Abstract. Ovarian cancer (OC) is the most malignant type of
gynecological tumor due to its high recurrence rate following
initial treatment. Previous studies have indicated that cancer
stem cells (CSCs) may be a potential cause underlying the high
proportion of recurrence. Side population (SP) cells isolated
from cancer cell lines have been shown to exhibit characteristics
associated with CSCs, but studies on SP cells in human ovarian
SK-OV-3 cell line are limited. In the present study, the SP cell
fraction (4.83% of the total cell population) was isolated using
flow cytometry, and analyzed by immunocytochemical analysis
and reverse transcription-quantitative polymerase chain reac-
tion. The results showed that SP cells exhibited a high mean
fluorescence intensity for CD44, a CSC marker, in addition to
elevated expression of the CSCs-associated genes, ATP-binding
cassette sub-family G member 2 and Nestin. These findings indi-
cated the stem cell-like features of the SP cells. Furthermore, a
colony formation test showed that the isolated SP cells possessed
a marked capacity for self-regeneration and proliferation. In
addition, a cell cycle assay involving cisplatin indicated that the
SP cells were strongly resistant to chemotherapy. In conclusion,
the present results suggested that SP cells isolated from the
SK-OV-3 cell line exhibited properties typically associated with
CSCs. Therefore, the isolated SP cells may be used to provide
novel insight into potential therapies against OC.

Introduction

Ovarian cancer (OC) is considered to be the most lethal type of
adenocarcinoma among gynecological cancers (1). Epithelial
malignancy is the leading cause of OC (2), and the 5-year
survival rate of OC patients with epithelial malignancy is
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reportedly <30% (3). Although the pathogenesis of OC is
extensively studied, its precise causes remain unknown. It has
been reported that infertile women that ovulate incessantly are
at a high risk of developing OC (4). Furthermore, a number
of genetic causes have been proposed, including the specific
genes BRCA1 and BRCA2, in addition to genes for hereditary
nonpolyposis colorectal cancer (5). Symptoms of OC may be
subtle and >70% of patients have already reached a terminal
stage of cancer at diagnosis (6). Late diagnosis also increases
the likelihood of OC recurrence following initial treatment,
and increases the risk of eventual mortality (3,7).

Numerous approaches have been suggested for the diag-
nosis and management of OC. Physical examination combined
with a blood test and transvaginal ultrasound examination
have been used to detect the cancer at an early stage (8).
Common methods of OC management include surgical tumor
resection, radiation therapy and chemotherapy (9). Despite
advancements in these detection and management techniques,
the prognosis of OC has not improved substantially and an
increasing rate of OC recurrence is observed (10). The recently
proposed hypothesis of cancer stem cells (CSCs) may provide
a promising approach for the treatment of OC (11).

CSCs are a population of stem-like cells that possess the
tumorigenic capability to self-renew and differentiate into
multiple cell types within a tumor (12). CSCs were initially
reported by Bonnet and Dick (13) in 1997 and were proposed
as an explanation for the apparent heterogeneity of cancer
cells (14). As CSCs are able to differentiate into a variety of
cancer cells (15), the isolation of CSCs in tumors and inhibi-
tion of their growth are significant for cancer therapy. To date,
a number of procedures for CSC isolation have been reported,
including fluorescence-activated cell sorting, which employs
fluorescent antibodies as markers on the cell surface (16), as well
as functional approaches of side population (SP) cell analysis
based on flow cytometry (FCM), which is performed according
to the CSC characteristics (such as possessing the tumorigenic
capability to self-renew and differentiate into multiple cell types
within tumors) (17).In graphs produced by FCM analysis, SP cells
present as a distinct subpopulation, indicated by an area of low
fluorescence intensity (18). SP cells are identified by their ability
to transport Hoechst 33342 dye through verapamil-sensitive
ATP-binding cassette (ABC) transporters (19).

To date, a number of studies have investigated the role
of SP cells in OC (20-22). However, SP cells isolated from
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SK-OV-3, a key epithelial OC cell line that was first identified
by Provencher et al in 2000 (23), have not been extensively
studied. In the current study, SP cells extracted from SK-OV-3
cell lines were sorted and characterized in order to isolate CSCs
associated with OC. In isolated SP cells, the levels of adhesion
and anti-apoptotic activity, the expression of CSC-associated
genes, drug susceptibility and the capability of colony forma-
tion compared with non-SP cells were investigated.

Materials and methods

Materials. Human SK-OV-3 OC cells were obtained from the
Cell Bank of the Chinese Academy of Sciences (Beijing, China).
Fetal bovine serum (FBS), McCoy's SA medium, Hoechst 33342
(no. H21492) and TRIzol reagent were purchased from Thermo
Fisher Scientific, Inc. (Rockville, MD, USA). In addition,
trypsin-ethylenediaminetetraacetic acid (trypsin-EDTA,
0.25%), verapamil hydrochloride (VRP) and propidium iodide
(PI) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
The FastQuant RT kit (no. KR106) and Super Real PreMix Plus
(SYBR Green) kit were purchased from Tiangen Biotech Co., Ltd.
(Beijing, China). Cisplatin (CDDP) was purchased from Selleck
Chemicals (Houston, TX, USA). Fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD44 (cat. no. 555478)
and FITC mouse IgG2b « isotype (cat. no. 555742) antibodies
were purchased from BD Biosciences (Sparks, MD, USA).
Cell Counting kit-8 (CCK-8) was obtained from Dojindo
Laboratories Co., Ltd. (Kumamoto, Japan), and the crystal
violet staining solution was obtained from Beyotime Institute of
Biotechnology (Shanghai, China).

Cell culture. SK-OV-3 cells were cultured in McCoy's 5A
medium containing 10% FBS, 100 units/ml penicillin and
100 pug/ml streptomycin (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) in 5% CO, at 37°C, and subcultured
every three days according to a ratio of original medium to
fresh medium of 1:3 (v:v).

SP cell sorting and analysis. SK-OV-3 cells were cultured to
reach a number of 1x10® cells, and then a single-cell suspen-
sion of 1x10° cells/ml was prepared via digestion using 0.25%
trypsin-EDTA. The cells were then stained with Hoechst 33342
(3 pg/ml) with 200 ymol/l VRP (which is an inhibitor of
certain verapamil-sensitive ABC transporters) as the control
group, or without VRP as the test group (24), respectively.
Next, the two groups were cultured in a water bath at 37°C for
90 min in the dark and were homogeneously agitated every
20 min. Subsequently, the cell suspension was centrifuged at
400 x g for 10 min at room temperature, and the sedimentary
cells were washed using pre-cooled phosphate-buffered saline
(PBS) and suspended in PBS with 2% FBS at 4°C. PI, an inter-
calating agent and fluorescent molecule, was added and used to
differentiate necrotic, apoptotic and live cells (25). Following
filtration using a 400 mesh strainer (0.0374 mm), the cells were
analyzed and sorted by FCM using a MoFlo system (Dako,
Glostrup, Denmark) with 350 nm (UV light) as the excitation
wavelength and 450/675 nm (Hoechst blue/red) as the detected
wavelength. The cells inside the area of low-Hoechst red and
low-Hoechst blue without VRP were identified as SP cells, and
the SP percentage was further calculated.
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Immunocytochemical analysis. CD44 antigen is a type of
homing cell adhesion molecule involved in cell-cell interac-
tions, adhesion and migration (26). In order to assess the
expression of CD44 in SP and non-SP cells isolated from
SK-OV-3 cells, the cells were digested using trypsin-EDTA
and suspended in McCoy's SA medium to obtain single-cell
suspension with the concentration of 1x10%ml. Subsequently,
5 ul FITC mouse anti-human CD44 or FITC mouse IgG2b «
isotype control antibodies were added to 100 ul SP or non-SP
cell suspension. Following a 15-min incubation at 37°C,
the volume of the cell suspension was adjusted to 500 ul by
adding PBS. Finally, the mean fluorescence intensity (MFI) of
the SP and non-SP cells were recorded and analyzed using a
FACSCalibur flow cytometer (BD Biosciences).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). The SP and non-SP cells were selected and
washed twice with PBS. To isolate total RNA, 1 ml TRIzol was
added and the solution was mixed homogeneously for 10 min.
The mixture was then transferred into 1.5-ml Eppendorf (EP)
tubes with 200 pl chloroform. After 15-min agitation, the EP
tubes were centrifuged at 12,000 x g for 15 min at 4°C. The
supernatant was transferred to fresh EP tubes and mixed with
isopycnic isopropanol for 15 sec. Further centrifugation was
conducted (4°C, 10 min, 12,000 x g) and the supernatant was
discarded. The precipitate was washed twice with 75% ethanol
and dissolved in 30 ul diethylpyrocarbonate after drying for
~15 min at room temperature to obtain RNA stock solution.
Following isolation, the concentration of RNA was assessed
using a NanoDrop 1000 spectrophotometer (Thermo Fisher
Scientific, Inc., Wilmington, DE, USA) and the RNA solution
was stored at -80°C for further use. The isolated RNA was
used as a template and was reverse transcribed into cDNA
using the FastQuant RT kit, as previously described (27).
Next, qPCR analysis was performed using an Mx3000P gPCR
system (Stratagene; Agilent Technologies, Inc., Amsterdam,
Netherlands) and the Super Real PreMix Plus (SYBR
Green) kit, as follows: 1 min at 95°C, 40 cycles of 10 sec at
95°C, and 32 sec at 60°C.

The primers of the target genes ATP-binding cassette
sub-family G member 2 (ABCG2) and Nestin, and the refer-
ence gene glyceraldehyde 3-phosphate dehydrogenase were
designed using Primer Premier 5.0 software (Premier Biosoft,
Palo Alto, CA, USA) and are shown in Table I. Data were
compared using the 244 method.

Colony formation test. SP and non-SP cells were plated at
500 or 1,000 cells per well in 6-well plates, and cultured in
McCoy's 5A medium supplemented with 10% FBS at 37°C
in 5% CO, for 10 days. Subsequently, the cells were washed
with PBS, mixed with 4% paraformaldehyde and fixed at
room temperature for 15 min. Next, the cells were washed
three times with PBS and crystal violet was added to stain the
cells for 20 min. The cells were then washed with PBS, dried
at room temperature for 30 min and photographed (37X-V;
Shanghai 5th Optical Factory, Shanghai, China).

Cell viability assay. The sorted SP and non-SP cells at
logarithmic growth phase were seeded in a 96-well plate at
an initial cell density of 3,000 cells per well and cultured
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Table I. Primer sequences for polymerase chain reaction assay.
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Gene Forward primer (5'-3") Reverse primer (5'-3")

ABCG2 GCCTCACCTTATTGGCCTCA GGCTCTATGATCTCTGTGGCTT

Nestin GCGGGCTACTGAAAAGTTCC CCAGCTTGGGGTCCTGAAAG

GAPDH CGGAGTCAACGGATTTGGTCGTATTGG GCTCCTGGAAGATGGTGATGGGATTTCC

ABCG3, ATP-binding cassette sub-family G member 2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 1. Identification of side population (SP) cells in the ovarian cancer cell line, SK-OV-3, treated (A) with verapamil hydrochloride (VRP) and (B) without
VRP. The SP cell number was increased in the presence of VRP, which is outlined on the graph and presented as a percentage of the total cell population.

overnight in McCoy's 5A medium at 150 ul per well containing
10% FBS. CDDP was then added at various concentrations
0,08, 1.6, 3.1, 6.3, 12.5, 25, 50, 100, 200 and 400 pzM). The
cells were cultured for 48 h and incubated with 10 1 CCK-8
in each well for a further 4 h. After replacing the medium
with McCoy's 5SA medium, the optical density (OD) values
were determined using a Cary 50 UV-Vis spectrophotom-
eter (Varian Medical Systems, Inc., Palo Alto, CA, USA) at
450 nm. The viability of the SP and non-SP cells following
CDDP treatment was assessed, and half maximal inhibitory
concentration (ICs,) (28) was calculated using GraphPad
Prism 5 software (GraphPad Software, Inc., La Jolla, CA,
USA) as 4.32 umol/I for SP cells and 4.26 ymol/l for non-SP
cells. In addition, SP or non-SP cells treated only with solvent
(normal saline) and no CDDP were defined as the corre-
sponding control group, while plates treated without CDDP or
solvent were considered to be the blank group. All groups were
also treated with dimethyl sulfoxide (DMSO; Sigma-Aldrich)
at the same concentration. The 100% cell viability was set
based on the black group, which was treated with DMSO
alone. It was calculated according to the following equation:
Cell viability (%) = (ODt-ODb)/(ODc-ODb) x 100 (29), where
ODt, ODb and ODc refer to the OD value of the CDDP-treated,
blank and control groups, respectively.

Drug susceptibility of SP cells. To investigate the drug suscep-
tibility of SP cells, the influence of CDDP on the cell cycle
progression of SP and non-SP cells was investigated. The SP
and non-SP cells were digested by trypsin-EDTA and cultured
with pre-cooled ethanol (70%) at 4°C for 20 h. After washing

with PBS, the SP and non-SP cells were treated with 4.32 and
4.26 ymol/l CDDP for 48 h, respectively. These CDDP
concentrations corresponded to the ICs, values obtained from
the CCK-8 assay. Next, 500 ul PI/RNase staining buffer was
added and the cells were incubated at 4°C for 30 min. The
cell cycles of treated SP and non-SP cells, as well as those of
their respective control groups without CDDP, were analyzed
by FCM.

Statistical treatment and analysis. The data are presented as
the mean + standard error of the mean and were analyzed using
SPSS software, version 12.0 (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference. One-way analysis of variance was used for data
analysis. The results of each group were measured three times.

Results

SP cell isolation. The Hoechst-low cells from the SK-OV-3
cell line were isolated following the exclusion of apoptotic
cells stained with PI, on the basis of FCM scatter signals. A
distinct characteristic of SP cells is the ability to transport
Hoechst 33342 from the cytoplasm to outside the cell; however,
the Hoechst 33342 transfer is inhibited by VRP (19). Thus, the
SP cells were defined as the cell population with distinct and
unstained cells in the Hoechst-low diminished region that had
been treated with VRP. The non-SP cells were identified as the
major cell population dyed by Hoechst 33342. As shown in Fig. 1,
the fraction of potential SP cells that were eliminated following
VRP treatment among the total cell population was 4.83%.
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Table II. MFI of CD44 expression in SP and non-SP cells.
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Cell population Antibody marker MFI

Non-SP FITC mouse IgG2b « isotype control 4.04+29
FITC mouse anti-human CD44 470.3£2.6

SP FITC mouse IgG2b « isotype control 4.01£3.2
FITC mouse anti-human CD44 538.9+4.0

MFI, mean fluorescence intensity; SP, side population; FITC, fluorescein isothiocyanate.
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Figure 2. Expression of (A) ABCG2 and (B) Nestin in SP and non-SP cells. ABCG2, ATP-binding cassette sub-family G member 2; SP, side population.

Immunocytochemical assay. Immunofluorescence analysis
uses the characteristic fluorescence of antibody markers
to detect the expression of a target antigen in cells via the
specific combination of an antigen and its corresponding
antibody (30). In the present study, the expression of CD44
antigen, which serves a vital function in cell adhesion and
exerts an anti-apoptotic effect on SP and non-SP cells, was
investigated. FITC-conjugated mouse anti-human CD44
antibody was used to specifically detect the expression of
the CD44 antigen. The cells were analyzed using FCM and
the results are shown in Table II. Compared with the isotype,
the MFI values of the SP and non-SP cells treated with
FITC mouse anti-human CD44 were significantly increased.
However, the higher MFI values of SP cells as compared with
the non-SP cells indicated that CD44 antigen expression was
more marked in the SP cells.

Analysis of the mRNA expression levels of stem cell-associated
genes. The mRNA of SP and non-SP cells was extracted and
analyzed using RT-qPCR to investigate the differences in
the expression levels of the CSCs genes, ABCG2 and Nestin,
between the SP and non-SP cells. The results showed that the
mRNA expression levels of ABCG2 and Nestin were signifi-
cantly increased in sorted SP cells when compared with those
in the non-SP cells (Fig. 2).

Colony formation test. The tests of colony formation were
repeated thrice in three parallel experiments. The results at
day 10 of cultivation are shown in Fig. 3. The SP cells plated
at a density of 500 or 1,000 cells per well exhibited signifi-
cantly more marked colony formation ability compared with
the non-SP cells, indicated that SP cells possessed a strong
regenerative capability.

no-SP

Figure 3. Colony formation of SP and non-SP cells in plates initially seeded
with (A) 500 and (B) 1,000 cells (crystal violet staining). SP, side population.

Viability of CDDP-treated SP cells and CDDP-ICs,. The
viability of SP and non-SP cells treated at different CDDP
concentrations was determined by CCK-8 assay. The results
suggest that SP cells had increased viability compared
with the non-SP cells at all treated concentrations of
CDDP (Fig. 4). The IC, values were then calculated using
Graph Pad Prism 5 software based on the dose response
curve and were determined to be 4.32 and 4.26 ymol/l for
the SP and non-SP cells, respectively. These results indicate
that SP cells were more resistant to CDDP compared with the
non-SP cells.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 2071-2078, 2015

2075

Table I11. Effect of CDDP on the proportion of SP and non-SP cells in each phase of the cell cycle.

Non-SP cells (%)

SP cells (%)

Cell cycle phase Untreated CDDP-treated Untreated CDDP-treated
G,/G, 14.25+0.11 53.09+1.77 18.02+0.23 34.48+0.85
S 48.13+0.54 45.36+0.55 39.30+0.65 50.15+0.99
G,/M 37.62+0.29 1.55+1.36 42.68+0.42 15.37+0.14

CDDP, cisplatin; SP, side population; G, gap 0; G, gap 1; S, synthesis; G,, gap 2; M, mitosis.
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Figure 4. Effect of various CDDP doses on viability of SP and non-SP cells.
SP, side population; CDDP, cisplatin.

Effect of CDDP on SP and non-SP cells. The influence of
CDDP on the cell cycles of SP and non-SP cells was investi-
gated using FCM. The results suggested that CDDP inhibited
cell reproduction more markedly in the non-SP cells compared
with the SP cells, as the ratio of G,/M to total cells decreased
by 95.88% in the non-SP cells, but only by 63.99% in the SP
cells. These results demonstrated that the sorted SP cells had a
strong proliferative capacity (Fig. 5 and Table III).

Discussion

OC is the leading cause of mortality among gynecological
cancer types; thus, the management and treatment of OC
patients have been widely investigated (31). Despite under-
going the typical treatment of cytoreductive surgery followed
by radiotherapy and chemotherapy, >70% of patients with OC
suffer tumor recurrence and even succumb to the disease (32).
Previous studies have suggested that CSCs, which exhibit the
characteristics of renewal, proliferation and chemotherapy
resistance, may underlie the high rate of OC recurrence and
the general failure of current therapies (33-36). Thus, thera-
pies targeting CSCs are required as a potential approach for
reducing the recurrence rate of OC and prolonging the lifespan
of patient. Since they were first identified by Bonnet and Dick
in 1997, CSCs have been investigated and isolated using a
preferred method of identification involving the use of specific
makers (15,37-39). However, in the majority of solid tumors,
CSCs are rare and difficult to access, and have no identifiable
specific markers. In order to isolate and enrich a population of

CSCs, an SP isolation technique based on the distinct projec-
tion pattern of SP cells that efflux Hoechst 33342 dye via
verapamil-sensitive ABC transporters has been developed (18).

A number of previous studies have investigated the func-
tion of CSCs in OC. Szotek et al (40) isolated SP cells in
human OC cell lines and primary ascite cancer cells. In addi-
tion, Kobayashi et al (20) isolated SP cells from three OC cell
lines (OV2008, KF28 and TU-OM-1) and then investigated the
effect of paclitaxel (PTX) and CDDP combination treatment
on the sorted SP cells. The results demonstrated that the SP
cells proliferated despite being treated with PTX and CDDP
simultaneously, which demonstrated the chemoresistance of
SP cells (20). Furthermore, CSCs may be enriched in SP cells,
since these cells were reported to exhibit CSC-like character-
istics in OC (41). As epithelial malignancy is considered to be
the leading cause of OC, the focus of the present study was on
sorting and characterizing the SP cells in the human epithelial
OC cell line, SK-OV-3.

The SP cells were isolated using an FCM technique, and
found to account for 4.38% of the total cell population. The
CD44 antigen, a transmembrane glycoprotein, is involved in a
variety of crucial cellular processes, including cell prolifera-
tion, differentiation, survival and migration (42). CD44 was
hypothesized to be associated with the pathology of CSC due
to its ability to enhance cellular migration and adhesion, as
well as the growth and aggregation of the tumor. According to
a previous study, CD44" cells were demonstrated to be breast
CSCs, with higher tumorigenicity and metastatic ability (43).
CD44 has been used individually or in combination with other
markers to identify CSCs in numerous tumor types, including
tumors of the pancreas (44), colon (45), stomach (46) and
ovaries (47). In the present study, the identification of the sorted
SP cells was confirmed via CD44 antigen recognition using a
FITC mouse anti-human CD44 antibody. The increased MFI
values of the SP cells compared with those in the non-SP cells
indicated that the sorted SP cells migrated and aggregated
vigorously and were therefore a potential candidate population
of OC CSCs.

This result was further verified at the gene level, by
evaluating the mRNA expression levels of Nestin and ABCG2
using RT-qPCR. ABCG2, a neural stem cell gene, encodes
a membrane-associated protein included in the ABC trans-
porter, which serves a crucial function in Hoechst 33342
cellular efflux (48.,49). Castillo et al (50) observed that the
ABCG?2 transporter is a significant marker of chemotherapy
resistance in prostate cancer. Yanamoto et al (51) identified
a positive correlation between ABCG2 expression and local
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Figure 5. Effect of CDDP on the proportion of cells in each stage of the cell cycle in (A) untreated SP, (B) CDDP-treated SP, (C) untreated non-SP and
(D) CDDP-treated non-SP cells, as detected by flow cytometry. ‘Dip’ refers to the ratio of cells during each cell cycle phase. SP, side population; G,, gap 1; G,,

gap 2; S, synthesis; CDDP, cisplatin.

recurrence of tongue cancer, which was reportedly associated
with CSCs. In addition, the elevation of ABCG2 expression
has been observed in a number of putative CSCs. Therefore,
ABCG?2 was considered to be a significant marker of CSCs.
Nestin was initially identified as a marker of neuroepithelial
stem cells, and has been reported to be highly expressed in
cells outside of the nervous tissue, including CSCs in epithelial
tumors (52), breast cancer (53) and gastric cancer (54). In the
present study, the expression levels of ABCG2 and Nestin
were significantly increased in the SP cells compared with the
non-SP cells. These results suggest that the SP cells isolated in
the current study possessed properties characteristic of CSCs.

An additional fundamental characteristic of CSCs is their
potential for proliferation and self-regeneration (55). In the
present study, the capacity of the isolated SP cells for proli-
feration and self-regeneration was investigated via a colony
formation test. The sorted SP and non-SP cells were cultured
under identical conditions for 10 days, and the number of SP
cells was found to be evidently increased compared with that
of the non-SP cells in plates seeded at densities of 500 or
1,000 cells. This result is consistent with the findings of a
previous study, which observed an increased colony formation
capacity in SP cells compared with non-SP cells (56).

As CSCs have been recognized to be a crucial factor
underlying the chemotherapy resistance of cancer tissues, the
chemoresistance of the sorted SP cells against CDDP was
also investigated. CDDP is a chemotherapeutic agent used in
oncotherapy, which causes DNA crosslinking and ultimately
induces apoptosis (57). The cellular viability of the SP and
non-SP cells was decreased as the concentration of CDDP was

increased. The viability of the SP cells at all treated concen-
trations of CDDP, as well as the corresponding ICs, values,
were increased in the SP cells compared with the non-SP
cells, indicating that the SP cells possessed more marked
chemoresistance.

The cell cycle is defined as the entire period of cellular
development, from one cell into two daughter cells after cell
division and duplication. According to a previous study, the
cell cycle consists of five basic stages: Gap 0 (G,), a senescent
phase in which cells have stopped dividing; gap 1 (G,), the
beginning of interphase in which cells increase in size and
prepare for DNA replication; synthesis (S), the primary phase
in which DNA replication occurs; gap 2 (G,), the final period
of interphase in which the cell grows continuously following
DNA synthesis; and mitosis (M), the cell division stage in
which growth is complete and cells divide (58). As the cell
cycle, particularly the M phase, is essential for the prolifera-
tion of CSCs (59), we investigated the effect of CDDP on
the cell cycle progression of the sorted SP and non-SP cells.
Following CDDP treatment, the reduced proportion of non-SP
cells in G,/M stage compared with the SP cells indicated that
the SP cells reproduced more rapidly, and further suggested
their capacity for chemoresistance. The results indicated that
the sorted SP cells possessed a marked ability to proliferate
and resist chemotherapy, which are characteristic properties
of CSCs.

In conclusion, SP cells were isolated from the SK-OV-3
human OC cell line using FCM, and their isolation was verified
by the immunocytochemical detection of the CD44 marker
and evaluation of the mRNA expression levels of ABCG2
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and Nestin. The sorted SP cells exhibited a high capacity for
self-regeneration, proliferation and chemotherapy resistance,
which are typical features of CSCs. Therefore, the SP cells
with CSC characteristics isolated in the present study may
provide a novel insight into OC therapy. Further studies should
be performed in order to resolve the issue of the inhibition of
the growth and proliferation of SP cells, which may be more
effective in treating OC than dealing with the non-SP cells.
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