
Abstract. Background: AS602801, a novel inhibitor of c-Jun
N-terminal kinase (JNK), suppresses tumor initiation capacity
and metastatic potential of cancer stem cells (CSCs). However,
it remains unknown whether this inhibitor can chemosensitize
CSCs. Materials and Methods: Using A2780 CSLC, a CSC line
derived from ovarian cancer, this study examined the
combinational effects of AS602801 and carboplatin or
paclitaxel and explored the mechanism of those effects. Results:
AS602801 chemosensitized A2780 CSLC cells to carboplatin
and paclitaxel. With respect to the mechanism of
chemosensitization, the expression of survivin, an anti-apoptotic
protein, was reduced by AS602801. Pharmacological and
genetic inhibition of survivin chemosensitized the cells to
carboplatin and paclitaxel. Suppression of survivin by
AS602801 was also observed in other types of CSCs and non-
CSCs. Conclusion: AS602801, which reduces survivin
expression, can chemosensitize ovarian CSCs and is a
candidate drug that targets the chemoresistance, tumor-
initiating capacity and metastasis of CSCs.

Cancer stem cells (CSCs) are rare populations in tumor
tissue and have high tumor initiation capacity and
chemoresistance. Because of these properties, CSCs are
considered to be major sources of frequent recurrence after
chemotherapy in various types of cancers (1, 2). For
instance, in ovarian cancer, although standard first-line
chemotherapy, a combination of platinum and taxanes,

demonstrates a high response rate, recurrence at local and
distant sites frequently occurs (3-5), and CSCs are
considered to play a role in frequent recurrence (6, 7).
Eliminating CSCs is important for suppressing recurrence
and improving prognosis of cancer. Therefore, CSCs are
considered promising targets of cancer chemotherapy (8).

We reported that AS602801, an inhibitor of c-Jun 
N-terminal kinase (JNK), is a novel drug that inhibits the
tumor-initiating capacity of CSCs (9). We also reported that
AS602801 has the potential to inhibit metastasis via the
suppression of cell–cell communication between CSCs and
parenchymal cells at metastatic sites (10). Furthermore, the
safety of AS602801 has already been assessed in patients
with endometriosis in a phase II clinical trial (NCT
01630252). Therefore, AS602801 is considered a good
candidate to partner with standard chemotherapeutic agents
in cancer. However, combinational effects of AS602801 with
a standard chemotherapy in CSCs remain unknown. In this
study, we investigated whether and how AS602801 sensitizes
CSCs to chemotherapeutic reagents using ovarian CSCs.

Materials and Methods
Antibodies and reagents. Antibodies against cellular inhibitor of
apoptosis 1 (c-IAP1), c-IAP2, X-linked inhibitor of apoptosis protein
(XIAP), survivin, livin, B-cell lymphoma 2 (BCL-2)-like protein 11
(BIM), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
were purchased from Cell Signaling Technology, Inc. (Danvers, MA,
USA). An antibody against BCL-2-associated X protein (BAX) was
purchased from Becton, Dickinson and Company (Franklin Lakes,
NJ, USA). Antibodies against BCL-2 antagonist/killer (BAK), 
BCL-2-related ovarian killer (BOK), BCL-2-associated death
promoter (BAD), BH3 interacting-domain death agonist (BID), p53
upregulated modulator of apoptosis (PUMA), BCL-2, myeloid cell
leukemia-1 (MCL1), and BCL-xL were obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). AS602801 and YM155,
a small-molecule suppressant of survivin, were purchased from
ChemScene (Monmouth Junction, NJ, USA) and from AdooQ

6699

Correspondence to: Masahiro Yamamoto and Masashi Okada,
Department of Molecular Cancer Science, Yamagata University
School of Medicine, Yamagata, 990-9585, Japan. Tel: +81 236285214,
Fax: +81 236285215, e-mail: masahiro@med.id.yamagata-u.ac.jp
(M.Y.), m-okada@med.id.yamagata-u.ac.jp (M.O.)

Key Words: Drug repositioning, repurposing, drug resistance.

ANTICANCER RESEARCH 38: 6699-6706 (2018)
doi:10.21873/anticanres.13038

AS602801, an Anticancer Stem Cell Candidate Drug, 
Reduces Survivin Expression and Sensitizes A2780

Ovarian Cancer Stem Cells to Carboplatin and Paclitaxel
MASAHIRO YAMAMOTO1, SHUHEI SUZUKI1,2, KEITA TOGASHI1,3, TOMOMI SANOMACHI1,2, 

SHIZUKA SEINO1, CHIFUMI KITANAKA1,4 and MASASHI OKADA1

Departments of 1Molecular Cancer Science, 2Clinical Oncology and 3Ophthalmology,
Yamagata University School of Medicine, Yamagata, Japan;

4Research Institute for Promotion of Medical Sciences, Yamagata University Faculty of Medicine, Yamagata, Japan



BioScience (Irvine, CA, USA), respectively. These drugs were
dissolved in dimethyl sulfoxide (DMSO) to prepare a 10 mM and 20
μM stock solution, respectively. Carboplatin was purchased from
FUJIFILM Wako Pure Chemical (Osaka, Japan) and dissolved in
distilled water to prepare a 25 mM stock solution. Paclitaxel was
purchased from TOCRIS Bioscience (Bristol, UK) and dissolved in
DMSO to prepare a 10 mM stock solution.

Cell culture. The establishment and characterization of the human
CSCs used in this study (A2780 CSLC, TOV-21G CSLC, PANC-1
CSLC, A549 CSLC, and GS-Y03) have been described elsewhere (9,
11-15). These cells were maintained as monolayers under appropriate
stem cell culture conditions. Briefly, the cells were cultured on
collagen I-coated dishes (IWAKI, Tokyo, Japan) in stem cell culture
medium [Dulbecco’s modified Eagle’s medium (DMEM)/F12
medium supplemented with 1% B27 (Thermo Fisher Scientific,
Waltham, MA, USA), 20 ng/ml epidermal growth factor (EGF) and
fibroblast growth factor 2 (FGF2; Peprotech, Inc., Rocky Hill, NJ,
USA), D-(+)-glucose (final concentration=26.2 mM), L-glutamine
(final concentration=4.5 mM), 100 units/ml penicillin, and 100 μg/ml
streptomycin]. The stem cell culture medium was changed
approximately every 3 days, and EGF and FGF2 were added to the
culture medium every day. TOV-21G was maintained in DMEM/F12.
A549 and H1299 were maintained in DMEM. DMEM/F12 and
DMEM were supplemented with 10% fetal bovine serum, 
100 units/ml penicillin, and 100 μg/ml streptomycin. The authenticity
of the cells was verified by genotyping short tandem repeat (STR)
loci (Bio-Synthesis, Inc., Lewisville, TX, USA) followed by
comparison to the American Type Culture Collection STR Database
for Human Cell Lines (http://www.atcc.org/STR_Database.aspx).

Gene silencing by siRNA. siRNAs against human survivin and
MISSION® siRNA Negative Control were purchased from Thermo
Fisher Scientific and Millipore Sigma (St. Louis, MO, USA),
respectively. Briefly, A2780 CSLCs were transiently transfected
with siRNAs against survivin (siSurvivin) or with a control siRNA
(siControl) and were treated on the next day with or without 5 μM
carboplatin or 2 nM paclitaxel for 3 days. The cells were then
subjected to immunoblot analysis of survivin and to a cell death
assay using propidium iodide (PI). Transfection of siRNAs was
performed using Lipofectamine RNAiMAX (Thermo Fisher
Scientific) according to the manufacturer’s instructions.

Immunoblot analysis. Immunoblot analysis was conducted as
previously described (9, 11-14). Cells were washed with ice-cold
phosphate-buffered saline and lysed in RIPA buffer [10 mM Tris/HCl
(pH 7.4), 0.1% sodium dodecyl sulfate (SDS), 1.5 mM Na3VO4, 10
mM NaF, 10 mM sodium pyrophosphate, 10 mM sodium β-
glycerophosphate and 1% protease inhibitor cocktail set III
(FUJIFILM Wako Pure Chemical)]. This was followed by the
immediate addition of the same volume of Laemmli buffer 2× [125
mM Tris/HCl (pH 6.8), 4% SDS, 10% glycerol] and boiling at 95˚C
for 10 min. The protein concentration was determined using a BCA
protein assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA).
Samples containing equal amounts of protein were resolved by SDS-
polyacrylamide gel electrophoresis and transferred to polyvinylidene
fluoride membranes. The membranes were probed with a primary
antibody against BAX, BAK, BOK, BIM, BAD, BID, PUMA, BCL-
2, MCL-1, BCL-xL, c-IAP1, c-IAP2, XIAP, survivin, livin, or
GAPDH and subsequently with a horseradish peroxidase (HRP)-

conjugated secondary antibody as recommended by the manufacturer
of each antibody. Specific bands were visualized using Immobilon
Western Chemiluminescent HRP Substrate (Merck Millipore,
Billerica, MA, USA) and detected semi-quantitatively by a ChemiDoc
Touch Imaging System (Bio-Rad, Hercules, CA, USA).

Cell death assay. The cell death assay was performed as previously
described (9, 11, 14). Briefly, cells were incubated in situ with PI
(1 μg/ml) and Hoechst 33342 (10 μg/ml) for 5 min at 37˚C in a CO2
incubator to stain dead cells and cell nuclei, respectively. Then the
numbers of PI-and Hoechst-positive cells were scored under a
fluorescence microscope (CKX41; OLYMPUS, Tokyo, Japan), and
the percentage of PI-positive cells (dead cells) relative to Hoechst-
positive cells (total cells) was determined. Cell death assays were
performed with four or six replicates.

Cell viability assay. The cell viability assay was performed as
previously described (11). Briefly, cell viability was determined by
the tetrazolium salt reduction method using WST-8 (Cell Counting
Kit-8; Dojindo Laboratories, Kumamoto, Japan) according to the
manufacturer’s instructions. Cells (500 cells/well) plated in 96-well
collagen I-coated plates were treated on the next day with 5 μM
carboplatin or 2 nM paclitaxel in the absence or presence of 7.5
μM AS602801 or 10 nM YM155 for 3 days, followed by culture
in the absence of any drug for another 3 days. WST-8 reagent was
then added, and the cells were incubated for 1-3 h at 37˚C.
Absorbance at 450 nm was measured using a microplate reader
(Model 680, Bio-Rad). Relative cell viability was calculated as a
percentage of the absorbance of treated samples relative to that of
the control samples. Cell viability assays were performed with four
or six replicates.

Colony-formation assay. Colony-formation assay was performed as
described previously (16). In brief, cells were seeded at a low,
colony-forming density (500 cells/35-mm dish) and cultured with
7.5 μM AS602801, 5 μM carboplatin, 2 nM paclitaxel, or
combination of them for 3 days. After cultured for ~1 week without
any drug, the cells were fixed with paraformaldehyde (4% v/v),
followed by staining with crystal violet (0.1% w/v). 

Statistical analysis. The results were expressed as the mean and
standard deviation (SD), and differences were compared using one-
way analysis of variance (ANOVA) with Tukey’s post-hoc test.
Differences with p-values of less than 0.05 were considered
statistically significant. 

Results
AS602801 can sensitize A2780 ovarian CSCs to carboplatin
and paclitaxel. To investigate the combinational effects of
AS602801 with chemotherapeutic agents in CSCs, a CSC
line derived from the ovarian cancer cell line A2780, A2780
CSLC, was used. The percentage of dead cells was evaluated
3 days after treatment with either carboplatin or paclitaxel
and a combination of both with AS602801, using double
staining with PI (to stain dead cells) and Hoechst 33342 (to
stain both live and dead cells) (Figure 1A). Compared with
the treatment with either drug alone, the combination of
AS602801 with carboplatin or paclitaxel significantly
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Figure 1. In combination with carboplatin or paclitaxel, AS602801 exerts additional inhibitory effects on A2780 CSLC cells. A2780 CSLC cells treated
with or without carboplatin (5 μM) or paclitaxel (2 nM) in the absence or presence of AS602801 (7.5 μM) for 3 days were subjected to a cell death assay
using propidium iodide (PI) as a vital dye. Representative images (A) and quantification of percentage of PI-positive cells (B) are shown. A2780 CSLC
cells treated with or without carboplatin (5 μM) or paclitaxel (2 nM) in the absence or presence of AS602801 (7.5 μM) for 3 days. The cells were then
cultured for another 3 days and subjected to a cell viability assay using WST-8 (C), or another 6 days and colonies were visualized by crystal violet stain
(D) then the number of colonies were quantified (E). Values represent means+SD from samples counted in four (E) or six (B, C) replicates of a representative
experiment repeated with similar results. NS: Non-significant, p>0.05; significantly different at: *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001.



increased cell death (Figure 1B). The viability of cells was
also evaluated by the WST-8 assay which showed that the
combination of AS602801 with carboplatin or paclitaxel
reduced cell viability significantly more effectively
compared to either treatment alone (Figure 1C). Furthermore,
in order to determine whether the combinational effects of
AS602801 can be translated into long-term inhibition of
clonogenic survival, a colony formation assay was
performed. The combination of AS602801 with carboplatin
significantly reduced the number of colonies formed
compared with either treatment alone. Although not
statistically significant, the combination of AS602801 and
paclitaxel tended to reduce the number of colonies compared
with either treatment alone (Figure 1C and 1D). Collectively,
AS602801 sensitized A2780 CSLC to carboplatin and
paclitaxel.

AS602801 reduces survivin expression in a time-and dose-
dependent manner. Since the combination with AS602801
increased cell death of A2780 CSLC, we evaluated the effect
of AS602801 on the expression of apoptosis-related proteins
including pro-apoptotic proteins, pro-survival proteins, and
proteins that belong to the inhibitor of apoptosis (IAP)
family. Treatment with AS602801 markedly reduced the
expression of survivin, while this treatment slightly reduced
the expression of livin and BID. However, treatment with
AS602801 did not alter the expression of the other proteins
examined (Figure 2A). Since the alteration of the expression
of survivin protein was the highest and because a reduction
in survivin may explain the cell death increased by
AS602801, we focused on survivin. Treatment with
carboplatin or paclitaxel increased survivin expression, while
AS602801 abolished such increase (Figure 2B). The
reduction in survivin expression by AS602801 occurred in a
time- and dose-dependent manner (Figure 2C and 2D).

Suppression of survivin expression sensitizes A2780 CSLCs
to carboplatin and paclitaxel. To assess if the suppression of
cell growth by AS602801 is mediated by a reduction in
survivin expression, YM155, an inhibitor of survivin, was
used as a treatment along with carboplatin or paclitaxel. The
expression of survivin was reduced by treatment with
YM155 (Figure 3A). The combination of YM155 with
carboplatin or paclitaxel increased the number of dead cells
and reduced cell viability compared with either drug alone
(Figure 3B and 3C). To further confirm that the
combinational effect was mediated by the reduction of
survivin expression, survivin was knocked-down by two
different siRNAs (siSurvivin #1 and #2). The expression of
survivin was reduced by both siRNAs (Figure 3D). In the
cells with survivin knockdown, the number of PI-positive
(dead) cells was increased with and without carboplatin or
paclitaxel treatment compared with control siRNA-treated

cells (Figure 3E). The treatment of knockdown of survivin
also reduced cell viability (Figure 3F). These results suggest
that the suppression of survivin sensitizes A2780 CSLCs to
carboplatin and paclitaxel.

AS602801 suppresses the expression of survivin in other
types of CSCs and cancer cell lines. To determine if the
reduction in survivin expression caused by AS602801 is a
general phenomenon that also occurs in other types of CSCs
and serum-cultured non-CSCs, several cell lines were treated
with AS602801, and the alteration in survivin expression was
examined. The expression of survivin was reduced in various
types of CSCs: TOV-21G CSLC (an ovarian CSC line),
PANC-1 CSLC (a pancreatic CSC line), A549 CLSC (a lung
CSC line), GS-Y03 (a glioblastoma CSC line), and in
various types of non-CSC cancer cell lines including TOV-
21G (an ovarian cancer cell line), A549, and H1299 (lung
cancer cell lines) (Figure 4).

Discussion

CSCs comprise a rare population of cancer cells and have
the properties of a high tumor initiation capacity and
chemoresistance. Therefore, CSCs are sources of
chemoresistant cancer cells in recurrent lesions after
chemotherapy. We already reported that AS602801 inhibits
tumor-initiating capacity (9) and metastatic potential (10) of
CSCs, but the effect of AS602801 on the chemoresistance of
CSCs was unknown. In this study, we showed that a
combination of AS602801 with carboplatin or paclitaxel
facilitated cell death and inhibited growth of the A2780
CSLC line compared with either AS602801, carboplatin, or
paclitaxel alone. These results demonstrate that the addition
of AS602801 chemosensitizes CSCs to standard
chemotherapy. Since the safety of AS602801 has already
been assessed in patients with endometriosis, AS602801 is a
good candidate for combination with standard chemotherapy.

Survivin is a member of the IAP family and plays a role in
the inhibition of apoptosis and the control of cell division (17,
18). Survivin is expressed during embryonic development,
but its expression is lost in adult tissues except the testicular
tissue, placental tissue, and bone marrow stem cells (19).
Increased expression of survivin is observed in various types
of cancer, and its increased expression is correlated with a
poor prognosis (20-22). In CSCs of various types of cancer
including ovarian cancer, the expression of survivin is
elevated (23-27), and the suppression of survivin expression
inhibits CSC-like properties (25, 27, 28). Our data showed
that survivin was reduced by treatment with AS602801 and
that pharmacological and genetic suppression of survivin
sensitized cancer cells to carboplatin and paclitaxel. These
data suggest that chemosensitization by AS602801 might be
mediated by the suppression of survivin. In agreement with
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Figure 2. AS602801 reduces the expression of survivin in a time- and dose-dependent manner in A2780 CSLC cells. A2780 CSLC cells treated with or
without AS602801 (7.5 μM) for 3 days were subjected to western blot analysis of apoptosis-related proteins (A). The predicted molecular weight of the
proteins is indicated in parentheses, and molecular weight markers are located on the right of the western blot images. A2780 CSLC cells treated with
or without carboplatin (5 μM) or paclitaxel (2 nM) in the absence or presence of AS602801 at 7.5 μM for 3 days (B), at 7.5 μM for different times (C),
and at the indicated concentrations for 3 days (D). The cells were then subjected to western blot analysis of survivin expression. BCL-2: B-Cell lymphoma
2, BAX: BCL-2-associated X protein, BAK: BCL-2 antagonist/killer, BOK: BCL-2-related ovarian killer, BIM: BCL-2-like protein 11, BAD: BCL-2-
associated death promoter, BID: BH3 interacting-domain death agonist, PUMA: p53 upregulated modulator of apoptosis, MCL-1: myeloid cell leukemia-
1,  c-IAP1: cellular inhibitor of apoptosis 1, XIAP: X-linked inhibitor of apoptosis protein, GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3. Pharmacological and genetic inhibition of survivin sensitizes A2780 CSLC cells to carboplatin and paclitaxel. A2780 CSLC cells treated with
or without carboplatin (5 μM) or paclitaxel (2 nM) in the absence or presence of YM155 (10 nM) for 3 days were subjected to western blot analysis of
survivin expression (A) or cell death assay using propidium iodide (PI) as a vital dye (B). A2780 CSLC cells treated with or without carboplatin (5 μM)
or paclitaxel (2 nM) in the absence or presence of YM155 (10 nM) for 3 days were cultured for another 3 days in the absence of any drug. The cells
were then subjected to a cell viability assay using WST-8 (C). A2780 CSLC cells were transfected with siRNAs against survivin (siSurvivin #1 or #2) or
with a control RNA (siControl). The following day, the cells were treated with or without carboplatin (5 μM) or paclitaxel (2 nM) for 3 days and then
subjected to immunoblot analysis of survivin (D) or to a cell death assay using propidium iodide (PI) as a vital dye (E). To analyze the viability of cells,
the cells were treated with or without carboplatin or paclitaxel for 3 days; they were then cultured for another 3 days without any drug, and then subjected
to a WST-8 assay (F). Values represent means +SD from samples in four (E and F) or six (B and C) replicates of a representative experiment repeated
with similar results. In B and C, NS: non-significant, p>0.05; significantly different: at **p<0.01, and ****p<0.0001. In E and F, NS p>0.05; significantly
different at: *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001 vs. the siControl. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.



our observation, the inhibition of survivin was shown to
sensitize CSCs to chemotherapeutic agents in colorectal (29),
pancreatic (30), and breast (31) cancer. We showed that the
expression of survivin was increased by treatment with both
carboplatin and paclitaxel. It has been reported that irinotecan
and hydroxyurea induced the expression of survivin, whereas
oxaliplatin reduced the expression of survivin in HCT116
colon cancer cells (32). The induction of survivin is
differentially regulated by chemotherapeutic agents. A
combination of agents that suppresses survivin, such as
AS602801, and chemotherapeutic agents that induce
expression of survivin can be an efficacious combination
therapy against cancer cells, because A602801 attenuates
the chemoresistance that results from high levels of
survivin. Since our data indicated that the expression of
survivin was suppressed by AS602801 in other types of
CSCs and cancer cells, AS602801 is expected to be
effective, not only for ovarian CSCs, but also for other
types of CSCs and non-CSCs.

In this study, we discovered a new role for AS602801:
chemosensitization of CSCs, in addition to the previously
known roles of AS602801: suppression of tumor initiation
capacity and metastasis. Our results imply that the inclusion
of AS602801 in a standard chemotherapy regimen might
improve prognosis of cancer including ovarian cancer by
enhancing the cytotoxicity of chemotherapeutic agents in
CSCs.
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