
Abstract. Background/Aim: Cinobufotalin (CINO), a
cardiotonic steroid, has been used as an anticancer agent.
This study assessed the cell-specific effect of CINO on 
SK-OV-3, CRL-1978 and CRL-11731 ovarian cancer cells
which differ in terms of their respective karyotypes. Materials
and Methods: Cell cultures were treated with CINO (0.1, 1,
5 and 10 μM) for 24, 48, and 72 h. Cell proliferation,
migration, and invasion were measured using CellTiter,
Cytoselect, and FluoroBlock assays, respectively. Expression
of proliferating cell nuclear antigen (PCNA) was evaluated
by western blot analysis. Cell viability was determined by
fluorescence-activated cell sorting. Immunofluorescence was
performed using Annexin-V staining and fluorescein
isothiocyanate (FITC). Mitochondrial membrane potential
(MMP) was measured using MitoTracker™ Red. Results:
CINO at 0.5 μM inhibited SK-OV-3, CRL-1978, and CRL-
11731 proliferation, migration, and invasion. Each cell type
differed in response to CINO doses for PCNA, Annexin-V
expression and MMP. Conclusion: The antineoplastic
property of CINO is consistent, but its mode of action varies
among cell lines.

Ovarian cancer is a relatively rare type of cancer, accounting
for only 1.3% of all new cancer cases per year in the United
States (1, 2). Despite this percentage, it is deadly, ranking as
the sixth leading cause of all cancer-related deaths and the

number one cause of gynecological cancer deaths (3). The 
5-year survival rate only improved from 33.7% to 44.1%
from 1975 to 2012, while that for patients with breast cancer
improved from 75.2% to 91.0% during the same interval (1,
2). Development of better screening tools and discovery of
cell-specific treatments are key to changing these statistics. 

Little progress has been made in early detection and
diagnosis of ovarian cancer. Most women do not experience
pain or symptoms until an advanced stage of the disease.
Symptoms are often vague, including pelvic discomfort,
bloating, and varying urinary or bowel patterns (4). One
study attempted screening women with six annual cancer
antigens 125 (CA-125) assays and four annual transvaginal
ultrasound examinations but did not demonstrate a
reduction in ovarian cancer deaths (4). Current
recommendations advise that only women with confirmed
mutations of breast cancer resistant genes (BRCA1) or
BRCA2 who have not undergone prophylactic bilateral
salpingo-oophorectomy should undergo such screening tests
(4-6). The complexity of ovarian tissue has resulted in
numerous subtypes of cancer that fall under the general
term ‘ovarian cancer’. Epithelial ovarian cancer is by far
the most common type of ovarian cancer, representing over
90% of cases (7). This category is further subdivided into
serous, mucinous, endometrioid, clear cell, and transitional
cell tumors (8, 9). The diversity of these tumors and their
cell origins make the discovery of novel and biologically-
specific treatments extremely difficult, yet important for
improvement of survival of patients with ovarian cancer.
Current treatment methods consist of debulking surgery and
platinum-based chemotherapy (carboplatin and paclitaxel)
for epithelial cell tumors and combination bleomycin,
etoposide and cisplatin chemotherapy for germ cell tumors
(8, 10-12). Development of novel therapies that act in a
cell-specific manner could significantly alter prognosis and
improve post-treatment outcomes of those diagnosed with
ovarian cancer. 
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Recent research has focused on utilizing compounds
isolated from plants and animals for medicinal purposes,
especially those that have been used in traditional Chinese
medicine. Cinobufotalin is a bufadienolide with diuretic and
hemostatic properties and has been used as a cardiotonic
steroid (3, 13, 14). Remarkably, further research has revealed
a cytotoxic effect of cinobufotalin that may be beneficial in
treating several cancer types such as lymphoma, lung cancer,
and ovarian cancer in a cell-specific manner (15, 16).
Cinobufotalin was found to induce apoptosis in U937 human
lymphoma cells through DNA fragmentation, decrease of
mitochondrial membrane potentiaI (MMP), increase in
intracellular Ca2+, and increase in production of reactive
oxygen species, ultimately leading to activation of apoptotic
proteins (8, 16-18). Our research is focused on applying the
known cytotoxic features of cinobufotalin to three different
ovarian cancer cell lines (SK-OV-3, CRL-1978, CRL-11731).
SK-OV-3 is a hypodiploid human cell line with a modal
chromosome number of 43 (occurring in 63.3% of cells) and
a range of 42 to 45. The rate of higher ploidies is 32%. One
N11 has the homogeneously staining region (HSR) segment
from p11 to the distal end. The normal N10, N12, N15, N17
and N19 are absent. CRL-1978 cell line has a complex hyper
diploid karyotype of 66XX to 88XX. These cells exhibit low
to moderate resistance to several chemotherapeutic agents
including doxorubicin, cisplatin, carmustine, etoposide and
cyanomorpholinodoxorubicin (MRA-CN) and also express
low levels of P glycoprotein. The karyotype of CRL-11731
cell line is still not well known. Morphologically it is an
epithelial cell line from a French-Canadian ancestry patient
with early onset ovarian cancer. A recent study from our
laboratory demonstrated that cinobufotalin at in vitro
concentrations greater than 0.5 μM inhibited SK-OV-3 cell
proliferation, migration and invasion (19). The goal of this
study was to determine if the cytotoxic effect of cinobufotalin
is cell-specific or if it affects each cancer cell line similarly.
Additionally, we also aimed to compare the mechanism of
action of cinobufotalin on each of the cell lines. 

Materials and Methods
Cell culture. Three ovarian cancer cell lines, CRL-1978, CRL-11731
and SK-OV-3 (American Type Culture Collection, Manassas, VA,
USA), were grown in ATCC-formulated McCoy’s 5a Medium
(Thermo Fisher Scientific, Waltham, MA, USA) supplemented with
10% Gibco fetal bovine serum (FBS) (Thermo Fisher Scientific)
and penicillin-streptomycin-amphotericin B cocktail (Thermo Fisher
Scientific). Cells were cultured at 37˚C in a humidified atmosphere
of 5% CO2. Cinobufotalin, was purchased from Enzo Life Sciences
(Farmingdale, NY, USA) and diluted in dimethyl sulfoxide (DMSO)
for in vitro treatments. DMSO at 0.2% concentration was also used
as control.

Cell proliferation assay. Cell proliferation was measured using a
CellTiter Assay (Promega, Madison, WI, USA). Cells were treated

with 0.1, 0.5, 1, 5, and 10 μM cinobufotalin for 72 h. Afterwards,
CellTiter 96 was added to the cells, and absorbance at 490 nm was
measured using a plate reader (SPECTRAmax 340PC384;
Microplate Spectrophotometer, Molecular Devices LLC, Sunnyvale,
CA, USA). The absorbances were graphed against concentration of
cinobufotalin treatments to determine the effect of the compound on
cancer cell proliferation. 

Cell migration assay. Cell migration was measured using a
CytoSelect Assay (Cell Biolabs, San Diego, CA, USA). Cells were
treated with 0.1, 0.5, 1, 5, and 10 μM cinobufotalin and incubated
for 24 hours at 37˚C in 5% CO2. Cells in serum-free medium were
dispensed inside the insert, while serum medium was placed into
the well. Migratory cells travelled through the pores in the direction
of the serum medium in the well and could be stained or measured
on a plate reader. CyQuant GR Dye solution was then added to the
cells and fluorescence measured at 480 nm/520 nm on a
fluorescence plate reader (CytoFluor Series 4000 Fluorescence
Multi-Well Plate Reader; Applied Biosystems, Foster City, CA,
USA). The migratory cells were quantified by measuring their
absorbance and plotted against treatment concentrations to
determine the effect of cinobufotalin on cell migration.  

Cell invasion assay. Cell invasion was measured using a FluoroBlok
Assay (BD, Franklin Lakes, NJ, USA). Cells were treated with 0.1,
0.5, 1, 5, and 10 μM cinobufotalin for 48 hours at 37˚C in 5% CO2.
This assay included a FluoroBlok 24-Multiwell Insert Plate with
8.0-micron pore size PET membrane coated with BD Matrigel
Matrix. This coating method obstructed the membrane’s pores,
hindering the migration of non-invasive cells from passing through
the membrane. Calcein-acetoxymethyl was added to the cells and
fluorescence was measured at 490 nm/700 nm on a fluorescence
plate reader (CytoFluor Series 4000; Applied Biosystems) to
quantify invasive cells and plot them against treatment
concentrations.

Cell viability assay. Cell viability was measured using a CellTiter
Assay (Promega, Madison, WI, USA). This assay measured
conserved and constitutive protease activity inside living cells. The
live-cell protease activity is limited to complete viable cells and was
measured using a fluorogenic, cell-permeant, peptide substrate. The
substrate enters undamaged cells, where it is divided by the live-
cell protease activity to generate a fluorescent signal comparative
to the quantity of living cells. The live-cell protease is inactivated
upon the loss of membrane stability and outflow into the
surrounding culture medium. Cells were treated with 0.1, 0.5, 1, 5,
and 10 μM cinobufotalin for 48 h at 37˚C in 5% CO2. CellTiter-
Blue reagent was then added to the cells and absorbance was
measured at 520 nm on a plate reader (SPECTRAmax 340PC384;
Molecular Devices LLC) and plotted against treatment
concentrations. 

Cell lysis and total protein estimation. Cells were treated with 0.1,
0.5, 1, 5, and 10 μM cinobufotalin for 48 hours at 37˚C in 5% CO2.
Cells were then lysed using lysis buffer (Cell Signaling Technology,
Danvers, MA, USA). Cells were then scraped into tubes and spun
down to collect the supernatant. Protein samples were then loaded
onto a 96-well plate, and protein estimation was determined using
standards from a bicinchoninic acid reagent kit (Pierce, Rockford,
IL, USA). The standards were used to produce a standard curve
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from which the concentration of cellular protein from cinobufotalin-
treated cells was determined. 

Western blot assay to determine proliferating cell nuclear antigen
(PCNA) expression. Using the protein estimation data, each sample
was prepared at a protein concentration of 10 μg/μl, including
deionized H2O, NuPage 4x LSD Sample buffer and NuPage 10x
Reducing Agent (Invitrogen, Carlsbad, CA, USA). Prepared samples
were loaded into a NuPAGE Novex 4-12% Bis-Tris gel (Invitrogen)
and transferred onto a nitro-cellulose membrane (Invitrogen).
Membranes were blocked in 5% milk and on separate occasions
probed with antibodies to PCNA and β-actin (Santa Cruz, Dallas,
TX, USA). After incubation with the corresponding secondary
antibody, proteins were visualized with chemiluminescence
detection kit (Pierce, Thermo Fisher Scientific, Carlsbad, CA,
USA). The intensity of the bands was determined by imaging the
membranes in an ImageQuant LAS 4000 instrument (GE
Healthcare, Life Sciences, Pittsburgh, PA, USA). The expression of
PCNA protein was quantified by densitometric analysis using Image
J (NIH, Bethesda, MD, USA).

Fluorescence Activated Cell Sorting (FACS) analysis for cell
viability and apoptosis. Cell viability was additionally evaluated by
a Cell Viability Kit (Cayman Chemical, Ann Arbor, MI, USA) and
apoptosis was evaluated using an Apoptotic Blebs Assay Kit
(Cayman Chemical). Cells were treated with 0.1, 0.5, 1, 5, and 
10 μM cinobufotalin for 48 h. The cell viability and apoptotic blebs
assay was performed on a BD FACSCanto II FACS analyzer (BD
Biosciences, San Jose, CA, USA) and the data analysis was
performed using FlowJo (Ashland, OR, USA). Results were
expressed as a percentage of live and dead cells. 

Annexin-V staining. SK-OV-3, CRL-1978, and CRL-11731 cells
were seeded on coverslips in 6-well plates and allowed to adhere
overnight. The cells were then treated with 0, 0.5, and 5 μM
cinobufotalin for 48 h. Afterwards a mixture of biotinylated
Annexin-V (Thermo Fisher Scientific), Cy3-labeled streptavidin
binding buffer (GE Healthcare, Life Sciences), and propidium
iodide (Thermo Fisher Scientific) was added to the cells on the
coverslips. The prepared coverslips were placed on a slide and the
nuclear marker 4’,6’-diamidino-2-phenylindole (Invitrogen) was
added. The slides were observed on an Olympus FluoView FV 300
confocal laser-scanning microscope (Shinjuku, Tokyo, Japan) using
the FITC filter to determine expression of stained PS to assess
apoptotic signal in the cells.

MMP assay. SK-OV-3, CRL-1978, and CRL-11731 cells were
treated in serum-free medium with 0, 0.1, 0.5, 1, 5, and 10 μM
cinobufotalin for 12 and 24 h. The cells were then stained with
MitoTracker™ Red (M7513; Thermo Fisher Scientific) following
the manufacturer’s protocol. The stained cells were analyzed on BD
FACSCanto II FACS analyzer (BD Biosciences) and FlowJo was
used for data analysis to calculate the mean fluorescent intensity
(MFI) as a representation of the MMP. 

Statistical methods. Data from in vitro experiments of cinobufotalin-
treated cells were compared to those from DMSO-treated controls
using analysis of variance (ANOVA). Experiments were repeated
five times. Duncan’s post-hoc testing was used to detect differences
between treatment groups. Differences with a p-value of less than
0.05 were considered significant. 

Results

Cinobufotalin at in vitro concentrations greater than 0.5 μM
significantly inhibited cell proliferation, migration, and invasion
(p<0.05) of SK-OV-3, CRL-1978, and CRL-11731 ovarian
cancer cell lines (Figures 1-3). There appeared to be a dose-
dependent decrease in proliferation of SKOV-3, CRL-1978, and
CRL-11731 in cultures treated with cinobufotalin. There was no
significant difference in effect between 5 and 10 μM treatment
of SK-OV-3 CRL-1978, and CRL-11731 cells. 

Figures 2 and 3 show a similar trend of statistically
significant decrease in migration and invasion, respectively,
at a dose of 0.5 μM (p<0.05). 

The Western blots assays revealed dose-dependent
decrease in expression of PCNA normalized to that of 
β-actin in SK-OV3, CRL-1978, and CRL-11731 cells
(Figure 4A). The densitometric analysis of the Western blots
showed the most pronounced inhibition to occur between 0.5
and 5 μM of cinobufotalin for all three cell lines (Figure 4B). 

FACS data showed a similar dose-dependent trend of
reduced viability at 0.5 μM cinobufotalin for CRL1978, but
not for SK-OV3 and CRL-11731 cell lines. The viability of
the CRL-1978 cells appeared to increase at cinobufotalin
concentrations of 0.5 μM and more (Figure 5). 

Cinobufotalin at ≥0.5 μM induced apoptotic signaling and
led to disintegration of SK-OV-3 (Figure 6A) and CRL-1978
(Figure 6B) cells. CRL-11731 cells did not exhibit the same
effects and appeared to be more resistant to the apoptotic
effects of cinobufotalin (Figure 6C). 
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Figure 1. In vitro cell proliferation assay results for SK-OV-3, 
CRL-1978, and CRL-11731 cells evaluated at 48 hours in response to
cinobufotalin (CINO) measured as absorbance at 490 nm normalized
to that of the control. Data expressed as means±SE for 8 replicates. Cell
lines differ (p<0.001 using ANOVA) and means with different letters
differ (p<0.05 using the Duncan’s post-hoc test). 



Cinobufotalin at ≥1 μM reduced the mitochondrial
membrane potential (MMP) of SK-OV-3 cells (Figure 7A). On
the contrary, the MMP for CRL-1978 and CRL-11731 increased
with cinobufotalin treatment (Figure 7B and C, respectively).

Discussion

According to our study, reduced expression of PCNA was
observed across all three cell lines on treatment with
cinobufotalin. In a prior study by McDowell et al. with SK-
OV-3 ovarian cancer cells, it was observed that cinobufotalin
concentrations exceeding 0.5 μM reduced PCNA expression
and cell viability and induced apoptotic signaling (19). CRL-
1978 and CRL-11731 lines exhibited similar trends. PCNA
also serves as a co-factor for the several polymerases involved
in DNA repair and elongation and its down-regulation
diminishes the ability of rapidly dividing cancer cells to repair
their DNA (29, 30). Cinobufotalin at concentrations >0.5 μM
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Figure 2. In vitro cell migration assay results for SK-OV-3, CRL-1978,
and CRL-11731 cells evaluated at 24 h migration in response to
cinobufotalin (CINO) measured as absorbance at 560 nm normalized
to that of the control. Data expressed as means±SE for 8 replicates. Cell
lines differ (p<0.001 using ANOVA) and means with different letters
differ (p<0.05 using Duncan’s post-hoc test). 

Figure 3. In vitro cell invasion assay results for SK-OV-3, CRL-1978,
and CRL-11731 cells evaluated at 48 hours line invasion in response to
cinobufotalin (CINO) measured as absorbance at 490 nm normalized
to that of the control. Data expression as means±SE for 8 replicates.
Cell lines do not differ (p=0.58 using ANOVA), but responses to CINO
dosages differ (p<0.001 using ANOVA). Means with different letters
differ (p<0.05 using Duncan’s post-hoc test).

Figure 4. Expression of proliferating cell nuclear antigen (PCNA)
expression in SK-OV-3, CRL-1978, and CRL-11731 ovarian cancer cells
treated with different concentrations of cinobufotalin (CINO). A:
Western blot band images. B: Graphical representation of PCNA
expression quantified relative to that of β-actin normalized to that of
the control. Results for SK-OV-3 (n=6), CRL-1978 (n=4), and CRL-
11731 (n=4) cells shown as means±SE. Cell lines differ in response to
CINO doses (p=0.0018 using ANOVA) and measures for different CINO
doses differ (p<0.0001 using ANOVA). Means with different letters
differ (p<0.05 using the Duncan’s post-hoc test.



inhibited proliferation, migration, and invasion of all three
different ovarian cancer cell lines, in vitro (SK-OV-3, CRL-
1978, and CRL-11731). Annexin-V is used as a qualitative
probe to detect cells that have phosphatidylserine on the cell
surface, an event found during apoptosis as well as other
forms of cell death. Treatment of both SK-OV3 and CRL-
1978 cell lines with cinobufotalin concentrations >5 μM led
to increased staining of annexin-V which correlates with
increased apoptotic signaling. On the other hand, CRL-11731
seemed to be less affected in terms of apoptosis. This cell line
is known to have p53 mutation, which would be consistent
with its decreased entry into apoptosis. Cinobufotalin was
shown to induce both the intrinsic and extrinsic apoptotic
pathways through the increased expressions of bcl-2
associated X (BAX) protein, BAX like BH3 protein,
cytochrome c, caspase-2, -3, -8, -9 and FAS receptor in a
human lymphoma cell line (U937) (15). To further investigate
the nature of apoptotic signaling, we evaluated the MMP in
all three cell lines. SK-OV-3 was shown to have loss of MMP
with increased treatment concentration. This finding is
consistent with the intrinsic pathway and formation of pores
in the mitochondrial membrane. The results, however,
contrasted with the CRL-11731 and CRL-1978 cell lines,
which displayed the opposite, where the MMP for these cell
lines increased with increasing concentration of cinobufotalin. 

Several studies have been carried out to address the
mechanism of action for this compound’s anti-tumor effects.
DNA fragmentation decreased MMP, apoptotic protein
activation, up-regulation of FAS protein, and activation of

cytochrome c has been proposed (5). Recently we showed that
cinobufotalin impaired cytotrophoblast cell function via cell-
cycle arrest (24). Zhao et al. isolated cinobufotalin from Bufo
gargarizans (Asiatic toad) and showed it to have significant
inhibitory effects against a human hepatocarcinomatous cell
line (smmc7721) in vitro (28). The trend of differing
mechanism of actions of cinobufotalin appears to be
consistent, even in ovarian cancer cells. This is likely
secondary to the heterogeneous distribution of Na+/K+ ATPase
throughout the body, as well as the complexity of the
downstream pathways from this enzyme and the pro-apoptotic
signaling cascades that cinobufotalin modulates (30). Binding
to and inhibition of Na+/K+ ATPase can lead to increased
cytosolic sodium and decreased potassium levels, which in
turn increases cytosolic calcium and as a result causes
mitochondrial Ca2+ overload, respiratory inhibition, and
mitochondrial dysfunction due to changes in mitochondrial
permeability (31). Furthermore, cathepsin S binding to this
enzyme is known to directly activate a signaling cascade
involving mitogen-activated protein kinase, phosphoinositide
3-kinase, protein kinase B, and protein kinase C, all of which
lead to changes in gene expression (30). Emam et al. tested
the effects of cinobufotalin on human lymphoma U937 cells
and HeLa cells and found that cinobufotalin induced caspase-
dependent apoptosis (15). They investigated the intrinsic and
extrinsic pathway of apoptotic signaling in response to
cinobufotalin. In the intrinsic pathway, cinobufotalin caused a
decline in MMP while releasing cytochrome c and activating
caspase-3 leading to DNA fragmentation and cell death. In the
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Figure 5. Fluorescent-activated cell sorting (FACS) analysis of live and dead SK-OV-3, CRL-1978, and CRL-11731 cells in response to different
concentrations of cinobufotalin (CINO). 
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Figure 6. Determination of apoptotic signaling in A: SK-OV-3, B: CRL-1978 and C: CRL-11731 cell lines in response to different concentrations
of cinobufotalin (CINO) by Annexin V and DAPI staining. Rhodamine is used as a control stain. *Images not available due to scheduling conflicts
of microscopy facilities. 



extrinsic pathway, cinobufotalin has caused the upregulation
of a transmembrane protein called FAS initiating an
intracellular signaling cascade leading to the formation of
death inducing signaling complex (DISC). DISC activates
procaspase-8 leading to the activation of caspase-3 followed
by DNA fragmentation and cell death (15). These mechanisms
demonstrate the wide variety of biochemical pathways
affected by cinobufotalin. Thus, the complexities, along with
the karyotypic differences between varying cancer cell lines,
supports the diversity of mechanisms that were proposed
earlier. Studies evaluating the effect of cinobufotalin on
primary cancer cell isolates, and in vivo effects on tumor
growth in mice are now underway in our laboratory.

Indran et al. mentioned in their findings that defective or
inefficient apoptosis is a known attribute of cancer cells (23).
Cancer tends to have a hyperproliferative nature and emerging
complexities in terms of molecular and functional mechanisms
which has limited the ways to effectively treat cancer (10).
Exploring the nature and mechanism of action will be very
useful when testing a potential drug to be considered for cancer
treatment. In addition, a thorough understanding of apoptotic
signaling, its pathways, and possible mechanism of apoptotic
resistance, and how our potential drug influence apoptosis is
imperative to unravel a novel treatment procedure (23).
Recently, compounds extracted from plants, herbs, and other
animals have become the forefront of medicinal research to
assess their natural benefit against diseases like cancer (11, 13,
22). When experimentally tested, these compounds displayed
anti-oxidative, anti-inflammatory, anti-proliferative, and
apoptosis-inducing properties (18, 20-22). Thus, we propose
that previous studies and our recent findings have shown that
cinobufotalin affects different cancer cell signaling and can be
a potential therapeutic drug against ovarian cancer (10, 19).
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