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Abstract

Drug resistance and poor therapeutic outcomes are the emerging problems pertaining to cisplatin treatment
in ovarian cancer. The effectiveness of the conventional chemotherapeutic medication could be improved by
combining with natural drugs. In the current study, Wedelolactone (WDL) a natural coumestan, in combination
with Cisplatin (Cis) was determined to be a potent anti-cancer drug as evidenced by their capacity to bring about
cytotoxicity by decreasing NF-kB expression in PA-1 ovarian cancer cells. “Cell viability assays” were carried out
and the effective combination of wedelolactone with Cisplatin were confirmed by PCR and western blot analysis.
The determined ICg, (10uM) of WDL displayed advantageous anti-cancer effect in PA-1 cells compared to Cis
treatment. Furthermore, the combination of wedelolactone (5uM) and cisplatin(3uM) also down regulated NF-xB
expression which is a key player of various cancer promoting events such as drug resistance, apoptotic inhibition,
inflammation and angiogenesis. WDL potentiates the sensitivity of PA-1 cells towards cisplatin by decreasing the
ETS1 and P-gp expression which are involved in MDR mechanism. Overall, this study suggest that Wedelolactone

can be used to sensitize ovarian tumors to standard cancer chemotherapeutics.
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1. Introduction

Cisplatin is a mainstream platinum “chemotherapeutic”
medication that are being in usage about “ovarian cancer”
for about 2 decades. The identified reasons for Cisplatin
treatment failure include their ability to bring about
forbidding side effects and augmenting chemoresistance!.
Multidrugresistanceisaconsiderablechallengeconcerning
cancer treatment. “Chemoresistance” enhances the
response of genes that intervene in the survival signaling
cascade and MDR genes®. The established mechanisms
responsible for “chemoresistance” includes amplified
DNA repair, reduced drug uptake, turning on “pro
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survival pathways’, aberrant apoptotic mechanisms or
turning off the mechanisms essential for promoting cell
death®. Moreover, the side effects of cisplatin especially
organ toxicity viz nephro, cardio and hepatotoxicity are of
extensive menace in ovarian cancer patients that reduces
its clinical advantage*®. On this notion, a reasonable,
more determinative and safer approach to decline the
detrimental effects of cisplatin without varying its anti-
cancer potency is critically imperative. For this reason,
the compounds that enhance the chemotherapeutic
efficacy and turn off the survival signals in cancer cells
could potentially take the role of “chemosensitizer”. Being
a multi-targeting compound, phytochemicals have been
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evidenced to function as emphatic chemosensitizers in
fusion with mainstream chemotherapeutic medications’.

Research exploration in the last few years has brought
to light about a myriad of phytochemicals bearing the
capability to reverse resistance towards cisplatin with
minimal side effects in “ovarian cancer” types. For
instance, there is evidence stating that thymoquinone
boosts cisplatin mediated cell toxicity in ovarian cancer
cells. Similarly, berberine modulated cisplatin’s sensitivity
through PTEN-AKT signaling. Another study reports
the enhancement of cytotoxic effect in ovarian tumor
cells by Saikosaponin-d in combination with cisplatin
through fine tuning mitochondrial fission. A naturally
occurring flavonoid, Scutellarin improves the response of
ovarian tumor cell lines to cisplatin by increasing its DNA
binding ability®!!
mechanisms reported in ovarian cancer, there are strong
reports confirming the involvement of NF-xB mediating
chemoresistance and tumor relapse!?1°,

Being a critical mediator of major dysregulated events

. Among the multitude of signaling

involved in tumor occurrence and progression, NFxB
brings about drug resistance by apoptosis inhibition
and mediating MDR proteins expression'é. The ABC
transporters that act as chemotherapy “drug efflux”
pump and the major contributors of “chemotherapy
resistant tumors” generally includes: P-glycoprotein or
MDRI1, multidrug resistance-associated protein 1 and
breast cancer resistance protein!”
the
P-glycoprotein expression, a product of ABCB1 or MDR1
gene. Suppression of P-gp to counteract MDR was noted
in a scientific finding!®. Amplified P-gp expression
towards cisplatin treatment and “reduced apoptosis” due
to its overexpression have been studied in HeLa cells.
A research finding has declared that elevated expression
of MDR transporters by the stimulation of NF-kB in
colon cancer cells®. Another key factor involved in MDR
mechanism is ETS1 a transcription factor of IKKA and
MDRI1 which codes for P-gp*!"*2. Inordinate expression
of ETS1 in ovarian cancer has been recorded®’. Apart
from MDR, apoptosis circumvention also aids in cancer
advancement and resistance to cisplatin. Therefore,
ripping off NF-kB mediated signaling would be an
ultimate remedial strategy in ovarian cancer treatment**2>.
Phytochemicals investigated as a significant regulator of
ETSI and P-gp could function as reassuring drug not only
to reverse MDR but also to resensitize ovarian cancer cells
towards cisplatin treatment. Pertaining to these findings,

. In ovarian cancer
foremost mechanism involved is the excessive
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inhibitor of IKKAaq,
together with cisplatin would modulate the PA-1 ovarian

Wedelolactone a well-known

cancer cell proliferation and survival in combination
with chemotherauptic agents. Wdl was of the interest of
our study since several studies have previously proved
it as an anti breast cancer agent and it has been known
to target several intracellular molecules. Although there
were no studies in ovarian cancer and as an adjuvant to
cisplatin, we studied the association of wdl with cisplatin
in reducing the dose and enhancing the cytotoxicity.
Thus, our study aims to mount whether Wedelolactone, a
natural coumestan could enhance the chemosensitivity of
Cisplatin by down regulating NF«B in PA-1 cells (ovarian
cancer cell line) and to unveil partially the underlying
chemosensitization mechanism.

2. Materials and Methods

2.1 Chemicals and Maintenance and
Treatment of PA-1 Cell Line

Wedelolactone (purity > 95%), Cis-dichlorodiammine
platinum (II) were procured from Sigma Aldrich Co. Ltd.
USA. Antibodies used were purchased from Santa Cruz
Biotech., USA. PA-1 cells obtained from the National
centre for cell science (Pune, India) were maintained and
grown at 37 °C with 5% CO, in a humidified incubator.
They were cultured as a monolayer in T25 flask to attain
70% confluence using Dulbeccos Modified Eagles
Medium, 10% fetal bovine serum and penicillin- 50 IU/
mL, streptomycin -3.5pg/mL and gentamycin -2.5ug/mL.
2.5 x 10°/ ml per 5mL of PA-1 cells were seeded before
treatment. On the drug treatment day, after washing with
2 ml of sterile PBS twice, culture medium containing the
appropriate drugs (Cis, WDL) was added to the wells.

2.2 Cell Viability Assay

5 x 10% cells per well in 200uL DMEM and 10% FBS Cells
were seeded in 96 well plates and left overnight. Cells that
were not attached were removed by mild washing after 24
hrs. Cells were then treated with varying concentrations
of Wedelolactone and cisplatin. Negative control of
serum free medium + DMSO was assessed. After 48 hrs
of treatment, the plates were incubated with 10uL MTT
solution for 3 h at 37 °C. Then the absorbance was read at
590 nm using a microplate reader (Bio-Rad, USA). Cell
viability was expressed as a percentage of “untreated cells,
(negative control- 100%). IC50 - concentration at which
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Table 1. List of primers

Robinson et al,, EE-

TARGET FORWARD REVERSE

NFkB GAAGGAATCGTACCGGGAACA CTCAGAGGGCCTTGTGACAGTAA
IKKa GCCATGTACCCATACGATGTTCC GCTCCAATAATCAACAGTGGCTG
IkBa TGAATTCAGTCCATGGCTTGCAGGC GGATCTCCTGCAGCTCCTTGACCAT
GAPDH CCACCCATGGCAAATTCCATGGCA TCTAGACGGCAGGTCAGGTCCTCC

cell growth was inhibited by 50 per cent was determined
from the dose response curves.

2.3 Trypan Blue Assay

Around 5x10° PA-1 cells per well were incubated at 37 °C
under 95% air and 5% CO, well in 96-well plates for 24
hrs. Once the confluency reached 75-80 %, they were
treated with varying concentrations of Wedelolactone
and cisplatin in individual or in combination for 48hrs.
After incubation, viability of cells was measured using the
“Trypan blue dye exclusion method”. After incubation the
cells were harvested and washed with PBS. Equal volumes
of 10uL of cell suspension in PBS and 0.4% Trypan blue
dye in equal volumes were mixed and incubated for 3
minutes at RT and loaded onto the counting slides. Cell
viability and total cell were counted using the Bio Rad
“TC20 automated” cell counter.

2.4 Semi-Quantitative Reverse
Transcription PCR Analysis

Total RNA was extracted from the control and treated cells
using routine Trizol method following manufacturer’s
protocol, and converted to ¢cDNA using the iSCRIPT
cDNA conversion kit (Bio-rad). Pre-designed primers
were used for the target gene IKBa, IKKa, NFkB and
GAPDH (Table 1) were procured and gene expression
analysis were performed. All reactions were performed in
triplicates.

2.5 Protein Preparation and Western Blot
Analysis
Treated PA-1 ovarian cancer cells were lysed with RIPA
buffer, containing the protease inhibitor cocktail and
sodium orthovanadate for 30 min at 4°C. Cell lysates
were centrifuged at 4 °C for 10 min at 12,000 rpm and
then protein concentrations were determined. Western
blotting was carried out by separating equal concentration
of proteins using SDS-PAGE and blotting onto a
nitrocellulose membrane. Then the membranes were
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blocked in 4% BSA and antibodies for ETS1, P-gp, NF«B
p65, p-NFkBp65, IKBa, p-IKBa, IKKa, p-IKKa, internal
control (B-actin). Followed by blocking was the detection
of specific proteins during which the membranes were
incubated in a chemiluminescent substrate solution.
Image] program was used for densitometry analysis.

2.6 Statistics Analysis

Data were represented as Mean + Standard Error of the
Mean (SEM). Statistical Significance was analysed using
Anova and Dunnett’s multiple comparison test between
the groups, using Graph pad Prism?7.0 software package.
P<0.05 was considered to be statistically significant.
Experiments were carried out in triplicates.

3. Results and Discussion

Considerable drawbacks involved in “chemotherapy
treatment” are the serious toxicity and drug resistance.
Numerous studies have affirmed that natural compounds
with chemo preventive property could improve the
ovarian cancer response rate in combination with
chemotherapeutic agents both in vitro and in vivo*s?.
Though Wedelolactone presents limited bioavailability,
low doses of physiologically practicable concentrations
are appropriate for its chemotherapeutic effect. We
ascertained that Wedelolactone inhibited the PA-1
ovarian cancer cell proliferation, improved the cytotoxic
effect of Cisplatin, reduced ETS1 and P-gp expression and
also reduced cisplatin- induced hyper activation of NF kB.
Similar finding was reported that curcumin enhanced the
effects of paclitaxel and reversed MDR through NF-«xB
inhibition in SKOV3 cells*.

Cisplatin establishes both interstand DNA and
protein- DNA crosslinks to bring about growth inhibition
and cell death®. Hindrance of cell proliferation is
achieved mainly through NF-«B signaling by Cisplatin.
Continuous cisplatin therapy results in accumulation of
the drug with least response and NF-«xB over expression
which forms basis for chemoresistance®?. Many findings
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Figure 1.

Effect of Wedelolactone and Cisplatin combination treatment on cell viability of PA-1 ovarian cancer cells (1A).

Depicts cell viability of wedelolactone determined by MTT assay (1B). Depicts cell viability of cisplatin determined by MTT
assay (1C). Depicts the combined effect of wedelolactone and cisplatin. Data are shown as mean + SD of three independent

experiments.

have imparted the link between NF-kB and drug
resistance towards “chemotherapeutic agents” in many
other tumor cells®**%. An investigation outlined that
curcumin improved the cisplatin sensitivity in KCP 4
cells by down regulating NF-kB*. Thus in this extensive
research, Wedelolactone was found to improve the
cisplatin sensitivity by downregulating NF-«B expression.
The combination of WDL and Cisplatin (5 and 3 pM)
exerted the anti-proliferative effect on PA-1 cells through
NF-«B inhibition.

Cytotoxicity of Wedelolactone and Cisplatin against
the PA-1 human cancer cell line was evaluated by MTT
reduction assay. “IC;,” values for Wedelolactone and
Cisplatin were determined from the concentration Vs
cell survival % curves. (Figure 1) depicts the absorbance
determined by “MTT” assay in cells treated with varying
concentrations of Wedelolactone (10uM) and Cis
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(6uM). Examining cell membrane strength is the most
common means to evaluate cell viability and cytotoxicity.
Compounds that have cytotoxic effects often compromise
cell membrane strength. Tryphan blue is normally let
off from the inside membrane of healthy cells; however,
if the cell membrane lose its intactness they freely cross
the membrane to stain the intracellular components.
The treated cells revealed enormous reduction on cell
proliferation after 48 hrs treatment (Figure 2).

NF-xB being a key player of cell proliferation,
determination of the expression of NF-kB and its
regulators form a reasonable basis for exploring drug
resistance mechanism. PA-1 cells were treated with
combination of 5uM WDL and 3uM of cisplatin for
48hrs and analyzed for NF-kB, IKKa, IkBa mRNA and
protein expression. Observations were then compared
with control cells and individually treated cells (WDL
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and Cis alone). Figure 3 presents the PCR image
of NF-xB, IKKa, IkBa of 4 groups and its respective
densitometric data. A notable decrease in NF-xB, IKKa
mRNA expression was noted in combination treatment
group compared to Cisplatin and WDL alone (Figure 3).
Similar results were observed in the protein expression
by immunoblot (Figure 4). Increase in IkBa mRNA
and protein expression was simultaneously observed
in combined treatment of WDL+Cis which reveals
the concept of NF-kB downregulation by inhibiting
IKKa (Figure 3 and Figure 4). More significance was
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observed in WDL+Cis group compared to untreated.
The given results were represented as mean + SEM of
triplicates.

In an endeavour to explore the drug influx into PA-1
cells, the expression of ETS1 and P-gp involved in drug
resistance was assessed by western blot. In Wedelolactone-
Cisplatin combination treatment decreased ETS1 and P-gp
expression was observed revealing its chemosensitisation
effect. Moreover, ETS1 and P-gp expression was observed
more in Cisplatin treated PA-1cells than untreated cells.
The densitometry data (Figure 4) clearly confirmed the

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (2) | April 2023



Growth Inhibitory Effect of Wedelolactone in Combination with Cisplatin ...

1 2 3 4 .
-4

E 10
B
: " z g
. e B e o TP
~n =
NFKB p6s 2
o
=

Lane 1 — Control

Lane 2 — Wedelolactone
Lane 3 — Cisplatin

Lane 4 — Wed + Cis

Relative Densometnc values

e Comtrol

~2r Wedelolactone
e Cigplatn
s Wed +Cis

s Control
Wedelolactone
Cisplat
Wed + Cin

i
&

=
< L

%
.
i,

Figure4. PA-1 cellstreated with WDL+Cis combination exhibited decreased p-NFkB p-IKKa, Ets1, P-gp protein expression
and increased expression of IkBa compared to individual treatment and untreated cells. Values are expressed as means +

SD. *p<0.05, **p<0.01, #p<0.001compared with control.

combination effect was significant on reducing ETS1 and
P-gp expression than the individual Wedelolactone and
Cisplatin treatment. The results therefore suggested that
combination treatment could prevent the development of
cisplatin resistance in ovarian cancers.

The drug resistant membrane protein, P-gp was found
to be expressed to a higher extent in control and cisplatin
treated PA-1 cells. This in turn is correlated with the
increased expression of ETS1 which acts as a transcription
factor for P-gp. Accumulating evidences have revealed
ETS1 over expression in drug resistant cancer cells*”35.
Additionally, this might also contribute to the molecular
basis of PA-1 drug resistance. ETS1 being a transcription
factor of IKKAa could be conducive to NF-kB hyper
activation®. The current research results indicated an
ample reduction in ETSI1 and P-gp protein expression
in WDL- Cisplatin treated PA-1 cells highlighting its
combination interaction. Expression of ETS1 and P-gp in
cisplatin treated cells suggest the resistance mechanism
towards “chemotherapeutic drug” Thus WDL improves
the drug uptake efficacy by altering P-gp and ETS1
expression.

4. Conclusion

In conclusion, our study shows that Wedelolactone,
significantly enhances the

a natural coumestan,
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chemosensitisation of cisplatin by altering the MDR
proteins expression in PA-1 ovarian cancer cell lines via
NF-kB signalling. These futuristic results ought to be
evaluated further by implementing the in vivo studies for
strengthening the efficacy and diminishing the toxicity
without affecting the normal cells. Thus, “combination
therapy” with the drug of natural origin might quite
possibly offer a greater therapeutic effect for the treatment
of “ovarian cancer”.
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