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Ovarian cancer ranks as Indonesia’s third-leading cause of cancer-related death, emphasising the need for
innovative treatments. This study combined bioinformatics, molecular docking, and experimental assays to
tackle this challenge. We identified 166 ovarian cancer-related genes, with MYC standing out as a key target.
Analysis of MYC mutations revealed prevalent alterations, though no significant survival differences were
observed in patients with or without the mutations. Molecular docking pinpointed compound B155 as a
promising MYC inhibitor. A preliminary cytotoxicity assay revealed compound B155's notable activity, with an
87.19 % inhibition of cell viability at 50 pM. Most of the other curcumin analogues only caused more than 50 %
inhibition at the same concentration. This result suggests alternative mechanisms of action, possibly antioxidant
effects, warranting further exploration. In summary, this study unveiled MYC as a prime target for ovarian cancer
treatment, with curcumin analogues like B155 showing potential. Nonetheless, the complex factors affecting
cytotoxicity underscore the need for deeper investigation into these compounds’ mechanisms in ovarian cancer
cells.

2021).
The risk of developing ovarian cancer for women is 1 in 75, with a
mortality risk of 1 in 100. The global 5-years relative survival rate for

Introduction

In 2020, there were an estimated 313,959 new cases and 207,252

deaths worldwide from ovarian cancer. Overall, Asia is the leading re-
gion with a death rate higher than in Europe and Northern America. In
high-income countries like Northern Europe and North America, the
incidence has declined over the past two decades. By contrast, low-
income countries like Eastern Europe and parts of Asia have the high-
est incidence, particularly in women under 50 years of age (Webb and
Jordan, 2024). Specifically in Indonesia, ovarian cancer is a significant
gynaecologic malignancy, with a high mortality rate ranking third after
cervical and uterine cancers. It accounts for approximately 4.3 % of all
cancer cases in the country, with about 13,310 new cases yearly. Despite
its relatively low prevalence, ovarian cancer has a much higher fatality
rate than breast cancer, claiming around 7,842 lives annually and
ranking as the eighth leading cause of cancer-related deaths (Sung et al.,

ovarian cancer is only 30 to 40 %, with only minimal improvement since
1995 (Brett et al., 2017). Common causes of ovarian cancer include
BRCA1 and BRCA2 gene mutations and several non-genetic factors such
as reproductive hormonal stability. Current treatment strategies involve
surgery, drugs, radiotherapy, and chemotherapy. However, since
ovarian cancer cells experience certain molecular changes over time,
chemotherapy may not be a wise choice due to cancer cell resistance
(Chandra et al., 2019) and often comes with severe side effects that can
impact both survival and quality of life. As a result, there is growing
interest in a molecular approach that targets specific signalling path-
ways to inhibit ovarian cancer progression (Vallianou et al., 2015).
Indonesia’s rich biodiversity offers diverse potential therapeutic
compounds like curcumin, which has garnered attention for its
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anticancer properties. Highlighted among these properties is its tumor
growth inhibition by inhibiting the cell cycle, inducing apoptosis, and
inhibiting angiogenesis. Moreover, curcumin has no significant toxicity
and has been found to increase the efficiency of chemotherapeutics.
Therefore, curcumin has been extensively studied in various cancer
types, such as breast, lung, colorectal, and ovarian cancers, with
different mechanisms of action involving various signalling pathways
(Panda et al., 2017; Yu et al., 2016; Liu et al., 2016). Nevertheless,
curcumin’s effectiveness is limited by challenges related to oral
bioavailability and low aqueous solubility, hindering its delivery.
Consequently, researchers have explored modified curcumin analogue
compounds to overcome these limitations and enhance its efficacy
(Tomeh et al., 2019; Gogineni et al., 2021). This research aimed to
screen the most appropriate target gene and the most active novel cur-
cumin analogue compounds using in silico and in vitro approaches.

Materials and methods
In silico study

Ovarian cancer-related target gene determination

Ovarian cancer-related genes were retrieved from the DISGENET
web-based tool using ‘Epithelial ovarian cancer’ data (CUI: C0677886)
(Pinero et al., 2015). The genes were selected based on a Gene Disease
Association (GDA) score above 0.1. The selected genes’ Protein-Protein
Interaction (PPI) were then identified using STRING v12.0 database
with default setting (Szklarczyk et al., 2015). The resulting networks
were then ranked using the Cytohubba plugin from Cytoscape v3.10.0 to
find the best target gene for ovarian cancer. The mutation and survival
profile of the gene based on ovarian cancer studies were also profiled
using the cBioPortal database (Gao et al., 2013).

Molecular docking

The 3D structure of MYC was retrieved from Protein Data Bank (PDB)
with PDB-ID: INKP (Nair and Burley, 2003). Molecular docking was
carried out using Molecular Operating Environment (MOE) v2022
(Environment, 2024). The protein structure was prepared with all the
issues corrected, 3D protonated, and the energy minimisation was
calculated using the AMBER forcefield. The binding site was identified
first using Site Finder feature in MOE since there is no ligand bound to
the protein. Eleven curcumin analogues were sketched and then built
with the Builder feature from MOE. The MOPAC (Molecular Orbital
Package) system with the PM3 method was assigned to charge these
analogues. Flexible docking was carried out using the Dock feature with
Triangle Matcher and London DG as placement method and scoring
function, respectively. The docking results were analysed based on the
poses of the curcumin analogues and docking scores, and their interac-
tion with the protein was visualised both in 2D and 3D.

In vitro study

Chemicals and reagents

Dulbecco’s modified Eagle’s medium (DMEM) high glucose, dime-
thylsulfoxide (DMSO), and trypsin were purchased from Sigma-Aldrich
(Germany). Fetal bovine serum (FBS) was purchased from Sigma-
Aldrich (USA). Antibiotic-antimycotic containing penicillin, strepto-
mycin, and amphotericin B was purchased from Sigma-Aldrich (Israel).
3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)
was purchased from Biobasic (USA). Sodium dodecyl sulfate (SDS) and
hydrochloric acid were procured from Merck (Germany). All curcumin
analogs samples (B103, B115, B118, B126, B127, B129, B143, B145,
B148, B149, and B155) were synthesized by Ritmaleni, Curcumin
Research Center (CRC), Faculty of Pharmacy, Universitas Gadjah Mada,
and have not yet been registered at CASRN.
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Cell culture

SK-OV-3 cancer cells (ECACC, catalogue no. 91091004) were
cultured in DMEM-high glucose medium supplemented with 10 % FBS
and 1 % antibiotic—antimycotic. Maintaining the culture in an incubator,
an atmosphere of 5 % CO, and 95 % O, was used at a temperature of
37 °C.

Cytotoxicity assay

SK-OV-3 cancer cells were cultured until they reached more than 80
% confluence, were then harvested using trypsin, and were put into a 96-
well plate at 10* cells/well. The cells were then incubated for 24 h and
treated with the samples at concentrations of 50 pM, previously dis-
solved in 1 % dimethyl sulfoxide (DMSO). Subsequently, the cells were
incubated in a CO incubator for 24 h. The test solution was removed,
and the cells were washed with phosphate buffer saline (PBS). MTT
reagent was added, followed by a 4-hour incubation, and then a 10 %
SDS stopper reagent was added. After overnight incubation in the dark,
the well plate was placed on a shaker for 5 min. Following this, absor-
bance was measured using an ELISA reader at a wavelength of 595 nm.
Cell viability percentage was then calculated based on the absorbance
results.

Results
Ovarian cancer-related target gene determination

Data mining results from the DISGENET database (https://www.dis
genet.com) show that 2841 genes have been associated with ovarian cell
cancer. Subsequently, data were selected based on a Gene Disease As-
sociation (GDA) value greater than 0.1, resulting in the identification of
166 genes predicted to have the highest association with ovarian cancer.
The genes were then analysed for their interactions using the STRING
v12.0 database (https://string-db.org/) to determine the genes with the
highest interactions with other genes (Fig. 1).

These interactions were then quantified using the Cytohubba plugin
in Cytoscape, revealing the TP53 gene to have the highest degree of
interaction with a value of 123, followed by MYC with a value of 112

Fig. 1. PPI Result of 166 Ovarian Cancer-Related Genes with GDA Over 0.1.
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Table 1

Top 10 Ranked Genes with Highest Connection (Degree) From STRING Network.
Gene Gene Name Degree
TP53 Tumor Protein P53 123
MYC MYC Proto-Oncogene 112
EGFR Epidermal Growth Factor Receptor 110
AKT1 AKT Serine/Threonine Kinase 1 110
CTNNB1 Catenin Beta 1 106
PTEN Phosphatase and Tensin Homolog 104
ERBB2 Erb-b2 Receptor Tyrosine Kinase 2 103
ESR1 Estrogen Receptor 1 97
KRAS KRAS Proto-Oncogene 94
CCND1 Cyclin D1 93

(Table 1). TP53 is a tumor suppressor gene, and its expression is crucial
in preventing cancer. Mutations leading to the inactivation of TP53 are
frequently observed in cancer cases (Brett et al., 2017). Therefore,
inhibiting TP53 is not a viable option for improving the prognosis of
ovarian cancer patients. Hence, the best candidate gene for targeted
inhibition in ovarian cancer cases is MYC, an oncogenic protein.

Analysis of survival curve and gene mutation profile

From the cBioPortal database (https://www.cbioportal.org/), the
study used as a reference for determining the gene mutation profile of
MYC in ovarian cancer originates from 7 different studies, comprising a
total of 1949 samples and 1892 patients. Based on these multiple
studies, the MYC alteration profile varies from 10 to 40 %, with an
average of 32 % across all cases (Fig. 2). Nearly all alterations observed
in the MYC gene are amplifications, with the remainder being mixed
alterations consisting of amplifications along with mutations.

The survival curve of ovarian cancer patients with variations in the
MYC gene alterations is displayed graphically using data collected from
the seven prior studies. The outcomes derived from the analysis indicate
the absence of statistically significant disparities between the survival
curves of the patient cohort exhibiting MYC gene alterations in com-
parison to the cohort lacking such alterations.

Molecular docking of test compounds with the target protein

The 3D structure of MYC was obtained from the Protein Data Bank
(PDB) with the PDB-ID: 1NKP. This protein is a heterodimer bound to a
common DNA target (Enhancer or E box hexanucleotide, 5-CACGTG-3")
(Nair and Burley, 2003). The compound MYCMI-6, previously recog-
nised for its MYC inhibitory activity with a Kd value of 1.6 &+ 0.5 pM,
was employed as a reference compound (Vallianou et al., 2015). The site
finder found a binding site between the protein and DNA similar to that
described in other studies, suggesting that the compounds might have
transcription blocker features (Feng et al., 2021). The docking scores
represent the binding affinity prediction (kcal/mol). All compounds
exhibited relatively similar docking scores, suggesting a similar poten-
tial effect when compared to MYCMI-6 (Table 2). Compound B155
displayed the highest docking score, meaning it is predicted to have
higher binding affinity than MYCMI-6, so B155 may act as a potent MYC
inhibitor.

All curcumin analogues could occupy the binding site, interacting
with amino acid residues and nucleotides located in the intercalation
section of MYC and DNA (Table 3). Each analogue exhibited a specific
interaction with certain amino acid residues and/or nucleotides. The 2D
visualisation in Fig. 3 indicates that the specific interactions of B155 and
MYCMI-6 with MYC are slightly different. B155 undergoes hydrogen
bonding with Ala937 and Arg913 of the protein, while MYCMI-6 ex-
hibits hydrogen bonding with DAB309 of DNA (Fig. 3). The detailed
interaction can be seen in Fig. 4. The 3D visualisation illustrates the
poses of B155 and MYCMI-6 in the binding site located in the interca-
lation section of MYC and DNA. Despite subtle differences in interaction,
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Fig. 2. The MYC Gene Alteration Profile in Multiple Ovarian Cancer Studies
from the cBioPortal Database.

Table 2
MYC binding affinity predictions.

Compounds Docking score (AG)
Kcal/mol
B103 —9.9873
B115 —11.1495
B118 —9.1953
B126 —9.6448
B127 —9.5456
B129 —9.6971
B143 —9.5207
B145 —7.0176
B148 —10.1526
B149 —8.8263
B155 —11.8257
MYCMI-6 —10.9839

all the curcumin analogues could potentially interfere with the binding
of MYC to the DNA target.

Cytotoxic profile against SK-OV-3 ovarian cancer cells using MTT assay

A cytotoxicity assay was performed following the bioinformatics and
molecular docking results on human epithelial ovarian cancer cell line
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Table 3
Interaction of Curcumin Analogues and MYCMI-6 in the binding site located
between MYC and DNA.

Compounds  Amino acid residues and Specific Interaction
nucleotides in the binding site  interaction type
B103 Nucleotide of DNA: DCB310 Aromatic-H
B115 DAA109, DCA110, DGA111, DAA109, H
DCA108, DCB308, DAB309, DAB309
B118 DCB310, DGB311 DCB310 Aromatic-H
B126 Myc protein: DCB310 Aromatic-H
B127 Glu211, Glu910, Arg913, DCB310 H
B129 Arg914, Leu917, Lys918, DCB310 H
B143 Phe921, Phe922, Glu935, DCB310, H
Ala937, Lys936, Pro938, Lys939,  DAA109
B145 1le942 DCB310, H
DAA109
B148 DCB310 Aromatic-H
B149 DCB310 Aromatic-H
B155 Arg913, H
Ala937
MYCMI-6 DAB309 H

H = hydrogen bond.

Fig. 3. The 2D Visualisation of B155 (A) and MYCMI-6 (B) with MYC.

SK-OV-3 (Fig. 5). In this stage, all the curcumin analogues (dibenzyli-
dene-cyclopentanones) were tested at a concentration of 50 pM in a
preliminary screen for the compounds with the highest potential as anti-
cancer agents for future evaluation. Most of the compounds exhibited
low or negligible cytotoxic activity except for B143 and B155. The
lowest cell viability value (12.81 %) was obtained with B155 and it was
remarked as the most potent cytotoxic effect on the cell line SKOV-3.
This result correlates fairly well with the molecular docking, although
most of the analogues failed to reduce the viability of the cancer cells.
Additional cytotoxicity assay was performed to determine ICsq values of
the B155 compound which has the lowest cell viability value (Fig. 6).
The ICsq value of B155 is 1.81 pM.

Discussion

Despite having the highest degree of connection with ovarian cancer
based on STRING Network analysis, gene TP53 is not a good target for
curcumin analogue inhibition. This gene reportedly acts as a ‘guardian
of the genome’ with a role as a tumor suppressor, directly and indirectly
suppressing unconstrained neoplasia and proliferation. Mutation or
alteration in such tumor suppressor genes, including TP53, could lead to
the inactivation of its main function to restrict tumorigenic potential
(Pietragalla et al., 2020; Schuijer and Berns, 2003). Therefore, MYC was
selected as the target for inhibition as it presented the second highest
degree of connection (112; Table 1). As the best candidate for ovarian
cancer inhibition in this study, and MYC is indeed an ideal target for
cancer therapy, as its oncogenic c-MCY plays a pivotal role as a stimulant
in cancer growth and maintenance, and is associated with drug
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resistance (Masso-Vallés and Soucek, 2020; Meyer and Penn, 2008; Vita
and Henriksson, 2006). c-MYC also plays a crucial role as a transcription
factor for FOXM1, particularly in High-Grade Serous Carcinoma (HGSC)
(Liu et al., 2021). This topic is further discussed in a recent review on
major oncogenic pathways in ovarian cancer (Lliberos et al., 2024).

From the analysis of survival and MYC gene mutation data, there was
no significant difference between the survival curves of the patient
cohort exhibiting MYC gene alterations and those of the cohort lacking
such alterations. This result aligns with a previous report, which stated
that the expression of MYC is not significantly correlated with the sur-
vival rate of ovarian cancer patients. Meanwhile, MYC status is associ-
ated with tumor grade, where differentiated tumors are usually positive
for c-MYC. Moreover, a patient’s ability to survive ovarian cancer is
strongly aligned with the expression of p53 protein, which is expressed
by TP53 gene mutations (86 % of all primary tumors and 91 % of all
serous tumors. Expression of p53 in epithelial ovarian carcinoma has
been related to lower survival rates, either alone or combined with p27
and c-MYC (Skirnisdottir et al., 2011). These observations are
strengthened by the fact that, in cases positive for c-MYC and negative
for p53, the survival of ovarian cancer patients increases.

To predict the compound with highest inhibitory MYC pathway ac-
tivity, molecular docking and cytotoxic assay were carried out. The
docking scores reflect binding affinity of the curcumin analogues
compared to MYCMI-6, a recognised MYC inhibitor (Duffy et al., 2021).
Compound B155, both in silico and in vitro assay, had the highest
binding affinity prediction with MYC and the highest cytotoxic activity
in cancer cells. Based on the concept that ‘similar ligands bind to similar
targets,” evaluating the similarity between a ligand of interest and a
target compound is a straightforward means to predict novel target-
ligand interactions, even in a condition of low specific binding affinity
(Meslamani et al., 2012; Yang et al., 2011; Vidal et al., 2011). Thus,
there was a high probability of identifying a compound with high pre-
diction confidence of inhibition capability, with suitable docking score
and binding affinity values.

The interactions of the curcumin analogues and MYCMI-6 listed in
Table 3 were used to identify the most similar interaction profile be-
tween them. Interestingly, B155 showed a different interaction profile to
MYCMI-6. Despite its lower inhibitory activity, only B115 showed a
similarity to MYCMI-6 in terms of interaction. Key for selective inter-
action between protein and ligand is the unusual amino acid composi-
tion in the binding site, which has a crucial role in the catalysis or
recognition process (Salentin et al., 2014). These specific binding amino
acids present a specific location and orientation. Thus, a ligand com-
pound with a binding site similar to the reference compound may not
correlate in terms of docking score. In summary, the prime cytotoxic
activity of the novel curcumin analogues was obtained with compound
B155, which resulted in 12.81 % of cell viability at 50 pM or exhibited
87.19 % suppression of viability. Moreover, this compound has quite
promising ICsg value, which is 1.81 pM.

Conclusions

MYC was identified as a crucial target for ovarian cancer treatment.
Analysis of MYC mutations revealed prevalent alterations, though no
significant survival differences were observed in patients with or
without the MYC mutations. Molecular docking pinpointed compound
B155 as a promising MYC inhibitor. In addition, cytotoxicity assays
revealed the notable activity of compound B155 as the most potent
cytotoxic effect on the cell line SKOV-3 with 12.81 % of cell viability at
50 pM. This research also show that B155 has promising ICsq value,
which is 1.81 pM.
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