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Introduction

Cervical cancer is the fourth most common cancer among 
women worldwide [1]. Traditional treatments, including 
radiotherapy, chemotherapy, and surgery, face significant 
challenges as the disease progresses due to the increasing 
aggressiveness of cervical cancer cells. A major obstacle in 
effective treatment is overcoming both inherent and acquired 
drug resistance, which significantly hinders therapeutic suc-
cess [2]. Despite the gravity of this issue, the intricate mech-
anisms through which cervical cancer cells orchestrate their 
resistance to chemotherapy remain insufficiently explored. 
The receptor tyrosine kinase EPHA2 is overexpressed in 
various cancers, including cervical cancer [3]. EPHA2 plays 
a crucial role in inducing chemoresistance. However, the 
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Abstract
Background  Cervical cancer ranks as the fourth most prevalent cancer among women globally, presenting a significant 
therapeutic challenge due to its resistance to cisplatin. Ephrin type-A receptor 2 (EPHA2) is prominently overexpressed 
in cervical cancer and plays a vital role in cisplatin resistance, although the underlying mechanisms remain incompletely 
elucidated. Mitochondrial dynamics, autophagy, and mitophagy are critical in mediating cisplatin resistance. Sesamol, a 
phytochemical compound, has exhibited promising anticancer properties. This study aims to investigate the regulatory role 
of EPHA2 in these pathways underlying cisplatin resistance and to investigate the potential of sesamol in overcoming this 
resistance and inhibiting cervical cancer progression.
Methods and result  In this study, we knocked down EPHA2 in the SiHa cell line and evaluated the resulting changes in 
molecular markers associated with mitochondrial dynamics, mitophagy, and autophagy. Our results indicated that EPHA2 
knockdown (EPHA2-KD) led to enhanced mitochondrial fusion and reduced mitochondrial fission, mitophagy, and autoph-
agy. Furthermore, we investigated the effect of EPHA2-KD and sesamol treatment on sensitising cervical cancer to cisplatin 
treatment. Our data revealed that EPHA2-KD and sesamol treatment significantly increases cellular sensitivity to cisplatin-
induced cytotoxicity. Additionally, we demonstrated that sesamol effectively targets EPHA2, as evidenced by decreased 
EPHA2 expression levels following sesamol treatment.
Conclusion  In summary, targeting EPHA2 through knockdown or sesamol treatment enhances cisplatin sensitivity in cervi-
cal cancer by modulating mitochondrial dynamics, autophagy and mitophagy, suggesting promising therapeutic strategies 
to overcome chemoresistance.
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mechanisms by which EPHA2 contributes to chemoresis-
tance in cervical cancer are not well understood [4].

Mitochondria is a dynamic organelle essential for main-
taining cellular homeostasis. Their dynamic behaviour is 
controlled by fission and fusion processes. Mitochondrial 
fission is when mitochondria divide or segregate into two 
separate mitochondrial organelles. Mitochondrial fission 
involves the recruitment of Drp1 to the outer mitochondrial 
membrane through receptors such as Fis1, MFF, and MIEF1/
MIEF2, forming a constriction site where GTP hydrolysis 
drives mitochondrial division. Mitochondrial fusion is a 
cellular process where individual mitochondria merge their 
membranes, facilitated by specific proteins known as mito-
fusins (Mfn1 and Mfn2) and OPA1. Mitofusins are respon-
sible for merging the outer membranes of mitochondria, 
while OPA1 acts on the inner mitochondrial membranes [5]. 
Irregularities in mitochondrial dynamics can cause tumour 
cells to develop both acquired and adaptive resistance to 
chemotherapeutic drugs, leading to significant variability in 
their response to chemotherapy [6].

Autophagy is a cellular process that degrades and recy-
cles cellular components, including damaged organelles and 
proteins, to maintain cellular homeostasis. This mechanism 
is crucial for cell survival during stress, nutrient deprivation, 
or toxin exposure. Key molecules involved in autophagy 
include Beclin 1, ATG proteins (such as ATG12, ATG5, and 
ATG16), LC3, LAMP-2 A, ULK1, and VPS34, which col-
lectively regulate the initiation, formation, and maturation 
of autophagosomes, as well as the degradation of cellular 
components within lysosomes. Autophagy protects cancer 
cells from chemotherapy, which makes them drug-resistant. 
It is reported that knocking down ATGs and Beclin 1 will 
inhibit autophagy and sensitise drug-resistant cancers [7].

Mitophagy, the selective degradation of mitochondria via 
autophagy, plays a crucial role in the complex landscape of 
chemoresistance. Initially, mitophagy supports normal cel-
lular metabolism and helps suppress tumorigenesis. How-
ever, prolonged chemotherapy induces mitophagy, fostering 
tolerance in tumour cells and endowing them with stemness 
characteristics, ultimately leading to chemoresistance. In 
mitophagy, the E3 ubiquitin ligase Parkin is recruited and 
activated by the mitochondrial kinase Pink1 upon mito-
chondrial depolarization. This activation leads to the ubiq-
uitination of mitochondrial proteins, triggering mitophagy. 
Receptor-mediated mitophagy selectively targets and 
removes damaged or dysfunctional mitochondria from the 
cell, with BNIP3L/NIX acting as a receptor by binding to 
autophagosomal proteins like LC3, recruiting the damaged 
mitochondria for degradation [8].

Cisplatin, or cis-diamminedichloroplatinum (II), is a 
chemotherapeutic agent for treating various cancers, includ-
ing bladder, head and neck, lung, ovarian, and testicular. 

However, despite its effectiveness, cisplatin treatment often 
encounters issues with drug resistance and numerous unde-
sirable side effects. The clinical community recognises the 
potential of combining cisplatin with other drugs to address 
drug resistance and minimise toxicity. Such combination 
therapies aim to optimise treatment outcomes while reduc-
ing the adverse reactions associated with cisplatin mono-
therapy [9].

Sesamol, a natural compound found in sesame seeds and 
oil, has attracted attention for its therapeutic properties, 
including antioxidant, anti-inflammatory, and anti-cancer 
effects. Research into sesamol’s role as a metabolic regula-
tor positions it as a promising candidate to combat chemore-
sistance in cervical cancer and other malignancies [10, 11].

In this study, we aim to investigate the regulatory role 
of EPHA2 on mitochondrial dynamics, autophagy, and 
mitophagy. Additionally, we aim to investigate the impact 
of EPHA2-KD on sensitising cervical cancer to cisplatin 
treatment. Furthermore, we explore the modulatory effect of 
sesamol on EPHA2 expression and its potential role in reg-
ulating sensitivity to cisplatin treatment. This exploration 
opens doors to innovative therapeutic approaches, offering 
a glimpse into novel strategies to overcome drug resistance 
challenges in treating cervical cancer.

Materials and methods

Cell culture

The human SiHa cell line was obtained from NCCS Pune 
(National Centre for Cell Science). Cells were cultivated in 
T25 flasks containing Dulbecco’s Modified Eagle Medium 
(DMEM), enriched with 10% FBS (Gibco, USA), and 
maintained under standard conditions at 37 °C with a 5% 
CO2 atmosphere.

EPHA2-KD plasmid transfection

We used transfection of pcDNA-EPHA2 to mimic intracel-
lular EPHA2 levels. We performed the transfection using 
Lipofectamine transfection reagent (Life Technologies, 
Gaithersburg, MD, USA) according to the manufacturer’s 
protocol.

Western blot

For Western blotting, we lysed the cells using lysis buf-
fer (20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM 
Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyro-
phosphate, 1 mM beta-glycerophosphate, 1 mM Na3VO4, 
and 1 µg/ml leupeptin), adding 1 mM PMSF immediately 
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before use (Cell Signaling Technology). We separated the 
total proteins on SDS-PAGE gel and transferred them to 
a polyvinyl difluoride (PVDF) membrane using the Bio-
Rad Mini Trans-Blot® system. After that, we processed the 
blots according to standard Western blotting protocols. We 
obtained the antibodies from Abcam (Drp1, Fis1, Mfn1, 
Mfn2) and Cell Signaling Technology (β-actin, Parkin, 
BNIP3, Pink1, EPHA2).

Semi quantitative reverse transcription PCR (RT 
PCR)

We extracted total RNA from the cells using the TRIzol 
method (QIAzol Lysis Reagent, QIAGEN) and quantified 
it with the NanoDrop™ One/OneC Microvolume UV-Vis 
Spectrophotometer (Thermo Scientific, Catalog number: 
ND-ONE-W). We converted the RNA samples to cDNA 
using the QuantiTect Reverse Transcription Kit (QIAGEN, 
Cat. No. / ID: 205311). Next, we amplified the cDNA from 
various cell samples using specific primers, ran the ampli-
fied products on a 1% agarose gel, and quantified them using 
ImageJ software. The primers used for semi-quantitative 
RT-PCR are listed in Table 1.

MTT

We seeded 5000 cells in a 96-well plate and, after 24 h, per-
formed three different MTT assays. In the first assay, we 
treated the cells (including both control and EPHA2-KD 
cell lines) with various concentrations of cisplatin (5 µM, 
10 µM, 20 µM, 50 µM, 80 µM, 100 µM). In the second 

MTT assay, we treated SiHa cells with different concentra-
tions of sesamol (0.1 mM, 0.25 mM, 0.5 mM, 1 mM, 2.5 
mM, 5 mM). In the third MTT assay, we treated SiHa cells 
with different concentrations of cisplatin (5 µM, 10 µM, 20 
µM, 50 µM, 80 µM, 100 µM) along with 2 mM of sesamol. 
We incubated the cells with these treatments for 48 h. After 
incubation, we replaced the treatment media with MTT-con-
taining media and incubated for 3–4 h. Next, we removed 
the MTT-containing media and added DMSO to solubilise 
the crystal formazan. Finally, we measured the absorbance 
at 570 nm. We obtained cisplatin (Product Number: D3371) 
and sesamol (Product Number: S0418) from TCI Chemicals.

Colony formation assay

We seeded 20,000 cells in a 60 mm Petri plate (control and 
EPHA2-KD cell lines). After the cells attained the desired 
morphology, we treated them with the appropriate drugs 
(Cisplatin-20 ± 1.04 µM, Cisplatin-22.14 ± 0.5 µM + Sesa-
mol 2 mM, Sesamol 4.8 ± 0.5 mM). After 48 h, we replaced 
the drug-containing media with normal media, allowing the 
cells to grow for 7–10 days. After 10 days, we fixed and 
stained the cells with crystal violet. We counted the colonies 
by selecting random squares on the plates and plotted a bar 
diagram using the average colony count data.

Migration assay

We seeded the cells (both control and EPHA2-KD cell lines) 
in a 6-well plate. Once the cells form a monolayer, we create 
a cell-free gap. We then treated the cells with the appro-
priate drugs (Cisplatin-20 ± 1.04 µM, Cisplatin-22.14 ± 0.5 
µM + Sesamol 2 mM, Sesamol 4.8 ± 0.5 mM). We imaged 
the closure of the gap using an inverted microscope every 
6 h for 48 h. We calculated the percentage of wound conflu-
ence by measuring the gap length with ImageJ software at 
0 h (At0) and 48 h (Btx) using the specified formula.

% wound confluence = (At0- Btx) / At0 * 100.

Mito tracker red staining

We seeded the cells (both control and EPHA2-KD cell 
lines) in a 6-well plate and treated them with MitoTracker 
Red (M7512, Invitrogen) after they attained the desired 
morphology. We incubated the cells for 30  min and then 
visualised them using a fluorescent microscope with 20X 
magnification.

Docking

We obtained the EPHA2 PDB structure through homol-
ogy modelling using SWISS-PROT and further processed 

Table 1  List of primers used in this study
S.No Primer Name Primer Sequence 5’-3’
1 Drp1 F : ​G​A​G​A​A​G​A​A​A​A​T​G​G​G​G​T​G​G​A​A

R: ​G​A​T​G​A​A​T​T​G​G​T​T​C​A​G​G​G​C​T​T
2 Mfn1 F : ​A​C​A​C​C​A​T​T​C​T​A​G​G​A​A​T​T​T​G​C

R: ​G​G​C​T​T​C​A​A​T​G​G​C​C​T​A​G​T​G​T​T
3 Mfn 2 F : ​C​A​G​C​A​G​A​G​G​C​G​T​A​A​G​G​A​G​T​A

R: ​C​G​A​G​A​G​A​A​G​A​G​C​A​G​G​G​A​C​A​T
4 GAPDH F : ​A​A​G​C​C​T​G​C​C​G​G​T​G​A​C​T​A​A​C

R: ​G​C​A​T​C​A​C​C​C​G​G​A​G​G​A​G​A​A​A​T
5 EPHA2 F : ​G​G​C​A​A​G​G​A​A​G​T​G​G​G​A​C​C​T​G​A​T

R: ​G​G​T​C​G​C​C​A​G​A​C​A​T​C​A​C​G​T​T​G
6 Fis1 F : ​C​T​G​A​A​C​G​A​G​C​T​G​G​T​G​T​C​T​G​T

R: ​A​G​C​A​C​G​A​T​G​C​C​T​T​T​A​C​G​G​A​T
7 MIEF1 F : ​C​G​A​C​T​G​C​T​G​A​A​C​A​G​G​G​A​C​A​T

R: ​G​C​G​G​A​G​T​C​G​T​G​A​C​T​T​C​T​T​C​A
8 BNIP3 F : ​A​C​G​A​G​C​G​T​C​A​T​G​A​A​G​A​A​A​G​G

R: ​T​T​C​A​T​C​A​A​A​A​G​G​T​G​C​T​G​G​T​G​G​A
9 LC3B F : ​G​G​C​T​T​T​C​A​G​A​G​A​G​A​C​C​C​T​G​A​G

R: ​C​C​G​T​T​T​A​C​C​C​T​G​C​G​T​T​T​G​T​G
10 Beclin 1 F : ​C​A​G​G​A​G​A​G​A​C​C​C​A​G​G​A​G​G​A​A

R: ​G​C​T​G​T​T​G​G​C​A​C​T​T​T​C​T​G​T​G​G
11 ATG5 F : ​G​G​G​T​C​C​C​T​C​T​T​G​G​G​G​T​A​C​A​T

R: ​A​C​C​A​C​A​C​A​T​C​T​C​G​A​A​G​C​A​C​A
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events within the EPHA2-KD cell line compared to the 
control (Fig.  1C). Collectively, the results suggest that 
EPHA2-KD increases mitochondrial fusion and decreases 
mitochondrial fission.

EPHA2 regulates mitophagy and autophagy

Autophagy plays a crucial role in the development and 
progression of cervical cancer. Mitophagy, a selective 
autophagic process, eliminates damaged or dysfunctional 
mitochondria. This process is vital in cervical cancer pro-
gression by enabling cancer cells to adapt to metabolic 
stress. However, no reports have been made on regulating 
mitophagy and autophagy by EPHA2. Beclin 1, ATG5, and 
LC3B are key activators of autophagy. To examine the regu-
lation of EPHA2 on autophagy, we analysed the expression 
levels of Beclin 1, ATG5, and LC3B in the EPHA2-KD 
cell line. EPHA2 knockdown reduced the mRNA levels 
of Beclin 1, ATG5, and LC3B. The results indicate that 
EPHA2-KD reduces autophagy in cervical cancer (Fig. 2B). 
Additionally, to investigate the potential role of EPHA2 in 
regulating mitophagy, we examined the expression levels 
of Pink1, Parkin, and BNIP3, key activators of mitophagy 
(Fig.  2A). EPHA2 knockdown reduced the protein levels 
of Pink1, Parkin, and BNIP3, as well as the mRNA level 
of BNIP3 (Fig. 2A and B). This indicates that EPHA2-KD 
reduces mitophagy.

EPHA2 knockdown sensitises cervical cancer to 
cisplatin treatment

Mitochondrial dynamics, autophagy, and mitophagy play 
crucial roles in chemotherapy resistance to cisplatin in vari-
ous cancers. Our previous findings revealed that EPHA2 
regulates these processes. To investigate the sensitisation 
potential of EPHA2-KD towards cisplatin treatment, we 
performed an MTT assay for both control and EPHA2-KD 
cell lines. We found that the IC50 value for cisplatin was sig-
nificantly reduced in the EPHA2-KD cell line (10.34 ± 1.25 
µM) compared to the control (20 ± 1.04 µM), indicating that 
EPHA2-KD sensitises cells to cisplatin treatment (Fig. 3A). 
Increased cell proliferation and migration are hallmarks of 
cancer. We conducted colony formation and wound heal-
ing assays to explore the combined effects of EPHA2-KD 
and cisplatin on cancer cell migration and proliferation. 
The colony formation assay showed the following trend 
in average colony numbers: control > EPHA2-KD > cis-
platin > EPHA2-KD + cisplatin (Fig.  3B). Similarly, the 
migration assay demonstrated a consistent pattern in migra-
tion potential: control > EPHA2-KD > cisplatin > EPHA2-
KD + cisplatin (Fig.  3C). These results indicate that 

it with BIOVIA Discovery Studio 2022 (BIOVIA Dis-
covery Studio, Dassault Systems, San Diego, CA) [12]. 
We retrieved the SDF structure of sesamol from the Pub-
Chem database [13]. We performed the docking using 
PyRx (https://pyrx.sourceforge.io/) and then visualised the 
results with Discovery Studio (https://discover.3ds.com/
discovery-studio-visualizer).

Statistical analysis

The results are presented as mean values ± standard devia-
tion (SD). We performed statistical analysis using Student’s 
t-test for comparisons between two groups and one-way 
analysis of variance (ANOVA) for comparisons among 
more than two groups, utilising GraphPad Prism version 7.0 
software (San Diego, USA). A p-value of less than 0.05 was 
regarded as statistically significant.

Result

EPHA2 as a regulator of mitochondrial dynamics

Mitochondrial dynamics play a vital role in cervical can-
cer progression; however, there have been no reports on the 
relationship between mitochondrial dynamics and EPHA2. 
To investigate the role of EPHA2 in mitochondrial dynam-
ics, we first transiently transfected the SiHa cell line with an 
EPHA2 knockdown plasmid. The knockdown efficiency of 
EPHA2 protein in these cells was determined through west-
ern blot analysis and semi-quantitative RT-PCR (Fig.  1A 
and B). Fission and fusion are two crucial processes in 
mitochondrial dynamics. To examine the regulation of 
mitochondrial fission by EPHA2, we assessed the levels of 
Drp1, a key regulator of mitochondrial fission, and Fis1, a 
receptor for Drp1, at both the mRNA and protein levels in 
the EPHA2-KD cell line. EPHA2 knockdown decreased the 
Drp1 and Fis1 mRNA and protein levels (Fig. 1A and B). 
Additionally, we found that the expression level of MIEF1, 
a Drp1 receptor, was significantly reduced in the EPHA2-
KD cell line compared to the control (Fig.  1B). These 
results indicate that EPHA2-KD reduces mitochondrial fis-
sion. To further analyse the potential role of EPHA2 in regu-
lating mitochondrial fusion, we investigated the expression 
levels of Mfn1 and Mfn2, mitochondrial fusion regulators, 
in the EPHA2-KD cell line. EPHA2 knockdown increased 
the levels of Mfn1 and Mfn2 proteins. We also observed an 
increased expression level of Mfn1 mRNA in the EPHA2-
KD cell line (Fig.  1A and B). These results indicate that 
EPHA2-KD enhances mitochondrial fusion. Evaluation of 
mitochondrial morphology using MitoTracker Red stain-
ing revealed a significant increase in mitochondrial fusion 
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cell line using an MTT assay, resulting in an IC50 value of 
4.8 ± 0.5 mM (Fig. 4A). To explore an alternative to EPHA2 
knockdown, we investigated sesamol’s sensitisation poten-
tial for cisplatin treatment. Western blot analysis showed 
that sesamol treatment at the IC50 concentration reduces 
EPHA2 expression (Fig.  4E). Docking analysis revealed 
a significant binding affinity of sesamol for EPHA2, with 
a binding energy of -9.34  kcal/mol. Within the EPHA2 

EPHA2-KD enhances the cisplatin inhibitory potential 
towards cancer cell migration and proliferation.

Sesamol sensitization for cisplatin treatment by 
regulating EPHA2 expression

Sesamol, a plant-derived biomolecule with anticancer prop-
erties, was evaluated for its inhibitory effect on the SiHa 

Fig. 1  EPHA2 regulates mitochon-
drial dynamics. (A) Western blot 
showing the protein expression of 
mitochondrial dynamics molecules 
in the EPHA2-KD cells and their 
control cells. (B) mRNA expression 
of mitochondrial dynamics molecules 
in the EPHA2-KD cells and their 
control cells. Both protein and mRNA 
expression bands were quantified 
and normalized with internal control. 
Significance was shown as *p < 0.05, 
**p < 0.01, and ***p < 0.001. (C) 
Mito tracker red staining for the 
EPHA2-KD and its control was taken 
at 20X magnification
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cisplatin alone had an IC50 value of 22.14 ± 0.5 µM, the 
combination with sesamol reduced it to 9.6 ± 0.43 µM. We 
also evaluated the impact of co-administering cisplatin and 
sesamol on cancer cell migration and proliferation (Fig. 4B). 
At their respective IC50 concentrations, sesamol (4.8 ± 0.5 
mM) and cisplatin (20 ± 1.04 µM) exhibit almost equal 
inhibitory effects on cancer cell migration and proliferation, 
To achieve an equivalent inhibitory effect through combina-
tion therapy, sesamol needs to be administered at 2 mM and 

protein’s binding pocket, sesamol forms two hydrogen 
bonds with Glycine 515 and Arginine 465, engages in an 
amide pi-stacking interaction with Leucine 402, and par-
ticipates in Van der Waals interactions with Glutamate 403 
(Fig. 4F). Our earlier results indicate that EPHA2-KD sen-
sitises the SiHa cell line to cisplatin treatment. To further 
examine sesamol’s effect on cisplatin sensitivity, we co-
administered cisplatin with sesamol (2 mM). This combina-
tion significantly reduced the IC50 value of cisplatin. While 

Fig. 2  EPHA2 knockdown decreases autophagy and mitophagy. 
(A) Western blot showing the protein expression of autophagy and 
mitophagy molecule in the EPHA2-KD cells and their control cells, 
(B) mRNA expression of autophagy and mitophagy molecule in the 

EPHA2-KD cells and their control. Both protein and mRNA expres-
sions band were quantified and normalized with internal control. Sig-
nificance was shown as *p < 0.05, **p < 0.01 and ***p < 0.001
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Discussion

Receptor tyrosine kinases (RTKs) regulate various cellular 
processes and downstream signalling pathways. EPHA2, a 
well-studied RTK, has been extensively researched in the 
context of cancer. It is often overexpressed in cervical can-
cer. Our study reveals that knocking down EPHA2 enhances 
mitochondrial fusion while reducing mitochondrial fission, 
mitophagy, and autophagy. Although cisplatin has been a 
cornerstone chemotherapy drug for numerous cancers over 

cisplatin at 9.6 ± 0.43 µM (Fig. 4C, D). These results indi-
cated that sesamol treatment enhances the inhibitory poten-
tial of cisplatin for cancer cell migration and proliferation. 
In conclusion, sesamol effectively reduces EPHA2 expres-
sion, enhances cisplatin sensitivity, and inhibits cancer cell 
migration and proliferation in the SiHa cell line.

Fig. 3  EPHA2-KD sensitises 
cervical cancer for Cisplatin 
treatment. (A) MTT shows the % 
cell viability of EPHA2-KD cells 
and their control cells against the 
different concentrations of cisplatin 
treatment. (B) Colony formation 
assay showing the number of 
colonies formed in EPHA2-KD 
cells and their control cells after 
cisplatin treatment. (C) Wound 
healing assay showing the wound 
confluence in EPHA2-KD cells 
and their control cells after cis-
platin treatment. Significance was 
shown as *p < 0.05, **p < 0.01, 
and ***p < 0.001
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Fig. 4  Sesamol sensitises cervical cancer to cisplatin treatment by 
inhibiting EPHA2 expression. (A) MTT assay showing the % cell 
viability of the SiHa cell line against the different concentrations of 
sesamol treatment. (B) MTT assay showing the % cell viability in 
the SiHa cell line for different concentrations of cisplatin, with and 
without sesamol administration. (C) Colony formation assay show-
ing the number of colonies formed after cisplatin, sesamol, and sesa-
mol + cisplatin treatment compared to their control. (D) The wound 

healing assay showed the wound confluence after cisplatin, sesamol, 
and sesamol + cisplatin treatment compared to their control. (E): 
Docking interaction between the sesamol and EPHA2 molecule. (F) 
Western blot showing the expression level of EPHA2 after sesamol 
treatment. Protein expression bands were quantified and normalized 
with internal control. Significance was shown as *p < 0.05, **p < 0.01, 
and ***p < 0.001
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The relationship between mitochondrial dynamics and 
autophagy is crucial for maintaining cellular homeostasis. 
Studies indicate that salivary gland adenoid cystic cancer, 
which exhibits increased autophagy, shows resistance to 
cisplatin treatment. Additionally, the downregulation of 
Beclin 1, an autophagy regulator, enhances cisplatin-medi-
ated apoptosis [22]. In lung adenocarcinoma cells (A549), 
acquired cisplatin resistance has been associated with 
elevated autophagy [23]. A recent resource database high-
lights genes implicated in cisplatin resistance in cancer, spe-
cifically those involved in autophagosome formation, like 
ATG5, ATG7, ATG12, ATG14, and BECN1 [24]. Similarly, 
increased levels of LC3A are associated with cisplatin resis-
tance and poorer outcomes in ovarian clear cell carcinomas 
[25]. Our investigation of autophagy marker expression in 
EPHA2-KD cell lines revealed reduced mRNA levels of 
ATG5, Beclin 1, and LC3B, suggesting potential enhance-
ment of cisplatin sensitivity.

Mitochondrial dynamics and mitophagy are intricately 
linked processes. Based on the literature, we investigated 
their relationship in EPHA2-KD cell lines. It is reported that 
Parkin plays a crucial role by ubiquitinating mitochondrial 
fusion proteins Mfn1 and Mfn2, marking damaged mito-
chondria for degradation and initiating mitophagy [26]. 
Reduced levels of Parkin due to EPHA2-KD may impair 
this ubiquitination process, enhancing mitochondrial fusion. 
BNIP3 directly interacts with the Opa1 oligomer to inhibit 
its activity and promote mitochondrial fission [27]. BNIP3 
induces Drp1 translocation in cardiac myocytes, promot-
ing mitochondrial fission [29]. Reduced levels of BNIP3 in 
EPHA2-knockdown cells may hinder mitochondrial fission 
by inhibiting the translocation of Drp1 and directly interact-
ing with the Opa1 oligomer to modulate its activity. BNIP3 
also facilitates Parkin translocation and promotes mitoph-
agy [28]; hence, reduced BNIP3 levels in EPHA2-KD cells 
decrease ubiquitin-mediated mitophagy. In conclusion, 
EPHA2 knockdown disrupts mitophagy by reducing Par-
kin and BNIP3 levels, enhancing mitochondrial fusion and 
decreasing mitochondrial fission.

Seeking an alternative to EPHA2-KD, we explored 
sesamol, a plant-derived bioactive molecule with known 
anticancer activity. Similar to EPHA2-KD, sesamol sensi-
tises the SiHa cell line for Cisplatin treatment. Combining 
plant-derived bioactive molecules with cisplatin monother-
apy can effectively mitigate both chemoresistance and the 
associated side effects [29]. A combination therapy involv-
ing sesamol and cisplatin enhances the inhibitory effects of 
cisplatin on cancer cell migration and proliferation. Sesa-
mol treatment at the IC50 value reduces EPHA2 expression 
in SiHa cell lines, suggesting that sesamol sensitises SiHa 
cells to cisplatin treatment by inhibiting EPHA2 expres-
sion. The docking analysis indicates that sesamol exhibits 

the decades, resistance to this drug remains a significant 
clinical challenge. EPHA2 is crucial in mediating chemo-
resistance, yet the underlying mechanisms are not fully 
understood. Given that mitochondrial dynamics, autophagy, 
and mitophagy are critical factors in cisplatin resistance, 
our findings indicate that EPHA2 knockdown sensitises the 
SiHa cell line to cisplatin treatment.

Mitochondrial fission causes cisplatin resistance under 
hypoxic conditions through reactive oxygen species in 
ovarian cancer cells [14]. Similarly, cisplatin-resistant gas-
tric cancer cells show higher levels of mitophagy markers, 
mitochondrial fission, autophagy, and mitophagosomes 
compared to non-resistant cells [15]. In hepatocellular 
carcinoma, lowering MFF levels decreases Drp1 expres-
sion, making cells more susceptible to cisplatin [16]. Also, 
cisplatin-resistant ovarian and osteosarcoma cells exhibit 
a fragmented mitochondrial phenotype, characterised by 
increased levels of pro-fission proteins MFF, Fis1 and Drp1 
[17]. Our research shows that knocking down EPHA2 
reduces mitochondrial fission by lowering Drp1 and Fis1 
expression, potentially increasing cisplatin sensitivity in 
the EPHA2-KD cell lines. Maintaining a balance between 
mitochondrial fission and fusion is crucial for cell function. 
Cisplatin-resistant ovarian and osteosarcoma cells exhibit 
decreased levels of fusion proteins Mfn1 and Opa1 [17]. 
We also examined the expression of mitochondrial fusion 
proteins Mfn1 and Mfn2 in EPHA2-KD cell lines and found 
their levels increased, suggesting that this could enhance 
cisplatin susceptibility. So, targeting mitochondrial dynam-
ics through EPHA2 modulation offers a promising strategy 
to overcome cisplatin resistance in cervical cancer.

As indicated in existing literature, mitochondria undergo 
fragmentation to facilitate mitophagy, aiding in the removal 
of dysfunctional mitochondria by autophagosomes [18]. In 
hepatocellular carcinoma, inhibiting Drp1-mediated mitoph-
agy by using Mdivi-1(Drp1 inhibitor) enhances sensitivity 
to cisplatin [19]. Similarly, cisplatin-resistant ovarian carci-
noma and osteosarcoma cells exhibit increased mitochon-
drial fragmentation and elevated levels of the mitophagy 
receptor BNIP3. Silencing BNIP3 restores drug sensitivity 
in these resistant cells [17]. Additionally, research on cis-
platin-resistant lung cancer cells demonstrates heightened 
BNIP3-dependent autophagy induction under hypoxic con-
ditions, supporting cell survival and underscoring the role 
of the tumour microenvironment in drug resistance [20]. 
Similarly, other studies have also documented that parkin1-
mediated mitophagy contributes to the induction of cisplatin 
resistance [21]. Our findings suggest that EPHA2 knock-
down decreases mitophagy by reducing Pink1, Parkin, and 
BNIP3 expression levels, potentially enhancing cisplatin 
sensitivity in EPHA2-KD cell lines.
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a binding affinity towards EPHA2 by a notable binding 
energy of -9.34  kcal/mol. In the binding pocket, sesamol 
engages in two hydrogen bonds with residues Glycine 515 
and Arginine 465 within the EPHA2 protein. This is pivotal 
for stabilising the protein-ligand complex by affecting affin-
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a pronounced affinity relative to other interactions. Addi-
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So, Sesamol emerges as a promising alternative to EPHA2-
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through inhibition of EPHA2 expression and strong binding 
affinity to the protein, suggesting its potential as a critical 
component in combating chemoresistance and enhancing 
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Conclusion

In conclusion, our study underscores the pivotal role of 
EPHA2, a prominent receptor tyrosine kinase, in mediating 
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geting EPHA2 can sensitise cervical cancer cells to cispla-
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in enhancing cisplatin sensitivity through downregulating 
EPHA2 expression. These results propose a novel therapeu-
tic strategy for overcoming chemoresistance and improv-
ing treatment outcomes in cervical cancer. Further research 
into the clinical applicability and implications of EPHA2 
modulation and sesamol combination therapy is warranted 
to advance these findings towards clinical translation.
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