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ABSTRACT

Mitochondria play a pivotal role in cell growth by generating energy through oxidative
phosphorylation, regulating cellular metabolism, and participating in various signaling
pathways crucial for cell survival and function. Interestingly, all the hallmarks of cancer
growth and metastasis such as cell death evasion, altered bioenergetics, and genomic
instability are also linked to mitochondria dysfunction. Further, the maintenance of
mitochondrial redox balance is crucial in cancer progression, as it directly affects cellular
signaling pathways involved in proliferation and survival. This important role of
mitochondria in cancer cells makes them prime candidate for therapeutic intervention. In
the present study, we have studied the anti-tumour efficacy of novel mitochondria-targeted
derivatives of phytochemicals by conjugating with triphenylphosphonium (TPP+) moiety.
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Introduction

Cancer, a multifaceted disease which is characterized by
uncontrolled cell proliferation, remains a major challenge in
healthcare worldwide. Over the last several decades,
researchers have delved into different aspects of cancer
biology, including the role of mitochondria (powerhouse of the
cell), to understand their role in cancer progression. It is well
known that mitochondria play a central role in cellular energy
production through oxidative phosphorylation. In addition to
their role in fulfilling the metabolic requirements of tumour
cells, mitochondria also act as dynamic signaling organelles
that control cancer cell survival, motility, stemness and
resistance to treatment [1]. Interestingly, mitochondria are
also a major source of reactive oxygen species (ROS), which are
natural by-products of cellular metabolism. ROS function as
signaling molecules at low to moderate levels wherein they
regulate cell proliferation, differentiation, and survival.
However, excessive ROS production can lead to oxidative
stress, causing damage to cellular macromolecules.

Mounting evidence suggests that dysregulation of
mitochondrial redox balance plays a pivotal role in cancer
initiation, progression, and therapeutic resistance.
Furthermore, oncogenic signaling pathways and mutations in
key mitochondrial proteins can disrupt mitochondrial function
and redox homeostasis in cancer cells. Targeting mitochondrial
redox balance represents a promising therapeutic strategy for
combating cancer [2]. However, mitochondrial structure and
localization are major impediments towards efficient
administration of small molecule modulators. Hence, targeting
potent anti-cancer compounds to the tumour cell mitochondria
by conjugating with delocalized lipophilic cations (DLCs) like
triphenylphosphonium (TPP+) may perturb redox balance
leading to apoptosis in tumour cells and increase the cytotoxic
efficacy of these molecules. The molecule of interest is usually
linked via a carbon linker to triphenylphosphonium (TPP+)
cation [3]. Several compounds, such as mitochondria-targeted
antioxidants and modulators of mitochondrial metabolism,
have shown efficacy in preclinical studies and clinical trials. By
selectively perturbing mitochondrial redox homeostasis in
cancer cells, these agents have the potential to induce
oxidative stress-mediated cytotoxicity while sparing normal
cells.

In the present study, novel mitochondria-targeted
derivatives of Ethyl ferulate (ethyl-3-hydroxy-4-
methoxycinnamate; EF) and pterostilbene (3,5-dimethoxy-4-
hydroxystilbene; PTS), a methoxylated form of resveratrol
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(Fig 1) were synthesized. Further, the efficacy of mitochondria
targeted derivative of EF (M-EF) and pterostilbene (M-PTS) was
compared with with their respective parent molecules in
human lung adenocarcinoma cell line (A549) [4, 5].

Materials

Pterostilbene (PTS) was a kind gift from Sami Labs
Limited, Bangalore. Ethyl ferulate (ethyl-3-hydroxy-4-
methoxycinnamate; EF) was procured from TCI Chemicals.
Dulbecco's Modified Eagle Medium (DMEM), fetal bovine
serum (FBS), trypsin-EDTA, 3-(4,5-dimethyl-2-thiazole)-2,5-
diphenyltetrazolium bromide (MTT reagent), dimethyl sulfoxide
(DMSO0) and crystal violet were obtained from Sigma Chemical
Co. (MO, USA).

Methods
Cell culture

A549 lung cancer cell line was purchased from European
Health Protection Agency, cultured in DMEM supplemented
with 10% FBS and 1X antibiotic antimycotic solution in a
humidified 5% CO2 incubator at 37°C.

Cytotoxicity assay

Anti-proliferative effects of EF and PTS and their
mitochondria-targeted counterparts were assessed in A549
cells by performing the MTT cell viability assay. Briefly, A549
cells (3000 cells/well seeded in 96 well plate) were incubated
with the indicated concentrations of EF or M-EF or PTS or M-PTS
for 72h. 4 hours prior to the completion of 72h, 10ul of MTT
tetrazolium dye (5mg/ml) was added to every well. After 4h of
MTT incubation, media was replaced with 200ul DMSO in order
to dissolve the formazan crystals and the absorbance (570nm)
was recorded using a microplate reader (Synergy H1 Hybrid,
USA).

Clonogenic assay

A549 cells seeded at a density of 500 cells/2ml in a 6-
well plate were allowed to attach overnight followed by
incubation with varying concentrations of EF or M-EF or PTS or
M-PTS for 14 days. The colonies so formed were rinsed with
PBS, methanol-fixed and stained with crystal violet. Colonies
with atleast 50 cells were counted.

Results and Discussion

Mitochondria-targeted derivative of EF and PTS
demonstrated superior anti-tumour effect

Incubation with the parent compounds EF or PTS caused
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Fig.1: (A) Structure of EF and M-EF and (B) Structure of PTS and M-PTS. Adapted from Patil AS et al., Appl Biochem Biotechnol. 2023
Mar;195(3):2057-2076 and Ibrahim MK et al., Advances in Redox Research 8 (2023) 100071.
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A549 human lung cancer cells
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Fig.4: Effect of (A) EF and M-EF (B) PTS and M-PTS on the mitochondrial ROS levels in A549 cells. **p<0.005; ***p<0.001; ****p<0.0001; as
compared to control. Adapted from Patil AS et al., Appl Biochem Biotechnol. 2023 Mar;195(3):2057-2076 and Ibrahim MK et al., Advances in Redox

Research 8 (2023) 100071.

minimal reduction in the cell viability (around 10%) compared
to M-EF or M-PTS treatment which resulted in a profound dose-
dependent decrease up to 80-90% in the viability of A549 cells
(Fig.2(A) & (B)). It was observed that M-EF is around 400-fold
more effective than EF and M-PTS is around 200-fold effective
than PTS in inducing cell death in A549 cancer cells. Taken

(A)
A549cells mm EF mm M-EF
100
dekodk
>
I
:E 75-
-E ek
>
T 50—
(1]
U e e
e et e
]
0O 25-
ek .

together, these results highlight better anti-cancer potency of
M-EF and M-PTS over EF and PTS, respectively.

M-EF and M-PTS displayed better efficacy in suppressing
the colony-forming potential of lung cancer cells

Addition of EF led to partial reduction in the clonogenic
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Fig.4: Representative images showing the effect of (A) EF and M-EF and (B) PTS and M-PTS on the clonogenic capacity of A549 cells. Adapted from
Patil AS et al., Appl Biochem Biotechnol. 2023 Mar;195(3):2057-2076 and Ibrahim MK et al., Advances in Redox Research 8 (2023) 100071
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Fig.4: Effect of (A) EF and M-EF (B) PTS and M-PTS on the mitochondrial ROS levels in A549 cells. **p<0.005; ***p<0.001; ****p<0.0001; as
compared to control. Adapted from Patil AS et al., Appl Biochem Biotechnol. 2023 Mar;195(3):2057-2076 and Ibrahim MK et al., Advances in Redox

Research 8 (2023) 100071.

potential of A549 cells while PTS had no significant effect on
reducing the colony-forming ability of A549 cells (Fig.3). In
contrast, M-EF and M-PTS showed a concentration-dependent
decrease in survival fraction of cells with complete loss of
clonogenicity observed at 5uM and 0.25uM respectively
(Fig.3). These results corroborated M-EF and M-PTS to be more
effective than the parent molecules in inhibiting the clonogenic
ability of A549 cancer cells.

M-EF and M-PTS increased mitochondrial ROS in cancer
cells

Since these derivatives are targeted to the mitochondria,
their effect on mitochondrial ROS levels was investigated. It
was observed that treatment with both M-EF and M-PTS led to a
dose-dependent increase in generation of mitochondrial
superoxide in A49 cells (Fig.4(A) & (B)).

Conclusion

In conclusion, mitochondrial redox balance plays a
critical role in cancer progression by influencing various
cellular processes, including metabolism, signaling, and
genomic stability. Combination therapies that integrate
mitochondrial-targeted agents with conventional
chemotherapeutic agents or targeted therapies may enhance
treatment efficacy and overcome drug resistance in cancer
patients. However, further research is warranted to elucidate
the complex interplay between mitochondrial redox balance
and cancer biology and optimize therapeutic interventions.
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