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Mitophagy as a therapeutic target for myocardial fibrosis: Mechanistic
insights and potential pharmacological interventions
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Abstract: Myocardial fibrosis is a central pathological feature of various cardiovascular diseases, including heart failure
and hypertension. It involves the activation of cardiac fibroblasts, transforming them into myofibroblasts that secrete
pro-fibrotic factors, leading to excessive extracellular matrix deposition and progressive cardiac dysfunction.
Mitochondrial dysfunction plays a critical role in the development of myocardial fibrosis, with mitophagy, a selective
form of autophagy, essential for maintaining mitochondrial quality by removing damaged mitochondria. This process is
vital in mitigating fibrosis progression. Recent studies suggest that pharmacological modulation of mitophagy may offer
novel therapeutic strategies for cardiovascular diseases involving fibrosis. This review explores the mechanisms of
mitophagy in myocardial fibrosis, highlighting key proteins and molecular pathways involved in fibroblast activation and
mitochondrial dysfunction. Additionally, it discusses the therapeutic potential of targeting mitophagy to mitigate
myocardial fibrosis, emphasizing the importance of balancing mitophagy modulation. Overall, targeting mitophagy
pathways holds promise as a therapeutic approach for managing myocardial fibrosis and improving heart function.
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INTRODUCTION growing body of studies has shown a close and complex

relationship between MF and a variety of cardiovascular
Myocardial Fibrosis (MF) can be caused by a variety of  djseases, including viral myocarditis, hypertensive heart
disecase factors, such as infection and inflammation, disease (HHD), diabetic cardiomyopathy (DCM),
hypertension, high serum cholesterol, and myocardial ischemic cardiomyopathy, and hypertrophic
infarction. ~When myocardial tissue is damaged  cardiomyopathy (HCM) (Chang et al., 2023; Gonzalez et

excessively or repeatedly, the normal repair process 47 2024; Ho et al., 2010; Schlittler et al., 2023; Tuleta
gradually evolves into an irreversible fibrotic response. and Frangogiannis, 2021).

Fibrosis is defined as the formation of excessive fibrous

connective tissue in and around inflamed or damaged  Mitochondria play a crucial character in maintaining the
tissue, characterized by an aberrant buildup of  energy of cardiac metabolism. ATP is produced by
extracellular matrix (ECM) components in the  oxjdative phosphorylation on the inner mitochondrial
extracellular space. In a recent meta-analysis that includes  membrane (IMM) to provide energy to cells.

52 articles and involves 5921 individuals, it is reported Mitochondria deplete oxygen sometimes produces
that 32.7% of individuals with cardiometabolic conditions reactive oxygen species (ROS), and the rate at which
developed MF, with hypertension demonstrating the  mjtochondria produce reactive oxygen species is
highest prevalence of 35.2%. Therefore, further  regylated by the transmembrane potential of the IMM.
understanding the potential pathogenesis of MF and  When mitochondria are exposed to external stimuli such
search for novel targets are needed (Yeo et al., 2025). as hypoxia and inflammation, the production of ROS

increases significantly. Mitochondrial dysfunction leads to
Activation of fibroblasts is thought to be a critical step excessive production of ROS, which destroys lipids, DNA
leading to fibrosis. Cardiac fibroblasts (CFs) are activated  gnd  cellular proteins, leading to oxidative injury to
following the initial cardiac tissue injury and later cardiomyocytes. Due to the imbalance between oxidants
differentiate into myofibroblasts (myoFbs), which are the (ROS and RNS) and antioxidants, oxidative stress is
primary mediators of morbid remodeling. MyoFbs have caused. Oxidative stress and related mitochondrial
multiplicative and secretory properties, and synthetic  dysfunction can lead to a variety of cardiovascular
secreted  collagen deposition leads to myocardial diseases such as cardiac dysfunction and heart failure
interstitial fibrosis. Excessive deposition of extracellular (HF). In this case, timely removal of damaged
matrix proteins, primarily type I and type III collagen, in  mjtochondria is very necessary (Zhou and Tian, 2018). In
the myocardium adversely affects cardiac function. A thjs case, timely removal of damaged mitochondria is

Very necessary.
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Mitophagy as a therapeutic target for myocardial fibrosis

Sequestering cytotoxic protein aggregates, senescent
organelles, and other cellular trash in autophagic vesicles
and delivering them to lysosomes for -clearance,
autophagy is an evolutionarily conserved cellular
recycling mechanism. Three primary routes in autophagy
facilitate the lysosomal breakdown of intracellular
payloads. They are chaperone-mediated autophagy,
microautophagy, and macroautophagy, in that order.
When it comes to macroautophagy, the endoplasmic
reticulum (ER) produces a double-membrane structure

called a phagosome, which grows into a globular structure.

Macroautophagy is best for degrading protein aggregates
and organelles such as mitochondria. Research has
indicated that autophagy is a strictly regulated mechanism
that targets particular organelles, such as the ER and
mitochondria (Zhou and Tian, 2018; Hanna et al., 2012;
Mochida et al., 2015). Because damaged mitochondria
have a lower membrane potential and are surrounded by
autophagosomes, they are identified and segregated, and
passed on to breakdown to lysosomes, a process called
mitophagy and an important mitochondrial quality control
mechanism. Other mechanisms for quality control of
mitochondria include proteases and chaperones unique to
mitochondria that protect proteins from misfolding. In
terms of molecules, as well as mitochondrial fission and
fusion damage at the organelle level and separate and
remove it.

Mechanism of mitophagy

Mammals typically use a route consisting of PTEN-
induced putative kinase 1(PINKI, also recognized as
PARKS®) to clear damaged mitochondria and E3 ubiquitin
ligase PARKIN (also recognized as PARK2) (Mochida et
al., 2015). There are two gene products linked to
Parkinson's disease in families, because Parkinson's
disease (PD) has been connected to dysregulated
mitophagy. PINK1 and Parkin recognize and accumulate
on damaged mitochondria, targeting these damaged
mitochondria for mitophagic degradation, removing them
from the mitochondrial network with discrimination.
Mitophagy, the selective autophagic elimination of
dysfunctional or superfluous mitochondria, constitutes a
critical quality control mechanism essential for
maintaining cellular homeostasis and energy metabolism.
This evolutionarily conserved process exhibits two
distinct molecular architectures: ubiquitination-dependent
and non-ubiquitination-dependent  pathways, each
demonstrating context-specific activation patterns in
physiological maintenance and pathological responses.

Ub-dependent mitophagy

PTEN-induced putative kinase 1(PINKI, also recognized
as PARKG6) is expressed at low levels in healthy, polarized
mitochondria and is processed by matrix peptidase to
remove its targeting signal after being introduced into the
inner mitochondrial membrane via the translocase
complexes TIM and TOM (Greene et al., 2012). The

hydrophobic domain of Protease associated with
rhomboid-like mitochondrial presenilin cleaves PINKI
between amino acids Ala-103 and Phe-104 (PARL), and
the exposed Phe-104 residue led to the rapid degradation
of PINK1 by the proteasome system (Deas et al., 2011;
Meissner et al, 2015; Yamano and Youle, 2013).
However, the occurrence of basal mitophagy in mammals
can also be independent of PINKI1 (Yamano and Youle,
2013). The process of translocation of PINK1 to IMM is
mitochondrial membrane potential (Mitochondrial
membrane potential)-dependent (Jin et al., 2010). When
damaged mitochondria lose their ability to maintain
mitochondrial membrane possible because of electron
transport chain flaws, PINK1 is blocked from entering the
inner membrane, interacting with the outer membrane's
TOM complex and building up there, thus evading
cleavage of PARL and proteolysis (Lazarou et al., 2012).

The canonical ubiquitination-dependent pathway operates
through the PINKI1/Parkin signaling axis, a molecular
surveillance system that orchestrates mitochondrial
quality control (Ashrafi et al., 2013). PINK1 and Parkin
recognize and accumulate on damaged mitochondria to
selectively target and remove them from the
mitochondrial network (Narendra et al, 2011). The
control of post-translational modifications (PTMs) is
crucial for the activity and function of PINKI1 and
PARKIN during mitophagy (Durcan and Fon, 2015).
Upon mitochondrial membrane potential (Mitochondrial
membrane potential) loss, PINKI1 on the outer
mitochondrial membrane undergoes autophosphorylation,
recruits Parkin, and induces mitochondrial ubiquitination
(Okatsu et al., 2012). Parkin’s Ser65 in the ubiquitin-like
domain (Ubl) is phosphorylated in a PINK1-dependent
manner, and this modification is essential for efficient
Parkin translocation and subsequent protein degradation
during mitophagy (Kondapalli et al., 2012; Koyano et al.,
2014). Parkin has a high affinity for phosphorylated
ubiquitin chain, and Ser65-phosphorylated ubiquitin is an
essential Parkin activator (Okatsu et al., 2015; Kane et al.,
2014). Through this feedforward mechanism, activated
Parkin ubiquitinates various mitochondrial substrates
(Shiba-Fukushima et al., 2014).

In addition to mitochondrial membrane potential loss,
PINK1 can detect the accumulation of misfolded proteins
in the mitochondrial matrix, initiating Parkin-mediated
mitophagy independently of membrane depolarization
(Jin et al., 2013). PARKIN mainly mediates the classical
K48- and Ko63-linked ubiquitination chains of
mitochondrial proteins, include the non-canonical K6-
and Kl11-linked ubiquitination chains (Ordureau et al.,
2014). K48-linked ubiquitination promotes the separation
of substrates from the outer mitochondrial membrane
(OMM) and proteasomal degradation, while K63-linked
ubiquitination is involved in autophagic clearance of
misfolded proteins (Yoshii et al, 2011). K63-linked
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Fig. 1: The mechanisms of UB-dependent and UB-independent mitophagy.

ubiquitin chains act as molecular markers that recruit
autophagy  receptors, facilitating the  efficient
sequestration ~ of  damaged  mitochondria  into
autophagosomes (Olzmann and Chin, 2008). Parkin, in
collaboration with E2 ubiquitin ligases, facilitates K63-
linked ubiquitination, driving the formation of
aggresomes or their clearance via the autophagy-lysosome
pathway (Chin et al, 2010; Olzmann et al, 2007.
Mitofusins Mfnl and Mfn2 are particularly susceptible to
Parkin-mediated  ubiquitination = and  degradation,
preventing the fusion of damaged mitochondria with
healthy ones (Tanaka et al., 2010). PINK1 phosphorylates
the mitochondrial transport protein Miro, and
phosphorylation of Miro activates Miro's proteasomal

breakdown in a Parkin-dependent way (Wang et al., 2011).

Thus, damaged mitochondria may be quarantined by the
PINK1/Parkin pathway before being cleared (Fig. 1).
Therefore, the regulation of ubiquitination modification of
mitochondrial substrates has also become the target of
many ubiquitination-related enzymes. These proteins
constitute a ubiquitination and deubiquitination balance
system that regulates mitochondrial homeostasis.
Deubiquitination of mitochondrial proteins enables
negative regulation of mitophagy. Parkin is selectively
deprived of the non-canonical K6-linked ubiquitin chain
by USPS, which facilitates parkin's recruitment to
depolarized mitochondria and is necessary for the
effective execution of mitophagy (Durcan et al., 2014).
Parkin is selectively deprived of the non-canonical K6-
linked ubiquitin chain by USP8, which facilitates parkin's
recruitment to depolarized mitochondria and is necessary
for the effective execution of mitophagy (Cornelissen et
al, 2014). USP30 is a deubiquitinase (DUB) that
specifically deubiquitinates the K6- and KI11-linked
atypical  ubiquitination chains, regulates  Lys6-
polyubiquitinated TOM20 and counteracts Parkin-
mediated ubiquitin chain formation, delays mitophagy by
delaying PARK2 recruitment to the mitochondria
(Cunningham et al., 2015; Gersch et al.,, 2017; Wang et
al., 2015). USP33 tends to deubiquitinate PRKN

primarily at the Lys435 site and remove K6-, K11-, K48-,
and K63-linked ubiquitin conjugates from PRKN, where
mutations result in significantly lower Ko63-linked
ubiquitin levels (Niu et al., 2020). The above studies also
support that mitophagy is tightly regulated (fig. 1).

Ub-independent mitophagy

In addition, the occurrence of basal mitophagy in
mammals can also be independent of PINKI
(McWilliams et al., 2018). The domain-containing 1 of
FUN14 (FUNDCI), directly interacting with LC3 on
autophagosomes via a LC3-interacting region (LIR)
domain of microtubule-associated protein 1A/1B light
chain 3B (LC3). Src phosphorylates FUNDCI1 kinase at
Tyr-18 and casein kinase 2a (CK2a) at Ser-13, inhibiting
its relationship to LC3 and its inhibition of mitophagy. In
reaction to low oxygen levels and mitochondrial oxidative
phosphorylation uncoupler (FCCP) treatment, FUNDCI
is dephosphorylated by the mitochondrial phosphatase
PGAMS, which initiates mitophagy (Zhou et al., 2018).
Similarly, ULK1 upregulates and translocates to
fragmented mitochondria upon induction of mitophagy,
engages in interaction with FUNDCI, and phosphorylates
it at serine 17, thereby enhancing the binding of FUNDC1
to LC3 (Wu et al, 2014). BNIP3-like protein 3
(BNIP3L/NIX) and BNIP3-interacting protein 3 (BNIP3)
also contain LIR domains. Mitochondrial clearance can be
mediated by the mitochondrial protein Nix, a specific
autophagy receptor after mitochondrial injury and during
erythrocyte  differentiation by binding to  the
LC3/GABARAP protein (Novak et al, 2010).
Furthermore, mitophagy is activated by the entry of
NDP52 and Optineurin (but not p62) into mitochondria,
independent of parkin (Lazarou et al, 2015). These
mechanisms can likewise engage in mitophagy and
autophagy and communicate with LC3, both of which
have pro-apoptotic functions and may mediate crosstalk
between autophagy and apoptosis (fig. 1) (Wilhelm et al.,
2022).
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Upon  mitochondrial damage and  subsequent
mitochondrial membrane potential loss, PINKI
accumulates on the outer membrane, evading proteasomal
degradation. PINK1 can also sense misfolded proteins in
the matrix and initiate Parkin (PARK2)-mediated
autophagy without depolarization. PINK1 phosphorylates
Parkin, recruiting it to damaged mitochondria to promote
ubiquitination of mitochondrial proteins. Parkin's
activation and translocation depend on PINKI
phosphorylation of Ser65 in the Ubl domain. The
PINK1/Parkin pathway ubiquitinates and degrades
Mifn1/Mfn2 and phosphorylates Miro, preventing fusion
with healthy mitochondria and facilitating isolation.
Independently of PINK1/Parkin, FUNDCI interacts with
LC3 for autophagosome formation, activated by
dephosphorylation under hypoxic conditions or FCCP
treatment. BNIP3L/NIX and BNIP3, containing LIR
motifs, interact with LC3 to participate in autophagy and
potentially link autophagy to apoptosis.

Autophagy receptors link ubiquitinated mitochondria to
autophagosomes

Cellular autophagy executes
through three evolutionarily conserved modalities:
chaperone-mediated autophagy, microautophagy, and
macroautophagy. Among these, macroautophagy
demonstrates unique proficiency in eliminating bulky
cytoplasmic components, particularly protein aggregates
and organelles such as mitochondria. The process initiates
with de novo formation of a cup-shaped phagophore
membrane derived from endoplasmic reticulum (ER) exit
sites, which progressively expands to encapsulate cargo
within a double-membraned autophagosome. The
molecular choreography of autophagosome biogenesis
requires coordinated action of autophagy-related (ATG)
proteins conserved from yeast to mammals.

lysosomal degradation

An ubiquitin-like protein with two amino-terminal o
helices and a ubiquitin-like core is encoded by the ATGS8
gene family. Atg8's amino terminus protein varies in
different subfamilies and performs a variety of regulatory
tasks. GABARAP, GABAPAL1, GABARAPL2, and LC3
(LC3A, LC3B, LC3B2, LC3C) are the members of the
human ATGS protein family (Shpilka et al., 2011). ATG
proteins usually create multisubunit complexes that
cooperate to aid in the development of autophagosomes
and substrate phagocytosis. These include the
transmembrane proteins ATG9 and ATGI2, the
autophagy-specific class III phosphatidylinositol 3-kinase
complex I (PIK3C3-CI), and the Unc51-like kinase (ULK)
complex in humans, and the Atg8 family proteolipidation
complex (Melia et al., 2020). Phosphatidylethanolamine
on the autophagic membrane is bound by ATGS8. These
receptors engage with lipidated ATG8 proteins to attach
their bound cargo to the autophagosomal membrane.
p62/SQSTMI1 is a key autophagy receptor that has a role
in autophagy that is selective, and the C-terminal UBA

domain interacts with mutated ubiquitin chains on the
cargo. The LIR motif interacts with ATG8 proteins on the
surface of the autophagic membrane (Johansen and
Lamark, 2020). Self-interaction of the N-terminal PBI
domain results in a polymeric structure, and the cargo and
autophagosomes can interact closely through P62.
Modification of specific autophagy receptors post-
translationally also plays a role in controlling these
channels in reaction to stimuli (Lamark et al., 2017; Xu
and Wan, 2023). Selective autophagy receptors have been
found to be involved during pathogen invasion, in innate
immunity, including the eradication of microbiological
pathogens, the start of antimicrobial defenses and the
control of overly aggressive immune reactions such as
NDP52, optineurin, and TAX1BP1 (Thurston et al., 2009;
White et al., 2023; Wild et al., 2011).

Mitophagy in Myocardial Fibrosis

Mitochondrial Quality Control in Cardiac Homeostasis
Most researches have demonstrated that mitophagy plays
a crucial part in preserving cardiac homeostasis and
regulating myocardial metabolism (Thomas and
Gustafsson, 2013). The level in end-stage HF in humans
of the PINKI1 protein is significantly reduced. PINKI1
activity plays a crucial role in preserving mitochondrial
function and cardiomyocyte redox equilibrium, which is
necessary for postnatal cardiac development (Billia et al.,
2011). Recent studies have found that Parkin-and
PINK 1/mediated mitophagy have a role in maintaining
cardiomyocyte homeostasis (Wu et al., 2022). Deletion of
PINK1 leads to mitochondrial dysfunction of the mouse
heart and increases vulnerability to ischemia-reperfusion
injury (Siddall et al., 2013). In addition, Parkin attenuates
cardiac aging through encouraging TBK1's K63-linked
ubiquitination to encourage mitophagy (Gao et al., 2021).

A mitophagy receptor called FUNDC1 combines with
LC3 to mediate platelet mitophagy as a reaction to
hypoxia and reduce ischemia/reperfusion (I/R)-induced
cardiac injury (Zhang et al., 2017). One key mechanism
mediating mitophagy in response to pressure overload
(PO) is Ulkl-mediated alternative mitophagy, which has a
significant function to protect the heart against cardiac
dysfunction (Nah er al, 2022). However, mitophagy
facilitated by the route Ulkl/Rab9/Ripl/DRP1 is also
involved in protecting the heart against ischemia (Siddall
et al., 2013). PCSKD is increased in myocardial ischemia-
reperfusion injured hearts and regulates mitophagy
through the BNIP3 pathway, resulting in reperfusion
injury following myocardial infarction, while inhibition of
PCSK9 can reduce autophagy and enhance cardiac
function (Huang er al., 2022). Additionally, TBCID15
plays a protective part in acute myocardial infarction-
induced cordis abnormalities by modulating Fisl/Rab7-
mediated mitochondria-lysosomal contact and activating
subsequent lysosome-dependent mitophagy (Yu et al,
2020). NDP52, as a mitochondrial autophagy receptor,
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has been reported to promote autophagosome-lysosomal
fusion by recruiting the RAB7 (the Ras-associated protein)
and TBK1 (TANK-binding kinase 1) to protect against
cardiac anomalies caused by myocardial infarction,
including myocardial interstitial fibrosis (Sun et al., 2022).
Furthermore, the function of mitophagy in coronary heart
disease has been researched, with a focus on targeting
mitochondrial dysfunction and inflammation (Liu and Wu,
2022). These studies suggest that Mitochondrial Quality
Control (MQC) is essential for maintaining optimal
cardiac performance. Dysfunctional mitochondria can
lead to myocardial damage and impaired heart function,
as well as myocardial fibrosis and hypertrophy.

Mitochondrial dysfunction and signal pathways

in fibroblast activation

One of the main events in cardiac fibrosis is the cytokine-
dependent activation of fibroblasts to myofibroblasts,
which is accompanied by phenotypic alterations and
enhanced secretory and contractile capabilities,
mitochondrial respiration and mitochondrial content
increase in this process. The production of several pro-
inflammatory cytokines and pro-fibrotic factors during
acute myocardial damage in CFs is upregulated, resulting
in increased proliferation of these cells and eventual
transformation to the MF phenotype.

TGF-p plays a vital part in regulating fibroblast
phenotype and gene expression, increasing the synthesis
of collagen and fibronectin to promote the deposition of
extracellular matrix in the infarct site, and causing
protease inhibitors to be produced to decrease matrix
breakdown (Bujak and Frangogiannis, 2007). By
promoting the development of cardiomyocytes and
causing interstitial fibrosis, TGF-f is also a crucial
mediator in the pathophysiology of hypertrophic and
dilated ventricular remodeling. The growth factor TGF-§3
is the most widespread mediator of fibroblast activation,
strongly induces Mesenchymal-To-Epithelial Transition
(EMT) and plays a leading part in the fibrotic course of
many organs, and serum levels of TGF-f are used as a
diagnostic tool (Gressner and Gao, 2014). Heart
fibroblasts' TGF-B-Smad2/3 signaling is the primary
mediator of the fibrotic response. The traditional TGF-$1
signaling pathway comprises phosphorylation of Smad2/3,
which bind to Smad4 and translocate to the nucleus
(Khalil et al., 2017). The complex then functions as a
transcription factor to induce the activation of many
profibrotic genes. TGF-B1-induced activation contributes
to cardiac fibrosis, and TP4 supplementation alleviates
myocardial infarction and fibrosis by reducing
inflammation, oxidative stress and promoting mitophagy
(Wang et al., 2022).

The silent information regulator sirtuin 1 (SIRTI)
regulates mitophagy in heart failure by activating the
SIRT-PINK1 and SIRT1-GPX4 signaling pathways,

Jie Wu et al.

promoting mitochondrial health and inhibiting ferroptosis,
thereby alleviating myocardial hypertrophy, fibrosis, and
cardiac dysfunction. The SIRT1 protein also interacts with
TGF-B signaling. It is reported that SIRT1 attenuates
isoproterenol-induced cardiac fibrosis by regulating EMT
via the TGF-B-Smad2/3 access (Liu et al, 2019).
Specifically, SIRT1 interacts  with Smad2/3,
downregulates TGFBR1 and P-Smad2/3 expressions and
inhibits Smad2/3 nuclear translocation (Jiang et al., 2021).
This interaction between SIRT1 and TGF-B signaling
further underscores its role in cardiac fibrosis, as it
regulates mitophagy and reduces fibroblast activation,
providing a potential therapeutic target for heart failure
management.

Mitophagy machinery was reduced in response to
angiotensin II, forkhead box protein O3 (FOXO3a)
transcription activates PARKIN, promotes mitophagy by
targeting Parkin and inhibits Angll-induced myocardial
hypertrophy (Sun et al, 2022). The latest study showed
that the expression of FOXO3a was upregulated, the LC3
II/T rate and the expression of PINK1 and Parkin were
increased in cardiac fibroblasts treated with Angll,
showing increased proliferation, migration and collagen
secretion, which can be significantly inhibited by
FOXO3a knockdown, and this inhibition can be
attenuated by mitochondrial autophagy inducers (Lin et
al., 2024). This evidence suggests that FOX0O3a promotes
the progression of myocardial fibrosis by triggering
mitophagy and activation of cardiac fibroblasts.

Moreover, Mammalian STE20-like kinase 1 (Mstl) is
substantially more expressed in hearts that have been
reperfused. The activation of Mstl inhibits the expression
of FUNDCI, thereby inhibiting mitochondrial autophagy,
which has a detrimental effect on cardiomyocytes and
cardiac function (Yu ef al, 2019). Likewise, Matrix
metalloproteinases (MMPs) produced by CFs can degrade
the ECM and allow cells to migrate to the damaged area.
A DAMTSI16 belongs to the ADAMTS superfamily of
extracellular proteases that are involved in the destruction
and remodeling of the extracellular matrix (ECM),
promotes cardiac fibrosis, hypertrophy, and heart failure
by activating cardiac fibroblasts through the LAP-TGF-f
signaling pathway (Yao et al., 2020).

Genetic regulation in controlling mitophagy and cardiac
fibrosis

Non-coding RNAs (miRNAs and IncRNAs) play a
function in controlling mitophagy and cardiac fibrosis has
been rarely reported. When Ang II was administered to
cardiac fibroblasts (CFs) and transverse aortic constriction
(TAC) animals, microRNA-24-3p expression was
markedly down regulated (Zhang et al, 2022).
Mechanistically, by inhibiting the mitophagy of cardiac
fibroblasts through the down regulation of PHB2,
microRNA-24-3p reduces myocardial fibrosis. Prohibitin
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2 (PHB2), an important mitochondrial autophagy acceptor,
is engaged in the specific destruction of mitochondrial
autophagy by binding to the autophagosomal membrane-
associated protein LC3 through the LIR domain (Wei et
al., 2017). In addition, moreover, PHB2 can stimulate
PARL-PGAMS-PINK 1 axis-dependent PINK1-
PRKN/Parkin-dependent mitophagy (Yan et al., 2020).
On the other hand, Parkin enhances the interaction
between PHB2 and LC3B by directly binding to PHB2
through its RING1 domain and promoting K11- and K33-
linked ubiquitination on PHB2's K142/K200 sites (Sun et
al., 2022). The 3'-untranslated region of the suppressor of
high-mobility group box 1 protein (HMGB1) was directly
impacted by MiR-410, which regulates the heat shock
protein -1 (HSPB1/HSP27) expression. HSPBI1, a
regulator of the cytoskeleton, is essential for dynamic
intracellular trafficking in the processes of autophagy and
mitophagy. Thereby, by modifying HSPB1, miR-410 may
prevent mitophagy following cardiac I/R damage activity
via directly targeting HMGBI1 and PINKI/Parkin is
required for HSPB1/HMGB1-mediated mitophagy (Kang
etal.,, 2011; Yang et al., 2018). MiR-23a acts a deleterious
part in the harm caused by  myocardial
ischemia/reperfusion (I/R) by blocking CX43 expression
and enhancing mitophagy, while activation of CX43
signaling protects cardiomyocytes from myocardial I/R
injury (Wang et al, 2021). GJA1l rescues IRI by
increasing the rate of synthesis of ATP and oxidative
phosphorylation, while safeguarding the survival of cells,
initiating mitophagy, and maintaining mitochondrial
membrane potential (MMP). MiR-130a, on the other hand,
targets GJAl to prevent mitochondrial fusion and
FUNDCI-mediated mitophagy, which hastens the
development of myocardial IRI (Yan et al., 2023).

Pharmacological Interventions

Regulation of mitophagy can ameliorate adverse effects
on cardiac fibrosis. Given that myocardial fibrosis occurs
in a variety of heart disease processes, we focus on those
molecules engaged in the control of mitophagy in the
mechanisms that lead to heart disease. Jinrun Zhou et al.,
found that knockdown of MORN4 in myocardial
infarction mice significantly rapid fibrosis and damage to
the heart accompanied with worsening heart dysfunction
(Zhou et al, 2023). MORN4 binds to MFN2 and
increases its phosphorylation at S442 via Rho-associated
protein kinase 2 (ROCK2), resulting in advantageous
mitophagy triggered by mitochondrial dynamics.
Therefore, targeting mitophagy can be used as a strategy
to prevent myocardial fibrosis and maintain myocardial
homeostasis.

Streptozotocin (STZ)-induced diabetes causes cardio-
myocyte apoptosis and mitochondrial damage, with
inhibition of autophagy and mitophagy, and leads to
cardiac interstitial fibrosis and dysfunction. SIRT3 exerts
cardioprotective effects against diabetic cardiomyopathy

via activate Parkin-mediated mitophagy to maintain
mitochondrial homeostasis and suppress cardiomyocyte
death, which is mainly achieved by deacetylating Foxo3a,
which maintains Parkin expression (Yu et al., 2017).

Aldehyde dehydrogenase 2 (ALDH2) protects hearts from
I/R damage by inhibiting the PINKI1/Parkin-dependent
mitophagy process (Ji et al, 2016). Interestingly,
melatonin stimulates mitochondrial autophagy and cGAS-
STING-TBK1 signaling via processes that rely on
ALDH2, and improves APP/PSl-induced cardiac
interstitial fibrosis and function (Wang et al., 2020). A
small GTPase, RhoA, promotes Parkin-mediated
mitophagy and protects the aging heart, while RhoA
knockout mice show fibrotic structural disorders of heart
tissue and cardiac aging, and the mitochondrial structure
of cardiomyocytes in elderly RhoA knockout mice is
abnormal (Soh et al., 2023). Active RhoA localizes to
mitochondria and interacts with PINKI, stabilizing
PINK1 protein by inhibiting PINK1 cleavage, inducing
PINK1/Parkin-dependent mitophagy and protecting
myocardium from ischemic stress (Tu and Miyamoto,
2023; Tu et al., 2022).

Vaspin, a serine protease inhibitor derived from epicardial
adipose tissue, has been reported to reduce inflammation,
induce autophagy, and inhibit apoptosis, guards against
atrial myocyte apoptosis brought on by Ang II,
mitochondrial damage, as well as cardiac fibrosis by
inducing mitophagy. Mechanistically, Vaspin stimulates
unc-51 like autophagy activating kinase 1 (ULK1) to
phosphorylate Funl4 domain-containing protein 1
(FUNDCI) on the Serl7 site, which induces mitophagy
(Zhu et al., 2022).

The calcium-dependent cysteine protease family includes
calcains, which has been connected to inflammation,
fibrosis, hypertrophy, and cardiac cell death. Researches
have demonstrated that during ischemia, calpains target
and harm mitochondria (ISC) and reperfusion (REP)
(Chen et al., 2019). Heart stress in pathological situations
causes calpain, particularly cyto- and mito-calpain, to
become overactive. Among these, cyto-calpain stimulates
the route for mitofission and mitochondrial apoptosis and
damages mitochondrial biogenesis and mitophagy.
Additionally, mito-calpain promotes mitochondrial
apoptosis and dampens mitofussion and mitochondrial
energy metabolism (Zhang et al., 2021).

In diabetic nephropathy, FGF21 negatively regulate TGF-
Bl-induced Smad2/3 nuclear translocation and reduce
collagen precipitation and renal fibrosis (Lin et al., 2020).
Similarly, negative control of TGF-B-Smad2/3
communications might be applied as a treatment method
to improve myocardial fibrosis. In vivo myocardial
infarction mice's cardiac dysfunction and myocardial
fibrosis are reduced by calycosin and inhibits Collagen
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Table 1: Roles of proteins and noncoding RNAs on mitophagy regulation in cardiac disease and myocardial fibrosis.

Protein/mRNA Role on mitophagy Targets Consequences References
ADAM17 Inhibits PINKI/Parkln— ATF6 Increases c.ardlac (Guan et al., 2021)
dependent mitophagy fibrosis
ADAMTS16 Unknown LAP-TGF- Increases c.ardlac (Yao et al,, 2020)
pathway fibrosis
Inhibits PINK 1/Parkin- . Protects hearts against ~ (Ji et al., 2016; Wang
ALDH?2 dependent mitophagy L INKI/Parkin Ty g ey (IRT) et al., 2020)
Beclin-1 Induces Parkln-medlated Parkin Reduces cgrdlac (Sun et al,, 2018)
mitophagy fibrosis
. _ . . Increases myocardial (Chen et al, 2019;
Calpain Inhibits mitophagy Beclin-1 IRI Zhang et al., 2021)
Triggers activation of
. . cardiac fibroblasts and  (Lin et al., 2024; Sun
FOXO3a Increases mitophagy Parkin increases myocardial et al, 2022)
fibrosis
Induces mitophagy of Decreases myocardial
FUNDCI1 platelet LC3 IRI (Zhang et al., 2017)
. Decreases cardiac
MORN4 Increases mitophagy MFN2 injury and fibrosis (Zhou et al., 2023)
Inhibits the expression of Increases cardiac cells
Mstl FUNDCI1 and mitophagy FUNDCI apoptosis (Yuetal, 2019)
. Bcl-2/ BNIP3 Increases the size of
PCSK9 Increases mitophagy pathway myocardial infarcts (Huang et al., 2022)
. . (Soh et al., 2023; Tu
RhoA Iélducrclas lzllgﬁt” P fl‘;km PINK 1 1;:";2"1“ hmz;’icar‘frlum and Miyamoto, 2023;
epende ophagy om ischemic stress Tu et al,, 2022)
Induced
Sema3A Increases mitophagy SIRT1 cardiomyocyte injury (Lin et al., 2023)
in VMC
Induces PINK 1/Parkin Smad2/3 and Reduces cardiac
SIRTI dependent mitophagy PINK1 fibrosis (Guan et al., 2023)
. . Inhibits
SIRT3 Induces Parkin-mediated  pyvy3, cardiomyocyte (Yu et al., 2017)
mitophagy .
apoptosis
. . Reduces myocardial
TBCIDI15 Increases mitophagy Fis1/Rab7 interstitial fibrosis (Yu et al., 2020)
ULK1 Induces FUNDC1 FUNDCI and  Protects heart against ~ (Nah ef al., 2022; Wu
dependent mitophagy Rab9 ischemia etal, 2014)
Enhances phosphorylation
. of FUNDCI1 and induces Decreases atrial
Vaspin ULKI1/FUNDCI1-mediated FUNDCI myocyte apoptosis (Zhu et al., 2022)
mitophagy
. Inhibits FUNDC1 Increases myocardial
miR-130a-3p dependent mitophagy GJA1 IRI (Yan et al., 2023)
miR-23a Increases mitophagy CX43 Increaseer{lIyocardlal (Wang et al., 2021)
miR-24-3p Inhibits mitophagy PHB2 Red‘tlfgfo‘;?srdlac (Zhang et al., 2022)
miR-410 Inhibits PINK |/Parkin HMGBI  Inhibits cell viability ~ (Yang et al., 2018)
dependent mitophagy

deposition and the proliferation of CFs in vitro via
suppressing the TGFBR1, or transforming growth factor-
beta receptor signaling pathway (Chen et al., 2022).
Among which, ginsenoside Rgl (GRgl) alleviates cordis
reinventing by enhancing SIRT1/PINK 1/Parkin-mediated

mitophagy (Guan et al, 2023). Sema3A increased
cardiomyocyte mitophagy and reduced inflammasome
activation via modulating SIRT1, thus attenuating
macrophage infiltration-induced cardiomyocyte damage
in viral myocarditis (VMC) (Lin et al., 2023).
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A disintegrin and metalloproteinase 17 (ADAM17), an
enzyme that is membrane-bound that mediates the
catalytic shedding of several growth factors and cytokines
to control growth and development. Knockdown of
ADAMI17 activates the PINK1/Parkin pathway, reduces
cardiac fibroblast activation, limits fibrosis and improves
heart function in mice (Guan et al, 2021). Cardiac-
specific overexpression of Beclin-1 decreased the release
of molecular patterns linked to mitochondrial risk
(DAMPs) in LPS-induced sepsis mice and promoted
mitophagy through Parkin, thereby alleviating following
an LPS exposure, fibrosis and inflammation and
improving cardiac function (Sun et al., 2018). Overall, the
effective regulation of mitophagy is a key process for
maintaining heart health and preventing myocardial
fibrosis.

DISCUSSION

Mitophagy is a significant method of mitochondrial
quality control in cardiovascular diseases, and plays a role
in maintaining myocardial homeostasis and cardiac
function. Hypoxia and inflammation trigger myocardial
injury and fibroblast activation, leading to ECM buildup.
Regulated mitophagy is a potential therapeutic target in
myocardial fibrosis. However, the presence or absence of
specific markers of myocardial fibrosis is controversial.
While the therapeutic potential of modulating mitophagy
in myocardial fibrosis is promising, it is imperative to
critically evaluate the potential adverse effects associated
with either overactivation or suppression of this pathway.
Excessive mitophagy may lead to the unintended removal
of functional mitochondria, compromising cellular energy
production and exacerbating cardiomyocyte dysfunction.
For instance, sustained activation of PINKI1/Parkin
signaling could destabilize mitochondrial networks,
impairing cardiac contractility and accelerating heart
failure. Conversely, inadequate mitophagy may fail to
eliminate damaged mitochondria, perpetuating oxidative
stress, inflammation, and fibroblast activation, thereby
worsening fibrosis. Therefore, there is an urgent need to
understand the mitophagy signaling associated with
myocardial fibrosis and elucidate its potential link to
crosstalk. This article discusses the mechanisms by which
mitophagy occurs, as well as those molecules that have an
impact on myocardial fibrosis by regulating mitophagy
(table 1).

CONCLUSION

In conclusion, mitophagy plays a crucial role in
maintaining mitochondrial homeostasis and preventing
myocardial ~ fibrosis by regulating mitochondrial
dysfunction, oxidative stress and fibroblast activation.
Targeting key mitophagy pathways, such as
PINK1/Parkin and FUNDCI, offers promising therapeutic
strategies to mitigate myocardial fibrosis and improve

cardiac function. However, further research is needed to
address the challenges of safe and effective clinical
application, including balancing mitophagy modulation to
avoid potential adverse effects.
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