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The role of the Hippo/YAP
pathway in the physiological
activities and lesions of lens
epithelial cells

Shumei Tan, Xiaodan Jiang, Ziyuan Liu* and Xuemin Li*

Department of Ophthalmology, Beijing Key Laboratory of Restoration of Damaged Ocular Nerve,
Peking University Third Hospital, Beijing, China

The Hippo/YAP pathway is a signaling pathway that plays an important role
in cell proliferation, survival, differentiation, cell fate determination, organ
size, and tissue homeostasis. Lens epithelial cells (LECs), located on the
anterior surface of the lens, are the parental cells responsible for growth
and development of the transparent ocular lens. During lens development,
LECs undergo a process of differentiation where they exit the cell cycle
and transform into lens fiber cells (LFCs), which constitute the majority of
the lens structure. YAP is involved in the proliferation and differentiation of
LECs, the maintenance of nuclear morphology, cell polarity, cell apical polarity
complex, and connexin morphology. The role of the ordered arrangement of
LFCs has been demonstrated in several animal studies, and Yapl heterozygous
deletion mice exhibit cataracts. The mechanism of the Hippo/YAP pathway in
the physiological activities and lesions of LECs is complex, which is of great
significance to understanding the development of the lens and the pathogenesis
of lens-related diseases.
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1 Introduction

Cataract is one of the leading causes of blindness. Lens epithelial cells (LECs) are crucial
cells in the lens, continuously proliferating and differentiating into lens fiber cells (LFCs)
throughout life (showed in Figure 1). The normal progression of physiological activities
such as proliferation, differentiation, and apoptosis of LECs is vital for maintaining the
metabolic homeostasis and transparency of the lens (Liu Z. et al., 2023). The Hippo/YAP
pathway is widely present in multiple systems of higher animals, playing a significant
role in cell proliferation, survival, differentiation, cell fate determination, organ size, and
tissue homeostasis (Nishina, 2022). In past studies, the Hippo pathway was related to
several eye conditions including lens-corneal separation defect (Wang Q. et al., 2022),
cataracts (Hong et al., 2024), Uveitic glaucoma (Bitard et al., 2024), diabetic retinopathy
(DR) (Zhang X. et al., 2024), age-related macular degeneration (AMD) (Yan et al,
2018), proliferative vitreoretinopathy (PVR) (Zhang and Li, 2022), retinoblastoma (RB)
(Zhang et al., 2015) and uveal melanoma (UM) (Li et al., 2019). The Hippo/YAP pathway
is essential for the physiological functions and pathological changes in LECs. YAP
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FIGURE 1

fiber cells that are devoid of nuclei and organelles.

Differentiation of LECs into LFCs
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Differentiation of LECs into LFCs. During the process of lens epithelial cells (LEC) differentiating into lens fiber cells (LFC), proliferative LECs first exit the
cell cycle, then synthesize crystallin proteins and elongate their cells, subsequently losing their nucleus and organelles, ultimately forming mature lens

regulates lens development and pathology by modulating key
processes, including the proliferation, apoptosis, differentiation,
and maintenance of cellular morphology and polarity in LECs
(Dawes et al., 2018; He et al., 2019; Kumar et al., 2019; Lu et al,,
2020; Maddala et al, 2020; Li et al., 2023; Liu et al, 2022;
Wiley et al., 2010; Deshmukh et al., 2019). This article reviews the
current understanding of the role of the Hippo/YAP pathway in
the physiological activities and pathologies of LECs, providing a
theoretical basis for understanding the life activities of LECs and
exploring treatment strategies for related diseases.

2 Review
2.1 Overview of the Hippo/YAP pathway

The main components of the Hippo pathway include MST1/2
kinases (Mammalian sterile 20-like kinase 1/2, MST1/2), Salvador
homolog 1 (SAV1), MOB kinase activator 1A/B (MOB1A/B), large
tumor suppressor 1/2 (LATS1/2), Yes-associated protein 1 (YAP1
or YAP), transcriptional co-activator with PDZ-binding motif
(TAZ, also known as WWTR1), and the transcriptional enhanced
associate domain family (TEAD) (Ma et al, 2019) (showed in
Figure 2). MST1/2, SAV1, MOBI1A/B, and LATS1/2 form the
upstream kinase cascade of the Hippo pathway, while YAP/TAZ
acts as the key downstream effectors. When the Hippo pathway is
inactive, YAP is dephosphorylated and translocates into the nucleus,
where it binds to transcription factors TEAD1-4 to regulate gene
expression (Hansen et al., 2015). YAP has two main isoforms: YAP1
(Szulzewsky et al., 2021) and YAP2 (Oka and Sudol, 2009), with
YAP1 being the predominant form. YAP1 is expressed in various
cell types and, through TEAD binding, regulates the expression of
genes involved in cell proliferation, apoptosis, and stem cell self-
renewal (Driskill and Pan, 2023). The downstream target genes
regulated by YAP include those associated with cell proliferation,
such as Ctgf (Moon et al,, 2020), CYR61 (Zhang C. et al., 2024),
C-MYC (Xiao et al, 2013), ANKRDI (Wu et al, 2023), and
AXL (Okamoto et al., 2023); and apoptosis inhibitors, such as
MCLI (Glinkina et al., 2023), BIRC5 (Edwards et al., 2023) and
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BIRC2 (Wang Y. et al,, 2022). Like YAP1, YAP2 can bind TEAD
transcription factors, but its specific functions and regulatory
mechanisms are not completely understood (Khanal et al., 2018).
Besides TEADs, YAP also interacts with runt-related transcription
factor 2 (RUNX2) (Chuang and Ito, 2021), T-box transcription
factor 5 (TBX5) (Rosenbluh et al., 2012), and SMADs (Liu H. et al.,
2023), promoting their downstream gene transcription, playing
a role in cell proliferation, tissue development, anti-apoptosis,
and tumorigenesis. Various upstream signals, such as cell polarity
complexes, connexins, mechanical cues, cell density, G protein-
coupled receptors (GPCRs), soluble factors, receptor tyrosine
kinases (RTKs), tight junctions, adherens junctions, integrins, and
hypoxic stress, can regulate the Hippo pathway (Fu et al., 2022).

2.2 Anatomy and growth of lens epithelial
cells

During embryonic development, the lens placode, derived from
the surface ectoderm, invaginates to form the lens vesicle. The
anterior epithelial cells of this vesicle form a single layer of lens
epithelium, while the posterior epithelial cells differentiate into
elongated primary LFCs (Cvekl and Ashery-Padan, 2014). The LECs
located at the anterior side of the equatorial plate proliferate and
migrate towards the equatorial region, differentiating into secondary
LFCs (Liu Z. et al,, 2023) (showed in Figure 3). The proliferation
of LECs occurs in the region above the lens equator, known as
the Germination Zone (GZ). The progeny of dividing cells migrate
or are displaced from the lens equator below the equator into
the Transition Zone (TZ), where they differentiate into fiber cells
(Dawes et al, 2018). During terminal differentiation, LECs exit
the cell cycle and degrade subcellular organelles, including the
nucleus, ultimately forming mature LFCs with the organelle-free
zone (OFZ) (Khokhar et al., 2017). Any abnormalities in the lens
development process can lead to lens opacification (Bell et al.,
2020). The continuous growth of the lens throughout life is a result
of the persistent proliferation of LECs. To achieve and maintain
the appropriate size of the lens throughout growth and aging, a
strict regulation of the dynamic balance between lens epithelial
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FIGURE 2

Major components and interactions of the Hippo/YAP pathway. When upstream signals activate the Hippo pathway, MST1/2 interacts with SAV1 and
phosphorylates LATS1/2 to activate them; in some cases, LATS1/2 can also be activated by MAP4Ks. Once LATS1/2 is activated, it induces the
phosphorylation of YAP, inhibiting its translocation into the nucleus. When the Hippo pathway is suppressed, YAP translocates into the nucleus and
interacts with downstream transcriptional targets. GPCRs: G protein-coupled receptors. MST1/2: Mammalian sterile 20-like kinase 1/2; SAV1: Salvador
homolog 1; LATS1/2: Large tumor suppressor 1/2; MAP4Ks: MAP kinase kinase kinase kinases; YAP: Yes-associated protein; TEAD: Transcriptional
enhanced associate domain family; TEA-domain transcription factor; RUNX2: Runt-related transcription factor 2; TBX5: T-box transcription factor 5.
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cell proliferation and fiber differentiation is essential. LECs play a
vital role in maintaining lens homeostasis by regulating nutrient
transport (Giannone et al., 2021), metabolic activity (Kubota et al.,
2016), and cell proliferation (Liu Z. et al., 2023). Multiple factors
can interfere with LECs, leading to cataract formation, including
oxidative stress, diabetes-related metabolic changes, aging, UV
radiation, and chronic inflammation. These factors disrupt LEC
function through mechanisms such as protein aggregation, cellular
damage, and altered metabolic activity (Munteanu et al., 2024).
What's more, in the study by Katz et al. (2021), it was found that
alterations in fiber cell content and intercellular fiber cell binding
are likely key contributors to age-related stiffening of the lens, which
suggests that changes in LECs may occur during the process of
presbyopia.

2.3 The role of the Hippo/YAP pathway in
lens epithelial cells

2.3.1 The role of Hippo/YAP in ocular diseases
YAP is widely distributed across eye tissues, including the

cornea, lens, and retina (Kim et al., 2016). The Hippo pathway

is involved in the developmental regulation of ocular tissues,
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which plays an indispensable role in regulating retinal generation
(Yang et al.,, 2022), retinal neurogenesis (Lee et al., 2018), retinal
angiogenesis (Zhu et al., 2018), lens epithelial cell proliferation
(Dawes et al., 2018; Kumar et al., 2019) and differentiation, and
corneal wound healing (Li et al., 2021). Alterations in the Hippo
pathway are complex in ocular diseases, particularly in retina-
associated conditions. Angiogenesis accompanied by endothelial
cell proliferation is a symptom of diabetic retinopathy (DR). In the
retinas of mice with diabetic retinopathy, LATS and TAZ levels
are increased, while p-MST and p-YAP are significantly decreased,
which indicates that the Hippo pathway plays a role in DR (Hao etal.,
2017). Furthermore, a Tyr421His mutation in Teadl has been found
in patients with Sveinsson chorioretinal atrophy, and this mutant has
been shown to disrupt its interaction with Yap65, a key component of
the Hippo signaling pathway (Fossdal et al., 2004). MST2 contributes
to photoreceptor cell death after retinal detachment, and its absence
can protect against this cell death (Matsumoto et al., 2014).

2.3.2 The role of Hippo/YAP in lens epithelial cell
proliferation, cell function and differentiation

The role of YAP in the proliferation and differentiation
of LECs, maintenance of cell and nuclear morphology, cell
polarity, apical polarity complex, connexin morphology, and orderly

frontiersin.org


https://doi.org/10.3389/fcell.2025.1524814
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org

Tan et al.

10.3389/fcell.2025.1524814

Anterior surface

Capsul

Posterior surface

FIGURE 3

Detailed anatomy of the human eye lens. The LECs located at the anterior side of the equatorial plate proliferate and migrate towards the equatorial
region, differentiating into secondary LFCs. The proliferation of LECs occurs in the region above the lens equator, known as the Germination Zone (GZ).
The progeny of dividing cells migrate or are displaced from the lens equator below the equator into the Transition Zone (TZ), where they differentiate
into fiber cells. During terminal differentiation, LECs exit the cell cycle and degrade subcellular organelles, including the nucleus, ultimately forming
mature LFCs with the organelle-free zone (OFZ). CZ: Center zone; GZ: Germinative zone; TZ: Transition zone; MR: Meridional rows.
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arrangement of LFCs has been demonstrated in several animal
studies (Dawes et al.,, 2018; He et al.,, 2019; Kumar et al., 2019;
Lu et al,, 20205 Li et al., 2023; Wiley et al., 2010). The distribution
and nucleocytoplasmic translocation of YAP is associated with
its activity state in different regions of the lens. YAP protein is
highly distributed in LECs but gradually decreases in the TZ
and is almost absent in LFCs. In the GZ, YAP is primarily
located in the nucleus and is in a non-phosphorylated, active
state, whereas in the TZ, YAP is mainly in the cytoplasm
and in a phosphorylated, inactive state (Dawes et al, 2018;
Song et al., 2014).

2.3.2.1 YAP regulation of lens epithelial cells proliferation
and apoptosis

Research by Song et al. (2014) demonstrated that specific
knockout of the YapI gene in developing mice inhibits proliferation
and promotes apoptosis of LECs. This study utilized Nestin-
Cre to conditionally delete Yapl, and the increased apoptosis
may be associated with Cleaved Caspase-3. He et al. (2019)
discovered that conditional knockout (CKO) of Yapl in mice
results in cataracts, with a reduction of epithelial cells in the
TZ and posterior pole; however, it remains unclear whether
apoptosis is significantly affected. This study employed GFAP-Cre
to delete Yapl in specific cell populations, which may explain the
differences in apoptosis observations compared to other studies.
Lu et al. (2020) observed that heterozygous deletion of YapI in
mice (Yapl+/-) leads to reduced proliferation and cell density in
LECs. Moreover, overexpression of the Yap1 target gene Criml can
restore the in vitro proliferation of Yapl+/— LECs, indicating that
Criml may be a downstream effector of YAP in promoting LEC
proliferation. Kumar et al. (2019) found that the Hippo/Yap pathway
responds to upstream mechanical strain signals to regulate LEC
proliferation. Using an ex vivo stretching device, they demonstrated

Frontiers in Cell and Developmental Biology 04

that in porcine lenses under static stretching, the proliferation
level of LECs increases with the amplitude and frequency of
stretching. Furthermore, the YAP inhibitor Verteporfin can block
the proliferation-promoting effect of static stretching on these cells.
These differences in experimental models and Cre lines highlight the
complexity of YAP function in LECs and may explain the variability
in results across studies.

2.3.2.2 YAP regulation of lens epithelial cell cycle exit and
fiber differentiation

Wiley et al. (2010) found that the LFCs in mice with
specific deletion of the upstream Hippo pathway gene Nf2 fail
to exit the cell cycle, expressing both fiber cell marker Proxl
and epithelial cell markers FoxE3 and E-cadherin. In Nf2 CKO
mice, the lens vesicle fails to separate from the surface ectoderm,
forming multilayered cell masses of lens and corneal epithelial
cells on the eye surface, suggesting involvement of the Hippo/YAP
pathway in embryonic lens development. YAP integrates cell
density information, to transition LECs from a proliferative to a
differentiated state, and its absence disrupts the elongation and
arrangement of LFCs (Wiley et al., 2010). Fibroblast growth factor
(FGF) regulates proliferation and differentiation of LECs in a dose-
dependent manner, with low doses inducing proliferation and
high doses inducing differentiation to fiber cells (Dawes et al.,
2018). Dawes et al. (2018) identified YAP as a downstream
effector in FGF-mediated regulation, where low FGF concentrations
promote cell proliferation and YAP nuclear translocation, while
high concentrations lead to YAP phosphorylation and cytoplasmic
translocation, resulting in cell elongation and the expression of
fiber markers PROX1 and B-crystallin. Verteporfin can suppress
FGF-induced elongation during proliferation and differentiation
but does not affect B-crystallin expression in fiber differentiation
(Lu et al., 2020).
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2.3.2.3 YAP in maintaining morphology and polarity of

lens epithelial cells
YAP plays an indispensable role in maintaining the morphology

and polarity of lens epithelial cells by regulating cell proliferation,
differentiation, and the stability of cell polarity complexes. In
YAP-deficient LECs, the morphology changes from cuboidal to
nearly flattened, and the localization of polarity markers is
significantly altered, leading to reduced intercellular adhesion and
disorganization of cellular structures (He et al., 2019; Wiley et al.,
2010). Knockout of YapI in LECs leads to changes in cellular and
nuclear morphology. In Yapl CKO LECs, the localization of the
apical polarity complex—including Crumbs, Palsl, Par3, and ZO-
1—is disrupted (Song et al., 2014).

2.4 Hippo/YAP pathway and age-related
cataracts

He et al. (2019) were the first to link YAP with age-related
cataract (ARC). Histologically, lenses with Yapl knockout show
decreased lens epithelial cell density in the TZ and posterior pole,
nuclear retention in LFCs, and an accumulation of Morgagnian
globules, which are spherical droplets of protein that form in the lens
due to the breakdown of cortical cell walls and are often associated
with mature Morgagnian cataracts (Deshmukh et al., 2019). Lu et al.
(2020) found that heterozygous deficiency of YAPI in mice results
in cataracts and an abnormal lens epithelial cell phenotype in
adulthood. Although early ocular development, including the lens,
appears normal, the cataract phenotype of Yap heterozygous mutant
animals appears as early as 5 weeks (up to 40% of animals). Liu et al.
(2022) were the first to explore the expression levels of YAP in LECs
of clinical ARC patients, investigating its role in the pathogenesis
of ARC. Increased levels of MST2 and phosphorylated YAP (p-
YAP) proteins were observed in LECs from ARC patients and aged
mice, along with reduced YAP1 and glucose transporter type 1
(GLUT1) protein expression. Additionally, H,O,-induced apoptosis
in LECs was associated with increased MST2 and p-YAP expression.
MST?2 overexpression inhibited lens epithelial cell proliferation and
promoted apoptosis. Conversely, YAPI overexpression enhanced
cell proliferation and reduced H,O,-induced apoptosis. GLUTI
has been identified as a downstream target of YAP1-TEADI co-
transcriptional regulation (Liu et al., 2022).

Elevated MST2 expression in ARC patients has been detected,
and animal studies report that MST2 activation is related to
mitochondrial dysfunction, which induces apoptosis through
mitochondrial depolarization (Rauch et al, 2016). YAP is a
transcriptional regulator of key mitochondrial autophagy proteins
PTEN-induced putative kinase 1/Pinkl and the E3 ubiquitin
ligase Parkin/Park2 (Jin et al., 2023). In H,O,-induced oxidative
stress in LECs, increased expression of Parkin and mitochondrial
autophagy were observed. Overexpression of PARK2 can promote
mitochondrial autophagy, while LECs with low Parkin expression
exhibit higher apoptosis levels (Kantorow et al, 2015). YAP’s
role in upregulating PINKI and Parkin to enhance mitochondrial
autophagy in response to environmental stress has been confirmed
in non-ocular tissues (Jin et al., 2023; Cho et al., 2021; Xiao et al.,
2020; Zhu et al, 2022). In myocardial cells under endotoxin
exposure, the absence of MSTI, a key upstream component in
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the Hippo pathway, can activate Parkin-related mitochondrial
autophagy, thus reducing mitochondrial damage (Shang et al,
2020). In studies of mitochondrial autophagy in other ocular
tissues, inhibition of the PINKI1-mediated mitochondrial autophagy
pathway accelerates microglial aging, leading to retinal ganglion
cell damage (Wei et al., 2023). MST2 and MST1 are homologous
proteins with overlapping functions; however, MST2 has been
more extensively studied in ocular tissues. Further investigation is
needed to determine whether the MST2-YAP axis contributes to
lens epithelial cell apoptosis and ARC pathogenesis through the
transcriptional regulation of key mitochondrial autophagy proteins.

2.5 Hippo/YAP pathway and posterior
capsule opacification

Phacoemulsification, a surgical technique that uses ultrasound
waves to break up the cloudylens of the eye, combined with intraocular
lens implantation is a common clinical treatment for cataract
patients. Posterior capsule opacification (PCO) is a frequent secondary
complication in patients with intraocular lenses, associated with the
plasticity of residual LECs and epithelial-mesenchymal transition
(EMT) changes (Wormstone and Eldred, 2016; Tassignon, 2020). In
lens epithelial cultures and explants, the knockdown of Calponin-
3 enhances YAP/TAZ transcriptional activity, leading to increased
actin stress fiber reorganization and EMT (Maddala et al., 2020).
Furthermore, LECs secrete extracellular HSP90-alpha (eHSP90),
which promotes the elongation of these cells and upregulates the
fibroblast transcription factor PROXI1, along with its downstream
targets, including LRP1 and AKT. This upregulation of Proxl is
mediated by eHSP90 binding to LRP1, activating the LRP1-AKT
pathway, which in turn influences YAP degradation. The interaction
between these molecular players suggests that eHSP90-induced Prox1
upregulation significantly contributes to the pathogenesis of PCO
by facilitating the differentiation of LECs into fibroblast-like cells
(Li et al,, 2023). Taiyab A etal. collected anterior capsule samples
from three patients with subcapsular cataracts (mean age: 55.3 +
7.57) and found increased nuclear YAP expression in fibrotic lens
capsules through immunohistochemical analysis (Taiyab et al., 2023).
And they found YAP co-localized with a-SMA in fibrotic patches
in TGFp-overexpressing mice, unlike in wild-type lenses. Treatment
of rat lens explants with the YAP inhibitor verteporfin prevented
TGFp-induced fibrosis, a-SMA and fibronectin expression, and the
displacement of E-cadherin and (-catenin. Additionally, LECs co-
incubated with TGFp and the YAP inhibitor did not show increased
matrix metalloproteinase 2 induction compared to those treated with
TGEFp alone. Therefore, therapeutic strategies aimed at modulating the
Hippo/YAP pathway—either by inhibiting YAP activity or activating
the Hippo pathway—could be beneficial in improving PCO outcomes.

2.6 Hippo/YAP pathway and presbyopia

Presbyopia is an age-related visual impairment where, despite
optimal distance correction, near vision clarity is insufficient for an
individual’s needs (Wolffsohn and Davies, 2019). With the global
population aging, the prevalence of presbyopia is increasing; in
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2015, out of an estimated 1.8 billion individuals with functional
presbyopia, 826 million had uncorrected near vision impairment
(Fricke et al., 2018). The pathogenesis of presbyopia is not yet fully
understood, but the reduction or loss of accommodative ability in
presbyopic patients may be related to factors such as increased lens
volume, increased lens rigidity, and reduced contractile range of the
ciliary muscle (Rich and Reilly, 2023; Katz et al., 2021). Lens volume
growth results from continuous proliferation and differentiation of
LECs, which are crucial in the development of presbyopia.

In the absence of accommodation, the ciliary muscle relaxes,
and zonular fibers apply tension to the lens capsule; during
accommodation, the tension that flattens the lens is released
through ciliary muscle contraction, allowing the lens to elastically
return to a more rounded shape. The ciliary muscle remains
active into old age (Strenk et al., 1999), and the mechanical
properties of the zonular fibers are age-independent (Michael et al.,
2012), suggesting that even after presbyopia onset, the human
lens capsule might experience periodic tension. The human lens
grows continuously throughout life, exhibiting a distinct biphasic
growth pattern. Rapid embryonic growth may be driven by a
rapid increase in the surface area of the lens capsule and constant
tension, whereas postnatal slow growth is delayed due to partial
relief of tension during accommodation (Kumar et al., 2019). Lenses
of non-accommodating species tend to be larger than those of
accommodating species at the same age; for example, a six-month-
old pig lens may weigh approximately 400 mg, while a human infant
lens weighs around 150 mg (Kumar et al., 2019).

The role of YAP in promoting LEC proliferation has been
confirmed by several animal studies. Research by Kumar et al
(2019) was the first to establish a connection between mechanical
stretching and the YAP pathway in the lens. Understanding this
mechanism is essential for elucidating lens growth, morphogenesis,
and potential ways to regulate LEC proliferation. What's more, Vijay
et al. found that the expression of YAP/TAZ and ECM-related genes
in human trabecular meshwork cells is influenced by physiologically
relevant substrates. YAP was upregulated on softer substrates and
downregulated to varying degrees on stiffer ones. Stiffer substrates
led to the upregulation of canonical Wnt modulators, TAZ and sFRP-
1, which may influence glaucoma progression (Raghunathan et al,
2013). Besides the Hippo signaling pathway, the RHO (Xie et al,
2023) and MAPK/ERK (Qin et al, 2019) signaling pathways are
also associated with the mechanical regulation of YAP. Additionally,
Wnt, TGF-B, and Notch signaling pathways have been shown to
increase cell proliferation in response to shear stress without YAP
mediation (Abuammah et al., 2018). Other mechanical cues, such
as cell shape, surface tension, and apical pressure, also influence cell
proliferation. Further investigation into the role of mechanical signals
in LEC proliferation and presbyopia pathogenesis is warranted.

3 Conclusion

The Hippo/YAP pathway is integral to the regulation of LECs,
influencing critical physiological processes such as proliferation,
differentiation, and the maintenance of cellular morphology and
polarity. Dysregulation of this pathway has been linked to various
lens-related diseases, particularly cataracts and PCO. Recent studies
have highlighted the essential role of YAP in the transition of LECs
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to LFCs, with its activity modulated by mechanical cues and the
stiffness of the extracellular matrix. For instance, mechanical strain
has been shown to enhance LEC proliferation through YAP activation,
indicating a complex interplay between biomechanical factors and
cellular signaling pathways (Kumar et al., 2019). Furthermore, the
relationship between YAP signaling and oxidative stress suggests
that YAP may play a significant role in the pathogenesis of age-
related cataracts, as oxidative damage can disrupt normal cellular
functions and promote lens opacification (Hong et al, 2024).
Future research should aim to elucidate the mechanotransduction
pathways that regulate YAP activity in LECs, as understanding
these mechanisms could provide insights into lens growth and
the development of presbyopia. Additionally, investigating the role
of mitochondrial function in lens opacification may reveal novel
therapeutic targets, given the importance of mitochondrial health
in maintaining cellular homeostasis. Developing targeted therapies
that modulate the Hippo/YAP pathway could offer new strategies
for preventing or reversing cataract formation. Moreover, correlating
findings from animal models with clinical data will be crucial for
enhancing our understanding of the pathogenesis of lens diseases and
improving diagnostic and therapeutic approaches.
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