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The Hippo-YAP pathway is a critical signaling cascade that regulates essential
cellular processes, including proliferation, inflammation, and the fate of cancer
cells. Recent studies have increasingly highlighted the significant role of the
Hippo-YAP pathway in the pathogenesis and progression of various skin diseases.
This review aims to summarize the latest advancements related to the Hippo-
YAP pathway in skin disorders, exploring its requlatory mechanisms in the context
of skin tumors, inflammatory skin diseases, skin aging, wound healing and skin
development. Furthermore, this review will analyze the current challenges and
knowledge gaps within this field and propose future directions and potential
therapeutics targeting the Hippo-YAP pathway to improve treatment outcomes
for skin diseases. This review also acknowledges several limitations, including the
heterogeneity of existing studies, variations in experimental models, and the
scarcity of clinical evidence directly linking Hippo-YAP dysregulation to specific
skin diseases. These factors highlight the need for more standardized and
clinically oriented research in the future.
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1 Introduction

The Hippo-YAP signaling pathway is a critical regulatory network that governs cellular
growth, apoptosis, and tissue homeostasis (1-3). This pathway, which includes key
components such as the Hippo kinases and Yes-associated protein (YAP), has garnered
significant attention in recent years due to its involvement in skin diseases. The
dysregulation of this pathway has been linked to a plethora of skin disorders, including
skin tumors, inflammatory skin diseases, and conditions associated with aging and wound
healing (4-8). Moreover, understanding the nuances of this pathway is essential for
elucidating its role in skin physiology and pathology, thereby providing a foundation for
potential therapeutic interventions. Recent studies have revealed the pivotal role of the
Hippo-YAP pathway in the pathogenesis of psoriasis. For instance, the upregulation of
YAP in psoriatic lesions has been associated with keratinocyte proliferation and
inflammation, highlighting its potential as a therapeutic target (4, 5). Furthermore, in
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melanoma, the interplay between YAP and cuproptosis-related
genes has been shown to correlate with tumor prognosis (9-11).
In addition to its role in tumorigenesis, the Hippo-YAP pathway is
also increasingly recognized for its involvement in skin aging and
wound healing (12, 13). The decline in YAP activity with age has been
shown to impact epidermal and dermal homeostasis, suggesting that
enhancing YAP function may mitigate age-related skin conditions
(14-16). Moreover, studies have demonstrated that medical
interventions, such as low-temperature argon plasma, can modulate
YAP activity to promote skin repair and regeneration, emphasizing
the potential therapeutic applications of manipulating this pathway in
clinical settings (17). These findings highlight the roles of the Hippo-
YAP pathway in maintaining skin integrity and contributing to the
pathophysiology of skin diseases, further solidifying its status as a
critical target for therapeutic exploration (Table 1).

This review aims to systematically explore the current
knowledge surrounding the Hippo-YAP pathway in the context
of skin disorders, including its implications for skin tumor biology,
inflammatory conditions, aging processes, wound healing
mechanisms, and skin development. By collating and analyzing
recent findings, this review seeks to provide a valuable resource for
researchers and clinicians alike, ultimately contributing to the
advancement of targeted therapies that leverage the Hippo-YAP
pathway for improved skin health outcomes.

2 Basic concepts for Hippo-YAP
pathway

2.1 Hippo-YAP pathway: components and
functions

The Hippo-YAP signaling pathway is a highly conserved
network that plays a critical role in controlling cell proliferation
and apoptosis, thereby maintaining tissue homeostasis (18, 19). At
its core, the Hippo pathway consists of a cascade of kinases,
primarily the Hippo kinases (MST1/2) and the large tumor
suppressor kinases (LATS1/2), which are activated in response to
various intracellular and extracellular signals, including cellular
energy status, cell density, hormonal signals, and mechanical
stimuli (1). MST1/2 interact with the scaffold protein SAVI to
phosphorylate and activate LATS1/2, while MOBI serves as an
essential co-activator. Activated LATS1/2 subsequently
phosphorylate YAP and PDZ-binding motif (TAZ), preventing
their nuclear accumulation and suppressing the expression of
proliferation-associated genes (20). The intracellular location of
YAP/TAZ determines its transcriptional activity. Phosphorylated
YAP/TAZ are retained in the cytoplasm through their interaction
with 14-3-3 proteins, after which they undergo proteasomal
degradation mediated by B-transducin repeat-containing protein
(B-TrCP) (21, 22). However, when the Hippo pathway is inhibited,
YAP accumulates in the nucleus, where it binds to transcription
factors such as transcriptional enhanced associate domains
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(TEADs) to activate the transcription of target genes that
promote cell growth and inhibit apoptosis (20) (Figure 1). This
regulatory mechanism is crucial for maintaining skin homeostasis,
as YAP influences the behavior of keratinocytes and fibroblasts,
which are essential for skin integrity and repair (12, 14, 23, 24). In
addition, as a tumor suppressor pathway, activation of the Hippo
cascade leads to the inactivation of YAP/TAZ, thereby preventing
excessive cell proliferation and maintaining proper organ size;
conversely, aberrantly activated YAP/TAZ can promote tumor
development (25-28).

2.2 Regulatory mechanisms of Hippo-YAP
pathway

Beyond the core kinase cascade, the regulation of the Hippo-
YAP pathway also involves complex interactions between upstream
signals, core signaling components, and downstream
transcriptional mechanisms (Figure 1). For example, cell-cell
junction proteins (such as E-cadherin and o-catenin) and cell
polarity complexes (including the Scribble and Crumbs
complexes) regulate the Hippo-YAP pathway by modulating cell
adhesion and cytoskeletal tension (29-33). Specifically, silencing E-
cadherin markedly reduces MST1/2 and LATS1/2 expression while
significantly increasing YAP expression (33); deletion of oi-catenin
in mouse cardiomyocytes enhances nuclear YAP localization (29);
Scribble suppresses YAP-induced pronephric cyst formation in
zebrafish (30); and Crumbs functions as a tumor suppressor that
activates the Hippo pathway by binding to Expanded (31).
Downstream, YAP/TAZ function primarily through binding to
TEAD transcription factors, inducing a wide range of target genes
involved in cell proliferation (e.g., CCNE2, MYC), extracellular
matrix remodeling (e.g., CTGF/CCN2, CYR61/CCN1), and
paracrine signaling (e.g., AREG), thereby exerting multifaceted
roles in skin regeneration and tumorigenesis (34-37).

In addition to canonical kinase cascades, the transcriptional activity
of YAP/TAZ is profoundly regulated by mechanotransduction. Cells
sense and respond to changes in extracellular mechanical cues, such as
extracellular matrix (ECM) stiffness, cell geometry, and intercellular
tension, through cytoskeletal remodeling and Rho/ROCK-mediated
actomyosin contractility (38). Under conditions of high cell density,
strong intercellular adhesion, or a soft ECM, the Hippo kinase cascade
is activated, resulting in the cytoplasmic retention and degradation of
YAP/TAZ. Conversely, low cell density or culture on a stiff ECM
suppresses Hippo kinase activity, thereby promoting the nuclear
translocation of YAP/TAZ (39). Notably, the regulation of YAP
activity by mechanotransduction is primarily mediated through the
Integrin-FAK-Src-RhoA signaling axis, with the PI3K pathway
potentially contributing as an auxiliary modulator (14). A stiff ECM
promotes actin polymerization and stress fiber formation via activation
of Integrin-FAK signaling, thereby suppressing the Hippo kinase
cascade and driving YAP/TAZ nuclear translocation (16).
Consistently, pharmacological inhibition of FAK or Src under low
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TABLE 1 Key molecular regulators of the Hippo—YAP pathway in diverse skin conditions and their mechanistic roles.

Skin condition Molecular players mentioned Mechanistic role Experimental model Reference
Inhibits MST2; activates TAZ;
Fascin promotes tumorigenesis and WM793 melanoma cells (58, 59)
stemness
Induces MST?2 activation by
dissociating MST2 from RAF-1; Hela cell; MCF7 cells
F1A
RASS enhances MST2-LATS1 (RASSF1A-deficient) ©0)
Melanoma interaction; promotes apoptosis
Int: ti ith LATS1 t
SMAC nleracting wi R ° A375 melanoma cells (63)
promote apoptosis
Early activation of the Hippo
pathway suppresses tumorigenesis, | SV-40 immortalized
BRAF . (64)
whereas late-stage downregulation | melanocytes (Mel-ST cells)
of MST?2 leads to drug resistance.
CON1/CYR61 YAP ‘downstrean”f targ‘et; promotes Humfm epidermal 37)
keratinocyte proliferation keratinocytes
YAP downstream target; mediates Human epidermal
N2/CTGF 37
Basal Cell Carcinoma (BCC) CCN2/CTG ECM remodeling keratinocytes 37)
YAP amplifies pre-existing JNK-
JNK-JUN JUN signaling to drive tumor ASZ cells (73)
progression
EGER YAP activating th? RAS pathway Mice (5, 46)
through upregulating EGFR
ith YAP h:
ZEBI gs/[o;)era;e; tht Fo en 'ance Mice (83)
Cutaneous Squamous Cell and drive tumorigenesis
Carcinoma (cSCC) . . .
Funct; th YAP t d
S100A8/A9 unctions wi 0 provide HCC94 and FaDu cells (85)
compensatory regulation
WEP2 Drives TEAD a-ctivity to promote NHK cells 87)
tumor progression
L. YAP and Upregulated in psoriatic patients IMQ-induced mice; Psoriasis
P 4, 90, 91
soriasis TEAD4 and mouse models patients (4,90, 91)
Cooperates with YAP to exacerbate
Atopic Dermatitis IL-4 and IL-13 keratinocyte activation and Mice (97)
inflammation
Rosacea YAP Upregulated in rosacea Rosacea patients and mice (100)
YAP d 8 t: t, lat
CCN1/CYR61 L downstream fargel Teguales | NHK cells (12)
epidermal renewal
CCN2/CTGE As a YA.P target, downregulated in NHK cells 12)
aging skin
Skin Aging YAP/TAZ reduce senescence by
cGAS-STING pathway suppressing cGAS-STING Fibroblasts and mice (111)
activation
BMALL BMALI-YAP complex activates Mice (113)
the NF-xB pathway
R YAP activity i i
Wound healing YAP educed . activity impairs Mice (13)
wound healing

BRAF: v-Raf murine sarcoma viral oncogene homolog B1; BMALI, Brain and muscle; CCN1/CYR61: Cysteine-rich protein 61; CTGF/CCN2, : Connective tissue growth factor; EGFR: Epidermal
growth factor receptor; LATS1: Large tumor suppressor kinase 1; NHK cells: Normal human keratinocytes; RAF-1: RAF proto-oncogene serine/threonine-protein kinase; SMAC: Second
mitochondria-derived activator of caspases; TAZ: transcriptional coactivator with PDZ-binding motif; TEAD: Transcriptional enhanced associate domains; WBP2: WW-binding protein 2; YAP:
Yes-associated protein; ZEB1: Zinc finger E-box-binding homeobox 1.
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Key regulatory mechanisms and signaling integration of the Hippo-YAP pathway in the skin. Cell-cell junction proteins (E-cadherin, a-catenin) and
polarity complexes (Scribble, Crumbs) regulate the Hippo-YAP pathway by modulating cell adhesion and cytoskeletal tension. Meanwhile, SAV1 and
MOB1 could interact with MST1/2 and LATS1/2, respectively, to activate this kinase cascade. When Hippo kinases are inhibited, YAP/TAZ translocate
into the nucleus and bind TEADs to induce target genes involved in cell proliferation (e.g., CCNE2, MYC), paracrine signaling (e.g., AREG), and ECM
remodeling (e.g., CTGF/CCN2, CYR61/CCN1). Mechanical cues could regulate YAP/TAZ through the Integrin-FAK-Src-RhoA axis and PI3K/Akt
signaling. The Hippo-YAP pathway also integrates input from Wnt/B-catenin, RAS-MAPK, Sonic Hedgehog, PI3K/Akt, Notch, and GPCR pathways,
collectively coordinating proliferation, differentiation, ECM remodeling, and immune responses in skin homeostasis and disease.

Mechanotransduction

l

BRAF Integrin

cell density conditions prevents growth factor-induced YAP nuclear
localization, further supporting the essential role of FAK/Src signaling
in the mechanical regulation of YAP activity (40).

2.3 Integration of Hippo-YAP signaling with
other pathways

The Hippo-YAP pathway interacts with multiple critical
signaling cascades to regulate cellular proliferation, differentiation,
and tissue homeostasis. Among these, the Wnt/B-catenin pathway
is one of the most extensively characterized partners and has been
implicated in the pathogenesis of several skin diseases, including
melanoma and basal cell carcinoma (41-44). The RAS cascade also
functionally intersects with Hippo-YAP signaling, contributing to
melanoma development and potentially influencing other skin
disorders (45, 46). In addition, the Sonic Hedgehog (Shh)
pathway has been shown to act cooperatively with YAP/TAZ to
promote skin tumorigenesis (47). Beyond these major pathways,
additional signaling networks—such as PI3K/Akt, Notch, and G
protein-coupled receptor (GPCR) pathways—can modulate Hippo-
YAP activity in specific developmental or pathological contexts
(43, 46, 48, 49). A more detailed discussion of these interactions is
provided in the subsequent sections.

As the largest organ of the human body, the skin is susceptible
to a variety of diseases, including tumors, inflammatory disorders,
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aging-related conditions, wound-healing defects, and appendage
developmental abnormalities. Increasing evidence indicates that the
Hippo-YAP pathway plays a critical role in the initiation and
progression of these conditions by regulating cellular
proliferation, differentiation, regeneration, and the local immune
environment (Figure 1). Therefore, elucidating the functions of the
Hippo-YAP pathway in both physiological and pathological skin
states is essential for advancing mechanistic understanding and
developing new therapeutic strategies for skin diseases.

3 Hippo-YAP pathway and skin tumors
3.1 Hippo-YAP pathway in melanoma

The Hippo-YAP pathway is increasingly recognized as a critical
regulator in the pathogenesis of melanoma, the most aggressive
form of skin cancers. Notably, the overall expression of YAP is
frequently elevated in melanoma tissues, and this upregulation is
associated with poor prognosis and increased tumor aggressiveness
(50-53). Additionally, nuclear localization of YAP has been
identified as an independent risk factor for distant metastasis in
melanoma (54). Further, the loss of upstream regulators of the
Hippo-YAP pathway, such as SAV1 and LATSI, leads to
uncontrolled YAP activation and cancer cell growth in melanoma
(55). Epithelial-mesenchymal transition (EMT) is a fundamental
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FIGURE 2
Key regulatory mechanisms of the Hippo-YAP pathway in melanoma. The activation of the MST-LATS kinase cascade (Hippo kinases, MST1/2 and LATS1/
2) inhibits the activity of YAP/TAZ and prevents their nuclear translocation. When Hippo kinases are inhibited, YAP/TAZ can bind to TEADs, inducing the
expression of downstream target genes and promoting melanoma progression. Mechanistically, Fascin suppresses MST2 activity, thereby reducing
LATS1/2 activation and enhancing YAP-driven melanoma progression. In contrast, RASSF1A promotes apoptosis by inhibiting the RAF-1-MST2 interaction
and enhancing MST2-LATS1 signaling. SMAC interacts with LATS1 to facilitate XIAP degradation, relieving XIAP-mediated inhibition of apoptosis.
Additionally, oncogenic BRAF induces early growth arrest in melanocytes by activating the Hippo kinases and promoting YAP phosphorylation. Together,
these mechanisms illustrate the major upstream regulators and downstream outcomes of Hippo-YAP dysregulation in melanoma.

biological program, characterized by loss of epithelial features,
reduced cell-cell adhesion, and acquisition of mesenchymal traits
(56). Accumulating evidence indicates that melanoma progression
involves an EMT-like phenotypic switch, in which tumor cells
exhibit decreased adhesion, enhanced motility, and increased
invasive capacity (56). Interestingly, YAP overexpression has been
shown to promote this EMT-like transition, thereby increasing
melanoma cell proliferation and metastatic potential (57).

Several molecular regulators have been identified as possible
modulators of Hippo-YAP pathway in the pathogenesis of
melanoma (Figure 2). Fascin, an actin-bundling protein, is
upregulated in melanoma and contributes to tumorigenesis and
the maintenance of cancer cell stemness by inhibiting the Hippo
kinase MST2 and promoting the activation of the transcriptional
co-activator TAZ in WM?793 melanoma cells (58, 59). RASSF1A is a
tumor suppressor in melanoma. In vitro, it inhibits the interaction
between the RAF proto-oncogene serine/threonine-protein kinase
(RAF-1) and MST2 while enhancing the interaction between MST2
and LATSI1, thereby activating the pro-apoptotic signaling (60).
Interestingly, although RAF-1 knockdown does not alter MST2
expression levels, it significantly reduces the expression of YAP and
TAZ, thereby suppressing cell proliferation, migration, and
invasion, while promoting apoptosis in four melanoma cell lines
(61). X-linked inhibitor of apoptosis protein (XIAP), a member of
the inhibitor of apoptosis (IAP) family, is upregulated in melanoma
cells and is associated with resistance to chemotherapy and
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radiotherapy (62). In A375 melanoma cells, the second
mitochondria-derived activator of caspases (SMAC) promotes
apoptosis by interacting with LATSI, leading to the degradation
of X-linked inhibitor of apoptosis protein (XIAP) in metastatic
malignant melanoma (63).

The RAS-RAF-MEK-ERK signaling cascade is hyperactivated in
the majority of malignant melanomas. In the early stages of
melanomagenesis, oncogenic v-Raf murine sarcoma viral
oncogene homolog Bl (BRAF) has been shown to promote the
growth arrest and benign nevus formation of immortalized
melanocytes (Mel-ST cells) by activating the Hippo-YAP pathway
(64). However, during melanoma progression and therapeutic
resistance, Hippo-YAP signaling becomes disrupted. In BRAF
inhibitor-resistant melanoma cells, the Hippo component MST2
is downregulated (65), while nuclear localization of YAP is
increased (66), leading to drug-resistance. This dual role
highlights the context-dependent regulation of the Hippo
pathway at different stages of melanoma development.

Furthermore, YAP interacts with other oncogenic signaling
networks to promote the progression of melanoma. Notably, the
interaction between YAP and the Wnt/B-catenin pathway has been
shown to exacerbate tumor progression. 3-catenin is an interaction
partner of YAP on DNA in melanoma cells, and the [3-catenin-YAP
complex alters transcriptional programs, shifting them from
senescence-stabilizing gene expression toward a tumor-supportive
profile (67).
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Together, these findings underscore the complexity of the
Hippo-YAP pathway governing melanoma initiation, progression,
and resistance to therapy. Further, the understanding of its role in
melanoma has opened avenues for targeted therapeutics, thereby
providing a novel approach to melanoma management (11).

3.2 Hippo-YAP Pathway in non-melanoma
skin cancers

Cutaneous non-melanoma skin cancers (NMSCs) are primarily
composed of basal cell carcinoma (BCC) and cutaneous squamous
cell carcinoma (cSCC), which represent the two most common
keratinocyte-derived malignancies (68). Studies have revealed that
Hippo-YAP signaling is aberrantly regulated in BCC and c¢SCC,
driving tumor progression and enhancing invasion behavior
(69, 70).

Genomic analysis of BCC has revealed recurrent mutations in
Hippo regulators and upregulation of YAP target genes (71).
Meanwhile, YAP is markedly upregulated in BCC, and tumor
cells display both strong cytoplasmic and nuclear YAP
localization, indicating aberrant activation of the YAP expression.
Additionally, both upregulated YAP expression and enhanced
nuclear accumulation have been associated with increased tumor
cell invasiveness (37, 72). Notably, the conditional deletion of both
YAP and TAZ has been shown to abrogate tumor formation in
transgenic mouse models (73, 74), confirming their role in BCC
progression. The CCN protein family, particularly cysteine-rich
protein 61 (CYR61/CCNI1) and connective tissue growth factor
(CTGF/CCN2), have been identified as downstream transcriptional
targets of YAP and are markedly upregulated in keratinocytes
within BCC tumor nests (37). Functionally, CYR61/CCN1
promotes keratinocyte proliferation and survival, while CTGF/
CCN2 contributes to stromal activation and ECM remodeling by
stimulating collagen synthesis (12, 75). Consequently, YAP
knockdown reduces CCN1/CCN2 expression, suppresses
keratinocyte growth, and potentially inhibits stromal remodeling
in BCC (37).

Given that YAP cooperates with multiple developmental
pathways during skin tumorigenesis, considerable attention has
been directed at its interaction with Wnt/B-catenin signaling.
Dysregulation of the Wnt/B-catenin pathway has been associated
with BCC pathogenesis as well as skin growth, development, and
repair (76, 77). Nuclear localization of B-catenin is a characteristic
feature of basal cell carcinoma, and basal cell carcinomas with
nuclear -catenin positivity exhibit markedly increased proliferative
capacity, suggesting that nuclear B-catenin contributes to the
pathogenesis of BCC (78). Under Wnt-inactive conditions, YAP
and TAZ are incorporated into the B-catenin destruction complex
with Axin, promoting the degradation of B-catenin. In this state,
YAP/TAZ remain in the cytoplasm and function as negative
regulators of Wnt signaling. Conversely, activation of the Wnt
receptor—such as through LRP6—drives Axin recruitment to the
receptor complex, releasing YAP/TAZ from the destruction
machinery. As a result, B-catenin becomes stabilized and
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accumulates in the nucleus, while YAP/TAZ are released from the
complex and become available to participate in Wnt-induced
transcriptional activation (79).

In addition, activation of the Sonic Hedgehog (Shh) signaling
pathway is a major pathogenic event driving the development of
BCC (77). In a mouse model of hedgehog-smoothened-driven BCC,
inhibition of TEAD activity or knockdown of YAP/TAZ leads to
rapid activation of differentiation programs and the elimination of
tumor cells. This demonstrates that YAP/TAZ-TEAD signaling is
essential for suppressing differentiation and maintaining BCC
proliferation driven by oncogenic Hedgehog signaling (47).

Despite the well-established cooperation between the YAP/
TAZ, Wnt/B-catenin, and Shh pathways (80), recent genetic
studies have demonstrated that YAP-driven tumor growth in
BCC can occur independently of canonical Wnt and Hedgehog
signalings (73). The Hippo-YAP pathway acts as an independent
initiator of BCC tumorigenesis in a mouse BCC cell line (ASZ),
wherein YAP amplifies a pre-existing JNK-JUN signaling network
to promote tumor progression (73). Pre-clinically, inhibition of
BCC cell proliferation by the JNK inhibitor SP600125 indicates that
targeting the JNK-JUN pathway may represent an effective strategy
to interfere with YAP-driven tumorigenesis (81).

YAP also acts as a key driver in the development of cSCC and its
aggressive variant, spindle cell carcinoma (spSCC) (82, 83). Studies
have confirmed that YAP expression is elevated in ¢cSCC samples
across different stages compared to normal skin.
Immunohistochemical analyses have shown both cytoplasmic and
nuclear YAP staining in c¢SCC, with several reports indicating
predominantly nuclear localization in invasive lesions, which is
closely associated with disease progression (82, 83). Overexpression
of YAP in mice activates the RAS pathway by upregulating the
transcription of epidermal growth factor receptor (EGFR) ligands,
such as EGF and amphiregulin (AREG) (45, 46). In contrast,
knockdown of YAP in ¢SCC cell lines (A431 and SCL-1) inhibits
cell proliferation, promotes apoptosis, and reduces the invasive and
migratory abilities of ¢SCC cells (82). Additionally, YAP
overexpression under two apoptosis-inducing conditions—
suspension culture and high cell density—has been shown to
promote apoptosis in cSCC cells (84, 85). Moreover, YAP
cooperates with zinc finger E-box-binding homeobox 1 (ZEB1), a
key transcription factor of EMT, to drive the formation of spSCC in
mice by promoting the EMT process (83). Recent studies have
demonstrated that S100A8 and S100A9, two heterodimeric
members of the S100 family, are implicated in inflammation and
tumor progression (86). Notably, activation of the Hippo-YAP
pathway induces the co-expression and co-localization of SI00A8/
S100A9 in SCC cells (85). Mechanistically, SI00A8/S100A9 and
YAP exert compensatory regulatory functions under different
cellular microenvironments, both acting as positive regulators of
cell proliferation and negative regulators of cell differentiation (85).

Genome-wide screening has identified YAP and its cofactor
WBP2 as cooperative regulators that promote clonal expansion of
cSCC stem cells by driving TEAD-mediated transcription of
proliferation-related genes (87). As discussed above,
mechanotransduction plays a critical role in regulating YAP
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Dysregulated Hippo-YAP signaling contributes to keratinocyte
hyperproliferation and inflammation in psoriasis. In psoriatic lesions,
Hippo kinases (MST1/2 and LATS1/2) are downregulated, while YAP/
TAZ-TEADs transcriptional complexes are upregulated. Activated
YAP/TAZ-TEADs axi promotes keratinocyte proliferation and induces
inflammatory mediators, contributing to immune dysregulation and
disease progression. Therefore, YAP1 antagonists, such as
verteporfin (VP), suppress keratinocyte activation and cytokine
production, representing a potential therapeutic target for psoriasis.

transcriptional activity. The nuclear exclusion of YAP and WBP2
observed in the densely packed central region of mature normal
human keratinocyte (NHK) colonies suggests that contact
inhibition contributes to the regulation of downstream
proliferation-related genes. Similarly, defective intercellular
adhesion in ¢SCC weakens the inhibitory control over YAP,
thereby promoting uncontrolled tumor cell proliferation (87).

These findings suggest that Hippo-YAP pathway and its
associated signalings are crucial regulators in the pathogenesis of
NMSCs. Importantly, the development of small molecules or
biologics capable of inhibiting YAP or activating Hippo activity
offers a promising direction for intervening in various skin
malignancies, with the potential to improve patient outcomes and
survival rates.

4 Role of Hippo-YAP pathway in
inflammatory skin diseases

4.1 Role of Hippo-YAP pathway in psoriasis

Psoriasis is a chronic inflammatory skin condition
characterized by excessive proliferation of keratinocytes and
aberrant immune responses (88, 89). The exact pathogenesis and
etiology of this disease remain unclear. Recent studies have
highlighted the significant involvement of the Hippo-YAP
pathway in the pathogenesis of psoriasis (4, 90, 91) (Figure 3).
Specifically, analysis of lesional and non-lesional skin biopsies from
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patients with psoriasis revealed that TEAD4, a key transcription
factor of YAP, is highly expressed in psoriatic lesions (90, 92). In
keratinocytes, TEAD4 knockdown reduced the expression of
CXCL1, CXCL5, and CXCL8, critical inflammatory mediators
involved in the pathogenesis of psoriasis (90, 92). More
importantly, YAP is upregulated in psoriatic lesions and a mouse
model induced by imiquimod (IMQ), suggesting its potential role in
disease progression (4, 93, 94). Functional analyses have
demonstrated that YAP promotes the proliferation and
inflammatory response of keratinocytes, both of which are typical
features of psoriasis (4). Additionally, the application of selective
YAP antagonists, such as verteporfin (VP), have shown promise in
inhibiting keratinocyte proliferation and the production of
inflammatory cytokines in vitro and in vivo, further supporting
the role of this pathway in disease progression (4). These findings
underscore the potential of Hippo-YAP pathway as a therapeutic
target for psoriasis, providing new avenues for managing this
debilitating condition.

4.2 Role of Hippo-YAP pathway in atopic
dermatitis

Atopic dermatitis (AD) is another prevalent inflammatory skin
disease, characterized by skin barrier dysfunction and immune
dysregulation, with itching as the main symptom (95, 96). The
role of Hippo-YAP pathway in AD has attracted attention,
particularly due to its involvement in keratinocyte biology and
inflammatory responses (97). Although studies directly linking YAP
expression to AD are still limited, there is evidence suggesting that
Hippo-YAP pathway may play a role in the pathophysiology of this
disease. In AD models, alterations in the Hippo-YAP pathway have
been observed (97-99). Additionally, the YAP-specific inhibitor VP
can alleviate the severity of symptoms in AD mouse models by
blocking inflammatory factors and the JAK-STAT pathway,
indicating that YAP contributes to the inflammatory
characteristics of the disease (98, 99). Moreover, the regulatory
effect of YAP on keratinocyte proliferation and differentiation could
impact the integrity of the skin barrier, which is often compromised
in AD (98, 99). Furthermore, the interplay between YAP and
inflammatory cytokines, such as IL-4 and IL-13, which are
elevated in AD, may exacerbate keratinocyte activation and
inflammation in mice (97). Therefore, understanding the precise
mechanisms by which the Hippo-YAP pathway regulates the
pathogenesis of AD could open avenues for targeted therapies to

restore skin barrier function and mitigate inflammation.

4.3 Role of Hippo-YAP pathway in other
inflammatory skin diseases

Apart from psoriasis and atopic dermatitis, the Hippo-YAP
pathway is also associated with a variety of other inflammatory skin
diseases, such as rosacea. Recent studies have shown that
dysregulation of Hippo-YAP signaling may lead to the
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inflammatory processes observed in this condition. For instance,
elevated YAP levels were observed in skin samples from patients
with rosacea, compared to healthy donors, suggesting that YAP may
play a role in the pathogenesis of rosacea (100). Additionally, in a
LL-37-induced rosacea mouse model, treatment with VP alleviated
the clinical symptoms of rosacea, highlighting YAP as a potential
therapeutic target for this inflammatory skin disease (100).

5 Hippo-YAP pathway in skin aging
5.1 Overview of skin aging biology

Skin aging is a multifaceted biological process characterized by
intrinsic and extrinsic factors leading to structural and functional
decline in skin tissues (101). Intrinsically, aging involves genetically
programmed factors such as telomere shortening, mitochondrial
dysfunction, and cellular senescence marked by increased
expression of cyclin-dependent kinase inhibitors. These changes
lead to reduced proliferative capacity in epidermal keratinocytes
and dermal fibroblasts, contributing to epidermal thinning and
dermal atrophy. Extrinsic factors, particularly UV radiation,
pollution, and lifestyle choices, exacerbate skin aging by inducing
oxidative stress, DNA damage, and chronic inflammation
(102, 103). A positive feedback loop exists between chronic skin
inflammation and aging. Inflammatory responses amplify the
senescence-associated secretory phenotype (SASP), reshaping the
skin microenvironment and thereby accelerating the aging process.
In turn, aging promotes the secretion of proinflammatory
cytokines, leading to growth arrest and the establishment of
inflammatory senescence (104). Furthermore, aberrant activation
of the cGAS-STING pathway is a common feature of senescent cells
and contributes to SASP amplification (105). Recent findings show
that imbalanced nucleotide metabolism can trigger mitochondrial
DNA release and activate cGAS-STING-dependent inflammatory
signaling in senescent cells, further driveing SASP production and
reinforces the positive feedback loop of chronic inflammation and
aging (106). Understanding these biological mechanisms is crucial
for developing effective anti-aging strategies and interventions
aimed at preserving skin health and functionality as individuals age.

5.2 Regulation of skin aging by the Hippo-
YAP pathway

Recent studies have highlighted the central role of the Hippo-
YAP pathway in regulating key cellular processes associated with skin
aging. The Hippo-YAP pathway maintains homeostasis within
multicellular organisms and regulates skin collective aging by
controlling the balance between keratinocyte proliferation and
apoptosis (107). During aging, reduced YAP/TAZ signaling
diminishes proliferative capacity and increases cellular senescence,
leading to epidermal thinning and disrupted skin cell turnover,
thereby accelerating tissue aging (13). This process is likely
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mediated, at least in part, by the YAP target gene CYR61/CCNI.
Beyond the regulation of cell proliferation and survival, the Hippo-
YAP axis also contributes to skin aging by maintaining ECM
homeostasis through its downstream targets. In human dermal
fibroblasts, the expression of YAP/TAZ and their downstream
effector, CTGF/CCN2, decreases with age (12). This
downregulation of CTGF/CCN2 is regulated by YAP/TAZ (108).
Given the critical role of CTGF/CCN2 in maintaining ECM integrity
and the fact that its expression in dermal fibroblasts is strongly
enhanced by transforming growth factor-f (TGF-f3) signaling, recent
study indicated that YAP cooperate with the TGF-B-SMAD axis to
promote CTGF transcription (109). Meanwhile, in the absence of
exogenous TGF-B, YAP/TAZ can induce pro-fibrotic effects in
response to matrix stiffness, suggesting that they exert broader
regulatory functions during fibrogenesis (12, 75, 110).

In addition to its role in maintaining ECM integrity, YAP/TAZ
also exert anti-aging effects by suppressing inflammatory responses
(12). Recent studies have demonstrated that YAP and TAZ function
as key mechanosensitive regulators that suppress aberrant activation
of the cGAS-STING pathway in fibroblasts and YAP/TAZ-deficient
mouse models (111, 112). Loss or mechanical inhibition of YAP/TAZ
compromises nuclear envelope integrity, leading to leakage of
genomic DNA and subsequent recruitment and activation of cGAS
at sites of nuclear rupture. This results in STING-dependent
induction of inflammatory and senescence-associated genes,
whereas genetic depletion of cGAS or STING abolishes the
inflammatory program triggered by YAP/TAZ loss. These findings
establish that the Hippo-YAP pathway restrains chronic
inflammation and aging by suppressing unintended cGAS-STING
activation (111). Brain and muscle Arnt-like protein-1 (BMAL1)
plays a critical role in maintaining epidermal homeostasis, and its
deficiency leads to premature aging. Recent studies have shown that
BMALI can form a complex with YAP in the aged epidermis, and the
BMALI1-YAP complex binds to enhancer elements of inflammation-
related genes, thereby promoting the expression of NF-kB-dependent
inflammatory target genes (113). Collectively, YAP/TAZ function as
key modulators linking mechanotransduction, inflammation, and
aging in the skin.

5.3 Therapeutic modulation of Hippo-YAP
signaling in skin aging

Given the crucial role of the Hippo-YAP pathway in skin aging,
several intervention strategies have been explored to enhance YAP/
TAZ activity and promote skin rejuvenation. One promising
approach involves the use of pharmacological agents that can
inhibit the upstream regulators of the Hippo-YAP pathway. For
instance, small molecules that inhibit the MST/LATS kinases, which
are responsible for phosphorylating and inactivating YAP, have
shown potential in preclinical studies (114, 115). Interestingly,
exposure of keratinocytes to hydrogen peroxide leads to enhanced
nuclear accumulation of YAP, whereas treatment with antioxidants
after hydrogen peroxide stimulation suppresses total YAP
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expression, suggesting that antioxidants may help regulate YAP
activity and thereby promote skin renewal (116). Moreover,
emerging technologies such as gene therapy and regenerative
medicine, including the use of stem cells, offer innovative avenues
for enhancing YAP/TAZ signaling in aged skin (117). These
findings highlight the therapeutic potential of targeting Hippo-
YAP signaling to restore the regenerative capacity of skin.

6 Hippo-YAP pathway in wound
healing

6.1 Physiological process of wound healing

Wound healing is a complex physiological process of tissue
reconstruction, involving a series of well-coordinated events,
including hemostasis, inflammation, proliferation, and
remodeling. During this process, the mechanical stress on the
tissue and the immune response generated interact to determine
the manner of healing (118). Upon injury, the first response is the
hemostatic reaction, which forms a blood clot as a temporary
barrier against pathogens. Then, it enters the inflammatory phase,
where immune cells are recruited to the injured site to clear debris
and pathogens (118). The proliferation phase involves the
migration and proliferation of keratinocytes, fibroblasts, and
endothelial cells, which are crucial for re-epithelialization,
extracellular matrix deposition, and angiogenesis. The final
remodeling phase involves the maturation of collagen and other
ECM components. The Hippo-YAP pathway plays key roles in
regulating these processes, especially in the cell proliferation and
migration involved in wound healing (13). Thus, the dysregulation
of this pathway can lead to impaired healing or pathological
conditions such as fibrosis and chronic wounds (119).

6.2 Role of Hippo-YAP in wound healing

Recent studies have emphasized the importance of Hippo-YAP
pathway in multiple aspects of cell behavior during wound healing,
including cell proliferation, migration, and EMT (120, 121).
Normally, YAP exists both in the nucleus and cytoplasm of skin
cells. However, in the context of wound healing, YAP is activated in
response to mechanical cues and mostly enters the nucleus.
Knockdown of YAP and TAZ markedly delayed the rate of
wound closure in mice (13). In addition, recent evidence
highlights the central role of YAP/TAZ in regulating fibroblast
activation and maintaining the balance between regenerative
healing and fibrotic scar formation (13, 122). TGF-B1 is a key
driver of myofibroblast differentiation and wound contraction (13).
Genetic deletion of YAP/TAZ markedly reduces TGF-fB1
expression, resulting in impaired fibroblast activation (13).
Consistent with this, excessive nuclear accumulation of YAP has
been strongly linked to fibrotic scar formation. Under non-fibrotic
conditions, cytoplasmic YAP is sequestered through its interaction
with o-catenin, preventing its translocation to the nucleus.
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However, in pro-fibrotic environments, increased caspase-3
activity cleaves o-catenin, leading to the release and nuclear
translocation of YAP. Nuclear YAP subsequently drives the
transition of fibroblasts from a regenerative phenotype to a pro-
fibrotic state, thereby promoting scar formation (122).

Emerging evidence has further highlighted the importance of
mechanotransduction-dependent YAP activation in determining
fibroblast fate during wound healing. Mechanical tension can activate
YAP in dermal fibroblasts to drive the emergence of Engrailed-1-
positive profibrotic fibroblasts, thereby promoting scar formation
(123). Conversely, disrupting YAP-mediated mechanotransduction
redirects wound healing toward a regenerative trajectory, partly
through activation of Trpsl- and Wnt-related programs (124).
Notably, inhibition of YAP using verteporfin has been shown to
prevent scarring and promote regeneration in a porcine wound
model and human xenografts, underscoring the translational
potential of targeting mechanotransduction in wound repair (125).

Moreover, the interaction between Hippo-YAP and other
signaling pathways (such as TGF-B and B-catenin) highlights its
role in coordinating the complex cellular responses required for
wound healing. In diabetic models, wound healing is usually
impaired, and the inactivation of YAP is associated with
improved healing outcomes (121), indicating that therapeutic
strategies targeting YAP may be beneficial for the wound repair
of patients with chronic wounds.

6.3 Application of Hippo-YAP pathway in
wound healing

The therapeutic potential of targeting Hippo-YAP pathway in
wound healing is gaining attention, particularly in the context of
chronic wounds and diabetic ulcers where healing is often
compromised. The use of medical gas plasma and vitamin D3
analogs has been shown to promote wound healing by modulating
YAP activity (120, 121). Calcipotriol, a synthetic vitamin D3
derivative, has been shown to enhance keratinocyte migration and
induce an EMT-like phenotype through activation of the Hippo-
YAP pathway in vitro, and topical application accelerated re-
epithelialization in a mouse wound model (120). VP, a selective
YAP inhibitor, has been reported to exert therapeutic effects in
inflammatory skin disorders, while also attenuating fibrosis and
promoting scar-free skin regeneration through inhibition of TGFf3-
induced actin stress fiber formation in dermal fibroblasts (126).
Copper(II)-2-acetylpyridine bis (CuATSM) significantly enhances
angiogenesis, cell proliferation, and collagen deposition during
cutaneous wound healing in mice, while also reducing scar
formation. In parallel, CUATSM markedly suppresses the nuclear
localization of YAP, suggesting that its pro-healing effects may be
mediated through modulation of the Hippo-YAP pathway (127).
Additionally, the integration of YAP-targeting strategies with
existing wound care practices could significantly improve healing
rates and outcomes for patients suffering from chronic skin
conditions. As research continues to elucidate the precise
mechanisms by which YAP influences wound healing, the
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prospect of developing targeted therapies that harness this pathway
could revolutionize the management of skin injuries and disorders,
ultimately leading to better patient care and improved quality of life.

7 Hippo-YAP pathway in skin
development

During skin development, YAP/TAZ exhibit a dynamic pattern
of subcellular localization. In the early embryonic epidermis, before
stratification occurs, YAP/TAZ are broadly expressed and
predominantly localized in the nucleus (128). As epidermal
differentiation proceeds, YAP becomes differentially distributed
and is largely restricted to basal layer cells (14, 128, 129).
Functional studies demonstrate that YAP/TAZ serve dual roles in
promoting basal cell proliferation while restraining differentiation.
YAP activation drives TEAD-dependent transcriptional programs
that upregulate cell cycle and growth-related genes, as well as
effectors of the EGFR-RAS and integrin pathways, with CTGF
and CYRG61 validated as direct YAP targets and key mediators of
128, 130). Consistent with these
transcriptional effects, enforced YAP expression in mouse

epidermal growth (14,

embryos induces excessive proliferation, impaired differentiation,
and epidermal hyperplasia with defective hair follicles, ultimately
leading to perinatal lethality (128). In contrast, epidermal-specific
deletion of YAP/TAZ reduces basal cell proliferation in adult mice
(14). The Notch signaling pathway induces growth arrest and
promotes keratinocyte differentiation (131), whereas YAP actively
suppresses differentiation by inhibiting the Notch pathway, thereby
maintaining basal cells in an undifferentiated state (128). Recent
work has identified the receptor-interacting serine/threonine kinase
4 (RIPK4)-LATS1/2 module as a critical upstream regulatory axis,
in which RIPK4 activates LATS1/2 to promote YAP/TAZ
phosphorylation and nuclear exclusion, relieving their repression
of differentiation-inducing genes. In RIPK4-deficient cells,
differentiation markers are markedly reduced, and simultaneous
YAP/TAZ knockdown partially restores their expression,
confirming YAP/TAZ as central effectors of this pathway (132).
The Hippo-YAP signaling axis also plays a critical role in the
development of skin appendages. Immunostaining analyses of adult
mouse skin demonstrate that YAP is selectively enriched in the
bulge region and interfollicular epidermis (133), suggesting the
activation of YAP signaling within the hair follicle and its stem cell
niche. Microarray profiling further indicates that nuclear YAP/TAZ
activity is tightly associated with the proliferative potential of hair
follicles. In proliferative compartments—including the outer root
sheath (ORS) and transit-amplifying matrix (Mx) cells at the follicle
base—YAP is predominantly localized in the nucleus, whereas in
terminally differentiated inner root sheath (IRS) and hair shaft cells,
YAP largely shifts to the cytoplasm (128), reflecting its dynamic
regulation during follicular proliferation and differentiation.
Additionally, the hair follicle bulge contains neural crest-derived
stem cells (hfNCSCs) with multipotent differentiation capacity, in
which the Hippo-YAP pathway also plays essential functions.
Treatment with VP markedly reduces the viability of hfNCSCs,
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leading to sparse, shrunken cells, indicating that Hippo-YAP
signaling is critical for maintaining the proliferative activity of
these stem cells (134).

8 Roles of Hippo-YAP pathway in
cutaneous immunity

Innate immunity constitutes the first line of defense of the skin
against external insults; keratinocytes not only provide a structural
barrier but also participate in immune responses by sensing
pathogens, injury, and inflammatory signals (135). NOD-like
receptor family pyrin domain-containing 3 (NLRP3) is an
important component of the human innate immune system and
plays a central role in mediating various inflammatory skin diseases
(136). During cutaneous inflammatory responses, activation of the
NLRP3 inflammasome is pivotal, and current studies indicate a
close association between YAP and this process. YAP promotes
NLRP3 inflammasome activation and enhances the release of
inflammatory mediators such as IL-1f (137). These findings
suggest that the Hippo-YAP pathway acts as a key mediator in
amplifying keratinocyte-driven inflammation, thereby influencing
skin innate immune homeostasis.

Beyond keratinocytes, the Hippo-YAP pathway plays crucial
roles in multiple innate immune cell types and is closely linked to
the initiation and progression of skin inflammation. Numerous
studies have shown that under pathological conditions (tumor or
inflammatory disease), YAP/TAZ activation drives macrophage
recruitment by stimulating the production of various chemokines,
such as CCL2 and CXCL1 (138). Moreover, pro-inflammatory
stimuli markedly increase YAP and TAZ protein expression in
macrophages, indicating a role for YAP/TAZ in macrophage
polarization (139). Functional studies reveal that loss of YAP/
TAZ impairs pro-inflammatory responses, further supporting
their critical role in macrophage-mediated inflammation. In
dendritic cells, the core Hippo kinase Mstl is also closely
involved in inflammatory regulation. Mstl has been shown to
suppress IL-6 secretion in dendritic cells, thereby indirectly
inhibiting Th17 differentiation (140), implying that the Hippo-
YAP pathway influences innate immunity by modulating specific
cytokine production.

In adaptive immunity, CD4" and CD8" T cells serve as central
effector cells for immune regulation and responses. Studies have
shown that YAP is induced during T-cell activation; paradoxically,
this induced YAP subsequently inhibits T-cell activation. Further
research has demonstrated that YAP suppresses the activation and
differentiation of CD4" T cells (141). Collectively, these findings
suggest that YAP plays a role in regulating of T-cell responses to
maintain adaptive immune homeostasis. Within CD4 " helper T-cell
subsets, the balance between Th17 and Treg cells is decisive for
determining immune outcomes, and YAP/TAZ play important
roles in both lineages. YAP/TAZ are upregulated in Th17 cells
(142) and promote Th17 differentiation while concurrently
suppressing Treg function (141, 143). Thus, the Hippo-YAP
pathway integrates multiple regulatory processes in cutaneous
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immunity and serves as a critical nexus linking skin inflammatory
responses with immune homeostasis.

9 The application of Hippo-YAP
pathway in clinic, future challenges
and innovations

9.1 The potential use of Hippo-YAP
pathway as biomarkers

A growing body of evidence indicates that dysregulation of the
Hippo-YAP pathway is closely associated with various skin
disorders, including psoriasis, melanoma, and other cutaneous
malignancies (4, 50). These findings position components of the
Hippo-YAP pathway as attractive candidates for diagnostic and
prognostic biomarkers in dermatological practice. Identifying
reliable biomarkers can significantly aid in early diagnosis,
monitoring of disease progression, and assessment of
therapeutic responses.

YAP expression is upregulated in multiple skin cancers, such as
melanoma and NMSCs, with increased nuclear localization
correlating with enhanced tumor proliferation and metastatic
potential. These characteristics suggest that YAP may serve as a
biomarker of disease severity and prognosis (51, 66, 72).
Immunohistochemical (IHC) analysis and scoring of Hippo
components can assist clinicians in stratifying disease severity and
devising personalized treatment strategies, ultimately improving
patient outcomes (144). In psoriasis, elevated YAP levels are
associated with increased keratinocyte proliferation and
inflammation, underscoring its potential role as a severity-related
biomarker (4). Additionally, differences in YAP staining patterns
across subtypes of skin diseases support its utility in accurate
diagnosis and treatment stratification (145). Moreover, YAP/TAZ
activity influences skin regeneration in a cell-type-dependent
manner: reduced YAP/TAZ signaling impairs epithelial repair,
while sustained YAP activation in dermal fibroblasts drives
fibrotic remodeling, suggesting its potential as an indicator for
assessing regenerative capacity in aging or injured skin (13, 122).

The clinical application of Hippo-YAP pathway as biomarkers
holds considerable promise, particularly in the era of personalized
medicine. As research continues to uncover the regulatory

10.3389/fimmu.2025.1728064

mechanisms of YAP in cutaneous biology, the development of
targeted therapies aimed at modulating this pathway becomes
increasingly feasible. Despite these promising insights, several
challenges remain, including the context-dependent nature of
YAP/TAZ activity, a lack of standardized detection protocols, and
limited longitudinal clinical data. Nonetheless, the integration of
YAP/TAZ assessment into dermatological diagnostics is anticipated
to significantly improve disease classification, risk prediction, and
personalized therapeutic decision-making in the near future.

9.2 Development of drugs related to
Hippo-YAP pathway

Recent studies have also highlighted the potential of developing
drugs that modulate YAP activity for the treatment of conditions
such as psoriasis and skin tumors (Table 2). For instance, the
selective YAP antagonist VP has shown promise in inhibiting
keratinocyte proliferation and inflammatory factor production in
IMQ-induced psoriasis models, suggesting that targeting YAP could
effectively mitigate the pathogenesis of this disease and prompting
clinical trials to evaluate the efficacy of YAP inhibitors in psoriasis
patients (4). Meanwhile, the use of YAP inhibitors in patients with
skin tumors has also shown potential in reducing tumor volume
(146). Additionally, research is ongoing on the combination of YAP
inhibitors with other therapeutic agents to enhance the efficacy of
existing treatments while reducing side effects (147). Moreover,
there are proposals to explore innovative drug delivery systems,
such as cold argon plasma, to enhance the therapeutic effect of
YAP-targeted drugs and promote wound healing and skin
regeneration (17). Overall, these pre-clinical outcomes underscore
the therapeutic relevance of the Hippo-YAP pathway in managing
skin diseases, paving the way for further investigations into long-
term efficacy and safety profiles of these interventions.

9.3 The model of cooperation with new
technologies and multidisciplinary
collaboration

The pathogenesis and progression of skin diseases are highly
complex, involving a wide array of biological processes such as

TABLE 2 Mechanisms of Hippo-YAP pathway activators and inhibitors and their effects on various skin conditions.

Intervention Mechanism Skin condition Result Experimental model Reference
Psoriasis Suppresses inflammatory responses | HaCaT cells (4)
Verteporfin (VP) YAP antagonist Rosacea Alleviates clinical symptoms Mice (100)
Wound healin Inhibits the formation of actin Skin fibroblasts (126)
. e stress fibers in dermal fibroblasts Mice
Calcipotriol YAP activator Wound healing Enhances keratinocyte migration H'flCaT cells, NHEK cells and (120)
and promotes EMT mice
CuATSM YAP activator Wound healing Promotes cutaneous wound repair | Mice (127)
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genetic predisposition, immune dysregulation, inflammation, and
tumorigenesis. Therefore, multidisciplinary collaboration among
clinicians, basic scientists, pharmacologists, and bioinformaticians
is essential for deepening our understanding of how dysregulation
of Hippo-YAP pathway contributes to skin pathologies. For
example, clinical dermatology provides valuable insights for
disease diagnosis and phenotypic characterization of skin
disorders potentially linked to alterations in the Hippo pathway,
thereby informing laboratory-based investigations (148). In turn,
basic medical research further elucidates the molecular mechanisms
involved and correlates these findings with clinical presentations,
aiding in the identification of potential biomarkers for disease
diagnosis (52). In drug development, collaborative efforts between
medicinal chemists and molecular biologists have accelerated the
discovery of targeted therapies against the Hippo pathway. In recent
years, several small molecules—including TEAD inhibitors such as
SW-682 and SWTX-143—have been shown to effectively suppress
YAP/TAZ-mediated transcriptional programs and exhibit
promising antitumor effects in preclinical models (149, 150).

Furthermore, bioinformatics and artificial intelligence (AI)
technologies are becoming indispensable tools for studying the
Hippo-YAP pathway and its roles in skin diseases. Recent advances
in multi-omics and computational biology have provided powerful
approaches to dissect the complex regulation of the Hippo-YAP axis
in dermatology. Genomic and transcriptomic analyses enable the
identification of YAP/TAZ-related biomarkers and downstream gene
signatures in various skin disorders (151). Proteomic studies have
revealed multiple post-translational modifications (PTMs) of YAP/
TAZ, particularly phosphorylation and ubiquitination, which fine-
tune their subcellular localization, stability, and transcriptional
activity (152). Integrating multi-omics data within a systems
biology framework, combined with machine learning and deep
learning approaches, allows the construction of YAP-mediated
regulatory networks and predictive models to identify key
regulatory nodes and potential therapeutic targets. Recent studies
have integrated chemical genetic interaction screening and multi-
omics analysis with machine learning to quantify Hippo activity and
predict YAP/TEAD dependency or pathway interactions (153). In
summary, a multidisciplinary framework integrating clinical,
molecular, and computational approaches will be pivotal for
defining YAP/TAZ function and advancing Hippo pathway-based
therapeutic strategies.

9.4 Future directions and challenges faced

The Hippo-YAP pathway plays a critical role in the initiation
and progression of skin diseases (4, 12), presenting both challenges
and opportunities in dermatological research. As the primary
effectors of the Hippo-YAP pathway, YAP and TAZ display
diverse functions depending on disease contexts and cellular
environments, imposing higher demands on conventional
research approaches.

Increasing evidence suggests that YAP/TAZ function as double-
edged regulators in the skin. For instance, YAP activation promotes
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wound healing by inducing target genes such as CYR61/CCN1 and
CTGF/CCN2, which facilitate keratinocyte migration and fibroblast
activation, but it may also contribute to the development of BCC
(12, 75). These findings highlight the potential risks associated with
long-term modulation of YAP activity: sustained activation may
enhance tumorigenic potential, whereas chronic inhibition could
impair tissue repair and accelerate skin aging (117). Clarifying the
molecular mechanisms that distinguish beneficial from pathological
YAP activity will be critical for the safe application of Hippo-
targeted therapies in dermatology (154, 155).

Despite these advances, several unresolved limitations continue
to constrain the translational potential of Hippo-YAP-targeted
interventions. Current pharmacological approaches, including
commonly used YAP-TEAD interaction inhibitors, remain
associated with photosensitivity and concerns about off-target
cytotoxicity (156). Moreover, clinically applicable biomarkers for
monitoring YAP activity are lacking. Although quantitative
measures of YAP expression or nuclear localization are
informative in experimental settings (4), they have not been
validated for routine clinical use. Methodological limitations
further widen the gap between basic and clinical research, as most
findings derive from mouse models that do not fully recapitulate
human skin architecture, immune microenvironments, or disease
heterogeneity. Finally, clinical trials assessing the long-term safety
of interventions that modulate YAP/TAZ signaling—particularly
regarding tumorigenic risk—are scarce.

Future research on the Hippo-YAP pathway in skin diseases is
poised to explore several key areas, including the elucidation of
molecular mechanisms underlying YAP regulation and the
identification of novel therapeutic targets. One promising
direction involves investigating the interplay between YAP and
other signaling pathways, such as the Wnt/B-catenin pathway,
which has been shown to interact with YAP in the context of skin
tumorigenesis (157). Additionally, the role of YAP in skin aging and
its potential as a biomarker for age-related skin conditions warrants
further exploration, as recent studies have linked YAP activity to the
maintenance of epidermal homeostasis (12, 24). Overall, continued
research into the Hippo-YAP pathway is essential for translating
basic science discoveries into clinical applications that can improve
patient outcomes in skin diseases.

10 Conclusion

This review has explored the multifaceted roles of the Hippo-
YAP pathway, emphasizing its regulatory impact on cellular
processes integral to skin diseases. As we synthesize the current
understanding of this pathway, it is essential to consider the diverse
research perspectives and findings that contribute to our
knowledge base.

The complexity of the Hippo-YAP pathway, with its intricate
network of interactions and regulatory mechanisms, presents both
challenges and opportunities for research and clinical application.
Balancing the various perspectives of research in this field is crucial
for advancing our understanding and harnessing the therapeutic
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potential of this pathway. In light of the growing body of evidence
supporting the Hippo-YAP pathway’s involvement in skin
disorders, it is imperative to foster interdisciplinary collaboration
among researchers, clinicians, and pharmaceutical developers. Such
collaborations can facilitate the translation of basic research
findings into clinical applications, ultimately leading to innovative
treatment strategies for patients suffering from skin diseases.

In conclusion, the Hippo-YAP signaling pathway represents a
promising target for therapeutic intervention across a spectrum of
skin disorders. As research continues to evolve, it is crucial to
maintain a balanced and integrative perspective on the findings
related to this pathway. Additionally, we can pave the way for novel
treatment modalities that enhance our ability to manage and treat
skin diseases, improving patient outcomes and quality of life. The
future of dermatological therapeutics may very well hinge upon our
continued exploration and understanding of the Hippo-YAP
pathway and its multifaceted roles in skin health.

Author contributions

XC: Writing - original draft, Writing — review & editing. KC:
Writing — original draft, Writing - review & editing. XL: Writing -
original draft, Writing - review & editing. KZ: Writing - original
draft, Writing - review & editing. JG: Writing - original draft,
Writing - review & editing. CS: Writing — original draft, Writing -
review & editing. BY: Funding acquisition, Supervision, Writing —
original draft, Writing - review & editing. CH: Funding acquisition,
Supervision, Writing — original draft, Writing — review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by grants
from the National Natural Science Foundation of China (82103726),

References

1. Guo P, Wan S, Guan KL. The Hippo pathway: Organ size control and beyond.
Pharmacol Rev. (2025) 77:100031. doi: 10.1016/j.pharmr.2024.100031

2. Misra JR, Irvine KD. The hippo signaling network and its biological
functions. Annu Rev Genet. (2018) 52:65-87. doi: 10.1146/annurev-genet-120417-
031621

3. Zheng Y, Pan D. The hippo signaling pathway in development and disease. Dev
Cell. (2019) 50:264-82. doi: 10.1016/j.devcel.2019.06.003

4. Huang C, Li W, Shen C, Jiang B, Zhang K, Li X, et al. YAPI facilitates the
pathogenesis of psoriasis via modulating keratinocyte proliferation and inflammation.
Cell Death Dis. (2025) 16:186. doi: 10.1038/s41419-025-07521-3

5. JiaJ, Wang Y, Mo X, Chen D. Role of yes-associated protein in psoriasis and skin
tumor pathogenesis. J Pers Med. (2022) 12:978. doi: 10.3390/jpm12060978

6. Leask A, Nguyen J, Naik A, Chitturi P, Riser BL. The role of yes activated protein
(YAP) in melanoma metastasis. iScience. (2024) 27:109864. doi: 10.1016/
j.isci.2024.109864

7. Rognoni E, Walko G. The roles of YAP/TAZ and the hippo pathway in healthy
and diseased skin. Cells. (2019) 8:411. doi: 10.3390/cells8050411

Frontiers in Immunology

10.3389/fimmu.2025.1728064

Guangdong Basic and Applied Basic Research Foundation
(2023A1515010575 and 2025A1515010947), Shenzhen Science
and Technology Program (JCYJ20210324110008023,
JCYJ20230807095809019 and JCYJ20250604183751068), Shenzhen
Sanming Project (SZSM202311029), and Shenzhen Key Medical
Discipline Construction Fund (SZXK040), Shenzhen High-level
Hospital Construction Fund and Peking University Shenzhen
Hospital Scientific Research Fund (KYQD2024378).

Conflict of interest

The authors declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

8. Wang N, Bai R, Cheng B, Luo R, He K, Du W, et al. TAZ acting as a potential
pathogenic biomarker to promote the development of lichen planus. Skin Res Technol.
(2024) 30:€13597. doi: 10.1111/srt.13597

9. Dong X, Meng L, Liu P, Ji R, Su X, Xin Y, et al. YAP/TAZ: a promising target for
squamous cell carcinoma treatment. Cancer Manag Res. (2019) 11:6245-52.
doi: 10.2147/CMAR.S197921

10. Liond F, Pirkl M, Hisano M, Prestigiacomo V, Kalathur RK, Beerenwinkel N,
et al. Hierarchy of TGFB/SMAD, Hippo/YAP/TAZ, and Wnt/B-catenin signaling in
melanoma phenotype switching. Life Sci Alliance. (2022) 5:¢202101010. doi: 10.26508/
1sa.202101010

11. LvH, LiuL, He Y, Yang K, Fu Y, Bao Y. Role of hippo pathway and cuproptosis-
related genes in immune infiltration and prognosis of skin cutaneous melanoma. Front
Pharmacol. (2024) 15:1344755. doi: 10.3389/fphar.2024.1344755

12. Kim JY, Quan T. Emerging perspectives of YAP/TAZ in human skin epidermal
and dermal aging. Ann Dermatol. (2024) 36:135-44. doi: 10.5021/ad.23.156

13. Lee MJ, Byun MR, Furutani-Seiki M, Hong JH, Jung HS. YAP and TAZ regulate
skin wound healing. ] Invest Dermatol. (2014) 134:518-25. doi: 10.1038/jid.2013.339

frontiersin.org


https://doi.org/10.1016/j.pharmr.2024.100031
https://doi.org/10.1146/annurev-genet-120417-031621
https://doi.org/10.1146/annurev-genet-120417-031621
https://doi.org/10.1016/j.devcel.2019.06.003
https://doi.org/10.1038/s41419-025-07521-3
https://doi.org/10.3390/jpm12060978
https://doi.org/10.1016/j.isci.2024.109864
https://doi.org/10.1016/j.isci.2024.109864
https://doi.org/10.3390/cells8050411
https://doi.org/10.1111/srt.13597
https://doi.org/10.2147/CMAR.S197921
https://doi.org/10.26508/lsa.202101010
https://doi.org/10.26508/lsa.202101010
https://doi.org/10.3389/fphar.2024.1344755
https://doi.org/10.5021/ad.23.156
https://doi.org/10.1038/jid.2013.339
https://doi.org/10.3389/fimmu.2025.1728064
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Cai et al.

14. Elbediwy A, Vincent-Mistiaen ZI, Spencer-Dene B, Stone RK, Boeing S, Wculek
SK, et al. Integrin signalling regulates YAP and TAZ to control skin homeostasis.
Development. (2016) 143:1674-87. doi: 10.1242/dev.133728

15. Totaro A, Castellan M, Battilana G, Zanconato F, Azzolin L, Giulitti S, et al.
YAP/TAZ link cell mechanics to Notch signalling to control epidermal stem cell fate.
Nat Commun. (2017) 8:15206. doi: 10.1038/ncomms15206

16. Yin J, Zhang S, Yang C, Wang Y, Shi B, Zheng Q, et al. Mechanotransduction in
skin wound healing and scar formation: Potential therapeutic targets for controlling
hypertrophic scarring. Front Immunol. (2022) 13:1028410. doi: 10.3389/
fimmu.2022.1028410

17. Kim HY, Agrahari G, Lee MJ, Tak L], Ham WK, Kim TY. Low-temperature
argon plasma regulates skin moisturizing and melanogenesis-regulating markers
through yes-associated protein. Int J Mol Sci. (2021) 22:1895. doi: 10.3390/
ijms22041895

18. Yu FX, Zhao B, Guan KL. Hippo pathway in organ size control, tissue
homeostasis, and cancer. Cell. (2015) 163:811-28. doi: 10.1016/j.cell.2015.10.044

19. Zhong Z, Jiao Z, Yu FX. The Hippo signaling pathway in development and
regeneration. Cell Rep. (2024) 43:113926. doi: 10.1016/j.celrep.2024.113926

20. Kwon H, Kim J, Jho EH. Role of the Hippo pathway and mechanisms for
controlling cellular localization of YAP/TAZ. FEBS ]. (2022) 289:5798-818.
doi: 10.1111/febs.16091

21. Huang W, Lv X, Liu C, Zha Z, Zhang H, Jiang Y, et al. The N-terminal
phosphodegron targets TAZ/WWTR1 protein for SCF(B-TrCP)-dependent
degradation in response to phosphatidylinositol 3-kinase inhibition. J Biol Chem.
(2012) 287:26245-53. doi: 10.1074/jbc.M112.382036

22. Moon S, Kim W, Kim S, Kim Y, Song Y, Bilousov O, et al. Phosphorylation by
NLK inhibits YAP-14-3-3-interactions and induces its nuclear localization. EMBO Rep.
(2017) 18:61-71. doi: 10.15252/embr.201642683

23. Grzelak EM, Elshan N, Shao S, Bulos ML, Joseph SB, Chatterjee AK, et al.
Pharmacological YAP activation promotes regenerative repair of cutaneous wounds.
Proc Natl Acad Sci U S A. (2023) 120:¢2305085120. doi: 10.1073/pnas.2305085120

24. Pankratova MD, Riabinin AA, Butova EA, Selivanovskiy AV, Morgun EI,
Ulianov SV, et al. YAP/TAZ signalling controls epidermal keratinocyte fate. Int |
Mol Sci. (2024) 25:12903. doi: 10.3390/ijms252312903

25. He C,Lv X, LiuJ, Ruan J, Chen P, Huang C, et al. HPV-YAP1 oncogenic alliance
drives Malignant transformation of fallopian tube epithelial cells. EMBO Rep. (2024)
25:4542-69. doi: 10.1038/544319-024-00233-3

26. Huang C, Lv X, Chen P, Liu ], He C, Chen L, et al. Human papillomavirus targets
the YAP1-LATS2 feedback loop to drive cervical cancer development. Oncogene.
(2022) 41:3761-77. doi: 10.1038/s41388-022-02390-y

27. Lv X, Liu J, Islam K, Ruan J, He C, Chen P, et al. Hyperactivated YAP1 is
essential for sustainable progression of renal clear cell carcinoma. Oncogene. (2025)
44:2142-57. doi: 10.1038/s41388-025-03354-8

28. Lv X, Liu J, Ruan J, Chen P, He C, Zhao X, et al. Targeting the disrupted Hippo
signaling to prevent neoplastic renal epithelial cell immune evasion. Nat Commun.
(2025) 16:2858. doi: 10.1038/s41467-025-57697-7

29. Vite A, Zhang C, Yi R, Emms S, Radice GL. o-Catenin-dependent cytoskeletal
tension controls Yap activity in the heart. Development. (2018) 145:dev149823.
doi: 10.1242/dev.149823

30. Skouloudaki K, Puetz M, Simons M, Courbard JR, Boehlke C, Hartleben B, et al.
Scribble participates in Hippo signaling and is required for normal zebrafish
pronephros development. Proc Natl Acad Sci U S A. (2009) 106:8579-84.
doi: 10.1073/pnas.0811691106

31. Ling C, Zheng Y, Yin F, Yu ], Huang J, Hong Y, et al. The apical transmembrane
protein Crumbs functions as a tumor suppressor that regulates Hippo signaling by
binding to Expanded. Proc Natl Acad Sci U S A. (2010) 107:10532-7. doi: 10.1073/
pnas.1004279107

32. Silvis MR, Kreger BT, Lien WH, Klezovitch O, Rudakova GM, Camargo FD,
et al. oi-catenin is a tumor suppressor that controls cell accumulation by regulating the
localization and activity of the transcriptional coactivator Yapl. Sci Signal. (2011) 4:
ra33. doi: 10.1126/scisignal.2001823

33. Wang Z, Qin X, Liu S, Wen Y, Lan B, Liao H, et al. E-cadherin inhibits the
proliferation and migration of human colorectal cancer cells through Hippo signaling
pathway. Eur J Histochem. (2025) 69:4196. doi: 10.4081/ejh.2025.4196

34. Yang N, Morrison CD, Liu P, Miecznikowski J, Bshara W, Han S, et al. TAZ
induces growth factor-independent proliferation through activation of EGFR ligand
amphiregulin. Cell Cycle. (2012) 11:2922-30. doi: 10.4161/cc.21386

35. Choi W, Kim J, Park J, Lee DH, Hwang D, Kim JH, et al. YAP/TAZ initiates
gastric tumorigenesis via upregulation of MYC. Cancer Res. (2018) 78:3306-20.
doi: 10.1158/0008-5472.CAN-17-3487

36. WuY, Zheng Q,Li Y, Wang G, Gao S, Zhang X, et al. Metformin targets a YAP1-
TEAD4 complex via AMPKa to regulate CCNE1/2 in bladder cancer cells. ] Exp Clin
Cancer Res. (2019) 38:376. doi: 10.1186/s13046-019-1346-1

37. Quan T, Xu Y, Qin Z, Robichaud P, Betcher S, Calderone K, et al. Elevated YAP
and its downstream targets CCN1 and CCN2 in basal cell carcinoma: impact on
keratinocyte proliferation and stromal cell activation. Am J Pathol. (2014) 184:937-43.
doi: 10.1016/j.ajpath.2013.12.017

Frontiers in Immunology

14

10.3389/fimmu.2025.1728064

38. Zanconato F, Cordenonsi M, Piccolo S. YAP/TAZ at the roots of cancer. Cancer
Cell. (2016) 29:783-803. doi: 10.1016/j.ccell.2016.05.005

39. Dasgupta I, McCollum D. Control of cellular responses to mechanical cues
through YAP/TAZ regulation. J Biol Chem. (2019) 294:17693-706. doi: 10.1074/
jbc.REV119.007963

40. Kim NG, Gumbiner BM. Adhesion to fibronectin regulates Hippo signaling
via the FAK-Src-PI3K pathway. J Cell Biol. (2015) 210:503-15. doi: 10.1083/
jcb.201501025

41. Astone M, Tesoriero C, Schiavone M, Facchinello N, Tiso N, Argenton F, et al.
Wnt/B-catenin signaling regulates yap/taz activity during embryonic development in
zebrafish. Int ] Mol Sci. (2024) 25:10005. doi: 10.3390/ijms251810005

42. Sileo P, Simonin C, Melnyk P, Chartier-Harlin MC, Cotelle P. Crosstalk between
the hippo pathway and the wnt pathway in huntington’s disease and other
neurodegenerative disorders. Cells. (2022) 11:3631. doi: 10.3390/cells11223631

43. Kim W, Khan SK, Gvozdenovic-Jeremic J, Kim Y, Dahlman J, Kim H, et al.
Hippo signaling interactions with Wnt/B-catenin and Notch signaling repress liver
tumorigenesis. J Clin Invest. (2017) 127:137-52. doi: 10.1172/JCI88486

44. Attisano L, Wrana JL. Signal integration in TGF-B, WNT, and Hippo pathways.
F1000Prime Rep. (2013) 5:17. doi: 10.12703/P5-17

45. Hong X, Nguyen HT, Chen Q, Zhang R, Hagman Z, Voorhoeve PM, et al.
Opposing activities of the Ras and Hippo pathways converge on regulation of YAP
protein turnover. EMBO J. (2014) 33:2447-57. doi: 10.15252/embj.201489385

46. Zinatizadeh MR, Miri SR, Zarandi PK, Chalbatani GM, Raposo C, Mirzaei HR,
et al. The Hippo Tumor Suppressor Pathway (YAP/TAZ/TEAD/MST/LATS) and
EGFR-RAS-RAF-MEK in cancer metastasis. Genes Dis. (2021) 8:48-60. doi: 10.1016/
j.gendis.2019.11.003

47. Yuan Y, Salinas Parra N, Chen Q, Iglesias-Bartolome R. Oncogenic hedgehog-
smoothened signaling depends on YAP1-TAZ/TEAD transcription to restrain
differentiation in basal cell carcinoma. J Invest Dermatol. (2022) 142:65-76.€7.
doi: 10.1016/j.jid.2021.06.020

48. Zindel D, Mensat P, Vol C, Homayed Z, Charrier-Savournin F, Trinquet E, et al.
G protein-coupled receptors can control the Hippo/YAP pathway through Gq
signaling. FASEB J. (2021) 35:e21668. doi: 10.1096/j.202002159R

49. Hansen CG, Moroishi T, Guan KL. YAP and TAZ: a nexus for Hippo signaling
and beyond. Trends Cell Biol. (2015) 25:499-513. doi: 10.1016/j.tcb.2015.05.002

50. Nallet-Staub F, Marsaud V, Li L, Gilbert C, Dodier S, Bataille V, et al. Pro-
invasive activity of the Hippo pathway effectors YAP and TAZ in cutaneous melanoma.
J Invest Dermatol. (2014) 134:123-32. doi: 10.1038/jid.2013.319

51. Zhang X, Tang JZ, Vergara IA, Zhang Y, Szeto P, Yang L, et al. Somatic
hypermutation of the YAP oncogene in a human cutaneous melanoma. Mol Cancer
Res. (2019) 17:1435-49. doi: 10.1158/1541-7786.MCR-18-0407

52. Zhang X, Yang L, Szeto P, Abali GK, Zhang Y, Kulkarni A, et al. The Hippo
pathway oncoprotein YAP promotes melanoma cell invasion and spontaneous
metastasis. Oncogene. (2020) 39:5267-81. doi: 10.1038/s41388-020-1362-9

53. Zhao B, Xie ], Zhou X, Zhang L, Cheng X, Liang C. YAP activation in melanoma
contributes to anoikis resistance and metastasis. Exp Biol Med (Maywood). (2021)
246:888-96. doi: 10.1177/1535370220977101

54. Ryu HJ, Kim C, Jang H, Kim S, Shin SJ, Chung KY, et al. Nuclear localization of
yes-associated protein is associated with tumor progression in cutaneous melanoma.
Lab Invest. (2024) 104:102048. doi: 10.1016/j.]labinv.2024.102048

55. Tan S, Zhao Z, Qiao Y, Zhang B, Zhang T, Zhang M, et al. Activation of the
tumor suppressive Hippo pathway by triptonide as a new strategy to potently inhibit
aggressive melanoma cell metastasis. Biochem Pharmacol. (2021) 185:114423.
doi: 10.1016/j.bcp.2021.114423

56. Pearlman RL, Montes de Oca MK, Pal HC, Afaq F. Potential therapeutic targets
of epithelial-mesenchymal transition in melanoma. Cancer Lett. (2017) 391:125-40.
doi: 10.1016/j.canlet.2017.01.029

57. Xiao Y, Zhou L, Andl T, Zhang Y. YAP1 controls the N-cadherin-mediated
tumor-stroma interaction in melanoma progression. Res Sq. (2023) 43:884-898.
doi: 10.21203/rs.3.rs-2944243/v3

58. Kang BS, Lim SC. Fascin regulates the hippo pathway and is important for
melanoma development. Anticancer Res. (2021) 41:2403-10. doi: 10.21873/
anticanres.15015

59. Kang J, Wang J, Yao Z, Hu Y, Ma S, Fan Q, et al. Fascin induces melanoma
tumorigenesis and stemness through regulating the Hippo pathway. Cell Commun
Signal. (2018) 16:37. doi: 10.1186/s12964-018-0250-1

60. Matallanas D, Romano D, Yee K, Meissl K, Kucerova L, Piazzolla D, et al.
RASSF1A elicits apoptosis through an MST2 pathway directing proapoptotic
transcription by the p73 tumor suppressor protein. Mol Cell. (2007) 27:962-75.
doi: 10.1016/j.molcel.2007.08.008

61. Feng R, Gong J, Wu L, Wang L, Zhang B, Liang G, et al. MAPK and Hippo
signaling pathways crosstalk via the RAF-1/MST-2 interaction in Malignant
melanoma. Oncol Rep. (2017) 38:1199-205. doi: 10.3892/0r.2017.5774

62. Kluger HM, McCarthy MM, Alvero AB, Sznol M, Ariyan S, Camp RL, et al. The
X-linked inhibitor of apoptosis protein (XIAP) is up-regulated in metastatic melanoma,
and XIAP cleavage by Phenoxodiol is associated with Carboplatin sensitization. |
Transl Med. (2007) 5:6. doi: 10.1186/1479-5876-5-6

frontiersin.org


https://doi.org/10.1242/dev.133728
https://doi.org/10.1038/ncomms15206
https://doi.org/10.3389/fimmu.2022.1028410
https://doi.org/10.3389/fimmu.2022.1028410
https://doi.org/10.3390/ijms22041895
https://doi.org/10.3390/ijms22041895
https://doi.org/10.1016/j.cell.2015.10.044
https://doi.org/10.1016/j.celrep.2024.113926
https://doi.org/10.1111/febs.16091
https://doi.org/10.1074/jbc.M112.382036
https://doi.org/10.15252/embr.201642683
https://doi.org/10.1073/pnas.2305085120
https://doi.org/10.3390/ijms252312903
https://doi.org/10.1038/s44319-024-00233-3
https://doi.org/10.1038/s41388-022-02390-y
https://doi.org/10.1038/s41388-025-03354-8
https://doi.org/10.1038/s41467-025-57697-7
https://doi.org/10.1242/dev.149823
https://doi.org/10.1073/pnas.0811691106
https://doi.org/10.1073/pnas.1004279107
https://doi.org/10.1073/pnas.1004279107
https://doi.org/10.1126/scisignal.2001823
https://doi.org/10.4081/ejh.2025.4196
https://doi.org/10.4161/cc.21386
https://doi.org/10.1158/0008-5472.CAN-17-3487
https://doi.org/10.1186/s13046-019-1346-1
https://doi.org/10.1016/j.ajpath.2013.12.017
https://doi.org/10.1016/j.ccell.2016.05.005
https://doi.org/10.1074/jbc.REV119.007963
https://doi.org/10.1074/jbc.REV119.007963
https://doi.org/10.1083/jcb.201501025
https://doi.org/10.1083/jcb.201501025
https://doi.org/10.3390/ijms251810005
https://doi.org/10.3390/cells11223631
https://doi.org/10.1172/JCI88486
https://doi.org/10.12703/P5-17
https://doi.org/10.15252/embj.201489385
https://doi.org/10.1016/j.gendis.2019.11.003
https://doi.org/10.1016/j.gendis.2019.11.003
https://doi.org/10.1016/j.jid.2021.06.020
https://doi.org/10.1096/fj.202002159R
https://doi.org/10.1016/j.tcb.2015.05.002
https://doi.org/10.1038/jid.2013.319
https://doi.org/10.1158/1541-7786.MCR-18-0407
https://doi.org/10.1038/s41388-020-1362-9
https://doi.org/10.1177/1535370220977101
https://doi.org/10.1016/j.labinv.2024.102048
https://doi.org/10.1016/j.bcp.2021.114423
https://doi.org/10.1016/j.canlet.2017.01.029
https://doi.org/10.21203/rs.3.rs-2944243/v3
https://doi.org/10.21873/anticanres.15015
https://doi.org/10.21873/anticanres.15015
https://doi.org/10.1186/s12964-018-0250-1
https://doi.org/10.1016/j.molcel.2007.08.008
https://doi.org/10.3892/or.2017.5774
https://doi.org/10.1186/1479-5876-5-6
https://doi.org/10.3389/fimmu.2025.1728064
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Cai et al.

63. Garcia-Gutiérrez L, Fallahi E, Aboud N, Quinn N, Matallanas D. Interaction of
LATS1 with SMAC links the MST2/Hippo pathway with apoptosis in an IAP-
dependent manner. Cell Death Dis. (2022) 13:692. doi: 10.1038/s41419-022-05147-3

64. Vittoria MA, Kingston N, Kotynkova K, Xia E, Hong R, Huang L, et al.
Inactivation of the Hippo tumor suppressor pathway promotes melanoma. Nat
Commun. (2022) 13:3732. doi: 10.1038/s41467-022-31399-w

65. Romano D, Garcia-Gutiérrez L, Aboud N, Duffy DJ, Flaherty KT, Frederick DT,
et al. Proteasomal down-regulation of the proapoptotic MST2 pathway contributes to
BRAF inhibitor resistance in melanoma. Life Sci Alliance. (2022) 5:€202201445.
doi: 10.1101/2022.02.21.481296

66. Bai W, Yan C, Yang Y, Sang L, Hao Q, Yao X, et al. EGF/EGFR-YAP1/TEAD2
signaling upregulates STIM1 in vemurafenib resistant melanoma cells. FEBS J. (2024)
291:4969-83. doi: 10.1111/febs.17272

67. Kluge V, Kappelmann-Fenzl M, Fischer S, Zimmermann T, Pommer M, Kuphal
S, et al. Alternative Wnt-signaling axis leads to a break of oncogene-induced
senescence. Cell Death Dis. (2024) 15:166. doi: 10.1038/s41419-024-06550-8

68. Dainese-Marque O, Garcia V, Andrieu-Abadie N, Riond J. Contribution of
keratinocytes in skin cancer initiation and progression. Int ] Mol Sci. (2024) 25:8813.
doi: 10.3390/ijms25168813

69. Bednarski IA, Cie}iyr'lska M, Wodz K, Drozdz I, Skibinska M, Narbutt J, et al.
Hippo signaling pathway as a new potential target in non-melanoma skin cancers: A
narrative review. Life (Basel). (2021) 11:680. doi: 10.3390/life11070680

70. Maehama T, Nishio M, Otani J, Mak TW, Suzuki A. The role of Hippo-YAP
signaling in squamous cell carcinomas. Cancer Sci. (2021) 112:51-60. doi: 10.1111/cas.14725

71. Bonilla X, Parmentier L, King B, Bezrukov F, Kaya G, Zoete V, et al. Genomic
analysis identifies new drivers and progression pathways in skin basal cell carcinoma.
Nat Genet. (2016) 48:398-406. doi: 10.1038/ng.3525

72. Akladios B, Mendoza Reinoso V, Cain JE, Wang T, Lambie DL, Watkins DN,
et al. Positive regulatory interactions between YAP and Hedgehog signalling in skin
homeostasis and BCC development in mouse skin in vivo. PloS One. (2017) 12:
€0183178. doi: 10.1371/journal.pone.0183178

73. Maglic D, Schlegelmilch K, Dost AF, Panero R, Dill MT, Calogero RA, et al.
YAP-TEAD signaling promotes basal cell carcinoma development via a c-JUN/AP1
axis. EMBO J. (2018) 37:¢98642. doi: 10.15252/embj.201798642

74. Debaugnies M, Sanchez-Danés A, Rorive S, Raphaél M, Liagre M, Parent MA,
et al. YAP and TAZ are essential for basal and squamous cell carcinoma initiation.
EMBO Rep. (2018) 19:¢45809. doi: 10.15252/embr.201845809

75. Quan T, Shao Y, He T, Voorhees JJ, Fisher GJ. Reduced expression of connective
tissue growth factor (CTGF/CCN2) mediates collagen loss in chronologically aged
human skin. J Invest Dermatol. (2010) 130:415-24. doi: 10.1038/jid.2009.224

76. BaiR, Guo Y, Liu W, Song Y, Yu Z, Ma X. The roles of WNT signaling pathways
in skin development and mechanical-stretch-induced skin regeneration. Biomolecules.
(2023) 13:1702. doi: 10.3390/biom13121702

77. Takada T. Activation of the hedgehog and wnt/B-catenin signaling pathways in basal
cell carcinoma. Case Rep Dermatol. (2021) 13:506-12. doi: 10.1038/s41388-020-1362-9

78. Yamazaki F, Aragane Y, Kawada A, Tezuka T. Immunohistochemical detection
for nuclear beta-catenin in sporadic basal cell carcinoma. Br ] Dermatol. (2001)
145:771-7. doi: 10.1046/j.1365-2133.2001.04468.x

79. Xu F, Zhang J, Ma D. Crosstalk of hippo/YAP and wnt/B-catenin pathways. Yi
Chuan. (2014) 36:95-102. doi: 10.3724/sp.j.1005.2014.00095

80. Xu P, Wang C, Xiang W, Liang Y, Li Y, Zhang X, et al. P2RY6 has a critical role
in mouse skin carcinogenesis by regulating the YAP and B-catenin signaling pathways.
J Invest Dermatol. (2022) 142:2334-42.e8. doi: 10.1016/j.jid.2022.02.017

81. Miranda MM, Lowry WE. Hip to the Game: YAP/TAZ is required for
nonmelanoma skin cancers. EMBO J. (2018) 37:€99921. doi: 10.15252/embj.201899921

82. Jia J, Li C, Luo S, Liu-Smith F, Yang J, Wang X, et al. Yes-associated protein
contributes to the development of human cutaneous squamous cell carcinoma via
activation of RAS. J Invest Dermatol. (2016) 136:1267-77. doi: 10.1016/.jid.2016.02.005

83. Vincent-Mistiaen Z, Elbediwy A, Vanyai H, Cotton J, Stamp G, Nye E, et al. YAP
drives cutaneous squamous cell carcinoma formation and progression. Elife. (2018) 7:
€33304. doi: 10.7554/eLife.33304

84. Strano S, Monti O, Pediconi N, Baccarini A, Fontemaggi G, Lapi E, et al. The
transcriptional coactivator Yes-associated protein drives p73 gene-target specificity in
response to DNA Damage. Mol Cell. (2005) 18:447-59. doi: 10.1016/
j.molcel.2005.04.008

85. LiY, KongF, Jin C, Hu E, Shao Q, Liu J, et al. The expression of SI00A8/S100A9
is inducible and regulated by the Hippo/YAP pathway in squamous cell carcinomas.
BMC Cancer. (2019) 19:597. doi: 10.1186/s12885-019-5784-0

86. Gebhardt C, Néemeth ], Angel P, Hess J. S100A8 and S100A9 in inflammation
and cancer. Biochem Pharmacol. (2006) 72:1622-31. doi: 10.1016/j.bcp.2006.05.017

87. Walko G, Woodhouse S, Pisco AO, Rognoni E, Liakath-Ali K, Lichtenberger
BM, et al. A genome-wide screen identifies YAP/WBP2 interplay conferring growth
advantage on human epidermal stem cells. Nat Commun. (2017) 8:14744. doi: 10.1038/
ncomms14744

88. Ren X, Zhong W, Li W, Tang M, Zhang K, Zhou F, et al. Human umbilical cord-
derived mesenchymal stem cells alleviate psoriasis through TNF-0/NF-kB/MMP13
pathway. Inflammation. (2023) 46:987-1001. doi: 10.1007/s10753-023-01785-7

Frontiers in Immunology

15

10.3389/fimmu.2025.1728064

89. Huang C, Zhong W, Ren X, Huang X, Li Z, Chen C, et al. MiR-193b-3p-ERBB4
axis regulates psoriasis pathogenesis via modulating cellular proliferation and
inflammatory-mediator production of keratinocytes. Cell Death Dis. (2021) 12:963.
doi: 10.1038/s41419-021-04230-5

90. Ren C, Liu Q, Ma Y, Wang A, Yang Y, Wang D. TEAD4 transcriptional regulates
SERPINB3/4 and affect crosstalk between keratinocytes and T cells in psoriasis.
Immunobiology. (2020) 225:152006. doi: 10.1016/j.imbi0.2020.152006

91. Tang H, Guo Z, Tang X, Gao J, Wang W, Huang H, et al. MST1 modulates Th17
activation in psoriasis via regulating TLR4-NF-kB pathway. Hum Cell. (2021) 34:28-36.
doi: 10.1007/s13577-020-00423-w

92. Shehata WA, Hammam MA, Elbakly AR, Elkady N. Reappraisal of psoriasis
pathogenesis: the role of TEAD4 expression in keratinocytes. Int ] Dermatol. (2024) 63:
e302-el4. doi: 10.1111/ijd.17187

93. Jia],LiC, Yang ], Wang X, Li R, Luo S, et al. Yes-associated protein promotes the
abnormal proliferation of psoriatic keratinocytes via an amphiregulin dependent
pathway. Sci Rep. (2018) 8:14513. doi: 10.1038/s41598-018-32522-y

94. Yu Z, Yu Q, Xu H, Dai X, Yu Y, Cui L, et al. IL-17A promotes psoriasis-
associated keratinocyte proliferation through ACT1-dependent activation of YAP-
AREG axis. ] Invest Dermatol. (2022) 142:2343-52. doi: 10.1016/j.jid.2022.02.016

95. Meledathu S, Naidu MP, Brunner PM. Update on atopic dermatitis. J Allergy
Clin Immunol. (2025) 155:1124-32. doi: 10.1016/j.jaci.2025.01.013

96. Guttman-Yassky E, Renert-Yuval Y, Brunner PM. Atopic dermatitis. Lancet.
(2025) 405:583-96. doi: 10.1016/S0140-6736(24)02519-4

97. Jeong GH, Lee JH. Dysregulated hippo signaling pathway and YAP activation in
atopic dermatitis: insights from clinical and animal studies. Int J Mol Sci. (2023)
24:17322. doi: 10.3390/ijms242417322

98. Jia], FengL, Ye S, Ping R, Mo X, Zhang Y, et al. Therapeutic effect of chinese herbal
medicine gu-ben-hua-shi (AESS) formula on atopic dermatitis through regulation of yes-
associated protein. Front Pharmacol. (2022) 13:929580. doi: 10.3389/fphar.2022.929580

99. Jia J, Mo X, Yan F, Liu J, Ye S, Zhang Y, et al. Role of YAP-related T cell
imbalance and epidermal keratinocyte dysfunction in the pathogenesis of atopic
dermatitis. ] Dermatol Sci. (2021) 101:164-73. doi: 10.1016/j.jdermsci.2020.12.004

100. Lee J, Jung Y, Jeong SW, Jeong GH, Moon GT, Kim M. Inhibition of hippo
signaling improves skin lesions in a rosacea-like mouse model. Int J Mol Sci. (2021)
22:931. doi: 10.3390/ijms22020931

101. Shin SH, Lee YH, Rho NK, Park KY. Skin aging from mechanisms to
interventions: focusing on dermal aging. Front Physiol. (2023) 14:1195272.
doi: 10.3389/fphys.2023.1195272

102. Salminen A, Kaarniranta K, Kauppinen A. Photoaging: UV radiation-induced
inflammation and immunosuppression accelerate the aging process in the skin.
Inflammation Res. (2022) 71:817-31. doi: 10.1007/s00011-022-01598-8

103. Ansary TM, Hossain MR, Kamiya K, Komine M, Ohtsuki M. Inflammatory
molecules associated with ultraviolet radiation-mediated skin aging. Int ] Mol Sci.
(2021) 22:3974. doi: 10.3390/ijms22083974

104. Decout A, Katz JD, Venkatraman S, Ablasser A. The cGAS-STING pathway as
a therapeutic target in inflammatory diseases. Nat Rev Immunol. (2021) 21:548-69.
doi: 10.1038/s41577-021-00524-z

105. Gliick S, Guey B, Gulen MF, Wolter K, Kang TW, Schmacke NA, et al. Innate
immune sensing of cytosolic chromatin fragments through cGAS promotes senescence.
Nat Cell Biol. (2017) 19:1061-70. doi: 10.1038/ncb3586

106. Bahat A, Milenkovic D, Cors E, Barnett M, Niftullayev S, Katsalifis A, et al.
Ribonucleotide incorporation into mitochondrial DNA drives inflammation. Nature.
(2025) 647:726-34. doi: 10.1038/s41586-025-09541-7

107. Huang J, Wu S, Barrera J, Matthews K, Pan D. The Hippo signaling pathway
coordinately regulates cell proliferation and apoptosis by inactivating Yorkie, the
Drosophila Homolog of YAP. Cell. (2005) 122:421-34. doi: 10.1016/j.cell.2005.06.007

108. Meli VS, Atcha H, Veerasubramanian PK, Nagalla RR, Luu TU, Chen EY, et al.
YAP-mediated mechanotransduction tunes the macrophage inflammatory response.
Sci Adv. (2020) 6:eabb8471. doi: 10.1126/sciadv.abb8471

109. Fujii M, Toyoda T, Nakanishi H, Yatabe Y, Sato A, Matsudaira Y, et al. TGF-§
synergizes with defects in the Hippo pathway to stimulate human Malignant
mesothelioma growth. J Exp Med. (2012) 209:479-94. doi: 10.1084/jem.20111653

110. Leask A, Sa S, Holmes A, Shiwen X, Black CM, Abraham D]J. The control of
cen2 (ctgf) gene expression in normal and scleroderma fibroblasts. Mol Pathol. (2001)
54:180-3. doi: 10.1136/mp.54.3.180

111. Sladitschek-Martens HL, Guarnieri A, Brumana G, Zanconato F, Battilana G,
Xiccato RL, et al. YAP/TAZ activity in stromal cells prevents ageing by controlling
cGAS-STING. Nature. (2022) 607:790-8. doi: 10.1038/s41586-022-04924-6

112. Cao X, Wang W, Zhao B. YAP/TAZ links mechanosensing to aging. Life Med.
(2023) 2:lnac039. doi: 10.1093/lifemedi/lnac039

113. Bonjoch J, Sola P, Reina O, Mortimer T, Miroshnikova YA, Wickstrom SA,
etal. BMALI and YAP cooperate to hijack enhancers and promote inflammation in the
aged epidermis. bioRxiv. (2025). doi: 10.1101/2025.04.22.649967

114. Namoto K, Baader C, Orsini V, Landshammer A, Breuer E, Dinh KT, et al.
NIBR-LTSi is a selective LATS kinase inhibitor activating YAP signaling and expanding
tissue stem cells in vitro and in vivo. Cell Stem Cell. (2024) 31:554-69.e17. doi: 10.1016/
j.stem.2024.03.003

frontiersin.org


https://doi.org/10.1038/s41419-022-05147-3
https://doi.org/10.1038/s41467-022-31399-w
https://doi.org/10.1101/2022.02.21.481296
https://doi.org/10.1111/febs.17272
https://doi.org/10.1038/s41419-024-06550-8
https://doi.org/10.3390/ijms25168813
https://doi.org/10.3390/life11070680
https://doi.org/10.1111/cas.14725
https://doi.org/10.1038/ng.3525
https://doi.org/10.1371/journal.pone.0183178
https://doi.org/10.15252/embj.201798642
https://doi.org/10.15252/embr.201845809
https://doi.org/10.1038/jid.2009.224
https://doi.org/10.3390/biom13121702
https://doi.org/10.1038/s41388-020-1362-9
https://doi.org/10.1046/j.1365-2133.2001.04468.x
https://doi.org/10.3724/sp.j.1005.2014.00095
https://doi.org/10.1016/j.jid.2022.02.017
https://doi.org/10.15252/embj.201899921
https://doi.org/10.1016/j.jid.2016.02.005
https://doi.org/10.7554/eLife.33304
https://doi.org/10.1016/j.molcel.2005.04.008
https://doi.org/10.1016/j.molcel.2005.04.008
https://doi.org/10.1186/s12885-019-5784-0
https://doi.org/10.1016/j.bcp.2006.05.017
https://doi.org/10.1038/ncomms14744
https://doi.org/10.1038/ncomms14744
https://doi.org/10.1007/s10753-023-01785-7
https://doi.org/10.1038/s41419-021-04230-5
https://doi.org/10.1016/j.imbio.2020.152006
https://doi.org/10.1007/s13577-020-00423-w
https://doi.org/10.1111/ijd.17187
https://doi.org/10.1038/s41598-018-32522-y
https://doi.org/10.1016/j.jid.2022.02.016
https://doi.org/10.1016/j.jaci.2025.01.013
https://doi.org/10.1016/S0140-6736(24)02519-4
https://doi.org/10.3390/ijms242417322
https://doi.org/10.3389/fphar.2022.929580
https://doi.org/10.1016/j.jdermsci.2020.12.004
https://doi.org/10.3390/ijms22020931
https://doi.org/10.3389/fphys.2023.1195272
https://doi.org/10.1007/s00011-022-01598-8
https://doi.org/10.3390/ijms22083974
https://doi.org/10.1038/s41577-021-00524-z
https://doi.org/10.1038/ncb3586
https://doi.org/10.1038/s41586-025-09541-7
https://doi.org/10.1016/j.cell.2005.06.007
https://doi.org/10.1126/sciadv.abb8471
https://doi.org/10.1084/jem.20111653
https://doi.org/10.1136/mp.54.3.180
https://doi.org/10.1038/s41586-022-04924-6
https://doi.org/10.1093/lifemedi/lnac039
https://doi.org/10.1101/2025.04.22.649967
https://doi.org/10.1016/j.stem.2024.03.003
https://doi.org/10.1016/j.stem.2024.03.003
https://doi.org/10.3389/fimmu.2025.1728064
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Cai et al.

115. Kastan N, Gnedeva K, Alisch T, Petelski AA, Huggins DJ, Chiaravalli J, et al.
Small-molecule inhibition of Lats kinases may promote Yap-dependent proliferation in
postmitotic mammalian tissues. Nat Commun. (2021) 12:3100. doi: 10.1038/s41467-
021-23395-3

116. Huang Y, Jedlickova H, Cai Y, Rehman A, Gammon L, Ahmad US, et al.
Oxidative stress-mediated YAP dysregulation contributes to the pathogenesis of
pemphigus vulgaris. Front Immunol. (2021) 12:649502. doi: 10.3389/
fimmu.2021.649502

117. Moya IM, Halder G. Hippo-YAP/TAZ signalling in organ regeneration and
regenerative medicine. Nat Rev Mol Cell Biol. (2019) 20:211-26. doi: 10.1038/s41580-
018-0086-y

118. Kimura S, Tsuji T. Mechanical and immunological regulation in wound healing
and skin reconstruction. Int J Mol Sci. (2021) 22:5474. doi: 10.3390/ijms22115474

119. Yuan Q, Yuan Y, Peng Y, Xia X, Chen Q, Yu FX, et al. Distinct effects of Hippo-
YAP/TAZ and YAP/TAZ-TEAD in epithelial maintenance and repair. Biochem
Biophys Res Commun. (2025) 751:151427. doi: 10.1016/j.bbrc.2025.151427

120. WangD, Lin L, Lei K, ZengJ, Luo ], Yin Y, et al. Vitamin D3 analogue facilitates
epithelial wound healing through promoting epithelial-mesenchymal transition via the
Hippo pathway. J Dermatol Sci. (2020) 100:120-8. doi: 10.1016/j.jdermsci.2020.08.015

121. Schmidt A, von Woedtke T, Weltmann KD, Bekeschus S. YAP/TAZ, beta-
catenin, and TGFb pathway activation in medical plasma-induced wound healing in
diabetic mice. ] Adv Res. (2025) 72:387-400. doi: 10.1016/j.jare.2024.07.004

122. Wu M, Matar DY, Yu Z, Chen Z, Knoedler S, Ng B, et al. Continuous NPWT
regulates fibrosis in murine diabetic wound healing. Pharmaceutics. (2022) 14:2125.
doi: 10.3390/pharmaceutics14102125

123. Mascharak S, desJardins-Park HE, Davitt MF, Griffin M, Borrelli MR, Moore
AL, et al. Preventing Engrailed-1 activation in fibroblasts yields wound regeneration
without scarring. Science. (2021) 372:eaba2374. doi: 10.1126/science.aba2374

124. Mascharak S, Talbott HE, Januszyk M, Griffin M, Chen K, Davitt MF, et al.
Multi-omic analysis reveals divergent molecular events in scarring and regenerative
wound healing. Cell Stem Cell. (2022) 29:315-27.¢6. doi: 10.1016/j.stem.2021.12.011

125. Mascharak S, Griffin M, Talbott HE, Guo JL, Parker J, Morgan AG, et al.
Inhibiting mechanotransduction prevents scarring and yields regeneration in a large
animal model. Sci Transl Med. (2025) 17:eadt6387. doi: 10.1126/scitranslmed.adt6387

126. Chen K, Liu Y, Liu X, Guo Y, Liu J, Ding J, et al. Hyaluronic acid-modified and
verteporfin-loaded polylactic acid nanogels promote scarless wound healing by
accelerating wound re-epithelialization and controlling scar formation. J
Nanobiotechnology. (2023) 21:241. doi: 10.1186/s12951-023-02014-x

127. Tang Y, Ye ], Xu T, Sun Y, Meng W, Zhu L, et al. CuATSM enhances wound
repair without scarring via hippo/YAP signalling pathway to reduce ferroptosis and
macrophage polarisation. J Cell Mol Med. (2025) 29:¢70590. doi: 10.1111/jcmm.70590

128. Zhang H, Pasolli HA, Fuchs E. Yes-associated protein (YAP) transcriptional
coactivator functions in balancing growth and differentiation in skin. Proc Natl Acad
Sci U S A. (2011) 108:2270-5. doi: 10.1073/pnas.1019603108

129. Schlegelmilch K, Mohseni M, Kirak O, Pruszak J, Rodriguez JR, Zhou D, et al.
Yapl acts downstream of o.-catenin to control epidermal proliferation. Cell. (2011)
144:782-95. doi: 10.1016/j.cell.2011.02.031

130. Zhao B, Ye X, YuJ,LiL, Li W, Li S, et al. TEAD mediates YAP-dependent gene
induction and growth control. Genes Dev. (2008) 22:1962-71. doi: 10.1101/
gad.1664408

131. Rangarajan A, Talora C, Okuyama R, Nicolas M, Mammucari C, Oh H, et al.
Notch signaling is a direct determinant of keratinocyte growth arrest and entry into
differentiation. EMBO J. (2001) 20:3427-36. doi: 10.1093/emboj/20.13.3427

132. Cao X, Lu Z, Fang Y, Huang F, Tang M, Wu B, et al. RIPK4 promotes epidermal
differentiation through phase separation and activation of LATS1/2. Dev Cell. (2025)
60:2761-76.e11. doi: 10.1016/j.devcel.2025.05.017

133. Beverdam A, Claxton C, Zhang X, James G, Harvey KF, Key B. Yap controls
stem/progenitor cell proliferation in the mouse postnatal epidermis. J Invest Dermatol.
(2013) 133:1497-505. doi: 10.1038/jid.2012.430

134. Liu W, Chen S, Chen X, Xue L, Wang Y, Yang J. Inhibition of the Hippo
pathway by verteporfin reduces the proliferation and stemness of rat hair follicle neural
crest stem cells under hypoxia. FASEB Bioadv. (2025) 7:¢70000. doi: 10.1096/fba.2025-
00025

135. Chieosilapatham P, Kiatsurayanon C, Umehara Y, Trujillo-Paez JV, Peng G,
Yue H, et al. Keratinocytes: innate immune cells in atopic dermatitis. Clin Exp
Immunol. (2021) 204:296-309. doi: 10.1111/cei.13575

136. Chen B, Wang Y, Chen G. New potentiality of bioactive substances: regulating
the NLRP3 inflammasome in autoimmune diseases. Nutrients. (2023) 15:4584.
doi: 10.3390/nul15214584

Frontiers in Immunology

16

10.3389/fimmu.2025.1728064

137. Wang D, Zhang Y, Xu X, Wu J, Peng Y, Li ], et al. YAP promotes the activation
of NLRP3 inflammasome via blocking K27-linked polyubiquitination of NLRP3. Nat
Commun. (2021) 12:2674. doi: 10.1038/s41467-021-22987-3

138. Meli VS, Veerasubramanian PK, Downing TL, Wang W, Liu WF.
Mechanosensation to inflammation: Roles for YAP/TAZ in innate immune cells. Sci
Signal. (2023) 16:eadc9656. doi: 10.1126/scisignal.adc9656

139. Mia MM, Cibi DM, Abdul Ghani SAB, Song W, Tee N, Ghosh S, et al. YAP/
TAZ deficiency reprograms macrophage phenotype and improves infarct healing and
cardiac function after myocardial infarction. PloS Biol. (2020) 18:e3000941.
doi: 10.1371/journal.pbio.3000941

140. LiC,BiY, LiY, Yang H, Yu Q, WangJ, et al. Dendritic cell MST1 inhibits Th17
differentiation. Nat Commun. (2017) 8:14275. doi: 10.1038/ncomms14275

141. Stampouloglou E, Cheng N, Federico A, Slaby E, Monti S, Szeto GL, et al. Yap
suppresses T-cell function and infiltration in the tumor microenvironment. PloS Biol.
(2020) 18:€3000591. doi: 10.1371/journal.pbio.3000591

142. ZhouJ, Zhang N, Zhang W, Lu C, Xu F. The YAP/HIF-10/miR-182/EGR2 axis
is implicated in asthma severity through the control of Th17 cell differentiation. Cell
Biosci. (2021) 11:84. doi: 10.1186/5s13578-021-00560-1

143. Geng J, Yu S, Zhao H, Sun X, Li X, Wang P, et al. The transcriptional
coactivator TAZ regulates reciprocal differentiation of T(H)17 cells and T(reg) cells.
Nat Immunol. (2017) 18:800-12. doi: 10.1038/ni.3748

144. Palamaris K, Levidou G, Kordali K, Masaoutis C, Rontogianni D, Theocharis S.
Searching for novel biomarkers in thymic epithelial tumors: immunohistochemical
evaluation of hippo pathway components in a cohort of thymic epithelial tumors.
Biomedicines. (2023) 11:1876. doi: 10.3390/biomedicines11071876

145. Yamada Y, Kiffer S, Sauer C, Hoki M, Shibuya S, Tsujii H, et al.
Immunohistochemistry for YAP1 N-terminus and C-terminus highlights metaplastic
thymoma and high-grade thymic epithelial tumors by different staining patterns.
Virchows Arch. (2024) 485:461-9. doi: 10.1007/s00428-024-03888-4

146. Kovacs SA, Kovacs T, Lanczky A, Paal A, Hegedtis ZI, Sayour NV, et al.
Unlocking the power of immune checkpoint inhibitors: Targeting YAP1 reduces anti-
PDI1 resistance in skin cutaneous melanoma. Br ] Pharmacol. (2025) 182:3903-22.
doi: 10.1111/bph.70052

147. Zhou J, Yu C, Yang W, Jiang N, Li S, Liu Y, et al. Recent advances in
combination therapy of YAP inhibitors with physical anti-cancer strategies.
Biomolecules. (2025) 15:945. doi: 10.3390/biom15070945

148. Feng Q, Guo P, Kang S, Zhao F. High expression of TAZ/YAP promotes the
progression of Malignant melanoma and affects the postoperative survival of patients.
Pharmazie. (2018) 73:662-5. doi: 10.1691/ph.2018.8499

149. Hillen H, Candi A, Vanderhoydonck B, Kowalczyk W, Sansores-Garcia L,
Kesikiadou EC, et al. A novel irreversible TEAD inhibitor, SWTX-143, blocks hippo
pathway transcriptional output and causes tumor regression in preclinical
mesothelioma models. Mol Cancer Ther. (2024) 23:3-13. doi: 10.1158/1535-
7163.MCT-22-0681

150. Sato K, Faraji F, Cervantes-Villagrana RD, Wu X, Koshizuka K, Ishikawa T,
et al. Targeting YAP/TAZ-TEAD signaling as a therapeutic approach in head and neck
squamous cell carcinoma. Cancer Lett. (2025) 612:217467. doi: 10.1016/
j.canlet.2025.217467

151. Wang Y, Xu X, Maglic D, Dill MT, Mojumdar K, Ng PK, et al. Comprehensive
molecular characterization of the hippo signaling pathway in cancer. Cell Rep. (2018)
25:1304-17.€5. doi: 10.1016/j.celrep.2018.10.001

152. He M, Zhou Z, Shah AA, Hong Y, Chen Q, Wan Y. New insights into
posttranslational modifications of Hippo pathway in carcinogenesis and therapeutics.
Cell Div. (2016) 11:4. doi: 10.1186/s13008-016-0013-6

153. Pham TH, Hagenbeek TJ, Lee HJ, Li J, Rose CM, Lin E, et al. Machine-learning
and chemicogenomics approach defines and predicts cross-talk of hippo and MAPK
pathways. Cancer Discov. (2021) 11:778-93. doi: 10.1158/2159-8290.CD-20-0706

154. Zagiel B, Melnyk P, Cotelle P. Progress with YAP/TAZ-TEAD inhibitors: a
patent review (2018-present). Expert Opin Ther Pat. (2022) 32:899-912. doi: 10.1080/
13543776.2022.2096436

155. Martin JF. Regeneration and rejuvenation of skin by a topical YAP activator.
Proc Natl Acad Sci U S A. (2023) 120:¢2309991120. doi: 10.1073/pnas.2309991120

156. Brodowska K, Al-Moujahed A, Marmalidou A, Meyer Zu Horste M, Cichy J,
Miller JW, et al. The clinically used photosensitizer Verteporfin (VP) inhibits YAP-
TEAD and human retinoblastoma cell growth in vitro without light activation. Exp Eye
Res. (2014) 124:67-73. doi: 10.1016/j.exer.2014.04.011

157. Liu T, Zhou L, Yang K, Iwasawa K, Kadekaro AL, Takebe T, et al. The B-
catenin/YAP signaling axis is a key regulator of melanoma-associated fibroblasts. Signal
Transduct Target Ther. (2019) 4:63. doi: 10.1038/s41392-019-0100-7

frontiersin.org


https://doi.org/10.1038/s41467-021-23395-3
https://doi.org/10.1038/s41467-021-23395-3
https://doi.org/10.3389/fimmu.2021.649502
https://doi.org/10.3389/fimmu.2021.649502
https://doi.org/10.1038/s41580-018-0086-y
https://doi.org/10.1038/s41580-018-0086-y
https://doi.org/10.3390/ijms22115474
https://doi.org/10.1016/j.bbrc.2025.151427
https://doi.org/10.1016/j.jdermsci.2020.08.015
https://doi.org/10.1016/j.jare.2024.07.004
https://doi.org/10.3390/pharmaceutics14102125
https://doi.org/10.1126/science.aba2374
https://doi.org/10.1016/j.stem.2021.12.011
https://doi.org/10.1126/scitranslmed.adt6387
https://doi.org/10.1186/s12951-023-02014-x
https://doi.org/10.1111/jcmm.70590
https://doi.org/10.1073/pnas.1019603108
https://doi.org/10.1016/j.cell.2011.02.031
https://doi.org/10.1101/gad.1664408
https://doi.org/10.1101/gad.1664408
https://doi.org/10.1093/emboj/20.13.3427
https://doi.org/10.1016/j.devcel.2025.05.017
https://doi.org/10.1038/jid.2012.430
https://doi.org/10.1096/fba.2025-00025
https://doi.org/10.1096/fba.2025-00025
https://doi.org/10.1111/cei.13575
https://doi.org/10.3390/nu15214584
https://doi.org/10.1038/s41467-021-22987-3
https://doi.org/10.1126/scisignal.adc9656
https://doi.org/10.1371/journal.pbio.3000941
https://doi.org/10.1038/ncomms14275
https://doi.org/10.1371/journal.pbio.3000591
https://doi.org/10.1186/s13578-021-00560-1
https://doi.org/10.1038/ni.3748
https://doi.org/10.3390/biomedicines11071876
https://doi.org/10.1007/s00428-024-03888-4
https://doi.org/10.1111/bph.70052
https://doi.org/10.3390/biom15070945
https://doi.org/10.1691/ph.2018.8499
https://doi.org/10.1158/1535-7163.MCT-22-0681
https://doi.org/10.1158/1535-7163.MCT-22-0681
https://doi.org/10.1016/j.canlet.2025.217467
https://doi.org/10.1016/j.canlet.2025.217467
https://doi.org/10.1016/j.celrep.2018.10.001
https://doi.org/10.1186/s13008-016-0013-6
https://doi.org/10.1158/2159-8290.CD-20-0706
https://doi.org/10.1080/13543776.2022.2096436
https://doi.org/10.1080/13543776.2022.2096436
https://doi.org/10.1073/pnas.2309991120
https://doi.org/10.1016/j.exer.2014.04.011
https://doi.org/10.1038/s41392-019-0100-7
https://doi.org/10.3389/fimmu.2025.1728064
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Recent advances on Hippo-YAP pathway in skin diseases
	1 Introduction
	2 Basic concepts for Hippo-YAP pathway
	2.1 Hippo-YAP pathway: components and functions
	2.2 Regulatory mechanisms of Hippo-YAP pathway
	2.3 Integration of Hippo-YAP signaling with other pathways

	3 Hippo-YAP pathway and skin tumors
	3.1 Hippo-YAP pathway in melanoma
	3.2 Hippo-YAP Pathway in non-melanoma skin cancers

	4 Role of Hippo-YAP pathway in inflammatory skin diseases
	4.1 Role of Hippo-YAP pathway in psoriasis
	4.2 Role of Hippo-YAP pathway in atopic dermatitis
	4.3 Role of Hippo-YAP pathway in other inflammatory skin diseases

	5 Hippo-YAP pathway in skin aging
	5.1 Overview of skin aging biology
	5.2 Regulation of skin aging by the Hippo-YAP pathway
	5.3 Therapeutic modulation of Hippo-YAP signaling in skin aging

	6 Hippo-YAP pathway in wound healing
	6.1 Physiological process of wound healing
	6.2 Role of Hippo-YAP in wound healing
	6.3 Application of Hippo-YAP pathway in wound healing

	7 Hippo-YAP pathway in skin development
	8 Roles of Hippo-YAP pathway in cutaneous immunity
	9 The application of Hippo-YAP pathway in clinic, future challenges and innovations
	9.1 The potential use of Hippo-YAP pathway as biomarkers
	9.2 Development of drugs related to Hippo-YAP pathway
	9.3 The model of cooperation with new technologies and multidisciplinary collaboration
	9.4 Future directions and challenges faced

	10 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


