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Abstract. Melanoma is an aggressive type of skin cancer with 
a high metastatic potential and resistance to therapy. Through 
its core effectors, yes‑associated protein (YAP) and transcrip‑
tional coactivator with PDZ‑binding motif (TAZ), the Hippo 
signaling pathway has emerged as a key regulator of tumori‑
genesis in melanoma. However, the roles of these effectors 
remains incompletely understood. The present scoping review 
systematically synthesized the currently available knowledge 
on the function of YAP/TAZ in the progression of melanoma, 
resistance to therapy and potential therapeutic interventions. 
The present study conducted a scoping review and reported the 
results based on the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses Extension for Scoping Reviews 
guidelines. A comprehensive literature search was performed 
across the PubMed and Cochrane Central databases, incor‑
porating peer‑reviewed articles published up to June, 2024. 
The inclusion criteria encompassed studies investigating 
YAP/TAZ activity in melanoma models, including in vitro, 
in vivo and patient‑derived datasets. A total of 37 articles were 
identified, discussing YAP/TAZ in melanoma. The present 
scoping review highlights that the overexpression of YAP/TAZ 
promotes melanoma proliferation, metastasis, immune evasion 
and resistance to targeted therapy. These factors contribute 
to therapeutic failure and disease recurrence. YAP/TAZ 
activation occurs independently of the suppression of the 
Hippo pathway, involving MAPK‑driven phosphorylation, 
PI3K/AKT stabilization and extracellular matrix remodeling. 
Additionally, YAP/TAZ affects the tumor microenvironment 

and facilitates immune evasion. Targeting YAP/TAZ through 
verteporfin, bromodomain and extraterminal domain/histone 
deacetylase inhibitors and ibrutinib has demonstrated promise 
in preclinical studies. However, compensatory pathways and 
clinical translation remain a key challenge. YAP/TAZ are 
central mediators of melanoma pathogenesis, metastasis and 
therapeutic resistance by integrating multiple oncogenic path‑
ways. While therapeutic strategies targeting YAP/TAZ are 
emerging, clinical translation remains limited. Future research 
is thus required to focus on developing selective inhibitors, 
patient stratification, elucidating the role of YAP/TAZ in 
melanoma, and combining therapies to improve melanoma 
treatment outcomes.

Introduction

Melanoma is an aggressive form of skin cancer that arises from 
melanocytes, the pigment‑producing cells in the basal layer of 
the epidermis. These cells produce melanin, which protects 
the skin from ultraviolet (UV) radiation and provides the skin 
with its color (1). Melanin biosynthesis is itself a hormonally 
regulated metabolic pathway (2,3). However, active melano‑
genesis itself can generate reactive quinone intermediates that 
favor mutagenesis. These associations support a ‘Yin‑Yang’ 
concept in which pigmentation may both suppress and, under 
certain conditions, promote melanoma progression and 
therapy resistance (1).

Over the past decade, the incidence of melanoma has 
markedly increased. In 2020, an estimated 325,000 new 
cases of malignant melanoma were reported worldwide, and 
by 2021, it was ranked as the fifth most commonly diagnosed 
type of cancer in the USA (4,5). Several challenges in the 
diagnosis and treatment of melanoma lead to the high inci‑
dence rate, such as its asymptomatic nature in the early stages 
of the disease, which often leads to delayed detection and 
metastatic progression before treatment administration (6). 
Additionally, melanoma exhibits a high mutation rate, 
allowing it to develop resistance to therapy through mutations 
in key oncogenic pathways (7). Modern melanoma manage‑
ment relies on small‑molecule BRAF and MEK inhibitors for 
tumors harboring BRAF mutations and immune‑checkpoint 
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blockade for advanced disease (8,9). Although these regimens 
have markedly improved overall survival rates, the majority 
of cases of resistance emerge within 12 months (10). These 
factors contribute to melanoma being the leading cause of 
skin cancer‑related mortality (11). Consequently, alternative 
molecular targets need to be explored in order to overcome 
resistance and extend clinical benefit, such as the Hippo 
pathway effectors, yes‑associated protein (YAP)/transcrip‑
tional coactivator with PDZ‑binding motif (TAZ).

The pathogenesis of melanoma is driven by multiple risk 
factors, with exposure to UV radiation being one of the most 
prominent. A recent, comprehensive synthesis on malignant 
melanoma emphasized that the incidence, molecular hetero‑
geneity and outcomes of melanoma are strongly influenced 
by vitamin D status and vitamin D receptor genetics, linking 
cutaneous photobiology to systemic endocrine regula‑
tion (12). UV radiation is a complete carcinogen for cutaneous 
melanoma and also serves as a neuro‑immuno‑endocrine 
modulator that maintains systemic homeostasis  (13‑15). 
Skin exposure to UVA/UVB initiates the so‑called 
photo‑neuro‑immuno‑endocrine signaling. This signaling is 
defined by the interaction of keratinocyte‑derived cytokines, 
neuropeptides and hormones, as they propagate through 
peripheral nerves and the bloodstream to the brain, endocrine 
organs and immune system, orchestrating stress adaptation and 
metabolic balance caused by UV radiation (14,15). Melanoma 
can also hijack neuroendocrine circuits at advanced stages, 
producing neurotransmitters, neurohormones and glucocor‑
ticoids that modify whole‑body homeostasis to favor tumor 
survival (16). These systemic cues converge on intracellular 
oncogenic pathways that drive melanoma cell behavior. One 
such pathway is the mitogen‑activated protein kinase (MAPK) 
pathway, which includes RAS, RAF, MEK and ERK. This 
pathway promotes melanoma proliferation, migration and 
survival (17). Another key pathway is the PI3K/PTEN/AKT 
pathway, which regulates cell survival, growth and apoptotic 
resistance (18). Although these pathways are well‑established 
in melanoma biology, they represent only a portion of 
the complex regulatory network that promotes melanoma 
progression. Therefore, this highlights the need to investigate 
other regulators or signaling pathways that further play a role 
in melanoma progression.

The Hippo signaling pathway is an emerging regulatory 
pathway that plays a central role in controlling cell prolif‑
eration, differentiation and apoptosis. The core effectors of 
this pathway, YAP and TAZ, are increasingly recognized as 
crucial mediators of tumor progression in various types of 
cancer, including melanoma (19,20). In a cancerous setting, 
YAP and TAZ promote tumor growth through multiple 
mechanisms, including the activation of cell cycle regulators, 
such as cyclin E and interaction with transcription factors 
such as the AP‑1 family, which drive S‑phase progression in 
mitosis (21,22). Furthermore, YAP/TAZ has been implicated 
in epithelial‑mesenchymal transition (EMT), a process associ‑
ated with enhanced metastatic potential, as observed in breast 
cancer (21). The overexpression of these effectors has also 
been shown to be associated with a poor prognosis, therapeutic 
resistance, tumor dormancy and extracellular matrix remod‑
eling, which collectively contribute to treatment failure and 
disease recurrence (23).

In melanoma, the role of YAP and TAZ has become the 
focus of recent research. Several studies have reported that the 
overexpression of YAP and TAZ promotes tumor proliferation, 
metastasis and resistance to apoptosis, leading to poor patient 
outcomes (24). Other studies suggest that YAP/TAZ inhibition 
can suppress melanoma progression, indicating their potential 
as therapeutic targets (25,26). Notably, their functions appear 
context‑dependent, varying due to the complex signaling 
pathway involved in the specific type of cancer. Some find‑
ings suggest that YAP plays a more prominent role in tumor 
suppression than TAZ (25), while others have indicated the 
opposite (26). Functional redundancy between YAP and TAZ 
adds another layer of complexity, as TAZ has been observed 
to compensate for YAP loss in certain melanoma models (26). 
This context‑dependent behavior is further influenced by 
mutation variability in melanomas, with some cases exhib‑
iting constitutive YAP activation due to upstream mutations. 
By contrast, mutations occur directly on the Hippo pathway 
components in other cases and sometimes do not yield the 
same oncogenic effects (24).

However, several key gaps remain regarding the function of 
YAP/TAZ in melanoma. It remains unclear whether YAP/TAZ 
are essential drivers of therapeutic resistance or function as 
adaptive survival mechanisms that enable melanoma cells 
to persist under therapeutic pressure. Additionally, while 
various signaling pathways, including MAPK and PI3K, have 
been implicated in modulating YAP/TAZ activity, the precise 
upstream regulators sustaining their activation in melanoma 
remain incompletely understood. Furthermore, although 
preclinical studies have suggested that targeting YAP/TAZ can 
enhance therapeutic responses (27‑29), whether such approaches 
can effectively overcome resistance to existing melanoma 
therapies and improve patient outcomes requires further inves‑
tigation. The present scoping review aimed to systematically 
map the currently available literature on the role of YAP/TAZ 
in melanoma, identifying key mechanistic insights, therapeutic 
implications and knowledge gaps. By synthesizing findings 
from in vitro, in vivo and patient‑derived studies, the present 
study provides a framework for future research to advance 
YAP/TAZ‑targeted strategies in the treatment of melanoma.

Data and methods

The present scoping review followed the framework proposed 
by the Joanna Briggs Institute (JBI) methodology for scoping 
reviews (30) to ensure a systematic and transparent approach 
to collating existing literature on YAP/TAZ in melanoma. The 
results were reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses Extension 
for Scoping Reviews (PRISMA‑ScR) guidelines (31,32).

A literature search was conducted across multiple data‑
bases, including Medline through PubMed and Cochrane 
Central. The search strategy used medical subject headings 
(MeSH) terms to ensure sensitivity using the following terms: 
[‘YAP‑Signaling Proteins’ (MeSH Terms) OR ‘Transcriptional 
Coactivator with PDZ‑Binding Motif Proteins’ (MeSH Terms)] 
AND ‘melanoma’[MeSH Terms]. Additional relevant articles 
may be further identified by manually screening the reference 
list from included studies whenever appropriate. This search 
used up‑to‑date evidence published up to June, 2024.
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All retrieved records were imported into Mendeley for 
reference management, and duplicates were removed. The 
studies were selected using a two‑phase approach with an 
initial title and abstract screening followed by a full‑text 
review by two independent reviewers. The articles were 
screened using the eligibility criteria in a table. Data were 
extracted using a standardized form with the study authors, 
methods and design, and key findings collected. Qualitative 
synthesis was then conducted to summarize trends and discov‑
eries, identify research gaps and collate them into themes. No 
ethical approval was sought since the study only used publicly 
available peer‑reviewed articles. The eligibility criteria used in 
the present study are listed in Table I.

Results

The present scoping review included 37 articles (Fig. 1). The 
present scoping review identified that YAP/TAZ plays a crucial 
role in the development of melanoma, influencing processes 
from proliferation to metastasis. Unlike in other types of 
cancer, where YAP/TAZ exhibits both pro‑tumorigenic and 
protective roles, YAP/TAZ primarily functions as critical 
mediators of tumorigenesis in melanoma. Virtually all studies 
included in the scoping present review highlight their role as 
potential therapeutic targets. Multiple oncogenic pathways 
associated with YAP/TAZ activity were identified.

Hippo signaling and crosstalk between YAP/TAZ and other 
oncogenic signaling pathways. The main signaling regulator 
of YAP/TAZ activity is the Hippo pathway, which functions as 
a tumor suppressor by inactivating YAP/TAZ through phos‑
phorylation. The knockdown of large tumor suppressor kinase 
(LATS)1, a core kinase of the Hippo pathway, enhances YAP 
nuclear localization, and increases melanoma cell prolifera‑
tion and survival (33). However, YAP activation can also be 
sustained through Hippo‑independent mechanisms, particu‑
larly MAPK signaling. The study by Park et al (28) identified 
MAP3K3 (MEKK3) as a crucial modulator of YAP stability. 
By phosphorylating YAP at serine 405, MAP3K3 prevents 
YAP degradation, enhancing its transcriptional activity (28). 
Additionally, RAF‑1, another key MAPK signaling component, 

was previously found to regulate YAP/TAZ expression (34). 
The knockdown of RAF‑1 reduced YAP and TAZ levels, 
inhibiting melanoma cell proliferation, migration and invasion 
while promoting apoptosis. RAF‑1 was found to interact with 
MST2, linking the MAPK and Hippo pathways, though MST2 
expression remains unchanged upon RAF‑1 knockdown (34). 
This suggests that MAPK signaling enhances YAP stability 
by preventing its degradation and engages in crosstalk with 
Hippo signaling through RAF‑1/MST2 interactions, further 
promoting the progression of melanoma.

The present study also identified several signaling pathways 
in cancer affecting the function of YAP/TAZ in melanoma. 
The study by Lüönd et al (35) identified the interplay between 
TGFβ/SMAD and β‑catenin signaling, a well‑established 
growth‑promoting pathway in cancer. The findings of 
their study indicated that TGFβ signaling is essential for 
maintaining YAP/TAZ activity, while concurrent β‑catenin 
activation further enhanced tumor growth. This finding 
confirmed by another study identifying Tankyrase inhibitors 
that both inhibit WNT/β‑catenin and YAP signaling, re‑sensi‑
tizing melanoma to checkpoint inhibitor therapy (36). Another 
key pathway influenced by YAP/TAZ is the AP‑1 (FOS/JUN) 
transcription factor (37) YAP/TAZ directly regulates AP‑1 
activity, a key effector in tumorigenesis. The inhibition of AP‑1 
suppresses YAP‑driven tumorigenesis, reinforcing its role as 
a crucial downstream mediator. Additionally, metabolic and 
epigenetic regulators contribute to YAP/TAZ‑driven tumori‑
genesis. SIRT5, a critical energy homeostasis regulator, has 
been shown to mediate the acetylation of TAZ, enhancing its 
transcriptional activity (38). This finding establishes a direct 
link between metabolic signaling and melanoma progression, 
underscoring the central role of YAP/TAZ in oncogenesis.

Aside from metabolic regulation, the extracellular matrix 
also plays a crucial role in modulating YAP/TAZ activity. The 
study by Miskolczi et al (39) found that abundant collagen 
promoted YAP nuclear localization, facilitating a proliferative 
and differentiated melanoma phenotype. By contrast, TGFβ 
signaling promoted an invasive and dedifferentiated pheno‑
type (39). Furthermore, actin cytoskeleton remodeling through 
stress fiber formations has been implicated in YAP/TAZ 
nuclear localization, contributing to resistance against BRAF 

Table I. The eligibility criteria used in the present scoping review.

Eligibility criteria
Inclusion criteria
Population: Studies investigating YAP and/or TAZ in melanoma models, including in vitro (cell lines), in vivo (animal models) 
and patient‑derived data.
Concept: Studies investigating ANY role of YAP/TAZ in melanoma including but not limited to tumorigenesis, metastasis, drug 
resistance, prognosis, and/or therapeutic potential.
Context: Studies conducted in any context, laboratory, clinical settings, and preclinical models.
Exclusion criteria
	 • Studies not focused on YAP/TAZ or melanoma.
	 • Studies not published in English.
	 • Abstracts without full‑text availability.

YAP, yes‑associated protein; TAZ, transcriptional coactivator with PDZ‑binding motif.

https://www.spandidos-publications.com/10.3892/wasj.2025.356
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inhibitors (40). Fascin, an actin‑bundling protein, has been 
implicated in YAP activation by inhibiting MST2 kinase 
activity, a key upstream component of the Hippo pathway (41). 
This inhibition prevents the LATS‑mediated phosphoryla‑
tion of YAP, thereby sustaining its nuclear translocation and 
transcriptional activity. YAP, but not TAZ, has also been 
implicated explicitly in melanoma migration and metas‑
tasis through the direct regulation of actin‑related protein 

2/3 complex subunit 5 (25). Additionally, interactions with 
cancer‑associated fibroblasts via N‑cadherin enhance tumor 
survival through PI3K/AKT signaling (42), further linking the 
tumor microenvironment with the progression of melanoma. 
These findings highlight the role of the extracellular matrix 
and cytoskeletal dynamics in modulating YAP/TAZ function 
and suggest that these functions may become therapeutic 
targets.

Figure 1. PRISMA flow diagram of the study selection process. The flowchart illustrates the study selection process for the scoping review on YAP/TAZ 
signaling in melanoma, following the PRISMA guidelines. A total of 50 records were retrieved from the Medline and Cochrane Central, and 37 studies were 
included in the final review. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta‑Analyses. YAP, yes‑associated protein; TAZ, transcrip‑
tional coactivator with PDZ‑binding motif.
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The present scoping review also identified several genetic 
and regulatory factors influencing YAP/TAZ activity. Three 
single nucleotide polymorphisms (YAP1 rs11225163, TEAD1 
rs7944031 and TEAD4 rs1990330) have been found to be 
associated with melanoma‑specific survival, highlighting 
potential genetic predispositions (43). RNA‑based regulatory 
mechanisms were also evident, with multiple microRNAs 
(miRNAs/miRs) modulating YAP/TAZ expression. Notably, 
miR‑590‑5p is a tumor suppressor directly targeting YAP1, 
reducing melanoma proliferation  (44). This miRNA is 
further regulated by lncRNA‑ATB through endogenous 
competition (45). Another identified miRNA, miR‑550a‑3‑5, 
suppresses YAP expression, decreasing cell proliferation and 
increasing sensitivity to BRAF inhibition, although the precise 
mechanisms involved remain unclear  (46). The epigenetic 
regulation of the function of YAP/TAZ was also shown in 
the study by Luo et al (47). In their study, the transcriptional 
coactivator, PPARG coactivator 1α (PGC1α), a regulator 
of mitochondrial metabolism, was epigenetically silenced 
through EZH2‑mediated histone (H3K27me3) modifications. 
This epigenetic silencing promoted the progression of mela‑
noma by increasing the expression of WNT5A, stabilizing the 
YAP protein (47).

Therapeutic targeting of YAP/TAZ in melanoma. Given its 
involvement in multiple oncogenic pathways, tumor micro‑
environment interactions and resistance mechanisms, studies 
have shown that the expression of YAP/TAZ in melanoma is 
largely deleterious. TAZ nuclear localization amplifies TEAD 
transcriptional activity, accelerating melanoma proliferation 
and tumorigenesis (48). It has also been identified that a high 
expression of YAP/TAZ is strongly linked to increased tumor 
thickness, invasion depth and the number of lymph node 
metastases  (27,49,50). YAP/TAZ knockdown can reduce 
melanoma invasiveness, colony formation and lung coloniza‑
tion, partially mediated by cellular communication network 
factor 2 (CCN2) expression (51,52). However, YAP‑driven 
metastasis is primarily dependent on TEAD transcrip‑
tional activity (27,53), as mutations in other YAP domains 
(WW and PDZ‑binding motif) had a minimal effect  (53). 
YAP also influences the immune landscape of melanoma. 
Stampouloglou et al (54) demonstrated that YAP deletion 
heightened T‑cell activation, leading to increased CD4+ and 
CD8+ T‑cell infiltration into tumors, subsequently suppressing 
tumor growth  (54). RNA sequencing further revealed the 
role of YAP role in regulating T‑cell activation and migra‑
tion‑related genes (54). An increased YAP activity has also 
been shown to be associated with CD8+ T‑cell exhaustion 
and MAPK inhibitor resistance (55). Notably, Kim et al (56) 
observed that YAP activation in BRAF‑resistant melanoma 
cells increased programmed death‑ligand 1 expression, 
enabling immune evasion, although anti‑programmed cell 
death protein 1 therapy reversed this effect. Collectively, 
these findings reinforce YAP/TAZ as central drivers of 
melanoma pathogenesis, linking them to multiple oncogenic 
pathways, tumor microenvironment interactions and regula‑
tory networks. Their influence on therapeutic resistance and 
immune evasion further underscores their potential as thera‑
peutic targets, necessitating research into new inhibitors and 
combination therapies.

Several studies have demonstrated the beneficial effects 
of inhibiting YAP signaling in melanoma. Lüönd et al (35) 
invest igated the hierarchical associat ion between 
TGFβ/SMAD, Hippo/YAP/TAZ and Wnt/β‑catenin path‑
ways, revealing that inhibiting YAP/TAZ could serve as a 
therapeutic strategy in melanoma by disrupting the crosstalk 
with other oncogenic pathways. Ma et al (57) revealed that 
lactamase beta (LACTB), a mitochondrial protein, suppressed 
melanoma progression by inhibiting PP1A‑mediated YAP 
dephosphorylation, thereby preventing YAP activation. In 
another study, in an in vivo metastasis model, targeting the 
HU177 collagen epitope inhibited YAP nuclear accumula‑
tion and CDK5 phosphorylation and was shown to decrease 
melanoma migration and metastasis (58). YAP activation is 
identified as a critical driver of anoikis resistance and mela‑
noma metastasis. Anoikis‑resistant melanoma cells exhibit 
higher YAP activation, increased migration and enhanced 
invasion, features which are crucial for metastatic dissemina‑
tion. In another study, the pharmacological inhibition of YAP 
or genetic knockdown significantly reduced tumor inva‑
sion and metastatic potential (59). Sanchez and Aplin (60) 
demonstrated that YAP/TAZ knockdown reduced melanoma 
invasiveness, colony formation and lung colonization, 
revealing CCN2 as a downstream effector in promoting 
metastasis. Zhang et al  (49) further established that YAP 
activity was elevated in invasive melanoma cell lines and 
associated with spontaneous metastasis in vivo, with AXL, 
THBS1 and CYR61 acting as key mediators of metastasis. 
Kazimierczak et al (33) studied LATS1, a key regulator of 
YAP/TAZ, and found that modulating its activity could 
impact melanogenesis, potentially influencing melanoma 
therapy. Kim et al highlighted the role of PIN1 in YAP/TAZ 
regulation, suggesting that targeting PIN1 could be a viable 
approach to suppress melanoma progression (48).

Several studies have explored the inhibition of YAP 
through previously identified drugs. Combination therapy 
using bromodomain and extraterminal domain (BET) and 
histone deacetylase (HDAC) inhibitors synergistically induces 
apoptosis in melanoma cells, including BRAF‑resistant lines, 
by suppressing YAP and AKT signaling (29). These results are 
supported by another study which found an association between 
histone modifications and YAP modifications, suggesting that 
epigenetic regulators of YAP activity could serve as therapeutic 
targets (47). These findings suggest that targeting upstream 
modulators of YAP dephosphorylation may be a viable strategy 
to inhibit its oncogenic activity. The studies by Ryu et al (27) and 
Kim et al (48) investigated verteporfin, a known YAP inhibitor, 
and its effects on melanoma. The study found that nuclear YAP 
localization was associated with aggressive melanoma features, 
and verteporfin effectively disrupted YAP signaling, reducing 
melanoma cell proliferation and survival. This suggests that 
verteporfin may be a viable therapeutic strategy for targeting 
YAP‑driven melanoma. Hajimoradi Javarsiani  et  al  (61) 
explored metformin and its effects on the Hippo pathway in 
melanoma. They demonstrated that metformin treatment 
decreased melanoma cell viability and significantly suppressed 
melanoma proliferation when combined with dacarbazine. 
Their findings indicate that metformin may exert anti‑mela‑
noma effects by modulating YAP/TAZ activity, thus rendering 
it a potential adjuvant therapy.

https://www.spandidos-publications.com/10.3892/wasj.2025.356
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YAP has emerged as a critical regulator of melanoma 
resistance to targeted therapies, particularly BRAF inhibi‑
tors. BRAF inhibitors selectively target the BRAF kinase 
and interfere with the MAPK signaling pathway, which 
controls cell proliferation and survival and was previously 
identified to interact with YAP/TAZ. Multiple studies have 
demonstrated that YAP activation and nuclear localiza‑
tion contribute to resistance. In BRAF‑mutant melanoma, a 
genome‑wide CRISPR/Cas9 screen identified solute carrier 
family 35 member B2 (SLC35B2), a sulfate transporter, as a 
novel modulator of YAP‑mediated resistance (62). The loss of 
SLC35B2 led to reduced heparan sulfate expression, inhibited 
receptor tyrosine kinase activity, and sensitized melanoma 
cells to BRAF inhibitors. Another study by Misek et al (63) 
identified ibrutinib as a potential therapeutic strategy. 
Ibrutinib, a Bruton tyrosine kinase (BTK) inhibitor, reversed 
vemurafenib resistance by reducing YAP1 nuclear localiza‑
tion, acting through off‑target inhibition of Src family kinases. 
In de‑differentiated melanoma cells, Rho‑mediated signaling, 
a signaling pathway involved in cytoskeletal signaling, was 
identified as a major driver of BRAF resistance (64). Inhibiting 
RhoA‑ROCK‑MRTF/YAP signaling restored sensitivity to 
vemurafenib, emphasizing the importance of YAP signaling 
in treatment resistance. These studies suggest that targeting 
YAP directly or through their upstream kinases may over‑
come treatment resistance in melanoma. Promising strategies 
include verteporfin, which disrupts YAP signaling, and combi‑
nation therapies with BET and HDAC inhibitors that induce 
apoptosis in resistant melanoma cells.

Discussion

The findings of the present scoping review reinforce the critical 
role of YAP/TAZ as key regulators of melanoma progression, 
solidifying their position as central components of multiple 
oncogenic pathways, tumor microenvironment interactions 
and therapeutic resistance. Although YAP/TAZ have been 
extensively studied in various cancers, research indicates 
their function in melanoma is uniformly oncogenic. This is 
in contrast to other malignancies, where YAP/TAZ exhibit 
dual roles depending on the cellular context (21). The findings 
highlight the significance of YAP/TAZ in melanoma and their 
potential as therapeutic targets. A summary of YAP/TAZ 
activity in melanoma is presented in Fig. 2.

Studies have linked YAP/TAZ activation to EMT, (65) 
metastasis (53,66), and therapeutic resistance in several types 
of cancer (59,67,68). These findings further support the role 
of YAP/TAZ in these carcinogenic processes in melanoma. 
Studies have shown that the Hippo pathway is not the sole 
signaling route affecting YAP/TAZ in melanoma. Several 
alternative signaling pathways were identified, which are inde‑
pendent of the Hippo pathway, including MAPK, PI3K and 
TGFβ, which sustain YAP/TAZ activity (34,35). These find‑
ings suggest a potential loss of control by the Hippo pathway 
and highlight how multiple growth‑promoting pathways 
converge on YAP/TAZ, presenting these proteins as potential 
therapeutic targets. Notably, these melanoma‑specific effects 
are in contrast to the context‑dependent behavior of YAP/TAZ, 
which has been reported in several other malignancies, such as 
breast cancer (69), renal cell carcinoma (70), esophageal (71) 

and lung cancer (72). A recent study demonstrated that YAP 
may function as a tumor suppressor in a specific context 
through interactions between TEAD and other proteins. For 
example, YAP disrupts the TEAD‑Erα transcriptional complex 
in ER‑positive breast cancer, hampering estrogen‑driven 
proliferation (69). YAP also antagonizes HIF‑2α signaling in 
renal clear‑cell carcinoma and limits its growth (70). A large 
CRISPR‑based pan‑cancer screen also identified mutually 
exclusive pro‑ and anti‑cancer YAP/TEAD transcriptional 
programs that are lineage‑restricted (73). That study identified 
that YAP drives pro‑ and anti‑cancer activity depending on 
the specific cancers. These differences underscore the need 
for a more in‑depth understanding of the melanoma‑specific 
regulatory and signaling mechanisms of YAP/TAZ.

Resistance to targeted therapies remains a significant 
challenge in cancer treatment, particularly with BRAF 
inhibitors in melanoma. A recent study demonstrated that 
BRAF‑resistant melanoma cells maintain nuclear YAP 
through Hippo‑independent, compensatory signaling path‑
ways, most prominently MAP3K3‑mediated phosphorylation 
that prevents lysosomal degradation of YAP  (28), and a 
RhoA‑ROCK‑MRTF/YAP axis triggered by cell dediffer‑
entiation (64). These studies identified that targeting YAP 
re‑sensitizes tumor cells to therapy. Similar phenomena 
have been observed in other types of cancer, such as lung 
cancer, where YAP/TAZ mediates acquired resistance to 
targeted therapies. Several studies have demonstrated that 
YAP/TAZ inhibition can reverse tumor resistance. Notably, 
verteporfin, a YAP/TEAD interaction inhibitor, successfully 
reverses resistance to paclitaxel and gefitinib  (71,72,74). 
Given these findings, investigating verteporfin in the context 
of BRAF‑resistant melanoma is an intriguing avenue for 
future research. Additional adaptive routes include the 
loss of the heparan‑sulfate transporter SLC35B2, which 
heightens receptor‑tyrosine‑kinase signaling and amplifies 
YAP‑dependent resistance to MAPK inhibition  (62), and 
actin‑cytoskeleton remodeling that strengthens the YAP/TAZ 
nuclear accumulation (40). Targeting these upstream nodes, 
alone or combined with verteporfin, may further enhance 
re‑sensitization strategies.

Beyond therapeutic resistance, YAP activation also 
drives metabolic adaptations supporting tumor survival. 
In melanoma, silencing PGC‑1α, a key regulator of mito‑
chondrial metabolism, increases YAP activity, whereas the 
expression of LACTB, a mitochondrial protein, inhibits 
YAP activity (47,57). These findings demonstrate the ability 
of YAP to influence metabolic adaptation, allowing tumor 
cells to survive in hostile conditions through glycolytic 
metabolism. Previous studies have highlighted the role 
of YAP/TAZ in metabolic regulation by increasing the 
expression of almost all glycolytic enzymes and glucose 
transporters (75,76). These findings suggest that combining 
metabolic inhibitors with YAP/TAZ‑targeting agents could 
help overcome treatment resistance in melanoma. YAP/TAZ 
has also been shown to mediate treatment resistance through 
immune evasion. A previous study has linked YAP activity 
with PD‑L1 expression and the effectiveness of PD‑L1 
inhibition in reversing YAP‑induced immune evasion (56). 
However, that study did not explore the specific effects of 
YAP activation on immune cell functions in melanoma.
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Despite strong preclinical evidence supporting the 
tumor‑promoting role of YAP/TAZ in melanoma, translating 
these findings into clinical applications remains challenging. 
To the best of our knowledge, no studies to date have 
specifically explored verteporfin, a YAP/TEAD interac‑
tion inhibitor, in melanoma. However, several studies have 
investigated other drugs with off‑target effects on YAP/TAZ. 
For instance, ibrutinib, a BTK inhibitor, has been shown to 
re‑sensitize melanoma to chemotherapy through its off‑target 
effects on YAP (63). However, concerns about toxicity persist, 
as ibrutinib has been shown to be associated with an uncer‑
tain risk of developing skin cancers (77). Other research has 
explored the combination of BET and HDAC inhibitors for 
epigenetic modulation, demonstrating synergy and enhanced 

effectiveness through YAP signaling inhibition (29). These 
studies highlight the promising potential of YAP/TAZ as 
therapeutic targets in melanoma. While pan‑TEAD inhibi‑
tors and YAP‑disrupting drugs, such as verteporfin exhibit 
antitumor activity in pre‑clinical melanoma models, the 
systemic suppression of Hippo signaling can provoke 
hepatotoxicity, nephrotoxicity, immunosuppression, and 
impaired tissue regeneration (78). Several strategies to miti‑
gate these effects in future studies include delivery systems, 
such as nanoparticles or antibody conjugates to confine 
inhibitor exposure to tumors and combination regimens 
that allow dose reduction. Given the emerging significance 
of YAP/TAZ, further research is warranted to evaluate the 
effects of YAP/TAZ‑targeting therapies in clinical trials. 

Figure 2. YAP/TAZ signaling pathway in melanoma. The schematic diagram illustrates the dysregulation of YAP/TAZ signaling in melanoma, emphasizing 
the central role of YAP/TAZ and key oncogenic pathways, extracellular matrix influences, and transcriptional targets. Under normal conditions, MST1/2 
and LATS1/2 kinases phosphorylate YAP/TAZ, leading to cytoplasmic sequestration and inactivation. However, MAPK (RAF‑1, MEKK3) and PI3K/AKT 
signaling inhibit Hippo pathway components in melanoma and promote YAP/TAZ activation and TEAD‑mediated transcription of oncogenic genes. 
Extracellular matrix components (collagen‑rich matrix, actin stress fibers and fascin), TGFβ/SMAD, and Wnt/β‑catenin signaling further sustain YAP/TAZ 
activity and induce proliferation (AP‑1), metastasis (AXL, CTGF, CYR61) and immune evasion (PD‑L1 upregulation, CD4+ and CD8+ T‑cell suppression). 
Detailed associations shown in the figure are further described in the Results section of this manuscript. Blunt‑ended lines indicate inhibition, dashed arrows 
denote activation, solid lines with square ends represent translocation, and double arrows indicate downstream activation of cellular functions. Black boxes 
indicate Hippo‑independent signaling pathways. Small circles on proteins denote phosphorylation events. YAP, yes‑associated protein; TAZ, transcriptional 
coactivator with PDZ‑binding motif; MST1/2, mammalian sterile 20‑like kinase 1/2; LATS1/2, large tumor suppressor kinase 1/2.

https://www.spandidos-publications.com/10.3892/wasj.2025.356
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Additionally, further research is required focus on selective 
targeting strategies to minimize off‑target effects and reduce 
toxicity.

The present scoping review established the central role 
of YAP/TAZ in melanoma pathogenesis and therapeutic 
resistance. While their oncogenic role in melanoma is 
well‑documented, their context‑dependent regulation within 
the tumor microenvironment warrants further investigation. 
These findings emphasize that therapeutic strategies need 
to be carefully designed, with the preferential inhibition of 
YAP/TAZ in melanoma cells being a more viable treatment 
approach. Future research is required to focus on developing 
selective inhibitors and a more comprehensive characteriza‑
tion of YAP/TAZ signaling pathways in melanoma through 
functional screens and gene manipulation studies. To refine 
therapeutic strategies, a more in‑depth understanding of 
tumor‑specific YAP/TAZ dependencies is warranted. For 
example, comprehensive CRISPR functional screens and 
in  vivo models are required to map melanoma‑specific 
YAP/TAZ dependencies. These data can help guide 
selective YAP/TAZ‑targeted therapies and combination 
strategies capable of circumventing drug resistance, while 
minimizing off‑target toxicity. Emerging evidence also 
links YAP/TAZ to immune modulation (54) and metabolic 
adaptations (47,75,76) in cancer, although research in these 
areas remains limited. Further exploration of these pathways 
could lead to the development of novel therapeutic strategies 
to overcome drug resistance and improve patient survival 
outcomes.
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