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Hippo-YAP Pathway Dysregulation and Prognostic Implications
in HPV-Negative Oropharyngeal Carcinomas
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Simple Summary

Oropharyngeal squamous cell carcinoma (OPSCC) unrelated to human papillomavirus
(HPV) is an aggressive disease with limited prognostic biomarkers. The Hippo—YAP
signaling pathway is frequently dysregulated in epithelial cancers, but its role in this
OPSCC subtype remains unclear. In this study, we evaluated the expression of YAP1
and TAZ proteins in a large cohort of HPV-negative OPSCC patients and analyzed their
association with clinicopathological features and survival outcomes. We found that nuclear
YAP1 expression is strongly associated with poorer disease-specific survival and acts as
an independent prognostic factor, while TAZ expression showed no significant clinical
impact. These findings highlight the relevance of YAP1 as a prognostic biomarker and
support further investigation of the Hippo-YAP pathway as a potential therapeutic target

in HPV-unrelated OPSCC.
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(p =0.019 and p = 0.004, respectively) and DSS (p = 0.01 and p = 0.006, respectively). Mul-
tivariable analysis identified nodal involvement (HR = 1.64, p = 0.023) and nuclear YAP1
expression (HR = 1.65, p = 0.004) as independent predictors of DFS, and advanced tumor
stage (HR = 1.57, p = 0.038), nodal involvement (HR = 2.34, p < 0.001), and nuclear YAP1
expression (HR = 1.78, p = 0.002) as independent predictors of DSS. In contrast, nuclear
TAZ expression was observed at a lower frequency (14.5%) and showed no significant
association with clinical parameters or survival outcomes. Conclusions: YAP1 expression,
particularly its nuclear activated form, emerges as an independent poor prognostic fac-
tor in HPV-negative OPSCC, whereas nuclear TAZ expression was rather infrequent and
showed no clinical relevance. These findings highlight the importance of Hippo pathway
dysregulation in this tumor subtype and suggest the potential of YAP1 as both a prognostic
biomarker and a therapeutic target.

Keywords: oropharyngeal squamous cell carcinoma; head and neck carcinoma; human
papillomavirus; YAP1; TAZ; survival

1. Introduction

Oropharyngeal squamous cell carcinoma (OPSCC) is a subset of head and neck squa-
mous cell carcinomas (HNSCCs), which together represent the sixth most common group
of malignancies worldwide. Within this group, OPSCC is the third most frequent anatomi-
cal site, accounting for more than 350,000 new cases and over 170,000 deaths globally in
2020 [1]. Similar to other major malignancies, the incidence of OPSCC continues to rise,
with an estimated annual increase of 2-3% reported between 2015 and 2019 [1].

OPSCC can be broadly classified into two etiological categories: tumors associated
with human papillomavirus (HPV) infection (p16-positive) and those unrelated to HPV
(pl6-negative). The latter group is predominantly linked to well-established lifestyle risk
factors, particularly tobacco and alcohol consumption, as is characteristic of other HNSCC
subtypes [2,3].

Carcinogenesis in HPV-negative OPSCC is driven by chronic exposure to carcinogens,
leading to the progressive accumulation of genetic alterations within epithelial cells. This
multistep process ultimately results in malignant transformation [4,5]. Frequently observed
molecular alterations include mutations in TP53 and deletions in the CDKN2A gene, which
encodes the p16 protein. Additional genetic changes involve mutations in genes such as
MLL2, CUL3, NSD1, PIK3CA, and NOTCH, as well as copy number gains affecting EGFR,
CCND1, and FGFR [4,6].

Among the signaling pathways implicated in OPSCC pathogenesis, the Hippo—YAP
pathway plays a critical role. Originally described in Drosophila melanogaster, this pathway
functions as a key regulator of cell proliferation, apoptosis, and organ size control [7]. It acts
as a mechanosensory system, integrating physical cues from the cellular environment and
translating them into transcriptional responses that influence cell growth and differentiation.
Moreover, the Hippo pathway is essential for early embryonic development and the
maintenance of stem cell pluripotency [8,9]. Dysregulation of this pathway has been
documented in a wide range of human cancers, particularly those of epithelial origin,
including lung, colorectal, breast, and liver cancers [7].

The Hippo-YAP pathway comprises two principal components. The core Hippo ki-
nase cascade includes neurofibromatosis type 2 (NF2), which activates the serine/threonine
kinases MST1 and MST2. In complex with the scaffold protein SAV1, these kinases phos-
phorylate and activate LATS1/2 and their cofactor MOB1A /1B. This cascade results in the
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inactivating phosphorylation of the transcriptional coactivators YAP1 and TAZ. When the
Hippo pathway is inactive, unphosphorylated YAP1 and TAZ translocate to the nucleus,
where they interact with TEAD transcription factors to promote the expression of genes
involved in cell proliferation and survival, thereby supporting tumorigenesis. Conversely,
activation of the Hippo pathway leads to YAP1/TAZ inhibition through phosphorylation,
cytoplasmic retention, ubiquitination, and proteasomal degradation [7,8].

The Hippo pathway is highly interconnected with other signaling networks, including
the epidermal growth factor receptor (EGFR), insulin receptor (IR), and platelet-derived
growth factor receptor (PDGFR) pathways [9]. It also interacts with the MAPK pathway,
which can enhance Hippo signaling and promote YAP1/TAZ inactivation, thereby sup-
pressing cell proliferation [7,8]. Additionally, crosstalk with the PI3K pathway has been
described, particularly involving PIK3CA (encoding the p110« catalytic subunit), which is
mutated or overexpressed in up to 55% of HNSCC cases. Evidence suggests a close associa-
tion between PIK3CA /p110« activation, phosphorylation of its downstream effector pS6,
and YAP1 activation [9-11]. Overall, the Hippo pathway functions as a tumor suppressor
system that restrains the oncogenic activity of YAP1 and TAZ. Notably, its dysregulation
in cancer is often driven by altered expression of upstream regulatory components rather
than direct mutations in YAPI or TAZ themselves [9].

YAP1 has been extensively studied for its role in tumor progression and metastasis
across multiple epithelial malignancies, including lung, colorectal, ovarian, and breast
cancers. Disruption of the Hippo pathway—often through alterations in signaling cascades
such as PI3BK-AKT-mTOR—Ieads to nuclear accumulation of YAP1, which is associated
with enhanced migration, invasion, metastasis, and resistance to therapy, ultimately con-
tributing to poor clinical outcomes [12,13].

Despite advances in understanding the molecular biology of OPSCC, significant re-
search gaps remain, particularly for HPV-negative disease. While HPV-positive OPSCC
has been extensively characterized and shows a favorable prognosis with de-escalation
strategies under investigation, HPV-negative OPSCC represents a distinct biological en-
tity with poor outcomes and limited prognostic biomarkers. Current TNM staging and
histological grading provide insufficient risk stratification in this population. The Hippo-
YAP/TAZ pathway has emerged as a critical regulator of cancer progression in multiple
tumor types, but its role in HPV-negative OPSCC remains poorly characterized. Specifically,
the following gaps exist: (1) limited data on YAP1/TAZ expression patterns specifically in
HPV-negative OPSCC; (2) lack of prognostic biomarkers beyond conventional clinicopatho-
logical parameters; (3) insufficient understanding of pathway dysregulation mechanisms
in this disease subtype; and (4) absence of validated therapeutic targets. Therefore, compre-
hensive characterization of YAP1 and TAZ expression and their prognostic implications
in HPV-negative OPSCC is critically needed to improve risk stratification and identify
potential therapeutic targets.

The primary objective of this study was to evaluate the expression patterns of YAP1
and TAZ proteins in HPV-negative OPSCC and determine their prognostic significance
for disease-specific survival. Secondary objectives were to (1) assess associations between
YAP1/TAZ expression and clinicopathological characteristics; (2) analyze subcellular lo-
calization patterns (nuclear vs. cytoplasmic) and their differential prognostic implications;
(3) evaluate stromal YAP1 expression in cancer-associated fibroblasts; and (4) identify
independent prognostic factors through multivariable survival analysis.
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2. Materials and Methods
2.1. Study Design

This study was designed as a retrospective observational investigation comprising
two complementary components. First, a descriptive analysis was conducted to address the
primary objective. Subsequently, an analytical approach was applied to explore associations
between clinicopathological variables and immunohistochemical findings in relation to the
secondary objectives.

2.2. Study Population

Patients with histopathologically confirmed HPV-negative oropharyngeal squamous
cell carcinoma (OPSCC) who underwent primary surgical treatment at the Central Uni-
versity Hospital of Asturias (Oviedo, Spain) between January 2000 and December 2009
were included. Only treatment-naive patients were considered eligible. Inclusion criteria
were (1) histopathologically confirmed squamous cell carcinoma of the oropharynx (includ-
ing base of tongue, tonsil, soft palate, and oropharyngeal wall); (2) HPV-negative status;
(3) primary surgical treatment with curative intent performed at our institution; (4) avail-
ability of formalin-fixed paraffin-embedded tumor tissue of sufficient quality and quantity
for immunohistochemical analysis; (5) complete clinicopathological and follow-up data;
and (6) no prior head and neck malignancy or concurrent second primary tumor. This
study included all consecutive patients with HPV-negative OPSCC treated at our insti-
tution during the study period who met the inclusion criteria, resulting in a cohort of
215 patients. While no formal “a priori” sample size calculation was performed for this
retrospective observational study, post-hoc power analysis indicated that with 215 patients
and an observed event rate of 55%, this cohort provides >80% power to detect a hazard
ratio of 1.5 or greater for biomarker associations with survival (alpha = 0.05, two-sided test).
This sample size is comparable to or larger than previous prognostic biomarker studies in
plé-negative OPSCC and represents one of the largest single-center cohorts reported for
this specific patient population.

All patients underwent primary surgical resection with curative intent. Neck dis-
section was performed according to clinical and radiological nodal status: patients with
clinically positive nodes (N+) underwent therapeutic neck dissection (levels I-V or modified
radical neck dissection), while patients with clinically negative nodes (NO) underwent elec-
tive neck dissection (typically levels II-IV). The extent of neck dissection was determined
by the primary tumor location and clinical staging. Postoperative radiotherapy (RT) was
administered to patients based on pathological risk factors including positive or close
surgical margins (<5mm), perineural invasion, lymphovascular invasion, extracapsular
extension, or multiple (>3) positive lymph nodes. Concurrent chemotherapy was not ad-
ministered to any patient. Tumor staging was determined according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging system, and clinicopathological data
were retrieved from electronic medical records. Information on HPV status was available
for all patients. HPV status was analyzed using p16 immunohistochemistry, high-risk HPV
DNA detection by in situ hybridization, and genotyping by GP5+/6+-PCR, as previously
reported [14,15].

The study protocol complied with the principles of the Declaration of Helsinki and
was approved by the Institutional Ethics Committee of the Central University Hospital of
Asturias (CEImPA No. 2023.018).

2.3. Histopathology & Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded (FFPE) tumor samples were obtained from the
Biobank of the Principality of Asturias (PT20/00161 and PT23/00077), part of the Spanish
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National ISCIII Platform for Biobanks and Biomodels. Tissue microarrays (TMAs) were
constructed using representative areas from each tumor specimen. Specifically, three
distinct tumor regions were selected for each case, excluding necrotic areas, along with
samples of non-neoplastic mucosa (FFPE tonsil tissue). Hematoxylin and eosin staining
was performed on selected sections to confirm histological features. Tumor grading was
established according to the 2017 World Health Organization (WHO) classification criteria.

Immunohistochemical analyses were carried out following previously validated pro-
tocols [10,16]. Briefly, 3 pm-thick sections from the TMAs were mounted on Flex IHC
slides (DakoCytomation, Glostrup, Denmark), deparaffinized in xylene, and rehydrated
through graded alcohols. Antigen retrieval was performed using EnVision Flex Target
Retrieval Solution (DakoCytomation, Glostrup, Denmark) under different pH conditions,
depending on the antibody (high pH for TAZ and low pH for YAP1). Immunostaining
was conducted at room temperature using an automated Dako Autostainer Plus system
(DakoCytomation, Glostrup, Denmark). The primary antibodies employed were a rabbit
polyclonal anti-YAP1 antibody (Invitrogen, #PA1-46189, Waltham, MA, USA; dilution
1:500) and a mouse monoclonal anti-TAZ antibody (Abcam, #ab242313, clone CL0371,
Cambridge, UK; dilution 1:100). Detection was achieved using the Dako EnVision Flex+
system (DakoCytomation, Glostrup, Denmark) with diaminobenzidine as chromogen,
followed by hematoxylin counterstaining. Negative controls were included by omitting the
primary antibody:.

Immunohistochemical evaluation was independently performed by two observers
blinded to clinical data. A good correlation was observed between observers (Kappa
index = 0.85). Nuclear expression of YAP1 and TAZ was assessed according to the percent-
age of positively stained tumor cells and categorized into three groups (0-10%, 11-50%,
and >50%), which were subsequently dichotomized into negative (<10% stained cells)
and positive (>10% stained cells) for statistical analysis. Cytoplasmic YAP1 expression
was evaluated based on staining intensity and classified into four categories (negative,
weak, moderate, and strong), later dichotomized into low (negative/weak) and high (mod-
erate/strong) expression. Stromal YAP1 expression in cancer-associated fibroblasts was
scored on a three-tier scale (negative, weak, and strong) and similarly dichotomized into
low (negative/weak) and high expression groups.

Nuclear and cytoplasmic YAP1 expression was evaluated using different but comple-
mentary scoring systems based on biological considerations. Nuclear YAP1 represents a
transcriptionally active protein, and its biological significance relates to the proportion of
tumor cells with nuclear translocation; therefore, we assessed the percentage of tumor cells
with nuclear positivity. Cytoplasmic YAP1 represents the inactive, sequestered form of the
protein, where staining intensity better reflects the overall protein level; therefore, we used
a semi-quantitative intensity score (0-3+).

The 10% cutoff for nuclear YAP1 positivity was selected based on (1) previous lit-
erature in head and neck squamous cell carcinoma demonstrating that even low levels
of nuclear YAP1 (>10%) correlate with pathway activation and adverse outcomes; (2) re-
ceiver operating characteristic (ROC) curve analysis for disease-specific survival, which
identified 10% as an optimal threshold; and (3) biological considerations, as YAP1 nuclear
translocation is a key regulatory event and even modest nuclear accumulation indicates
pathway activation.

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows (version
27.0.1; IBM Corp., Armonk, NY, USA). Descriptive statistics were used to summarize clini-
copathological characteristics and immunohistochemical variables. Associations between
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categorical variables were evaluated using the chi-square test and Spearman correlation, as
appropriate. Disease-specific survival (DSS) was defined as the time from initial treatment
to death attributable to the disease, and disease-free survival (DFS) was defined as the
time from surgery to first recurrence (local, regional, or distant) or last follow-up, and
both were estimated using the Kaplan-Meier method, with comparisons performed using
the log-rank test. Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated
using Cox proportional hazards regression models. Variables identified as statistically
significant in univariable analyses (p < 0.05) were considered candidates for inclusion in
the multivariable model. A multivariable regression model was then constructed using
a backward stepwise selection procedure, in which all candidate variables were initially
entered into the model and sequentially removed based on predefined criteria (typically
p > 0.05 for removal), while assessing changes in model fit and stability at each step. Clinical
relevance and prior knowledge were also taken into account to retain variables considered
important confounders, regardless of their statistical significance, to avoid model misspeci-
fication. For time-to-event outcomes, a Cox proportional hazards regression model was
used. Model adequacy was evaluated using measures of goodness-of-fit and discrimina-
tion (e.g., likelihood ratio tests). Final model results were reported as adjusted hazard
ratios (HRs) with 95% confidence intervals (CIs). All statistical tests were two-sided, and a
p-value < 0.05 was considered statistically significant.

3. Results
3.1. Clinicopathological Description

A total of 215 patients were included in the study cohort, consisting predominantly
of men (n = 209, 97.2%), with only six women (2.8%). All the cases received surgical
resection with neck dissection: 38 cases received unilateral selective neck dissection,
58 bilateral selective neck dissection, 36 unilateral radical neck dissection, 79 radical in one
side plus selective neck dissection in the other side, and 4 bilateral radical neck dissection
(staged); 146 (68%) patients received postoperative RT. The mean age at diagnosis was
57.8 years (median, 58 years). The median follow-up duration was 20 months (mean,
33.68 months) for the whole series and 65 months (mean, 74.6 months) for surviving pa-
tients, with a broad range spanning from 0 to 216 months. Data regarding tobacco and
alcohol exposure were available for 211 patients. Among these, 208 (96.7%) were current
or former smokers, while only three individuals (1.4%) reported no history of smoking. A
comparable distribution was observed for alcohol consumption, with 208 patients identified
as regular drinkers and three as abstinent. At the last follow-up, 118 patients (54.9%) had
died due to tumor progression, whereas 42 (19.5%) had died from causes unrelated to the
disease. The overall mortality rate reached 74.4%, with a disease-specific mortality of 54.9%
attributed to OPSCC.

Tumor characteristics indicated a predominance of advanced disease at diagnosis.
According to the TNM classification, T4a tumors were most frequent (n = 77, 35.8%), fol-
lowed by T3 tumors (n = 74, 34.4%). Nodal involvement was common, with N2 stage
observed in 108 patients (50.2%). Consequently, the majority of patients presented with
advanced-stage disease, with stage IV accounting for 158 cases (73.5%), followed by stage
III (n = 36, 16.7%), stage I (n = 17, 7.9%), and stage I (n = 4, 1.9%). Histopathological
evaluation revealed that 96 tumors (44.7%) were well differentiated, 82 (38.1%) moder-
ately differentiated, and 37 (17.2%) poorly differentiated. Surgical margins were free in
178 patients (83%) and microscopically involved in 37 (17%).
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3.2. Immunohistochemical Analysis of YAP1 and TAZ Expression

Positive nuclear YAP1 expression (>10% of tumor cells) was detected in 114 tumor
samples (53%). Cytoplasmic YAP1 expression showed strong intensity (+3) in 37 cases
(17.2%), moderate intensity (+2) in 60 (27.9%), weak intensity (+1) in 87 (40.5%), and no
expression in 31 cases (14.4%). After dichotomization, 118 cases (55%) were categorized as
weak/negative and 97 (45%) as moderate/strong expression.

YAP1 staining was also detected within the surrounding tumor stroma, particularly
in cancer-associated fibroblasts (CAFs), which showed cytoplasmic and nuclear staining,
with moderate/strong expression in 115 tumors (53.5%), weak expression in 88 (40.9%),
and absence of staining in 11 cases (5.1%). Representative examples of YAP1 expression are
shown in Figure 1A-D.
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Figure 1. (A-F). Representative examples of immunohistochemical expression of YAP1 and TAZ
proteins in OPSCC tissue specimens. (A): YAP1 immunostaining negative in tumor cells (asterisk)
and positive in the surrounding stromal fibroblasts (arrow); (B): Cytoplasmic (arrow) YAP1-positive
tumor; (C): Nuclear (arrow) YAP1-positive tumor; (D): Nuclear (black arrow) and cytoplasmic
(white arrow) YAP1-positive tumor; (E): Nuclear TAZ-negative tumor (asterisk); (F): Nuclear (arrow)
TAZ-positive tumor. Original magnification x200.
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A significant positive correlation was observed between cytoplasmic and nuclear
YAP1 expression (Spearman’s p = 0.572, p < 0.001). In contrast, stromal YAP1 expression
did not correlate with either cytoplasmic or nuclear YAP1 immunostaining in tumor cells.

Nuclear TAZ expression was less frequent, with positive staining (defined as >10% of
cells) observed in 31 specimens (14.5%) (Figure 1E,F). One case was not evaluable, resulting
in a total of 214 assessable samples for this parameter.

No significant correlation was observed between TAZ and YAP1 expression across any
of the evaluated compartments. Specifically, no association was identified at the nuclear
level (Spearman’s p = 0.04, p = 0.56), cytoplasmic level (Spearman’s p = 0.10, p = 0.12), or
within stromal fibroblasts (Spearman’s p = 0.11, p = 0.09).

3.3. Correlation of YAP1 and TAZ Expression with Clinicopathological Parameters and Outcomes

The associations between YAP1 and TAZ expression and clinicopathological parame-
ters are summarized in Table 1. No significant associations were observed between YAP1
or TAZ expression and patients’ sex, tobacco or alcohol exposure, tumor extent (pT), nodal
status (pN), or overall clinical stage. Likewise, histological grade was not significantly
related to the expression of these markers, although a non-significant trend toward higher
nuclear TAZ expression was noted in poorly differentiated tumors. Overall, YAP1 and TAZ
expression appeared independent of baseline clinicopathological characteristics.

Table 1. Associations of nuclear and cytoplasmic YAP1 and TAZ expression with clinicopathological variables.

Moderate-

Positive Stron Positive
Nuclear Cvio lgs- Nuclear
Variable N YAP1 p-Value yrop p-Value TAZ p-Value
. . mic YAP1 ..
Staining .. Staining
(%) Staining (%)
(%)

Sex
- Men 209 113 (54) 0.1 95 (45) 0.69 31 (15) 0.31
- Women 6 1(17) 2 (33) 0
Tobacco
- Yes 208 111(53) 0.6 96 (46) 0.66 30 (14.5) 0.36
-No 3 2 (66) 1(33) 1(33)
Alcohol
- Yes 208 110 (53) 0.25 94 (45) 0.09 31 (15) 0.47
-No 3 3(100) 3(100) 0
pT classification
-T1-2 61 31 (51) 0.76 25 (41) 0.45 11 (18) 0.35
-T3-4 154 83 (54) 72 (47) 20 (13)
pN classification
-NO 54 33 (61) 0.2 20 (37) 0.17 10 (18.5) 0.33
- N1-N3 161 81 (50) 77 (48) 21 (13)
Stage
-0 21 25 (66) 7 (33) 4 (19)
-1II 36 38 (64) 0.204 17 (47) 0.51 6 (17) 0.43
-1V 158 187 (75) 73 (46) 21 (13)
Histologic grade
- Low 96 11 (52) 43 (45) 11 (11.5)
- Moderate 82 23 (64) 0.35 39 (46) 0.77 12 (15) 0.14
- High 37 80 (50) 15 (41) 8 (21.5)
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Table 1. Cont.
Positive Msot(:(e)e;ate- Positive
Nuclear Cvto lgs- Nuclear
Variable N YAP1 p-Value ywop p-Value TAZ p-Value
.. mic YAP1 ..
Staining .. Staining
(%) Staining (%)
() (% ) ()
Follow-up status
- Alive without tumor 48 20 (42) 16 (33) 6 (13)
- Dead from tumor 118 72 (61) 0.028 59 (50) 0.003 14 (12) 0.21
- Dead from other 0 17 (40) 15 (36) 10 (24)
causes
- Lost 7 5(71) 7 (100) 1(14)
Total 215 114 (53) 97 (45) 31 (14.5)

Regarding disease recurrence, a non-significant trend toward higher nuclear YAP1

expression was observed in patients who developed recurrence compared to those who
did not (58% vs. 45%, p = 0.07) (Table 2). In contrast, neither cytoplasmic YAP1 nor
nuclear TAZ expression showed significant associations with recurrence. When local,

regional, and distant recurrences were analyzed separately, a non-significant trend toward

a higher proportion of nuclear YAP1-positive cases was observed across all recurrence types

(Table 2). A similar pattern was noted for moderate-to-strong cytoplasmic YAP1 expression,

although the differences were less pronounced. Conversely, an inverse relationship was

observed for TAZ expression, with a lower proportion of TAZ-positive cases among patients

with local and regional recurrence (Table 2).

Table 2. Associations of YAP1 and TAZ expression with tumor recurrence.

. Moderate-
Positive ses
Strong Positive
Nuclear Cytoplas- TAZ
Recurrence Y{\Ifl P mic YAP1 P Staining P
Staining .. o
(%) Staining (%)
(%)
Local
-No 67 (51%) 04 59 (45%) 0.87 24 (18%) 0.05
- Yes 47 (57%) 38 (46%) 7 (8.5%)
Regional
-No 83 (52%) 0.46 69 (43%) 0.25 29 (18%) 0.01
- Yes 31 (57%) 28 (52%) 2 (4%)
Distant
_nl‘\?(t)asmﬂs 78(50%) 015  67(43%) 03  21(135%)  0.53
~Yes 36 (61%) 30 (51%) 10 (17%)
Total
-No 38 (45%) 0.07 33 (39%) 0.21 15 (18%) 0.26
- Yes 76 (58%) 64 (49%) 16 (12%)

Notably, significant associations emerged when analyzing patient outcomes at last

follow-up (Table 1). Nuclear YAP1 expression was significantly higher in patients who

died from tumor-related causes (61%) compared to those alive without disease (42%) or

those who died from unrelated causes (40%) (p = 0.028). A similar pattern was observed
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for cytoplasmic YAP1 expression, which was more frequent in patients who died from the
tumor (50%) compared to those alive without tumor (33%) (p = 0.003). In contrast, nuclear
TAZ expression was not significantly associated with follow-up status (p = 0.21).

Taken together, these findings indicate that YAP1 expression, particularly at both
nuclear and cytoplasmic levels, is associated with poorer clinical outcomes, while no consis-
tent associations were observed for TAZ expression with most baseline clinicopathological
characteristics or clinical outcomes.

3.4. Survival Analysis

Moderate-to-strong cytoplasmic YAP1 expression was significantly associated with
reduced disease-free survival (DFS). Median survival was 24 months in the negative/weak
expression group compared with 11 months in the moderate/intense expression group
(hazard ratio [HR] = 1.67, 95% confidence interval [CI] = 1.18-2.36; p = 0.004, log-rank test;
Figure 2A). Nuclear YAP1 expression was likewise associated with poorer DFS, with a
median survival of 22 months in patients with negative expression versus 12 months in
those with positive YAP1 expression (HR = 1.52, 95% CI = 1.07-2.14; p = 0.019, log-rank
test; Figure 2B). By contrast, no statistically significant differences in DFS were observed
according to stromal YAP1 expression (HR = 1.27, 95% CI = 0.89-1.79; p = 0.18, log-rank
test) or nuclear TAZ expression (HR = 0.9, 95% CI = 0.54-1.53; p = 0.72, log-rank test).

100 ‘1 100 ‘Il
A 3 B 1
%0 1 80 ‘ =
1 L 1
1 L L
g = Hj 3 | w 1‘7 e —
S 1T - 3 1 ey
g i YAP1 Negative-weak H ; - YAP1 Negati
a —— s 5 ey . 1]
i 9 N
Ty - T ——— .
. . y YAP1 Moderate-strong ———— | YAP1Positive
20 20
. p=0.003 . p=0016
0 0 40 60 80 0 0 40 60 80
Months after treatment Months after treatment
C o ey D 10 ey
1 Hh
80 ] iy 80 l‘
-
M 1 "‘7 1
LLLF L
g 60 e g 60 b
1 A — h YAP1 Negative
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2 — YAP1 Negative-weak 2 _‘_LL H—H PP g
g g Y P e
] 3
@ (7]

40 ‘\Lﬁ’— - 4 -
— YAP1 Moderate-strong YAP1 Positive
- ———— -+ — -
p=0.006 p=001
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Months after treatment Months after treatment

Figure 2. Disease-free survival curves (A,B) and disease-specific survival curves (C,D) in relation to
cytoplasmic YAP1 expression (A,C) and nuclear YAP1 expression (B,D).

Similarly, moderate-to-strong cytoplasmic YAP1 expression was significantly asso-
ciated with reduced disease-specific survival (DSS). Median survival was 48 months in
the negative/weak expression group compared with 19 months in the moderate/intense
expression group (HR = 1.63, 95% CI = 1.13-2.35; p = 0.006, log-rank test; Figure 2C).
Nuclear YAP1 expression was likewise associated with poorer DSS, with a median survival
of 40 months in patients with negative expression versus 20 months in those with positive
YAP1 expression (HR = 1.61, 95% CI = 1.11-2.33; p = 0.01, log-rank test; Figure 2D). Again,
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no statistically significant differences in DSS were observed according to stromal YAP1
expression (HR = 1.24, 95% CI = 0.86-1.79; p = 0.24, log-rank test) or nuclear TAZ expression
(HR =0.91, 95% CI = 0.52-1.59; p = 0.74, log-rank test).

3.5. Multivariable Survival Analysis

Multivariable Cox proportional hazards models were constructed for DFS and DSS,
including the following variables: sex, T classification (dichotomized as T1-2 vs. T3-4), N
classification (pNO vs. pN+), histological grade (well/moderately differentiated vs. poorly
differentiated), surgical margins status (free vs. involved), administration of postoperative
RT (no vs. yes), cytoplasmic YAP1 expression (negative/weak vs. moderate/strong),
nuclear YAP1 expression, and TAZ expression. In these models, two variables were
associated with a poorer DFS: nodal involvement (HR = 1.64, 95% CI = 1.07-2.54; p = 0.023)
and positive nuclear YAP1 expression (HR = 1.65, 95% CI = 1.17-2.34; p = 0.004); and
three variables emerged as independent predictors of poorer DSS: advanced T classification
(HR =1.57,95% CI = 1.02-2.39; p = 0.038), nodal involvement (HR = 2.34, 95% CI = 1.43-3.83;
p <0.001), and positive nuclear YAP1 expression (HR = 1.78, 95% CI = 1.23-2.6; p = 0.002).

4. Discussion

The present study provides a comprehensive evaluation of the Hippo pathway coacti-
vators YAP1 and TAZ in HPV-negative OPSCC, emphasizing the predominant dysregu-
lation and clinical relevance of YAP1 compared with TAZ. Our results demonstrate that
YAP1 expression, particularly its nuclear localization (i.e., its activated form), is signifi-
cantly associated with poorer disease-specific survival and emerges as an independent
prognostic factor. In marked contrast, TAZ expression was rather infrequent in this tumor
subtype and showed no significant association with clinicopathological parameters or
survival outcomes.

4.1. YAP1 Activation in HPV-Negative OPSCC

The high prevalence of YAP1 expression observed in our cohort is consistent with the
widespread dysregulation of the Hippo pathway in epithelial cancers. Persistent activation
of YAP/TAZ signaling is increasingly recognized as a hallmark of HNSCCs, often driven
by alterations in upstream regulators rather than direct mutations in YAP1 itself [13,17].
Once translocated to the nucleus, YAP1 functions as a transcriptional coactivator with
TEAD factors, promoting the expression of genes involved in proliferation, survival, and
stemness [17,18].

An interesting finding from our study is that both cytoplasmic and nuclear YAP1
expression were associated with reduced survival in univariable analysis, although only
nuclear YAP1 retained significance in multivariable analysis. This observation deserves
careful interpretation, as cytoplasmic YAP1 is generally considered the inactive, sequestered
form of the protein. Several biological mechanisms may explain the univariable association
between cytoplasmic YAP1 and poor prognosis: First, high cytoplasmic YAP1 expression
may represent a large pool of YAP1 protein that can be rapidly mobilized to the nucleus
in response to appropriate stimuli, creating potential for dynamic pathway activation.
Second, the correlation between cytoplasmic and nuclear YAP1 expression suggests that
tumors with high total YAP1 protein levels tend to show both cytoplasmic accumulation
and nuclear translocation, with the latter being the functionally dominant event.

The loss of significance for cytoplasmic YAP1 in multivariable analysis when nuclear
YAP1 is included suggests that nuclear localization is the functionally critical event for
YAP1-driven poor prognosis. This is consistent with the established model of YAP1 regula-
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tion, where nuclear translocation enables interaction with TEAD transcription factors and
activation of pro-oncogenic gene expression programs.

Our findings linking nuclear YAP1 expression to poor prognosis are in agreement
with previous studies in other HNSCC subsites. Rodrigo et al. [10] demonstrated that YAP1
activation correlates with adverse survival outcomes in oral squamous cell carcinomas
(OSCC) and is associated with activation of the PI3K pathway [11]. Similarly, YAP has also
been implicated in enhancing invasion and metastatic potential in oral cancer, reinforcing
its role as a key oncogenic driver [19]. Also, Ge et al. [20] reported that YAP1 overexpression
was associated with nodal metdstasis in mixed cohorts of OSCC patients. Similarly, Hiemer
et al. [21] demonstrated that YAP1 nuclear localization correlated with metastasis and
reduced survival in oral squamous cell carcinoma. However, our study is among the first
to specifically examine YAP1 in HPV-negative OPSCC, a distinct biological entity.

In addition, recent studies have highlighted the role of YAP1 in regulating chromatin
accessibility and transcriptional activity. YAP1 has been shown to cooperate with epige-
netic regulators such as BRD4 to maintain an active chromatin state, thereby sustaining
tumorigenic transcriptional programs [22]. These findings provide mechanistic support
for the association between YAP1 activation and aggressive tumor behavior observed in
our cohort.

Moreover, emerging evidence suggests that YAP activity is influenced by biomechani-
cal cues within the tumor microenvironment. Alterations in cellular mechanophenotype
and extracellular matrix stiffness can promote YAP nuclear localization and contribute to
malignant progression [23]. This reinforces the concept of YAP1 as a central integrator of
mechanical and biochemical signals in cancer.

On the other hand, YAP1 is a key mechanosensory transcriptional co-activator that
drives the conversion of stromal fibroblasts into cancer-associated fibroblasts (CAFs). In
response to extracellular matrix (ECM) stiffening and RhoA-ROCK-mediated cytoskeletal
tension, YAP1 accumulates in the nucleus, where it partners with TEAD factors to sustain
the activated CAF phenotype through a positive feedback programme [24]. Activated
YAP1 promotes expression of cytoskeletal regulators and ECM-remodelling genes, increas-
ing stromal stiffness, enhancing tumour invasion, and limiting drug and immune-cell
penetration [24]. It also strengthens tumour—stroma interactions by inducing N-cadherin
expression in fibroblasts, thereby activating PI3K-AKT signalling in neighbouring cancer
cells [25].

In addition, YAP1-positive CAFs secrete pro-tumorigenic cytokines such as IL-6, IL-
8, IL-11, IL-15, and CCL2, supporting angiogenesis, tumour growth, and inflammatory
remodelling of the TME [26]. YAP1 also contributes to immune evasion, as YAP1-dependent
CAF subsets suppress CD8+ T-cell infiltration and function, reducing responsiveness to
immune checkpoint inhibitors [26]. Clinically, elevated stromal nuclear YAP1 is associated
with advanced disease and poorer outcomes across several cancer types, highlighting YAP1
as a central regulator of CAF biology and a promising therapeutic target in desmoplastic
tumours [27].

It is important to note, however, that in the present cohort, stromal YAP1 expression
in CAFs did not reach statistical significance in univariable survival analysis for either DFS
(p =0.18) or DSS (p = 0.24), and was therefore not entered as a candidate variable in the
multivariable prognostic model. While these findings do not negate the biological rele-
vance of stromal YAP1 in the tumor microenvironment, they indicate that its independent
clinical prognostic weight in HPV-negative OPSCC requires further investigation in larger,
prospectively designed cohorts.
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4.2. Biological Role of TAZ

In contrast to YAP1, TAZ expression was relatively infrequent and did not demonstrate
clinical significance in our cohort. Although YAP and TAZ share structural and functional
similarities, accumulating evidence suggests that they may have distinct biological roles
depending on tumor context. Interestingly, our results differ from some reports in other
cancer types where TAZ shows prominent expression and prognostic value. For example,
in gastric cancer [28] and breast cancer [29], TAZ has been reported as a strong prognostic
marker. This suggests potential tissue-specific differences in the relative importance of
YAP1 versus TAZ, or possible functional redundancy whereby YAP1 is the dominant
paralog in OPSCC.

TAZ has been implicated in promoting epithelial-mesenchymal transition (EMT),
cancer stem cell maintenance, and metastatic dissemination in HNSCC [30]. Further-
more, TAZ-driven transcriptional activation of SOX2 has been associated with enhanced
stemness properties and tumor progression [31]. Stabilization of TAZ protein through
deubiquitinating enzymes such as USP7 has also been shown to promote tumor growth
and progression [32].

Despite these reported oncogenic functions, our results indicate that TAZ expression
is rare and, by itself, does not provide prognostic information in HPV-negative OPSCC.
This discrepancy may reflect tumor heterogeneity or suggest that TAZ activity depends
on additional molecular events not captured by immunohistochemical analysis. Notably,
co-expression patterns, such as TAZ/SOX2 co-localization, have been associated with
metastatic behavior in oral cancers [33], indicating that combinatorial biomarkers may be
more informative than single-marker evaluation.

4.3. Clinical and Therapeutic Implications

While our study is observational and focused on prognostic implications, the strong
association between nuclear YAP1 expression and poor survival raises the possibility that
YAP1 could represent a potential therapeutic target in HPV-negative OPSCC.

Pharmacological inhibition of YAP/TAZ-TEAD transcriptional activity has shown
promising results in preclinical HNSCC models, reducing tumor growth and enhancing
therapeutic response [34]. First-in-class YAP/TAZ-TEAD inhibitors entered clinical trials in
2021 [35]. Given the frequent interaction of YAP signaling with other oncogenic pathways,
combination approaches targeting both Hippo and MAPK, PI3K, or EGFR pathways may
be particularly effective.

Recent advances in the understanding of atypical Hippo signaling networks further
support the development of precision medicine strategies in head and neck cancer [17]. In
this context, biomarkers such as nuclear YAP1 could help stratify patients most likely to
benefit from targeted therapies.

However, functional validation would be required before drawing conclusions about
therapeutic vulnerability. Future preclinical studies are warranted to (1) validate YAP1 as a
functional driver in HPV-negative OPSCC using in vitro and in vivo models; (2) assess the
efficacy of YAP1-targeted therapies in preclinical OPSCC models; and (3) identify potential
combination strategies. If validated, YAP1 inhibition could potentially represent a novel
therapeutic approach for high-risk HPV-negative OPSCC patients.

Beyond its prognostic value, nuclear YAP1 expression may potentially serve as a
predictive biomarker for response to YAP1-targeted therapies. In other cancer types, tumors
with high YAP1 activity have shown enhanced sensitivity to YAP1-TEAD inhibitors and
certain chemotherapeutic agents [35]. Therefore, nuclear YAP1 assessment could potentially
be used to stratify patients for enrollment in clinical trials of YAP1-targeted therapies or to
identify those most likely to benefit from such treatments. However, prospective clinical
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trials with integrated biomarker analysis would be required to validate the predictive value
of YAP1 expression. Furthermore, the potential role of YAP1 as a biomarker for response
to immunotherapy or conventional chemoradiotherapy warrants investigation, as YAP1
has been implicated in modulating immune responses and treatment resistance in various
cancer contexts.

4.4. Limitations and Future Directions

This study has several limitations that should be acknowledged. First, its retrospective
design may introduce inherent biases. Second, the study population is relatively homoge-
neous, which may limit the generalizability of the findings. Third, immunohistochemical
analysis does not fully reflect the dynamic regulation or functional activation state of
YAP/TAZ signaling. It is important to acknowledge that our study assessed YAP1 and
TAZ expression and localization by immunohistochemistry, which provides evidence of
protein accumulation and nuclear translocation but does not comprehensively evaluate
Hippo pathway activity. Nuclear YAP1 localization is widely accepted as a functional
readout of pathway activation, as nuclear translocation is required for YAP1 to interact with
TEAD transcription factors and drive target gene expression. However, we did not assess
upstream Hippo pathway components (MST1/2, LATS1/2), YAP1 phosphorylation status,
pathway mutations, or expression of canonical YAP1 target genes (e.g., CTGF, CYR61,
ANKRD]1). Therefore, our conclusions regarding Hippo pathway dysregulation are inferred
from YAP]1 localization patterns rather than direct pathway characterization. Future studies
incorporating genomic analysis, assessment of YAP1 phosphorylation, and expression
profiling of YAP1 target genes would provide more comprehensive evidence of Hippo
pathway dysregulation in HPV-negative OPSCC. Fourth, an important limitation of our
study is the lack of external validation in an independent patient cohort. While our cohort
of 215 patients is relatively large for HPV-negative OPSCC, validation of the prognostic
significance of nuclear YAP1 expression in independent datasets is essential before clinical
implementation. We attempted to validate our findings using publicly available head
and neck cancer datasets (e.g.,, TCGA-HNSC); however, these datasets have important
limitations: (1) most do not include detailed p16 immunohistochemistry data or sepa-
rate oropharyngeal from other head and neck subsites; (2) genomic/transcriptomic data
may not accurately reflect protein expression and subcellular localization; and (3) treat-
ment paradigms and patient populations may differ substantially. Therefore, prospective
validation studies specifically in p16-negative OPSCC cohorts are needed. Multicenter
collaborative efforts would facilitate such validation studies.

Based on our findings, we propose the following future directions and recommenda-
tions: 1. Clinical validation: External validation of nuclear YAP1 as a prognostic biomarker
in independent multi-institutional cohorts of HPV-negative OPSCC patients is essential
before clinical implementation. Standardized immunohistochemical protocols and scor-
ing criteria should be established. 2. Mechanistic studies: Functional validation studies
using in vitro and in vivo models are needed to confirm YAP1 as a driver of aggressive
behavior in HPV-negative OPSCC and to elucidate the molecular mechanisms under-
lying its prognostic impact. 3. Therapeutic development: Given the strong prognostic
significance of nuclear YAP1, preclinical evaluation of YAP1-targeted therapies (e.g., YAP1-
TEAD inhibitors) in HPV-negative OPSCC models is warranted. 4. Biomarker integration:
Nuclear YAP1 expression could potentially be integrated into prognostic models or risk
stratification algorithms to identify high-risk HPV-negative OPSCC patients who may
benefit from treatment intensification or enrollment in clinical trials of novel therapies.
5. Molecular profiling: Comprehensive genomic and transcriptomic characterization of

https://doi.org/10.3390/cancers18142337


https://doi.org/10.3390/cancers18142337

Cancers 2026, 18, 2337

15 of 17

YAP1-positive versus YAP1-negative HPV-negative OPSCC would provide insights into
pathway activation mechanisms and identify potential combination therapeutic strategies.

These future studies will be critical for translating our findings into clinical applications
that improve outcomes for patients with HPV-negative OPSCC.

5. Conclusions

Our findings demonstrate that YAP1 plays a central role in the progression of HPV-
negative OPSCC and serves as an independent prognostic marker associated with poor
disease-specific survival. By contrast, TAZ appears to show rather limited expression
and clinical relevance in this context. These results highlight the importance of aberrant
YAP1 expression and nuclear localization as a biologically and clinically relevant feature
in OPSCC and suggest that YAP1 may represent a potential therapeutic target. External
validation in independent cohorts is needed before clinical implementation of YAP1 as a
prognostic biomarker.
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Abbreviations
The following abbreviations are used in this manuscript:

OPSCC  Oropharyngeal squamous cell carcinoma
HNSCC  Head and neck squamous cell carcinoma

HPV Human papillomavirus
MST1 Mammalian STE20-like kinases
YAP1 Yes-associated protein
IR Insulin receptor
DSS Disease-specific survival
DFS Disease-free survival
HR Hazard Ratio
oscc Oral squamous cell carcinoma
LSCC Laryngeal squamous cell carcinoma
References
1. Siegel, R.L,; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA Cancer |. Clin. 2024, 74, 12-49. [CrossRef] [PubMed]

10.

11.

12.

13.

14.

15.

16.

17.

Ang, KK.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tén, P.E.,; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C,;
et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. |. Med. 2010, 363, 24-35. [CrossRef]
[PubMed]

Badoual, C. Update from the 5th edition of the World Health Organization classification of head and neck tumors: Oropharynx
and nasopharynx. Head Neck Pathol. 2022, 16, 19-30. [CrossRef] [PubMed]

Psyrri, A.; Prezas, L.; Burtness, B. Oropharyngeal cancer. Clin. Adv. Hematol. Oncol. 2008, 6, 604-612. [PubMed]

Leemans, C.R.; Snijders, PJ.F.; Brakenhoff, R. H. The molecular landscape of head and neck cancer. Nat. Rev. Cancer 2018, 18,
269-282. Correction in Nat. Rev. Cancer 2018, 18, 662. https:/ /doi.org/10.1038/s41568-018-0057-9. [CrossRef] [PubMed]
Seiwert, T.Y.; Zuo, Z.; Keck, M.K,; Khattri, A.; Pedamallu, C.S.; Stricker, T.; Brown, C.; Pugh, T.J.; Stojanov, P.; Cho, J.; et al.
Integrative and comparative genomic analysis of HPV-positive and HPV-negative head and neck squamous cell carcinomas. Clin.
Cancer Res. 2015, 21, 632-641. [CrossRef] [PubMed]

Wang, R.; Zhu, G. A narrative review for the Hippo-YAP pathway in cancer survival and immunity: The Yin-Yang dynamics.
Transl. Cancer Res. 2022, 11, 262-275. [CrossRef] [PubMed]

Cunningham, R.; Hansen, C.G. The Hippo pathway in cancer: YAP/TAZ and TEAD as therapeutic targets in cancer. Clin. Sci.
2022, 136, 197-222. [CrossRef] [PubMed]

Azad, T.; Rezaei, R.; Surendran, A.; Singaravelu, R.; Boulton, S.; Dave, J.; Bell, ].C.; Ilkow, C.S. Hippo signaling pathway as a
central mediator of receptor tyrosine kinases in tumorigenesis. Cancers 2020, 12, 2042. [CrossRef] [PubMed]

Rodrigo, ].P.; Rodriguez-Santamarta, T.; Corte, D.; Garcia-de-la-Fuente, V.; Rodriguez-Torres, N.; Lequerica-Fernandez, P; Lorz,
C.; Garcia-Pedrero, ].M.; de Vicente, ].C. Hippo-YAP signaling activation and cross-talk with PI3K in oral cancer: A retrospective
cohort study. Oral Dis. 2024, 30, 149-162. [CrossRef] [PubMed]

Garcfa-Escudero, R.; Segrelles, C.; Duefias, M.; Pombo, M.; Ballestin, C.; Alonso-Riafio, M.; Nenclares, P; AlvareZ—RodrigueZ, R;
Sénchez-Aniceto, G.; Ruiz-Alonso, A.; et al. Overexpression of PIK3CA in head and neck squamous cell carcinoma is associated
with poor outcome and activation of the YAP pathway. Oral Oncol. 2018, 79, 55-63. [CrossRef] [PubMed]

Hsu, P.C; Yang, C.T.; Jablons, D.M.; You, L. The crosstalk between Src and Hippo/YAP signaling pathways in non-small cell lung
cancer. Cancers 2020, 12, 1361. [CrossRef] [PubMed]

Faraji, F.,; Ramirez, S.I.; Anguiano Quiroz, P.Y.; Mendez-Molina, A.N.; Gutkind, J.S. Genomic Hippo pathway alterations and
persistent YAP/TAZ activation: New hallmarks in head and neck cancer. Cells 2022, 11, 1370. [CrossRef] [PubMed]

Rodrigo, J.P.,; Heideman, D.A.; Garcia-Pedrero, ]. M.; Fresno, M.F.; Brakenhoff, R.H.; Diaz Molina, J.P.; Snijders, P.J.; Hermsen, M. A.
Time trends in the prevalence of HPV in oropharyngeal squamous cell carcinomas in northern Spain (1990-2009). Int. J. Cancer
2014, 134, 487-492. [CrossRef] [PubMed]

Rodrigo, J.P.; Hermsen, M.A.; Fresno, M.E,; Brakenhoff, R.H.; Garcia-Velasco, F; Snijders, PJ.; Heideman, D.A.; Garcia-Pedrero,
J.M. Prevalence of human papillomavirus in laryngeal and hypopharyngeal squamous cell carcinomas in northern Spain. Cancer
Epidemiol. 2015, 39, 37-41. [CrossRef] [PubMed]

de Vicente, ].C.; Pefia, I.; Rodrigo, J.P.; Rodriguez-Santamarta, T.; Lequerica-Fernandez, P.; Sudrez-Ferndndez, L.; Allonca, E.;
Garcia-Pedrero, ].M. Phosphorylated ribosomal protein S6 correlation with p21 expression and inverse association with tumor
size in oral squamous cell carcinoma. Head Neck 2017, 39, 1876-1887. [CrossRef] [PubMed]

Maehama, T.; Nishio, M.; Otani, J.; Mak, T.W.; Suzuki, A. The role of Hippo-YAP signaling in squamous cell carcinomas. Cancer
Sci. 2021, 112, 51-60. [CrossRef] [PubMed]

https://doi.org/10.3390/ cancers18142337


https://doi.org/10.3322/caac.21820
https://www.ncbi.nlm.nih.gov/pubmed/38230766
https://doi.org/10.1056/NEJMoa0912217
https://www.ncbi.nlm.nih.gov/pubmed/20530316
https://doi.org/10.1007/s12105-022-01449-2
https://www.ncbi.nlm.nih.gov/pubmed/35312986
https://www.ncbi.nlm.nih.gov/pubmed/18820604
https://doi.org/10.1038/s41568-018-0057-9
https://doi.org/10.1038/nrc.2018.11
https://www.ncbi.nlm.nih.gov/pubmed/29497144
https://doi.org/10.1158/1078-0432.CCR-13-3310
https://www.ncbi.nlm.nih.gov/pubmed/25056374
https://doi.org/10.21037/tcr-21-1843
https://www.ncbi.nlm.nih.gov/pubmed/35261902
https://doi.org/10.1042/cs20201474
https://www.ncbi.nlm.nih.gov/pubmed/35119068
https://doi.org/10.3390/cancers12082042
https://www.ncbi.nlm.nih.gov/pubmed/32722184
https://doi.org/10.1111/odi.14343
https://www.ncbi.nlm.nih.gov/pubmed/35942541
https://doi.org/10.1016/j.oraloncology.2018.02.014
https://www.ncbi.nlm.nih.gov/pubmed/29598951
https://doi.org/10.3390/cancers12061361
https://www.ncbi.nlm.nih.gov/pubmed/32466572
https://doi.org/10.3390/cells11081370
https://www.ncbi.nlm.nih.gov/pubmed/35456049
https://doi.org/10.1002/ijc.28355
https://www.ncbi.nlm.nih.gov/pubmed/23824638
https://doi.org/10.1016/j.canep.2014.11.003
https://www.ncbi.nlm.nih.gov/pubmed/25468644
https://doi.org/10.1002/hed.24847
https://www.ncbi.nlm.nih.gov/pubmed/28644540
https://doi.org/10.1111/cas.14778
https://www.ncbi.nlm.nih.gov/pubmed/33340431
https://doi.org/10.3390/cancers18142337

Cancers 2026, 18, 2337 17 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Yang, P; Li, S. Atypical Hippo signaling network: Uncovering novel insights into head and neck cancer biology and advancements
in precision intervention. Front. Cell Dev. Biol. 2025, 13, 1610471. [CrossRef] [PubMed]

Ahmad, U.S,; Saravanan, K.; Wan, H. The role of YAP in the control of the metastatic potential of oral cancer. Oncol. Res. 2022, 29,
377-391. [CrossRef] [PubMed]

Ge, L.; Smail, M.; Meng, W.; Shyr, Y.; Ye, F; Fan, K.H,; Li, X.; Zhou, H.M.; Bhowmick, N.A. Yes-associated protein expression in
head and neck squamous cell carcinoma nodal metastasis. PLoS ONE 2011, 6, €27529. [CrossRef] [PubMed]

Hiemer, S.E.; Zhang, L.; Kartha, V.K.; Packer, T.S.; Almershed, M.; Noonan, V.; Kukuruzinska, M.; Bais, M.V.; Monti, S.; Varelas,
X. A YAP/TAZ-Regulated Molecular Signature Is Associated with Oral Squamous Cell Carcinoma. Mol. Cancer Res. 2015, 13,
957-968. [CrossRef] [PubMed]

Chen, N.; Golczer, G.; Ghose, S.; Lin, B.; Langenbucher, A.; Webb, J.; Bhanot, H.; Abt, N.B.; Lin, D.; Varvares, M.; et al. YAP1
maintains active chromatin state in head and neck squamous cell carcinomas that promotes tumorigenesis through cooperation
with BRD4. Cell Rep. 2022, 39, 110970. [CrossRef] [PubMed]

Calvo, F; Ege, N.; Grande-Garcia, A.; Hooper, S.; Jenkins, R.P.; Chaudhry, S.I.; Harrington, K.; Williamson, P.; Moeendarbary, E.;
Charras, G.; et al. Mechanotransduction and YAP-dependent matrix remodelling is required for the generation and maintenance
of cancer-associated fibroblasts. Nat. Cell Biol. 2013, 15, 637-646. [CrossRef] [PubMed]

Zanconato, F.; Cordenonsi, M.; Piccolo, S. YAP and TAZ: A signalling hub of the tumour microenvironment. Nat. Rev. Cancer
2019, 19, 454-464. [CrossRef] [PubMed]

Lee, PJ.; Sui, YH,; Liu, T.T,; Tsang, N.M.; Huang, C.H; Lin, T.Y.; Chang, K.P; Liu, S.C. Epstein-Barr viral product-containing
exosomes promote fibrosis and nasopharyngeal carcinoma progression through activation of YAP1/FAP« signaling in fibroblasts.
J. Exp. Clin. Cancer Res. 2022, 41, 254. [CrossRef] [PubMed]

Licaj, M.; Mhaidly, R.; Kieffer, Y.; Croizer, H.; Bonneau, C.; Meng, A.; Djerroudi, L.; Mujangi-Ebeka, K.; Hocine, H.R.; Bourachot,
B.; et al. Residual ANTXR1+ myofibroblasts after chemotherapy inhibit anti-tumor immunity via YAP1 signaling pathway. Nat.
Commun. 2024, 15, 1312. [CrossRef] [PubMed]

Shen, T; Li, Y;; Zhu, S.; Yu, J.; Zhang, B.; Chen, X.; Zhang, Z.; Ma, Y.; Niu, Y.; Shang, Z. YAP1 plays a key role of the conversion of
normal fibroblasts into cancer-associated fibroblasts that contribute to prostate cancer progression. J. Exp. Clin. Cancer Res. 2020,
39, 36. [CrossRef] [PubMed]

Yang, Q.; Lu, Y.; Shangguan, J.; Shu, X. PSMA1 mediates tumor progression and poor prognosis of gastric carcinoma by
deubiquitinating and stabilizing TAZ. Cell Death Dis. 2022, 13, 989. [CrossRef] [PubMed]

Kyriazoglou, A.; Liontos, M.; Zakopoulou, R.; Kaparelou, M.; Tsiara, A.; Papatheodoridi, A.M.; Georgakopoulou, R.; Zagouri, F.
The Role of the Hippo Pathway in Breast Cancer Carcinogenesis, Prognosis, and Treatment: A Systematic Review. Breast Care
2021, 16, 6-15. [CrossRef] [PubMed]

Li, Z.; Wang, Y,; Zhu, Y.; Yuan, C.; Wang, D.; Zhang, W.; Qi, B.; Qiu, J.; Song, X.; Ye, ].; et al. TAZ promotes epithelial-mesenchymal
transition and cancer stem cell maintenance in oral cancer. Mol. Oncol. 2015, 9, 1091-1105. [CrossRef] [PubMed]

Li, J.; Li, Z.; Wu, Y.; Wang, Y,; Wang, D.; Zhang, W.; Yuan, H.; Ye, ].; Song, X.; Yang, J.; et al. The Hippo effector TAZ promotes
cancer stemness by transcriptional activation of SOX2 in HNSCC. Cell Death Dis. 2019, 10, 603. [CrossRef] [PubMed]

Li, J.; Dai, Y.;; Ge, H.; Guo, S.; Zhang, W.; Wang, Y.; Liu, L.; Cheng, ].; Jiang, H. The deubiquitinase USP7 promotes HNSCC
progression via deubiquitinating and stabilizing TAZ. Cell Death Dis. 2022, 13, 677. [CrossRef] [PubMed]

Stasikowska-Kanicka, O.; Woskowicz, M.; Ulewicz, K.; Danilewicz, M.; Wagrowska-Danilewicz, M. Close relationship between
TAZhigh/SOX2high co-localization and metastasis in oral squamous cell carcinoma. Pol. . Pathol. 2021, 72, 229-236. [CrossRef]
[PubMed]

Sato, K.; Faraji, F.; Cervantes-Villagrana, R.D.; Wu, X; Koshizuka, K.; Ishikawa, T.; Iglesias-Bartolome, R.; Chen, L.; Miliani de
Marval, PL.; Gwaltney, S.L.; et al. Targeting YAP/TAZ-TEAD signaling as a therapeutic approach in head and neck squamous
cell carcinoma. Cancer Lett. 2025, 612, 217467. [CrossRef] [PubMed]

Harvey, K.E; Tang, T.T. Targeting the Hippo pathway in cancer. Nat. Rev. Drug Discov. 2025, 24, 852-869. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cancers18142337


https://doi.org/10.3389/fcell.2025.1610471
https://www.ncbi.nlm.nih.gov/pubmed/40486910
https://doi.org/10.32604/or.2022.026085
https://www.ncbi.nlm.nih.gov/pubmed/37304649
https://doi.org/10.1371/journal.pone.0027529
https://www.ncbi.nlm.nih.gov/pubmed/22096589
https://doi.org/10.1158/1541-7786.MCR-14-0580
https://www.ncbi.nlm.nih.gov/pubmed/25794680
https://doi.org/10.1016/j.celrep.2022.110970
https://www.ncbi.nlm.nih.gov/pubmed/35705032
https://doi.org/10.1038/ncb2756
https://www.ncbi.nlm.nih.gov/pubmed/23708000
https://doi.org/10.1038/s41568-019-0168-y
https://www.ncbi.nlm.nih.gov/pubmed/31270418
https://doi.org/10.1186/s13046-022-02456-5
https://www.ncbi.nlm.nih.gov/pubmed/35986369
https://doi.org/10.1038/s41467-024-45595-3
https://www.ncbi.nlm.nih.gov/pubmed/38346978
https://doi.org/10.1186/s13046-020-1542-z
https://www.ncbi.nlm.nih.gov/pubmed/32066485
https://doi.org/10.1038/s41419-022-05417-0
https://www.ncbi.nlm.nih.gov/pubmed/36424389
https://doi.org/10.1159/000507538
https://www.ncbi.nlm.nih.gov/pubmed/33716627
https://doi.org/10.1016/j.molonc.2015.01.007
https://www.ncbi.nlm.nih.gov/pubmed/25704916
https://doi.org/10.1038/s41419-019-1838-0
https://www.ncbi.nlm.nih.gov/pubmed/31399556
https://doi.org/10.1038/s41419-022-05113-z
https://www.ncbi.nlm.nih.gov/pubmed/35931679
https://doi.org/10.5114/pjp.2021.111773
https://www.ncbi.nlm.nih.gov/pubmed/35048635
https://doi.org/10.1016/j.canlet.2025.217467
https://www.ncbi.nlm.nih.gov/pubmed/39826667
https://doi.org/10.1038/s41573-025-01234-0
https://www.ncbi.nlm.nih.gov/pubmed/40588515
https://doi.org/10.3390/cancers18142337

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Histopathology & Immunohistochemistry (IHC) 
	Statistical Analysis 

	Results 
	Clinicopathological Description 
	Immunohistochemical Analysis of YAP1 and TAZ Expression 
	Correlation of YAP1 and TAZ Expression with Clinicopathological Parameters and Outcomes 
	Survival Analysis 
	Multivariable Survival Analysis 

	Discussion 
	YAP1 Activation in HPV-Negative OPSCC 
	Biological Role of TAZ 
	Clinical and Therapeutic Implications 
	Limitations and Future Directions 

	Conclusions 
	References

