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ABSTRACT

Aim: Though the exact mechanism of yes-associated protein (YAP) in tumorigenesis is not well understood, studies have shown that YAP plays an
imperative role in cancer advancement via the Hippo signaling pathway. The purpose of the present study was to appraise the clinicopathological
correlation of YAP expression in various grades and stages along with different parameters like tumor size and nodal metastasis in oral squamous
cell carcinoma (OSCC).

Materials and methods: Twenty-seven surgically excised specimens from patients with OSCC were selected for the study. Grading of the
OSCC specimens was done according to Broder’s grading system and staging had been done using tumor-node-metastasis (TNM) system by
American Joint Committee on Cancer (AJCC). Comparative analysis of YAP expression and various aforementioned parameters of OSCC was
performed and statistically analyzed.

Results: Differences in the expression of YAP was observed among well differentiated and moderately differentiated OSCC, with increased YAP
expression with successive grades but was statistically insignificant. On evaluating YAP expression among various stages of OSCC, we observed
that stages|, Il, and IV demonstrated a weak expression of YAP, while stage Ill showed a strong expression but the differences were insignificant.
Insignificant differences were also noted in YAP expression between different tumor sizes, while significant differences were observed between

different nodal statuses.

Conclusion: Our results suggest that YAP could be responsible for extensive proliferation and invasiveness of OSCC.
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INTRODUCTION

Oral cancer, being a serious issue worldwide, has been positioned
among the top three types of cancer in the country. Because of
social, cultural, topographical aspects, and existence of different
addictive practices, the occurrence of oral cancer is very common.?
Irrespective of disposal of the latest diagnostic and therapeutic
approaches regarding diagnosis of squamous cell carcinoma of oral
cavity (OSCC) and its treatment, the survival of these OSCC patients
has not revealed much development. Millions of people capitulate
to OSCC annually.* Being a multifactorial disorder, numerous
pathogeneses have been proposed till date explaining the
development of OSCC. Understanding the molecular mechanisms
of carcinogenesis will offer precious knowledge on diagnosis
and prognosis, as well as help in developing a novel therapy.
Understanding the biological behavior of cancer is of utmost value
to settle on the most apposite therapeutic strategy and ascertain
the prognosis of the lesion, which can be facilitated by identification
of prognostic markers. Innovative diagnostic techniques like
polymerization chain reaction (PCR), enzyme-linked immunosorbent
assay (ELISA), cell culture, and immunohistochemistry have been
recommended to determine prognostic markers in OSCC. YAP is
one such prognostic marker that is involved in carcinogenesis of
various malignancies, including OSCC.>

YAP, a strategic controller of size of the organs, is involved in the
Hippo pathway as a nuclear effecter. The Hippo signaling pathway
panels the poise among cellular proliferation and apoptosis.® It
consists of a regulatory serine—threonine kinase module and a
transcriptional module, the kinase module including mammalian
STE20-like protein kinase 1 (MST1) and MST2, large tumor
suppressor 1 (LATS1) and LATS2, together with the adaptor proteins
salvador homologue 1 (SAV1), MOB kinase activator 1A (MOB1A),
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and MOB1B.” These inhibitory kinase modules regulate tissue
growth by suppressing the transcription module such as the YAP-1
(YAP1) and transcriptional coactivator with PDZ-binding motif
Tafazzin (TAZ).2 YAP is often considered as a mammalian ortholog
of Drosophila Yorkie (Yki) that endows with a negative feedback
to direct the Hippo pathway. It plays a role as transcriptional
coactivator/corepressor in controlling cellular growth, proliferation,
and apoptosis. Tumorigenesis and distant metastasis-related
activities are augmented via transcriptional enhanced associate
domain (TEAD) interaction that is domain by YAP. YAP1 is shown
toregulate biological events like epithelial-mesenchymal transition
(EMT), cancer cell migration, and cancer stem cell properties. YAP
has also proved to play a major role in cancer cell proliferation and
alteration, their migration, and invasion.”” YAP has been archived as a
bonafide oncogenein the diagnosis of cancer with its intensification
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YAP in OSCC

and overexpression been seen in several human tumors and mouse
models of cancer. Minor complexes have been recognized that
interrupt the YAP1-TEAD compound or block the binding purpose
of WW domains." These minor particles characterize principal
complexes for the improvement of treatments for cancer patients,
who port augmented or overexpressed YAP oncogene.’

Clinging to the aforementioned aspects of YAP, we
hypothesized that OSCC may show an increased expression of
YAP in the tumor cells and the expression may increase with
the grade and stage of the cancer. The present article is an
attempt to evaluate the expression of YAP in OSCC cells with
clinicopathological parameters.

MATERIALS AND METHODS

Human Tissue Samples

Study samples were retrieved from histopathologically diagnosed
archival formalin-fixed and paraffin-embedded excisional OSCC
tissue samples (2013-2018) at the Department of Oral Pathology
and Microbiology, Dr D. Y. Patil Dental College and Hospital,
Pune. A total of 28 biopsy specimens (2 slides each) of OSCC were
included in the study.

Antibodies and Immunohistochemistry

The tissue specimens were subject to immunohistochemical
analysis. Five um thick paraffin sections were taken on glass slides
with poly-I-lysine coating and stained immunohistochemically
using diluted YAP antibody (1:200 in antibody diluents). The tissue
sections were treated in protease XXV at 1 mg/mL PBS (Lab Vision
Catalog # AP-9004) for 5 minutes at 37°C. The primary antibody
incubation time was 30 minutes at room temperature. The heat-
induced epitope retrieval (HIER) method was used to retrieve the
antigen. Then immunohistochemical staining of the section by the
primary antibody YAP (C-20): sc558 was carried out. Counter staining
was done with Mayer’s hematoxylin. The slides were then observed
under a light microscope forimmunohistochemical grading using
thyroid carcinoma as a control (Fig. 1).

Method of Data Analysis

The expression of YAP cancerous tissue was scored by a
semiquantitative method. Scoring was based on (a) the intensity
of the immunostaining in the malignant cells (0 = absent,
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Fig. 1: Photomicrograph showing strong expression of YAP in thyroid
carcinoma (control) (total magnification x400; IHC staining)
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1 = weak, 2 = moderate, 3 = strong, and 4 = very strong) and (b)
the percentage of positive malignant cells (0 = 0% positive cells,
1 = <25% positive cells, 2 = 25-50% positive cells, 3 = 50-75%
positive cells,and 4 = >75% positive cells). The final immunostaining
score was determined by the sum of (a) + (b). Final scores ranged
from 0-8 (0 = absent, 1-4 = weak, and 5-8 = strong). The score of
YAP expression in OSCC was assessed and categorized into three
groups: (—) negative, (+) weakly to moderately positive, and (++)
strongly positive. The evaluation of IHC slides was done by two
competentinvestigators and kappa analysis was applied to analyze
the degree of agreement.

ResuLts

Demographic Findings

Atotal of 28 OSCC cases were included in the study. The age of patients
with OSCC ranged from 46-80 years (mean of 60.92 + 8.17 years) with
a male predilection [19/28 (67.86%)] observed in relation to females
[09/28 (32.14%)]. The mandible [25/28 (89.28%)] was more commonly
affected than the maxilla [2/28 (7.14%)] followed by the tongue
[1/28 (3.57%)]. Out of the 25 mandibular cases, 2 (8%) involved the
gingiva, 3 (12%) involved the buccal vestibule, 4 (16%) involved the
gingivobuccal complex, 12 (48%) involved the buccal mucosa, 1 (4%)
involved the buccal and labial vestibule and alveolar region, 1 (4%)
involved the gingivobuccal complex, alveolus, and floor of the mouth,
1 (4%) involved the alveolar region, and 1 (4%) involved the alveolus
and floor of the mouth. From maxillary cases, 1 (50%) was associated
with maxillary tuberosity and the other one involved gingivobuccal
complex [01/02 (50%)]. Only single case was present on the right
part of the tongue (3.57%). Most common clinical appearance of
the lesion was ulcero-proliferative growth [17/28 (60.71%)] followed
by exophytic growth in 2 (7.14%) cases, endophytic in 2 (7.14%)
cases, and draining sinus in 2 (7.14%) cases. One case (3.57%) each
of erythroplakic lesion, ulcerative lesion, and trismus with cauliflower
like growth was found and, in 2 cases, the feature was not mentioned.
On histopathologic reexamination, 15 (53.57%) cases were found
to be well differentiated while 13 (46.42%) cases were moderately
differentiated OSCC using Broder’s grading system and TNM (AJCCS)
had been used for staging the cases (Tables 1 and 2).

Comparison of YAP Expression in Different Grades of
0OSCC

In the current study, YAP expression in OSCC was assessed in all the
grades and stages of OSCC (Fig. 2). On the one hand, in OSCC, well-
differentiated OSCC showed a weak expressionin 11/15 cases (73.33%),
while a strong expression was observed in 4/15 (26.66%) cases for YAP
(Fig. 2A). On the other hand, moderately differentiated OSCC showed a
strong expressionin 7/13 (53.84%) cases (Fig. 2B) and a weak expression
in 6/13 (46.15%) cases (Table 3 and Fig. 3). Thus, YAP expression
significantly increased with successive histologic grades of OSCC.

Comparison of Expression of YAP in Different Stages of
0scc

The expression of YAP in different clinical stages of OSCC retrieved
from the data was compared. A total of 28 cases were included in

Table 1: Distribution of OSCC cases according to histopathological types

Type N %
Total (28)

Well differentiated 15 53.57
Moderately differentiated 13 46.42
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YAP in OSCC

Table 2: Demographic data and patients characteristics of OSCC

Sno  Patients characteristics Number
1 Total (28)
2 Age (years)
Mean SD 60.92 + 8.17 years
Range 46-80 years
3 Gender
Male 19 (67.86%)
Female 09 (32.14%)
4 Site
a Maxilla [02 (7.14%)]
Maxillary tuberosity region 01 (50%)
Gingivobuccal complex 01 (50%)
b Mandibular region [25 (89.28%)]
Gingiva 02 (8%)
Buccal vestibule 03 (12%)
Gingivobuccal complex 04 (16%)
Buccal mucosa 12 (48%)
Buccal and labial vestibule and 01 (4%)
alveolusalveolar region
Gingivobuccal complex, 01 (4%)
alveolus, floor
Alveolar region 01 (4%)
Alveolus and floor 01 (4%)
c Tongue [01 (3.57%)]
5 Clinical appearance
Erythroplakia 01 (3.57%)
Endophytic growth 02 (7.14%)
Ulcerative 01 (3.57%)
Exophytic 02 (7.14%)
Ulceroproliferative 17 (60.71%)
Trismus, cauliflower like growth 01 (3.57%)
Draining sinus 02 (7.14%)
Not mentioned 02 (7.14%)
6 Radiological features
Bone loss 03 (10.71%)
Bone erosion 02 (7.14%)
Pathological fracture 02 (7.14%)
Extension of the lesion till RMT (CT) 02 (7.14%)
Involvement of floor of the mouth 02 (7.14%)
and alveolar region (CT)
Enlarged lymph nodes (CT) 01 (3.57%)
Radiolucency with maxillary sinus 01 (3.57%)

region invading the orbital floor

Not mentioned 15 (53.57%)

the present study. Three (10.71%) cases were presented as stage |, 10
(35.71%) cases showed stage ll, and 13 (48.42%) cases revealed stage
lllinvolvement, while one case (3.75%) each belonged to stages IVa
and IVb. The staging status was retrieved from the patients’ data
from the Department of Oral Surgery. Two (66.66%) cases of stage
| showed a weak expression, while one (33.33%) case displayed a
strong expression. Out of 10 stage Il cases, 8 (80%) showed a weak
expression, while 2 (20%) revealed a strong expression. Out of 13
(48.42%) stage lll cases, 5 (38.46%) cases had a weak expression,
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while 8 (61.53%) cases had a strong expression. The single case
each (3.75%) of stages IVa and b had a weak expression (Table 4
and Fig. 4). The maximum number of stage Il cases showed strong
YAP expression but there was no statistically significant difference
between YAP expression in different stages.

Comparison of Expression of YAP in Various Tumor
Sizes of OSCC Cases

The expression of YAP in various tumor sizes was compared in OSCC.
The clinical staging from the existing data was used for comparison.
There were six cases with T1, one with a strong expression, while
five with a weak expression for YAP. Cases with T2 were 18 (%), of
which 9 (50%) showed weak while remaining showed strong YAP
expression (50%). Two cases (%) with T3 showed a strong expression.
There were only two cases (3.57%) with T4a, which showed a weak
expression for YAP (Table 5). The maximum number of cases with T2
showed strong YAP expression but there is no statistically significant
difference between YAP expression and different tumor sizes.

Comparison of Expression of YAP and Nodal
Metastasis in OSCC

In the present study, YAP expression in various nodal statuses has
been studied. There were a total of 13 OSCC cases showing nodal
metastasis [N1: 12 (42.85%); N3: 1 (3.57%)]. Out of them, 12 cases
belonged to stage lll, while the single case belonged to stage
IVb. It has been found that out of 15 (53.57%) NO cases, 12 (80%)
cases showed a weak expression, while remaining three (20%)
expressed strong staining for YAP. Out of 12 (42.85%) with N1
nodal status, 4 (33.33%) expressed YAP weakly, while 8 (66.66%)
expressed it strongly. The single case (3.57%) with N3 nodal status
showed a weak expression for YAP (Table 6 and Fig. 5). There is
a statistically significant difference between YAP expression and
nodal metastasis. YAP expression increases with higher nodal status.

Discussion

The Hippo signaling pathway that is significantly important in
controlling organ growth and development, stem cell function,
tumor suppression, and regeneration was first discovered in the
1990s on Drosophila for mutants exhibiting tissue overgrowth.'>
The Hippo flagging pathway has an expansive number of
mammalian homologues, for example, Lats1/2, Mob1, Mst1/2, and
Sav1, in mammalian are homologues of Hpo, Sav, Wts, and Mats,
individually; both YAP and TAZ are homologues of Yki.'* The present
investigation was focused on the expression of YAP in OSCC and
was aimed to uncover that YAP assumes a part in tumorigenesis and
might be helpful as a free prognostic markerin OSCC. In spite of the
fact that it stays questionable whether this conduct is because of a
tissue-particular capacities of the Hippo pathway or just because of
rare investigations of this pathway in different tissues. Significant
numbers of studies have shown that the Hippo pathway performs
a crucial role in tumor progression. In addition to enhancement of
disease cells’ development, down-regulation of the Hippo pathway
makes growth cellsimpervious to some chemotherapeautic drugs.”®
These discoveries raise the likelihood that remedial intercession of
the Hippo flagging pathway may enhance momentum treatment
methodologies and models and end up being recipient. The
significant focuses of the YAP and TAZ are the homologous
individual from the TEAD protein family (TEAD1-4) that control cell
contact hindrance, epithelial-mesenchymal transformation (EMT),
oncogenic alteration, and apoptotic temperance. The association
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Table 3: YAP expression in different grades of OSCC
YAP expression
OSCC grade N (%) Negative Weak Strong Chi-square value pvalue  Significance
Well differentiated 15(53.57) 0 11(73.33) 04 (26.66) 2.1569 0.1419 Insignificant
Moderately differentiated 13 (46.43) 0 06 (7.69) 07 (92.3)

of the TEAD with the TB spaces prompts enactment of downstream
quality transcripts, for example, CTGF and Cyr61. To demolish their
capacity to advance cell expansion and tumorigenesis, upsetting
the official of YAP or TAZ to TEAD by hereditary tack can be utilized
as a remedial regime.'®
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Fig. 3: YAP expression in different grades of OSCC

Table 4: Comparison of expression of YAP in different stages of OSCC

The present study used immunohistochemistry to compute
and evaluate expression criterions of YAP in OSCC, between its
different grades and stages, to scrutinize the mantle of this molecule
in oral cancer development and progression. In this study, 28 OSCC
cases were included with patient’s age ranging from 46-80 years
(mean of 60.92 + 8.17 years). Thyroid carcinoma that shows a
strong expression of YAP was used as a positive control. On the
one hand, in the present study, YAP expression was assessed in
well-differentiated and moderately differentiated grades and all
the stages of OSCC. We observed a weak expression of YAP in
73.33% of well-differentiated OSCC, while a strong expression was
observed in 26.66% cases for YAP. On the other hand, moderately
differentiated OSCC showed a strong expression in 53.84% cases,
while a weak expression was seen in 46.15% cases. In a study piloted
by Zhang et al.,'” they perceived increased YAP expression in OSCC
samples and deduced that YAP was more recurrently expressed in
the invasive margin of the tumor than to its interior. In contrast to
our results, Yuan and Tomlinson'® analyzed the expression of YAP
in relation to traditional prophetic indices of breast carcinoma to
show no noteworthy correspondence with tumor grade; however,
there was a propensity toward superior incidence of loss in the
higher grade tumors, with 55.6% (5 of 9) grade I, 30.8% (8 of 26)
gradell, and only 36.4% (24 of 66) grade Il retaining YAP expression

YAP expression

OSCC stages N (%) Negative Weak (%) Strong (%) Chi-square value p value Significance
| 03 (10.71) 0 2 (66.66) 1(33.33) 2.8449 0.24112 Insignificant
Il 10(35.71) 0 8 (80) 2(20)

1] 13(48.42) 0 5(38.46) 8(61.53)

IVa 01(3.75) 0 1(100) 0(0)

IVb 01 (3.75) 0 1(100) 0(0)
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Fig. 4: Comparison of expression of YAP in different stages of OSCC
Table 5: Comparison of expression of YAP in various tumor sizes of OSCC cases
YAP expression
Tumor size N (%) Negative Weak (%) Strong (%) Chi-square value p value Significance
T1 06 (21.42) 0 5(83.33) 1(16.66) 0.6728 0.412086 Insignificant
T2 18 (64.28) 0 9 (50) 9 (50)
T3 02(7.14) 0 0(0) 2(100)
T4a 02(7.14) 0 2 (100) 0(0)
Table 6: Comparison of expression of YAP and nodal metastasis in OSCC
YAP expression
Nodal status N (%) Negative Weak (%) Strong (%) Chi-square value p value Significance
NO 15(53.57) 0 12 (80) 3(20) 6.0136 0.014196 Significant
N1 12 (42.85) 0 4(33.33) 8 (66.66)
N3 01 (3.57) 0 1(100) 0(100)

within the neoplastic population. Ge et al."” found lower indexed
YAP expression with greater tumor grade of the head and neck
squamous cell carcinoma (HNSCC) with increased expression at
the tumor invasive front. Hiemer et al.” observed the emergence of
highly enriched nuclear YAP in areas with severe dysplasia, further
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Fig. 5: Comparison of expression of YAP and nodal metastasis in OSCC
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supporting our findings. The results suggested that predisposition
to OSCC may be related to the dysregulation of YAP localization.

The expression of YAP in different stages of OSCC was also
compared in this study. Out of the total cases included in the
present study, 66.66% cases of stage | OSCC and 80% cases of stage
Il showed a weak expression. Of the total cases of stage Ill OSCC,
61.53% cases had a strong expression for YAP. The single case each
of stages IVa and IVb had a weak expression. No such parallel study
was found in the literature comparing various stages of OSCC with
YAP expression. Hence, this parameter of the study could not be
compared. However, Ge et al.!” observed that nuclear expression
of YAP declined with mounting clinical stage in HNSCC.

The expression of YAP in various tumor sizes was compared
in OSCC. A strong expression for YAP was observed in one T1 case
of OSCC and weak in five cases. Nine cases with T2 demonstrated
strong YAP expression, while nine showed weak YAP expression.
A strong expression was found in two cases with T3. To the best of
our knowledge, no other studies have included a comparison of
tumor size and YAP expression in the literature and, thus, we could
not compare this parameter as well.

An attempt was made to correspond the YAP expression in
different nodal status in metastatic OSCC. A strong association
of YAP expression was observed with N1 nodal metastatic OSCC,
while a weak expression of YAP was found in N3 metastatic OSCC.
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Ge et al.”” have also verified the expression of YAP in the primary
HNSCC with nodal metastasis and found an increased cytoplasmic
YAP-indexed expression with the occurrence of nodal metastasis
in HNSCC.

CONCLUSIONS

In summary, the current study demonstrated that YAP expression
significantly increased with successive histologic grades of OSCC,
suggesting its possible role as a prognostic marker to detect the
severity of OSCC. Taken together our observations indicate that
YAP/TAZ contributes in a consequential manner in OSCC oncology.
Given that YAP/TAZ are dysregulated during the early onset of
OSCC, further discernment of the YAP/TAZ-regulated transcriptional
events and amalgamating them to other cancer-related signaling
pathways could provide new perspicacity into OSCC. Moreover, novel
therapeutic approaches may evolve through the emergence of small
molecules duping YAP/TAZ activity, which could help improve the
overall threats from this deadly disease. But we counsel future studies
on bigger sample size to corroborate our result as our sample size
was smaller and we could not include poorly differentiated OSCCin
the study group. Future studies are needed to put more cognizances
into the role of YAP in prognosticating biological behavior of OSCC.

CLINICAL SIGNIFICANCE

YAP could be exploited as a prognostic marker for nodal metastasis
in OSCC cases.
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