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Abstract. Classic prognostic factors, such as clinical advancement of the disease and histological grade of the tumor, continue
to have a decisive role in the selection of therapeutic strategy in
patients with carcinoma of the oral cavity floor and oral surface
of the tongue (OCC). YAP1/Yes‑associated protein 1 (YAP)
and transcriptional co‑activator with PDZ‑binding motif,
WWTR1 (TAZ) proteins, appear to be promising markers
that may be used to develop personalized therapies. The aim
of the present study was to analyze the associations between
the levels of YAP, TAZ and tyrosine‑protein phosphatase
non‑receptor type 14 (PTPN14) and to determine whether
the increased expression of YAP and TAZ had an effect on
tumor cell proliferation, as determined by minichromosome
maintenance 7, DNA replication licensing factor 7 expression.
Their prognostic value was also assessed. In total, 127 patients
who underwent radical surgery and were subjected to adjuvant
radiation therapy due to squamous cell OCC were enrolled in
the present study. The results demonstrated an evident effect
as YAP expression increased in cancer‑associated fibroblasts,
which induced unfavorable prognosis in patients. In addition, a positive association between proliferation in cancer
cells and YAP expression in stromal cells was observed. A
lack of YAP expression in the cytoplasm of tumor cells was a
factor for poor prognosis with regard to disease‑free survival
and disease specific survival. No statistically significant
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correlations between YAP and TAZ expression and PTPN14
expression were identified, nor was a correlation between cell
proliferation and the presence of YAP and TAZ in tumor cells
observed. The results indicated that YAP expression levels
may support the development of personalized therapies for
patients.
Introduction
The first‑line therapy for carcinoma of the oral cavity floor
and/or oral surface of the tongue (OCC) is surgery, which is
typically combined with adjuvant radiation therapy when the
disease is highly advanced. The basic prognostic factors that
aid in the selection of patients for postoperative treatment
are the status of the surgical margins and disease advancement. Additional factors that require the initiation of adjuvant
therapy are the unfavorable prognostic factors observed upon
histopathological examination such as close surgical margins,
perineural invasion, lymphovascular invasion and extensive
lymph node invasion (1). On the other hand, the histological
grade of the tumor (G) is controversial in regard to its prognostic significance in OCC (2,3).
Unfortunately, a large proportion of patients develop
locoregional recurrence (4,5), which suggests that despite the
early stage detection of the disease, a more aggressive treatment is required in some cases. Therefore, it is necessary to
identify novel prognostic factors that may identify groups of
patients with a high risk of recurrence. The Hippo pathway
effectors YAP1/Yes‑associated protein 1 (YAP) and transcriptional co‑activator with PDZ‑binding motif, WWTR1 (TAZ),
potentially meet the criteria for oncogenes, and appear to be
promising markers.
YAP and TAZ are close paralogues that are mainly
involved in the transduction of signals in the Hippo signaling
pathway (6). These proteins are transcriptional modules of the
Hippo signaling pathway. They function as transcriptional
coactivators that shift from the cytoplasm to the cell nucleus
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where, mainly via interactions with TEAD transcriptional
factors, they induce the expression of genes responsible for
proliferation, cell growth, epithelial‑mesenchymal transition (EMT) and apoptosis inhibition (7).
From the classical point of view, YAP and TAZ meet
the criteria for oncogenes. Amplification in the region of the
11q21‑22 chromosome that encodes YAP is observed in many
types of cancers, and in squamous cell carcinoma (SCC) of the
oral cavity in 5‑15% of cases (8). In addition, it was previously
reported that YAP and TAZ are the nuclear transducers of
mechanical signals produced by the stiffness of the extracellular matrix (ECM) and cell shape (9). This regulation requires
Rho GTPase activity and actomyosin cytoskeleton tension, and
is independent from the Hippo signaling pathway. YAP and
TAZ activity is positively correlated with ECM stiffness (9,10).
Experimental studies have shown that in dense cell populations, where the contact between cells is maintained, YAP
and TAZ are not active and they are located in the cytoplasm,
whereas in sparse cell populations YAP and TAZ are located
in the cell nucleus and trigger proliferation (9,11). However,
mechanical stretching of the cells may result in prolonged activation of RhoA and myosin, which in turn induces YAP/TAZ
migration to the cell nucleus, stimulating proliferation even in
contact‑inhibited epithelial cells. YAP/TAZ may have a key
role in the contact‑induced inhibition of cell proliferation, as
its dysregulation is one of the main markers of cancerous cell
transformation (12). Nevertheless, it was observed that YAP,
depending on the cell context, functions not only as a protooncogene but also as a carcinogenesis suppressor (13).
A few reports have been published recently highlighting
the role of tyrosine‑protein phosphatase non‑receptor type
14 (PTPN14) as a suppressor of YAP, the key oncoprotein
of the Hippo signaling pathway that controls organ development through the regulation of proliferation and cell
apoptosis (14,15). PTPN14 protein belongs to the family
of protein tyrosine phosphatases, which is a large family of
enzymes that are involved in the phosphorylation of tyrosine
proteins and act contrarily to protein tyrosine kinases, being
the key regulator of many physiological processes within a
cell, such as metabolism, growth and cell differentiation (16).
PTPN14 is a 130 kDa non‑receptor protein encoded by a gene
located on 1q32.2 chromosome (17). In vitro studies have
demonstrated that the dysregulated expression of this protein
results in changes in the adhesion, growth and structure of the
cell cytoskeleton (18). Depending on its localization within the
cell, it regulates the maintenance of cell junctions and adhesion, as well as proliferation (19). Changes in PTNP14 levels
during embryogenesis have also been revealed to influence
transforming growth factor (TGF)‑ β induction and EMT,
inducing morphological and functional changes, and the
acquisition of migratory features by the cells (20).
The minichromosome maintenance 7, DNA replication
licensing factor 7 (MCM7) protein is a marker of cell proliferation considered necessary for the initiation and continuation of
DNA replication process in eukaryotic cells (21,22). It has also
been revealed that YAP/TAZ contributes to the proliferation
of non‑small cell lung cancer, and breast and head and neck
cancers via the upregulation of MCM7 (23).
In our previous study conducted on a similar though slightly
larger group of patients (24), it was demonstrated that there

was a significant effect of MCM7 and PTPN14 proteins on the
prognosis of patients with OCC. To the best of our knowledge,
this was the first study that evaluated the expression of PTPN14
in human tumors. It was demonstrated that the high expression
of PTPN14 was an unfavorable prognostic factor and its expression in >75% of cancer cells allowed for the identification of the
group patients with a high risk of relapse (24). These results
inspired new experiments and the design of the present study
in order to evaluate the potential relationship of the previously
tested PTPN14 with YAP and TAZ.
The aim of the present study was to analyze the correlation
between the expression of YAP and TAZ, and PTPN14 and to
determine whether the increased expression of the YAP and
TAZ proteins had an effect on the level of tumor cell proliferation as assessed by MCM7 levels. Their prognostic value in the
group of patients recruited was also determined.
Materials and methods
Patients. Ethical approval from the Bioethical Commission
at the Medical University of Wroclaw was obtained
(no. KB299/2013); due to the retrospective nature of the study
the need for written informed consent from patients was
waived. In total, 127 patients (25 women and 102 men) treated
by postoperative radiation at the Lower Silesian Oncology
Center between 2000 and 2011 were enrolled in the present
study. Enrollment criteria included the diagnosis of SCC of the
oral cavity floor (C04) or oral surface of the tongue (C02) and
radical resection of the primary tumor (R0) with simultaneous
surgery of the regional lymphatic system.
Disease advancement stage was defined in line with the
7th edition of TNM classification of 2010 (25). Table I presents
the studied clinicopathological characteristics of the patients.
All patients were subjected to postoperative radiation therapy
and the irradiated area was the resection site with a margin
and regional draining lymph node basin. The radiation dose
was between 50 and 68 Gy (mean: 60 Gy, median: 60 Gy). The
median time that lapsed between surgery to the start of radiation therapy was 74 days (mean: 77 days). The treatment that
had been applied was in line with currently accepted standards
of care (26).
During a 5‑year follow‑up, 37 patients (29%) developed
recurrence, of whom 8 patients (6%) developed metastases
without locoregional recurrence. The average time between
surgery and the detection of recurrence was 12.8 months
(4.6‑39.4 months). The average time between surgery and death
due to cancer progression was 19.3 months (8‑60 months).
Immunohistochemical examination. Studies were performed
on the tissue materials acquired during surgical treatment
fixed in 10% buffered formalin, and then embedded in paraffin
blocks. Immunohistochemical determination of YAP1 (clone
H9; cat. no. sc‑271134; Santa Cruz Biotechnology, Inc.; dilution: 1:100), TAZ (clone 1H9; cat. no. LS‑C173295; LifeSpan
Biosciences Seattle, WA, USA; dilution 1:150), PTPN14 (clone
448701; cat. no. MAB 4458; R&D Systems, Inc.; dilution
1:200), MCM7: clone immunoglobulin (Ig)‑G1 DCS‑141.1
(cat. no. NCL‑MCM7; Novocastra; dilution 1:30), α‑smooth
muscle actin (SMA; clone 1A4; cat. no. IR611; Dako; Agilent
Technologies, Inc.; ready‑to‑use), Podoplanin (clone D2‑40; cat.
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Table I. Clinical characteristics of the patients recruited to the present study.
Characteristics

Number of patients

Percentage (%)

Sex		
Male
102
80
Female
25
20
Primary site of the tumor in the oral cavity		
Oral surface of the tongue
42
33
Oral cavity floor
69
54
Both the floor and the tongue are affected‑primary location
16
13
cannot be established
Histological grade of the tumor		
G1
38
30
G2
57
45
G3
32
25
Keratosis features present		
Keratodes
109
86
Akeratodes
18
14
T value		
T1
3
2
T2
57
45
T3
37
29
T4
27
21
N value		
N0
73
57
N1
20
16
N2
33
26
N3
1
1
TNM stage		
II
39
31
III
36
28
IV
52
41
Scope of surgery		
Partial resection of the tongue, oral cavity floor and mandible
85
67
Partial resection of the tongue and oral cavity floor
17
13
Partial resection of the tongue or oral cavity floor
25
20
Bilateral vs unilateral lymphadenectomy		
Bilateral
100
79
Unilateral
27
21
Type of lymphadenectomy on the tumor side		
Radical, using Crile's method
33
26
Functional
14
11
Selective
80
63
Type of lymphadenectomy on the opposite side of the tumor		
None
27
21
Functional
15
12
Selective
85
67
Radiation therapy 2D vs. 3D		
2D
79
62
3D
48
38

no. IR072; Dako; Agilent Technologies, Inc.; ready‑to‑use) and
Vimentin (clone V9; cat. no. IR630; Dako; Agilent Technologies,
Inc.; ready‑to‑use) was performed on 4 µm‑thick paraffin sections
mounted on salinized slides (S3003; cat. no. Dako; Agilent

Technologies, Inc.), which were then subjected to deparaffinization, rehydration and heat induced epitope retrieval performed
using PT Link, with EnVision FLEX Target Retrieval Solution
High pH used for 20 min incubation at 97˚C. An Autostainer
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Link48 was used to perform immunological testing using detection reagents EnVision FLEX (cat. no. K8002; Dako; Agilent
Technologies, Inc.).
For each of the antibodies used, positive and negative
controls were employed. The assessment of all of the specimens was conducted by two of the authors who used a light
microscope (OLYMPUS BX41). For each protein, all visual
fields were analyzed; the entire tissue specimen irrespective
of its size was assessed, taking into account the percentage of
positively stained cells and the intensity of staining.
A semi‑quantitative method was used to evaluate MCM7,
PTPN14, YAP and TAZ expression in SCC. The two immunohistochemical reaction parameters used were the percentage
of cells with a positive cytoplasmic or nuclear reaction (the
percentage of reactive tissue) and the intensity of reaction.
The semi‑quantitative ImmunoReactive Score (IRS) scale
of Remmele and Stenger (27) was used to calculate the final
immunohistochemical reaction results. In this approach,
points were given depending on the percentage of reactive
cells (0‑4 points: 0, 0%; 1, 1‑25%; 2, 26‑50%; 3, 51‑75%; and 4,
>75%) and the intensity of reaction (0‑3 points). The scores for
these two parameters were multiplied to give the final result,
which was referred to as the IRS factor or score (0‑12 points).
The expression of YAP protein in the stromal compartment
(cancer‑associated fibroblasts; CAFs) of the tumor was calculated semi‑quantitatively as negative (0: no staining), weak
(1: either diffuse weak staining or strong staining in <10% of
the analyzed cells), intermediate (2: either diffuse intermediate staining or strong staining in ≥10‑30% of the analyzed
cells) and strong (3: defined as strong staining in >30% of the
analyzed cells). CAFs were confirmed by the positive immunohistochemical reactions for α‑SMA, vimentin and podoplanin
(D2‑40), which are all characteristic markers of CAFs (Fig. 1).
Statistical analysis. All statistical analyses were performed
using the Statistica 10 (StatSoft, Inc.) package, employing the
Kaplan‑Meier method, Cox's proportional hazard model and
Spearman's rank correlation coefficient. Evaluation of the prognostic value of the variables in the present study was performed
using overall survival (OS), defined as the survival duration from
the day of surgery to death, disease specific survival (DSS),
defined as the survival duration from the day of surgery to death
due to cancer progression, disease free survival (DFS), defined as
the survival from the day of surgery to the recurrence of cancer
(metastases and/or local locoregional relapse), and locoregional
recurrence‑free survival (LRFS) defined as the survival from the
day of surgery until the onset of locoregional relapse.
Results
Expression patterns of the analyzed proteins. The expression of
YAP was observed in two cell populations: Cancer cells (only
cytoplasmic localization) and in the stromal compartment of
the tumor (CAFs with nuclear‑cytoplasmic distribution). The
median IRS for YAP expression in cancer cells was 6 (range:
0‑12, mean: 5.25±3.7; Fig. 2). In 23 patients, no YAP expression was observed in tumor cells. YAP expression in CAFs
was identified in 82 patients; in 30 patients it was scored 1, in
28 patients scored 2 and in 24 patients scored 3 points on a
4‑point scale (0‑3; Fig. 2).

TAZ protein exhibited exclusively nuclear expression
in cancer cells, without any immunoreactivity in the stroma
(Fig. 2). The median IRS for TAZ expression was 6 (range:
0‑12; mean: 5±3.9). In 33 patients no expression of this marker
was observed in tumor cells. MCM7 expression tended to
be exclusively nuclear in nature; it was observed in all 127
patients. The IRS median for MCM7 expression was 4 (range:
1‑12; mean: 5±3.4).
PTPN14 expression exhibited cytoplasmic localization. In
the majority of cases it was weakly expressed. The median IRS
for PTPN14 expression was 1 (range: 0‑8, mean: 2±1.99). In 31
patients, no PTPN14 expression was observed in tumor cells.
Correlations between analyzed proteins and clinicopathological parameters. In the studied group of patients, a weak
positive correlation between the percentage of cells showing
MCM7 expression and the presence of YAP protein in the
tumor stroma were observed (rs=0.207; P=0.019). However, no
significant correlation with TAZ or YAP expression was identified in tumor cells. In addition, a weak correlation between
MCM7 and the percentage of cells containing PTPN14 protein
was identified (rs=0.202; P=0.022). A weak negative correlation between YAP and TAZ expression in tumor cells was also
noted (rs=‑0.220, P=0.012).
A weak positive correlation was revealed between the
histological grade of the tumor G and stromal expression of
YAP (rs=0.275; P=0.001) and the percentage of cells highlighted the expression of MCM7 as a proliferation marker
(rs=0.175; P=0.048).
Furthermore, a weak negative correlation between the
size of the primary tumor (pT) and the percentage of cells
exhibiting YAP expression (rs=‑0.196; P=0.028), and a weak
positive correlation with the intensity of the color reaction
PTPN14 (r s =0.184; P=0.039), were observed. The present
study also demonstrated a weak negative correlation between
pTNM and the percentage of cells exhibiting YAP expression
(rs=‑0.226; P=0.010).
The results did not present a correlation between the level
of PTPN14 expression, and YAP and TAZ proteins.
Impact of clinical features on patients' survival. Among the
clinical and pathological factors under assessment only the
disease advancement stage significantly affected the prognosis
of patients following univariate analysis. Statistically significant differences in the 5‑year survival rates of patients were
revealed dependent on pT, pN and pTNM. The best prognosis
was noted for patients with TNM stage II for whom the 5‑year
LRFS, DFS, DSS and OS were 92, 89, 89 and 66%, respectively, whilst in patients with TNM stage III, the survival
decreased to 78, 73, 73 and 54%, respectively, and to 60, 50, 52
and 42%, respectively for stage IV.
Impact of the analyzed protein expression on patients' survival.
It was revealed that patients without YAP expression in the
tumor cell cytoplasm had a significantly shorter DFS and DSS
(Table II; Fig. 3A and B). No correlation between YAP protein
and LRFS and OS was identified. YAP expression in the tumor
stroma markedly influenced DFS and OS (Table II; Fig. 3D)
while the TAZ expression level did not affect patient survival
(Table II; Fig. 3C).
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Figure 1. Serial sections immunostained for (A) α‑SMA, (B) podoplanin (D2‑40) and (C) vimentin in CAFs (arrows). Magnification, x50. α‑SMA, α‑smooth
muscle actin; CAFs, cancer associated fibroblasts.

Figure 2. Immunohistochemical expression of YAP and TAZ proteins in SCC of the oral cavity floor or of the oral surface of the tongue. (A) No YAP immunoreactivity in cancer cells with moderate expression with nuclear localization in stromal compartment of the tumor (magnification, x400). (B and C) Enhanced
reactivity of YAP in the stromal compartment of the tumor with nuclear distribution (magnification, x100). (D) Strong expression of YAP protein in squamous
cancer cells with no reactivity in stromal compartment (magnification, x100; hematoxylin). (E) Strong nuclear expression of TAZ protein in dysplastic and
cancer cells (magnification, x100). (F) Enhanced nuclear reactivity of TAZ in squamous cancer cells (magnification, x100). YAP, YAP1/Yes‑associated protein
1; TAZ, transcriptional coactivator with PDZ‑binding motif, WWTR1; SCC, squamous cell carcinoma.

Furthermore, similar to our previous report (24), patients
with high expression levels of MCM7 in tumor cells had a
significantly shorter LRFS, DFS, DSS and OS. In a group of
patients with >75% tumor cells exhibiting PTPN14 expression,
the 5‑year LRFS and DFS were significantly worse.
Multivariate analysis. The present multivariate analysis
included the parameters of YAP and TAZ expression that

had a statistically significant effect on survival or produced
non‑significant but marked prognostic trends in univariate
analysis. In the multivariate analysis, patients' age had a significantly unfavorable influence on OS, and its effect on DFS and
DSS was marked but not significantly different. High YAP
expression in stromal cells at the level of 2 or 3 had an unfavorable effect on DFS and OS. No YAP expression in the cytoplasm
of cancer cells was an independent unfavorable prognostic
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Table II. Percentage of 5‑year LRFS, DFS, DSS and OS in the patients depending on the expression of MCM7, PTPN14, YAP,
stromal YAP and TAZ in squamous carcinoma cells.
5‑year LRFS (%)

5‑year DFS (%)

5‑year DSS (%)

5‑year OS (%)

MCM7%				
≤25%
88
85
85
64
>25%
71
64
65
49
P‑value
0.029
0.014
0.018
0.072
MCM7 INT				
1
86
81
83
61
2
77
69
69
57
3
59
54
54
37
P value
0.005
0.005
0.006
0.041
MCM7 IRS				
<4
86
81
83
62
≥4
69
62
62
47
P‑value
0.018
0.009
0.005
0.054
YAP%				
>0%
79
75
76
39
0%
58
44
43
56
P‑value
0.12
0.011
0.007
0.11
YAPs 				
0‑1
79
76
76
61
2‑3
69
59
61
41
P‑value
0.17
0.060
0.11
0.064
TAZ%				
>0%
79
73
73
58
0%
62
57
59
39
P‑value
0.13
0.19
0.30
0.12
PTPN14 %				
≤75%
78
71
71
54
>75%
37
37
50
37
P‑value
0.007
0.033
0.13
0.24
Significant results are highlighted in bold (P<0.05). LRFS, locoregional recurrence‑free survival; DFS, disease‑free survival; DSS, disease
specific survival; OS, overall survival; MCM7, minichromosome maintenance 7, DNA replication licensing factor 7; PTPN14, tyrosine‑protein
phosphatase non‑receptor type 14; YAP, YAP1/Yes‑associated protein 1; TAZ, transcriptional co‑activator with PDZ‑binding motif, WWTR1.

factor for DFS and DSS (Table III), and was markedly different
in the case of LRFS and OS. Multivariate analysis confirmed
the findings of our previous paper (24): A high percentage
(>75%) of cells exhibiting cytoplasmic PTPN14 expression was
an unfavorable prognostic factor for LRFS, DFS and DSS, and
several times increased the risk of disease progression or death.
In addition, pT, pN, and color reaction intensity with MCM7
protein were revealed to be independent prognostic factors for
LRFS, DFS, DSS and OS (Table III).
Discussion
In the studied group, pT and pN were independent prognostic
factors that significantly influenced patient survival. The results
were in agreement with the previously established fact that the
primary, important prognostic factors in patients with OCC are

the disease advancement stage TNM, pT and pN (25,28). In
addition, the previously tested markers MCM7 and PTPN14
had a significant impact on the prognosis of patients. Of the
newly tested proteins, YAP showed an effect on patient survival,
while TAZ did not meet the criterion of a prognostic factor.
The hypothesis that MCM proteins may be good proliferation markers has been tested in many previous studies (29‑32).
One of the first reports on the prognostic significance of MCM2
as a cell proliferation marker in OCC was the work by our
team (33) performed on a different, smaller group of patients.
In this study the expression of MCM2 was compared with the
recognized proliferation marker Ki‑67 and the results revealed
a strong correlation between the expression levels of these two
markers in oral SCC and additionally it was demonstrated to be
a better prognostic factor than Ki‑67. In the case of the MCM7
protein, only one study has been reported that assessed the effect

ONCOLOGY LETTERS 18: 3561-3570, 2019

3567

Figure 3. Comparison (using the Kaplan‑Meier method) of (A) DSS curves depending on YAP expression in tumor cells, and DFS depending on (B) YAP and
(C) TAZ expression in cancer cells and (D) YAPs in tumor stromal cells. DFS, disease‑free survival; DSS, disease specific survival; YAP, YAP1/Yes‑associated
protein 1; TAZ, transcriptional coactivator with PDZ‑binding motif, WWTR1.

of its expression on prognosis in OCC (30), in which shorter
survival was typical for patients with MCM7 expression in >49%
of cancer cells. However, this effect was limited to a subgroup
of TNM stage III and IV patients, and was not noticed in the
group of stage I and II patients. On the other hand, in our present
and previous studies, MCM7 expression had an effect on patient
prognosis at all stages of advancement, and in the multivariate
analysis, along with pT and pN grade, it was the only independent
prognostic factor for each of the assessed survival parameters.
The relationship between proliferation and PTPN14 was
described by Wadham et al (19), who noticed a correlation
between PTPN14 translocation to the nucleus and proliferation
initiation, which indicates its important role in the process. In
the present study, PTPN14 was located in the cytoplasm and
upon immunohistochemical examination, its nuclear expression
was not observed. However, a high percentage of cells (>75%)
containing this protein were correlated with the studied proliferation marker MCM7 and was in turn related with poor prognosis.
Furthermore, in the present study high expression of
PTPN14 had the highest effect on locoregional recurrence
with a decreasing effect on DFS and DSS. Studies on Zebrafish
(Danio reiro) embryos reported that PTPN14 overexpression
induced TGFβ secretion and via the canonical Smad‑related
pathway induced changes in the expression of genes associated
with EMT including Snail, Slug, ZEB1 and ZEB2, and the loss
of E‑cadherin expression, which resulted in morphological
and functional changes and the acquisition of migratory

features by the cells (20). It is possible that the high expression
of PTPN14 results in the increased migration of cancer cells
and, despite negative margins of resection, cancer cell deposits
may be near the postoperative field, which is associated with
an almost 6‑fold higher risk of local recurrence.
In 2012 and 2013, three papers were published reporting
that PTPN14 inhibits the activity of YAP by promoting its
cytoplasmic location (14,34,35). In these studies, it was noticed
that the combination of PTPN14 protein with YAP inhibited its
translocation to the nucleus and transcription of target genes
for YAP. On the other hand, lack of PTPN14 resulted in YAP
overexpression and increased cell migration (14,34). In 2013,
another article was published indicating that PTPN14 was a
negative regulator of YAP transcriptional activity. However,
the inhibition of YAP translocation to the cell nucleus induced
by PTPN14 was not described (15). In 2014, Wilson et al (36)
demonstrated that PTPN14 not only directly, but also indirectly through activation of large tumor suppressor drosophila
homolog 1, negatively regulated YAP and TAZ. However, the
present study did not observe a correlation between PTPN14,
and YAP and TAZ expression.
In the present study, TAZ was located only in the cancer cell
nuclei and despite an evident tendency for a poorer prognosis in the
group of patients whose cancer cells did not exhibit TAZ expression, no significant effect on survival was observed. In the case of
YAP in cancer cells, only a cytoplasmic reaction was identified,
while in CAFs a nuclear‑cytoplasmic reaction was observed. In
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Table III. Final multivariate analysis for LRFS, DFS, OS and DSS.
Prognostic factors

P‑value

Hazard ratio (HR)

95% PU HR lower

95% PU HR upper

LRFS				
YAP %
0.068
0.432
0.176
1.063
pT
0.001
2.703
1.650
4.428
pN
0.012
1.717
1.127
2.615
MCM7 INT
0.001
3.091
1.729
5.527
PTPN14 %
0.001
6.077
2.069
17.854
DFS				
YAP %
0.009
0.360
0.166
0.779
YAPs
0.042
2.094
1.027
4.270
pT
0.001
2.316
1.477
3.633
pN
0.008
1.674
1.141
2.455
MCM7 INT
0.001
2.700
1.608
4.535
PTPN14 %
0.006
4.262
1.507
12.054
Age
0.061
1.041
0.998
1.087
DSS				
YAP %
0.004
0.327
0.153
0.703
pT
0.001
2.355
1.522
3.645
pN
0.001
1.932
1.314
2.840
MCM 7 INT
0.001
2.436
1.478
4.015
PTPN14 %
0.016
3.891
1.283
11.805
Age
0.061
1.044
0.998
1.093
OS				
YAP %
0.084
0.569
0.301
1.078
pT
0.001
1.819
1.295
2.555
pN
0.020
1.426
1.058
1.920
MCM 7 INT
0.008
1.619
1.136
2.307
Age
0.014
1.045
1.009
1.082
YAPs
0.041
1.770
1.025
3.058
Significant results are highlighted in bold (P<0.05). HR of recurrence or death due to carcinoma of the oral surface of the tongue or oral cavity
floor depending on independent prognostic factors: YAP expression (percentage of cells with YAP: 0 vs. >0%), YAP expression in stromal
cells (intensity 0‑1 vs. 2‑3), MCM7 expression (reaction intensity 1 vs. 2 vs. 3), PTPN14 expression (percentage of cells with PTPN14: 0‑75
vs. >75%), size of primary tumor pT (1 vs. 2 vs. 3 vs. 4), regional lymph node involvement pN (0 vs. 1 vs. 2), and age in years at diagnosis.
LRFS, locoregional recurrence‑free survival; DFS, disease‑free survival; DSS, disease specific survival; OS, overall survival; HR, hazard ratio;
PTPN14, tyrosine‑protein phosphatase non‑receptor type 14; YAP, YAP1/Yes‑associated protein 1.

the present study, no cytoplasmic YAP expression in cancer cells
was related with poor prognosis, and was an independent prognostic factor for DFS and DSS. Similar results highlighted YAP
as a suppressor in SCC of the head and neck area as presented
by Ehsanian et al (37), in 2010. This study demonstrated that
cells with YAP knockdown exhibited increased proliferation,
survival, migration abilities and resistance to cisplatin. On the
other hand, YAP expression increased cell apoptosis and chemosensitivity; however, YAP's function as a suppressor may be
dysregulated by AKT or ΔNp63 (37). Nevertheless, the majority
of papers indicate that there is a correlation between YAP and
TAZ overexpression in cancer cells and the presence of aggressive clinicopathological features and unfavorable prognosis of
cancer patients and chemoresistance (38‑41).
At the same time some findings have suggested that YAP may
function not only as a protooncogene but also as a suppressor of
tumors depending on the cell context (13,42). Recently, papers

have been published that report that YAP and TAZ may suppress
WNT signal transduction amongst other signals by sequestering
β‑catenin in the cytoplasm or intensifying its degradation (43,44).
It was previously revealed that YAP is silenced in highly
aggressive human colorectal cancers and its re‑expression
may limit cancer growth, which indicates its potential role as
a suppressor (13,45). It seems that YAP and TAZ expression
in the cytoplasm function as β ‑catenin inhibitors, whereas
with the nuclear localization they are positive mediators of
WNT‑associated transformation (44).
Furthermore, it was noted that in normal hematologic
cells oncogene‑mediated DNA damage induces ataxia
telangiectasia mutated and then JUN N‑terminal kinase activation, which phosphorylates 14‑3‑3 adaptor protein causing
Abelson tyrosine‑protein kinase 1 (ABL1) to shift from the
cytoplasm to the cell nucleus (46,42). Upon entry into the
cell nucleus, ABL1 phosphorylates the YAP tyrosine residue.
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Phosphorylated YAP forms a complex with the TP73 tumor
suppressor and maintains the transcription of pro‑apoptotic
genes such as BAX and PUMA (42). MST1‑induced activation
of the Hippo signaling pathway, via phosphorylation of serine
residues YAP, inhibits its pro‑apoptotic activity (42). Low
expression of YAP prevents the apoptosis induced by ABL1
in the case of DNA damage in hematologic cancers. On the
other hand, the re‑occurrence of YAP expression in tumor
cells promotes apoptosis and growth arrest (42).
A possible explanation for this contradictory information concerning YAP function in cancer is that it may form
complexes with various transcriptional factors that have
different functions depending on the cancer type. TAZ and YAP
may have varying effects on carcinogenesis by associating with
different transcriptional factors depending on the cell context.
The present study observed a weak positive correlation
between YAP expression in CAFs and the percentage of tumor
cells presenting MCM7 expression. Furthermore, the results
demonstrated an unfavorable effect of high YAP expression in
CAFs on DFS and OS. This finding suggests a direct relationship between the presence of YAP in stromal cells and the
increased proliferation of cancer cells and poorer patient prognoses. This phenomenon may be explained by earlier studies
that suggested that YAP activation in CAFs promoted stiffening of the matrix by increased deposition of collagen (47).
Furthermore, stiffening of the matrix causes tension within
the CAFs, which results in Src kinase activation and YAP
translocation to the nucleus and as a result, YAP and TAZ
promote the expression of regulators of the cytoskeleton such
as anillin actin binding protein and diaphanous related formin
3, and stabilizing actomyosin proteins. This further stiffens
the matrix, increases proliferation and results in the formation
of the self‑enforcing loop during carcinogenesis (47).
In conclusion, the present demonstrated the significant effect
of increased YAP expression in cancer‑associated fibroblasts
on the unfavorable prognosis of patients with squamous OCC.
Additionally, a weak positive correlation was confirmed between
proliferation in cancer cells and YAP expression in the stroma.
This finding highlights the key role of the ECM in cancer
progression. The results also demonstrated that the lack of YAP
expression in the cytoplasm of tumor cells may be a poor prognostic factor for DFS and DSS, suggesting its suppressive effect
on cancer in this region. No statistically significant correlations
were identified between the level of YAP and TAZ expression and
PTPN14, nor was a correlation between the level of cell proliferation and the presence of YAP and TAZ protein in tumor cells
observed. However, due to the fact that the findings reported by
other authors are inconclusive, the present observations require
further validation in a future study on another group of patients.
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