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There is growing evidence which indicates that the development and the biological 
features of cancer such as the  invasion, metastases and recurrence are related to 
the presence and behavior of the cancer stem cells (CSC). However, the regulatory 
mechanisms underlying CSCs-specific properties are poorly determined, the Hippo 
pathway has emerged as a fundamental regulator underlying CSCs stemness. 
Immunohistochemical method was used to examine the  immunoexpression 
of SOX2, TAZ and α-SMA in oral squamous cells carcinomas: with metastases –  
OSCC M+ (n = 42), and without metastases – OSCC M– (n = 44), and 17 con-
trol cases.
The immunoexpression of SOX2, TAZ and α-SMA was significantly increased in 
both group of OSCC in comparison to control groups. Moreover, significantly in-
creased TAZ and α-SMA immunoexpression were found in OSCC M+ compared 
to OSCC M-. In OSCC M+ and OSCC M- groups there were statistically sig-
nificant correlations between the immunoexpression of TAZ vs SOX2 (r = 0.56, 
p  <  0.001; r  =  0.33, p  <  0.03 respectively), and TAZ vs α-SMA (r  =  0.64, 
p < 0.001; r = 0.67, p < 0.001 respectively). Moreover, there was statistically sig-
nificant association between TAZhigh/SOX2high coexistent immunoexpression and 
the presence of metastases (p < 0.007).
Our results may suggest that SOX2 and TAZ could potentially cooperate and 
contribute to process of metastasis, especially in cases with TAZhigh/SOX2high ex-
pression.
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Introduction

Oral cancer is one of the most common cancers in 
the world with poor prognosis and without specific 
biomarkers for disease [1, 2]. The  global incidence 
of oral squamous cell carcinoma (OSCC) is approx-

imately 300,000 new cases per year [3]. The  high 
mortality is closely associated with the  presence 
of metastases and high rate of  recurrence [1, 2, 3]. 
There is growing evidence which indicates that onco-
genically transformed stem cells – cancer stem cells 
(CSCs) may be associated with the biological features 
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of  oral cancer such as the  rapid growth, invasion, 
metastases, recurrence and resistance to treatment 
[4, 5]. Cancer stem cells are subpopulations of cells 
within tumors with common characteristics as nor-
mal stem cells such as capabilities of self-renewal and 
multi-lineage differentiation. CSCs are responsible 
for tumor growth and their heterogeneity and can be 
induced from differentiated cancer cells in the adap-
tation processes and cross-talks with the tumor mi-
croenvironment as well as a  cellular and molecular 
adaptation in response to therapy [6]. Previous re-
ports have pointed SOX2 as a substantial marker and 
a key regulator of CSC in head and neck squamous 
cell carcinoma (HNSCC) [7, 8]. SOX2 is a member 
of the SRY-related HMG-box (SOX) family of tran-
scription factors, having an important role in various 
phases of normal embryonic development, and affects 
cell fate and differentiation [9]. SOX2 is involved in 
tumorigenesis and cancer progression by reprogram-
ming of  adult stem cells into induced pluripotent 
stem cells and maintains stemness [10]. However, 
the  regulatory mechanisms underlying CSCs-spe-
cific properties are poorly determined. The  Hippo 
pathway has emerged as a  fundamental regulator 
underlying CSCs stemness in HNSCC [11]. TAZ 
(transcriptional coactivator with PDZ-binding motif) 
is a  key effector in Hippo pathway, which regulate 
tissue homeostasis, the balance between proliferation 
and apoptosis through interaction with various tran-
scription factors [12]. Literature data documented 
that TAZ is involved in tumorigenesis by induction 
of  proliferation, migration and increased metastat-
ic potential [13]. TAZ is required for the expansion 
of CSCs in various solid tumors including oral cancer 
cells, probably by induction of the EMT and mesen-
chymal markers [11, 13]. 

Although the  immunoexpression of  SOX2 and 
TAZ in various types of tumors have been extensively 
characterized, the precise role of the immunoexpres-
sion of SOX2 and TAZ and their associations with me-
tastases are not clear. Therefore, the aim of our study 
was to evaluate the  immunoexpression of  SOX2, 
TAZ and α-SMA in patients with oral squamous cell 
carcinomas with metastases (OSCC M+), and with-
out metastases (OSCC M–). Another purpose was to 
find a  possible association between the  immunoex-
pression of SOX2 and TAZ and the presence of me-
tastases and immunoexpression of  mesenchymal 
marker – α-SMA (α-smooth muscle actin).

Material and methods

Patients

The present retrospective study and experimen-
tal methods were approved by the university review 
board, and have been performed in accordance with 

the World Medical Association Declaration of Hel-
sinki regarding ethical conduct of research involving 
human subjects. The  study was conducted under 
the assumption that research findings would be kept 
anonymous. 

The 86 cases of OSCC (53 men, 33 women), and 
19 controls (normal mucosa; 10 men, 9 women), 
were sourced from archival tissue blocks of the De-
partment of  Pathomorphology, Medical University 
of Lodz, Poland. All tissue sections taken from post-
operative material were routinely fixed in formalin, 
processed, embedded in paraffin, and stained with 
haematoxylin and eosin. Histopathological diagno-
ses were established according to the current WHO 
standards [14]. The main criteria used for selection 
of cases were as follows: 1) an anatomical placement 
of  lesions – the floor of the mouth; 2) primary sur-
gical resection of  OSCC lesions (without receiving 
prior immuno-, radio-, or chemotherapy). All cases 
of OSCC were divided into two groups: OSCC M– 
(without metastases, n = 44), and OSCC M+ (with 
metastases to regional lymph nodes or/and with dis-
tant metastases, n = 42). Cases of OSCC were grad-
ed according to the  WHO classification (15) (for 
OSCC M–: G1 n = 7, G2 n = 37, G3 n = 0, and 
for OSCC M+: G1 n = 1, G2 n = 33, G3 n = 8). 
The age range for the OSCC M– group was from 37 
to 82 years (the mean ±SD = 63.77 ±11.80), for 
the OSCC M+ group was from 46 to 88 (the mean 
±SD = 68.21 ±10.62), and for controls from 15 to 
74 (the mean ±SD = 47,05 ±18,79).

Immunohistochemistry

Immunohistochemical staining was carried out ac-
cording to a standard method. 3-µm tissue sections 
were deparaffinized in xylene and rehydrated through 
a graded alcohol series. Heating in a microwave oven 
in a solution of target retrieval solution pH 9.0 (TRS 
High pH; Dako), for 30 minutes was used for an-
tigen retrieval. Endogenous peroxidase activity was 
quenched with 0,3% hydrogen peroxide in methanol 
for 30 minutes. The sections were washed with TBS 
and incubated all night with polyclonal rabbit pri-
mary antibodies against: SOX2 (ThermoFisher Sci-
entific, USA, dilution 1:300, Catalog number PA1-
094), and TAZ (Abcam, UK, dilution 1:400, Catalog 
number ab84927). The sections for α-SMA staining 
were incubated 30 minutes with monoclonal mouse 
primary antibodies against actin (Dako; clone: 1A4, 
RTU) After washing, an  adequate EnVision-HRP 
detection system (Dako, Carpinteria, CA, USA) was 
used. 3,3’-diaminobenzidine was used as the  chro-
mogen. After counterstaining with Mayer’s hema-
toxylin, the slides were washed, dehydrated, cleared 
in xylene and coverslipped. The negative controls for 
immunohistochemical staining were prepared with 
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the primary antibodies replaced by the antibody di-
luent.

Double-staining immunohistochemistry

To evaluate the  TAZhigh/SOX2high coexistent im-
munoexpression, we performed sequential chromo-
genic immunohistochemical double staining with two 
HRP substrates – DAB and Magenta (Dako Omnis; 
DM857), using EnVision FLEX System (Dako).

Evaluation of SOX2, TAZ and α-SMA 
immunoexpression 

The sections were independently examined and 
scored by two pathologists, who were blinded to 
the clinical features. The immunoexpression of TAZ, 
SOX2 and α-SMA was scored by addition of the sig-
nal intensity (on a scale of 0-3: 0 – no staining; 1 – 
weak staining; 2 – moderate staining; 3 – high stain-
ing), and the percentage of positively stained tumor 
cells. The extent of positivity was scored as 0 when 
the percentage of positive cells was < 10%; 1 when 
it was 11-24%; 2 when it was 25-49%; 3 when it 
was 50-74%; and 4 when it was 75-100%. The mean 
grade was calculated by averaging grades assigned 
by the  two pathologists and approximating the  ar-
ithmetical mean to the nearest unity. If disagreement 
occurred (intensity score discrepancy > 1, or percent-
age >10%), the slides were re-evaluated together to 
obtain a  consensus diagnosis. For χ2 test (TAZ and 
SOX2), the  immunoreactivity was categorized into 
three subgroup based on final scores: 0 – negative; 
1-4 – low expression, 5-7 – high expression.

Statistical methods

Differences between groups were tested using 
unpaired Student’s t-test preceeded by evaluation 
of normality and Levene’s test. The Mann-Whitney 
U test was used where appropriate. Correlation co-
efficients were calculated using Spearman’s method. 
The association between coexistent TAZhigh/SOX2high 

immunoexpression in OSCC M+ and OSCC M– 
group was estimated using χ2 test. Results were con-
sidered statistically significant if p < 0.05.

Results

Our study revealed that SOX2 was expressed only 
in the  cell nucleus. Immunoexpression of TAZ was 
observed in the  cell nucleus and in part of  cases in 
the  cytoplasm as well, but only nuclear immuno-
expression of TAZ was counted. In normal oral ep-
ithelium SOX2 and TAZ proteins were expressed in 
basal cell layer, and in OSCC cases predominantly 
on cancer cells. α-SMA was localized in the  cyto-
plasm of  basal cells of  normal oral mucosa, vessels 
and cancer cells. The rates of SOX2 and TAZ posi-
tive immunoexpression in OSCC cases were 86.05%  
(74/86 cases), and 95.35 % (82/86 cases), respectively. 

The semiquantitative data of the immunoexpres-
sion of SOX2, TAZ and α-SMA appear in Table I. 

The nuclear immunoexpression of SOX2 in control 
group (Fig. 1A) was significantly lower in compari-
son to both group of OSCC. In OSCC M+ (Fig. 1B) 
SOX2 immunoexpression was slightly, but not signifi-
cantly higher than in OSCC M– group (Fig. 1C). 

The nuclear immunoexpression of TAZ was signifi-
cantly increased in both group of OSCC in comparison 
to control group (Fig. 2A). Moreover, significantly in-
creased TAZ immunoexpression was found in OSCC M+  
(Fig. 2C) compared to OSCC M– (Fig. 2B).

The cytoplasmic immunoexpression of α-SMA was 
significantly increased in both group of OSCC in com-
parison to control group (Fig. 3A). We also found sig-
nificantly higher immunoexpression of α-SMA in OSCC 
M+ (Fig. 3C) compared to OSCC M– (Fig. 3B).

In OSCC M+ and OSCC M- groups there were sta-
tistically significant correlations between the immuno-
expression of TAZ and SOX2 (r = 0.56, p < 0.001; 
r = 0.33, p < 0.03 respectively). Moreover, in OSCC M+  
and OSCC M– groups there were statistically sig-
nificant correlations between the  immunoexpression 

Table I. The immunoreactivity of TAZ, SOX2 and α-SMA in oral squamous cell carcinomas with metastases (OSCC M+),  
in oral squamous cell carcinomas without metastases (OSCC M–) and control subjects

Groups TAZ immunoreactivity

(mean score)
SOX2 immunoreactivity

(mean score)
α-SMA

(mean score)

OSCC M+ (n = 42) 5.07 ±1.50 3.85 ±2.10 3.05 ±2.38

OSCC M– (n = 44) 3.86 ±1.35 3.47 ±1.40 1.65 ±2.11

Control (n = 19) 1.36 ±1.11 0.84 ±1.01 0.31 ±0.47

OSCC M– vs. OSCC M+ 

OSCC M+ vs. control

OSCC M– vs. control

p < 0.001

p < 0001.

p < 0.001

p = 0.33 ns

p < 0.001

p < 0.001

p < 0.007

p < 0.001

p < 0.009
Data are presented as a mean ± SD. 

NS - not significant
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of TAZ and α-SMA (r = 0.64, p < 0.001; r = 0.67, 
p < 0.001 respectively) (Table II).

For further statistical analysis we selected cases 
only with a  high immunoexpression of  SOX2 and 
TAZ. The high immunoexpression of SOX2 was ob-
served in 28 cases of OSCC (in 9 cases of OSCC M– 
and in 19 cases of OSCC M+). The high immunoex-

pression of TAZ was revealed in 44 cases of OSCC (in 
14 cases of OSCC M- and in 30 cases of OSCC M+). 
The coexistent high immunoexpression of TAZ and 
SOX2 was observed in 19 cases of OSCC M+ and 
8 cases of OSCC M– (Fig. 4 A-C). The  association 
between coexistent TAZhigh/SOX2high immunoex-
pression in OSCC M+ and OSCC M– group was  

A

B

C

Fig. 1. Immunoexpression of SOX2 in: A) control; B) oral 
squamous cell carcinomas without metastases – OSCC M(–);  
C) oral squamous cell carcinomas with metastases – OSCC M(+).  
Immunohistochemistry. Total magnification 200× (control 
400×)

A

B

C

Fig. 2. Immunoexpression of TAZ in: A) control; B) oral 
squamous cell carcinomas without metastases – OSCC M–; 
C) oral squamous cell carcinomas with metastases – OSCC M+.  
Immunohistochemistry. Total magnification 200× (control 
400×)
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estimated via Chi-square test. There was statistically 
significant association between TAZhigh/SOX2high co-
existent immunoexpression and the presence of me-
tastases (p < 0.007). In the control group all these 
correlations were weak and not significant (data not 
shown).

Discussion

Recent studies support the  notion that metasta-
sis is closely associated with the stem-like properties, 
suggesting crucial role CSCs in the metastasis process 
[4, 5, 6]. 

A

B

C

Fig. 3. Immunoexpression of α-SMA in: A) control; B) oral 
squamous cell carcinomas without metastases – OSCC M–;  
C) oral squamous cell carcinomas with metastases – OSCC M+.  
Immunohistochemistry. Total magnification 200× (control 
400×)

A

B

C

Fig. 4. Immunoexpression of TAZ and SOX2. Double-stain-
ing immunohistochemistry. Total magnification 200× (A, B),  
400× (C). Nuclear co-localization of TAZ and SOX2 in can-
cer cells. The cancer cells with brown nuclei (DAB) are posi-
tive for TAZ, whereas cancer cells with red nuclei (Magenta) 
are positive for SOX2
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Numerous studies documented that overexpres-
sion of  SOX2 is associated with increased cancer 
aggressiveness, resistance to therapy and decreased 
survival rate in various cancer types [15, 16]. In our 
study the  immunoexpression of  SOX2 was signifi-
cantly increased in OSCCs in comparison to control 
group. Low expression of  SOX2 in normal mucosa 
seems to be in agreement with previous scanty find-
ings. Qiao et al. also found significant higher SOX2 
immunoexpression in oral cancer cells, compared 
with the normal oral mucosa [17]. Although our re-
sults showed lower immunoexpression of  SOX2 in 
normal mucosa, other reports have not documented 
SOX2 immunoexpression in normal oral epithelium 
at all, and some reports concerning the  other ana-
tomical localization documented the opposite results. 
Yuan et al. revealed the higher expression of SOX2 
in normal bronchial mucosa compared to bronchial 
dysplasia [18]. Li et al. demonstrated that expression 
of  SOX2 in the  normal gastric mucosa was higher 
than that in gastric cancer tissues [19].

Previous findings suggested that increased ex-
pression of SOX2 in cancer cells may be involved in 
lymph node metastasis. Neumann et al. demonstrat-
ed that higher expression of  SOX2 was correlated 
with lymph node metastasis and distant metastasis 
in right-sided colon cancer [15]. Studies on oral can-
cer also demonstrated an association between SOX2 
expression and lymph node metastasis [8, 20, 21]. 
However, there are few studies reporting conflicting 
results concerning immunoexpression of SOX2 and 
metastases. On the one hand, Ren et al. [20] showed 
correlation between increased immunoexpression 
of SOX2 and lymph node metastasis, and Michifu-
ri et al. [21] indicated that SOX2 in OSCC has two 
staining patterns known as diffuse and peripheral, 
but only the  diffuse pattern was significantly cor-
related with lymph node metastases. On the  other 
hand, Fu et al. demonstrated association between 
increased SOX2 immunoexpression and the absence 
of  lymph node metastases [8]. Similar results were 
showed by Züllig et al. who also documented a sig-
nificant correlation between increased expression 
of SOX2 and the absence of lymph node metastasis, 
suggesting additionally that the expression of SOX2 
can be an indicator of the absence of regional lymph 
nodes metastasis in oral cancer [22]. Moreover, it was 
demonstrated that no significant association existed 

between SOX2 expression and lymph node metas-
tasis. Baghai Naini et al. documented similar expres-
sion of  SOX2 protein and mRNA level in patients 
with and without lymph node metastasis [23]. In our 
study, immunoexpression of SOX2 was slightly, but 
not significantly higher in group of OSCC with me-
tastasis in comparison to OSCC without metastasis, 
suggesting the lack of association between immuno-
expression of SOX2 and metastases. Differences con-
cerning the association between SOX2 and metasta-
sis in various studies indicate that the role of SOX2 
in process of metastasis is still not fully determined. 
Previous findings support hypothesis that SOX2 may 
not be sufficient for the  induction of  metastasis or 
may require another cooperative factors in this pro-
cess. On the other hand, these discrepancies might 
be due to tumor heterogeneity, methods of patients 
stratification and methods of  immunohistochemical 
evaluation. 

TAZ is a transcriptional coactivator and major ef-
fector of an evolutionarily and functionally conserved 
Hippo pathway that controls cell proliferation and 
apoptosis [24]. Recent findings showed that TAZ 
is an essential modulator for CSCs self-renewal and 
maintenance, associated with metastatic dissemina-
tion and recurrence of  cancer [11]. Overexpression 
of TAZ was associated with aggressive features and 
poor prognosis in a  various types of  human cancer 
[25, 26]. Recent data revealed that TAZ is aberrantly 
overexpressed in human oral cancer as well [11]. In 
concordance with previous studies, we also indicated 
that TAZ was poorly expressed in normal oral epi-
thelium but was increased in OSCCs. Moreover, we 
indicated that TAZ immunoexpression was signifi-
cantly higher in OSCC with metastasis than in group 
of OSCC without metastasis and was correlated with 
immunoexpression of α-SMA. Previous studies have 
shown that TAZ can significantly modify the activity 
of epithelial to mesenchymal transition (EMT), a ma-
jor cellular process responsible for metastatic spread-
ing [13, 26, 27]. Bartucci et al. revealed that TAZ 
overexpression in patient-derived breast cancer stem 
cell induced cell transformation and migratory func-
tion [28]. In experimental study, Lei et al. revealed 
that TAZ promotes epithelial-mesenchymal transi-
tion by inducing EMT-associated factors such as Snail 
and FoxC2 [29]. Li et al. documented that Slug, Twist 
and Snail – main transcription factors of EMT, were 

Table II. The correlations between the immunoexpression of TAZ, SOX2 and α-SMA in oral squamous cell carcinomas 
with metastasis OSCCM+, and oral squamous cell carcinomas without metastasis OSCCM–

Correlation between OSCC M+ (n = 42) OSCC M– (n = 44)

TAZ vs. SOX2 r = 0.56, p < 0.001 r = 0.33, p < 0.03

TAZ vs. α-SMA r = 0.64, p < 0.001 r = 0.67, p < 0.001

SOX2 vs. α-SMA r = –0.06, p = 0.7 r = –0.1, p = 0.93
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significantly upregulated upon TAZ overexpression, 
suggesting that TAZ might be capable of promoting 
EMT in oral cancer cells [11]. In this context, higher 
TAZ immunoexpression in group of OSCC with me-
tastasis and their association with α-SMA – marker 
of mesenchymal transition, seems to be coherent and 
may suggest that TAZ is important factor that par-
ticipates in the spreading of cancer cells.

Li et al. revealed a previously unknown relationship 
between TAZ and SOX2 expression, suggesting that 
TAZ enhances CSCs self-renewal and maintenance by di-
rect transcriptional activation of SOX2 in HNSCC [11].  
Li et al. showed that TAZ knockdown significantly re-
duced expression of  SOX2, whereas its ectopic over-
expression markedly increased SOX2 abundance in 
HNSCC cells. Authors observed positive correlations 
between TAZ and SOX2 expression at both mRNA 
and protein levels, and significant associations between 
TAZ/SOX2 abundance and nodal metastasis. 

Presence of the statistically significant correlation 
between the  immunoexpression of  SOX2 and TAZ 
in OSCC M+, the co-localization and statistical asso-
ciation between TAZhigh/SOX2high coexistent immu-
noexpression seems be in agreement with previous 
findings and point out involvement of these proteins 
in process of metastasis. 

Interestingly, significant differences immunoex-
pression of  SOX2 and TAZ were observed in indi-
vidual cases of OSCCs. In both group of OSCC, there 
were cases negative for SOX2 and TAZ immunoex-
presion or one of  this proteins. Moreover, in group 
of OSCC without metastasis we also observed cases 
with the highest intensity and the percentage of pos-
itively stained cancer cells. Although, in our study 
SOX2 and TAZ were expressed uniformly within 
tumor, in cases with TAZhigh/SOX2high, both proteins 
were distributed in the same part of tumors. We as-
sume that an  correlations between immunoexpres-
sion of TAZ and SOX2 as well as similar tissue lo-
calization may indicate to close relationship between 
studied proteins.

The present study revealed overexpression 
of SOX2 and TAZ in OSCCs. Our results may sug-
gest that SOX2 and TAZ could potentially cooper-
ate and contribute to process of metastasis, especially 
in cases with SOX2high/TAZhigh expression. Further 
studies concerning the  immunoexpression of  SOX2 
and TAZ are needed to better understand their pre-
sumptive role in oral cancer metastases. 
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