
Summary. Signal transducer and activator of
transcription 3 (STAT3) and mitogen activated protein
kinases (MAPKs), including ERK and JNK, have been
implicated in oral squamous cell carcinoma (OSCC)
development and progression. Our purpose was to
evaluate the levels of activated STAT3, ERK1/2 and
JNK by immunohistochemistry in OSCC and to
investigate possible correlations of these molecules with
each other as well as with the degree of tumor differen-
tiation.

Immunohistochemical assessment of the phospho-
rylated levels of STAT3(tyrosine/ serine), ERK1/2 and
JNK was performed in 60 OSCC, including well,
moderately and poorly differentiated tumors. Semi-
quantitative scoring system was used, by calculating
intensity of immunostaining, percentage of positive cells
and combined scores. Statistics included Fisher’s test,
Student’s T-Test and Kruskal-Wallis analysis,
Spearman’s correlation coefficient and multivariate
logistic regression analyses. 

Immunohistochemical levels of both pSTAT3(tyr)
and pERK1/2 showed statistically significant differences
between well and poorly differentiated tumors with the
latter receiving higher mean percentage, intensity and
total scores. On the other hand, pJNK showed
statistically significantly higher intensity levels in
moderately compared to poorly differentiated tumors.
pSTAT3(ser) immunoexpression did not appear to

correlate with tumor differentiation. Between different
molecules, more pronounced, pERK1/2 levels exhibited
statistically significant positive correlation with
pSTAT3(ser), pSTAT3(tyr) and pJNK expression. 

ERK1/2 and STAT3 activation (as assessed by
tyrosine but not serine phosphorylation) could contribute
to a less differentiated phenotype in OSCC, while JNK
activation may have an opposite, although possibly less
pronounced, effect. Positive correlations between MAPK
and STAT3 levels may indicate a direct crosstalk and/or
regulation by common upstream pathways. 
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Introduction

The signal transducer and activator of transcription
(STAT) proteins are transcription factors that have been
involved in oncogenesis (Abroun et al., 2015; Gkouveris
et al., 2015). STATs have been found to participate in
various signaling pathways, including cytokine receptor-
associated kinases, growth factor receptor tyrosine
kinases and non-receptor tyrosine kinases (Macha et al.,
2011). STATs are present in the cytoplasm and become
activated in response to stimulation by cytokines and
growth factors (Gkouveris et al., 2015; Mali, 2015).
STAT activation involves phosphorylation, leading to
receptor dissociation, dimerization and translocation to
the nucleus, where they regulate the transcription of
target genes, involved in oncogenesis (Macha et al.,
2011; Xiong et al., 2014). 

STAT3, a major member of the STAT family, is
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activated in several cancers (Sen et al., 2012). In head and
neck squamous cell carcinoma (HNSCC), constitutive
STAT3 activation is associated with deregulation of cell
cycle, enhanced proliferation and prevention of apoptosis,
as well as with adverse clinical parameters (Shah et al.,
2009; Macha et al., 2011; Trivedi et al., 2011). Aberrant
TGF-α/EGFR signaling has been pinpointed as a major
contributor to STAT3 constitutive activation in HNSCC
(Kijima et al., 2002; Nikitakis et al., 2004; Leeman et al.,
2006; Molinolo et al., 2009). Other lines of evidence
suggest the existence of EGFR-independent mechanisms
driving STAT3 oncogenic activity in HNSCC, including
cytokine (IL-6, IL-10 or IL-22) stimulation or signaling
through 7 nicotinic and erythropoietin receptor pathways
(Lee et al., 2006; Jewett et al., 2006; Lai et al., 2010;
Naher et al., 2012). STAT3 targeting has been proposed as
a promising novel antineoplastic strategy for HNSCC
(Nikitakis et al., 2004).

The family of mitogen-activated protein kinases
(MAPK) are evolutionarily conserved kinase modules
that play an essential signaling role in several cellular
processes, such as differentiation, growth, proliferation,
inflammation and apoptosis (Maggioni et al., 2011; Kim
et al., 2012). MAPKs are classified into three major
groups, including extracellular signal-regulated kinases
(ERKs), p38 MAPKs, and c-Jun NH2-terminal kinases
(JNKs) (Aguzzi et al., 2009). Aberrant MAPK signaling
has been implicated in several types of cancer, including
HNSCC (Dhillon et al., 2007; Aguzzi et al., 2009;
Maggioni et al., 2011).

ERKs, activated by various oncoproteins, such as
Ras and Raf (Chen et al., 2001; Maggioni et al., 2011),
have been shown to play a role in various types of
cancer, such as liver, prostate and malignant melanoma
cancer, driving cell growth in vitro and in vivo (Smalley
et al., 2003; Bessard et al., 2008; Obajimi and Melera et
al., 2010). Downstream targets of ERKs include the p90
ribosomal S6 kinase, the ternary complex factor (TCF),
transcription factors and the family of Mitogen and
Stress-activated Protein Kinases (MSKs) (Anjum and
Blenis, 2008; Maggioni et al., 2011; Mendoza et al.,
2011). The significance of the MEK/ERK pathway in
HNSCC has been supported by several studies
highlighting ERK participation in cell cycle regulation,
cell proliferation and apoptosis alterations (Wang et al.,
2006; Lin et al., 2012; Ji et al., 2014). 

JNK kinases are involved in cellular stress response
and apoptosis (Chang et al., 2001; Chen et al., 2009), but
their role in malignant transformation is still under
investigation (Gkouveris et al., 2014). While some
authors consider that activation of the JNK signaling
pathway can lead to apoptotic or non-apoptotic cell
death (Sau et al., 2012; Chen et al., 2013; Sui et al.,
2014), others propose that JNKs promote cell
transformation and proliferation in cancer (Chen, 2012).
Similarly, JNK signaling has been studied in HNSCC
with controversial findings (Gross et al., 2007; Boivin et
al., 2011; Yunoki et al., 2013). 

Overall, there is compelling evidence to suggest that
specific MAPKs and STAT3 play an important role in
HNSCC. The aim of the present investigation was to
evaluate the frequency and significance of STAT3
activation (through tyrosine and serine phosphorylation),
in correlation with JNK and ERK1/2 expression and
activation in oral squamous cell carcinomas (OSCCs) of
various degrees of differentiation.
Materials and methods

Materials

The study material comprised sixty OSCC cases
obtained from established tissue repository of the
Department of Oral Pathology and under the auspices of
tissue bank protocol approved by the National and
Kapodistrian University of Athens, Greece, Institutional
Review Board. The tumors were classified according to
Anneroth's grading system into well (WD), moderate
(MD) and poorly differentiated (PD) (3 groups of 20).
Immunohistochemical staining 

Paraffin-embedded tissue sections of tumor samples
were deparaffinized, immersed in ethanol 100% and
95%, and heated for antigen retrieval in 0.01 M citrate
buffer (C2488, Sigma-Aldrich) for 25 minutes in a
pressure cooker inside a microwave oven. After
dehydration in hydrogen peroxide, the sections were
incubated with primary antibodies at room temperature
for 1 hour. The applied antibodies were polyclonal
phospho-STAT3 (Tyr705) (1:100) (Cell Signaling,
Beverly, MA, USA#9131), polyclonal phospho-STAT3
(Ser727) (1:100) (Cell Signaling, Beverly, MA, USA
#9134), monoclonal phospho-cJunNH2-terminal Kinase
(sc6254) (1:200) (Santa Cruz Bio.inc), monoclonal
phospho-ERK1/2(1:300) (Cell Signaling, Beverly, MA,
USA # 4370). To validate the staining in HNSCC
samples, positive controls of tissue sections known to
express the four studied proteins were used (Breast
cancer for pSTAT3 tyr/ser, Endometrial cancer for pJNK
and Melanoma for pERK1/2).

Standard streptavidin–biotin–peroxidase complex
method was employed to bind to the primary antibody
along with multilink concentrated biotinylated anti-IgG
as secondary antibody (1:2000, rabbit anti-Human IgG,
ThermoFisher Scientific). Reaction products were
visualized by counterstaining with the 3,3V-diamino-
benzidine reagent set (Kirkegaard and Perry Laborato-
ries, Gaithersburg, MD). Sections were counterstained
with hematoxylin. As a negative control, sections were
treated with PBS, with the omission of the primary
antibody. Additionally, tumors were stained with Harris’
hematoxylin (Harleco, Kansas City, MO) and eosin
(Sigma Chemical Co.) for microscopic evaluation.
Immunostains were reviewed by 3 independent
evaluators (NN, GR, IG).
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Positive criterion for immunohistochemical staining

The immunopositive staining was evaluated in 5
randomly selected areas of the tissue section and specific
staining in cancer cells was defined as positive staining.
Sections were scored as positive if cancer cells showed
immunopositivity in the nucleus when observed by all 3
evaluators, independently, who were blinded to grading
of the tissue samples, while scoring the immuno-
reactivity. The tissue sections were scored based on the
percentage of immunostained cells as: 0% to 10% =0;
10% to 30% =1; 30% to 50% =2; 50% to 70%= 3; and
70% to 100% =4. Sections were also scored on the basis
of staining intensity as negative =0; mild=1; moderate=
2; intense= 3. To validate staining intensity in HNSCC
samples, positive controls of previously studied tissues
known to express the four proteins were used and their
intensity was classified as moderate. Lower intensity
(light brown) compared to the brown staining of the
positive control was classified as weak, while higher
intensity (dark brown) compared to the positive control
was classified as strong. Finally, a total score was
obtained by adding the score of percentage positivity and
intensity. 

Twenty non-malignant tissues (with histologically
confirmed normal oral epithelium) were also evaluated
for all 4 proteins expression (control). The source of
normal tissues was from adjacent normal epithelium of
routinely surgically excised traumatic fibromas of
patients with no smoking or alcohol consumption habits. 
Statistical analysis

The baseline characteristics of patients were
summarized as mean and standard deviation (SD) for
continuous or ordinal data and as absolute (n) and
relative (%) frequency for categorical variables. 

The two tailed Fisher’s exact test was performed in
order to evaluate possible differences in the frequency
distribution of clinical and pathologic features of
patients between men and women, as well as in the
frequency distribution of cases with positive and
negative IHC staining between the three groups of tumor
differentiation. 

Comparisons concerning the age of patients were
based on Student’s t-test, while ordinal data were
compared with the use of the Kruskal-Wallis one way
analysis of variance by ranks. Post-hoc pairwise
comparisons after a significant Kruskal-Wallis test were
carried out with the application of Dunn’s test.

Spearman’s rank correlation coefficient rho (r) was
calculated for the evaluation of possible correlations
between the ranks of the various IHC scores for every
single molecule under study with the progression of
tumor differentiation, as well as the correlations between
IHC expression patterns between molecules for every
grade of tumor differentiation. 

Univariate logistic regression models were
calculated in an effort to assess whether the various IHC

expression levels of the proteins under study could serve
as predictors of tumor differentiation. These models
were separately calculated for every protein and for
every type of IHC expression pattern. 

Multivariate logistic regression analyses, using the
forward Wald method, attempted to evaluate the
contribution of selected parameters of IHC staining in
predicting tumor differentiation. Based on previous
univariate analyses findings, six models were calculated,
three for well differentiated tumors and another three for
the poorly differentiated ones. Every model evaluated
concurrently either the intensity scores, the percentage
scores or the combined scores of those molecules which
were proven to serve as significant predictors for tumor
grade from the univariate analyses. Multivariate logistic
regression analyses were also applied in order to
calculate the Odds Ratio (OR) and 95% Confidence
Intervals (95% CI) of the variables retained in the final
regression models. 

The Hosmer and Lemeshow Goodness of Fit test
(HLGFT) was applied in order to quantify the chi-square
value and statistical significance of all regression models
constructed.

Statistical analyses were performed using the SPSS®
software application (version 21.0; IBM® SPSS
Statistics, Chicago, IL, USA) with P<0.05 as the
threshold of significance.
Results

Study sample patients' demographics 

The frequency distribution of selected characteristics
of the patients whose biopsy specimens comprised the
study sample are presented in Table 1, according to
gender. The sample consisted of 60 cases, namely 33
men (55.0%) and 27 women (45.0%). The mean age was
61.2 years (±7.8 years; range, 42-73 years) for men and
63.4 years (±9.3 years; range, 40-83 years) for women.
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Table 1. Frequency distributions of selected demographic variables
according to gender.

Characteristics Men Women P Total

n 33 (55.0%) 27 (45.0%) 60 (100%)
Age:
Mean (±S.D.) 61.2 (±7.8) 63.4 (±9.3) 0.323* 62.2 (±8.5)

Range 42 - 73 40 - 83 40 - 83
Tumor site:

Tongue 21 (35.0%) 19 (31.7%) 0.677** 40 (66.7%)
Floor of mouth 7 (11.7%) 6 (10.0%) 13 (21.7%)
Alveolar crest 5 (8.3%) 2 (3.3%) 7 (11.6%)

Positive history of:
Smoking 25 (41.7%) 23 (38.3%) 0.519** 48 (80.0%)
Alcohol intake 15 (25.0%) 8 (13.3%) 0.189** 23 (38.3%)

S.D.: Standard Deviation. * Student’s t-test. **Two tailed Fisher’s exact
test.



Mean ages between these two groups were comparable
(P=0.323). A non-statistically significant distribution
according to tumor site and the history of smoking and
alcohol intake was also observed between men and
women, as can be deduced from Table 1.
Immunohistochemical (IHC) expression patterns and
their correlation with tumor grade 

pSTAT3(tyr) 
IHC staining was positive in 70.0% (14/20), 85.0%

(17/20) and 88.8% (16/20) of WD, MD and PD cases,
respectively. The PD cases showed the highest mean
scores in all three studied variables: staining intensity,
percentage of cells and combined score, as opposed to
WD cases which showed the corresponding lower
scores. Data are given in Table 2.

The application of Kruskal-Wallis test revealed that
the distribution of pSTAT3(tyr) intensity, percentage and
combined scores differed across the categories of tumor
differentiation at a statistically significant level, as can
also be seen in Table 2 (Intensity Score P=0.009;
Percentage Score P=0.027; Combined Score P=0.003).
Post–hoc pairwise comparisons with the help of Dunn’s
test attributed these differences only between WD and
PD tumors for all types of IHC scores (WD vs PD
Intensity Score P=0.007; WD vs PD Percentage Score
P=0.022; WD vs PD Combined Score P=0.002). 

Furthermore, the application of Spearman’s Rank
correlation coefficient test revealed a positive type of
correlation between all IHC scores (intensity, percentage
and combined) and the progression of tumor grade, as
shown in Table 3 (Intensity Score r=0.417, P=0.002;

Percentage Score r=0.366, P=0.006; Combined Score
r=0.463, P<0.001).

pSTAT3(ser)
IHC staining was positive in 85.0% (17/20), 95%

(19/20) and 90.0% (18/20) of WD, MD and PD cases,
respectively. The PD cases showed the highest mean
scores in all three studied variables, as depicted in Table 2.
However, these differences were not statistically
significant with the application of Kruskal-Wallis test.
Moreover, no statistically significant association was
detected between the various pSTAT3(ser) IHC scores and
the tumor differentiation levels, as can be seen in Table 3.

pERK1/2
IHC staining was positive in 70.0% (14/20), 100%

(20/20) and 85.0% (17/20) of WD, MD and PD tumors,
respectively. The frequency distribution of samples with
positive IHC staining was significantly different across
the categories of tumor grade (P=0.025). The PD cases
showed the highest mean scores in all three studied
variables, as opposed to WD, which showed the
corresponding lower scores. These results are given in
Table 2.

Statistical analysis revealed that the distribution of
pERK1/2 intensity, percentage and combined scores
differed across the categories of tumor differentiation at
a statistically significant level (Intensity Score P=0.030;
Percentage Score P=0.001; Combined Score P=0.001).
Post–hoc pairwise comparisons after Kruskal-Wallis test
revealed that all IHC scores of pERK1/2 showed
statistically significant differences between WD and PD
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Table 2. Frequency distribution of cases with positive immunohistochemistry staining for pSTAT3(tyr), pSTAT3(ser), pERK1/2 and p-JNK according to
tumor differentiation, as well as their relative IHC mean score values (±SD).

Tumor Differentiation Status Total sample
Well (n=20) Moderate (n=20) Poor (n=20) P (n=60)

pSTAT3 (tyr) n (%) of cases with positive IHC staining 14 (70.0%) 17 (85.0%) 16 (80.0%) 0.588* 47 (78.3%)
Intensity Score (±SD) 1.05 (±0.85) 1.61 (±0.85) 2.06 (±1.06) 0.009** 1.56 (±0.99)
Percentage Score (±SD) 1.16 (±1.02) 1.61 (±0.85) 2.06 (±1.06) 0.027** 1.60 (±1.03)
Combined Score (±SD) 2.21 (±1.58) 3.22 (±1.40) 4.17 (±1.95) 0.003** 3.18 (±1.81)

pSTAT3 (ser) n (%) of cases with positive IHC staining 17 (85.0%) 19 (95.0%) 18 (90.0%) 0.689* 54 (90.0%)
Intensity Score (±SD) 2.22 (±1.00) 2.30 (±0.92) 2.50 (±0.71) 0.763** 2.34 (±0.88)
Percentage Score (±SD) 1.72 (±0.90) 2.05 (±0.95) 2.17 (±0.79) 0.301** 1.98 (±0.88)
Combined Score (±SD) 3.94 (±1.60) 4.35 (±1.60) 4.67 (±1.19) 0.319** 4.32 (±1.48)

pERK1/2 n (%) of cases with positive IHC staining 14 (70.0%) 20 (100%) 17 (85.0%) 0.025* 51 (85.0%)
Intensity Score (±SD) 1.78 (±1.26) 2.35 (±0.88) 2.72 (±0.75) 0.030** 2.29 (±1.04)
Percentage Score (±SD) 1.06 (±0.80) 1.90 (±0.85) 2.22 (±0.88) 0.001** 1.73 (±0.96)
Combined Score (±SD) 2.83 (±1.86) 4.25 (±1.55) 5.00 (±1.53) 0.001** 4.04 (±1.85)

p-JNK n (%) of cases with positive IHC staining 16 (80.0%) 18 (90.0%) 15 (75.0%) 0.589* 49 (81.7%)
Intensity Score (±SD) 2.06 (±0.99) 2.25 (±0.97) 1.42 (±1.07) 0.037** 1.91 (±1.06)
Percentage Score (±SD) 1.94 (±0.99) 1.85 (±1.04) 1.58 (±1.07) 0.547** 1.79 (±1.03)
Combined Score (±SD) 4.00 (±1.85) 4.05 (±1.91) 3.00 (±2.08) 0.180** 3.68 (±1.97)

S.D.: Standard Deviation. *Two tailed Fisher’s exact test. **Kruskal-Wallis test.



tumors (WD vs PD Intensity Score P=0.025, WD vs PD
Percentage Score P=0.001, WD vs PD Combined Score
P<0.001). In addition, pERK1/2 percentage score was
also significantly higher in MD tumors compared to WD
tumors (P=0.025). 

All types of pERK1/2 IHC scores were positively
associated with tumor progression as can be deduced
from Table 3 (Intensity Score r=0.357, P=0.007;
Percentage Score r=0.496, P<0.001; Combined Score
r=0.508, P<0.001).

p-JNK
IHC staining was positive in 80.0% (16/20), 90%

(18/20), and 75.0% (15/20) in WD, MD and PD tumors,
respectively. The mean average scores of all three IHC
variables were lower in PD tumors, as shown in Table 2.
While p-JNK percentage and combined scores did not
show any statistically significant differences between the
various tumor differentiation categories, the p-JNK
Intensity Score differed at a statistically significant level
(P=0.037). Post–hoc pairwise comparisons attributed
this difference to the PD and MD tumor groups
(P=0.041). No correlation was found between p-JNK
IHC scores and the progression of tumor differentiation,
as can be seen in Table 3. 
Univariate logistic regression analyses for the evaluation
of the IHC score types as predictors of tumor
differentiation 

The possibility that the IHC expression levels of
specific proteins can serve as predictors of tumor
differentiation was also evaluated by univariate analyses
based on the different types of IHC scores. Therefore,
nine different univariate logistic regression models were
calculated for all three categories of tumor differen-

tiation, based on the intensity, percentage and combined
IHC scores of every single molecule. These data are
shown in Table 4.

Based on this type of analysis, pSTAT3(tyr) and
pERK1/2 IHC scores serve as significant predictors only
for well and poorly differentiated tumors, taking into
account that these scores were negatively associated
with well differentiated tumors and positively associated
with the poorly differentiated ones. Therefore, as these
scores increase, the odds of ‘predicting’ a PD tumor also
increase. Conversely, p-JNK intensity score levels serve
as predictor only for poorly differentiated tumors in an
inverse manner: tumors with positive p-JNK staining
had double the odds not to be poorly differentiated (OR:
0.50, 95% CI: 0.29 - 0.88). 
Multivariate logistic regression analysis for predicting
tumor differentiation 

In all series of models for well differentiated tumors,
intensity, percentage and combined scores of
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Table 4. Univariate logistic regression analysis for predicting the category of tumor differentiation (well, moderate and poor) based on the various
scores from IHC expression patterns for pSTAT3(tyr), pSTAT3(ser), pERK1/2 and p-JNK.

Category of tumor differentiation
IHC parameters Well Moderate Poor

P OR (95% CI) P OR (95% CI) P OR (95% CI)

Intensity Scores pSTAT3(tyr) 0.009 0.40 (0.20-0.80) 0.803 N.C. 0.014 2.27 (1.18-4.37)
pSTAT3(ser) 0.489 N.C. 0.802 N.C. 0.342 N.C.
pERK1/2 0.016 0.50 (0.29-0.88) 0.728 N.C. 0.043 2.22 (1.02-4.82)
p-JNK 0.483 N.C. 0.074 N.C. 0.017 0.50 (0.29-0.88)

Percentage Scores pSTAT3(tyr) 0.025 0.49 (0.27-0.91) 0.955 N.C. 0.026 2.01 (1.09-3.70)
pSTAT3(ser) 0.127 N.C. 0.666 N.C. 0.278 N.C.
pERK1/2 0.001 0.25 (0.11-0.59) 0.326 N.C. 0.012 2.42 (1.22-4.80)
p-JNK 0.408 N.C. 0.742 N.C. 0.271 N.C.

Combined Scores pSTAT3(tyr) 0.007 0.60 (0.41-0.87) 0.908 N.C. 0.008 1.72 (1.15-2,56)
pSTAT3(ser) 0.185 N.C. 0.913 N.C. 0.225 N.C.
pERK1/2 0.002 0.57 (0.39-0.82) 0.514 N.C. 0.013 1.78 (1.13-2.79)
p-JNK 0.408 N.C. 0.300 N.C. 0.062 N.C.

OR: Odds Ratio; 95% CI: 95% Confidence Interval; N.C.: Non calculable data.

Table 3. Correlation of the progression of tumor differentiation and the
various types of IHC scores for pSTAT3(tyr), pSTAT3(ser), p-ERK1/2
and p-JNK.

Molecule Association of tumor differentiation progression with:
under study Intensity Score Percentage Score Combined Score

r* P r* P r* P

pSTAT3(tyr) 0.417 0.002 0.366 0.006 0.463 <0.001
pSTAT3(ser) 0.094 0.490 0.198 0.144 0.199 0.141
pERK1/2 0.357 0.007 0.496 <0.001 0.508 <0.001
p-JNK -0.246 0.065 -0.0142 0.291 -0.206 0.124

r*: Spearman’s Rank correlation coefficient rho



pSTAT3(tyr) and pERK1/2 were concurrently evaluated.
For the poorly differentiated tumor models the same
parameters were also evaluated synchronously, with the
addition of the p-JNK intensity score in the respective
model. All models were further tested with the
application of Hoshmer and Lemeshow goodness of fit
test (HLGFT).

The various IHC parameters of pERK1/2 served as
the sole significant predictor in the well differentiated
tumor models, outweighing the pSTAT3(tyr) IHC
parameters. In detail, the pERK1/2 scores were inversely
associated with well differentiated tumors in the
intensity of staining model (P=0.006, OR=0.40, 95% CI:
0.20-0.77, HLGFT P=0.403), percentage of cells score
model (P=0.001, OR=0.19, 95% CI: 0.07-0.50, HLGFT
P=0.649) and combined score model (P=0.001,
OR=0.45, 95% CI: 0.28-0.73, HLGFT P=0.148),
respectively. 

Analogous findings were also noticed for all three
poorly differentiated tumor models with the exception of
the intensity of staining model. In this model both
pERK1/2 intensity of staining score (P=0.010, OR: 7.83,
95% CI: 1.63-37.49), as well as p-JNK intensity of
staining score (P=0.003, OR: 0.270, 95% CI: 0.11-0.64)
serve as significant predictors for the poorly differen-
tiated tumors when they are evaluated concurrently
(HLGFT P=0.890). Moreover, pERK1/2 intensity of
staining score is positively associated with poorly
differentiated tumors, while the respective p-JNK score
is inversely associated. Concerning the percentage of
cells score model, only the pERK1/2 percentage score
served as predictor for poorly differentiated tumors
(P=0.006, OR: 2.93, 95% CI: 1.35-6.34, HLGFT
P=0.509). In the same pattern the pERK1/2 combined

score served as the sole predictor for poorly
differentiated tumors in the respective combined scores
model (P=0.006, OR: 2.42, 95% CI: 1.29-4.54, HLGFT
P=0.836).
Correlation between IHC expression of various
molecules with each other according to tumor
differentiation 

Possible correlation between IHC expression of all
studied molecules was also evaluated in a pair-wise
manner by Spearman’s Correlation Coefficient test for
all tumors as well as for each tumor grade separately
(Table 5). 

Considering all tumor grades together, all pERK1/2
IHC scores (percentage, intensity and combined) were
positively correlated at a statistically significant level
with the corresponding scores for pSTAT3(ser),
pSTAT3(tyr) and pJNK. In addition, a statistically
significant positive correlation between pSTAT3(ser) and
pJNK intensity scores was also noted.

In particular, well differentiated tumors demons-
trated statistically significant positive correlations for
IHC combined scores between pSTAT3(ser) and
pSTAT3(tyr), pSTAT3(ser) and pERK1/2, pSTAT3(tyr)
and pERK1/2, pSTAT3(ser) and pJNK, as well as
between pERK1/2 and pJNK. In contrast, no significant
correlations were seen in moderately and poorly
differentiated tumors regarding combined scores; the
only observed correlations were between pERK1/2 and
p-JNK intensity scores in moderately differentiated
tumors and between pSTAT3(tyr) and pERK1/2
percentage scores in poorly differentiated tumors (Figs.
1, 2).
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Table 5. Correlation between the immunohistochemical expression parameters (intensity, percentage and total scores) of the studied molecules in
OSCC (according to tumor differentiation).

Well Moderate Poor Total
IHC parameters r* P r* P r* P r* P

Intensity of staining scores
pSTAT3(ser) & pSTAT3(tyr) 0.697 0.002 - - -
pSTAT3(ser) & pERK1/2 0.517 0.040 - - 0.268 0.050
pSTAT3(tyr) & pERK1/2 - - - 0.385 0.005
pSTAT3(ser) & pJNK 0.529 0.024 - - 0.268 0.045
pERK1/2 & pJNK 0.779 <0.001 0.492 0.027 - 0.389 0.004

Percentage of cells scores
pSTAT3(tyr) & pERK1/2 0.502 0.040 - 0.628 0.007 0.545 <0.001
pSTAT3(ser) & pERK1/2 - - - 0.289 0.034
pERK1/2 & pJNK - - - 0.297 0.029

Combined IHC scores
pSTAT3(ser) & pSTAT3(tyr) 0.491 0.045 - - -
pSTAT3(ser) & pERK1/2 0.684 0.004 - - 0.311 0.022
pSTAT3(tyr) & pERK1/2 0.660 0.004 - - 0.484 <0.001
pSTAT3(ser) & pJNK 0.549 0.018 - - -
pERK1/2 & pJNK 0.710 0.002 - - 0.329 0.015

r*: Spearman’s Rank correlation coefficient rho; Only the pairs of proteins with a statistical significant correlation are given.



Discussion

STAT3 signaling has been involved in HNSCC
oncogenesis (Kijima et al., 2002; Nikitakis et al., 2004;
Leeman et al., 2006; Molinolo et al., 2009). Specifically,
aberrant STAT3 tyrosine phosphorylation, driven from
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Fig. 1. Indicative staining for all 4 proteins applied including well, moderate and poor differentiated cases. Immunohistocemical staining of the studied
molecules pSTAT3(tyr), pSTAT3(ser), pERK1/2 and pJNK in OSCC. Representative photomicrographs for each molecule in well, moderately and
poorly differentiated tumors are depicted. Overall, poorly differentiated cases showed higher immunohistochemical scores for pSTAT3(tyr) and
pERK1/2. In contrast, pJNK showed lower intensity levels in poorly differentiated tumors, while pSTAT3(ser) immunoexpression did not show
noticeable differences among cases of variable differentiation. x 200.



dysregulated upstream (such as TGF-α/EGFR and
cytokine) signaling, contributes to cell proliferation,
differentiation and apoptosis abnormalities in HNSCC
(Kijima et al., 2002; Leeman et al., 2006). STAT3 can
also be phosphorylated in the serine 727 residue, but the
role of this phosphorylation in cancer remains
controversial (Reich and Liu, 2006). While some authors
suggested a negative relationship between STAT3 serine
and tyrosine phosphorylation (Chung et al., 1997; Lim
and Cao, 1999; Venkatasubbarao et al., 2005; Wakahara
et al., 2012), indicating that serine phosphorylation may
counteract the oncogenic activities mediated by tyrosine

phsophorylation, other lines of evidence suggest that
STAT3 serine phosphorylation may contribute to higher
STAT3 nuclear translocation and transcriptional activity
(Siavash et al., 2004; Leeman et al., 2006), thus acting in
favor of cancer promotion (Zhang et al., 2013). In
HNSCC, ERK1/2-induced upregulation of STAT3
Ser727 was found to accompany the oncogenic potential
of ERK1/2 (Gkouveris et al., 2014). 

In the present study, high p-STAT3 (tyr)
immunoexpression levels appeared to correlate with
poorly differentiated tumors, serving as potential
indicators of low differentiation, and supporting the
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Fig. 2. Indicative staining cases used as control. No immunohistochemical expression of pSTAT3(tyr) for non-malignant tissue (A). Negative
immunohistochemical staining of pSTAT3(tyr) (B), pERK1/2 (C) and pJNK (D) in OSCC cases. A, x 50; B-D, x 200



oncogenic role of STAT3 tyrosine phosophorylation in
HNSCC. Similarly, previous immunohistochemical
studies have linked high levels of p-STAT3 (tyr)
expression with a low degree of differentiation (Masuda
et al., 2002; Shah et al., 2006), as well as with the
presence of lymph node metastases (Shah et al., 2006;
Sen et al., 2012) and a poorer prognosis in HNSCC
(Masuda et al., 2002; Shah et al., 2006; Sen et al., 2012).
Masuda et al. (2002) also found that increased
expression of p-STAT3 (tyr) was accompanied by
corresponding increased levels of cyclin D1 expression
(Sen et al., 2012). In addition, high levels of p-
STAT3(tyr) expression in HNSCC have been associated
with greater resistance to treatment with cetuximab and
cisplatin (Reich and Liu, 2006; Gu et al., 2010).

On the other hand, immunohistochemical staining
for p-STAT3 (ser) was positive in the vast majority of
cases with considerable variation in the levels of
expression. However, no significant correlation of p-
STAT3 (ser) with the degree of tumor differentiation was
found. To the best of our knowledge, no previous studies
have investigated the immunohistochemical expression
of p-STAT3 (ser) in HNSCC but the presence of p-
STAT3 (ser) in almost all cases suggests a potential
functional role in HNSCC, which needs to be further
investigated. Regarding other tumor types, Lin et al.
(2014) reported that glioblastoma patients with higher
expression levels of both p-STAT3 (tyr) and p-STAT3
(ser) had a poorer prognosis; positivity of p-STAT3 (ser)
was proposed as an independent unfavorable prognostic
of glioblastoma cells (Lin et al., 2014). Furthermore,
increased nuclear p-STAT3 (ser) expression levels
correlated significantly with negative estrogen receptor
status, increased stage of cancer and increased tumor
size in breast infiltrating ductal carcinoma tissues (Yeh et
al., 2006). On the other hand, p-STAT3 (ser) expression
levels were more frequently seen in lower grade tumors
in resected pancreatic ductal adenocarcinoma (Denley et
al., 2013).

Several studies have shown the significance of
ERK1/2 and suggested an oncogenic role in HNSCC
(Wang et al., 2006; Lin et al., 2012; Gkouveris et al.,
2014; Ji et al., 2014). Lin et al. (2012) and Ji et al.
(2014) showed that ERK inhibition led to decreases in
cell proliferation and increases in apoptosis in OSCC
cells. Moreover, other authors suggested that
overexpression of ERK1/2 may cause direct or indirect
changes in cell proliferation in OSCC (Bancroft et al.,
2001; Wang et al., 2006) 

The results of the present study support the
oncogenic role of phospho-ERK1/2 in HNSCC, in that
high pERK1/2 immunoexpression levels correlate with
poorly differentiated tumors in a statistically significant
manner and could probably be considered as indicators
of low differentiation. In agreement with our results,
Mishima et al. (1998) performed an immunohisto-
chemical study of 39 cases of OSCC and reported that
overexpression of ERK1/2 correlates with the degree of
tumor differentiation, reporting higher expression of
ERK1/2 in poorly differentiated cases. Similar results

were recorded by Wang et al. in 30 cases of tongue
OSCC, adding that the increased expression levels of
ERK1/2 were associated with elevated levels of cyclin
D1 (Wang et al., 2006). In another immunohisto-
chemical study of 101 HNSCC cases, Albanell et al.
(2001) disclosed that higher expression levels of
ERK1/2 were recorded in OSCC cases with distant
lymph node metastasis and positively correlated with the
expression of Ki-67, while Psyrri et al. (2014) found that
activation of RAS/MAPK/ERK pathway was associated
with resistance to chemotherapy with cetuximab in a
tissue microarray HNSCC assay. 

The role of JNK in oral cancer is still under
investigation. A possible tumor suppressive role has
been supported by Boivin et al. (2011), who showed that
JNK mediates radiation-induced apoptosis in HNSCC
stem and non-stem cells. Similarly, Li et al. (2013)
demonstrated that JNK activation, induced by the drug
AZD8055 in HNSCC, resulted in cell death, while its
inhibition alleviated AZD8055-induced cytotoxic
effects. Moreover, Yunoki et al. (2013) observed that
silencing of BAG3 (chaperone protein of Hsp70) led to
activation of JNK / Caspase-3 pathway, enhancing the
sensitivity of OSCC cells in hyperthermia treatment
therapy. In agreement with an oncosuppressive JNK role
in OSCC, our previous study demonstrated that
inhibition of JNK1/2 with either SP600125 treatment or
specific siRNA silencing resulted in a dose-dependent
rise in cell growth and viability in HNSCC cells, while
opposite results were observed with JNK1/2 induction
(Gkouveris et al., 2016).

In the present study, immunohistochemical staining
for activated (phosphorylated) JNK was detected in 86%
of cases with significant variations in the levels of
expression. A significant difference in the intensity of
staining was observed between moderately and poorly
differentiated tumors, the latter showing weaker staining.
Although other immunohistochemical parameters did
not show significant differences, it could be speculated
that loss of JNK activation may contribute to a less
differentiated phenotype. A review of the literature did
not reveal previous studies investigating the immuno-
histochemical expression of pJNK in HNSCC. As far as
other tumor types are concerned, Kim et al. (2015) found
increased expression of pJNK and p-cJun in hepato-
carcinoma relative to normal liver tissues. On the other
hand, Gulmann et al. (2009) reported that expression of
phosphorylated JNK (as well as ERK and p-38) was
decreased in colorectal cancer compared with normal
tissue, but p-JNK downregulation reached significance
only in the stromal compartment. Moreover, Yeh et al.
(2006) demonstrated that decreased p-JNK1/2
expression in breast infiltrating ductal carcinoma (IDC)
tissues was observed in 48.5% of cases, when compared
to the nearby non-cancerous tissues, which correlated
significantly with increased tumor grade and associated
with a better overall survival of IDC.

Furthermore, we sought to examine the relationship
between the immunohistochemical expression of
pSTAT3, phosphorylated at either tyrosine or serine, and
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MAPKs in OSCC. Statistically significant correlations
between these molecules were mainly recorded in well
differentiated tumors as well as in the whole cohort of
tumors. In contrast, most of the correlations were lost in
moderately and poorly differentiated tumors. In
particular, positive statistical correlation was detected
between pSTAT3(ser) and both pERK1/2 and pJNK.
These findings were consistent with our previous
studies, showing that both pERK1/2 and pJNK induce
pStat3 serine phosphorylation in OSCC cells.
Specifically, chemical or siRNA-induced inhibition of
either ERK1/2 or JNK downregulated pSTAT3(ser),
while induction of these molecules upregulated
pSTAT3(ser) levels. In agreement, Guo et al. (2011)
noticed a reduction in pSTAT3(ser) as a result of JNK
inhibition in breast cancer cells. 

Similarly, Tkach et al. (2013) showed that ERK1/2
inhibition suppresses pSTAT3(ser) in breast cancer cells,
while Chen et al. (2008) demonstrated that induction of
pSTAT3(ser) followed Erk1/2 activation in human
bladder cancer cells.

Moreover, positive statistically significant
correlation was found between pStat3(tyr) and pERK1/2
combined scores in all tumors, as well as in well
differentiated cases. Nevertheless, in our previous in
vitro study, it was shown that inhibition of Erk1/2 via
U0126 or specific siRNA resulted in a moderate increase
in pStat3(tyr), while Erk1/2 induction downregulated
pStat3 tyrosine levels., in OSCC cells. However, it
should be taken into consideration that the levels of
immunohistochemical expression represent the net result
of multiple, frequently interplaying parameters,
involving the cancer cells as well as their environment;
in contrast, pharmaceutical intervention in cell cultures
is a more focused but rather simplified approach to
investigate the interaction between biological molecules
within cancer cells. Furthermore, both pSTAT3 tyrosine
phosphorylation and ERK1/2 activation in OSCC could
be regulated by common upstream molecules, such as
EGFR (Molinolo et al., 2009; Sivanantham et al., 2016).
Therefore, upstream signaling can drive a simultaneous
upregula-tion of both pStat3(tyr) and pERK1/2,
regardless of the possible negative crosstalk between the
two molecules. Likewise, Zhen et al. (2014) suggested
that inhibition of pEGFR expression resulted in reduced
phosphorylation of downstream signaling molecules,
including both ERK1/2 and STAT3, in OSCC cells. In
addition, the observed positive statistically significant
correlations between pJNK and pERK1/2 could be due
to the fact that different MAPKs have several common
upstream activators (such as cytokines and growth
factors) (Maggioni et al., 2011). For example, Chang et
al. (2012) described that epigallocatechin-3-gallate
(EGCG) regulated phosphorylation of p38, JNK as well
as ERK through pEGFR signaling in OSCC cells.

Positive statistical correlation was also detected
between pSTAT3(ser) and p-STAT3(tyr), although
limited to well differentiated tumors. The potent
interaction between serine and tyrosine phosphorylation
as well as the effect on STAT3 activation is still under

investigation. While some studies have proposed a
negative relationship between STAT3 serine and tyrosine
phosphorylation (Venkatasubbarao et al., 2005;
Wakahara et al., 2012), other investigators have
suggested that STAT3 serine phosphorylation may
contribute to STAT3 activity by increased nuclear
translocation and maximized transcriptional activity
(Aggarwal et al., 2009; Hazan-Halevy et al., 2010). In
our previous study, simultaneous protein expression of
both pSTAT3(ser) and p-STAT3(tyr) was detected by
Western blot experiments in OSCC cell lines.
Furthermore, Lin et al. (2014) demonstrated that
increased expression of both pSTAT3(ser) and p-
STAT3(tyr) is predictive of poorer clinical outcome in
patients with glioblastoma tumors. Moreover, Denley et
al. (2013) found that both high pSTAT3(ser) and p-
STAT3(tyr) expression were associated with signifi-
cantly decreased survival in pancreatic ductal
adenocarcinoma, although only high pStat3 (Tyr)
expression was an independent predictor of poor
survival in multivariate analysis.

In summary, our data indicate that pERK1/2 and
pSTAT3(tyr) overexpression could contribute to a less
differentiated phenotype in OSCC. On the other hand,
pJNK may support an opposite but less pronounced
effect, while pSTAT3(ser) does not appear to correlate
with the degree of differentiation. Positive correlations
between MAPK and STAT3 levels may indicate a direct
crosstalk which could regulate STAT3 activation through
the effects of ERK1/2 and JNK activation and/or might
imply that these molecules are downstream of shared
activators. Understanding the role of STAT3 tyrosine or
serine phosphorylation, as well as the complexity of
ERK1/2 and JNK pathways and their crosstalk, may be
key to determining their potential usefulness for
diagnostic and/or therapeutic purposes.
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