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Abstract The present study focuses on the correlation
between the expression pattern of β-catenin (component of
Wnt signaling), ΔNp63 (proliferation marker), and Notch 1
(transmembrane receptor) in oral squamous cell carcinoma.
The study also aims to investigate the interaction between
β-catenin and ΔNp63 in oral cancer. Furthermore, we also
analyzed the prognostic significance of β-catenin, ΔNp63,
and Notch 1 in oral squamous cell carcinoma. Immunohis-
tochemical analysis of β-catenin, ΔNp63, and Notch 1
were done in 62 cases of oral squamous cell carcinoma. Co-
immunoprecipitation analysis was done to study the
possible interaction between β-catenin and ΔNp63 in oral
cancer. Kaplan–Meier method was used to estimate overall
and disease-free survival, and the Log-rank test was used to
compare the resulting curves. Statistically significant
positive correlation was found between the localization of
β-catenin and the expression of ΔNp63 (p=0.001**, rs=
0.427), whereas, no significant association was found
between the expression pattern of β-catenin and Notch 1.
Interestingly, interaction between β-catenin and ΔNp63
was observed in oral carcinoma. Moreover, β-catenin and
ΔNp63 may be related to worst survival in oral carcinoma.
Statistically significant positive association between local-
ization of β-catenin and expression of ΔNp63 suggests that
they might have dependent roles in maintaining the
proliferation of oral carcinoma cells. In addition, the

downregulated expression of Notch 1 was related to
invasion and differentiation status of oral carcinoma cells.
Furthermore, β-catenin and ΔNp63 may be used as
independent prognostic markers of oral carcinoma. On the
other hand, interaction of β-catenin with ΔNp63 may be a
key event in maintaining the proliferation of oral carcinoma
cells. The present study indicates that β-catenin and
ΔNp63 may be used as independent prognostic markers
of oral carcinoma and the interaction of β-catenin with
ΔNp63 may be a crucial event in regulating proliferation
and differentiation of oral carcinoma cells, which may be
used as a target for therapeutic implications.

Keywords β-catenin .ΔNp63 . Notch-1 . Oral squamous
cell carcinoma

Introduction

Oral cancer stands sixth in being the most common cancer
worldwide [1]. Studying the molecular pathways in oral
cancer facilitates the understanding of possible underlying
mechanisms involved in oral squamous cell carcinoma.
Studies on the combinatorial expression of proliferation and
differentiation specific signaling molecules and the plausible
correlation between them could provide more details into the
complementing networks involved in oral carcinogenesis.
Wnt and Notch are the twomajor pathways which regulate the
proliferation and differentiation of keratinocytes. Recently, it
was found that the expression of keratinocyte stem cell marker
p63 activates β-catenin signaling in head and neck squamous
cell carcinoma cell lines. In addition, cross-regulation between
Notch and p63 was observed during the differentiation of
keratinocyte. However, translating these in vitro results for
therapy might not be possible since the correlation between
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these proteins in human oral squamous cell carcinoma tissues
has not been studied yet. Based on this background, we have
investigated the correlation between the expression pattern of
β-catenin,ΔNp63, and Notch 1 in human oral squamous cell
carcinoma which could reveal their possible relationship in
oral cancer.

The transmembrane protein β-catenin is also a component
of Wnt signaling which is involved in regulating cell
proliferation by activating certain set of genes including
c-Myc [2, 3]. In inactive state, β-catenin was phosphorylated
by glycogen synthase kinase 3β (GSK3β) and undergoes
degradation. Activation of Wnt signaling inhibits phosphor-
ylation and subsequent degradation of β-catenin which leads
to its cytoplasmic accumulation and translocation into the
nucleus. The translocated β-catenin activates genes which
are involved in inducing and maintaining proliferation of
cells. Interestingly, deregulated β-catenin signaling was
observed in several tumors [4]. The specific localization of
β-catenin may influence its oncogenic activity, such as the
nuclear localization of β-catenin is related to malignant
transformation [5]. Previous study from our lab shows that
the interaction of MUC1 (mucin-type glycoprotein) with β-
catenin modulates Cyclin D1 expression in gastric cancer
[6]. Recently, it was found that Wnt/β-catenin signaling is
involved in the progression of oral dysplasia and also
maintains the proliferative potential of cancer stem cells [2, 7].

p63, a member of the p53 family, contains several
variant isoforms including TA isoforms (contain trans-
activation domain) and ΔN isoforms (lack transactivation
domain). Since the expression of ΔNp63 was higher than
TAp63 in several tumors including oral carcinoma and also
it maintains the stem cell phenotype of squamous epithelial
cells, we have selected ΔNp63 for this study [8–11].
Interestingly, altered expression of ΔNp63 was also found
in oral epithelial dysplasia and it may play a role in the
initiation of oral carcinogenesis [12, 13].

Notch is a single pass transmembrane protein which acts
both as a receptor and as a transcription factor. After
binding with its ligand, Notch undergoes successive
cleavages initially by ADAM-type proteases and then by
presenilin-dependent proteases. This results in the release of
Notch intracellular domain which then translocates to the
nucleus and activates the expression of target gene [14].
Notch signaling controls the fate of undifferentiated,
proliferative cells, and the role of Notch signaling depends
upon the cell-type. It was found that Notch induces
abnormal proliferation in breast cancer, T-cell leukemia,
and prostate cancers, whereas in skin cancer it acts as a
tumor suppressor [15]. Even though different Notch
receptors are present, we have selected Notch1 since it
was found to influence p63 expression [16].

Cytokeratins are intermediate filament proteins, which
are widely used as a diagnostic marker for several tumors.

In stratified squamous epithelium, the expression of CK14
in the basal cells is associated with their proliferative
potential. Interestingly, differential expression pattern of
CK14 was observed in oral squamous cell carcinoma [17–19].
During the differentiation of mouse embryonic stem cells
into keratinocytes, CK14 appears first and after stratification
it remains in the basal layer, where highly proliferative cells
are known to reside [20]. Therefore, we also studied the
expression pattern of β-catenin and Notch 1 specifically in
basal-like oral carcinoma cells.

Even though the expression of β-catenin and ΔNp63
were extensively studied in oral carcinoma, the correlation
and interaction between these two proteins has not been
studied yet. Therefore, we have investigated the possible
correlation between β-catenin and ΔNp63 in oral carcinoma.
We also investigated the expression pattern of Notch 1 and its
possible correlation with β-catenin, ΔNp63, and histopatho-
logical factors to provide new insight into the expression
pattern and possible role of Notch 1 in oral squamous cell
carcinoma.Moreover, we used CK14 to identify the basal-like
carcinoma cells and studied the co-expression of CK14 with
β-catenin and CK14 with Notch 1 which could provide basic
insight to study the crosstalk between these two pathways in
basal-like oral carcinoma cells. On the other hand, the possible
interaction between β-catenin and ΔNp63 was also analyzed
in oral squamous cell carcinoma. Taken together, the present
study focuses on the possible correlation between β-catenin,
ΔNp63, and Notch 1 in oral squamous cell carcinoma tissues.
The study also aims to investigate the co-localization of CK14
with β-catenin and CK14 with Notch 1 in oral carcinoma
tissue and cell line. Furthermore, we also analyzed the
prognostic significance of β-catenin, ΔNp63, and Notch 1
in oral squamous cell carcinoma.

Materials and methods

Tissues and cell line

We examined 62 oral carcinoma patients including 50 men
and 12 women, aged between 40 and 70, with an average
age of 55. The range of follow-up was 9 to 36 months with
a mean follow-up period of 28.1 months. Biopsies of oral
squamous cell carcinoma tissues from different anatomical
sites including tongue (22), buccal mucosa (11), palate (4),
gingiva (10), and floor of mouth (15) were obtained with
proper consent from the patients attending the Department
of Surgical Oncology, Government Royapettah Hospital,
Chennai. Seven normal samples were obtained from the
patients undergoing orthodontic surgery. All specimens
were fixed in 10% buffered formalin and routinely
processed for paraffin embedding. Sections were cut at
4 μm and mounted on coated glass slides. The staging of
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carcinoma was assessed on hematoxylin and eosin-stained
sections according to the criteria illustrated by Pindborg et
al. [21]. The study was initiated after obtaining clearance
from the Hospital Medical Board with permission from the
Directorate of Medical Education, Government of Tamil
Nadu, India.

The cell-bearing slides of H314 cell line (derived
from a poorly differentiated tumor of the floor of the
mouth; a kind gift from Dr. Angela Hague) was used
for co-immunolocalization analysis and for culture
protocol refer Minter et al. [22].

Immunohistochemistry

Tissues were deparaffinized in xylene and rehydrated
through graded alcohols and finally in distilled water.
Tissues were then incubated in 0.3% hydrogen peroxide at
room temperature for 30 min and then placed in 0.1 M
sodium citrate buffer (pH 6.0), heated for 10 min in a
microwave oven and cooled at room temperature for
20 min. The sections were then incubated with 3% bovine
serum albumin (BSA) for 30 min at room temperature to
block non-specific binding sites and then incubated
(overnight at 4°C) with goat polyclonal anti-Notch 1 (Santa
Cruz Biotech., USA; sc-6014), rabbit polyclonal anti-β-
catenin (Santa Cruz Biotech., USA; sc-7199), and rabbit
polyclonal ΔNp63 (a kind gift from Dr. James Direnzo,
USA) [23] in a dilution of 1:200, 1:200, and 1:100,
respectively. In addition, the immunohistochemical analysis
of CK14 was done in 19 cases which shows intracellular
expression of β-catenin using mouse monoclonal anti-
CK14 (a kind gift from Dr. Birgitte Lane, Singapore;
reactive with the c terminus of human cytokeratin 14
protein) antibody. Immunohistochemical staining was per-
formed using the respective horseradish peroxidase conju-
gated secondary antibodies (Invitrogen, USA). The
chromogen 3, 3′ diaminobenzidine was then used as a
substrate for localizing the antibody binding. Counter-
staining was performed with hematoxylin and mounted.
Negative controls were incubated with phosphate-buffered
saline (PBS) instead of the primary antibodies. The
immunostaining was assessed by two independent observers
according to the intensity of staining and the percentage of
stained cells in more than three random areas of cancer tissue
as examined in ×200magnification. The staining was assessed
as 0, no staining, or staining observed in less than 10% of
carcinoma cells; 1+, mild heterogeneous expression in 10–
75% of carcinoma cells; 2+, moderate heterogeneous expres-
sion in 10–75% of carcinoma cells; and 3+, intense
homogeneous expression in more than 75% of carcinoma
cells. The staining of β-catenin, ΔNp63, and Notch 1 were
also graded as 0 + 1 (negative/mild; including categories 0
and 1+), 2 (moderate; including category 2+), and 3 (intense;

including category 3+) for correlation analysis as performed
by Pinilla et al. [24]. Additionally, the localization of β-
catenin was considered as 0 + M, negative/membranous;
C, cytoplasmic, and N, nucleus, to study the correlation of
β-catenin localization with the expression of ΔNp63 and
Notch 1. In case of disagreement, the slides were re-evaluated
by the two observers and a consensus was reached after
discussion.

Immunofluorescence

The co-localization of CK14 with β-catenin and CK14 with
Notch 1 were studied in 19 cases of oral squamous cell
carcinoma which showed intracellular expression of β-
catenin in immunohistochemical analysis. Oral carcinoma
tissues and H314 cell line fixed slides were deparaffinized,
rehydrated, and fixed for 5 min. After washing with PBS,
the cells were permeabilized with 0.1% Triton X-100,
blocked for 30 min with PBS containing 2% BSA and then
incubated with mouse monoclonal anti-CK14 and rabbit
polyclonal anti-β-catenin antibodies for 1 h at room
temperature. The primary antibodies were washed with
PBS and incubated for 1 h with anti-rabbit FITC conjugated
secondary antibody (Invitrogen, USA) for β-catenin and
anti-mouse Alexa fluor 594 (Red) conjugated secondary
antibody (Invitrogen, USA) for CK14. The carcinoma
tissues were also incubated with anti-Notch 1 and anti-
CK14 antibodies for 1 h at room temperature. The primary
antibodies were washed with PBS and incubated for 1 h
with anti-goat FITC conjugated secondary antibody for
Notch 1 and anti-mouse Alexa fluor 594 (Red) conjugated
secondary antibody for CK14. After incubation, the slides
were washed with PBS, mounted, and examined under
confocal fluorescence microscope (Leica TCS SP2, Leica
Microsystems, Germany).

Western blot and co-immunoprecipitation

For western blot and co-immunoprecipitation analysis, we
have selected 23 cases including normal (7), carcinoma
cases showing membranous (7), cytoplasmic (7), and
nuclear (2) expression of β-catenin in immunohistochem-
ical analysis. Protein lysates were prepared as described by
Ratovitski et al. [25] and the protein concentrations were
determined as described by Lowry et al. [26]. Samples were
separated on 10% SDS-PAGE, transferred to nitrocellulose
membrane, incubated with anti-β-catenin, anti-GSK3 β,
anti-Notch 1, and anti-ΔNp63 antibodies and were detected
using Amersham ECL plus kit according to the manufac-
turer’s protocol. For co-immunoprecipitation, the immune
complex of β-catenin was prepared as described by
Patturajan et al. [27]. The immune complex was then
incubated with 20 μl of protein-A-sepharose beads (Sigma)
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for 30 min and then centrifuged at 12,000 rpm for 1 min at
4°C. After five washes with homogenizing buffer, the
pellets were resuspended in 30 μl of sample buffer,
separated by SDS-PAGE, and transferred to nitrocellulose
membrane. The immunoblotting was done by incubating
with anti-GSK3β and anti-ΔNp63 antibodies and were
detected using Amersham ECL plus kit according to the
manufacturer’s protocol.

Statistical analysis

Acastat Statistical software, version 6.1[Acastat Software,
USA] was used for statistical analysis. Chi-square test and
Fisher’s exact test (for 2 × 2 tables) were used for group
comparison studies and Spearman’s correlation analysis was
performed to study the association between different groups.
Kaplan–Meier method was used to estimate overall and
disease-free survival, and the Log-rank test was used to
compare the resulting curves. The multivariant survival
analysis was performed using Cox proportional hazards
regression model. Disease-free survival was calculated from
the date of treatment to the date of recurrence or metastasis or
disease related death. A case was censored at the date of death
for patients who died from causes other than the original
tumor and at the date of last examination for patients who lost
the follow-up. Survival analysis was performed using SPSS
software (SPSS for windows 14.0, SPSS Inc., Chicago,
Illinois). For all statistical analysis the p value was considered
significant when it was less than 0.05. Due to the exploratory
nature of the study, we did not adjust for multiple tests.

Results

Expression of β-catenin, ΔNp63, and Notch 1 in oral
squamous cell carcinoma tissues

β-catenin

The immunodetection of β-catenin, ΔNp63, and Notch 1
are presented in Table 1. Among the 62 cases of oral

squamous cell carcinoma, 12 were negative for β-catenin
expression, whereas nine and 14 cases showed mild and
moderate staining, respectively. Intense staining of β-
catenin was observed in 27 cases of oral squamous cell
carcinoma (Fig. 1a (a); Table 1). Interestingly, 17 cases
showed absence of membranous and cytoplasmic staining
for β-catenin, whereas, two cases showed focal nuclear β-
catenin staining in carcinoma cells (Fig. 1a (m)). The
expression of β-catenin was higher in poorly differentiated
tumors than in moderate and well-differentiated tumors.
Statistically significant difference was found between the
histological type and β-catenin expression (χ2=18.555;
p=0.001**). Lymph node metastasis positive cases showed
a significant decrease in the expression of β-catenin when
compared with lymph node metastasis negative cases
(χ2=6.421; p=0.040*). In addition, significant difference
was found between stage I–II, stage III–IV, and β-catenin
expression (χ2=6.704; p=0.035*). However, the expression
pattern of β-catenin did not show a significant difference
between different anatomical sites (Table 2). In addition,
β-catenin expression was significantly correlated with
smoking (p=0.042*) and tobacco chewing (p=0.046*),
whereas, statistically significant correlation was not reached
between age, gender, alcohol consumption, and β-catenin
expression (Supplement table 1).

ΔNp63

Intense nuclear staining of ΔNp63 was predominantly
found in oral carcinoma tissues (Fig. 1a (b)). Out of the 62
cases, 14 cases showed intense staining for ΔNp63 and ten
cases showed negative staining. Among the 38 remaining
cases, 18 cases showed mild staining and 20 cases showed
moderate staining for ΔNp63 (Table 1). ΔNp63 expression
was significantly higher in stage III–IV than in stage I–II.
ΔNp63 expression was also significantly correlated with
the presence of lymph node metastasis (χ2=7.201;
p=0.027*). Interestingly, the expression of ΔNp63 was
higher in poorly differentiated tumors. Significant difference
was found between stages, histological types, and expression
of ΔNp63, whereas, no significant difference was found
betweenΔNp63 expression and location of tumors (Table 2).
Interestingly, statistically significant correlation was found
between alcohol consumption, smoking, tobacco chewing,
and ΔNp63 expression, whereas, no significant correlation
was found between age, gender, and ΔNp63 expression
(Supplement table 1).

Notch 1

Majority of oral squamous cell carcinoma cases showed
mild staining for Notch 1. In addition, moderate Notch 1
staining was also found in some cases of oral carcinoma.

Table 1 Immunodetection of β-catenin, ΔNp63, and Notch 1 in oral
squamous cell carcinoma

Protein No. of cases 0 1+ 2+ 3+

β-catenin 62 12 9 14 27

ΔNp63 62 10 18 20 14

Notch 1 62 16 32 13 1

0 no staining or staining observed in less than 10% of carcinoma cells,
1+ mild heterogeneous expression in 10–75% of carcinoma cells, 2+
moderate heterogeneous expression in 10–75% of carcinoma cells, 3+
intense homogeneous expression in more than 75% of carcinoma cells
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Fig. 1 Immunostaining of β-catenin, ΔNp63, and Notch 1 in oral
squamous cell carcinoma. a Oral carcinoma tissues showing intense
staining for β-catenin (a), nuclear staining for ΔNp63 (b), and
moderate cytoplasmic staining for Notch 1 (c); nuclear expression of
β-catenin in few oral carcinoma cells (m); serial sections of oral
carcinoma tissue showing intracellular expression of β-catenin (n) and
nuclear expression of ΔNp63 (o); serial sections of oral carcinoma
tissue showing moderate cytoplasmic expression of Notch 1 (p) and
nuclear expression of ΔNp63 (q); carcinoma cells showing membra-
nous expression for Notch 1 (r). b Section of oral carcinoma tissue

showing intracellular staining for β-catenin (d), intense staining for
CK14 (e), and intense cytoplasmic and nuclear expression of β-
catenin in CK14 expressing oral carcinoma cells (f). c Section of oral
carcinoma tissue showing mild staining for Notch 1 (g), intense
staining for CK14 (h), and mild staining of Notch 1 in CK14 positive
carcinoma cells (i); H314 cell showing negative staining for Notch 1
(s), intense staining for CK14 (t), and absence of Notch 1 expression
in CK14 positive carcinoma cell (u). d H314 cells showing intense
staining for β-catenin (j), intense staining for CK14 (k), and intense β-
catenin expression in CK14 positive H314 cells (l). Bar=50 μm
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Interestingly, cytoplasmic expression of Notch 1 was
predominantly observed in oral squamous cell carcinoma
tissues (Fig. 1a (c)) with occasional membranous staining in
some cases (Fig. 1a (r)). Among the 62 cases of oral
squamous cell carcinoma, 16 cases showed negative
staining for Notch 1, whereas 32 and 13 cases showed
mild and moderate staining, respectively. Only one case
showed intense staining for Notch 1 (Table 1). Interestingly,
statistical significance between histological types and Notch
1 expression was observed (χ2=18.024; p=0.001**).
Significant decrease in the expression of Notch 1 was also
observed in stage III–IV when compared to stage I–II (χ2=
6.795; p=0.033*), whereas, significant correlation was not
found between Notch 1 expression and different location of
tumors. Moreover, lymph node metastasis positive cases
showed significant decrease in the expression of Notch 1
when compared to lymph node metastasis negative cases
(χ2=8.350; p=0.015*; Table 2). In addition, significant
correlation was not found between age, gender, smoking,
alcohol consumption, tobacco chewing, and Notch 1
expression (Supplement table 1). Statistically significant
difference was found between the expression of β-catenin,

ΔNp63, and Notch 1 in oral squamous cell carcinoma
samples (χ2=41.107; p=<0.001**).

Association between β-catenin and ΔNp63 in oral
squamous cell carcinoma

The immunostaining for β-catenin in oral carcinoma tissues
was compared with ΔNp63 staining. Out of 62 cases, 12
cases showed negative/mild staining for both β-catenin and
ΔNp63, whereas nine cases showed negative/mild and
moderate staining for β-catenin and ΔNp63, respectively.
Four moderately stained cases for β-catenin showed
negative/mild staining for ΔNp63, whereas ten cases
showed moderate staining for both β-catenin and ΔNp63.
Among the 62 cases of oral squamous cell carcinoma, 14
cases showed intense staining for both β-catenin and
ΔNp63, whereas one case showed intense and moderate
staining for β-catenin and ΔNp63, respectively. Out of the
62 cases, 12 cases showed intense and negative/mild
staining for β-catenin and ΔNp63, respectively. In addition,
significant but weak positive correlation was found between
the expression of β-catenin and ΔNp63 in oral squamous

Table 2 Correlation of β-Catenin, ΔNp63, and Notch 1 expression with clinicopathological factors

β-Catenin ΔNp63 Notch 1

χ2/p value χ2/p value χ2/p value

0+1 2 3 0+1 2 3 0+1 2 3
n

Stage

I–II 30 8 4 18 19 9 2 19 10 1

6.704/0.035a 10.861/0.004b 6.795/0.033a

III–IV 32 13 10 9 9 11 12 29 3 0

Lymph node metastasis

Negative 28 5 9 14 8 10 10 17 10 1

6.421/0.040a 7.201/0.027a 8.350/0.015a

Positive 34 16 5 13 20 10 4 31 3 0

Histological type

Poorly differentiated 25 4 6 15 6 9 10 24 1 0

Moderately differentiated 22 6 4 12 18.555/0.001b 10 9 3 14.616/0.006b 18 4 0 18.024/0.001b

Well differentiated 15 11 4 0 12 2 1 6 8 1

Location of the tumors

Tongue 22 7 5 10 10 7 5 17 4 1

Buccal 11 2 3 6 5 3 3 9 2 0

Palate 4 2 1 1 2.315/0.975 2 1 1 0.622/0.999 3 1 0 2.280/0.971

Gingiva 10 4 2 4 4 4 2 8 2 0

Floor of mouth 15 6 3 6 7 5 3 11 4 0

0+1 negative/mild; including categories 0 and 1+, 2 moderate; including category 2+, 3 intense; including category 3+
a Statistically significant
b Statistically highly significant
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cell carcinoma samples (p=0.01*, rs=0.310; Table 3).
Interestingly, intense staining of ΔNp63 was observed in
cases showing cytoplasmic staining for β-catenin (Fig. 1a
(n and o)). Moreover, significant positive correlation was
found between the expression of ΔNp63 and the localization
of β-catenin (p=0.001**, rs=0.427; Table 4).

Association between β-catenin and Notch 1 in oral
squamous cell carcinoma

Among the 62 cases of oral squamous cell carcinoma,
13 cases showed negative/mild staining and two cases
showed moderate staining for both β-catenin and Notch
1, Whereas, seven cases showed negative/mild and
moderate staining for β-catenin and Notch 1, respec-
tively. Out of the 62 cases, one case showed negative/
mild and intense staining for β-catenin and Notch 1,
respectively. Twelve moderately stained cases for β-
catenin showed negative/mild staining for Notch 1.
Among the remaining 27 cases, 23 cases showed
intense and negative/mild staining for β-catenin and
Notch 1, respectively, whereas, four intensely stained
cases for β-catenin showed moderate staining for Notch 1.
Interestingly, no significant association was found
between β-catenin and Notch 1 in oral squamous cell
carcinoma samples (χ2=5.257; p=0.262; Table 3). More-
over, significant correlation was not found between Notch
1 expression and localization of β-catenin (χ2=1.803; p=
0.772; Table 4).

Correlation between ΔNp63 and Notch 1 in oral squamous
cell carcinoma

The correlation between ΔNp63 and Notch 1 was also
analyzed in 62 cases of oral squamous cell carcinoma. Out
of the 62 cases, 24 cases showed negative/mild staining for
both ΔNp63 and Notch1, whereas three cases showed
negative/mild and moderate staining for ΔNp63 and Notch
1, respectively. Fourteen moderately stained cases for
ΔNp63 showed negative/mild staining for Notch 1.
Moderate staining for both ΔNp63 and Notch 1 was
observed in six cases of oral squamous cell carcinoma.
Out of 62 cases, one case showed negative/mild and intense
staining forΔNp63 and Notch 1, respectively. Ten intensely
stained cases for ΔNp63 showed negative/mild staining for
Notch 1; whereas, four cases showed intense and moderate
staining for ΔNp63 and Notch 1, respectively. No signif-
icant association was found between the expression levels
of ΔNp63 and Notch 1 in oral squamous cell carcinoma
(χ2=4.238; p=0.375; Table 3).

Co-localization of β-catenin and Notch 1 with CK14 in oral
squamous cell carcinoma

Co-immunolocalization of β-catenin and CK14 was studied
in oral squamous cell carcinoma tissues and H314 cell line.
Intense focal staining of CK14 was observed in both
immunohistochemical (Fig. 2a (a)) and immunofluores-
cence (Fig. 2a (b)) analysis in 19 cases which shows
intracellular expression of β-catenin. Oral carcinoma
tissues and cell lines showed intense cytoplasmic as well
as nuclear localization of β-catenin in cells expressing
CK14 (Fig. 1b (f) and d (l)); whereas only mild and
negative expression of Notch 1 was observed in CK14

Table 3 Association between the expression patterns of β-catenin,
ΔNp63, and Notch 1 in oral squamous cell carcinoma

β-catenin ΔNp63 χ2 p value

0+1 2 3

0+1 12 9 0

2 4 10 0 33.887 <0.001a

3 12 1 14

β-catenin Notch 1

0+1 2 3

0+1 13 7 1

2 12 2 0 5.257 0.262

3 23 4 0

ΔNp63 Notch 1

0+1 2 3

0+1 24 3 1

2 14 6 0 4.238 0.375

3 10 4 0

0+1 negative/mild; including categories 0 and 1+, 2 moderate;
including category 2+, 3 intense; including category 3+
a Statistically highly significant

Table 4 Correlation of β-catenin localization with the expression
patterns of ΔNp63 and Notch 1 in oral squamous cell carcinoma

β-catenin ΔNp63 χ2 p value

0+1 2 3

0+M 25 13 5

C 2 6 9 15.787 0.003a

N 1 1 0

β-catenin Notch 1

0+ 1 2 3

0+M 34 8 1

C 12 5 0 1.803 0.772

N 2 0 0

0 + M negative/membranous, C Cytoplasm, N nucleus, 0+1 negative/
mild; including categories 0 and 1+, 2 moderate; including category 2
+, 3 intense; including category 3+
a Statistically highly significant
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expressing oral carcinoma and H314 cells (Fig. 1c (i)
and (u)).

Immunoblot analysis of β-catenin, ΔNp63, Notch 1,
and GSK3β

Western blot analysis for β-catenin showed increased band
intensity in carcinoma samples compared with normal
samples (Fig. 2b (a)). Interestingly, ΔNp63 was detected
only in carcinoma samples, whereas, band corresponding to
ΔNp63 was not detected in normal samples (Fig. 2b (b)). In
addition, the expression of Notch 1 was decreased in
carcinoma samples, particularly in samples showing intra-
cellular expression of β-catenin, compared with normal
samples (Fig. 2b (c)). Moreover, strong band intensity for
GSK3β was observed in normal and carcinoma samples
showing membranous expression of β-catenin when com-
pared with carcinoma samples showing cytoplasmic and
nuclear localization of β-catenin (Fig. 2b (d)).

Co-immunoprecipitation analysis for β-catenin–GSK3β
and β-catenin–ΔNp63 interactions

Comparison between interactions of β-catenin and GSK3β
and β-catenin and ΔNp63 and localization of β-catenin are
presented in Table 5. Interaction between β-catenin and
GSK3β was observed in all cases of normal and carcinoma
showing membranous expression of β-catenin. Interesting-
ly, out of seven cases, where cytoplasmic expression of β-
catenin was observed, only two cases showed interaction
between β-catenin and GSK3β. In addition, the interaction
between β-catenin and GSK3β was not observed in

carcinoma samples showing nuclear expression of β-
catenin (Fig. 2b (f)). Interestingly, the interaction between
β-catenin and ΔNp63 was not observed in normal and
carcinoma cases showing membranous expression of β-
catenin. Out of seven cases, where cytoplasmic expression
of β-catenin was observed, six cases showed interaction

Fig. 2 a Immunohistochemical (a) and immunofluorescence (b)
analysis of CK14 in oral carcinoma tissues. Intense staining of
CK14 was observed in oral carcinoma tissues showing intracellular
expression of β-catenin. Bar=50 μm. b (a) Western blot for β-catenin
(∼92 kDa), (b) Western blot for ΔNp63 (∼82 kDa), (c) Western blot

for Notch 1 (∼120 kDa), (d) Western blot for GSK3β (∼47 kDa), (e)
protein lysates were immunoprecipitated with anti-β-catenin and
immunoblotted with ΔNp63 (f) protein lysates were immunopreci-
tated with anti-β-catenin and immunoblotted with GSK3 β and (g)
Western blot for β-actin (control)

Table 5 Comparison of β-catenin–GSK3β and β-catenin–ΔNp63
interactions between different groups

Group β-catenin–GSK3β β-catenin–ΔNp63

N −ve +ve −ve +ve

1. Normal 7 0 7 7 0

2. Carcinoma (β-cat.M) 7 0 7 7 0

3. Carcinoma (β-cat.C) 7 5 2b 1 6e

4. Carcinoma (β-cat.N) 2 2 0a,c 0 2d,f

Carcinoma (β-cat.M) carcinoma cases showing membranous expres-
sion of β-catenin, Carcinoma (β-cat.C) carcinoma cases showing
cytoplasmic expression of β-catenin, Carcinoma (β-cat.N) carcinoma
cases showing nuclear expression of β-catenin
a Significant difference was found between different groups (χ2 =
16.253; p=0.001, statistically highly significant)
b Significant difference was found between group 2 and group 3 (p=
0.021, statistically significant)
c Significant difference was found between group 2 and group 4 (p=
0.027, statistically significant)
d Significant difference was found between different groups (χ2 =
19.221; p<0.001, statistically highly significant)
e Significant difference was found between group 2 and group 3 (p=
0.004, statistically highly significant)
f Significant difference was found between group 2 and group 4 (p=
0.027, statistically significant)
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between β-catenin and ΔNp63. Moreover, the interac-
tion between β-catenin and ΔNp63 was observed in
carcinoma samples showing nuclear expression of β-catenin
(Fig. 2b (e)).

Survival analysis

Survival analysis using Univariate Cox Proportional Hazards
Regressionmodel showed that high clinical stage, lymph node
metastasis positive, high β-catenin expression, and high
ΔNp63 expression indicate worst prognosis in overall and
disease-free survival of 62 patients with oral squamous cell
carcinoma (Table 6). Interestingly, clinical stage, β-catenin
expression, and ΔNp63 expression were found to be
independent prognostic factors in overall and disease-free
survival by Multivariate Cox Proportional Hazards Regres-
sion model (Table 7).

Kaplan–Meier survival analysis (Table 8) showed that
the survival of patients with increased β-catenin expression
had poorer survival rates than those patients with reduced
β-catenin expression in overall and disease-free survival
(Figs. 3a and 4a). Furthermore, patients with increased
ΔNp63 expression had worse survival than those with
reduced ΔNp63 expression in overall as well as disease-
free survival (Figs. 3c and 4c). Interestingly, β-catenin and
ΔNp63 double positive cases showed statistically signifi-
cant poor survival rates when compared with other cases
(Figs. 3d and 4d). Moreover, the intracellular localization of
β-catenin was significantly correlated with worst outcome
in overall and disease-free survival (Supplement Fig. 1c, d).
In addition, patients with decreased Notch 1 expression had
a shorter survival time than those with increased Notch 1
expression (Figs. 3b and 4b). Moreover, patients with

positive lymph node metastasis, high clinical stage and
poor differentiation status showed significant shorter survival
rates than those with negative lymph node metastasis, low
clinical stage, and moderate and well differentiation status,
respectively (Table 8).

Discussion

According to cancer stem cell hypothesis, only a small sub-
population of cells termed “cancer stem cells” within the
tumor have the ability to give rise to new tumors when
injected into immunodeficient mice. Interestingly, stem-
cell-related pathways including Wnt and Notch, which are
the major pathways that regulate the self-renewal and
differentiation of embryonic and adult stem cells, were
found to be reactivated in cancer [7, 28, 29]. It was found
that the Wnt/β-catenin signaling maintains the self-renewal
potential of hematopoietic and neural stem cells and the
activated β-catenin signaling upregulates Myc which
blocks the differentiation of keratinocyte [4, 30]. In this
study, we have investigated the expression pattern and the
possible correlation between β-catenin,ΔNp63, and Notch 1
in oral squamous cell carcinoma. We also studied the co-
localization of CK14 with β-catenin and CK14 with Notch-1
in oral squamous cell carcinoma tissues and H314 cell line to
analyze the expression pattern of β-catenin and Notch 1 in
basal-like oral carcinoma cells. Finally, we analyzed the
prognostic significance of β-catenin, ΔNp63 and Notch 1 in
oral squamous cell carcinoma.

Dysregulated expression of β-catenin was observed in
several tumors and the loss of membranous β-catenin
expression was found in oral squamous cell carcinoma.

Table 6 Univariate Cox proportional hazards regression analysis (Cox method) for variables in relation to overall and disease-free survival of 62
patients with oral squamous cell carcinoma

Overall survival Disease-free survival

Variables p value Hazards ratio 95% CI p value Hazards ratio 95% CI

1. Stage (I, II/III, IV) 0.007a 0.219 0.073–0.661 0.030b 0.393 0.169–0.913

2. Grade (well/moderate, poor) 0.086 0.026 0.000–1.673 0.070 0.590 0.080–4.540

3. Age (<55/≥55) 0.051 0.377 0.142–1.001 0.061 0.453 0.198–1.037

4. Gender (M/F) 0.568 0.769 0.312–1.894 0.232 0.620 0.283–1.359

5. Smoking (yes/no) 0.053 0.335 0.111–1.012 0.163 0.548 0.236–1.276

6. Alcohol (yes/no) 0.082 0.437 0.172–1.111 0.107 0.517 0.232–1.154

7. LN metastasis (positive/negative) 0.004a 0.163 0.047–0.563 0.007a 0.298 0.123–0.720

8. β-catenin (+/−) 0.016b 0.083 0.011–0.624 0.004a 0.053 0.007–0.391

9. ΔNp63 (+/−) 0.010b 0.236 0.078–0.713 0.001a 0.201 0.075–0.540

10. Notch 1 (+/−) 0.153 0.343 0.079–1.487 0.084 0.343 0.102–1.154

a Statistically highly significant
b Statistically significant
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Moreover, the nuclear localization of β-catenin was found
to be a key event which may be involved in the progression
of oral dysplasia to carcinoma [2, 5]. In the present study,
significant correlation was found between smoking, tobacco
chewing, and β-catenin expression. This suggests that
expression of β-catenin may be related to smoking and
tobacco chewing in oral squamous cell carcinoma. As
mentioned by Cai et al. [31], in this study the expression of
β-catenin shows significant difference between stages,
differentiation status, and lymph node metastasis. Moreover,
consistent with previous studies by Ishida et al. [2] and
Kobayashi et al. [5], we observed the absence of membra-
nous and intense intracellular localization of β-catenin in
some cases of oral carcinoma and H314 cell line. This
suggests the possible involvement of activated β-catenin
signaling in oral squamous cell carcinoma.

Consistent with findings of Nylander et al. [13], the
present study also shows an intense staining pattern for

ΔNp63 in oral squamous cell carcinoma tissues. This
suggests the possible role of ΔNp63 in maintaining the
proliferation of oral carcinoma cells. In this study, statisti-
cally significant difference was found between smoking,
alcohol consumption, tobacco chewing, and ΔNp63 ex-
pression. This indicates that the expression of ΔNp63 may
be related to the progression of oral carcinoma in high-risk
populations. Recently, it was found that ΔNp63 inhibits
GSK3β and induces β-catenin signaling [27]. In the present
study, intense staining ofΔNp63was predominantly observed
in cases showing intracellular localization of β-catenin. In
addition, ΔNp63 and β-catenin showed similar expression
patterns in histological types of oral squamous cell carcinoma,
particularly, in poorly differentiated tumors. Moreover, signif-
icant positive association was found between the expression
pattern of ΔNp63 and the localization of β-catenin. These
results suggest that β-catenin and ΔNp63 might have
dependent roles in maintaining the proliferation of oral
carcinoma cells. Even though, the interaction between β-
catenin and ΔNp63 was found in cases showing intracellular
expression of β-catenin, the interpretation of these results
might not be precise without further studies on the molecular
basis for the interaction between these two proteins in oral
squamous cell carcinoma. However, the interaction of β-
catenin with ΔNp63 may be a crucial event in oral
carcinogenesis.

In this study, the cytoplasmic staining of Notch 1 was
predominantly observed in oral carcinoma cells. Interest-
ingly, Notch 1 expression was significantly reduced in stage
III–IV and in lymph node metastasis positive cases. This
suggests that the expression of Notch 1 might be related to
invasion and metastasis of oral carcinoma cells. However,
the expression of Notch 1 shows a significant difference
between histological types, particularly, decreased expres-
sion of Notch 1 was observed in poorly and moderately
differentiated tumors than in well-differentiated tumors.
This suggests that Notch 1 may have a role in maintaining
the differentiation status of oral carcinoma cells. Moreover,
the expression of Notch 1 may not be related to age, gender,
alcohol consumption, smoking, and tobacco chewing, since

Table 7 Multivariate Cox proportional hazards regression analysis (Cox method) for variables in relation to overall and disease-free survival of
62 patients with oral squamous cell carcinoma

Overall survival Disease-free survival

Variables p value Hazards ratio 95% CI p value Hazards ratio 95% CI

1. Stage (I, II/III, IV) 0.001a 0.110 0.035–0.344 0.001a 0.191 0.078–0.468

2. β-catenin 0.031b 0.089 0.010–0.797 0.006a 0.041 0.004–0.397

3. ΔNp63 0.017b 0.217 0.062–0.764 0.004a 0.174 0.053–0.565

4. Notch 1 0.955 0.950 0.160–5.654 0.511 0.589 0.121–2.859

a Statistically highly significant
b Statistically significant

Table 8 Kaplan–Meier and log-rank analysis for clinicopathological
variables, β-catenin, ΔNp63, and Notch 1 in relation to overall and
disease-free survival of 62 patients with oral squamous cell carcinoma

Overall
survival

Disease-free
survival

Variables p value p value

1. Stage (I, II/III, IV) 0.008a 0.002a

2. Grade (well/moderate/poor) 0.0001a 0.0001a

3. LN metastasis (+/−) 0.0006a 0.003a

4. β-catenin (0+1/2+/3+) 0.010b 0.005a

5. ΔNp63 (0+1/2+/3+) 0.0001a 0.0001a

6. Notch 1 (0+1/2+/3+) 0.679 0.215

7. β-catenin+ΔNp63
(B+/P+ vs others)

0.025b 0.0005a

8. β-catenin localization
(intracellular vs others)

0.0001a 0.0001a

0+1 includes category 0 and 1+, LN lymph node, B+ /P+ β-catenin
and ΔNp63 double positive cases
a Statistically highly significant
b Statistically significant
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the statistical significance was not reached. In addition,
Notch 1, β-catenin, and ΔNp63 showed similar expression
pattern between different locations of tumors since the
statistical significance was not reached.

Interestingly, Nguyen et al. showed that Notch 1
activation suppresses p63 expression through modulation
of interferon responsive genes [16]. In this study, Notch 1
showed an inverse association with ΔNp63 in histological
types of oral squamous cell carcinoma. In addition,
statistically significant correlation was not found between
the expression of ΔNp63 and Notch 1 in oral carcinoma
tissues suggesting that ΔNp63 and Notch 1 may have
independent roles in oral cancer.

Recently, it was found that the activation of Notch 1
induces the expression of p21, which is one of the key
regulators of keratinocyte differentiation and inhibition of
Notch signaling leads to squamous cell carcinoma forma-
tion [32, 33]. In addition, Notch 1 expression also
suppresses β-catenin signaling in keratinocyte [32]. In the

present study, even though the expression pattern of Notch
1 did not show a significant correlation with β-catenin,
decreased expression of Notch 1 was found in cases
showing intracellular expression of β-catenin. In addition,
CK14 positive basal-like oral carcinoma and H314 cells
also shows mild staining for Notch1 and intense staining
for β-catenin. Even though the reason for this is unclear, the
functional relationship between β-catenin, ΔNp63, and
Notch 1 in keratinocytes suggests that the intracellular
localization of β-catenin as well as increased expression of
ΔNp63 may have some influence on Notch 1 expression in
oral carcinoma cells, which needs further investigation.

As mentioned by Odajima et al. [34], the present study
showed a significant correlation between increased β-
catenin expression (particularly intracellular localization)
and poor survival in oral squamous cell carcinoma. This
suggests that impaired β-catenin expression may be related
to the progression of oral squamous cell carcinoma. In
addition,ΔNp63 overexpressing cases showed poor survival,

Fig. 3 Overall survival of patients with oral squamous cell carcinoma
according to the expression of β-catenin (a), Notch 1 (b), ΔNp63 (c),
and β-catenin + ΔNp63 (double positive) (d) calculated by the

Kaplan–Meier method. B+/P + = β-catenin and ΔNp63 double
positive cases; 0+1 = includes category 0 and 1+
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which was consistent with the findings of LoMuzio et al. [35].
This suggests that ΔNp63 may be related to aggressive
biological behavior of oral carcinoma cells. Interestingly, β-
catenin and ΔNp63 double positive cases showed worst
survival when compared with other cases. This suggests that
in combination with ΔNp63, β-catenin expression may
maintain the proliferation of oral carcinoma cells and may be
useful to identify patients at high risk for rapid and effective
treatment. In addition, significant correlation was not found
between overall survival, disease-free survival, and Notch 1
expression. This suggests that Notch 1 expression may not
be related to survival of oral squamous cell carcinoma
patients.

In the present study, univariate and multivariate analysis
revealed the prognostic significance of β-catenin and
ΔNp63 in oral squamous cell carcinoma as mentioned by
Odajima et al. [34] for β-catenin and by Lo Muzio et al.
[35] and Moergel et al. [36] for ΔNp63. This suggests that
β-catenin and ΔNp63 may be used as independent
prognostic markers of oral squamous cell carcinoma. Even

though β-catenin and ΔNp63 help to determine stem/
progenitor cells in oral squamous cell carcinoma tissues,
further studies using β-catenin and ΔNp63 with well-
established cancer stem cell markers and analysis on the
tumor-inducing potential of β-catenin+/ΔNp63+ cells will
provide more evidence on the relationship between β-
catenin, ΔNp63, and oral cancer stem cells.

In conclusion, statistically significant positive associa-
tion between the localization of β-catenin and the expres-
sion of ΔNp63 suggests that they might have dependent
roles in maintaining the proliferation of oral carcinoma
cells, whereas, the expression of ΔNp63 and Notch 1 may
be independent events since no significant association was
found between them. In addition, even though the reason
for downregulated expression of Notch 1 in cases showing
intracellular expression of β-catenin and also in CK14
positive basal-like oral carcinoma cells remains unclear, the
result could pave a way to study the crosstalk between β-
catenin and Notch 1 pathways in oral squamous cell
carcinoma. Moreover, the overexpression of β-catenin and

Fig. 4 Disease-free survival of patients with oral squamous cell
carcinoma according to the expression of β-catenin (a), Notch 1 (b),
ΔNp63 (c), and β-catenin + ΔNp63 (double positive) (d) calculated

by the Kaplan–Meier method. B+/P + = β-catenin and ΔNp63 double
positive cases; 0+1 = includes category 0 and 1+
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ΔNp63 may be related to the progression of oral squamous
cell carcinoma and may be used as independent prognostic
markers. On the other hand, the interaction of β-catenin
with ΔNp63 may be a key event in maintaining the
proliferation of oral carcinoma cells. Further studies with
larger sample size, longer follow-up period, and on the
molecular networks related to β-catenin as well as ΔNp63
could provide more details on using β-catenin and ΔNp63
as prognostic markers and as therapeutic targets of oral
squamous cell carcinoma.
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