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Abstract: Oral squamous cell carcinoma (OSCC) is one of the most lethal malignant tumors. The cadherin/catenin 
cell-cell adhesion complex plays a major role in cancer development and progression. p120-catenin (p120) is a 
cytoplasmic molecule closely associated with E-cadherin which activates phospholipase C-γ1 (PLC-γ1). Our previous 
studies indicate that activation of PLC-γ1 plays a critical role in epidermal growth factor (EGF)-induced migration and 
proliferation of squamous cell carcinoma (SCC) cells and phosphatidylinositol 3-kinase enhancer (PIKE) is highly 
expressed in SCC cells and mediates EGFR-dependent SCC cell proliferation. Our current study was to determine 
whether the expression of E-cadherin, p120, PLC-γ1, and PIKE, is associated with OSCC. To address this issue, we 
assessed levels and localization of E-cadherin, p120, PLC-γ1, and PIKE in specimen of 92 patients with OSCC by 
immunohistochemistry. The results showed that the expression of E-cadherin, and p120 negatively correlated with 
the tumor differentiation and the expression of PLC-γ1 and PIKE positively correlated with the tumor differentiation. 
The expression of PLC-γ1 and PIKE in OSCC stage T3 + T4 or in OSCC with lymph node metastasis was significantly 
higher than that in OSCC stage T1 + T2 or in OSCC without lymph node metastasis. The expression of p120 posi-
tively correlated with levels of E-cadherin but negatively correlated with levels of PLC-γ1 and PIKE in OSCC. These 
data indicate that increased expression of PLC-γ1 and PIKE and decreased expression of E-cadherin and p120 are 
associated with the aggressiveness of OSCC. 
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Introduction

Oral squamous cell carcinoma (OSCC) arises 
from malignant transformation of keratinocytes 
in the oral epithelium and represents 90% of 
oral cancer. It is the sixth most common cancer 
worldwide. An estimated 263,900 new cases 
and 128,000 deaths from oral cavity cancer 
occurred in 2008 worldwide [1]. The 5-year sur-
vival rate for patients with advanced OSCC has 
not changed significantly over the last 30 years, 
and still remains about 50%. Identifying mark-
ers for tumor aggressiveness is needed for 
improving risk assessment to customize thera-
peutic approaches.

E-cadherin is a calcium-dependent transmem-
brane glycoprotein which promotes cell-cell 
adherence and is involved in various biological 
processes, including embryo development, mo- 
rphogenesis and neoplasm metastasis [2, 3]. 
E-cadherin regulates the adherence reaction 
among cells, maintains cell polarity, partici-
pates in differentiation modulation, and main-
tains the shape and integrity of tissue configu-
ration [4]. p120 coexists in E-cadherin complex-
es with either β-or γ-catenin and  has been 
shown to play an important role in stabilizing 
the E-cadherin-catenin complex [5, 6]. Alteration 
of cadherin or catenin in the complex reduces 
adhesion and cell polarity, and makes cancer 
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cells easy to invade and metastasize. E-cadherin 
and p120 expression have been extensively 
studied in many human cancers, including bre- 
ast [7], bladder [8, 9], renal [10], colorectal 
[11], colorectal polyps [12], lung [13], prostate 
[14], gastric [15], pancreas [16], and OSCC 
[17-29].

Phospholipase C-γ1 (PLC-γ1) is the most abun-
dant member of the phospholipase C family in 
keratinocytes. Previous studies have demon-
strated that PLC-γ1 mediates calcium-induced 
keratinocyte differentiation [40]. In the pres-
ence of high extracellular calcium, the E-cad- 
herin-β-catenin-p120 catenin complex recruits 
phosphatidylinositol-4-phosphate 5-kinase1α 
(PIP5K1α) and phosphatidylinositol-3-kinase 
(PI3K) to the plasma membrane. These kinases 
promote production of phosphtidylinositol (4,5)- 
bisphosphate (PIP2) and phosphatidylinositol 
(3,4,5)-triphosphate (PIP3) and subsequently 
the recruitment of PLC-γ1 to the plasma mem-
brane. PLC-γ1 in turns hydrolyzes PIP2 to pro-
duce diacylglycerol and inositol trisphosphate 
(IP3) which increases intracellular calcium con-
centration to ultimately promote differentiation 
of keratinocytes. On the other hand, EGF induc-
es tyrosine phosphorylation of PLC-γ1. Activa- 
tion of the SH3 domain of PLC-γ1 promotes pro-
liferation of keratinocytes and activation of the 
catalytic domain of PLC-γ1 promotes migration 
of keratinocytes [30, 31]. Overexpression of 
PLC-γ1 in OSCC has been observed in our previ-
ous studies [32]. However, it is unknown wheth-
er overexpression of PLC-γ1 is associated with 
the aggressiveness of OSCC. 

Phosphatidylinositol 3-kinase enhancer (PIKE) 
is a recently identified brain specific nuclear 
GTPase, which binds PI 3-kinase and stimu-
lates its lipid kinase activity. PIKE GTPase is 
activated by PLC-γ1 in the nucleus, the SH3 
domain of PLC-γ1 acts as a guanine nucleotide 
exchange factor for PIKE, the short form of 
which is a nuclear GTPase and enhances the 
activity of nuclear class Ia PI3K required for 
proliferation [31, 33]. Our previous studies 
have shown that PLC-γ1 is required for epider-
mal growth factor (EGF)-induced squamous cell 
carcinoma (SCC) mitogenesis [32]. PIKE has 
been identified as a downstream target of PLC-
γ1. We have also shown that PIKE plays a criti-
cal role in EGF-induced proliferation of OSCC 
cells and is overexpressed in OSCC [34]. 

However, it is unclear whether overexpression 
of PIKE expression is associated with the 
aggressiveness of OSCC.

In the present study, we examined expression 
levels of E-cadherin, p120, PLC-γ1 and PIKE in 
the specimen of OSCC from 92 patients to eval-
uate whether the expression levels of these 
proteins are associated with the clinicopatho-
logic features.

Materials and methods

Specimens and clinicopathologic materials

The study comprised of 92 OSCC subjects, 
aged 52.6 ± 11.2 years, with pathological stag-
es I-IV, hospitalized in the Second Xiangya 
Hospital of Central South University in China 
from June 2009 to June 2011. Seventy eight 
cases (84.8%) were male and 14 (15.2%) were 
female. Specimens were classified in accor-
dance with the guidelines set by the World 
Health Organization for the histological classifi-
cation of OSCC. Thirty-two cases were well dif-
ferentiated, 45 cases were moderately differ-
entiated, and 15 cases were poorly differenti-
ated. Fifty three cases were at stage I-II and 39 
cases were at stage III-IV. Thirty six patients 
showed cervical lymph node metastasis and 
none of the patients had received radiotherapy 
or chemotherapy before biopsy. All specimens 
taken from malignant oral primary tumors were 
fixed by 4% formaldehyde, followed by conven-
tional paraffin-embedded sectioning. The writ-
ten consents were signed by the patients for 
their specimen and the study was approved by 
the Ethics Committee of the Second Xiangya 
Hospital of Central South University in China.

Immunohistochemical staining

Paraffin-embedded 4-micrometer-thick speci-
mens were dewaxed in turpentine and rehydrat-
ed through decreased concentrations of etha-
nol. Endogenous peroxidase activity was blo- 
cked by using 3% H2O2 in methanol for 15 min. 
The sections were incubated with trisodium 
citrate dihydrate liquid (0.125%, pH 6.0) for 15 
min, and then soaked with phosphate buffered 
saline (PBS) liquid (pH 7.2-7.4) three times for 5 
min. The sections were then pre-incubated with 
sheep serum for 10 min to block non-specific 
antigen. The pretreated slides were incubated 
overnight at 4°C in a humidified chamber with 
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rabbit polyclonal primary antibodies against 
mouse E-cadherin, p120, PLC-γ1, or PIKE. An- 
tibodies purchased from Santa Cruz Biotech- 
nology (Santa Cruz, CA) include rabbit poly-
clonal antibodies against  PLC-γ1 (Cat# sc-81, 
dilution 1:100), E-cadherin (Cat# sc-7870, dilu-
tion 1:100), or p120 (Cat# sc-13957, dilution 
1:100). Antibodies purchased from upstate bio-
technology (Lakeplacid, NY) include rabbit poly-
clonal the antibody against PIKE (Cat# 52-5817, 
dilution 1:100). After incubation with these 
antibodies, the slides were rinsed with PBS 
three times and the slides were incubated with 
appropriate biotinylated secondary antibodies 
for 20 min followed by avidin (Maixin Biological 
Technology Development Company) and dia- 
minobenzidine (Maixin Biological Technology 

tumor. Results are expressed as the proportion 
of positively stained cells over the total number 
of cells [35]. For evaluation of the nucleus 
staining of p120, PLC-γ1, and PIKE, each sec-
tion was assessed by counting the number of 
cells in which p120, PLC-γ1, and PIKE were 
positively stained in the nucleus and the total 
number of cells at 400 × magnification in five 
representative regions of the tumor. Results 
are expressed as the proportion of positively 
stained cells over the total number of cells. For 
routine histological analysis, the results were 
examined under a light microscope by two 
Board-certified pathologists at the Second 
Xiangya Hospital. Data are presented as mean 
± standard deviation. Analysis was assessed 
using the Analysis of Variance (ANOVA) and chi-

Figure 1. The expression levels of p120, E-cadherin, PIKE, and PLC-γ1 protein in OSCC with different levels of dif-
ferentiation. Positive expression is shown in brown and the counterstaining is shown in blue. The representative sec-
tion shows the average levels of p120, E-cadherin, PIKE, and PLC-γ1 in poorly differentiated, moderately differenti-
ated, well differentiated OSCC, and adjacent non-cancerous tissue (A). The expression of p120, E-cadherin, PIKE, 
and PLC-γ1 levels in poorly differentiated, moderately differentiated, well differentiated OSCC, and non-cancerous 
tissue is shown as bar graphs (B). The quantitation of positive expression in each section was obtained by counting 
the number of positive cells and total number of cells in the corresponding region in five representative regions in 
each section. The proportion of positively staining cells over the total number of cells was calculated as describe in 
Materials and Methods. The data are expressed as mean ± SD, *P < 0.05 (compared with the normal epithelium). 
P, poorly differentiated; M, moderately differentiated; W, well differentiated; N, non-cancerous tissue.

Figure 2. The expres-
sion levels of p120, 
E-cadherin, PIKE, 
and PLC-γ1 in OSCC 
with different clinical 
stages. The expres-
sion levels of p120, 
E-cadherin, PIKE, and 
PLC-γ1 in early stage 
OSCC (stage T1 + T2) 
and advanced OSCC 
(stage T3 + T4) are 
shown as bar graphs. 
The quantitation was 
obtained as described 
in Figure 1. The data 
are expressed as 
mean ± SD, *P < 0.05. 

Development Company). He- 
matoxylin was used as coun-
ter-staining. In the negative 
controls, PBS (pH 7.4) was 
used instead of the primary 
antibody.

Statistical analysis

The expression of E-cadherin 
or p120 were assessed by 
counting the number of cells 
in which E-cadherin or p120 
were positively stained in the 
plasma membrane and the 
total number of cells at 400 × 
magnification in five represen-
tative regions of the tumor. 
The expression of PLC-γ1 and 
PIKE were assessed by count-
ing the number of cells in 
which PLC-γ1 and PIKE were 
positively stained in the nu- 
cleus or cytoplasm and total 
number of cancer cells at  
400 × magnification in five 
representative regions of the 
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square test. Significance was defined as P < 
0.05.

Results

Association of the levels of E-cadherin, p120, 
PLC-γ1, and PIKE with OSCC clinicopathologic 
features

To determine whether levels of E-cadherin, 
p120, PLC-γ1, and PIKE are associated with 
OSCC clinicopathologic features, we examined 
the levels of these proteins in OSCC and adja-
cent non-cancerous tissues. Figure 1A shows 
the representative staining image of p120, 
E-cadherin, PIKE, and PLC-γ1 in OSCC with dif-
ferent levels of differentiation and adjacent 
non-cancerous tissue. The poorly differentiated 
OSCC had the lowest levels of E-cadherin and 
p120 in the plasma membrane and highest  
levels of PLC-γ1 and PIKE in the cytoplasm  
and nucleus (P < 0.05). In contrast, the well dif-
ferentiated group had the highest levels of 

shows the quantitation of these proteins in 
OSCC and adjacent non-cancerous tissue. The 
positivities of p120 in poorly differentiated, 
moderately differentiated, well differentiated, 
and non-cancerous tissue were 10 ± 5%, 25 ± 
8%, 38 ± 9%, and 68 ± 7% respectively. The 
positivities of E-cadherin in poorly differentiat-
ed, moderately differentiated, well differentiat-
ed, and non-cancerous tissue were 11 ± 6 %, 
27 ± 8%, 41 ± 10%, and 72 ± 10% respectively. 
The positivities of PIKE in poorly differentiated, 
moderately differentiated, well differentiated, 
and non-cancerous tissue were 72 ± 8%, 55 ± 
7%, 42 ± 7%, and 24 ± 4% respectively. The 
positivities of PLC-γ1 in poorly differentiated, 
moderately differentiated, well differentiated, 
and non-cancerous tissue were 73 ± 8%, 56 ± 
6%, 45 ± 7%, and 20 ± 5% respectively.

A significantly higher expression of PLC-γ1 (64 
± 9% positivity) and PIKE (62 ± 10% positivity) 
proteins and a lower expression of p120 (18 ± 
8% positivity) and E-cadherin (17 ± 8% positivi-
ty) protein were found in patients with locally 
advanced OSCC (stage T3 + T4) compared with 
PLC-γ1 (48 ± 7% positivity), PIKE (46 ± 8% posi-
tivity), p120 (35 ± 8 % positivity), and E-cadherin 
(38 ± 9% positivity) of early stage OSCC (stage 
T1 + T2) (P < 0.05) (Figure 2). Univariate analy-
sis revealed that the OSCC with lymph node 
metastasis had higher expression of PLC-γ1 
(63 ± 10% positivity) and PIKE (62 ± 10% posi-
tivity) but lower expression of E-cadherin (20 ± 

Figure 3. The expression 
levels of p120, E-cadherin, 
PIKE, and PLC-γ1 in OSCC 
with or without lymph node 
metastases. The expression 
levels of p120, E-cadherin, 
PIKE, and PLC-γ1 in OSCC 
with lymph node metas-
tasis and OSCC without 
lymph node metastasis are 
shown as bar graphs. The 
quantitation was obtained 
as described in Figure 1. 
The data are expressed as 
mean ± SD, *P < 0.05.

E-cadherin and p120 in the 
plasma membrane and the 
lowest levels of PLC-γ1 and 
PIKE in the cytoplasm and 
nucleus. p120 was mainly 
localized in the plasma me- 
mbrane in the non-cancerous 
tissue. However, the staining 
of p120 in the plasma mem-
brane was reduced and 
became evident in the nucle-
us of OSCC cells, especially in 
poorly differentiated OSCC 
cells. E-cadherin was mainly 
localized in the plasma mem-
brane in the non-cancerous 
tissue and reduced in OSCC. 
Unlike p120, no nuclear stain-
ing of E-cadherin was seen in 
OSCC, even in poorly differen-
tiated OSCC cells. Figure 1B 

Table 1. Pairwise association of aberrant 
expressions of E-cadherin, p120, PLC-γ1, and 
PIKE in OSCC

p120 PLC-γ1 PIKE E-cadherin
p120 1 -0.651 -0.733 0.407
PLC-γ1 - 1 0.572 -0,702
PIKE - - 1 -0.740
E-cadherin - - - 1
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9% positivity) and p120 (18 ± 9% positivity) 
compared to PLC-γ1 (49 ± 9% positivity), PIKE 
(47 ± 9% positivity), p120 (34 ± 10% positivity) 
and E-cadherin (37 ± 10% positivity) of the 
OSCC without lymph node metastasis (P < 
0.05) (Figure 3). 

Pairwise association of E-cadherin, p120, 
PLC-γ1, and PIKE in OSCC

The pairwise association between aberrant 
expressions of E-cadherin, p120, PLC-γ1, and 
PIKE in OSCC is shown in Table 1. A positive 
association between p120 and E-cadherin lev-
els (r = 0.407, P < 0.01) and also between PLC-
γ1 and PIKE levels (r = 0.572, P < 0.01) was 
observed. However, negative correlations be- 
tween levels of p120 and levels of PLC-γ1 (r = 

-0.651, P < 0.01) and PIKE (r = -0.733, P < 0.01) 
in OSCC and between levels of E-cadherin and 
levels of PLC-γ1 (r = -0.702, P < 0.01) and PIKE 
(r = -0.740, P < 0.01) in OSCC were seen.

Association of p120, PLC-γ1, and PIKE stain-
ing in the nucleus with OSCC clinicopathologic 
features

The percentages of positive cells for nuclear 
staining of p120 (27%), PLC-γ1 (60%), and PIKE 
(27%) in the poorly differentiated OSCC group 
was obviously stronger than that (13% for p120, 
31% for PLC-γ1, and 16% for PIKE) of the mod-
erately differentiated group (P < 0.05) (Figure 
4). However, the percentages of positive cells 
for nuclear staining of p120 (3%), PLC-γ1 (12%), 
and PIKE (9%) in the well differentiated OSCC 

Figure 4. Nuclear staining of p120, PLC-γ1, and PIKE in OSCC. The percentages of positive cells for nuclear staining 
of p120, PLC-γ1, and PIKE in OSCC with different levels of differentiation, clinical stages and with or without lymph 
node metastasis are shown as bar graphs. P, poorly differentiated; M, moderately differentiated; W, well differenti-
ated; N, non-cancerous tissue.
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group were obviously weaker than that (13% for 
p120, 31% for PLC-γ1, and 16% for PIKE) of the 
moderately differentiated group (P < 0.05) 
(Figure 4). A significantly higher level of nuclear 
staining of p120 (23%), PLC-γ1 (41%), and PIKE 
(23%) was found in patients with locally ad- 
vanced stage of OSCC (stage T3 + T4) com-
pared with that (4% for p120, 21% for PLC-γ1, 
and 9% for PIKE) of early stage OSCC (stage T1 
+ T2) (P < 0.05) (Figure 4). The OSCC with lymph 
node metastasis displayed a higher level of 
nuclear staining of p120 (19%), PLC-γ1 (33%), 
and PIKE (19%) than that (7% for p120, 27% for 
PLC-γ1, and 13% for PIKE) of OSCC without 
lymph node metastasis (P < 0.05) (Figure 4).

Discussion

Previous studies have demonstrated an asso-
ciation of the reduction of E-cadherin and p120 
expression in several advanced malignancies 
[7-12]. Data from the present study showed 
that the expression of p120 and E-cadherin 
positively correlated with the level of OSCC dif-
ferentiation. The data also showed a lower 
expression level of E-cadherin and p120 in 
OSCC stage T3 + T4 compared to that in OSCC 
stage T1 + 2 and a lower expression level of 
E-cadherin and p120 in OSCC without lymph 
node metastasis. These data suggest that 
increased levels of E-cadherin and p120 are 
associated with increased differentiation and 
decreased progression and metastasis in 
OSCC. 

We have previously shown that PLC-γ1 and 
PIKE mediate EGF-induced OSCC proliferation 
and the expression levels of PLC-γ1 and PIKE 
are elevated in OSCC [32, 34]. Our present 
results showed that PLC-γ1 and PIKE negatively 
correlated with the OSCC differentiation and 
the expression of PLC-γ1 and PIKE in OSCC 
stage T3 + T4 was higher than that in OSCC 
stage T1 + T2. A higher expression of PLC-γ1 
and PIKE in OSCC with lymph node metastasis 
compared to that in OSCC without lymph node 
metastasis was also noted. These data sug-
gest that increased expression of PLC-γ1 and 
PIKE is associated with OSCC progression and 
metastasis. 

The correlation analysis showed that p120 
expression positively correlated with E-cadherin 
but negatively correlated with PLC-γ1 and PIKE 

expression. There was also a positive correla-
tion between PLC-γ1 and PIKE. These results 
suggest that decreased expression of PLC-γ1 
and PIKE is associated with increased expres-
sion of E-cadherin and p120. Our previous stud-
ies have shown that activation of PLC-γ1 is a 
major downstream component in the pathway 
of calcium-induced keratinocyte differentiation 
mediated by E-cadherin-p120 [36]. One could 
speculate that PLC-γ1 expression might be 
upregulated in the well-differentiated OSCC. 
However, our present results showed that PLC-
γ1 was downregulated in the well differentiated 
OSCC and upregulated in the poorly differenti-
ated OSCC. This seems to be discrepant from 
what we have found in our previous studies. 
The possible explanation for this discrepancy is 
that keratinocyte differentiation is mediated by 
the activation of PLC-γ1 in the plasma mem-
brane and proliferation of keratinocytes may 
require elevated PLC-γ1 in the different cellular 
pool. Elevated expression of PLC-γ1 in the cyto-
plasm of OSCC cells compared to the adjacent 
non-cancerous tissue as shown in our previous 
studies support this explanation. 

Our results showed that the levels of the nucle-
ar staining of p120, PLC-γ1 and PIKE in moder-
ately differentiated OSCC group were higher 
than that in well differentiated group and lower 
than that in poorly differentiated group. In addi-
tion, higher levels of nuclear staining of p120, 
PLC-γ1, and PIKE were detected in patients 
with locally advanced stage of OSCC (stage T3 
+ T4) compared to that with early stage of OSCC 
(stage T1 + T2). The OSCC with lymph node 
metastasis displayed higher nuclear staining of 
PLC-γ1 and PIKE than OSCC without lymph 
node metastasis. Our data suggest that the 
nuclear staining of p120, PLC-γ1 and PIKE is 
associated with tumor progression. 

E-cadherin and p120 were normally localized in 
the plasma membrane and PLC-γ1 in the cyto-
plasm. PIKE was normally localized in both the 
nucleus and cytoplasm. In the present study, 
p120 was seen in the nucleus and cytoplasm 
and PLC-γ1 was observed in the nucleus. It is 
known that p120 functions as a transcription 
factor, but the role of which in the nucleus is 
not quite clear. It is likely that p120 behaves 
like β-catenin, plays different roles in different 
cellular compartments [37, 38].
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PIKE identified originally in neuronal cells has 
three alternatively spliced forms: the short form 
exclusively in the nucleus and the long form 
and PIKE-activating Akt (PIKE-A) in both nuclear 
and cytosolic compartments. The short form of 
PIKE is localized in the nucleus where it binds 
to PLC-γ1 in response to EGF and required for 
neuronal cell proliferation [39]. We have previ-
ously demonstrated that PIKE is highly ex- 
pressed in OSCC cells and mediates EGFR-
dependent SCC cell proliferation [34]. However, 
the expression of PIKE is not regulated by EGFR 
activation. PIKE sits in the nucleus to bind to 
PLC-γ1 which is translocated from the plasma 
membrane in the presence of EGFR activation 
[34]. Based on the present and past observa-
tions [34, 36, 40-43], we hypothesize that 
p120 suppresses OSCC cell proliferation via 
sequestering PLC-γ1 away from the nucleus, 
thereby losing its ability to activate PIKE in the 
nucleus. Further studies are required to test 
this hypothesis.

In conclusion, increased expression of PLC-γ1 
and PIKE and decreased expression of E-cad- 
herin and p120 are associated with tumor pro-
gression and metastasis. Our data support the 
emerging hypothesis that the signaling path-
way of E-cadherin-β-catenin-p120 complex-de- 
pendent activation of PLC-γ1 and PIKE could 
play an important role in the progression and 
metastasis of OSCC. A thorough understanding 
of the mechanism might open new avenues for 
oral cancer research.
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