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p63 regulates growth of esophageal squamous
carcinoma cells via the Akt signaling pathway
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Abstract. p63 is a member of the p53 protein family and plays
a crucial role in epithelial development. p63 is expressed in
many types of tumors including esophageal cancer; however,
its function in cancer is controversial and its role in esopha-
geal cancer has not been clearly established. In the present
study, we aimed to identify the mechanisms by which p63
promotes proliferation of esophageal squamous carcinoma
cells. Four human esophageal cancer cell lines (TE-8, TE-12,
BE3 and OE33) were used in this study. We found that ANp63
was the predominantly expressed p63 isoform in esophageal
squamous cancer cells. Silencing of p63 mRNA in the esopha-
geal cancer cell lines TE-8 and TE-12 resulted in significant
inhibition of cell proliferation in a dose-dependent manner.
A colony formation assay also showed that colony formation
by TE-8 and TE-12 cells was significantly inhibited by p63
siRNA. Furthermore, p63 siRNA significantly suppressed
p-Akt and induced Akt expression in esophageal squamous
carcinoma cell lines. On the other hand, overexpression of p63
in the esophageal cell lines BE3 and OE33 increased p-Akt
expression. Silencing of p63 in TE-8 and TE-12 cell lines
induced p53 and p27 expression and suppressed cyclin D1 and
cyclin E1 expression, whereas overexpression of p63 in BE3
and OE33 cell lines resulted in decreased levels of p53 and
p27 and increased levels of cyclin D1 and cyclin El. Taken
together, our results suggest that p63 may play a pivotal role
in the progression of esophageal squamous carcinoma cells
through regulation of the cell cycle via the Akt signaling
pathway.
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Introduction

Esophageal squamous carcinoma (ESC) is the sixth most
common cancer among males and the ninth most common
cancer among females worldwide (1,2). Many environmental
influences and genetic factors have been implicated in ESC
development. Because of the high rate of metastasis and inva-
sion of surrounding tissues in the early stages of ESC, the
overall 5-year survival rate of this cancer is less than 14% (1,3).
Although ESC arises from the alteration of gene function, the
molecular events required for tumorigenesis have not been
clearly elucidated.

p63,amember of the p53 family, plays a role in the processes
of cell proliferation, survival and differentiation (4). p63 is
a transcription factor that is known to be a key regulator of
epidermis development and epithelial cell differentiation (4,5).
In the esophagus, p63 plays an important role in differentiation
and morphogenesis (4). The roles of p63 in the formation of
epithelial structures during development have been reported in
several studies (6-8); for example, p63 knockout mice exhibit
striking developmental defects including abnormal formation
of stratified epithelium of the esophagus and skin (6-8). In
particular, the esophageal lining of these mice shows a pseudo-
stratified columnar appearance that indicates a critical role for
p63 in the regulation of esophagus formation (7). Since the
human p63 gene was cloned, two isoforms of p63 that either
contain an N-terminal transactivation domain (TAp63) or
lack this domain (ANp63) have been identified (4,9). ANp63
is overexpressed in a variety of human cancers, including head
and neck, lung, breast, esophagus and bladder tumors (10,11).
The TAp63 and ANp63 isoforms perform different functions.
It is clear that the ANp63 isoform promotes survival of cells
and the TAp63 isoform induces cell death; however, the function
of p63 in esophageal cancer is still controversial.

The PI3K/Akt pathway is a key regulator of differenti-
ation in a number of cell types including esophageal cells
(12). Activation of Akt has been found in a variety of types
of cancer including esophageal squamous carcinoma (13-15).
However, there is limited information on the relationship
between p63 and Akt in cancer progression, and especially
on its role in ESC. In this study, we examined whether p63
regulates the Akt pathway during ESC progression. We show
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that the two different p63 isoforms are expressed at variable
levels in esophageal cancer cells and provide evidence that p63
promotes ESC cell growth through regulation of the cell cycle
and Akt signaling pathway.

Materials and methods

Cell culture and reagents. Human esophageal cancer cell
lines (TE-8, TE-12, BE3 and OE33) were obtained from
the University of Texas M.D. Anderson Cancer Center
(Houston, TX, USA). p63 siRNA, GAPDH siRNA, and the
negative control non-target siRNA vector were obtained
from Dharmacon Thermo Scientific (Walthan, MA, USA).
Oligofectamin and Opti-MEM were obtained from Invitrogen
Life Technologies (Carlsbad, CA,USA). The esophageal cancer
cell lines (TE-8, TE-12, BE3 and OE33) were maintained in
DMEM/F12 medium (Gibco Life Technologies, Carlsbad,
CA, USA) containing 10% heat-inactivated fetal bovine serum
(FBS, Gibco Life Technologies) with 100 zg/ml penicillin and
100 pg/ml streptomycin. The cells were cultured in a humidi-
fied atmosphere containing 5% CO, at 37°C. Antibodies
against p63, ANp63, TAp63, p53, p27, cyclin DI, cyclin El,
Akt, p-Akt and GAPDH were purchased from Cell Signaling
Technology (Danvers, MA, USA).

Knockdown of endogenous p63 in TE-8 and TE-12 cell lines.
TE-8 and TE-12 cells were transfected with 100 or 200 nM of
p63 siRNA in 175 ul Opti-MEM. Transfection was carried out
using 4 pul oligofectamin reagent according to the manufac-
turer's protocol.

p63 overexpression in BE3 and OE33 cell lines. For the
preparation of retroviral supernatants, 1x10° 293T cells were
seeded into 60-mm dishes and transient transfections were
performed with Fugene-6 (Roche, CA, USA) following the
manufacturer's recommendations. Briefly, 12 ul of Fugene-6
was mixed with 188 ul of DMEM and incubated at room
temperature for 5 min. For retroviral overexpression of p63 in
BE3 and OE33 cell lines, Mig-DNA or Mig-p63 vector (2 ug),
and the packaging vectors pVMUC (1.8 pg), and pMD2G
(0.2 pug), respectively, were mixed with DMEM and Fugene-6.
GFP-positive cells with overexpression of p63 were sorted by
flow cytometry.

MTT assay for cell proliferation. The cell proliferation assay was
performed as previously described (16). Briefly, TE-8 and TE-12
cells were plated at a density of 5x10* cells/well in 96-well plates
and maintained for 24 h at 37°C with 5% CO,. At the end of
siRNA transfection, 50 ul of MTT [3-(4,5-dimethylthiazol-
2,5-diphenyl)tetrazolium bromide; 2 mg/ml] was added to the
culture medium of growing cells at the indicated time points
and the cells were incubated for a further 3 h. Dimethylsufoxide
(200 pl/well) was added and absorbance was measured at
570 nm using a model Epoch microplate reader (Bio-Tech,
CA, USA).

Soft agar colony formation assay. The soft agar colony forma-
tion assay has been described previously (17). Briefly, control
and p63 siRNA-transfected TE-8 and TE-12 cells (5x10* cells)
in 2 ml 0.7% agar with DMEM/F-12 were plated on top of
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1% bottom agar in 6-well plates. The covering medium was
replaced every 3 days. The cells were incubated at 37°C in a
humidified 5% CO, atmosphere for 2 weeks. Colonies were
counted under a microscope and photographed.

Western blot analysis. The expression of cell cycle proteins in
esophageal cancer cells was measured by western blotting. Cells
were seeded in a 6-well plate at a density of 2x10° cells/well.
Cells were washed with PBS and harvested, and the cell pellets
were lysed in ice-cold PRO-PREP™ (Intron Biotechnology,
Korea). Proteins were separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to PVDF membranes (GE Healthcare Life Sciences,
Buckinghamshire, UK). Immunoblotting was performed with
primary antibodies against p63, ANp63, TAp63, cyclin DI,
cyclin El, p53, p27, Akt and p-Akt. Immunoreactivity
was detected using a chemiluminescence kit (Amersham,
Arlington Heights, IL, USA).

Statistical analysis. The data were expressed as mean + SE for
MTT assay and soft agar colony formation assay. Comparisons
among the experimental groups were performed using two-way
ANOVA with the Student's t-test. P-values <0.05 were consi-
dered statistically significant.

Results

Effect of p63 on survival and proliferation of esophageal cancer
cells. To investigate the role of p63 in ESC cell proliferation,
p63 was silenced by RNA interference. As shown in Fig. 1,
the growth rates of TE-8 and TE-12 cells transfected with
p63 siRNA were significantly inhibited in a dose- and time-
dependent manner compared with cells transfected with empty
vector. At 48 h, the growth of TE-8 and TE-12 cells transfected
with 200 nM p63 siRNA was significantly lower than that of
cells transfected with empty vector. At 72 h, TE-8 and TE-12
cells transfected with 100 and 200 nM of p63 siRNA showed
even more significant inhibition of proliferation compared with
the control transfected cells. In addition, silencing of p63 in
TE-8 and TE-12 cells resulted in a significant decrease in the
number of colonies formed in soft agar compared with trans-
fection with empty vector (Fig. 2). Thus, the soft agar colony
formation assay confirmed that silencing of p63 inhibited the
proliferation of EAC cells.

Effect of p63 silencing on isoforms of p63 in esophageal
cancer cells. Several p63 isoforms exist. To determine which
isoforms of p63 were affected by p63 silencing, we measured
protein expression levels of ANp63 and TAp63 in TE-8 and
TE-12 cells after p63 silencing. Both ANp63 and TAp63
proteins were expressed in non-transfected TE-8 and TE-12
cells (Fig. 3) although the ANp63 protein appeared to be domi-
nantly expressed in EAC cells. Silencing of p63 significantly
decreased the expression of ANp63 in TE-8 and TE-12 cells,
but had less effect on TAp63 protein levels.

Effect of p63 on cell cycle progression in esophageal cancer
cells. Based on the cell viability response to p63 silencing in
esophageal cancer cells, we further investigated the role of
p63 in the regulation of cell cycle progression by silencing
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Figure 1. Effects of p63 silencing on esophageal cancer cell proliferation. TE-8 and TE-12 cells were transiently transfected with p63 siRNA (100 and
200 nM). After transfection with p63 siRNA for 0, 24, 48 and 72 h in TE-8 and TE-12 cells, cell proliferation rates were measured by MTT assay. Data are

presented as mean = SEM and two-way ANOVA followed by Student's t-test was used for comparison among groups. “P<0.05, “"P<0.01,

with the empty vector.
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Figure 2. Colony formation assay. The number of colonies derived from TE-8 and TE-12 cell cultures transfected with empty vector or p63 siRNA (200 nM)
was counted. Each value represents at least three independent experiments. Values shown were normalized to empty vector cells and represent mean + SEM.
Student's t-test was used for comparisons between empty vector and p63 siRNA ('P<0.05, “P<0.01, “"P<0.001).

p63 in TE-8 and TE-12 cells. At 24 h after p63 silencing, the
expression of p53 and p27 proteins was significantly increased
in TE-8 and TE-12 cells whereas expression of cyclin D1 and
cyclin El decreased in both cell lines (Fig. 4). We further
investigated the regulation of cell cycle-related proteins in two
additional esophageal cancer cell lines that do not normally

express p63, BE3 and OE33, which overexpressed p63. As
shown in Fig. 5, p53 and p21 protein levels were significantly
reduced by overexpression of p63 in BE3 and OE33 cells,
whereas expression of cyclin D1 and cyclin E1 was induced,
contrary to the results for p63 knockdown cell lines. Taken
together, these data confirm our hypothesis that p63 is an
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Figure 3. Expression of ANp63 and TAp63 protein isoforms in esophageal cancer cells after transfection with 200 nM p63 siRNA for 72 h. All western blotting
data are representative of at least three independent experiments. GAPDH was used as an internal control.
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Figure 4. Silencing of p63 alters the expression of regulatory components involved in G,/S phase of the cell cycle. TE-8 and TE-12 cells were transfected with
empty vector or p63 siRNA (200 nM). Cells were harvested at 12 h. All western blotting data are representative of at least three independent experiments.
GAPDH was used as an internal control.
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Figure 5. Overexpression of p63 alters the expression of regulatory components involved in the G,/S phase of the cell cycle. Mig-DNA and Mig-p63 were
overexpressed in BE3 and OE33 cells. All western blotting data are representative of at least three independent experiments. GAPDH was used as an internal
control.
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Figure 6. Effect of p63 on Akt pathway proteins. Cells were immunoblotted with antibodies against Akt and p-Akt. Silencing of p63 in TE-8 and TE-12 cells
inhibited the expression of p-Akt at 72 h (A). Overexpression of p63 in BE3 and OE33 cells increased the expression of p-Akt at 72 h (B). All western blotting
data are representative of at least three independent experiments. GAPDH was used as an internal control.

important regulator of proliferation and cell cycle progression
in esophageal cancer cells.

Effect of p63 on Akt signaling in esophageal cancer cells. To
assess the function of p63 in the regulation of Akt signaling
during esophageal tumorigenesis, we examined Akt and p-Akt
protein levels after p63 silencing or overexpression in esopha-
geal cancer cells. Silencing of p63 in TE-8 and TE-12 cells
resulted in decreased expression of p-Akt and a slight increase
in protein levels of Akt in both cell lines (Fig. 6A). Furthermore,
as shown in Fig. 6B, overexpression of p63 significantly
decreased the expression of p-Akt without affecting Akt levels,
contrary to the results for p63 knock down cell lines.

Discussion

The p63 gene encodes several protein isoforms with homology
to the tumor suppressor protein p53 and is an essential
regulator of squamous differentiation. p63 is critical for the
proliferative potential of epithelial stem cells and is frequently
overexpressed in squamous cells including esophageal cancer
cells (7,18-22). However, the functional role of p63 in the
progression of ESC has not been clearly elucidated. In the
present study we found that p63 promotes proliferation of ESC
cells through regulation of the G, phase of the cell cycle and
the Akt signaling pathway.

Our study clearly showed that loss of p63 significantly
inhibited ESC cell growth in a time- and dose-dependent
manner. We also found that loss of p63 significantly decreased
colony formation in a soft agar assay, suggesting that p63
functions as an oncogene in ESC cells. Since p63 has multiple
isoforms as a result of alternative exon splicing, we examined
which p63 isoforms were expressed in the ESC cell lines
TE-8 and TE-12. We found that both ANp63 and TAp63
isoforms were expressed in these EAC cell lines, but ANp63
was dominantly expressed. Silencing of p63 induced more
severe knock down of ANp63 protein level than that of TAp63,
strongly implicating a role for ANp63 in the progression of
ESC. These findings are in agreement with previous reports
of the cancer-promoting activity of ANp63 in many cell types
(23-28). In fact, overexpression of ANp63 has been found in
cancers of squamous epithelial origin and has been shown to
support tumor survival (23-28). ANp63 enhances the prolifer-
ative capacity of both epithelial stem cells and cancer cells,
and loss of p63 reduces the proliferative rate of breast, bladder,
pancreas, esophagus, and head and neck cancer cells (23-28).
Therefore, ANp63 is strongly implicated in the survival and
maintenance of ESC cells.

Because p63 is a member of the p53 family and interacts
with all p53 family members, we further investigated the
role of p63 in cell cycle regulation in ESC cells. ANp63 has
been shown to directly bind to the p21 promoter (29,30).
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Moreover, ablation of endogenous p63 expression in human
primary keratinocytes increases p21 expression and leads
to G, cell cycle arrest (31). DeYoung et al demonstrated that
ANDp63 is required for G, progression in keratinocytes (32).
In the present study, we found that silencing of p63 enhanced
the expression of p53 and p27 proteins and decreased the level
of cyclin D1 protein in TE-8 and TE-12 cells. The increased
expression of cyclin-dependent kinase inhibitors (p53 and p27)
by p63 silencing in ESC cells is in agreement with the results
of previous studies in keratinocytes. We confirmed these find-
ings by overexpression of p63 in BE3 and OE33 esophageal
cancer cells that do not normally express p63. Overexpression
of p63 inhibited the expression of p53 and p27 protein in both
cell lines. Cyclin D1 expression was also induced by overex-
pression of p63 in BE3 and OE33 cells. These effects contrast
with those observed with silencing of p63 and are consistent
with earlier studies in mouse keratinocytes, in which reduced
p63 levels resulted in decreased cyclin D1 and CDK2 expres-
sion (30,31). Together, these findings suggest that p63 regulates
the G, phase of the cell cycle in esophageal cancer cells and
underscore the importance of p63 in tumor progression in
esophageal cancer.

The PI3K pathway is an important regulator of growth
in many cell types, including esophageal cells (12,13). PI3K
primarily affects cell growth through the Akt pathway, which
is frequently altered in esophageal cancer (15). In the present
study, we found a strong correlation between regulation of p63
and Akt activation in esophageal cancer cells: silencing of p63
inhibited activation of Akt and overexpression of p63 resulted
in activation of Akt. These findings are consistent with a
previous study by Ha ef al, in which overexpression of p63
resulted in an increased level of p-Akt in keratinocytes (33).
Although our results suggest that regulation of p63 leads to Akt
activation in esophageal cancer cells, the mechanism by which
p63 activates Akt remains unclear and may be dependent on
the activation of PI3K or other molecules upstream of PI3K, or
even on currently unknown factors. Further studies are needed
to elucidate the mechanisms by which p63 activates the Akt
signaling pathway in esophageal cancer cells.

In conclusion, we demonstrated that p63 promotes the
proliferation of ESC cells that is mediated, at least in part,
through cell cycle regulation and the Akt pathway. Therefore,
our results suggest that p63 plays an important function in the
progression of ESC and that molecular targeted therapy against
these pathways could be an effective approach against ESC.
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