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P300 promotes migration, invasion and epithelial-mesenchymal
transition in a nasopharyngeal carcinoma cell line
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Abstract. A previous study demonstrated that p300 is over-
expressed in nasopharyngeal carcinoma (NPC), and that its
expression is an independent prognostic factor. The aim of the
present study is to investigate the role of p300 in human NPC
development. A small hairpin (sh) RNA lentiviral expression
vector targeting the p300 gene was constructed to suppress
the expression of p300 in NPC cells. Knockdown of p300 was
verified by reverse transcription-quantitative polymerase chain
reaction and western blotting. Wound-healing, invasion, immu-
nofluorescence and immunoprecipitation assays were performed
to assess the influence of p300 on nasopharyngeal tumorigenesis
and metastasis in vitro. The expression of p300 was upregulated
in NPC cell lines. After knockdown of p300, the migration and
invasion ability of shp300 cells were significantly inhibited
(P<0.05). Furthermore, the depletion of p300 expression in NPC
cell lines resulted in the upregulation of epithelial phenotype
marker E-cadherin and a-catenin, and downregulation of mesen-
chymal phenotype markers N-cadherin and vimentin. p300
promotes epithelial-mesenchymal transition (EMT) through the
acetylation of Smad2 and Smad3 in the tumor growth factor-f§
signaling pathway. In conclusion, p300 may be involved in the
invasion and metastasis of NPC through the induction of EMT.

Introduction

Nasopharyngeal carcinoma (NPC) is a distinct type of cancer
of the head and neck which is highly prevalent in Southern
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China (1). Radiotherapy (RT) and concurrent chemo-radio-
therapy are the primary treatments for NPC in the early and
advanced stages, respectively (2). Although early-stage NPC
is highly radiocurable, metastasis to regional lymph nodes or
distant organs and local recurrence remain major issues for
the treatment failure of advanced-stage NPC. The molecular
mechanisms underlying NPC development and progression
have are not yet completely understood.

p300, a transcriptional co-activator of various transcription
factors, has been found to serve a central role in the regulation of
gene transcription through its histone acetyltransferase activity.
It has been shown to participate in different cellular processes
such as DNA damage repair, cell growth, differentiation, apop-
tosis and migration (3). In a previous study by the authors of the
present study (4), it was identified that p300 expression levels were
higher in NPC tissues compared with adjacent non-cancerous
tissues, and p300 has been shown to be overexpressed in a
number of malignancies, such as breast cancer (5), colorectal
carcinomas (6), esophageal squamous cell carcinoma (7) and
hepatocellular carcinoma (8). In addition, a previous study
confirmed that elevated p300 activity is correlated with poor
prognosis in NPC (4). These findings suggest that p300 could be
considered a rational therapeutic strategy for NPC. Therefore,
more extensive studies are required to elucidate the molecular
status of the p300 gene and its potential oncogenic role in NPC.

Epithelial-mesenchymal transition (EMT) has been
demonstrated to be a fundamental process that could serve
a vital role in tumor progression (9). It is characterized by
cells losing their epithelial morphology and acquiring mesen-
chymal markers. Emerging evidence has suggested that EMT
is involved in the metastatic behavior of NPC (10,11). In addi-
tion, a previous study demonstrated that p300 may promote
cancer progression by inducing EMT in hepatocellular carci-
noma (12). However, whether or not p300 may promote cancer
progression by inducing EMT in NPC has not been reported.

In the present study, lentivirus-mediated small interfering
RNA (siRNA) techniques were applied to produce specific and
stable silencing of p300 in CNE-2 cells. In addition, the study
investigated the role of p300 in NPC metastasis and EMT
process.
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Materials and methods

Cell culture. Human nasopharyngeal carcinoma cell lines
CNE-1, CNE-2, SUNE-5-8F, SUNE-6-10B and control cell
line NP69 were grown in Roswell Park Memorial Institute
(RPMI)-1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), supplemented with 10% fetal bovine serum (FBS)
(Gibco; Thermo Fisher Scientific, Inc.). All cell lines were
cultured in a 5% CO, incubator at 37°C. When the cells reached
the logarithmic growth phase, succeeding experiments were
performed.

Construction of lentivirus vectors. To investigate the function of
p300, the vector LV-008 (Forevergen Biosciences, Guangzhou,
China) with a U6 promoter was used to generate small hairpin
(sh)RNA. The p300 shRNA sequence is as follows: Sense,
5'-AACTGCACAAATGTCTAGTTCTTTTCAAGAGAA
AGAACTAGACATTTGTGCTTTTTTC-3' and antisense,
3-TTGACTCTTCTCCCTCAGATATAAAGTTCTCTTTCT
TGATCTGTAAACACGAAAAAAGAGCT-5', Negative
Control (NC) were used as the control group: Sense, 5'-AAC
TTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGAC
ACGTTCGGAGAATTTTTTC-3' and antisense, 3-TTGAAA
GAGGCTTGCACAGTGCAAAGTTCTCTTGCACTGTGC
AAGCCTCTTAAAAAAGAGCT-5'" Lentiviral vector DNA
and package vectors were then transfected into HEK-293T
cells using Lipofectamine 2000 (Gibco; Thermo Fisher Scien-
tific, Inc.). Lentivirus supernatants were harvested at 48 and
72 h post-transfection. Lenti-sip300 (shp300) and src-siRNA
(NC) were then used to infect CNE-2 cells with 5-10 pg/ml
polybrene. After 48 h of infection, the cells were cultured in
the medium with 2 pg/ml puromycin for 10-15 days to generate
stable cell lines.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) determination. Total RNA
was extracted from cultured cells and fresh tissue with TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. RNA was reverse transcribed
by M-MLV Reverse Transcriptase (Promega Corporation,
Madison, WI, USA) according to the manufacturer's protocol.
Primers for P300 were as follows: Forward, 5-CGTTGCCCT
ATCTCCGTCTC-3' and reverse, 5'-GGGAGCAATCGGGTA
ATTTTCC-3'. GAPDH was used as internal control. GAPDH
primers were as follows: Forward, 5-GAGTCAACGGATTTG
GTCGT-3"and reverse, 5'-GACAAGCTTCCCGTTCTCAG-3'.
qPCR was performed on a MiniOpticon™ Real-Time PCR
detection instrument (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) according to the manufacturer's instructions. All
reactions were performed in triplicate and the experiments
were conducted three times. Relative expression quantifica-
tions were performed using the 2244 method (13).

Western blot. Cells from all experimental groups were
collected using a cell scraper and proteins were extracted
by cell lysis buffer. Total protein was extracted from human
NPC lines and liver tissues using radioimmunoprecipitation
assay buffer (Sigma-Aldrich; Merck Millipore, Darmsdadt,
Germany). Protein concentration was assessed with a Brad-
ford assay. Equal quantities of cell and tissue lysates (30 ug
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protein) were separated by 10% SDS-PAGE, transferred onto
a polyvinylidene difluoride membrane (EMD Millipore, Bill-
erica, MA, USA) and blocked with 5% skimmed milk powder
for 1 h at room temperature. Membranes were then incubated
with p300 antibody (catalog no. sc-584; 1:250 dilution; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) against target
proteins at 4°C, followed by washing with TBS and Tween-20
(TBST) overnight. Membranes were then incubated with the
horseradish peroxidase-labeled secondary antibody (1:1,000
dilution; YN-16; Forevergen Biosciences) for 1 h at 37°C, and
then washed with TBST. The immunoreactive signals were
detected with enhanced chemiluminescence (Forevergen
Biosciences). GAPDH was used as a loading control.

In vitro cell invasion assay. Invasion assays were performed
using transwell chambers (BD Biosciences, Franklin Lakes,
NJ, USA). Plates were coated with Matrigel prior to cell
seeding, cells were suspended in RPMI-1640 supplemented
with 0.1% FBS and added to the upper chambers, and
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc.) with 10% FBS was added to the bottom
chambers. After overnight incubation, non-migratory cells
on the upper surface were removed. The cells that had passed
through the membrane were analyzed in 6 randomly selected
microscopic fields. All experiments were performed in trip-
licate.

Wound healing assay. Cells were seeded in six-well plates
and incubated for 24 h prior to the assay. For the wound
healing assay, monolayers were wounded by scraping with
the tip of a sterile 200 ul pipette tip. Cell migration to the
wounded surface was then monitored by microscopy after
6, 24 and 48 h. Experiments were performed a minimum of
three times.

Immunofluorescence. Cells were plated at a density of
2x10° cells on cover glasses (Thermo Fisher Scientific, Inc.) for
24 h, fixed using freshly prepared 4% paraformaldehyde and
permeabilized using 0.1% Triton X-100 in TBS. The expres-
sion of E-cadherin, a-catenin, vimentin and N-cadherin were
detected by incubation at 4°C with primary antibodies against
E-cadherin (catalog no. sc-7870; 1:1,000 dilution; Santa Cruz
Biotechnology, Inc.), a-catenin (catalog no. BD#610193;
1:1,000 dilution; BD Transduction Laboratories; BD Biosci-
ences), vimentin (catalog no. sc-6260; 1:1,000 dilution;
Santa Cruz Biotechnology, Inc.) and N-cadherin (catalog no.
sc-53488; 1:1,000 dilution; Santa Cruz Biotechnology, Inc.),
and then incubated with Alexa Flour 488 Donkey anti-Rabbit
IgG(H+L) secondary antibody (catalog no. CA21206s; 1:500
dilution; Invitrogen; Thermo Fisher Scientific, Inc.) at room
temperature for 30 min. The coverslips were counterstained
with DAPI and imaged with an Axio Imager Z1 Microscope
System (Carl Zeiss AG, Oberkochen, Germany).

Immunoprecipitation (IP) assays. For each trial, cell extracts
composed of 6.0x10° cells were prepared by solubilization in
400 pl cell lysis buffer [20 mM Tris-HCI (pH 7.4), 150 mM
NaCl, | mM EDTA, 1 mM EGTA, 1% Triton X-100, proteinase
inhibitor cocktail] for 10 min at 4°C. After brief sonication, the
lysates were cleared by centrifugation at 15,000 x g for 15 min
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at 4°C, and the cell extract was immunoprecipitated with 2 pg
smad2/3 (Cell Signaling Technology, Inc., Danvers, MA, USA)
and incubated with 30 ul protein A plus Gagarosehydrazide
beads (Calbiochem; Merck Millipore). overnight at 4°C. After
washing three times with agarose bead washing buffer, immu-
noprecipitated protein-antibody complexes were subjected to
western blotting, as aforementioned, and then detected with
Acetylated-Lysine antibody (catalog no. 9441; 1:1,000 dilution;
Cell Signaling Technology, Inc.) and Smad?2/3 antibody (catalog
no. 5678; 1:1,000 dilution; Cell Signaling Technology, Inc.).

Statistical analysis. All the results are expressed as the
mean + standard deviation and analyzed using a Student's
t-test between two groups. P<0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using SPSS version 13.0 statistical software (SPSS,
Inc., Chicago, IL, USA).

Results

Elevated expression of p300 in NPC cell lines. To examine
the effects of p300 in functional studies, it is important to
select a cell culture system that expresses the appropriate level
of endogenous p300. p300 mRNA and protein expression in
various human NPC cell lines were confirmed by RT-qPCR
and western blot analysis. Western blotting (Fig. 1A) and
RT-qPCR (Fig. 1B) results showed enhanced expression of
p300 protein and mRNA in all the four NPC cell lines as
compared with the immortalized non-tumorigenic cell line
NP69. Based on this expression pattern, CNE-2 cells were
chosen for the following loss-of-function studies.

Suppression of p300 mRNA and protein expression of cells by
lentivirus transduction. To further explore the particular func-
tion of p300 in NPC progression, p300 expression was silenced
using RNA interference. A lentivirus-delivered vector shp300
and NC was constructed (Fig. 2A). RT-qPCR and western
blot were used to confirm the inhibition of p300. As shown
in Fig. 2B and C, compared with untransfected cells, treat-
ment with shp300 resulted in a significant reduction of p300 in
CNE-2 cells at both protein and mRNA levels (P<0.01), while
the p300 protein and mRNA expression was almost unaffected
in the NC group. These data suggested that shp300 displays
efficient mRNA degradation ability. Thus, shp300 cells were
chosen for functional assays.

Suppression of p300 reduced the migration and invasion
ability of cells. In order to investigate the potential influence
of p300 on cancer cell migration and invasion ability of NPC
cells, wound healing and invasion assays were performed. As
shown in Fig. 3A, data from the wound healing assay revealed
that depletion of p300 in cancer cells strongly reduced cell
migration. Similarly, the number of the cells that migrated
through the Matrigel significantly decreased in shp300
compared with NC group (P<0.01; Fig. 3B). Taken together,
these data indicated that knockdown of p300 decreased the
migration and invasion abilities of CNE-2 cells.

p300 promoted EMT in cells. EMT is known to be impor-
tant for epithelial cancer metastasis (9). In order to study the
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Figure 1. (A) Western blot and (B) reverse transcription-quantitative
polymerase chain reaction analysis of p300 expression in nasopharyngeal
carcinoma cell lines (CNE-1, CNE-2, 5-8F, 6-10B) and non-cancerous naso-
pharyngeal cells (NP69). 'P<0.05 vs. NP69, ““P<0.01 vs. NP69.

association between p300 and the EMT process, the protein
levels of several epithelial markers (E-cadherin, a-catenin) and
mesenchymal markers (vimentin, N-cadherin) were detected
by western blot analysis. As shown in Fig. 4A, following
knockdown of p300 in CNE-2 cells, the protein levels of
E-cadherin and a-catenin increased, whereas vimentin and
N-cadherin decreased. The EMT phenotype was confirmed
by immunofluoresence. As revealed in Fig. 4B, the epithelial
markers E-cadherin and a-catenin dramatically increased and
the mesenchymal markers vimentin and N-cadherin decreased
in shp300 cells compared with the staining observed in the
control cells. All of these results suggest that p300 is actively
involved in maintaining EMT in NPC cells, and that knock-
down of p300 expression markedly increases the expression
levels of epithelial markers (E-cadherin, a-catenin) and reduce
the expression levels of mesenchymal markers (vimentin,
N-cadherin).

P300 promoted EMT through acetylation of Smad2 and Smad3
in the TGF-f signaling pathway. To provide further insights
into the signaling mechanisms involved in p300-mediated EMT
process, the protein expression levels involved in the TGF-f3
signaling pathway were measured and it was found that total
smad?2/3 expression levels remained unchanged when p300
was decreased. An earlier study suggested that both Smad2
and Smad3 directly interact with p300 in the nucleus (14),
therefore the present study determined if p300 serves a role
in the acetylation of Smad2 and Smad3. These proteins were
immunoprecipitated with anti-Smad2 and anti-Smad3 anti-
bodies from NC and shp300 cell lysates, and their acetylation
status were determined by anti-acetylated-lysine antibodies. It
was observed that knockdown of the p300 gene decreased the
acetylation of Smad2 and Smad3 (Fig. 5).
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Figure 2. RNA interference in the knockdown p300 gene expression in nasopharyngeal cells. (A) CNE-2 cells were transfected with p300-special and control
shRNA. (B) Western blot and (C) reverse transcription-quantitative polymerase chain reaction analysis were used to determine interference efficiency fol-

lowing transfection in CNE-2 cells. These experiments were performed three times. “P<0.01 vs. NC. GFP, green fluorescent protein; NC, normal control;
shp300, small hairpin p300.
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Figure 3. Suppression of p300 affects the invasion and the migration ability of CNE-2 cells. (A) Wound healing assays were performed and quantified in order
to evaluate the difference in the migration ability between NC cells and shp300 cells. (B) Cell invasion assay were performed and quantified in NC cells and
shp300 cells. "P<0.05 and “P<0.01 vs. NC. NC, normal control; shp300, small hairpin p300.
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Figure 4. (A) Western blot and (B) immunofluorescence analysis were performed to determine the expression of EMT-associated proteins detection in CNE-2

cells. NC, normal control; shp300, small hairpin p300.
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Figure 5. Acetylation level of Smad 2/3 and the expression of Smad2/3 in NC
and shp300 cells. NC, normal control; shp300, small hairpin p300; IP, immu-
noprecipitation.

Discussion

NPC is one of the most common cancers in southern China
and Southeast Asia (15,16). Radiotherapy and chemotherapy
are the most common treatments of NPC. The 5-year survival
rate is excellent for localized stages, but there is no curative
treatment for metastatic diseases. Thus it is of paramount
interest to identify the molecular mechanisms affecting NPC
invasion and metastasis, making it possible to tailor individual
treatments.

p300 has been shown to serve a variety of roles in a series
of biological processes, such as in cell proliferation, senes-
cence and apoptosis. It functions primarily as a mammalian
histone acetyltransferase that acetylates various nuclear
proteins. Previously, several studies have demonstrated that
p300 was evaluated as a prognostic factor in laryngeal squa-
mous cell carcinoma (17), breast cancer (5), non-small cell

lung cancers (18), small cell lung cancer (19) and esophageal
cancers (7).

A previous study demonstrated that the majority of
NPCs had a higher expression of p300 compared with in
non-cancerous nasopharyngeal mucosal tissues (4). The
present study reports, for the first time, that elevated p300
expression in NPC indicates a poor prognosis. In the current
study, the expression of p300 at the mRNA and protein levels
in NPC cell lines was confirmed by RT-qPCR and western blot
analysis, respectively. Consistent with our previous study (4),
elevated expression of p300 was observed in invasive NPC
cells. These findings suggest that overexpression of p300 may
serve a key role in NPC progression. Therefore, the functions
of p300 need to be investigated further.

RNA interference-mediated gene silencing is widely
used as a powerful tool for the functional analysis of genes.
However, the use of RNA interference has been limited by
the transient duration of the silencing effect which cannot
be passed to cell progeny. To overcome these limitations, a
lentiviral vector mediating RNA interference was designed
and constructed to obtain a stable p300 knockdown effect.
The results demonstrated that lentivirus-delivered RNA
interference could effectively reduce p300 expression.

Both cell migration and invasion are major features that
contribute to cancerous progression. A recent study provided
evidence that p300 is important for tumor cell growth and
migration (20). In the present study, it was observed that
knockdown of p300 significantly inhibited the migration and
invasiveness of CNE-2 cells. These findings are in accordance
with a previous report which suggested that inhibition of p300
reduced migration and invasion in cultured LM3 cells (21).
However, the exact biological mechanisms underlying
p300-mediated migration and invasion inhibition during NPC
development are unknown.
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EMT is considered to be a critical early event involved in
the invasion and metastasis of NPC. During EMT, epithelial
cells lose their characteristic cell-cell adhesion structures
and cell polarity, reduce levels of the epithelial cell surface
marker E-cadherin and increase levels of the mesenchymal
markers N-cadherin and vimentin. However, the role of p300
in this process remains unclear. It has been reported that
the knockdown of p300 expression in hepatoma cells recov-
ered E-cadherin expression, inhibited the translocation of
[-catenin into the nuclei and contributes towards the promo-
tion of cell proliferation during tumor pathogenesis (12).
Pefia et al (22) show that p300 levels are important factors
in the control of EMT-related molecules, such as ZEB1
and SNAIL in human colon cancer. In the present study,
the expression levels of epithelial markers (E-cadherin,
a-catenin) were increased when p300 was downregulated,
whereas expression of mesenchymal markers (vimentin,
N-cadherin) were decreased.

Previously, several studies have suggested that TGF-3
signaling serves a role in the control of the invasiveness of
NPC cells (23,24). In addition, TGF-p signaling is known
to serve a central role in the regulation of EMT (25). The
direct downstream target of activated TGF-p is the Smad
family. Ko er al (14) identified that the acetylation of Smad2
and Smad3 by p300/CBP are essential for the regulation of
TGF-p-induced transcriptional activation of EMT markers
in human lung cancer cells. Furthermore, it was reported
that acetylation of Smad2/3 by p300/CBP is essential for the
activation of the transcription factor promoter complex in
the TGF-f signaling pathway (26). The data from the present
study demonstrated that p300 knockdown resulted in down-
regulation of the acetylation of smad2/3. However, a change
in Smad2/3 expression was not observed. Taken together,
the present study shows that p300 serves an important role
in regulating NPC development and metastasis by inducing
EMT via acetylation of Smad2 and Smad3 in the TGF-f3
signaling pathway. Therefore, p300 is considered a novel
target for the prevention of EMT. These finding highlight
the possibilities that p300 could be a potential target for the
therapeutic intervention of NPC.
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