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ANp63a promotes the expression and nuclear
translocation of PTEN, leading to cisplatin
resistance in oral cancer cells
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Abstract: Pan-histone deacetylase (HDAC) inhibitors can induce the expression of phosphatase and tensin homolog
deleted on chromosome 10 (PTEN) protein. However, the underlying mechanism by which this occurs remains un-
clear. In this study, we show that pan-HDAC inhibitors, including trichostatin A, suberoylanilide hydroxamic acid, and
sodium butyrate, were able to induce PTEN mRNA and protein expression via the acetylation of the transcription fac-
tor ANp63a by inhibiting HDAC1 and HDAC3. ANp63a enhanced PTEN promoter activity by binding two newly identi-
fied recognition sites on it. Unfortunately, the inhibition of HDAC1 or HDAC3 failed to activate PTEN, as knockdown
of HDAC1 inhibited both membrane-bound and nuclear PTEN, and knockdown of HDAC3 only induced cytoplasmic
PTEN. Furthermore, the overexpression of ANp63a downregulated membrane-bound PTEN but enhanced the nu-
clear translocation of PTEN, leading to the cisplatin resistance of oral cancer cells. PTEN accumulated in the nuclei
of cancerous cells and normal cells when ANp63a was highly expressed in specimens from patients with squamous
cell carcinoma of the tongue. However, inhibiting either HDAC1 or HDAC6 prevented the nuclear translocation of
PTEN and attenuated cisplatin resistance. These results suggest that chemotherapeutic inhibitors of HDAC1 or
HDACSG, together with cisplatin, might improve outcomes for patients with squamous cell carcinoma of the tongue.
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Introduction

Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is recognized as a
tumor suppressor due to its negative regulation
of the phosphatidylinositol-4, 5-bisphosphate
3-kinase (PI3K)/protein kinase B (AKT) signal-
ing pathway [1]. The major target of PTEN is
phosphatidylinositol (3, 4, 5)-triphosphate (PI-
P3), which is generated by PI3K and acts as a
bridge to recruit 3-phosphoinositide-depen-
dent protein kinase 1 (PDK1) and AKT to the
plasma membrane, further activating AKT by
phosphorylation at its T308 site [2-4]. PTEN
converts PIP3 into PIP2, interrupting the inter-
action between PDK1 and AKT, and thus nega-
tively mediating the activation of AKT. Apart
from its membrane-bound form, nuclear PT-
EN has multiple functions, including the induc-
tion of cell cycle arrest by inhibiting cyclin D1
expression [5], maintenance of chromosomal

stability, and DNA double-strand break repair
[6].

Low expression levels of PTEN are often associ-
ated with poor prognosis in patients with oral
cancer [7, 8]; thus, enhancing its expression
might improve the outcomes for such patients.
Several transcription factors, including p53,
egr-1, and PPARYy, bind the PTEN promoter and
induce its transcription [9-11]. Further, our
previous study showed that trichostatin A
(TSA), a pan-histone deacetylase (HDAC) inhibi-
tor, induced PTEN expression in oral cancer
cells [12], but the transcription factor respo-
nsible for this induction remains unknown.
Leonard et al. [13] reported that the transcrip-
tion factor ANp63a inhibits PTEN expression in
keratinocytes; these authors confirmed that
ANp63a could bind the PTEN promoter betwe-
en nucleotides -1703 and -1336 (transcription
start site: +1). In this study, we wanted to deter-
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mine whether p63 could contribute to the
mediation of PTEN expression by pan-HDAC
inhibitors.

P63 is a member of the p53 family. It contains
two promoters and encodes two different pro-
teins: the full-length trans-activating (TA) p63
and the N-terminally truncated (AN) p63 [14].
As different splice variants at the 3’ end, both
TAp63 and ANp63 have three protein variants
(&, B, y) each [15]. The distribution of p63 var-
ies by tissue and cell types [16]. Specifically,
ANpG3 is highly expressed in epithelial cells,
whereas TAp63 is expressed in B lymphoma
cells. Just as in normal tissues, ANp63 is highly
expressed in squamous cell carcinoma, and
TAp63 is expressed in lymphoma [16, 17].
Furthermore, the o isoforms are the predomi-
nantly expressed variants, whereas the expres-
sion levels of the B and y isoforms are express-
ed at very low levels [17]. The gene expression
patterns regulated by p63 are also complicat-
ed. For example, TAp63a induces p21 expres-
sion, whereas ANp63a inhibits p21 expression
[18]. However, ANp63a upregulates the expres-
sion of MKP3, Hsp70, and caspase-1 [19-21].
Furthermore, post-translational modifications
of p63 usually affect its function and stabiliza-
tion. Acetylation of p63 occurs when cells are
at a high density, which slows the rate of cell
proliferation by inducing p21 expression [22].
HDAC1 and HDAC2 have been shown to inter-
act with p63 and mediate its gene expression
levels [23], and p63 was found to be induced by
HDAC inhibitors [24]. Therefore, we speculated
that p63 might mediate the induction of PTEN
by pan-HDAC inhibitors.

Considering that classic HDACs have 11 mem-
bers, we investigated these HDACs by perform-
ing either pan-HDAC or selective inhibitors, to
identify the specific isoforms of p63 involved in
the mediation of PTEN expression. Besides
PTEN expression, we also explored the role of
PTEN translocation (mediated by HDACs and/or
p63) after treatment of oral cancer cells with
pan-HDAC inhibitors.

Materials and methods
Cell lines
WSU-HNG and CAL27 cells derived from squa-

mous cell carcinoma cells of the tongue, HelLa
cells from human cervical cancer cells, and
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293T cells from human embryonic kidney cells
were cultured in Dulbecco’s Modified Eagle’s
Medium (GIBCO, Grand lIsland, NY, USA) con-
taining 10% fetal bovine serum at 37°C with
5% CO,. All cell lines mentioned above were
obtained from the American Type Culture
Collection (Manassas, USA).

Reagents and antibodies

TSA and sodium butyrate were purchased from
Sigma-Aldrich (St. Louis, MO, USA). SAHA, FK-
228, tubastatin, cisplatin, CAY10683, RGF966,
PCI34051, and MC1568 were purchased from
Selleck Chemicals (Houston, TX, USA). Lepto-
mycin B was purchased from Cell signaling
Technology (Danvers, MA, USA). Anti-PTEN anti-
bodies (#9552), anti-p63a rabbit monoclonal
antibodies (#13109), anti-ANp63 rabbit mono-
clonal antibodies (#67825), anti-phospho-AKT
(T308) rabbit monoclonal antibodies (#13038),
anti-phospho-AKT (S 473) rabbit monoclonal
antibodies (#4060), and anti-AKT (pan) rabbit
monoclonal antibodies (#4685) were purch-
ased from Cell Signaling Technology (Danvers,
MA, USA). Anti-B-actin (I-19) antibodies (sc-
1616), anti-HDAC1 antibodies, and anti-HDAC3
antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Anti-p63
rabbit polyclonal antibodies (#12143-1-AP) and
anti-cyclin D1 antibodies (#60186-1-Ig) were
purchased from the Proteintech Group (Ros-
emont, IL, USA).

Plasmid constructs

The six isoforms of p63 cDNA were amplified
using a high-fidelity DNA polymerase (TOYOBO,
Osaka, Japan) and standard polymerase chain
reaction (PCR) methods. The amplified frag-
ments were digested with restriction enzymes
and cloned into the pEGFP-C1 vector at the
Xhol and BamH]I sites. ANp63a fragments were
digested with restriction enzymes Xhol and
BamHI from the constructs described above
and then cloned into the plvx-AcGFP-N1 vector.
The sequence for p63 shRNA was 5-GAT CAC
CGT TTC GTC AGA ACA CAC ATC TCG AGA TGT
GTG TTC TGA CGA AAC GGT TTT TT-3". The
sequence for HDAC1 shRNA was 5-GAT CGC
GTT CTT AAC TTT GAA CCA TAC TCG AGT ATG
GTT CAA AGT TAA GAA CGT TTT T-3. The
sequence for HDAC3 shRNA was 5-GAT CGA
CCT AGT GTC CAG ATT CAT CTC GAG ATG AAT
CTG GAC ACT AGG TTT TTT-3. The double
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strands oligonucleotides mentioned above
were cloned into the plvx-shRNA1 vector. All
plasmids were confirmed by sequencing.

Transient transfection

Cells were seeded into 6-well plates at a den-
sity of 1 x 108 per well. After the cells reached
95% confluence, they were transfected with 2
ug plasmids using Lipofectamine 3000 (Invit-
rogen), according to the manufacturer’s instruc-
tions. The cells were harvested 48 h after
transfection.

Lentivirus infection

Stable expression plasmids were co-transfect-
ed with lentiviral packing plasmids (Clontech)
into 293T cells. Lentiviral supernatants were
collected 48 h after transfection and then fil-
tered with a 0.22-um filter. The supernatant
was added to target cells. The cells were
screened with 1 pg/mL puromycin 48 h after
infection and then incubated using medium
containing 0.1 ug/mL puromycin.

Western blot analysis

Cells were washed three times with PBS and
then collected in NP-40 lysis buffer (150 mM
NaCl; 1% NP-40; and 50 mM Tris, pH 8.0).
Protein concentrations were determined using
the BCA (Thermo Fisher) method according to
the manufacture’s instruction. Equal amounts
(15 pg) of protein were subjected to 10% sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred onto a polyvinylidene
fluoride membrane (Millipore, Billerica, MA,
USA). The membrane was blocked with 5% non-
fat milk in TBS-T (50 mM Tris, pH 7.5; 150 mM
NaCl; and 0.05% Tween 20) for 1 h at room
temperature. The membrane was incubated
with primary antibodies (1:1000) in TBS-T at
4°C for 16 h, washed with TBS-T three times,
and then incubated with horseradish peroxi-
dase-conjugated secondary antibodies at room
temperature for 1 h. After extensive washes
with TBS-T, proteins on the membrane were
visualized using enhanced chemiluminescence
plus reagents (Thermo Fisher) and the FUSION
FXimaging system (VILBER, France). The densi-
tometry of each target band was assessed
using Image J software, compared with an
internal control, and then compared to the con-
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trol groups to calculate the fold change in tar-
get protein expression.

Real-time quantitative PCR

Total RNA was extracted using the TRIzol
reagent (Invitrogen). Reverse transcription was
performed using a RevertAid RT Reverse Tra-
nscription Kit (Thermo Fisher), and real-time
PCR was performed using the FastStart
Universal SYBR Green Master mix (Roche), fol-
lowing the manufacturer’s instructions. The
primers for human PTEN are as follows: 5-GAC
CAT AAC CCA CAG C-3’ (sense) and 5-CCA GTT
CGT CCCTTT CCA G-3’ (antisense). The primers
for human (-actin are as follows: 5-CGG GAA
ATC GTG CGT GAC-3’ (sense) and 5-CAG GCA
GCT CGT AGC TCT T-3’ (antisense). All primers
were designed using Primer Premier software,
version 5.0. Primer efficiency was confirmed by
sequencing their conventional PCR products.
Real-time PCR was performed using the 7500
real-time PCR system (Applied Biosystems).

Chromatin immunoprecipitation assay

The chromatin immunoprecipitation (ChlIP) as-
say was performed using a ChIP assay kit
(Millipore). Briefly, WSU-HNG cells were cross-
linked with 1% formaldehyde. The chromatin
was sonicated into fragments, ranging between
200 and 1,000 bp, and then pulled down using
anti-p63 antibodies for PCR amplification. The
primers for amplifying the fragments (-1178 to
-1031, translation start site designed as +1)
containing both predicted p63-binding sites
of the PTEN promoter are as follows: 5-CTG
CAG GCT GGC TGG GA-3’ (sense) and 5-AGG
GCA GGG CAG GGC A-3’ (antisense). Input was
preserved from the sonicated fragments in a
5-uL volume. The PCR conditions used are as
follows: A total of 35 cycles were perform-
ed, each consisting of 30 s at 94°C, 30 s at
55°C, and 30 s at 72°C. The PCR products
were analyzed on a 1.5% agarose gel and then
photographed.

DNA affinity purification assay

A DNA affinity purification assay was per-
formed, as described previously [25]. Briefly,
5’-end-biotinylated oligonucleotides were cus-
tom synthesized, corresponding to the se-
quence of the PTEN promoter (-1160/-1140
region) A site (5™-biotin/GAA CCG GCC CGA GCA
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AGC CC-3’) and (-1052/-1032 region) B site
(5™-biotin/CCC CCT GCC CTG CCC TGC CCT-3’).
Then, 1.125 nmol of the biotinylated sense
strand was annealed to its unlabeled antisense
strand and incubated with 200 yg WSU-NH6
cell nuclear extracts. The DNA protein complex
was precipitated using 100 pL streptavidin-
conjugated agarose beads (S1638, Sigma-
Aldrich). The bound proteins were released by
boiling the beads in sodium dodecyl sulfate
loading buffer and then subjected to western
blot analysis.

Immunoprecipitation

The cells were washed three times with ice-
cold, phosphate-buffered saline and placed in
nondenaturing lysis buffer (20 mM Tris-HCI, pH
8.0, 137 mM NaCl, 1% nonidet P-40, and 2 mM
EDTA). Equal amounts (500 ug) of whole-cell
lysates were pre-incubated with 50 pL protein
A/G agarose beads (Santa Cruz Biotechnology)
for 1 h, and then the supernatants were incu-
bated with 5 yg primary antibodies for 16 h
with gentle rotation at 4°C. After the addition of
70 yL protein A/G agarose beads, the mixture
was further incubated with gentle rotation for 4
h at 4°C and then centrifuged (12,000 x g for 1
min). The beads were washed five times with
washing buffer (10 mM Tris, pH 7.4, 1 mM
EDTA, 1 mM EGTA, pH 8.0, 150 mM NaCl, 1%
Triton X-100, and 0.2 mM sodium orthovana-
date). The protein-bead complex was eluted by
boiling in the same volume of 2 x sodium
dodecyl sulfate loading buffer and then sub-
jected to western blot analysis.

Luciferase assay

The PTEN promoter reporter was constructed
[26], and the luciferase assay was perform-
ed, as described previously [25]. Briefly, 1 ug
PTEN reporter plasmid was transfected with
Lipofectamine 3000 into WSU-HNG cells in a
12-well plate. The transfected cells were lysed
in cell lysis buffer (Promega) 24 h after trans-
fection. Luciferase activity was measured using
a FB12 luminometer (Berthold, Germany) with
luciferin as the substrate, according to the
manufacturer’s instructions (Promega).

CRISPR/Cas 9 knockout of p63

The E-CRISP (http://www.e-crisp.org/E-CRISP/)
program was used to design guided RNA (gRNA)
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pairs targeted to exon 3 of the p63 gene. The
sequences for p63 sgRNA pairs were 5-CAC
CGT AGA GTT TCT TCA GTT CAG-3’ and 5-CAC
CGA CAT GCC CCA TCC AGA TCA-3'. Oligo-
nucleotides were synthesized and annealed to
their antisense strands, and then cloned into
the PX-458 and PX-459 vectors, respectively.
Both plasmids were co-transfected into WSU-
HNG cells, and puromycin (1 yg/mL) was add-
ed 24 h after transfection to select positive
cells. The culture medium was changed 48 h
after the selection reagent was added. Genomic
DNA was extracted, and the sgRNA targeting
region was amplified by PCR. The products
were sequenced and compared to the original
sequence to verify that the target DNA had
been cut by CRISPR/Cas 9.

Development of tumors from inoculated cells

Immunodeficient mice (BALB/c, male, 5 weeks
old) were purchased from Beijing Vital River
Laboratory Animal Technology Co. Ltd (Beijing,
China). The care and treatment of experimental
animals followed the institutional guidelines.
Mice were randomly allocated to two groups (n
= 10). WSU-HN®6 control cells (vector only) and
WSU-HNG cells overexpressing ANp63a (2 x
108 cells/mouse) were subcutaneously inocu-
lated into the right back flanks of each group of
10 mice, respectively. After 2 weeks, half of the
mice in each group were separated and intra-
peritoneally injected with cisplatin (5 mg/kg,
dissolved in saline), twice per week for 3 weeks.
Saline was intraperitoneally injected at the
same frequency in the other half of the mice.
The mice were subsequently killed, and the
weights of the tumors that developed were
measured.

Immunofluorescence

Clinical specimens of squamous cell carcinoma
and adjacent normal tissues were collected
from 10 surgical patients in the Department of
Oral and Maxillofacial Surgery, Peking University
School of Stomatology. The paraffin-embedded
specimens were sliced into 5-uym sections and
mounted onto poly-L-lysine-coated slides. All
specimens underwent a pathological diagnosis
and contained carcinoma and precancerous
tissues. The specimens were stained with
hematoxylin-eosin (Figure S4), and the diagno-
sis was confirmed by experienced pathologists
prior to immunofluorescence analyses. After
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deparaffinization and antigen retrieval, the
sections were blocked in 5% goat serum for 1 h
and then incubated with primary antibodies
(1:1000) at 4°C overnight. The sections were
then incubated with tetramethylrhodamine-
conjugated secondary antibodies (1:200) and
fluorescein-conjugated secondary antibodies
(1:200) the next day for 1 h and then wash-
ed with phosphate-buffered saline. Mounting
medium containing DAPlI was added to sec-
tions, and the samples were surveyed. The
locations of p63, PTEN, and the nucleus were
visualized using a Zeiss (Oberkochen, Germany)
laser-scanning microscope (LSM 510) at wave-
lengths of 568 nm (60% power), 488 nm (60%
power), and 405 nm (45% power). Images were
processed using LSM 5 software, release 4.2.
All images were obtained in the same profile
setup to evaluate expression levels of each
molecule. Images with high expression of p63
were observed to have bright red nuclei. Images
with relatively low expression of p63 appeared
a dull red, which was distributed throughout the
whole cell. Relative fluorescence intensities of
p63 and PTEN were measured using Image J
software with the same threshold set, and
nuclei were identified using DAPI with the same
threshold set.

Cell viability assay

Cell viability assay was performed using Cell
Counting Kit-8 (CCK-8, Dojindo, Kumamoto,
Japan) according to the manufacturer’s instruc-
tions. Briefly, the cells were seeded into 96-well
plates (5 x 102 cells per well) and treated with
or without the corresponding reagent. 48 h
after treatment, 10 pl of CCK-8 reagent was
added to each well and incubated at 37°C for 2
h. Absorbance at 450 nm was determined.
Data was presented as relative absorbance at
450 nm compared to the control groups.

Coefficient of drug interaction

Determination of the coefficient of drug interac-
tion (CDI) was performed, as described previ-
ously [27]. CDI was calculated as follows: CDI =
AB/(A x B). AB is the ratio of the efficiency of the
combination treatment groups compared to the
control groups; A and B each represent the effi-
ciency of the single drug treatment groups com-
pared to the control groups. Thus, a CDI value
less than 1, equal to 1, or greater than 1 indi-
cates that the drugs are synergistic, additive, or
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antagonistic, respectively. A CDI value less
than 0.7 indicates that the drugs have signifi-
cantly synergistic effects.

Statistical analyses

Statistical analyses were performed using
SPSS 22 for Windows. All experiments were
repeated three times, and all data are present-
ed as the mean * standard deviation. Diffe-
rences between multiple groups were analyzed
by one-way analysis of variance. Homogeneity
of variance test was performed before ANOVA
analysis. When equal variance was assumed (P
> 0.05), LSD (Least Significance Difference)
method was performed as the post hoc test
when ANOVA reach the significant level. A P
value less than 0.05 was considered statisti-
cally significant.

Results

Pan-HDAC inhibitors induce the expression of
PTEN and p63 in a dose- and time-dependent
manner

As shown in Figure 1, PTEN mRNA expression
was induced by the pan-HDAC inhibitor TSA in a
dose- and time-dependent manner in WSU-
HNG cells. Protein expression of both PTEN and
p63 were also induced by the pan-HDAC inhibi-
tors TSA, suberoylanilide hydroxamic acid
(SAHA), and sodium butyrate in a time- and
dose-dependent manner. Unfortunately, we
could not detect p63 protein expression using
anti-p63a or anti-ANp63 antibodies in our we-
stern blot assays. Induction of PTEN protein
expression by pan-HDAC inhibitors was also
observed in CAL27 cells (Figure S1).

Pan-HDAC inhibitors induced PTEN protein
expression via the acetylation of ANp63x at
K297

To explore whether p63 was responsible for the
induction of PTEN expression by pan-HDAC
inhibitors, we either knocked down (or knocked
out) p63 (the targeting sequence shared by all
six isoforms) or overexpressed the six isoforms
of p63 individually. The efficiency of shRNA or
CRISPR/Cas 9 was confirmed by either western
blot analysis or sequencing (Eigure S2A-C).
Knockdown of p63 by lentivirus-mediated
shRNA not only inhibited PTEN mRNA and pro-
tein expression, but also blocked the effects of
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Figure 1. HDAC inhibitors induce PTEN expression in a time- and dose-dependent manner. (A) WSU-HNG cells were
treated with different doses of TSA for 24 h. PTEN mRNA expression levels were then assessed by real-time PCR.
(B) Trichostatin A (TSA, 1 ug/mL) was added to WSU-HNG cells and total RNA was extracted at predetermined time
points. PTEN mRNA expression levels were then assessed by real-time PCR. The data are presented as the mean +
SD. *P < 0.05 versus the control groups. (C) Cells were treated with TSA (1 pg/mL) for predetermined time points,
(D) different doses of TSA for 24 h, (E) different doses of suberoylanilide hydroxamic acid (SAHA) for 24 h, and (F)
different doses of sodium butyrate for 24 h. Protein expression levels of PTEN and p63 were then detected by west-
ern blot assay. B-actin served as an internal control for equal loading. Densitometry was performed to quantify the
scanned bands. Data are shown as fold changes compared with the control group above the scanned bands. *P <
0.05 versus the control group of the same series. M, marker.
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TSA in WSU-HNG and CAL27 cells (Figure 2A,
2B, 2E-G). Knockout of p63 by CRISPR/Cas 9 in
Hela cells further confirmed these results
(Figure 2C). Transient overexpression of the six
isoforms of p63 showed that only overex-
pressed ANp63a induced PTEN protein expr-
ession in WSU-HNG6 cells (Figure 2D). Lentivi-
rus-mediated stable overexpression of ANp-
63a further confirmed its induction of PTEN
MRNA and protein expression. In addition, TSA
enhanced the induction of overexpressed
ANp63a in WSU-HNG cells (Figure 2E and 2F).
Similar results were also observed in CAL27
cells (Figure 2G). To explore whether ANp63a:-
mediated PTEN expression transduced signals
to downstream molecules, we assessed the
expression of phospho-AKT (T308), a classical
effector of PTEN. As shown in Figure 2F, p63
knockdown expectedly induced the phosphory-
lation of AKT on T308 after PTEN downregula-
tion, whereas overexpression of ANp63a sur-
prisingly upregulated the phosphorylation of
AKT on T308, even though PTEN was induced
by ANp63a. In the presence of TSA, however,
only p63 knockdown reversed the inhibition of
AKT phosphorylation on T308. In addition,
phosphorylation of AKT on S473, which is not
directly regulated by PTEN, was inhibited by
p63 knockdown but was not induced by the
overexpression of ANp63a, whereas inhibited
by TSA.

The results above indicated that ANp63a was
responsible for the induction of PTEN expres-
sion by pan-HDAC inhibitors. We next explored
whether acetylation of ANp63a was involved in
this process since HDACs could modify protein
acetylation. Since ANp63a has been shown to
be acetylated at both K281 and K297 [22], we
constructed expression plasmids of ANp63«
with the K281 and K297 sites mutated to
either glutamine (to mimic its acetylation) or
arginine (to abolish its acetylation) and overex-
pressed them in WSU-HNG cells. As shown in
Figure 2H, overexpression of ANp63a K281Q,
K281R, or K297R all failed to affect PTEN pro-
tein expression, whereas overexpression of
ANp63a K297Q induced PTEN protein exp-
ression to wild-type levels. In addition, overex-
pression of wild-type ANp63a, but not mu-
tant ANp63a K297R, induced self-acetylation
(Figure S2D). These results imply that the ac-
etylation of ANp63ax at K297 might be res-
ponsible for the induction of PTEN expression
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by pan-HDAC inhibitors. To confirm this hypo-
thesis, we further overexpressed wild-type
ANp63a, ANp63a K297Q, or ANp63a K297R
in WSU-HNG cells and in p63-knockout Hela
cells. As shown in Figure 21 and 2J, TSA further
induced PTEN protein expression in the pres-
ence of wild-type ANp63a or ANp63a K297Q,
but not in the presence of ANp63a K297R, in
both WSU-HN6 and p63-knockout Hela cells.
These results indicate that the acetylation
of ANp63a at K297 is responsible for the
ANp63a-mediated induction of PTEN protein
expression by TSA.

ANp63a binds the PTEN promoter to induce
PTEN promoter activity

We predicted two new binding sites (-1160/-
1140 and -1052/-1032) for p63 on the PTEN
promoter (since PTEN has nine transcription
start points [28], its translation start site was
designated +1). ChIP assays were performed
using specific primers to amplify the predicted
146-bp region (-1178 to -1031) of the PTEN pro-
moter. As shown in Figure 3A, the expected
size of the DNA fragment was amplified from
the chromatin pulled down by anti-p63 antibod-
ies, but not by anti-IgG antibodies. We also per-
formed a DNA affinity pull-down assay using
two probes containing the two predicted bind-
ing sites: A (-1160/-1140) and B (-1052/-1032).
Figure 3B shows that ANp63a was detected in
the precipitates of both probes. PTEN promoter
activity decreased when p63-binding site A,
site B, or both sites were mutated compared to
the wild-type site (Figure 3C). Overexpression
of ANp63a only induced wild-type PTEN pro-
moter activity by about 2-fold but failed to
induce promoter activity from promoters con-
taining p63-binding site mutations.

Inhibition of HDAC1 or HDAC3 induces PTEN
protein expression but fails to activate PTEN

To identify the exact HDAC that contributed to
the ability of acetylated ANp63a to regulate
PTEN expression, we used several specific
HDAC inhibitors to narrow down the candidates.
As shown in Figure 4A and 4B, FK228, an inhib-
itor of HDAC1 and HDAC2, and RGF 966, an
inhibitor of HDAC3, both induced PTEN protein
expression, whereas CAY10683, an inhibitor of
HDAC2, PCI34051, an inhibitor of HDACS8, and
MC1568, an inhibitor of class || HDACs (HDAC4,
5,6, 7,9, and 10), all failed to induce PTEN pro-
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Figure 2. TSA induces PTEN expression by ANp63a acetylation at K297. P63 was stably knocked down by lentivirus-mediated shRNA (p63 shRNA) in either (A) WSU-
HNG cells or (B) CAL27 cells, or knocked out (p63 -/-) by CRISPR/Cas 9 in HelLa cells (C) before being treated with 1 ug/mL TSA for 24 h. Protein expression levels
of PTEN were then detected by western blot assay. B-actin served as an internal control for equal loading. (D) Six isoforms of p63 were transiently overexpressed
in WSU-HNG6 cells for 24 h. P63 was stably knocked down (p63 shRNA), or ANp63a was stably overexpressed by lentivirus-mediated overexpressed plasmid (plvx-
ANp63a), in WSU-HNG cells (E and F) or in CAL27 cells (G) prior to being treated with 1 pg/mL TSA for 24 h. PTEN mRNA expression levels in WSU-HNG cells were
detected by real-time PCR (E). The data are presented as the mean + SD. *P < 0.05 versus the control groups. (F and G) Total proteins were extracted and subjected
to western blot analysis. B-actin served as an internal control for equal loading. Densitometry was performed to quantify the scanned bands. Data are shown as
fold changes compared with the control group above the scanned bands. *P < 0.05 versus the control group. (H) Different acetylation site mutants of ANp63«
were stably overexpressed in WSU-HNG cells. Wild-type (WT) or non-acetylated (K297R) ANp63a was stably overexpressed in WSU-HNG cells (1) or in p63-knockout
Hela cells (J) and treated with 1 ug/mL TSA for 24 h. (+) stands for treatment described on the left was performed while (-) represents none of the treatment. Total
proteins were extracted and subjected to western blot analyses. B-actin served as an internal control for equal loading. Densitometry was performed to quantify the
scanned bands. Data are shown as fold changes compared with the control group above the scanned bands. *P < 0.05 versus the control group.
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Figure 3. P63 binds the PTEN promoter and enhances its activity. A. Schematic of the -1178/-1031 region of the
PTEN promoter containing both p63-binding sites. Results of ChIP performed using an anti-p63 antibody and prim-
ers amplifying the -1178/-1031 region. The black arrow points to the target band. B. Sequences of two probes cor-
responding to the predicted p63-binding sites of the PTEN promoter shown relative to the initiating ATG. The bound
complex was pulled down by streptavidin-conjugated agarose and subjected to western blot analysis. P63 was
detected by anti-p63 antibodies. C and D. Mutated p63-binding sites are represented by crossed circles. Cells were
transfected with wild-type (WT) and mutant reporter constructs for 24 h. D. vector or ANp63a was overexpressed
before reporter being transfected. Relative fluorescence intensity was calculated and data (mean * SD of nine
separate experiments) are shown as fold change compared to control group. *P < 0.05 versus the control group.

tein expression in WSU-HN6G and CAL27 cells, merely upregulated cytoplasmic PTEN. PTEN
implying that only HDAC1 and HDAC3 were was not activated by the inhibition of HDAC1
involved in regulating PTEN expression. These or HDAC3, even though its expression was
results were further confirmed by knockdown induced.
of HDAC1 or HDAC3 by lentivirus-mediated
shRNA, which correspondingly induced PTEN Overexpression of ANp63« induces PTEN
protein expression (Figure 4C). We also show- nuclear translocation
ed that knockdown of HDAC1 or HDAC3 indu-
ced the acetylation of ANp63a (Figure 4D) Given the downregulation of membrane-bound
and that ANp63a interacted with both HDAC1 PTEN after HDAC1 knockdown and the induc-
and HDAC3, as shown in immunoprecipitation tion of the phosphorylation of AKT on T308 by
experiments (Figure 4E). ANp6B3a overexpression, we wanted to know
how p63 affected the subcellular location of
Although the inhibition of HDAC1 or HDAC3 PTEN. As shown in Figure 5A, knockdown of
induced PTEN expression, whether PTEN was p63 inhibited both membrane-bound and
activated by the inhibition of these two HDACs nuclear PTEN, whereas the overexpression of
was unclear. As shown in Figure 4F, knockdown ANp63a more significantly inhibited mem-
of HDAC1 inhibited membrane-bound PTEN brane-bound PTEN but surprisingly induced
(active form) and correspondingly induced me- nuclear PTEN. Correspondingly, the phosphory-
mbrane-bound AKT (active form) and phosp- lation of AKT on T308, which is a target of
horylation of AKT on T308. Knockdown of membrane-bound PTEN, was induced 3.3-
HDAC3 showed little effect on membrane- times by p63 knockdown but only 1.5-times by
bound PTEN or AKT. Knockdown of HDAC1 also ANp63a overexpression (Figure 5A), suggest-
inhibited nuclear PTEN but upregulated cyto- ing that ANp63a overexpression less effective-
plasmic PTEN, whereas knockdown of HDAC3 ly affects AKT activity than p63 knockdown.
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Figure 4. Inhibition of HDAC1 and HDAC3 induces but inactivates PTEN expression. (A) WSU-HNG6 or (B) CAL 27
cells were treated with several specific HDAC inhibitors (FK228, an HDAC1 and HDAC2 inhibitor; CAY10683, an
HDAC?2 inhibitor; RGF966, an HDAC3 inhibitor; PCI34051, an HDACS inhibitor; and MC1568, a class Il HDAC inhibi-
tor) for 24 h. Total proteins were extracted and subjected to western blot analyses. B-actin served as an internal
control for equal loading. Densitometry was performed to quantify the scanned bands. (C) HDAC1 or HDAC3 were
stably knockdown by lentivirus-mediated shRNA in WSU-HNG cells. Total proteins were extracted and subjected to
western blot analyses. The protein expression levels of HDAC1, HDAC3 and PTEN were detected (D) ANp63a was
stably overexpressed, and HDAC1 or HDAC3 was stably knocked down by lentivirus-mediated shRNA in WSU-HNG6
cells, respectively. Total proteins were extracted and subjected to immunoprecipitation with an anti-p63 antibody
and detected with an anti-acetyl-lysine antibody. Densitometry was performed to quantify the scanned bands. (E)
HDAC1 and HDAC3 interacted with p63. IP, immunoprecipitation. WB, western blot. (F) HDAC1 or HDAC3 were stably
knockdown by lentivirus-mediated shRNA. Total proteins (E) or separated cell components (F) were extracted and
subjected to western blot analyses. Data are shown as fold changes compared with the control group above the
scanned bands. *P < 0.05 versus the control group.

Meanwhile, p63 knockdown induced cyclin D1
protein expression, which is negatively regulat-
ed by nuclear PTEN and positively regulated by
phosphorylated AKT [29]. The overexpression
of ANp63« significantly inhibited cyclin D1 pro-
tein expression, consistent with results show-
ing that ANp63a overexpression more signifi-
cantly upregulated nuclear PTEN (by 2.8-times)
than AKT phosphorylation (by 1.5-times).
Similar results were also observed in CAL27
cells (Figure 5B). We also examined the prolif-
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eration rate of cancer cells overexpressing
ANp63a to further confirm the induction of
nuclear PTEN by ANp63a overexpression. As
shown in Figure 5C and 5D, ANp63« overex-
pression gradually inhibited cell proliferation in
both WSU-HNG and CAL27 cells, as expected.

To further examine whether ANp63a overex-
pression really induced PTEN nuclear translo-
cation, we surveyed the locations of p63 and
PTEN in specimens from 10 patients with squa-
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Figure 5. Overexpression of ANp63a induces PTEN nuclear translocation and inhibits cell proliferation rate. (A) P63
was stably knocked down or ANp63a was stably overexpressed in WSU-HNG cells or (B) in CAL27 cells. Nuclear or
membrane proteins were extracted and subjected to western blot analyses. Membrane-bond PTEN and nuclear
PTEN were detected, and the corresponding downstream effectors were detected. (C) WSU-HNG or (D) CAL27 cells
with or without stably overexpressed ANp63a were seeded into a 96-well plate at a density of 500 cells/well. The
optical absorbance at 450 nm in each well was detected. Data (mean * SD of five separate experiments) are shown
as the relative optical absorbance compared with the control groups. (E) Confocal photographs of immunofluores-
cent staining represented expression and location of p63 (red) and PTEN (green) in pathological sections from pa-
tients with squamous cell carcinoma of the tongue. DAPI (blue) was stained to identify the nucleus. The normal and
malignant areas were in the same section in one case. Magnification = 400 X. Scale bar = 20 ym. Two representa-
tive cases are shown. Relative fluorescence intensity was measured by Image J software under the same threshold
set. *P < 0.05 versus the control group.

mous cell carcinoma of the tongue by laser con- low (5/10). In addition, PTEN co-localized with
focal microscopy. As shown in Figure 5E, the p63 in the nucleus when expression of p63
relative fluorescence intensity of p63 in the was high (5/10). However, nuclear PTEN was
cancerous and precancerous tissues of the barely detectable in the nucleus when expres-
same patient was similarly either high (5/10) or sion of p63 was low (5/10).
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Figure 6. Overexpression of ANp63a contributes to cisplatin resistance (A) WSU-HNG or (B) CAL27 cells with or
without stably overexpressed ANp63a were seeded into a 96-well plate at a density of 5,000 cells/well and treated
with 10 uM cisplatin for 24 or 48 h. A CCK-8 kit was used to count the number of cells in each well. Data (mean +
SD of five separate experiments) are shown as the relative number of live cells compared with the control group. *P
< 0.05 versus the control group; #P < 0.05 versus the group with the same time set. (C) Photographs and weights
of tumors that developed in the animals. Tumor growth that developed from cells stably transfected with ANp63a
exhibited cisplatin resistance in nude mice. *P < 0.05 versus the control group; #P < 0.05 versus cisplatin treat-

ment groups.

In addition, we further examined whether acet-
ylation of ANp63a was involved in PTEN nucle-
ar translocation. Unexpectedly, both acetylated
(297Q) and nonacetylated (297R) forms of
ANp63a induced nuclear PTEN (Figure S3),
indicating that the acetylation of ANp63« at
K297 was not involved in regulating PTEN
nuclear translocation.

Overexpression of ANp63a contributes to
cisplatin resistance

Since nuclear PTEN functions as a DNA dam-
age repair molecule [30] and overexpression of
ANp63a induces the nuclear translocation of
PTEN, we speculated that ANp63a overexpres-
sion might enhance cisplatin resistance. As
shown in Figure 6A and 6B, the relative live
cells with overexpression of ANp63a was sig-
nificant higher at 48 h (about 48%) after treat-
ment with cisplatin in WUS-HNG cells or at 24 h
(about 65%) after treatment with cisplatin in
CAL27 cells than in control cells. Similarly, the
average weight of the tumors that developed
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was 2-fold higher in animals with ANp63o-
overexpressing cells treated with cisplatin com-
pared to those treated with cisplatin alone
(Figure 6C). In addition, the average weight of
the tumors that developed in the ANp63a-
overexpressing animals was lower than that of
the control animals, further confirming that the
overexpression of ANp63a slows the prolifera-
tion of squamous cell carcinoma cells of the
tongue (Figure 6C).

Inhibition of HDAC1 or HDACG reverses cis-
platin resistance by excluding PTEN from the
nucleus

Since the overexpression of ANp63a induces
PTEN nuclear translocation and is involved in
cisplatin resistance, we next examined whether
the inhibition of HDACs would exclude PTEN
from the nucleus and sensitize cisplatin in
squamous cell carcinoma cells of the tongue.
GAPDH and lamin B1 were tested by western
blot to avoid cytoplasmic contamination of
nuclear extracts (Figure S6A) previously. As
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Figure 7. Inhibition of HDAC1 or HDACG reverses cisplatin resistance by excluding PTEN from the nucleus. A and B.
WSU-HNG cells were treated with several HDAC inhibitors (TSA, SAHA, and sodium butyrate, pan-HDAC inhibitors,
CAY10683, an HDAC2 inhibitor; RGF966, an HDAC3 inhibitor; PCI34051, an HDACS inhibitor; tubastatin, an HDAC6
inhibitor, and MC1568, a class Il HDAC inhibitor) at the indicated doses for 24 h. Nuclear proteins were extracted
and subjected to western blot analyses. Nuclear PTEN was detected. C and D. WSU-HNG cells or CAL27 cells were
seeded into a 96-well plate at a density of 5,000 cells/well and treated with the HDAC inhibitors listed, cisplatin, or
a combination of cisplatin and the HDAC inhibitors for 48 h. Relative live cells were calculated and represented as
percentage of the control groups. E. WSU-HNG cells overexpressing ANp63a (plvx-ANp63a) or vehicle were seeded
into a 96-well plate at a density of 5,000 cells/well and treated with FK228, cisplatin, or a combination of FK228
and cisplatin for 48 h. Relative live cells were calculated and represented as percentage of the control groups. F.
WSU-HNG cells overexpressing ANp63a or vehicle were seeded into a 96-well plate at a density of 5,000 cells/well
and treated with tubastatin, cisplatin, or a combination of tubastatin and cisplatin for 48 h. Relative live cells were
calculated and represented as percentage of the control groups. A CCK-8 kit was used to count the number of cells
in each well. Data (mean * SD of five separate experiments) are shown as the relative number of live cells compared
with the control group. CDI, coefficient of drug interaction. *P < 0.05 versus the control group of the same series.

shown in Figure 7A and 7B, the pan-HDAC
inhibitors TSA, SAHA, and sodium butyrate (at
high doses), and the HDACG6-specific inhibitor
tubastatin all inhibited the nuclear transloca-
tion of PTEN, whereas CAY10683, PCI34051,
and MC1568 all induced its nuclear transloca-
tion. Meanwhile, RGF966 (a specific inhibitor or
HDAC3) showed little effect on PTEN nuclear
translocation. These results, together with the
results shown in Figure 4F, suggest that only
the inhibition of HDAC1 or HDACG inhibits the
nuclear translocation of PTEN.

According to the results above, we investigated
several combinations of different HDAC inhibi-
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tors with cisplatin to assess whether they wo-
uld enhance the inhibitory effects of cisplatin
on cancer cell proliferation. As shown in Figure
7C and 7D, the combination of cisplatin and
SAHA, tubastatin, or FK228 all synergistically
inhibited cell proliferation, whereas the combi-
nation of cisplatin with RGF966 showed little
synergistic inhibitory effects on proliferation.
Furthermore, CAY10683, PCI34051, and MC-
1568 antagonized the inhibitory effects of cis-
platin on cell proliferation. In addition, we fur-
ther observed that cells pretreated with the
nuclear protein export inhibitor leptomycin B,
which also induced nuclear PTEN (Figure S5A),
blocked the synergistic inhibitory effects of the
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combination of cisplatin and SAHA, tubasta-
tin, or FK228 on cell proliferation (Figure S5B
and S5C). However, both FK228 and tubastatin
abolished ANp63a overexpression-mediated
cisplatin resistance (Figure 7E and 7F). These
results indicate that ANp63a overexpression
contributes to cisplatin resistance by increas-
ing nuclear PTEN; cisplatin resistance can be
reversed by inhibiting HDAC1 or HDACG.

Discussion

In the present study, we showed that pan-HDAC
inhibitors induced PTEN expression via the
acetylation of ANp63a at K297. The overex-
pression of ANp63a enhanced PTEN nuclear
translocation, contributing to cisplatin resis-
tance in squamous carcinoma cells of the
tongue.

Pan-HDAC inhibitors induced PTEN expression
by inhibiting HDAC1 and HDAC3. Understand-
ing the mechanism underlying the pan-HDAC
inhibitor-mediated induction of PTEN expres-
sion was our major objective. We observed that
pan-HDAC inhibitors, including TSA, SAHA, and
sodium butyrate, could induce both PTEN and
p63 protein expression in WSU-HNG and CAL27
cells, which are cell lines derived from squa-
mous cell carcinoma cells of the tongue. Kno-
ckdown of p63 by lentivirus-mediated shRNA in
these two cell lines and knockout of p63 by
CRISPR/Cas 9 in HeLa cells inhibited PTEN pro-
tein expression and blocked TSA-induced PTEN
protein expression, respectively. These results
strongly suggest that p63 is involved in the
TSA-stimulated induction of PTEN protein ex-
pression. Although the predicted molecular
mass of ANp63a is 75 kDa and the p63 anti-
body does not distinguish between the six iso-
forms of p63, a band around 68 kDa, which
was detected in the two cell lines, was consis-
tent with the molecular mass of the p63 band,
according to the antibody manufacturer, and
could be ANp63a, considering that ANp63« is
the only predominantly expressed isoform in
epithelial or squamous cell carcinoma [17].
Moreover, when all six isoforms of p63 were
overexpressed, only ANp63a was able to
induce PTEN protein expression. Furthermore,
the overexpression of ANp63a upregulated
PTEN transcription by binding two recognition
sites (-1160/-1140 and -1052/-1032) on the
PTEN promoter and enhancing its activity. Point
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mutation experiments showed that the acetyla-
tion of ANp63ax at K297 mediated the induc-
tion of PTEN expression by pan-HDAC inhibi-
tors. The exact HDACs that induced PTEN
expression were identified as HDAC1 and HD-
AC3 by selective inhibitors and knockdown ex-
periments. In addition, HDAC1 and HDAC3 were
responsible for the acetylation of ANp63c.
Based on our results, ANp63a is a positive reg-
ulator of PTEN in squamous cell carcinoma
cells of the tongue. However, these findings are
in contrast to those of a previous study in which
ANp63a inhibited PTEN expression in A431
cells (derived from an atypical squamous cell
of human vulva epidermis) [13]. Future studi-
es are needed to investigate whether ANp63ax
differentially regulates PTEN in different cell
types.

The two binding sites of p63 on the PTEN pro-
moter in this study differed from those identi-
fied in the study mentioned above. Leonard et
al. identified two p63-binding regions on the
PTEN promoter, which were located near the
transcription start site, according to the NCBI
reference sequences (NM_000314) of the
PTEN Mrna [13]. However, the so-called tran-
scription start site was -1030 bp away from the
translation start site of PTEN. Therefore, their
two binding sites were located at -2445/-2238
and -2853/-2638, respectively, when the trans-
lation start site was designed as +1. Our PTEN
promoter gene sequence ranged from -2184 to
+96 (translation start site designed as +1) and
did not cover any region reported by Leonard et
al. The role of these upstream binding sites
must be confirmed in future studies.

ANp63a induced the nuclear translocation of
PTEN, resulting in cisplatin resistance. Although
the overexpression of ANp63a induced PTEN
protein expression, it inhibited membrane-
bound PTEN (active form) even more signifi-
cantly than did the knockdown of p63 (Figure
5A). However, the knockdown of p63 induced
the phosphorylation of AKT on T308 (active
form) more significantly than did ANp63a over-
expression (Figure 5A), implying that ANp63«
signaling inhibited membrane-bound PTEN but
not efficiently induced AKT phosphorylation on
T308. These findings prompted us to examine
whether the overexpression of ANp63a induced
the nuclear translocation of PTEN. As expected,
nuclear PTEN was upregulated and cyclin D1
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expression was strongly inhibited, whereas p63
knockdown upregulated cyclin D1 (Figure 5A).
Our results of the negative regulation of cyclin
D1 by nuclear PTEN are consistent with results
in a previous report [31], in which nuclear PTEN
downregulated cyclin D1 via its phosphatase
activity. Correspondingly, the overexpression of
ANp63a slightly inhibited tumor cell prolifera-
tion both in vitro and in vivo (Figures 5C, 5D,
6C), possibly stimulating the nuclear transloca-
tion of PTEN induced by the overexpression of
ANp63a. However, while the mechanism under-
lying the ANp63a-mediated induction of nucle-
ar PTEN is unknown, it seems independent of
the acetylation of ANp63a at K297 (Eigure S3).
Since nuclear PTEN maintains chromosomal
stability and contributes to DNA double-strand
break repair [6], the overexpression of ANp63a
expectedly resulted in cisplatin resistance by
approximately 48% in squamous cell carcino-
ma cells of the tongue. Our results are consis-
tent with those of a previous study in which the
overexpression of ANp63a caused cisplatin
resistance by the upregulation of EGFR [32].
Therefore, these results suggest a new mecha-
nism for conferring cisplatin resistance in oral
cancer cells.

The inhibition of HDAC1 or HDACG reverses cis-
platin resistance by excluding PTEN from the
nucleus. Our results showed that only the inhi-
bition of HDAC1 or HDAC6 could exclude PTEN
and were synergistic with cisplatin in terms of
its antitumor effects (Figure 7C); however, the
inhibition of other HDACs did not show this syn-
ergistic effect with cisplatin treatment (Figure
7D). Furthermore, the HDAC inhibitors that
induce nuclear PTEN are antagonistic with cis-
platin. In addition, the synergistic effects of
HDAC1 and HDAC6 were reversed by the addi-
tion of the nuclear protein export inhibitor, lep-
tomycin B, which also induced nuclear PTEN
(Figure S5). We also observed that the inhibi-
tion of HDAC1 or HDACG totally reversed cispla-
tin resistance, which had been induced by the
overexpression of ANp63a (Figure 7E and 7F).
These results imply that cisplatin might more
effectively treat oral cancers when combined
with HDAC1 or HDACG inhibitors.

The mechanism by which PTEN is translocated
to the nucleus is complicated. To date, several
studies have reported that both phosphoryla-
tion and ubiquitination contribute to PTEN
nuclear localization [29, 33]. Another study
reported that the inhibition of HDAC1 enhances
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PTEN phosphorylation [34], which, depending
on the site of phosphorylation, can inhibit its
nuclear translocation [35]. However, the exact
phosphorylation sites of PTEN regulated by the
knockdown of HDAC1 are yet to be identified.
Since we had reported that the inhibition of
HDAC6 induced membrane-bound PTEN [36],
the effects of the reduction of nuclear PTEN
by the inhibition of HDAC6 might be offset by
cytoplasmic PTEN, due to the lack of direct
effects on PTEN expression by HDAC6. How-
ever, the exact mechanism by which HDACs
regulate PTEN nuclear translocation are yet to
be identified.

Lamin B1 is served as loading control of nucle-
ar protein usually. However, in our study, HDAC
inhibitors modified its expression significant-
ly (Figure S6B). We need another loading con-
trol for our experiments. Several studies have
reported that B-actin could be detected in
nucleus [37-39], and we found that the expres-
sion of the molecule was not affected by the
HDAC inhibitors. So B-actin was selected served
as our loading control of nuclear protein.

In conclusion, ANp63a induces PTEN expres-
sion and nuclear localization, which contribute
to cisplatin resistance in squamous cell carci-
noma cells of the tongue. The inhibition of
HDAC1 or HDACG6 could enhance the anticancer
effects of cisplatin.
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Figure S1. CAL27 cells were treated by TSA (A) or SAHA (B) or sodium butyrate (C) for 24 h and protein expression
level of PTEN in was detected by western blot. “P < 0.05 versus the control groups.
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Figure S2. A. p63 were stably knockdown by lentivirus-mediated shRNA in WSU-HNG6 cells. Two batches were
showed. B. p63 were knockout in HelLa cells by CRISPR/Cas 9 and screened by western blot. C. BLAST of the PCR
products targeting to p63 cut region by CRISPR/Cas 9. D. Wild-type ANp63a or K297 mutants were overexpressed
in WSU-HNG cells. Total protein was extracted and subjected to immunoprecipitation with an anti-p63 antibody and
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cipitation. WB, western blot.
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subjected to western blot. B-actin was served as internal control for equal loading. Densitometry was performed to
quantify scanned bands. Data was performed as fold changes compared with the control group. “P < 0.05 versus
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Figure S4. HE staining of normal and malignant area in pathological sections from tongue squamous cell carcinoma
patients in Figure 5. (A) The same case with Figure 5C. (B) Magnified images of the rectangle frames of (A). (C) The
same case with Figure 5D. (D) Magnified images of the rectangle frames of (C).
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Figure S5. A. Nuclear PTEN was induced after treatment of leptomycin B for 48 h. Nuclear and cytoplasmic protein
was separated and subjected to western blot. B-actin was served as internal control for equal loading. Densitometry
was performed to quantify scanned bands. Data was performed as fold changes compared with the control group.
B. WSU-HNG cells or CAL27 cells were plated into a 96-well plate at 5000 cells/well and added leptomycin B for 3 h
before treated with HDAC inhibitors listed respectively or cisplatin or cisplatin combined with HDAC inhibitors for 48
h. CCK-8 was performed to detect the amount of cells for each well. Data (mean + SD of 5 separated experiments)
were presented as relative living cells compared with the control groups. CDI, coefficient of drug interaction. "P <
0.05 versus the control groups of the same series.
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Figure S6. A. GAPDH and lamin B1 were examined to verify whether cytoplasmic contamination existed in nuclear
extracts. Samples were the same as Figure 7A. Cells were treated with different HDAC inhibitors for 24 h, and sub-
cellular components were separated and subjected to western blot analysis. Original images were showed and lttle
cytoplasmic contamination was found in nuclear extracts. B. Lamin B1 was inhibited by a pan-HDAC inhibitor, TSA.
Cells were treated with different dose of TSA for 24 h, and nuclear proteins were extracted and subjected to western
blot analysis. Nuclear B-actin served as loading control. M, marker.



