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PHF20 inhibition promotes apoptosis and cisplatin
chemosensitivity via the OCT4-p-STAT3-MCL1 signaling
pathway in hypopharyngeal squamous cell carcinoma
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Abstract. Cisplatin is a widely used platinum-based chemo-
therapeutic agent for hypopharyngeal squamous cell carcinoma
(HSCC). However, resistance to cisplatin limits its use for the
treatment of HSCC, and the underlying molecular mechanism
requires further investigation. The present study performed
functional assays to determine whether the expression of plant
homeodomain finger protein 20 (PHF20) may be involved in
the apoptosis and cisplatin resistance of HSCC. The expres-
sion levels of PHF20 were higher in cisplatin-resistant HSCC
cells compared with those in cisplatin-sensitive cells. The
inhibition of PHF20 suppressed cell viability but did not affect
the migratory and invasive abilities of HSCC cells compared
with those of negative control-transfected cells. Furthermore,
PHF20 inhibition reduced cell viability by enhancing apoptosis
compared with those in the control cells in vitro. Notably, the
inhibition of PHF20 sensitized HSCC cells to cisplatin, thus
increasing apoptosis via the signal transducer and activator
of transcription 3 (STAT3)-myeloid cell leukemia-1 (MCL1)
pathway. Octamer-binding transcription factor 4 (OCT4) over-
expression restored phosphorylated STAT3-MCL1-mediated
apoptosis induced by PHF20 inhibition. In vivo experiments
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confirmed that PHF20 silencing induced tumor growth and
increased apoptosis in HSCC cells compared with those
in the control cells. Thus, PHF20 inhibition may promote
apoptosis and improve cisplatin chemosensitivity via
the OCT4-p-STAT3-MCL1 signaling pathway in HSCC.

Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) is one of
the most aggressive types of head and neck cancer; 70-85% of
patients with HSCC are diagnosed at stage III or IV, and the
5-year overall survival rates are 15-45% based on studies in
the USA and Australia between 1971 and 2002 (1-3). In addi-
tion to surgery, adjuvant chemotherapy is commonly used in
the multidisciplinary treatment of HSCC. Cisplatin is the most
widely used platinum-based chemotherapeutic agent for solid
tumors, such as HSCC (4). However, resistance to cisplatin
limits its clinical efficiency and the improvement of survival
rate in patients with HSCC (5).

The anticancer mechanism of cisplatin involves the acti-
vation of DNA damage response and intrinsic apoptosis (6).
Intrinsic apoptosis involves apoptotic executioners including
caspase-3, which cleave substrates such as poly(ADP-ribose)
polymerase 1 (PARP1), resulting in morphological and
biochemical alterations (7). In addition, cisplatin-induced
apoptosis is regulated by the B-cell lymphoma 2 (Bcl-2)
protein family, which serves as an apoptotic switch (8). The
Bcl-2 protein family includes pro-apoptotic and anti-apoptotic
proteins, such as myeloid cell leukemia-1 (MCL1), which
regulates the intrinsic apoptosis pathway (9). Various MCLI1
inhibitors have been developed, providing effective approaches
for the chemosensitization of esophageal squamous carcinoma
cells to cisplatin (10). Thus, understanding the detailed molec-
ular mechanisms through which cisplatin chemoresistance is
developed may help in the development of effective treatments
against HSCC.

Plant homeodomain finger protein 20 (PHF20), also
termed glioma-expressed antigen 2, is a potent transcrip-
tional activator (11). PHF20 expression is associated with



2 LIU et al: PHF20 INHIBITION PROMOTES APOPTOSIS AND CISPLATIN CHEMOSENSITIVITY OF HSCC CELLS

tumorigenesis (12). PHF20 expression is also associated
with a good prognosis of non-small-cell lung cancer, and
PHF20 activates NF-xB at the transcriptional factor (13).
However, PHF20 is highly expressed in neuroblastoma
and promotes the aggressiveness of neuroblastoma cells by
directly binding to the promotor regions of octamer-binding
transcription factor 4 (OCT4) (14). OCT4 is a key nuclear
transcriptional factor that maintains the pluripotency and
self-renewal properties of embryonic stem cells (15). OCT4
affects the tumorigenesis of a number of types of cancer
including pancreatic, cervical and ovarian cancer, as well as
glioma (16-18). OCT4 inhibits apoptosis in cervical cancer by
inhibiting microRNA-125b expression (19), whereas its knock-
down suppresses the viability and mobility of hepatocellular
carcinoma cells and is associated with low expression levels
of survivin and phosphorylated STAT3 (20). Furthermore,
OCT4 expression promotes the differentiation of lung cancer
cells into small lung cancer cells and acquisition of drug
resistance (21,22), and its knockdown sensitizes cancer cells
to cisplatin treatment in bladder and non-small lung cancer
cells (23,24). Thus, the present study aimed to determine
whether the expression of PHF20 may be associated with
apoptosis and cisplatin resistance in HSCC cells.

A previous study has demonstrated that PHF20 is involved
in tumorigenesis (25). However, the expression level and role
of PHF20 in apoptosis and cisplatin sensitivity remain unclear.
The aim of the present study was to determine the expression
levels of PHF20 in cisplatin-resistant and cisplatin-sensitive
HSCC cells and to investigate whether PHF20 knockdown
induced apoptosis and sensitized HSCC cells to cisplatin treat-
ment. These results may indicate whether PHF20 may be used
as a potential therapeutic target in HSCC to improve cisplatin
sensitivity.

Materials and methods

Cell lines and culture. The FaDu cell line was used as the
HSCC model and was obtained from the American Type
Culture Collection. FaDu cells were cultured in DMEM/F12
(1:1; Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (FBS; Biological Industries).
The cells were incubated at 37°C in a humidified incubator
with 5% CO,. Cisplatin was obtained from Sigma-Aldrich;
Merck KGaA (cat. no. P4394) and dissolved in 0.9% sodium
chloride solution to obtain a 2-uM stock solution.

Establishment of a cisplatin-resistant HSCC cell line. First,
FaDu cells were treated with various concentrations (0, 1, 2, 4,
8, 16 and 32 uM) of cisplatin for 2 days, and the half maximal
inhibitory concentration (ICs,) was determined. FaDu cells
were subsequently treated with the culture medium containing
0.25 puM cisplatin for 48 h. The solution was discarded, and
the cells were recovered for 72 h in fresh medium without
cisplatin. The concentrations of cisplatin were gradually
increased ~1 month later, and cisplatin-resistant FaDu cells
were generated for ~6 months.

RNA sequencing. To analyze the genes with altered expression
levels in FaDu cells due to cisplatin resistance, total RNA was
isolated from the cells using the Direct-Zol™ RNA MiniPep

kit (cat. no. R2052; Zymo Research Corp.). The experiments
were performed in triplicate. Total RNA was qualified
and quantified using a NanoDrop 2000 and Agilent 2100
Bioanalyzer (Thermo Fisher Scientific, Inc.). cDNA was
generated according to the manufacturer's instructions. The
single-stranded circular DNA was formatted as the final library,
which was amplified to produce a DNA nanoball (DNB) and
loaded into the patterned nanoarray, and single-end 50-base
reads were generated on the MGISEQ2000 platform. The
concentration of the final library was detected by Nanodrop
2000. The final library was pooled in equimolar concentra-
tions (~9.4 nM) and sequenced on the MGISEQ2000 platform.
CoolMPS high-through sequencing kit (cat. no. 1000018234;
MGISEQ-2000RS FCL SES50; BGI Group) was used to deter-
mine the sequences of the libraries. Differential expression
analysis was performed using the DEGseq? package with
R software (3.6.3) (26,27). Fold-change >2 and P<0.001 were
used as the screening criteria.

Cell viability assay. Cell viability was detected using the
Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute of
Biotechnology). A total of ~4x10° cells were seeded in each
well of 96-well plates containing 100 pl medium. A total of
10 ul of CCK-8 solution was added to each well at 24, 48,
72 or 96 h after cell seeding and incubated for 2 h at 37°C.
Subsequently, optical density was measured at 450 nm to
determine the cell viability by using a microplate reader
(BioTek Instruments, Inc.).

RNA extraction and reverse transcription-quantitative
PCR (RT-gPCR). Total RNA was extracted from cells using
TRIzol® reagent (Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions. cDNAs were synthesized
using the RevertAid™ First Strand cDNA synthesis kit
(Thermo Fisher Scientific, Inc.) as follows: The reaction
mixture was prepared, the samples were incubated for 60 min
at 42°C, following which the reaction was terminated for
5 min at 70°C. gPCR was performed using SYBR® Premix
Ex Taq (Promega Corporation) on Mastercycler® RealPlex 2
(Eppendorf) under the following conditions: 95°C for 2 min,
followed by 40 cycles of 95°C for 20 sec, 58°C for 20 sec and
72°C for 20 sec, and a final dissolution curve. The primer
sequences were as follows: PHF20 forward, 5'-GAATGGTCA
ATGCGAGTGG-3' and reverse, 5“TGGCAGCAAGGCTAC
TGTG-3"; OCT4 forward, 5"TTGCCGCAAAGTGTGTAA
CG-3' and reverse, 5'-GTCACCCCTAAATGCCACCG-3'
OCTA4A forward, 5'-CGTGAAGCTGGAGAAGGAGAAGCT
G-3' and reverse, 5-CAAGGGCCGCAGCTTACACATGTT
C-3'; OCT4B forward, 5-ATGCATGAGTCAGTGAACAG-3'
and reverse, 5'-CCACATCGGCCTGTGTATAT-3"; OCT4B1
forward, 5-GGGTTCTATTTGGTGGGTTCC-3' and reverse,
5'"TCCCTCTCCCTACTCCTCTTCA-3'; and B-actin forward,
5'-CCAACCGCGAGAAGATGA-3' and reverse, 5-CCAGAG
GCGTACAGGGATAG-3'. Data were analyzed using the 2-424
method (28).

Western blotting. The target cisplatin-sensitive, -resistant
and transfected FaDu cells were washed with ice-cold
phosphate-buffered saline (PBS), lysed with RIPA lysis
buffer (cat. no. PO013B; Beyotime Institute of Biotechnology)
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containing phosphatase (cat. no. 04906837001; Roche Applied
Science) and protease inhibitors (cat. no. 04693159001; Roche
Applied Science), and centrifuged at 12,000 x g for 15 min
at 4°C. The supernatant was collected, and the protein concen-
tration was measured by BCA assay (Beyotime Institute of
Biotechnology). Protein lysates (30 pg/lane) were separated
via 10% SDS-PAGE and transferred to polyvinylidene difluo-
ride membranes (MilliporeSigma). The membranes were
blocked with 5% non-fat milk for 1 h at room temperature,
followed by incubation with primary antibodies at 4°C over-
night. The following primary antibodies were used: PHF20
(1:2,000; cat. no. 3934S; Cell Signaling Technology, Inc.),
phosphorylated (p)-STAT3 (1:1,000; cat. no. 9131S; Cell
Signaling Technology, Inc.), OCT4 (1:1,000; cat. no. 2750S;
Cell Signaling Technology, Inc.), MCL1 (1:1,000;
cat. no. sc-12756; Santa Cruz Biotechnology, Inc.), PARP1
(1:1,000; cat. no. 95628; Cell Signaling Technology, Inc.),
caspase-3 (1:1,000; cat. no. 9662S; Cell Signaling Technology,
Inc.), STAT3 (1:20,000; cat. no. 610189; BD Biosciences),
OCT4A (1:1,000; cat. no. C52G3; Cell Signaling Technology,
Inc.), OCT4B1 (1:4,000; cat. no. bs-3816R; Bioss) and [3-actin
(1:40,000; cat. no. TA-09; OriGene Technologies, Inc.).
After washing three times in phosphate buffered saline with
0.05% Tween-20, the membranes were incubated at room
temperature for 1 h with horseradish peroxidase-conjugated
secondary antibodies (1:20,000; goat anti-mouse IgG;
cat. no. ZB-5305; goat anti-rabbit IgG; cat. no. ZB-5301;
OriGene Technologies, Inc.). An enhanced chemilumines-
cence reagent (cat. no. WBKLS0500; MilliporeSigma) was
used to visualize the target bands, and the protein densities
were quantified using ImageJ software (version 1.37; National
Institutes of Health).

5-Ethynyl-2'-deoxyuridine (EDU) labeling assay. In vitro cell
proliferation was assessed using the kFluor647-EdU imaging
kit (Nanjing KeyGen Biotech Co., Ltd.) according to the
manufacturer's instructions. The proportion of cells that incor-
porated EDU (EDU*) was determined using a fluorescence
microscope (Leica Microsystems GmbH) in =3 randomly
selected fields (x63 magnification) per sample.

Lentivirus-based short hairpin RNA (shRNA) infection.
Lentivirus vector GV493-green fluorescent protein (GFP)
containing scramble shRNA (Scr) or shRNA targeting PHF20
(shPHF) were obtained from Shanghai Genechem Co., Ltd.
The target sequence was 5'-CCAGCTCACATAGAAGAC
ATT-3". A random Scr sequence, 5'-GTTCTCCGAACGTGT
CACGT-3', was used as a negative control. FaDu cells were
seeded in 6-well plates at the density of 1x10°/ml for 24 h, and
were infected with shPHF20 or Scr (MOI=10) for 16 h at 37°C.
Subsequently, puromycin (cat. no. A610593-0025; Sangon) was
added to the culture medium at 37°C with 5% CO, for ~14 days
according to the manufacturer's instructions to generate stable
FaDu PHF20-knockdown cell lines. The lentiviral infection
efficiency was determined by fluorescence microscopy and
western blot assay.

Migration and invasion assays. Transwell assays were
performed to detect the target cell migration and invasion.
FaDu cells were harvested during the logarithmic growth

phase, washed with PBS and suspended in DMEM without
FBS at 4x10° cells/ml. The upper chamber of the Transwell
inset (Costar; Corning, Inc.) was filled with 250 ul of
cell suspension, and the lower chamber was filled with 700 ul
DMEM/F-12 with 20% FBS as a chemoattractant. The cells
were incubated for 24 h at 37°C. The non-migrating cells
were removed by a cotton swab, and the migratory cells were
fixed with 4% formaldehyde at room temperature for 15 min
and stained with 0.1% crystal violet at room temperature for
25 min. The stained cells were counted in five random fields
per sample under a light microscope (magnification, x100).
Transwell chambers precoated with Matrigel (BD Biosciences)
for 30 min at 37°C were used for cell invasion assays following
a similar protocol as the cell migration assays, with the excep-
tion that the cells were incubated for 36 h due to the Matrigel
barrier. The experiments were repeated at least thrice.

Immunofluorescence (IF) assay. FaDu cells were cultured on
glass coverslips and fixed with 4% paraformaldehyde at room
temperature for 20 min, washed with cold PBS and permea-
bilized with 0.2% Triton X-100 for 10 min to rupture the cell
membranes. Non-specific antigen-binding sites were blocked
by 1% bovine serum albumin (Beijing Solarbio Science &
Technology Co.,Ltd.) in PBS for 1 h at room temperature. After
washing with PBS, the cells were incubated with anti-PHF20
(1:200; cat.no. ab67796; Abcam),anti-STAT3 (1:50; cat.no.9139;
Cell Signaling Technology, Inc.) and anti-p-STAT3 (1:200;
cat. no. 91458; Cell Signaling Technology, Inc.) overnight at 4°C.
Following washing thrice with PBS, the cells were incubated
with a DyLight® 546-cojugated donkey anti-rabbit secondary
antibody for PHF20 and p-STAT3 (1:1,000; cat. no. A10040)
and a fluorescein-conjugated goat anti-mouse secondary anti-
body for STAT3 (1:1,000, F2761) (both Invitrogen; Thermo
Fisher Scientific, Inc.) for 1 h at room temperature. Cells were
washed twice with PBS, and the nuclei were stained with
4'6-diamidino-2-phenylindole (Sigma-Aldrich; Merck KGaA)
for 15 min at room temperature. Cells were observed five
random fields (x63 magnification) under a TCS SPE confocal
microscope (Leica Microsystems GmbH).

Tumor xenografts in nude mice. Male BALB/c nude mice (age,
4 weeks) were obtained from Charles River Laboratories via
Beijing Vital River Laboratory Animal Technology Co., Ltd.
and maintained in a temperature- and humidity-controlled
environment (22+1°C; 40-60% humidity) with a 12:12 h
light-dark cycle and free access to food and water. The study
was performed with the approval from the Committee for the
Animal Care and Use of Shandong Provincial ENT Hospital.
The mice were randomly divided into two groups (n=6 per
group). shPHF or Scr cells (1x10° cells/mouse) were subcutane-
ously injected into the left dorsal flank. The length and width of
the tumors were examined every 2 days using digital calipers.
On day 23 post-inoculation, the mice were sacrificed by carbon
dioxide asphyxiation (20% chamber volume/min), and the
tumors were excised, fixed with 4% paraformaldehyde for 24 h
at room temperature and embedded in paraffin for hematoxylin
and eosin (H&E) and immunohistochemistry (IHC) staining.

H&E and IHC staining. The paraffin-embedded tumor tissues
from mice were cut into 2-um sections and routinely stained
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with H&E for histological diagnosis. The tissue sections were
de-paraffinized and rehydrated, and the tissue antigen was
retrieved using target retrieval solution (OriGene Technologies,
Inc.) according to the manufacturer's protocol. The slides were
washed with PBS and incubated with the anti-PHF20 poly-
clonal (1:200; cat. no. 124224; Abcam), anti-p-STAT3 (1:200;
cat. no. 9145S; Cell Signaling Technology, Inc.) and anti-Ki67
(diluted 1:200; cat. no. ZA-0502; OriGene Technologies, Inc.)
primary antibodies at 4°C overnight. After washing thrice
with PBS, the sections were incubated with secondary bioti-
nylated goat anti-rabbit IgG antibody (1:500, cat. no. SP-9001;
OriGene Technologies, Inc.) for 15 min. The tissue sections
were examined, and images were captured using Olympus
BX53 microscope (Olympus Corporation) in five random
fields per sample (x200 magnification).

Flow cytometry.To determine the cell cycle phase, FaDu cells were
harvested at the logarithmic growth phase and washed twice with
ice-cold PBS. The cell density was adjusted to 1x10° cells/ml, and
the cells were fixed with 70% ethanol at 4°C overnight. The cells
were stained with propidium iodide (10 xg/ml; Sigma-Aldrich;
Merck KGaA) in the presence of RNase (10 xg/ml; Tiangen
Biotech Co., Ltd.) for <30 min. Subsequently, the cells were
harvested and analyzed by a FACSCalibur flow cytometer
(BD Biosciences) to detect the cell cycle phase. The fluorescent
signal was detected through the FL2 channel, and the propor-
tion of DNA in different phases was analyzed using ModfitLT
Version 3.3.11 (Verity Software House, Inc.).

Apoptotic cells were detected using the Annexin V-
phycoerythrin (PE)/7-aminoactinomycin D (7-ADD) apop-
tosis detection kit (Nanjing KeyGen Biotech Co., Ltd.) by
flow cytometry. Briefly, 1x10° FaDu cells were treated with
2 uM cisplatin for 48 h, harvested, washed and resuspended
in 50 ul binding buffer containing 5 pl 7-ADD at room
temperature in the dark for 10 min. Subsequently, the cells
were incubated in 500 ul binding buffer containing 1 ul
PE-conjugated Annexin V at room temperature for 10 min.
Annexin V- and 7-ADD-positive apoptotic cells were detected
using a FACSCalibur flow cytometer. Annexin V-PE-positive
and 7-ADD-negative cells were considered as early apoptotic
cells, whereas positivity for both Annexin V and 7-ADD was
considered to indicate late apoptosis.

Terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling (TUNEL) assay. To assess apoptotic cells in
tissues, 2-ym tumor tissue sections were analyzed by TUNEL
assay (in situ Cell Death Detection kit; Roche Applied
Sciences). Apoptotic cells (TUNEL*) were counted as the
percentage of the total cells. TUNEL" cells were counted in
five random fields per slide, and five slides per group were
analyzed by fluorescence microscopy at x400 magnification.

Statistical analysis. All statistical analyses were performed
using SPSS 17.0 (SPSS, Inc.). Student's t-test was used to deter-
mine significant difference between two groups. Differences
among multiple groups were analyzed with mixed model
ANOVA followed by the Tukey's post-hoc test. Data were
obtained from at =3 independent experiments and presented
as the mean = SEM. P<0.05 was considered to indicate a
statistically significant difference.

Results

PHF?20 is upregulated in cisplatin-resistant HSCC cells. To
establish a cisplatin-resistant HSCC cell line, FaDu cells were
treated with cisplatin, and the IC,, was determined. The ICs, of
FaDu cells was 2.370 uM with a 95% confidence interval (CI) of
2.228-2.529 uM. The ICs, of cisplatin-resistant FaDu cells was
6.937 uM with a 95% CI of 6.379-7.543 uM. To establish a cispl-
atin-resistance model, FaDu cells were treated with increasing
doses of cisplatin for 6 months. Throughout the selection period,
the sensitivity of cells to cisplatin was detected via CCK-8 assay,
and a stable cell population resistant to cisplatin (FaDuggg)
was obtained with a resistance index (RI) of ~2.927 (Fig. 1A)
compared with parental FaDu cells (FaDug ¢). Cell viability
was significantly lower in FaDugg +Cis cells compared with
that in FaDug x+Cis cells (Fig. 1B).

To comprehensively survey the genes associated with
cisplatin resistance, RNA sequencing was performed in FaDu
cells sensitive and resistant to cisplatin. The sequencing data
are available at the Sequence Read Archive database of NCBI
(accession nos. SRR13805665, SRR13805664, SRR13805661,
SRR13805657, SRR13805656 and SRR13805655). With
fold-change >2 and P<0.001 used as the screening criteria in
gene detection, the transcriptome sequencing analysis identi-
fied 24,361 differently expressed genes between FaDu g  and
FaDugg_g, including 14,487 upregulated and 9,874 downregu-
lated genes. Intrinsic apoptosis is one leading mechanisms
of cisplatin resistance (29); in the present study, the RNA
sequencing results (Table I) demonstrated that MCL1, an apical
molecule in apoptosis control and promoting cell survival (30),
was also significantly upregulated in FaDug  compared with
FaDugg ¢ cells (P<0.001; Table I). In addition, at the protein
level, the expression levels of MCLI increased, whereas the
levels of cleaved caspase-3 and PARPI decreased in FaDug
cells compared with those in FaDu4 ¢ cells under cisplatin
treatment, indicating apoptosis (Fig. 1C and D).

Among the differentially regulated genes between the two
cell types analyzed in the present study, PHF20 was remarkably
upregulated in FaDugg ; cells (P<0.001; Table I). The expres-
sion levels of PHF20 were validated by RT-qPCR and western
blotting. FaDugs ; cells exhibited higher expression levels of
PHF20 compared with those in FaDug ¢ cells (Fig. 1C-E),
suggesting the accumulation of PHF20 in chemoresistant
HSCC cells. These results suggested the PHF20 expression
may be associated with apoptosis and chemoresistance in
HSCC cells.

Inhibition of PHF20 suppresses HSCC cell viability by
promoting apoptosis in vitro. The increased levels of PHF20
were associated with cisplatin resistance. The anticancer
mechanism of cisplatin involves the activation of DNA
damage response and intrinsic mitochondrial apoptosis (6).
Therefore, the present study further investigated the effects of
PHF20 on the biological phenotype of HSCC cells. CCK-8,
migration, and invasion assays were performed in FaDu
cells following PHF20 inhibition. Stable PHF20-knockdown
FaDu cell lines were established by lentivirus infection. The
protein and mRNA expression levels of PHF20 were signifi-
cantly inhibited in FaDu cells following PHF20 knockdown
compared with those in the control cells (Fig. 2A-C). PHF20
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Figure 1. PHF20 is upregulated in cisplatin-resistant HSCC cells. (A) The survival rate of cisplatin-sensitive and resistant HSCC cells following cisplatin
treatment was determined using the Cell Counting Kit-8 assay. (B) The viability of FaDugsz and FaDugg ¢ cells was determined using the Cell Counting
Kit-8 assay. Mixed model ANOVA was used for analysis. (C) Western blot analysis was used to detect the expression levels of apoptosis-related molecules
MCLI, caspase-3 and PARPI in FaDus and FaDug ¢ cells treated with or without cisplatin. $-actin was used as an internal reference. (D) Quantitative
analysis of the western blotting data. Mixed model ANOVA was used for analysis. (E) Reverse transcription-quantitative PCR revealed that the relative mRNA
expression levels of PHF20 significantly increased in FaDug  cells compared with those in FaDugg g cells. "P<0.05, “P<0.01 and ““P<0.001 vs. FaDucg s or
as indicated. All experiments were performed thrice. Data are presented as the mean = SEM. HSCC, hypopharyngeal squamous cell carcinoma; PHF20, plant
homeodomain finger protein 20; PARP1, poly(ADP-ribose) polymerase 1; MCL1, myeloid cell leukemia-1.

knockdown significantly decreased the viability (Fig. 2D)
but did not affect the migratory (Fig. 2E and F) and invasive
(Fig. 2G and H) abilities of FaDu cells compared with those in
the Scr group. In addition, the present study examined whether
proliferation and/or apoptosis accounted for the decrease in
the cell viability of FaDu cells following PHF20 knockdown.
No notable differences were observed in the cell proliferative
ability as indicated by EDU* and Ki67* cells between the two
groups (Fig. 3A-D). The cell cycle phase detection by flow

cytometry revealed that PHF20 knockdown did not affect the
GO0/G1 phase and S phase arrest in HSCC cells (Fig. 3E and F).

Western blotting and flow cytometry were used to
further investigate whether the PHF20 knockdown-mediated
decrease in the cell viability of FaDu cells was associated
with apoptosis. Compared with those in the control cells,
the levels of cleaved PARPI increased in shPHF-transfected
cells (Fig. 4A and B). The expression levels of MCLI1 were
markedly downregulated in shPHF20 cells compared with
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Figure 2. PHF20 inhibition suppresses the viability of FaDu cells. (A) The protein expression levels of PHF20 were detected in shPHF and Scr cells by western
blot assay. (B) Quantification of the western blotting results in A. (C) The mRNA expression levels of PHF20 were detected in shPHF- and Scr-transfected cells
by reverse transcription-quantitative PCR. (D) The viability of cisplatin-sensitive and resistant FaDu cells was detected using the Cell Counting Kit-8 assay.
(E) The migration assay demonstrated no significant differences in the cell numbers between the shPHF and Scr groups. Magnification, x100. Scale bar, 200 gm.
(F) Quantitative analysis of the migratory cells in E. (G) The Invasion assay results were similar to those of the cell migration assay. Magnification, x100.
Scale bar, 200 ym. (H) Quantitative analysis of the invasive cells in G. The experiments were performed in triplicate, and unpaired t-test was used for analysis.
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those in Scr cells (Fig. 4A and B). In addition, PHF20 knock-
down significantly increased the apoptotic rate compared
with that in the Scr cells, as assessed by flow cytometry with
Annexin V (Fig. 4C and D). Therefore, PHF20 knockdown
inhibited cell viability by enhancing apoptosis in vitro.

Knockdown of PHF20 improves cisplatin sensitivity in HSCC
cells. The upregulation of PHF20 was associated with cisplatin
resistance in FaDu cells. Thus, the present study further
examined the effects of PHF20 on the response of FaDu cells
to cisplatin treatment (Scr, Scr + Cis, shPHF and shPHF +
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Figure 3. Similar proliferative abilities in shPHF- and Scr-transfected FaDu cells. (A) EDU labeling assay demonstrated that the proliferative ability of FaDu
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in triplicate, and unpaired t-test was used for analysis. PHF20, plant homeodomain finger protein 20; shPHF, lentivirus-mediated shRNA targeting PHF20;
Scr, scramble shRNA; IHC, immunohistochemistry; EDU, 5-ethynyl-2'-deoxyuridine.

Cis cells). The cell viability was significantly inhibited in the
shPHF + Cis group compared with that in the Scr + Cis or shPHF
group (Fig. 5A). Western blot analysis results confirmed that
the expression levels of MCL1 were downregulated, whereas
the levels of cleaved PARPI and caspase 3 were upregulated
in shPHF + Cis cells compared with those in the Scr + Cis and
shPHF groups (Fig. 5B and C). Similarly, the flow cytometry
results revealed an increased number of apoptotic cells in the
shPHF + Cis group compared with those in the Scr + Cis and
shPHF groups (Fig. 5D and E). Thus, PHF20 knockdown sensi-
tized HSCC cells to cisplatin-induced apoptosis and effectively
suppressed their viability.

PHF20 regulates apoptosis and improves cisplatin sensitivity
via the OCT4-p-STAT3-MCLI signaling pathway. PHF20, as
a transcriptional factor, directly binds to the promoter region
of the OCT4 gene (31), and its downregulation promotes
apoptosis (32). The present study further examined whether
OCT4 overexpression in FaDu cells reversed MCL1-mediated

apoptosis caused by PHF20 inhibition. The mRNA the expres-
sion levels of OCT4 were lower in the shPHF cells compared
with those in Scr cells (Fig. 6A). When PHF20 was knocked
down, the levels of OCT4, p-STAT3 and MCL1 were downreg-
ulated in FaDu cells compared with those in the control group
(Fig. 6B and C). In addition, IF assay results demonstrated that
PHF20 knockdown decreased the levels and nuclear localiza-
tion of p-STAT?3 in FaDu cells compared with those in Scr
cells (Fig. 6D and E). Using co-transfection, OCT4 was over-
expressed, while PHF20 was knocked down in FaDu cells; the
results demonstrated that OCT4 overexpression restored the
reduction in the levels of p-STAT3, MCLI and cleaved PARP1
repressed by PHF20 knockdown (Fig. 7A and B). Thus, PHF20
knockdown promoted the apoptosis of HSCC cells via OCT4.

Among OCT4 isoforms, OCT4B1 and OCT4A serve
important roles in apoptosis (25,31,33). Therefore, we hypoth-
esized that OCT4B1 and OCT4A rather than other OCT4
isoforms may mediate the apoptosis induced by PHF20
knockdown. The expression levels of OCT4A, OCT4B and
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in cells with PHF20 knockdown. (B) Quantitative analysis of PHF20, MCLI and cleaved PARP1 in A. (C) Flow cytometry assay revealed that the proportion of
apoptotic cells increased in FaDu cells following PHF20 knockdown compared with that in the control group. (D) Quantitative analysis of apoptotic rates in C.
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OCT4B1 were detected at the transcriptional level, and the
results demonstrated that the levels of OCT4A and OCT4B1
were significantly downregulated following PHF20 knock-
down compared with those in the Scr group, whereas OCT4B
expression was unaffected (Fig. 7C). Western blot analysis
results also confirmed the decrease in the protein expression
levels of OCT4A and OCT4Bl in the shPHF group compared
with those in the Scr group (Fig. 7D and E). These results
suggested that in HSCC cells, PHF20 knockdown increases
the apoptotic rate via OCT4A and OCT4BI1 rather than the
other isoforms of OCT4. Therefore, PHF20 knockdown may
promote apoptosis by inhibiting the OCT4-p-STAT3-MCL1
signaling pathway in HSCC cells.

PHF20 inhibition suppresses tumorigenicity via apoptosis
in a xenograft model of HSCC. To investigate the role of
PHF20 in vivo, shPHF and control cells were subcutaneously
injected into nude mice in order to establish an animal xeno-
graft model. The tumor appeared at day 7 post-inoculation,
and tumor samples were extracted on day 23. As presented
in Fig. 8A and B, the tumor volumes were significantly lower,
and the tumor growth was notably suppressed in the shPHF
group compared with those in the Scr group. Histological
analysis and TUNEL assays were performed on the tumor
tissue sections from the mice in the two groups. Tumors in
the shPHF group exhibited a remarkable decrease in PHF20
levels compared with those in the Scr group (Fig. 8C and D).
Consistent with the in vitro results, the number of Ki67+ cells
did not differ significantly in the tumor tissues between the
two groups (Fig. 8C and D). Notably, shPHF tumors exhibited
a higher number of apoptotic TUNEL* cells, whereas the

levels of p-STAT3 decreased compared with those in the Scr
group (Fig. 8C and D). Collectively, these results demonstrated
that PHF20 knockdown inhibited tumor growth by promoting
apoptosis in vivo.

Discussion

Resistance to cisplatin, a DNA-damaging agent, is a major
obstacle for its clinical use in HSCC. In the present study, the
levels of PHF20 were upregulated in FaDug  compared with
those in FaDu ¢ cells, as indicated by RNA sequencing,
RT-qPCR and western blotting results. The effects of PHF20 in
HSCC and cisplatin sensitivity, as well as the underlying molec-
ular mechanisms, were further investigated. PHF20 knockdown
significantly decreased the viability of FaDu cells by accelerating
apoptosis, and the tumorigenic role of PHF20 was observed in a
mouse xenograft model, where more apoptotic cells were present
in the shPHF group compared with the Scr group. PHF20
knockdown sensitized FaDu cells to cisplatin treatment. Notably,
cisplatin and PHF20 knockdown synergistically promoted the
apoptosis of FaDu cells via the OCT4-p-STAT3-MCL1 signaling
pathway. These results suggested a potential underlying mecha-
nism by which knockdown of PHF20 may promote apoptosis
in vitro and in vivo and improve cisplatin-based chemosensitivity
in HSCC cells. A schematic diagram of the proposed mechanism
is presented in Fig. 8E.

PHF20 is an antigen in patients with glioblastoma that
is highly expressed in various types of cancer, including
non-small cell lung cancer, glioblastoma and nasopharyngeal
carcinoma (12,14) and participates in the development and
progression of glioma, adenocarcinomas and lung cancer (12).
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Figure 5. Inhibition of PHF20 improves cisplatin sensitivity in HSCC cells. (A) The cell viability was detected using the Cell Counting Kit-8 assay in
shPHF- and Scr-transfected cells treated with or without cisplatin. Compared with those in the shPHF and Scr + Cis groups, the cell viability in the shPHF +
Cis group significantly decreased. (B) Western blot assay results demonstrated that the protein expression levels of MCL1 decreased in shPHF cells treated
with cisplatin compared with those in the shPHF and Scr + Cis groups, whereas the levels of cleaved PARP1 and caspase-3 increased in the same conditions.
(C) Quantitative analysis of the Western blot results in B. (D) Apoptosis was detected by flow cytometry in shPHF- and Scr-transfected cells treated with
or without cisplatin. (E) Quantitative analysis of apoptosis in D. The results revealed that the proportion of apoptotic cells was significantly higher in the
shPHF + Cis group compared with that in the Scr + Cis and shPHF groups. Mixed model ANOVA was used for analysis. The experiments were performed in
triplicate. ““P<0.01 and "“P<0.001. PHF20, plant homeodomain finger protein 20; shPHF, lentivirus-mediated sShRNA targeting PHF20; Scr, scramble ShRNA;
PARPI, poly(ADP-ribose) polymerase 1; MCLI, myeloid cell leukemia-1; OD, optical density; casp-3, caspase-3.

NF-kB, which promotes the development of inflamma-  provided valuable information for improved understanding of
tion-associated cancer, is activated by high expression levels of  the role of PHF20 knockdown in regulating apoptosis via the
PHF20 (34). Cui et al (35) have reported that PHF20 stabilizes =~ OCT4-p-STAT3-MCL1 signaling pathway in HSCC.

p53 through dimethylated lysine residues for cell survival Cisplatin is one of the most potent chemotherapeutic regi-
and carcinogenic activity. The results of the present study  mens that is widely used for the treatment of various types
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Figure 6. PHF20 silencing decreases the expression levels of its downstream proteins OCT4, MCLI1, STAT3 and p-STAT3. (A) The mRNA expression levels
of PHF20 and OCT4 were detected by reverse transcription-quantitative PCR in shPHF-transfected and control cells. The results revealed that the mRNA
expression levels of OCT4 were markedly decreased following PHF20 knockdown compared with those in the Scr-transfected cells. (B) The protein expression
levels of PHF20, OCT4, MCL1, STAT3 and p-STAT3 were determined by western blot assay in shPHF- and Scr-transfected cells. (C) Quantitative analysis
of the Western blot results in B. The levels of OCT4, MCL1 and p-STAT3 were downregulated in the shPHF group compared with those in the Scr group.
(D) Immunofluorescence assay was used to detect the expression and localization of PHF20, p-STAT3 and STAT3 in shPHF20- and Scr-transfected cells. The
results demonstrated that p-STAT3 expression was associated with PHF20. Scale bar, 75 ym. (E) Quantitative analysis of fluorescent cells in D. Comparison
with that in the shPHF group, p-STAT3 expression was lower in FaDu cells following PHF20 knockdown. The experiment was performed in triplicate, and
unpaired t-test was used for analysis. “P<0.01 and ““P<0.001. PHF20, plant homeodomain finger protein 20; shPHF, lentivirus-mediated shRNA targeting
PHF20; Scr, scramble shRNA; PARPI1, poly(ADP-ribose) polymerase 1; MCLI, myeloid cell leukemia-1; STAT3, phosphorylated signal transducer and
activator of transcription 3; p-, phosphorylated; OCT4, octamer-binding transcription factor 4.

of solid tumor, including head and neck cancer, in clinical
practice (36,37). However, its clinical efficiency is limited by
chemoresistance and side effects, which includes mainly neph-
rotoxicity and bone marrow toxicity (29,38). Therefore, the

molecular mechanisms underlying chemoresistance induced
by cisplatin need to be studied in detail. In the present study,
the expression levels of PHF20 in FaDug  cells were higher
compared with those in FaDug g cells, suggesting that PHF20
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Figure 7. PHF20 regulates apoptosis and improves cisplatin sensitivity via the OCT4-p-STAT3-MCLI signaling pathway. (A) Western blotting was used to
determine the expression levels of PHF20, OCT4, MCLI1, PARP1, STAT3 and p-STAT3 in FaDu cells co-transfected with lentivirus-mediated PHF20 shRNA
and OCT4 overexpression plasmid. OCT4 overexpression restored the PHF20 knockdown-mediated reduction in the levels of p-STAT3, MCLI and cleaved
PARPI. (B) Quantitative analysis of the western blot results in A. Compared with those in the shPHF + pCDNA3.1 group, the relative levels of p-STAT3
and MCLI increased, whereas those of cleaved PARP1 decreased in the shPHF + OCT4 group. Mixed model ANOVA was used for analysis. (C) Reverse
transcription-quantitative PCR assay demonstrated that the mRNA expression levels of OCT4A and OCT4BI1 were decreased, whereas the expression levels of
OCTA4B were not affected by PHF20 knockdown compared with those in the Scr group. (D) Western blot analysis of OCT4A and OCT4BI1 expression levels in
the shPHF and control groups. (E) Quantitative analysis of the western blot results in D. Compared with those in the control cells, the relative protein expression
levels of OCT4A and OCT4B1 were decreased in the shPHF group. All experiments were performed thrice. “P<0.01 and ““P<0.001. PHF20, plant homeodomain
finger protein 20; shPHF, lentivirus-mediated sShRNA targeting PHF20; Scr, scramble shRNA; PARP1, poly(ADP-ribose) polymerase 1; MCL1, myeloid cell
leukemia-1; STAT3, phosphorylated signal transducer and activator of transcription 3; p-, phosphorylated; OCT4, octamer-binding transcription factor 4.

may affect the chemoresistance of HSCC. Notably, PHF20
knockdown attenuated cisplatin resistance and improved the
sensitivity of HSCC cells to cisplatin, thus enhancing apoptosis.
To further validate the synergistic effect of PHF20 knockdown
and cisplatin treatment in vivo, tumor-bearing mice were intra-
venously injected with cisplatin. No notable tumor regression
was observed in the shPHF plus cisplatin group compared with
that in the shPHF group (data not shown). This result supported
previous findings (39,40), suggesting that FaDu cells were not

sensitive to cisplatin treatment in vivo. FaDu cells are the only
currently available hypopharyngeal cancer cell line (41). Thus,
additional HSCC cell lines are required to validate the results
of the present study in vivo. However, the results of the present
study demonstrated that PHF20 may serve as a potential
marker for cisplatin-resistant HSCC and a therapeutic target to
combine with cisplatin to induce cell death.

OCT4 is a key transcriptional factor involved in apop-
tosis (23,42,43). In the present study, decreased protein
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expression levels of MCLI1 caused by PHF20 knockdown
were significantly reversed by co-transfection with a OCT4
overexpression plasmid in FaDu cells. The human OCT4
gene generates three main isoforms, namely OCT4A (44),
OCT4B (45) and OCT4B1 (42), by alternative splicing. OCT4A,
generally referred to as OCT4, is a pivotal transcriptional factor

that sustains the stemness properties of pluripotent cells (46).
OCT4B serves an antiapoptotic role in lung adenocarcinoma
A549 cells (43). In gastric adenocarcinoma, bladder and brain
cancer cell lines, suppression of OCT4B1 induces the upregula-
tion of proapoptotic genes such as cell death-Inducing DFFA-like
effector A, and downregulation of antiapoptotic genes such as
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Bcl2 and Bax (47). The knockdown of OCT4BI1 increases the
apoptotic rate in gastric cancer due to cell cycle alterations (42).
OCT4A induces apoptosis in breast cancer cells (22) and human
endometrial cancer (24). PHF20 acts as a transcriptional factor
binding to the promotor of OCT4 to promote cellular repro-
gramming (14,31). However, the role of PHF20 in the regulation
of OCT4 isoform expression has not been fully determined. The
knockdown of PHF20 remarkably downregulated the mRNA
and protein levels of OCT4A and OCT4BI1 expression, but
did not affect the expression levels of OCT4B compared with
those in the Scr group in the present study. Thus, OCT4A and
OCT4B1 may mediate PHF20 knockdown-induced apoptosis
by regulating the levels of p-STAT3 and MCLI.

In conclusion, PHF20 inhibition may promote apoptosis in
FaDu cells via the OCT4-p-STAT3-MCLI signaling pathway
and sensitize FaDu cells to cisplatin treatment.
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