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Propofol induces apoptosis and ameliorates
S-fluorouracil resistance in OSCC cells by reducing
the expression and secretion of amphiregulin
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Abstract. Among the different types of oral cancer, >90% of
cases are oral squamous cell carcinoma (OSCC). 5-fluoro-
uracil (5-FU) is a commonly used treatment for OSCC, but
cells typically display resistance to the drug. Propofol, an
intravenous anesthetic agent, exhibits certain anticancer
effects, including the inhibition of cancer cell proliferation,
migration and invasion. Secreted proteins, such as growth
factors and cytokines are involved in cancer development
and progression, but the effect of propofol on secreted
proteins in OSCC is not completely understood. An MTT
assay, flow cytometry and western blotting were performed
to determine the anticancer effects of propofol. The secretion
profile of OSCC was determined using an antibody array, and
clinical importance was assessed using the Gene Expression
Profiling Interactive Analysis database. The results were
verified by performing reverse transcription-quantitative
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PCR (RT-qPCR) and western blotting. 5-FU-resistant cells
were established to determine the role of the gene of interest
in drug resistance. The results demonstrated that propofol
decreased cell viability and promoted cell apoptosis. The
antibody array results showed that propofol attenuated
the secretion of multiple growth factors. The bioinformatics
results indicated that amphiregulin (AREG) was expressed
at significantly higher levels in cancer tissues, which was
also related to poor prognosis. The results of RT-qPCR and
western blotting revealed that propofol decreased AREG
expression. Pretreatment with exogenous recombinant AREG
increased EGFR activation and conferred propofol resis-
tance. Moreover, the results indicated that the expression and
activation of AREG was also related to 5-FU resistance, but
propofol ameliorated 5-FU drug resistance. Therefore, the
present study suggested that propofol combination therapy
may serve as an effective treatment strategy for OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common
subset of head and neck squamous cell carcinoma (HNSCC) (1).
Clinical treatment of OSCC includes surgery, radiotherapy
and chemotherapy (2). Multiple treatment strategies have
improved the clinical outcome for patients with OSCC,
but the overall 5-year survival rate after diagnosis is still
<50% (3). As with other solid tumors, 5-fluorouracil (5-FU)
is one of the most effective and commonly used drugs for
OSCC (4), but its clinical effectiveness is often limited due
to acquired resistance with continuous drug administra-
tion (5). Therefore, identifying an effective therapeutic
drug to improve the prognosis of patients with OSCC is
important.

Propofol (2, 6-diisopropylphenol) is a commonly used
intravenous sedative-hypnotic drug that allows for smooth


https://www.spandidos-publications.com/10.3892/mmr.2021.12552

2 YANG et al: ANTICANCER EFFECT OF PROPOFOL IN OSCC CELLS

induction and a rapid recovery from anesthesia (6). Propofol
also displays a number of non-anesthetic effects, including
antitumor activities (7,8). In a variety of human cancer cells,
it has been reported that propofol triggers cell apoptosis and
inhibits proliferation, migration and invasion (9,10). Certain
retrospective studies and prospective trials have reported that
propofol treatment improves the survival outcomes for patients
with certain types of cancer after tumor resection (11-16).
However, the role of propofol in the treatment of OSCC is not
completely understood.

Secreted substances are responsible for communication
between cells and may promote tumor progression (17).
Increasing evidence demonstrates that the microenvironment
is the primary driver for cancer growth, motility and therapy
resistance (18-20). Secretions from cells can also enter the
blood system and serve as serum tumor markers. A recent
study showed that for patients undergoing radical resection
for non-small cell lung cancer (NSCLC), propofol reduced
postoperative serum tumor angiogenesis-related factors, such
as VEGF and TGF-p (21), thus propofol may affect the tumor
microenvironment and serve a pivotal role in the development
and progression of cancer.

Antibody arrays are extensively utilized in cancer research
to identify candidate biomarkers and explore signaling path-
ways, which benefits diagnosis, prognosis and treatment (22).
Numerous biological websites and software can be used for
bioinformatics analysis, including gene expression profile
interactive analysis (GEPIA) (23), which has been success-
fully applied in numerous cancer studies. The present study
investigated the effect of propofol on OSCC cytotoxicity
and the secreted protein profile using an antibody array.
Bioinformatics tools are used to evaluate the clinical impor-
tance of these altered secreted proteins.

Materials and methods

Chemicals and reagents. Propofol (purity >98%) was obtained
from The United States Pharmacopeial Convention. 5-FU was
purchased from Sigma-Aldrich (Merck KGaA). Propofol and
5-FU were dissolved in DMSO (Amresco, LLC) and stored at
4°C before use. Recombinant AREG (rAREG) was purchased
from R&D Systems, Inc.

Cell culture. Human OSCC cell lines (SAS and SCC9) were
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.)
and 1% penicillin-streptomycin, and maintained at 37°C in a
humidified atmosphere of 5% CO,.

Cell cytotoxicity. The cytotoxic activity of propofol on
OSCC cells was assessed using an MTT assay. Cells
(5x10%well) in 100 pl medium were plated in each well of
a 96-well plate overnight. Subsequently, cells were treated
with the indicated concentrations of propofol (0, 5, 10, 20,
40, 80 and 160 uM) or 5-FU (0-160 xM) for the indicated
interval (24, 48 or 72 h). Then, MTT reagent (5 mg/ml in
PBS) was added to each well and incubated for 4 h. The
supernatant was removed and 100 u1 DMSO was added to
each well to dissolve the formazan crystals. The absorbance
was measured at a wavelength of 550 nm using a microplate

reader, and the background value at a wavelength of 750 nm
was subtracted. Cell viability is presented as the percentage
relative to untreated cells.

Detection of the apoptotic rate by flow cytometry. Cells
(1.5x10° cells/well) were seeded into 6 well plates and cultured
overnight. After treatment with 160 M propofol for 48 h at
37°C, cells were collected and washed with cold PBS. The
Annexin V FITC/PI Apoptosis Detection kit (BD Biosciences)
was used to detect cell apoptosis. After staining at 25°C in
the dark for 15 min, the apoptotic rate was determined by
BD FACSCanto™ II flow cytometer (BD Biosciences).
Data acquisition was performed using FACSDiva software
version 6.1 (BD Biosciences). The apoptotic rate (%) was
calculated as the sum of Annexin-V-FITC*/PI" (early apop-
tosis; Q4) and Annexin-V-FITC*/PI* (late apoptosis; Q4) cells.

Western blotting. Total protein was isolated from cells using
RIPA buffer supplemented with a protease inhibitor cocktail. A
Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, Inc.)
was used to determine protein concentrations. Equal amounts
of total protein (40 pg/lane) were separated by SDS-PAGE
(8-15% gel) and then transferred to PVDF membranes
(Millipore). After blocking with 5% skimmed milk in TBS at
room temperature for 1 h, the membranes were incubated with
specific primary antibodies overnight at 4°C. The following
primary antibodies were used: Cleaved PARP (1:2,000;
cat. no. ab32064; Abcam), a-tubulin (1:10,000; cat. no. 05-829;
EMD Millipore), AREG (1:200; cat. no. sc-74501; Santa Cruz
Biotechnology, Inc.), phosphorylated (p)-EGFR (1:1,000;
cat. no. 6963S; Cell Signaling Technology, Inc.), and EGFR
(1: 200; cat. no. sc-53274; Santa Cruz Biotechnology, Inc.).
After several washes with TBST (0.05% Tween-20), the
membranes were then incubated for 1 h with appropriate
HRP-conjugated goat anti-rabbit IgG (1:5,000; cat. no. 20202;
Leadgene Biomedical, Inc.) and goat anti-mouse IgG (1:5,000;
cat. no. 115-035-003; Jackson ImmunoResearch Laboratories,
Inc.) secondary antibodies. The membranes were then washed
with TBST and protein bands were visualized using ECL
reagents (Merck KGaA) and autoradiography. The intensity
of signals was recorded using UN-SCAN-IT gel 6.1 software
(Silk Scientific, Inc.).

Preparation of conditioned media (CM). Cells were cultured
in DMEM until they reached 70% confluence. The adherent
cells were washed three times with PBS to remove FBS, and
then cultured in serum-free DMEM for 48 h. The culture
media was collected, centrifuged at 500 x g at room tempera-
ture for 15 min and then carefully aspirated to collect the CM.
Amicon® Ultra (Merck KGaA) with a 3 kDa cut-off value
was used to increase the protein concentration by centrifuga-
tion at 2,000 x g at 4°C for 3 h. The resultant CM was stored
at -80°C until further use. An equal amount of conditioned
culture media (40 pg) was analyzed by 15% SDS-PAGE and
transferred to PVDF membrane, after which the membrane
was stained with Ponceau S at room temperature for 5 min as
a loading control.

Human growth factor antibody array. An Human
Growth Factor Antibody Array Membrane (41 Targets;
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cat. no. ab134002; Abcam) containing 41 targets was used to
determine changes in secreted proteins after propofol treat-
ment. The membrane was blocked by incubating at room
temperature for 30 min with 1X blocking buffer (provided
in the kit). The array membrane was incubated with 200 ug
concentrated CM sample overnight at 4°C. After washing
(reagent provided in the kit), the membrane was incubated with
the primary antibody cocktail for overnight at 4°C, washed and
then incubated with the secondary antibody for 2 h at room
temperature. Subsequently, bound antibodies were visualized
using ECL reagents. The primary antibody cocktail, secondary
antibody and ECL reagents were all provided as part of the
array kit. The relative intensity of the signal was calculated
using UN-SCAN-IT gel 6.1 software (Silk Scientific, Inc.).
The background (negative control) was subtracted from the
intensity of the dot signal and normalized using the average
value for the positive control spots.

GEPIA analysis. GEPIA is an online web server that uses
The Cancer Genome Atlas (TCGA) and Genotype-Tissue
Expression (GTEx) data. The TCGA included the RNA-Seq
data of 9,736 tumor samples with 33 cancer types and 726 adja-
cent normal tissues. GTEx included the RNA-Seq data of
>8,000 normal samples. The datasets were both stored in a
MySQL relational database (version 5.7.17) (23). The present
study used GEPIA to determine the clinical importance of
the candidate genes identified by the antibody array. The gene
name was set as ‘AREG’ and ‘HNSCC’ datasets were used for
the analysis. The expression data were the first log2 (TPM+1)
transformed data that were used for differential analysis. The
log2FC was defined as median (tumor) - median (normal).
The ILog2FCl cutoff was 1. The cutoff value for P was 0.05.
Log2 (TPM+1) where TPM = Transcripts Per Million was
used for the log-scale. Whisker plots show the relative RNA
expression for candidate genes between HNSCC tissues
(n=519) and normal tissues (n=44). GEPIA was also used to
determine the relationship between the expression level for
candidate genes and overall survival (OS) for patients with
HNSCC.

Reverse transcription-quantitative PCR (qPCR). Total
RNA was extracted from cells using TRIzol® reagent
(Thermo Fisher Scientific, Inc.). RNA was reverse transcribed
into cDNA using the PrimeScript RT Reagent kit (Takara Bio,
Inc.) according to the manufacturer's protocol. Subsequently,
gPCR was performed using Kapa SYB® FAST qPCR Master
Mix (Takara Bio, Inc.) and the MyGo PCR detection system
(IT-IS Life Science Ltd.). The thermocycling conditions were
as follows: Initial denaturation at 95°C for 180 sec, followed
by 40 cycles at 95°C for 10 sec, 60°C for 20 sec and 72°C for
30 sec. The following primers were used for gJPCR: AREG
forward, 5'-ACCTACTCTGGGAAGCGTGA-3" and reverse,
5-GGACTTTTCCCCACACCGTT-3"; and GAPDH forward,
5'-CACCCATGGCAAATTCCATGGCA-3' and reverse,
5" TCTAGACGGCAGGTCAGGTCCACC-3. AREG mRNA
expression was quantified using the 2-2°4 method and normal-
ized to the internal reference gene GAPDH (24).

Human EGFR phosphorylation antibody array. Cells
were pre-starved in serum-free DMEM for 4 h, and then
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stimulated for 15 min with serum-free DMEM containing
human rAREG protein (50 ng/ml; R&D Systems, Inc.)
at 37°C. A Human EGFR Phosphorylation Antibody
Array-Membrane (17 Targets; cat. no. ab134005; Abcam) was
used to determine changes in EGFR activation after rAREG
treatment. The membrane was blocked by incubating at room
temperature for 1 h with 1X blocking buffer (provided in
the kit). The array membrane was then incubated with cell
lysates (200 pg/ml) overnight at 4°C. After washing (reagent
provided in the kit), the membrane was incubated with a
biotin-conjugated anti-EGFR cocktail (reagent provided in
the kit) overnight at 4°C, washed (reagent provided in the
kit) and subsequently incubated with the HRP-conjugated
streptavidin for 2 h at room temperature. The signals are
visualized using ECL reagents (provided in the kit) and auto-
radiography. In addition, SAS and SCC9 cells were treated
with rAREG (50-100 ng/ml) and analyzed by western blot to
verify the activation of EGFR.

Establishment of 5-FU-resistant (FUR) sublines. To deter-
mine the mechanism underlying 5-FU resistance, SCC9
cells were cultured in the completed medium with gradually
increasing concentrations of 5-FU from 0.5 to 160 yM. After
~6 months, cells survived in three different concentrations
of 5-FU (40, 80 and 160 yM). Cells with different levels of
5-FU-resistance were named SCC9-FUR40, SCC9-FURS80
and SCC9-FURI160 cells, respectively.

AREG overexpression. SCC9 cells were seeded at a density of
3x10° cells/6 cm culture dish, after which cells were cultured
in completed medium overnight at 37°C with 5% CO,.
SCC9 cells were transfected with AREG overexpression
plasmid (1 pg; pCMV3-AREG) or empty vector (1 pg;
pCMV3) using TurboFect transfection reagent (Thermo Fisher
Scientific, Inc.). Following overnight incubation at 37°C, the
medium was replaced with fresh complete medium, and the
cells received a second incubation of 24 h at 37°C. All plas-
mids were purchased from Sino Biological Inc. The amino
acid sequence of AREG overexpression was as follows:
MRAPLLPPAPVVLSLLILGSGHYAAGLDLNDTYSGKR
EPFSGDHSADGFEVTSRSEMSSGSEISPVSEMPSSSEPSS
GADYDYSEEYDNEPQIPGYIVDDSVRVEQVVKPPQNK
TESENTSDKPKRKKKGGKNGKNRRNRKKKNPCNAEF
QNFCIHGECKYIEHLEAVTCKCQQEYFGERCGEKSMKT
HSMIDSSLSKIALAAIAAFMSAVILTAVAVITVQLRRQYV
RKYEGEAEERKKLRQENGNVHAIA. After transfection,
cells were cultured for 48 h and then harvested to determine
the transfection efficiency via western blotting. The effect of
AREG overexpression on 5-FU sensitivity was also deter-
mined using a MTT assay.

Statistical analysis. Data are presented as the mean + SEM
of at least three independent experiments. Statistical analyses
were performed using GraphPad Prism software (version 6.0;
GraphPad Software, Inc.). Comparisons between two
groups were analyzed using the unpaired Student's t-test.
Comparisons among multiple groups were analyzed using
one-way ANOVA followed by Bonferroni's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.
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Figure 1. Propofol decreases oral squamous cell carcinoma cell viability and promotes cell apoptosis. (A) Effect of propofol on SAS (n=4) and SCC9 (n=3)
cell viability. Cells were treated with 0-160 uM propofol for 48 h and then cell viability assay was determined using MTT assays. (B) Cells were treated with
160 uM propofol for 48 h. Apoptosis was evaluated by Annexin V-FITC/PI staining and the ratio of apoptotic cells was quantified using flow cytometry.
(SAS cells, n=3; SCC9 cells, n=5) (C) Effect of propofol on cleaved PARP protein expression levels was determined by western blotting with a-tubulin as the
loading control (n=3). Cells were treated with increasing doses of propofol (0-160 M) for 48 h. "P<0.05 vs. control. PARP, poly(ADP-ribose) polymerase.

Results

Effect of propofol on anticancer activity in OSCC cells. To
determine the cytotoxic effect of propofol on OSCC cells,
SAS and SCC9 cells were incubated in media containing
0-160 M propofol for 48 h, and then cell viability was deter-
mined using an MTT assay. As shown in Fig. 1A, propofol
decreased OSCC cell viability in a dose-dependent manner;
however, significance was only recorded at concentrations
>5 uM. To determine whether propofol induced OSCC cell
apoptosis, Annexin V-FITC/PI staining-based flow cytom-
etry was conducted to detect SAS and SCC9 cell apoptosis
following treatment with propofol. Compared with the control
groups (12.73+0.7126 and 17.02+1.337%, respectively),
propofol significantly increased the proportion of apoptotic
cells in both SAS (18.33+£1.410%) and SCC9 (27.78+1.827%)
cells (Fig. 1B).

The expression levels of cleaved- poly(ADP-ribose)
polymerase (PARP), a protein that is associated with apop-
tosis (25), were determined by western blotting to assess the
effect of propofol on cell apoptosis. The results demonstrated
that propofol treatment increased the expression of cleaved
PARP increased in a concentration-dependent manner
(Fig. 1C).

Propofol attenuates the secretion of multiple growth factors in
OSCC cells. Numerous studies have demonstrated that growth
factors secreted by tumor cells into the microenvironment
are related to antiapoptosis effects (19,26). To determine the
effect of propofol on the secretion of growth factors, CM was
used for an antibody array to detect changes in the secretion

of growth factors by OSCC cells after treatment with propofol
(Fig. 2A). The relative signal intensity for the growth factors
was compared between untreated and propofol-treated SAS
and SCCOI cells. SAS and SCCO9 cells displayed similar results,
with a total of 16 growth factors [AREG, basic fibroblast
growth factor, beta-nerve growth factor, EGF, FGF-4, FGF-6,
insulin like growth factor binding protein-4, insulin like
growth factor-1, neurotrophin (NT)-3, NT-4, platelet derived
growth factor receptor (PDGF R)a, PDGF Rf, TGFf, TGFf3,
VEGFR2 and VEGFR3] displaying a >2-fold reduction in
secretion in the propofol-treated group compared with the
untreated group (Fig. 2B).

Bioinformatics analysis of the clinical significance of the
downregulation of secreted proteins in patients with HNSCC.
To determine the clinical importance of these secreted
proteins, GEPIA were used to determine differences in expres-
sion patterns between HNSCC tissues and healthy tissues.
Compared with those in healthy tissues, the mRNA expres-
sion levels of AREG, PDGF Rf, TGF- and TGF-3 were
significantly upregulated in HNSCC tissues, whereas NT-3
was significantly downregulated (Fig. 3A).

GEPIA was also used to perform an OS analysis to
determine the clinical relevance of these secreted proteins
in terms of prognosis. The results demonstrated that high
mRNA expression of AREG (log-rank P=0.00039) and
EGF (log-rank P=0.00087) was significantly associated with
a worse OS (Fig. 3B). However, high expression levels of
PDGEF Ra (log-rank P=0.024), VEGFR2 (log-rank P=0.025)
and VEGFR (log-rank P=0.036) were significantly associated
with an improved prognosis for patients with HNSCC. The
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Figure 2. Effect of propofol on protein secretion in oral squamous cell carcinoma cells. (A) Cells were treated with 10 uM propofol for 48 h. Untreated cells
were used as controls. Serum-free conditioned media was harvested and analyzed using a human growth factor antibody array. Each antibody was spotted in
duplicate onto a membrane. The boxes with numbers indicate that the spots that were markedly reduced in size in the propofol-treated group compared with
the untreated group (fold changes >2). (B) With reference to untreated cells, the intensity of the spots was quantified by densitometry analysis and displayed
as a relative signal intensity. AREG, amphiregulin; b-FGF, basic fibroblast growth factor; b-NGF, beta-nerve growth factor; IGFBP, insulin like growth factor
binding protein; IGF, insulin like growth factor; NT, neurotrophin; PDGF R, platelet derived growth factor receptor.

bioinformatics analysis results demonstrated that AREG was
highly expressed in cancer tissues and associated with a poor
prognosis, thus AREG was selected as the target gene for the
present study.

Propofol reduces AREG expression in OSCC cells and may
limit the activation of its related signaling pathways. The
effect of propofol on AREG expression was investigated. SAS
and SCC9 cells were treated with different concentrations of
propofol (0-160 yM). The results demonstrated that the mRNA
expression level of AREG was significantly reduced at 160 M
in SAS cells and significantly reduced at 20 M in SCC9 cells.
(Fig. 4A). After propofol treatment, the effect of propofol
on AREG protein expression was significantly reduced in a
dose-dependent manner in both SAS and SCCO cells. (Fig. 4B).
The activation of specific kinases via extracellular stimulation

of AREG may serve a crucial role in mediating cell func-
tions. Therefore, OSCC cells were treated with rAREG, and
a human EGFR phosphorylation antibody array was used to
determine the relative phosphorylation levels for 17 different
EGF receptors.

InrAREG-treated SAS cells, there was more than twice the
level of phosphorylation of EGFR (Tyr845) and ErbB2 (Tyr877)
and 1.5 times the level of ErbB2 (Tyr1112) compared with that
in untreated SAS cells (Fig. 4C). SCC9 cells displayed similar
activation behavior, with an activation efficiency greater than
that of SAS cells. As shown in Fig. 4C, the phosphorylation
level of EGFR (Tyr1173) and ErbB4 (Tyr1284) increased
>1.5 times and the phosphorylation level for EGFR (Tyr845),
ErbB2 (Tyr877) and ErbB2 (Tyrl112) increased >3-fold.

AREG is the main ligand that is responsible for
EGFR signal activation (27). AREG also induced Tyr845


https://www.spandidos-publications.com/10.3892/mmr.2021.12552

6 YANG et al: ANTICANCER EFFECT OF PROPOFOL IN OSCC CELLS
A AREG bFGF b-NGF FGF-4 FGF-6 IGFBP-4 IGF-1
o %
T i
s - : = E H = s H = %. = ]
o a = o a o [ a [ :
F . . LI F 5 . S (=3 7 =
L e %
NT-3 NT-4 PDGF Ra PDGF RB TGF-g VEGF R2 VEGF R3
* i —¥ ¥ R
’ H E li < : % =
] ] i = Ed = G ] * H = | 3 Hi £
B E- - E. - E B d E Bl |E| 3
1 IERe el R " i iy F
BT | T | TR TE [ —pow
B — [ [ ol b ol - ——High
AREG bFGF b-NGF EGF IGFBP4 IGF-1 NT-3
24 Logrank p=0.00039 | ° La'grank p=0.74| % Logrank p=0.46 ¢ Logrank p=0.00078 B Logrank p=0.99 2 Logrank p=0.89 B Lo'grank p=0.1
R (high)=1.6 HR (high)=0.95 R(man)=m HR (high)=1.6 HR (high)=1 HR (high)=1 HR (high)=0.8
) N ey i L 3 EN LS| 0 e
8. n(high)=2%e §° "r(|(|3w)=zsa I nr(|(llgw =259 °~\r§ 5\'; <. lowj=258 | & s n(lgw)=258
3 g E g g § 3
2 . 2 . > . 2. 2. 2 .| 2
'E ° ; o 'E ° ] B e E ° E ° E e
@z o @ B A a @z
T % e % e n e % ems % % 5 sl s % ~H e - e = A
Time (months) Time (months) Time (months) Time (months) Time (months) Time (months) Time (months)
NT-4 PDGF Ra PDGF RB TGF-B TGF-B3 VEGF R2 VEGF R3
2 Logrank p=0.18| = 2 Logrank p=0.19 B Logrank p=0.11 2 Logrank p=0.63 H Logrank p=0.025 e
HR (high)=1.2 HR (high)=0.64 HR (high)=1.2 HR (high)=0.94 HR (high)=0.74
~z p(HR)=0.18| __ = -3 p(HR)=0.19 | = ~3- HR)=0.63 | = *psH_RFII.I]ZS 3
R n(high)=269 | S n(high)=259 | 5 n(high)=259 | R n(high)=259 |
o s n(low)=258 < . <. n(low)=259 | = | = n(low)=259 | = . n(low)=258 | = .
z S s E E F g
;; s kXl 2 R 23 K
® F ax @ bR @ ] a s 3
o 100 P T T T °

P

P 10 . « w
Time (months) Time (months) Time (months)

Time (months)

©  w  m
Time (months)

W W

© w0 © w0 W
Time (months) Time (months)

Figure 3. Association between decreased protein secretion and the clinical features of HNSCC. (A) Box plots indicating mRNA expression levels for candidate
genes in HNSCC tissues (red) and normal tissue (gray) for The Cancer Genome Atlas datasets from GEPIA. The y-axes represent transformed log2 (TPM+1).
The log2FCI cutoff was 1 and the P-value cutoff was 0.05. (B) Association between target genes and overall survival was determined using GEPIA. The solid
line represents the survival curve and the dashed lines represents the 95% confidence interval. Log-rank P<0.05 was considered to indicate a statistically
significant difference. Patients with expression levels higher than the median are indicated by a red line and patients with expression levels lower than the
median are indicated by a blue line. "P<0.05. HNSCC, head and neck squamous cell carcinoma; GEPIA, gene expression profile interactive analysis; TPM,
transcripts per million; FC, fold change; HR, hazard ratio; b-FGF, basic fibroblast growth factor; b-NGF, beta-nerve growth factor; IGFBP, insulin like growth
factor binding protein; IGF, insulin like growth factor; NT, neurotrophin; PDGF R, platelet derived growth factor receptor.

phosphorylation of EGFR in both SAS and SCC9 cells, so
SAS and SCC9 cells were treated with increasing doses of
rAREG (50-100 ng/ml) and the level of phosphorylated EGFR
(Tyr845) was assessed via western blotting. AREG markedly
induced EGFR (Tyr845) phosphorylation in SAS and SCC9
cells in a concentration-dependent manner (Fig. 4D).

To verify that propofol induced OSCC cell apoptosis
by decreasing the expression of AREG, OSCC cells were
pretreated with rAREG to assess whether this increased resis-
tance to propofol. The results demonstrated that pretreatment
with rAREG significantly increased the resistance of SAS
and SCC9 cells to propofol (Fig. 4E). These results indicated
that propofol suppressed the expression and secretion of
AREG, which may limit AREG-induced EGFR activation and
promote cell apoptosis.

Elevated AREG expression and its associated activation are
related to the development of 5-FU resistance, but propofol
alleviates resistance to 5-FU. To determine the relation-
ship between AREG expression and 5-FU sensitivity in
OSCC cells, different concentrations of 5-FU were used to
establish cell lines with different degrees of 5-FU resistance.
The results indicated that 5-FU resistance was gradually
increased from SCC9, SCC9-FUR40, SCC9-FURS8O to
SCC9-FURI160 cells, displaying significantly increased cell

viability in SCC9-FURI160 cells compared with SCC9 cells
(Fig. 5A).

The levels of AREG expression were elevated as 5-FU
resistance increased (Fig. 5B). SCC9 and SCC9-FUR160 cells
were then compared to determine whether highly resistant
cells displayed a high level of AREG secretion and activa-
tion of the related signaling pathways. SCC9-FURI160 cells
displayed higher protein expression levels of AREG compared
with SCCO cells (Fig. 5C). The relative expression of total
EGFR and the phosphorylation of EGFR (Tyr845) was also
notably higher in SCC9-FUR160 cells compared with that in
SCC9 cells (Fig. 5D).

To verify that AREG mediated 5-FU resistance, AREG
overexpression vector or empty vector was used to transiently
transfect SCC9 cells and then the sensitivity to 5-FU was
assessed. AREG overexpression was confirmed by western
blotting (Fig. SE). The results demonstrated that AREG
overexpression significantly increased resistance to 5-FU for
SCC9-FURI160 cells (Fig. 5F).

To determine whether propofol increased sensitivity to
5-FU for OSCC cells, SCC9 and SCC9-FURI160 cells were
pretreated with propofol for 24 h and then combined with 5-FU
for another 48 h. As the antibody array analysis results showed
that treatment of cells with 10 #M propofol markedly reduced
the secretion of a number of growth factors, cells were treated
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Figure 4. Propofol inhibits AREG expression in oral squamous cell carcinoma cells, which may reduce the activation of its related signaling pathways and
lead to cell apoptosis. (A) mRNA and (B) protein expression levels of AREG were determined by reverse transcription-quantitative PCR (n=4-6) and western
blotting (n=3), respectively. SAS and SCC9 cells were treated with propofol (10-160 zM) for 48 h. "P<0.05 vs. untreated control. (C) SAS and SCC9 cells were
stimulated with or without rAREG (50 ng/ml) for 15 min. The activation of EGFR was determined using a human EGFR phosphorylation antibody array. (D)
SAS and SCC9 cells were stimulated with different concentrations of rAREG (50-100 ng/ml) for 15 min and then the cell lysates were analyzed by western
blotting using anti-p-EGFR (Tyr845) or anti-EGFR antibodies (n=3). (E) SAS cells were pretreated with rAREG (50 ng/ml) for 4 h and then stimulated with
40 uM propofol for 48 h (n=4). SCC9 cells were pretreated with rAREG (100 ng/ml) for 4 h and then stimulated with 80 M propofol for 48 h (n=4). Cell
viability was determined using an MTT assay (n=4). Data are presented as the mean + SEM. "P<0.05 vs. Untreated control group; “P<0.05 vs. propofol. AREG,
amphiregulin; rAREG, recombinant AREG; p, phosphorylated.

with 10 M propofol. Propofol slightly increased 5-FU cyto-  Discussion

toxicity in SCC9 cells, but significantly increased sensitivity

to 5-FU in SCC9-FURI160 cells compared with 5-FU alone  Propofol is one of the most commonly used intravenous
(Fig. 5G). These results demonstrated that propofol alleviated  anesthetics in clinical practice (28). The present study aimed
resistance to 5-FU, potentially by decreasing the expression  to determine the effect of propofol on the biological behavior
and secretion of AREG. and secretion of growth factors in OSCC cells. The results
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Figure 5. AREG upregulation is related to the development of 5-FU resistance, but propofol alleviates 5-FU resistance. (A) Cells were treated with 160 xM
5-FU for 48 h and then cell viability was determined by performing MTT assays. Data are presented as the mean + SEM (n=3). "P<0.05 vs. SCC9. (B) AREG
protein expression levels in 5-FU-resistant cell sub-lines and their parental cells were analyzed by western blotting with a-tubulin as the loading control (n=3).
(C) Secreted levels of AREG in the cell culture media of SCC9 and SCC9-FURI160 cells were analyzed using western blotting (n=3). Ponceau S staining
demonstrated that equivalent amounts of total protein were loaded on each lane. (D) Basal expression of p-EGFR and total EGFR in SCC9 and SCC9-FUR160
cells was evaluated by western blotting (n=3). (E) SCC9 cells were transiently transfected with pPCMV3-AREG and then the protein expression level of AREG
was analyzed by western blotting (n=3). (F) Cells were treated with increasing concentrations of propofol (0-160 xM) for 72 h. Effect of AREG overexpression
on 5-FU-induced cytotoxicity was determined by performing MTT assays (n=4). "P<0.05 vs. pPCMV. (G) Cells were treated with propofol (10 xM) for 24 h and
then stimulated with 5-FU (40 xM) in the presence of 10 uM propofol for 48 h. Cell viability was then assessed by performing MTT assays (n=3). “P<0.05 vs.
5-FU treatment alone. AREG, amphiregulin; 5-FU, 5-fluorouracil; p, phosphorylated; FUR, 5-FU-resistant. F, 5-FU.

demonstrated that propofol was cytotoxic to OSCC cells and
downregulated the secretion of several growth factors. The
GEPIA database results indicated that AREG was highly
expressed in cancer tissues and associated with poor prognosis
for patients with OSCC, thus AREG was selected for further
investigation. AREG is the ligand of EGFR (27). The results
of the current study revealed that propofol downregulated
the secretion of AREG, which may have reduced the activa-
tion of the EGFR pathway. To the best of our knowledge,
the present study was the first to demonstrate that propofol
regulated AREG to exert an antitumor effect.

AREG is one of the ligands of EGFR that is shed from
the membrane through the proteolytic process of disintegrin
and metalloprotease 17 (ADAM17) and is converted into an
active soluble form, which activates receptors (29). Previous
studies have reported that AREG upregulation is related to
drug resistance and a failure of treatment for multiple types
of cancer, including OSCC (30-32). EGFR in HNSCC is
also 15% upregulated, and high EGFR expression is associ-
ated with a low survival rate (33). Similarly, >80% of OSCC
cases exhibit EGFR upregulation, which is highly correlated
with carcinogenic, antiapoptotic and aggressive pheno-
types (34-36).

Increasing evidence shows that anesthetics can affect tumor
progression (37) and long-term outcomes for patients (38),

especially in terms of cancer recurrence (39). It has been
reported that different anesthetics can have opposite effects
on cancer development (40). Therefore, the identification of an
appropriate anesthetic to provide adequate anesthesia manage-
ment for patients with cancer is important.

Previous studies show that propofol can have an anticancer
effect in different human cancer cells, including osteosar-
coma (41), hepatocellular carcinoma (42), lung cancer (43),
ovarian cancer (44), cervical cancer (45), glioma (46), gastric
cancer (47), breast cancer (48) and colorectal cancer cells (49).
A previous study showed that propofol displayed an anti-
cancer effect on OSCC cells by inhibiting cell proliferation
and promoting cell apoptosis (50). Retrospective analyses
demonstrated that propofol-based total intravenous anesthesia
significantly reduces postoperative mortality for patients
with cancer, so propofol may be involved in tumor suppres-
sion (51,52).

Tumors are heterogeneous tissues that are surrounded by
the tumor microenvironment. The complex microenvironment
for a tumor is composed of cancer cells, stromal cells, immune
cells and extracellular matrix. The tumor microenvironment is
related to tumor progression and affects tumor growth, metas-
tasis, drug resistance and recurrence (53). The regulation of the
microenvironment for tumors has also become a new strategy
for cancer treatment (54).
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At present, it is known that propofol displays anti-inflam-
matory properties (55). The present study demonstrated that
propofol decreased the secretion of a variety of growth factors,
which implied that the anti-inflammatory effect of propofol
may be achieved via the secretion of inflammatory factors.
However, the antibody array used in the present study only
analyzed the secretion of 41 growth factors in OSCC cells. To
further assess the anti-inflammatory effects of propofol, future
studies should select a suitable immune cell line for further
analysis.

Previous studies have reported that propofol inhibits the
proliferation, metastasis and progress of pancreatic cancer
by inhibiting the expression of ADAM (56,57). The ADAM
family is involved in the process of proteolytic shedding
of membrane-associated proteins, which causes cleavage
of transmembrane proteins and solubilizes the complete
ectodomain of cytokines, growth factors, receptors and
adhesion molecules, which changes in the tumor microenvi-
ronment (58).

A previous study also showed that propofol inhibits the
release of VEGF-C, which is induced by breast surgery (59).
VEGF-C has been shown to be involved in lymphangiogenesis
to promote cancer metastasis. VEGF-C has also been observed
to increase cell proliferation and migration, contributing
to OSCC progression (60). Extracellular vesicles (EVs) are
also important facilitators of malignant cell communication.
Propofol has been shown to exhibit anticancer activity by
inhibiting the release of EVs during a cancer resection, which
is related to tumor progression and prognosis (61,62).

Numerous studies have shown that propofol may be involved
in tumor suppression, displaying an important effect on the
process of tumor spread and chemotherapy (8,9,28,63,64);
however, the underlying molecular mechanisms are not
completely understood. The present study investigated the
effect of propofol on the secretion profile of growth factors
by OSCC cells. To determine the clinical significance of the
altered proteins, the GEPIA database was used and the results
indicated that AREG was significantly elevated in cancer
tissues and associated with a poor prognosis for patients
with OSCC. The present study also determined that AREG
expression and the activation of its related signaling pathways
was involved in 5-FU-resistance in OSCC. Pretreatment with
propofol increased 5-FU sensitivity in 5-FU resistant cells.
Therefore, the results of the present study provided a theo-
retical basis for the combined use of propofol and 5-FU for the
treatment of OSCC.
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