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Abstract: Oral squamous cell carcinoma (OSCC) is the most commonly diagnosed malignancy in head and neck
cancers, commonly developing therapeutic resistance. Phenethyl isothiocyanate (PEITC) is found in cruciferous
vegetables, such as watercress, and is responsible for anti-cancer activities on different types of cancers. However,
the underlying mechanisms of PEITC, alone and in combination with cisplatin, regarding OSCC development have
not been fully elucidated. Present results showed that PEITC inhibited proliferation and induced autophagy in Cal-
27. In addition, it was demonstrated that PEITC, either alone or in combination with cisplatin, inhibited Cal-27 cell
proliferation through the activation of Nrf2/Keap1 signaling. PEITC enhanced cisplatin killing ability in Cal-27 cells.
Collectively, this study concludes that PEITC acts via multiple molecular targets to elicit anti-carcinogenic activity.
PEITC/cisplatin combination therapy may be a new potential strategy, benefitting patients with OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
most commonly diagnosed malignancy, acco-
unting for more than 90% of malignant tumors
of the oral cavity [1, 2]. It has an annual world-
wide incidence of over 300,000 cases. It has a
mortality rate of 48% [3] and commonly devel-
ops therapeutic resistance [4]. Treatment mo-
dalities for nonmetastatic OSCC are radical sur-
gery followed by adjuvant chemoradiotherapy
and definitive chemoradiotherapy. Unfortuna-
tely, the five-year disease-free and overall sur-
vival (0S) rates for OSCC have remained at
50-55% for the past several decades [5].
Resistance to therapeutic regimens is a major
problem for cancer therapy, as it precludes
complete ablation of the tumor and enables
local and distant tumor relapse, the main cause
of cancer mortality. Consequently, new strate-
gies to prevent this event and to improve sur-
vival rates are critically needed.

Cisplatin is a platinum-based compound used
to treat a wide spectrum of solid neoplasms [6,
7]. It is a widely used as a first-line therapeutic
agent for treatment of OSCC and remains one
of the most effective modalities [8, 9]. Because
cisplatin toxicity increases generation of reac-
tive oxygen species (ROS), there is growing evi-
dence suggesting that cytoplasmic cisplatin
exhibits antitumor activity via tilting the reduc-
ing-oxidizing (redox) balance toward oxidative
stress [10, 11]. Chemotherapy is accompanied
by severe side effects due to its tendency to
destroy both normal and tumor cells.

Identification of new drugs from plants and veg-
etables has a long and successful history.
Dietary intake of cruciferous vegetables may
be protective against different types of malig-
nancies [12]. Phenethyl isothiocyanate (PEITC)
is one of the most extensively studied mem-
bers of the isothiocyanate family, found in cru-
ciferous vegetables, such as watercress. It is
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responsible for anti-cancer activities. In addi-
tion, it has shown to inhibit migration and inva-
sion of many types of human cancer cells [13].
PEITC selectively Kills cancer cells, but not nor-
mal cells. It generates reactive oxygen species
(ROS) to trigger signal transduction, leading to
cell cycle arrest, autophagy, and/or apoptosis
[14]. However, the molecular mechanisms by
which PEITC acts as a growth inhibitor and
autophagy and/or apoptosis inducer in cancer
cells have not been fully investigated.

Thus, the present study aimed to assess the
anti-tumor properties of PEITC, alone and in
combination with cisplatin, in oral squamous
cell carcinoma (OSCC) cell line, Cal-27. In addi-
tion, this study proposes that the molecular
mechanisms of PEITC anti-tumor activity are
through Nrf2-Keapl signaling pathways.

Materials and methods
Cell lines and cell culture

Human tongue squamous cell carcinoma (Cal-
27) cell line was provided by Professor Wantao
Chen (Department of Oral and Maxillofacial
Surgery, Ninth People’s Hospital, College of
Stomatology, Shanghai Jiao Tong University,
Shanghai, China). Cells were plated onto 75
cm? tissue culture flasks in Dulbecco’s modi-
fied Eagle’s medium (DMEM, HyClone), supple-
mented with 10% FBS, 100 U/mL penicillin and
100 pg/mL streptomycin and 2 mML-gluta-
mine. They were grown at 37°C under a humidi-
fied 5% CO, and 95% air at one atmosphere.
The medium was changed every two days.

CCK-8 assay

Effects of various concentrations of PEITC (Sig-
ma Chemical Co., St. Louis, MO, USA) on Cal-27
proliferation was measured using a cell count-
ing kit-8 assay (CCK-8, Dojindo). Cal-27 was
seeded into 96-well culture plates (Eppendorf)
with a concentration of 1x10* cells/well. After
24 hours of incubation at 37°C with 5% CO,,
the plates were treated with O, 2.5, 5, 10, 15,
20, and 25 uM PEITC for 3, 6, 9, 12, 18, and 24
hours. CCK-8 was mixed with serum-free DMEM
medium at a proportion of 1:10 in advance.
After removal of the complete DMEM medium,
the 110 uL mixture was added to each well and
incubated at 37°C for 2 hours, until the media
turned yellow. Groups without cells were used
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as zero setting. Cell viability was assessed by
absorbance values in each well, measured with
a spectrophotometer (Thermo, Finland) at a
wavelength of 450 nm. Data were calculated
using averages of three wells and untreated
Cal-27 was considered as the control group.
Concentrations of 20 uM PEITC were chosen
for subsequent experiments.

Transmission electron microscopy

Transmission electron microscopy (TEM) was
performed according to acknowledged proce-
dures. Briefly, Cal-27 cells were incubated with
DMEM (Control) and 20 uM PEITC for 24 hours.
Cells were then fixed in ice-cold 2.5% electron
microscopy grade glutaraldehyde (Beijing Che-
mical Industry Group, Co., Ltd., Beijing, China),
post-fixed in 1% osmium tetroxide (Beijing Che-
mical Industry Group, Co., Ltd.), dissolved in 0.1
M cacodylate buffer (Beijing Chemical Industry
Group, Co., Ltd.), dehydrated through a graded
series of ethanol (30-90%) (Beijing Chemical
Industry Group, Co., Ltd.), and embedded in
Epon (Beijing Chemical Industry Group, Co.,
Ltd.). Ultrathin sections (65 nm) were cut,
stained with 4% uranyl acetate (Beijing Che-
mical Industry Group, Co., Ltd.), and detected
with the JEM-1200EX Transmission Electron
Microscope (JEOL, Ltd., Tokyo, Japan).

Quantitative real-time polymerase chain reac-
tion (RT-PCR)

After reaching 70-80% culture confluency from
Cal-27 seeded in 6-well plates at a density of
1x10°% cells/well, cells were incubated under
the DMEM (Control), 20 uM PEITC, 20 uM
PEITC+5 mmol/L 3-MA (Sigma Chemical Co.,
St. Louis, MO, USA), 3 mg/L cisplatin (Sigma
Chemical Co., St. Louis, MO, USA), and 20 uyM
PEITC+3 mg/L cisplatin conditions, respective-
ly, for 12 hours. After treatment, the cells were
lysed using TRIzol Reagent (Takara Biotech-
nology, Co., Ltd., Dalian, China) to isolate total
RNAs, according to manufacturer instructions.
Single-stranded complementary DNA (cDNA)
was obtained by reverse transcribing 1 pg of
total RNA from each sample using a Prime-
Script™ RT reagent kit (Takara Biotechnology,
Co., Ltd., Dalian, China). Real-time PCR was
conducted with a Roche Light Cycler 480
device (Roche Applied Science, Germany) in a
total volume of 20 pl reacting system. Cycling
parameters used were: 95°C for 30 seconds,
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followed by 40 cycles of 95°C for 5 seconds,
60°C for 30 seconds, and 72°C for 30 sec-
onds, with a dissociation program of 95°C for
15 seconds, 60°C for 30 seconds, and 95°C
for 15 seconds. GAPDH was used as the refer-
ence gene for normalization and mRNA expres-
sion levels were quantified using the threshold
cycle method. Three independent experiments
were performed in triplicate.

Western blot analysis

After incubation under different conditions,
cells were rinsed 3 times with cold phosphate-
buffered saline (PBS) for 5 minutes and lysed
on ice in RIPA buffer (Shennong Bocai Biote-
chnology Co., Ltd., Shanghai, China). After incu-
bation on ice for 30 minutes, the lysates were
cleared by centrifugation at 14,000 g for 15
minutes at 4°C. Protein concentrations were
determined using BCA protein assay kits (Be-
yotime Institute of Biotechnology, Shanghai,
China), in accordance with manufacturer instr-
uctions, and bovine serum albumin was used
as a standard. Equal amounts of total protein
were collected and electrophoresed using
10-15% SDS-PAGE gels (Shennong Bocai Bio-
technology Co., Ltd., Shanghai, China) at 100V,
then transferred to a polyvinylidene difluoride
(PVDF) membranes (Millipore, MA, USA). The
membranes were blocked in a 5% non-fat milk-
TBST solution for at least 60 minutes while
shaking. Next, the membranes were washed 6
times for 5 minutes each time with TBS-0.05%
Tween-20 (TBST) at room temperature. Subse-
quently, the membranes were incubated with
primary antibodies anti-LC3B antibody, anti-
Atgb antibody, anti-p62 antibody, anti-Nrf2
antibody, and anti-Keapl antibody (Abcam,
Cambridge, MA, USA) overnight at 4°C with
shaking. To ensure equal protein loading, B-
actin (1:1000 dilution, ZSJB-BIO, China) was
detected on the same membrane and used as
a loading control. Thereafter, membranes were
incubated with secondary antibodies labeled
with HRP for 60 minutes. After washing three
times with TBST, the proteins were visualized
using an Alpha Imager 2200 system (Alpha
Innotech Corporation, San Leandro, CA, USA).
Band density was calculated with Image J soft-
ware packages.

Immunofluorescence staining

A total of 2x10° Cal-27 cells were seeded in
12-well plates with 14 mm-diameter coverslips
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and incubated with DMEM (control) and 20 yM
PEITC for 24 hours. Cells were then washed 3
times with PBS for 5 minutes each time, fixed
with 4% paraformaldehyde (Beijing ComWin
Biotech Co., Ltd., Beijing, China) for 20 minutes
at room temperature, and permeabilized with
0.2% Triton X-100 (Beijing ComWin Biotech Co.,
Ltd., Beijing, China) for 10 minutes. Consequen-
tly, after washing three times with PBS, the slic-
es were blocked with goat serum for 1 hour at
room temperature. They were then incubated
with rabbit polyclonal anti-LC3 antibody (1:100
diluted in PBS) at 4°C overnight. The next day,
the cells were washed three times with PBS
and incubated for 1 hour with goat anti-rabbit
immunoglobulin antibody, conjugated with fluo-
rescein isothiocyanate (FITC; Beijing ComWin
Biotech Co., Ltd., Beijing, China) (1:400 diluted
in PBS) for 1 hour at room temperature in the
dark. The nuclei were counterstained with DAPI
(Beijing ComWin Biotech Co., LTD., China) for
10 minutes. The specimen was observed and
photographed to show representative cells us-
ing a fluorescent microscope (TE2000; Nikon
Corporation, Tokyo, Japan). Images were recor-
ded using RSImage software.

Statistical analysis

Statistical analyses were performed using SP-
SS 20.0 software (IBM SPSS, Armonk, NY,
USA). Differences between groups were ana-
lyzed using Student’'s t-test. Differences in
measured variables were assessed with one-
way analysis of variance (ANOVA). Data are pre-
sented as the mean + standard deviation from
the three independent experiments. P<0.05
indicates statistically significant differences.

Results
PEITC inhibits Cal-27 proliferation

As shown in Figure 1A, PEITC at 2.5 to 25 uyM
significantly inhibited the proliferation of Cal-27
cells in a dose-dependent manner, compared
with the vehicle control. Cal-27 cells were not
inhibited obviously. The inhibition was most
pronounced in 12 hours (Figure 1B) (P<0.05,
n=10). As shown in Figure 1C and 1D, Cal-27
cells became round, in shape, under a light
microscope, compared with the vehicle control.
Apoptotic cells were observed intensively after
the 20 uM PEITC treatment.

Int J Clin Exp Med 2019;12(7):8251-8260
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Figure 1. PEITC inhibited the proliferation of Cal-27 cells. A. Cells were treated with PEITC (0, 2.5, 5, 10, 15, 20, 25
uM) for 12 hours. B. Cells were treated with 20 yM PEITC for 3, 6, 9, 12, 18, and 24 hours. Final concentrations of
the compounds are shown. Cell viability was determined by CCK8 assay (mean + SD). All data were obtained from
ten independent experiments performed in triplicate. *P<0.05 versus control vehicle (O uM). #P<0.05 versus other
time points. C. Control group of Cal-27 cells under light microscope. D. 20 uM PEITC group of Cal-27 cells under light

microscope.

PEITC induces autophagy in Cal-27 cells

Several researchers have demonstrated the
anti-cancer abilities of isothiocyanates in vari-
ous cancer types [15-17]. To investigate wheth-
er autophagy could be induced by PEITC in
OSCC cell lines, Cal-27 cells were incubated
with 20 uM PEITC and 5 mmol/L 3-MA for 12
hours. This study measured expression of LC3,
Atgbh, and P62 at the protein levels by Western
blot analyses. LC3-ll acts as a biochemical
marker for autophagy [18]. In addition, levels of
P62 are an important measurement for evalu-
ating autophagy pathways [19]. As shown in
Figure 2A and 2B, compared to the control
group, LC3-II, Atgb, and P62 levels were signifi-
cantly increased in the 20 uyM PEITC group and
obviously decreased after treatment with 3-MA,
an autophagy inhibitor, indicating that autopha-
gic flux was blocked. Present results suggest
that PEITC might induce autophagy in Cal-27
cells.

This study further examined Cal-27 cells treat-
ed with PEITC using Immunofluorescence stain-
ing. Data showed that the number of LC3 punc-
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tate dots formed per cell significantly increased
in cells treated with PEITC, compared to the
control group (Figure 3A). In addition, this study
examined Cal-27 cells treated with PEITC using
transmission electron microscopy to observe
the formation of autophagosome. Compared to
the control group, there was an increased num-
ber of autophagosomes in the PEITC group
(Figure 3B). Results further indicate that PEITC
induces autophagy in Cal-27 cells.

PEITC enhances cisplatin-induced inhibition
of Cal-27 cell proliferation through activating
autophagy

To evaluate the effects of PEITC on cisplatin-
induced inhibition of Cal-27 cell proliferation,
this study treated Cal-27 cells with 20 uM PEITC
and 3 mg/L cisplatin and measured cell viabili-
ty using CCK8 assay. Cal-27 cells treated with
PEITC and cisplatin were significantly inhibited,
compared with the vehicle control and the cis-
platin group, while Cal-27 cells were not inhib-
ited obviously (Figure 4A). These results sug-
gest that PEITC enhances the inhibitory effects
of cisplatin on proliferation of Cal-27.

Int J Clin Exp Med 2019;12(7):8251-8260
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Figure 2. PEITC induces autophagy in Cal-27 cells. Cal-27 cells were incubated with 20 yM PEITC and 5 mmol/L
3-MA for 12 hours. Western blot analysis of the protein expression of LC3-Il, Atgb, and P62 between the control,
PEITC, and PEITC+3-MA group. B-actin was used as an internal control. #P<0.05. All data are the mean + SD of three
independent experiments.
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Figure 3. PEITC induces autophagy in Cal-27 cells. A. LC3 punctate dots were visualized by fluorescence micros-
copy. The LC3 puncta were quantified by randomly counting 10 cells for each group. B. The effects of PEITC on the
formation of autophagosome using transmission electron microscopy. Cal-27 cells were treated with the indicated
conditions. (I) Normal cell ultrastructure. Black arrows denote the mitochondria, and the white arrow denotes the
endoplasmic reticulum. (Il) The PEITC group. Black arrow denotes an autolysosome. (lll) The PEITC group. Red arrow
denotes a large-scale accumulation of autophagosomes. Black arrows denote a mitochondrial vacuolization and
the white arrow denotes endoplasmic reticulum disorganization. Representative results are shown from more than
three repeats.

As shown in Figure 4B, compared to the con-
trol group and cisplatin group, LC3-Il, Atg5, and
P62 levels were significantly increased in the
PEITC + cisplatin group. Results suggest that
PEITC enhances cisplatin-induced inhibition of
Cal-27 cell proliferation through activating au-
tophagy.

Nrf2/Keapl signal pathways involved in PEITC-
induced autophagy and PEITC-enhanced cis-
platin killing ability in Cal-27 cells

As demonstrated above that PEITC treatment
increased autophagy levels in Cal-27 cells, this
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study next explored mechanisms involved in
this process. Previous studies have shown that
p62 is a transcriptional target of Nrf2 [20] and
that Nrf2/Keap1l signal pathways are the major
regulator of cytoprotective responses to endog-
enous and exogenous stresses caused by reac-
tive oxygen species (ROS) and cytotoxic chemo-
therapeutic agents [21]. Thus, this study inves-
tigated whether Nrf2/Keapl signal pathways
are involved in PEITC-induced autophagy in Cal-
27 cells. Cal-27 cells were incubated under
PEITC, PEITC+3-MA, cisplatin, and PEITC + cis-
platin conditions for 12 hours. Total RNA and
proteins were harvested to perform RT-PCR

Int J Clin Exp Med 2019;12(7):8251-8260
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Figure 4. PEITC enhances cisplatin-induced
inhibition of Cal-27 cells proliferation through
activating autophagy. A. Cells were treated with
3 mg/L cisplatin or 20 yM PEITC+3 mg/L cispl-
atin for 12 hours. Cell viability was determined
by CCK8 assay (mean = SD). All data were
obtained from ten independent experiments
performed in triplicate. *P<0.05 versus con-
trol vehicle (O uM). #P<0.05 versus cisplatin
group. B. Western blot analysis of the protein
expression of LC3-ll, Atgb and P62 between
the control, cisplatin, and PEITC + cisplatin
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and Western blot analysis. Results showed that
the mRNA and protein expression of p62 and
Nrf2 increased significantly in the PEITC, cispla-
tin, and PEITC + cisplatin groups. However,
MRNA and protein expression of Keapl decrea-
sed (Figure 5). In conclusion, present data
revealed that the effects of PEITC on autophagy
induction are, at least partly, due to regulation
of Nrf2/Keap1 signal pathways (Figure 6).

Discussion

Natural products used to prevent or treat vari-
ous ailments, including cancer, have elicited
considerable interest [22]. Previous studies
have shown that PEITC and other isothiocya-
nates exert anti-proliferative and anti-tumor
activity on different types of cancers [23-26].
However, the underlying mechanisms of PEITC
in OSCC development have not been fully eluci-
dated. Present results showed that PEITC sig-
nificantly inhibited the proliferation of Cal-27
cells in a dose-dependent manner and induced
autophagy, which might lead to autophagic cell
death in Cal-27.

Cisplatin, a broad-spectrum anticancer agent,
has been used widely in the clinical manage-
ment of various cancers of different tissue
types. However, some side effects, including
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drug resistance, have greatly limited its clinical
application [27-29]. Thus, developing new strat-
egies to overcome such drug resistance are
highly important [30-32]. Tang et al. reported
that PEITC could overcome Dox chemo-resis-
tance in bladder cancer [33]. In that way, does
PEITC increase cisplatin sensitivity in OSCC?
Thus, this study incubated Cal-27 cells with 20
MM PEITC and 3 mg/L cisplatin. Interestingly,
the combination of the highest most effective
dose of PEITC with showed significant inhibition
of cell viability that exceeded each drug alone.
These results were further reinforced by the
dose-dependent cytotoxic activity of PEITC
treatment in Cal-27 cells, as indicated by a
CCK8 assay. In addition, current results showed
that PEITC induced autophagy in Cal-27 cells
and, compared to the PEITC group and cisplatin
group, the autophagy levels of the PEITC/cispla-
tin combination treatment were significantly
increased. Therefore, this combination treat-
ment gave an optimum reduction of cellular
viability through activating autophagy.

To further explore the underlying mechanisms,
RT-PCR and Western blot analysis in Cal-27
were used to investigate the effects of PEITC,
either alone or in combination with cisplatin, on
Nrf2/Keapl signal pathways. The Nrf2/Keapl
signal pathway is a major regulator of cytopro-

Int J Clin Exp Med 2019;12(7):8251-8260
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Figure 5. Regulation of the Nrf2/Keap1 signal pathway under PEITC conditions in Cal-27 cells. mRNA (A-C) and protein (D-G) expression of Nrf2, Keap1, and p62
was detected by Western blot and RT-PCR, respectively. #P<0.05, n=3.
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Nucleus

tective response during excessive oxidative
and electrophilic conditions [34, 35]. Nrf2,
nuclear factor erythroid-2 related factor 2, is
the key signaling protein within the pathway. It
binds together with small Maf proteins to the
antioxidant response element (ARE) in the regu-
latory regions of target genes. Keapl, Kelch
ECH associating protein 1, is a very cysteine-
rich protein [36] that regulates Nrf2 activity by
binding and consequently mediating its polyu-
biquitination and subsequent proteasomal deg-
radation under non-stressed conditions. Under
stressful conditions, Nrf2 is released and accu-
mulates in the nucleus where it binds to ARE
sequence and induces expression of cytopro-
tective antioxidant genes [37]. P62, also known
as sequestosome-1, can compete with Nrf2 to
bind with Keapl. The association of p62 with
Keapl allows Nrf2 to activate antioxidant gene
expression [38]. This leads to a positive feed-
back loop where p62 activates Nrf2 and con-
tributes to the autophagic death of cancer cells
[39-41]. Present results showed that mRNA
and protein expression of p62 and Nrf2
increased significantly in the PEITC/cisplatin
combination treatment group. However, mRNA
and protein expression of Keapl decreased.
This study shows that PEITC-induced autopha-
gy degrades Keapl and induces Nrf2 activa-
tion. These might identify PEITC as a Nrf2 acti-
vator that enhances the chemotherapeutic effi-
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Figure 6. Schematic diagram. The mo-
lecular mechanisms by which PEITC in-
duces autophagy and leads to autopha-
gic cell death in Cal-27.
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cacy of cisplatin. Thus, results suggest that
PEITC, either alone or in a combination with
cisplatin, may have inhibited Cal-27 cell prolif-
eration through the activation of Nrf2/Keapl
signaling (Figure 6).

In conclusion, the present study revealed that
PEITC suppressed the growth of Cal-27 cells in
vitro and activated autophagy, playing an
important role in the anti-tumor effects of
PEITC. Moreover, PEITC used in combination
with cisplatin was able to enhance the killing
ability caused by cisplatin treatment alone.
Nrf2/Keapl signal pathways may be critical in
modulating sustained PEITC-induced autopha-
gy in Cal-27 cells. Consequently, PEITC/cisplat-
in combination treatment might be used as a
potential novel strategy, benefitting patients
with head and neck cancers. However, further
research, using different cell lines on the genet-
ic level and in vivo testing of animals, is neces-
sary to fully understand the inhibitory effects of
PEITC and/or cisplatin on the treatment of head
and neck malignancies before consideration
for clinical trials.

Acknowledgements

We would like to thank all the members of
Shandong Oral and Maxillofacial Head and
Neck Biomedical Laboratory for technical help

Int J Clin Exp Med 2019;12(7):8251-8260



PEITC and cisplatin in OSCC

and critical reading of this manuscript. This re-
search was supported by grants from the Youth
Foundation of Shandong Provincial Natural Sci-
ence Foundation (grant No. 2016ZRB14628),
Shandong Provincial Key Research and Develo-
pment Program (grant No. 2016GSF201174),
and Shandong Medical Science and Technology
Development Planning Project (grant No. 2016-
WS0410).

Disclosure of conflict of interest
None.

Address correspondence to: Dongsheng Zhang and
Shengyun Huang, Department of Oral and Maxillofa-
cial Surgery, Shandong Provincial Hospital Affiliated
to Shandong University, 324 Jingwu Road, Jinan
250021, Shandong, China. Tel: +86 531 68776950;
Fax: +86 531 87035697; E-mail: ds63zhang@sdu.
edu.cn (DSZ); huangsy28@163.com (SYH)

References

[1]  Scully C, Bagan J. Oral squamous cell carcino-
ma: overview of current understanding of ae-
tiopathogenesis and clinical implications. Oral
Dis 2009; 15: 388-399.

[2] Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. Global cancer statistics. CA Cancer
J Clin 2011; 61: 69-90.

[3] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J, Jemal A. Global cancer statistics,
2012: Global Cancer Statistics, 2012. CA
Cancer J Clin 2015; 65: 87-108.

[4] da Silva SD, Hier M, Mlynarek A, Kowalski LP,
Alaoui-Jamali MA. Recurrent oral cancer: cur-
rent and emerging therapeutic approaches.
Front Pharmacol 2012; 3: 149.

[5] Silverman S Jr. Demographics and occurrence
of oral and pharyngeal cancers. The outcomes,
the trends, the challenge. J Am Dent Assoc
2001; 132 Suppl: 7S-11S.

[6] Kelland L. The resurgence of platinum-based
cancer chemotherapy. Nat Rev Cancer 2007;
7: 573-584.

[7] Rabik CA, Dolan ME. Molecular mechanisms of
resistance and toxicity associated with plati-
nating agents. Cancer Treat Rev 2007; 33:
9-23.

[8] Traynor AM, Richards GM, Hartig GK, Khuntia
D, Cleary JF, Wiederholt PA, Bentzen SM, Harari
PM. Comprehensive IMRT plus weekly cisplat-
in for advanced head and neck cancer. The
University of Wisconsin experience. Head Neck
2010; 32: 599-606.

[9] Tsan DL, Lin CY, Kang CJ, Huang SF, Fan KH,
Liao CT, Chen IH, Lee LY, Wang HM, Chang JT.

8259

(14]

(15]

[17]

(18]

[20]

[21]

The comparison between weekly and three-
weekly cisplatin delivered concurrently with
radiotherapy for patients with postoperative
high-risk squamous cell carcinoma of the oral
cavity. Radiat Oncol 2012; 7: 215.

Fang J, Nakamura H, lyer AK. Tumor-targeted
induction of oxystress for cancer therapy. J
Drug Target 2007; 15: 475-486.

Galluzzi L, Senovilla L, Vitale |, Michels J,
Martins |, Kepp O, Castedo M, Kroemer G.
Molecular mechanisms of cisplatin resistance.
Oncogene 2012; 31: 1869-1883.

Stan SD, Kar S, Stoner GD, Singh SV. Bioactive
food components and cancer risk reduction. J
Cell Biochem 2008; 104: 339-356.

Gupta P, Wright SE, Kim SH, Srivastava SK.
Srivastava, phenethyl isothiocyanate: a com-
prehensive review of anti-cancer mechanisms.
Biochim Biophys Acta 2014; 1846: 405.

Wu XJ, Hua X. Targeting ROS: selective killing of
cancer cells by a cruciferous vegetable derived
pro-oxidant compound. Cancer Biol Ther 2007;
6: 646-647.

Wang Y, Wei S, Wang J, Fang Q, Chai Q. Ph-
enethyl isothiocyanate inhibits growth of hu-
man chronic myeloid leukemia K562 cells via
reactive oxygen species generation and cas-
pases. Mol Med Rep 2014; 10: 543-549.

Xiao D, Srivastava SK, Lew KL, Zeng Y, Hersh-
berger P, Johnson CS, Trump DL, Singh SV. Allyl
isothiocyanate, a constituent of cruciferous
vegetables, inhibits proliferation of human
prostate cancer cells by causing G2/M arrest
and inducing apoptosis. Carcinogenesis 2003;
24:891-897.

Boreddy SR, Pramanik KC, Srivastava SK. Pan-
creatic tumor suppression by benzyl isothiocy-
anate is associated with inhibition of PI3K/
AKT/FOXO pathway. Clin Cancer Res 2011; 17:
1784-1795.

Klionsky DJ, Abdelmohsen K, Abe A. Guidelines
for the use and interpretaton of assays for
monitoring autophagy (3rd edition). Autophagy
2016; 12: 1-222.

Dong RQ, Wang ZF, Zhao C, Gu HR, Hu ZW, Xie
J, Wu YQ. Toll-like receptor 4 knockout protects
against isoproterenol-induced cardiac fibrosis:
the role of autophagy. J Cardiovasc Pharmacol
Ther 2015; 20: 84-92.

Jain A, Lamark T, Sjgttem E, Larsen KB, Awuh
JA, @vervatn A, McMahon M, Hayes JD,
Johansen T. p62/SQSTM1 is a target gene for
transcription factor NRF2 and creates a posi-
tive feedback loop by inducing antioxidant re-
sponse element-driven gene transcription. J
Biol Chem 2010; 285: 22576-22591.

Taguchi K, Motohashi H and Yamamoto M.
Molecular mechanisms of the Keap1-Nrf2
pathway in stress response and cancer evolu-
tion. Genes Cells 2011; 16: 123-140.

Int J Clin Exp Med 2019;12(7):8251-8260



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

PEITC and cisplatin in OSCC

Newman DJ, Cragg GM. Natural products as
sources of new drugs over the 30 years from
1981 to 2010. J Nat Prod 2012; 75: 311-335.
Tang L, Zirpoli GR, Guru K, Moysich KB, Zhang
Y, Ambrosone CB, McCann SE. Intake of cruci-
ferous vegetables modifies bladder cancer sur-
vival. Cancer Epidemiol Biomarkers Prev 2010;
19: 1806-11.

Wang LG, Chiao JW. Prostate cancer chemo-
preventive activity of phenethyl isothiocyanate
through epigenetic regulation (review). Int J
Oncol 2010; 37: 533-539.

Gupta P, Srivastava KS. Antitumor activity of
phenethyl isothiocyanate in HER2-positive
breast cancer models. BMC Med 2012; 10:
80.

Gao N, Budhraja A, Cheng S, Liu EH, Chen J,
Yang Z, Chen D, Zhang Z, Shi X. Phenethyl iso-
thiocyanate exhibits antileukemic activity in vi-
tro and in vivo by inactivation of Akt and activa-
tion of JNK pathways. Cell Death Dis 2011; 2:
e140.

Rosenberg B, VanCamp L, Trosko JE, Mansour
VH. Platinum compounds: a new class of po-
tent antitumour agents. Nature 1969; 222:
385-6.

Korita PV, Wakai T, Shirai Y, Matsuda Y, Sakata
J, Takamura M, Yano M, Sanpei A, Aoyagi Y,
Hatakeyama K, Ajioka Y. Multidrug resistance-
associated protein 2 determines the efficacy of
cisplatin in patients with hepatocellular carci-
noma. Oncol Rep 2010; 23: 965-72.

Galluzzi L, Senovilla L, Vitale |, Michels J, Mar-
tins |, Kepp O, Castedo M, Kroemer G. Molecu-
lar mechanisms of cisplatin resistance. Onco-
gene 2012; 31: 1869-83.

Galanski M, Yasemi A, Slaby S, Jakupec MA,
Arion VB, Rausch M, Nazarov AA, Keppler BK.
Synthesis, crystal structure and cytotoxicity of
new oxaliplatin analogues indicating that im-
provement of anticancer activity is still possi-
ble. Eur J Med Chem 2004; 707-714.

Natile G, Coluccia M. Current status of trans-
platinum compounds in cancer therapy. Coord
Chem Rev 2001; 216: 383-410.

Martin LP, Hamilton TC, Schilder JR. Platinum
resistance: the role of DNA repair pathways.
Clin Cancer Res 2008; 14: 1291-1295.

8260

(33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

Tang K, LinY, Li LM. The role of phenethyl iso-
thiocyanate on bladder cancer ADM resistance
reversal and its molecular mechanism. Anat
Rec (Hoboken) 2013; 296: 899-906.

Taguchi K, Motohashi H and Yamamoto M.
Molecular mechanisms of the Keapl-Nrf2
pathway in stress response and cancer evolu-
tion. Genes Cells 2011; 16: 123-140.
Kansanen E, Jyrkkanen HK, Levonen AL.
Activation of stress signaling pathways by elec-
trophilic oxidized and nitrated lipids. Free
Radic Biol Med 2012; 52: 973-982.
Kansanen E, Kiveld AM, Levonen AL. Regu-
lation of Nrf2-dependent gene expression by
15-deoxy-Deltal2,14-prostaglandin J2. Free
Radic Bio 2009; 47: 1310-1317.

Kansanen E, Kuosmanen SM, Leinonen H, Le-
vonen AL. The Keap1-Nrf2 pathway: mechan-
isms of activation and dysregulation in cancer.
Redox Biology 2013; 1: 45-49.

Komatsu M, Kurokawa H, Waguri S, Taguchi K,
Kobayashi A, Ichimura Y, Sou YS, Ueno |,
Sakamoto A, Tong KI, Kim M, Nishito Y, lemura
S, Natsume T, Ueno T, Kominami E, Motohashi
H, Tanaka K, Yamamoto M. The selective au-
tophagy substrate p62 activates the stress re-
sponsive transcription factor Nrf2 through in-
activation of Keapl. Nat Cell Biol 2010; 12:
213-223.

Inami Y, Waguri S, Sakamoto A, Kouno T,
Nakada K, Hino O, Watanabe S, Ando J,
Iwadate M, Yamamoto M, Lee MS, Tanaka K
and Komatsu M. Persistent activation of Nrf2
through p62 in hepatocellular carcinoma cells.
J Cell Biol 2011; 193: 275-284.

Komatsu M, Kageyama S and Ichimura Y. p62/
SQSTM1/A170: physiology and pathology.
Pharmacol Res 2012; 66: 457-462.

Ichimura Y, Waguri S, Sou YS, Kageyama S,
Hasegawa J, Ishimura R, Saito T, Yang Y, Kouno
T, Fukutomi T, Hoshii T, Hirao A, Takagi K,
Mizushima T, Motohashi H, Lee MS, Yoshimori
T, Tanaka K, Yamamoto M, Komatsu M.
Phosphorylation of p62 activates the Keapl-
Nrf2 pathway during selective autophagy. Mol
Cell 2013; 51: 618-631.

Int J Clin Exp Med 2019;12(7):8251-8260



