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Abstract: AKT/mTOR signal pathway participates in growth, proliferation and invasion of tumor cells, and is cor-
related with onset and occurrence of laryngeal cancer. Resveratrol can modulate proliferation of laryngeal cancer
cells. Pterostilbene, as one homolog of resveratrol, has more potent effects for inhibiting tumor cell occurrence and
progression, but leaving its role and mechanism for laryngeal cancer cells unillustrated yet. This study investigated
the effect of pterostilbene on laryngeal cancer cells and AKT/mTOR signal pathway. Laryngeal cancer cell line Hep-2
was treated with 100 umol/L or 200 umol/L pterostilbene, followed by MTT assay for cell proliferation, caspase-3
activity assay for cell apoptosis, and cell invasion assay. Western blot was used to test the change of AKT protein
phosphorylation. Real-time PCR was adopted to describe mTOR expression. Pterostilbene significantly inhibited
Hep-2 cell proliferation and invasion, and enhanced Caspase-3 activity (p<0.05 compared to control group). 200
umol/L pterostilbene had more potent effects than 100 umol/L group. Pterostilbene also suppressed mTOR mRNA
of pharyngeal cancer cells, and decreased phosphorylation level of AKT (p<0.05 compared to control group). Pteros-
tilbene can regulate proliferation, apoptosis and invasion of pharyngeal cancer cells via inhibiting AKT/mTOR signal

pathway.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) or
laryngeal cancer, is one common malignant
tumor with high malignancy [1]. With transition
of life styles and diet habit, plus environmental
and social stress, incidence of LSCC is rapidly
increasing [2]. Multiple approaches have been
developed targeting LSCC with individualized
therapy including surgery, radiotherapy, chemo-
therapy, immune therapy or intervention. The
overall prognosis of LSCC, however, had not
been radially improved, causing high incidence
of metastasis and recurrence, thus brining
heavy burdens for public health [3, 4]. To date,
LSCC is still one epidemic malignant tumor
worldwide [5]. As a complicated process involv-
ing multiple factors, genes and pathways dedi-
cates occurrence and progression of LSCC, the
rapid and precise method for early diagnosis of

LSCC is still lacking. Moreover, the treatment
efficiency for late stage LSCC is unfavorable [6,
7]. Therefore, the establishment of effective
way to treat LSCC and inhibit tumor invasion is
one major challenge in medicine [8].

Important biological features of LSCC includes
invasion and metastasis of cancer cells, which
are also major reasons causing death and are
correlated with various signal pathways [9].
Protein kinase B (AKT) and mammalian target
of rapamycin (MTOR) signal pathway partici-
pates in cell proliferation and differentiation or
apoptosis [10]. AKT/mTOR signal pathway plays
a critical role in tumor cell growth, proliferation
and invasion [11]. Previous study indicated the
close correlation between AKT/mTOR signal
pathway and occurrence and progression of
LSCC [12]. Therefore, regulation of AKT/mTOR
signal pathway is one research focus for target-
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ed inhibition of LSCC progression. Resveratrol
can modulate tumor progression [13]. As one
homologous derivative of resveratrol, pterostil-
bene is one type of non-flavonoids polyphenol
compound and is widely distributed in multiple
plants including grapes, nuts, strawberry,
Guangxi dragon’s blood and propolis [14]. As
one 3,5'-di-methyl-deriviate of resveratrol,
pterostilbene (or (E)-3,5-dimehtyl-4-hydroxyl-
stilbene) has similar pharmaceutical functions
as resveratrol. Therefore, pterostilbene also
has multiple functions including anti-fungal,
anti-cell proliferation, preventing oxidative st-
ress response, anti-inflammation and decreas-
ing blood lipid [15, 16]. However, its function or
mechanism in LSCC cells has not been fully
illustrated. This study thus investigated the role
of pterostilbene on LSCC cells and its effects
on AKT/mTOR signal pathway.

Materials and methods
Major equipment and reagent

LSCC cell line Hep-2 (CCL-23™) was purchased
from ATCC cell bank (Manassas, VA, USA).
Pterostilbene was purchased from Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan).
DMEM culture medium, fetal bovine serum
(FBS) and streptomycin-penicillin were pur-
chased from Hyclone (Logan, Utah, USA). DMSO
and MTT powders were purchased from Gibco
(Waltham, MA, USA). Trypsin-EDTA lysis buffer
was purchased from Sigma (St. Louis, MO,
USA). PVDF membrane was purchased from
Pall Life Sciences (Fajardo, Puerto Rico, USA).
Western blotting reagent was purchased from
Beyotime (Nantong, Jiangsu, China). ECL rea-
gent was purchased from Amersham Biosci-
ences (Amersham, Buckinghamshire, United
Kingdom). Rabbit anti-human pAKT monoclonal
antibody, rabbit anti-human AKT monoclonal
antibody and goat anti-rabbit horseradish per-
oxidase (HRP)-conjugated IgG secondary anti-
body were all purchased from Cell Signaling
Technology (Danvers, MA, USA). RNA extraction
Kits and reverse transcription kit were pur-
chased from Axygen (Corning, New York, USA).
Caspase-3 activity assay kit was purchased
from R&D (Minneapolis, MN, USA). Labsystem
Version 1.3.1 microplate reader was purcha-
sed from Bio-rad (Hercules, California, USA).
ABI7700 Fast fluorescent quantitative PCR
cycler was purchased from ABI (Foster City, CA,
USA). Ultrapure workstation was purchased
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from Sutai Engineering (Tianjin, China). Trans-
well chamber was purchased from Corning
(Corning, New York, USA). Thermo Scientific
Forma CO, incubator was purchased from
Thermo Fisher Scientific (Waltham, MA, USA).
PCR cycler model 2400 was purchased from
PE Gene Amp (Waltham, MA, USA). Other com-
mon reagents were purchased from Sangon
(Shanghai, China).

Hep-2 cell culture and grouping

Hep-2 cells stored in liquid nitrogen were
resuscitated in 37 °C water-bath until fully thaw-
ing. Cells were centrifuged at 1000 rpm for 3
min, and were re-suspended in 1 ml fresh medi-
um and were removed into 50 ml culture flask
containing 2 ml fresh culture medium. Cells
were kept in a humidified chamber with 5% CO,
at 37°C for 24~48 h. Cells were seeded in cul-
ture dish at 1x107 per cm?. The culture medium
contained 10% FBS, and 90% high-glucose
DMEM medium (containing 100 U/ml penicillin,
100 pg/ml streptomycin). Cells were kept in a
humidified chamber with 5% CO, at 37°C. The
medium was changed every other day and cells
were passed every 2~3 cells. Cells at log-phase
with 2" to 8™ generation were randomly divid-
ed into control group, 100 umol/L pterostilbene
and 200 umol/L pterostilbene for 72 h treat-
ment [17].

MTT for the effect of pterostilbene on Hep-2
cell growth

Hep-2 cells at log-phase were counted, digest-
ed and seeded into 96-well plate at 3000 cells
per well. Cells were then randomly divided into
control, and high- or low-dosage of pterostil-
bene treatment. Each group was cultured for
72 h in five replicated wells. 20 pl sterile MTT
solution (5 g/L) was then added into each test
well. With 4 h continuous culture at 37°C, the
supernatant was completely removed, with the
addition of 150 yl DMSO for 10 min vortex until
the complete resolving of crystal violet. Abso-
rbance (A) values was measured at 570 nmina
microplate reader. The proliferation rate was
calculated in each group.

Caspase 3 activity assay

Caspase 3 activity in all groups of cells was
evaluated using test kit following the manual
instruction. In brief, cells were digested by tryp-
sin, and were centrifuged at 600 g for 5 min
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Table 1. Primer sequences

orescent quantification using GAPDH as

Gene  Forward primer 5’-3’

Reverse primer 5'-3’

the internal control. Standard curve was

GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
mTOR  CACTGACCCCATCTGTAAG GCTACATCTGGGGCTGTATCT

firstly plotted using CT values of stan-
dards, followed by semi-quantitative

[e)]
o

)
<

Cell proliferation of Hep
B
o

o

Control 100pmol/L 200umol/L
pterostllbene pterostllbene

Figure 1. Effects of pterostilbene on Hep-2 cell pro-
liferation. *, p<0.05 compared to control group;
#, p<0.05 compared to 100 umol/L pterostilbene
group.

under 4°C. The supernatant was discarded, fol-
lowed by the addition of cell lysis buffer and
iced incubation for 15 min. The mixture was
then centrifuged at 20000 g for 5 min under
4°C, followed by the addition of 2 mM Ac-DECD-
pNA. Optical density (OD) values at 450 nm
wavelength were measured to reflect caspase
3 activity.

Flow cytometric analysis of cell apoptosis

After centrifugation, 100 ul blocking buffer was
added into the cells and incubated for 10 min
at room temperature followed by centrifuga-
tion. Then 500 ul buffer containing calcium
was added followed by addition of 100 ul
Annexin-V antibody and subsequent addition of
Pl. After that, cell apoptosis was analyzed by
flow cytometry.

Real-time PCR for mTOR expression in Hep-2
cells

Trizol reagent was used to extract RNA from
Hep-2 cells from all groups. Reverse transcrip-
tion was performed following the manual in-
struction, using primers designed by Primer-
Primer6.0 and synthesized by Invitrogen (China)
as shown in Table 1. Real-time PCR was per-
formed under the following conditions: 55°C for
1 min, followed by 35 cycles each containing
92°Cfor30s, 58°C for45sand 72°C for 35 s.
Data were collected and calculated for CT val-
ues of all samples and standards based on flu-
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analysis by 22t method.

Transwell chamber assay for cell invasion

Following the instruction of test kit, serum-free
DMEM medium was used for another 24 h cell
culture. Transwell chamber was pre-coated
using 1:5 50 mg/L Matrigel dilutions on the
bottom and upper layer of the membrane, fol-
lowed by 4°C air-dry. 500 yl DMEM medium
containing 10% FBS was added into the interior
chamber, whilst 100 ul tumor cell suspension
in serum-free DMEM medium was added into
the exterior of chamber. Each group was tested
in triplicate. Chambers were placed into 24-well
plate. Control cells were cultured in Transwell
chamber without Matrigel. After 48 h, PBS was
used to rinse Transwell chamber to remove
membrane-fixed cells. Chambers were then
fixed in cold ethanol and stained by crystal vio-
let for 20 min. Cells at the lower surface of the
micro-pore membrane were observed and
counted under. Each experiment was repeated
for more than three times.

Western blot for AKT phosphorylation level

Total proteins were extracted from Hep-2 cells.
In brief, cells were mixed with lysis buffer on ice
for 15~30 min, with ultrasound treatment (5 s,
4 times). After centrifugation at 20000 g for 15
min at 4°C, the supernatant was saved, quanti-
fied by Bradford method and was stored at
-20°C for Western blot assay. Proteins were
separated in 10% SDS-PAGE, and were trans-
ferred to PVDF membrane by semi-dry method
(100 mA, 1.5 h). Non-specific binding sites
were removed by 5% defatted milk powder for 2
h. Anti-pAKT monoclonal antibody or anti-AKT
monoclonal antibody (1:1000) was added for
4°C overnight incubation. After PBST washing,
goat anti-rabbit secondary antibody (1:2000)
was added for 30 min incubation at room tem-
perature. ECL reagent was then added for
developing the membrane for 1 min after PBST
rinsing, followed by exposure under dark. The
film was scanned and analyzed by protein imag-
ing system and Quantity One software for mea-
suring band density. Each experiment was rep-
licated for four times (N=4) for statistical
analysis.
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Effects of pterostilbene on
the apoptosis of Hep-2 cells

Caspase 3 activity was
examined to examine the
effect of different concentra-
tions of pterostilbene on
apoptosis protein levels in
Hep-2 cells. Results showed
that after pterostilbene treat-

Caspase 3 activity of Hep

Control 100umol/L

104
0 ot

PI
PI
PI

s
e

1?

10! n? gl w0

Annexin-V
100umol/L
pterostilbene

10! R T 100

Annexin-V
Control

Figure 2. Effects of pterostilbene on Caspase 3 activity (A) and cell apoptosis
(B) in Hep-2 cells. *, p<0.05 compared to control group; #, p<0.05 compared

to 100 umol/L pterostilbene group.

Statistical processing

SPSS 11.5 software was used for analyze all
data, which were presented as mean + stan-
dard deviation (SD). Comparison of means
among groups was performed using analysis of
variance (ANOVA), whilst between-group com-
parison of means was finished using student
t-test. A statistical significance was defined
when p<0.05.

Results

Effects of pterostilbene on Hep-2 cell prolifera-
tion

MTT assay was used to test the effect of differ-
ent concentrations of pterostilbene on prolifer-
ation of LSCC cell Hep-2. Results showed that
72 h of pterostilbene treatment significantly
inhibited proliferation of Hep-2 cells (p<0.05
compared to control group). With elevated con-
centration, such inhibitory effects on Hep-2
proliferation were further enhanced, as 200
umol/L pterostilbene had significantly higher
inhibitory effects on Hep-2 cell proliferation
(p<0.05 compared to 100 umol/L pterostil-
bene, Figure 1). These results indicated that
pterostilbene could inhibit Hep-2 cell prolifera-
tion in a dose-dependent manner.

1171

-

w2 10

PL

n'

=
o

200umol/L
pterostllbene pterostﬂbene

10°

200umol/L
pterostilbene

ment, Caspase 3 activity was
significantly enhanced in
Hep-2 cells (p<0.05 com-
pared to control group). With
higher dosage, Caspase 3
activity was further enha-
nced in Hep-2 cells, as 200
pumol/L pterostilbene caused
higher Caspase 3 activity
(p<0.05 compared to 100
pumol/L pterostilbene), indi-
cating that the potency of
pterostiloene to induce ap-
optosis was enhanced with
higher concentration (Figure
2A). Consistent with iigher
caspase-3 activity, increased cell apoptosis in
Hep-2 cell was also observed after pterostil-
bene treatment in a dose-dependent manner
as demonstrated by flow cytometry (Figure 2B).
Taken together, these results supported that
pterostilbene could regulate Hep-2 cell apopto-
sis in a dose-dependent manner.

10! n? 10° !

Annexin-V

Effects of pterostilbene on invasion ability of
Hep-2 cells

Transwell chamber assay was used to test the
effect of different concentrations of pterostil-
bene on Hep-2 cell invasion potency. Results
showed that pterostilbene treatment signifi-
cantly inhibited invasion ability of Hep-2 cells
(p<0.05 compared to control group). With high-
er concentration, inhibition on Hep-2 cells was
potentiated, as 200 umol/L pterostilbene led
to higher inhibitory effects on Hep-2 cell inva-
sion (p<0.05 compared to 100 pmol/L pteros-
tilbene, Figure 3). These results supported that
pterostilbene could inhibit Hep-2 cell invasion.

Effects of pterostilbene on AKT/mTOR signal
pathway phosphorylation level in Hep-2 cells

Western blot was used to test the effect of
pterostiloene on phosphorylation level of AKT/
mTOR signal pathway in Hep-2 cells. Results

Int J Clin Exp Med 2018;11(2):1168-1174
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Figure 3. Effects of pterostilbene on invasion potency of Hep-2 cells. A. Ef-
fects of pterostilbene on invasion of Hep-2 cells by Transwell chamber assay;
B. Analysis of pterostilbene’s effects on Hep-2 cell invasion. *, p<0.05 com-
pared to control group; #, p<0.05 compared to 100 uymol/L pterostilbene

group.
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Figure 4. Effects of pterostilbene on phosphorylation
level of AKT signal pathway in Hep-2 cells. A. Western
blot for pterostilbene on AKT signal pathway phos-
phorylation level in Hep-2 cells; B. Analysis of the ef-
fect of pterostilbene on phosphorylation level of AKT
signal pathway in Hep-2 cells. *, p<0.05 compared
to control group.

showed that pterostilbene treatment signifi-
cantly inhibited phosphorylation level of AKT

1172

200pmol/L .
that pterostilbene treatment

significantly inhibited mTOR
mRNA level of AKT/mTOR
signal pathway of Hep-2 cells
(p<0.05 compared to control
group). With higher concen-
tration, mTOR mRNA level
was further suppressed (p<
0.05 compared to 100 pmol/L pterostilbene,
Figure 5). These results showed that pterostil-
bene could regulate AKT/mTOR signal pathway
via multiple ways, thus functioning on LSCC
occurrence and progression.

pterostilbene

Discussion

LSCC is mainly manifested as hoarse vocaliza-
tion, breath distress, cough, swallowing diffi-
culty and metastasis of neck lymph node. The
demonstration of early stage LSCC benefits the
improvement of 5-year survival rate of patients
[18]. Early diagnosis and treatment are critical
for alleviating LSCC threaten. However, due to
atypical early symptoms, LSCC is frequently
misdiagnosed with laryngitis or vocal cord
polyp [19]. Therefore, the identification of LSCC
related pathogenesis mechanism and molecu-
lar targets, and development of effective treat-
ment plan are major challenge currently.
Pterostilbene has been shown to induce tumor
cell apoptosis, and regulate tumor cell cycle to
suppress tumorigenesis. Meanwhile, it can also
exert anti-tumor effects and suppress tumor
angiogenesis via activating autoimmune re-
sponse [20]. As one novel drug, pterostilbene

Int J Clin Exp Med 2018;11(2):1168-1174
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Figure 5. Effects of pterostilbene on mTOR mRNA
level in AKT/mTOR signal pathway in Hep-2 cells. *,
p<0.05 compared to control group; #, p<0.05 com-
pared to 100 ymol/L pterostilbene group.

has been shown to have significant effects in
treating Alzheimer's disease, cardiovascular
disorder, brain injury, tumor and hypercholes-
terolemia. It has more potent pharmaceutical
role than resveratrol in arresting tumor cells,
plus higher specificity to inhibit DNA triplex
polymerase or replication of simian virus 40
DNA [21, 22]. This study treated in vitro cul-
tured LSCC cells with different concentrations
of pterostilbene and demonstrated that pteros-
tilbene inhibited tumor cell proliferation and
enhanced apoptotic protein activity or LSCC
cell invasion, thus suggesting that pterostil-
bene could reduce probability of recurrence or
metastasis of LSCC via decreasing cell prolif-
eration, facilitating apoptosis and suppressing
cell invasion, thus retarding LSCC occurrence
and progression.

AKT/mTOR signal pathway is closely correlated
with occurrence, progression and prognosis of
LSCC [15, 16]. As one important downstream
factor of AKT signal pathway, mTOR partici-
pates in regulating tumor cell proliferation,
growth, survival and angiogenesis. AKT/mTOR
signal pathway frequently facilitate tumor sur-
vival via inhibiting apoptosis signal and activat-
ing anti-apoptosis factors [23]. Activated AKT
can initiate various enzymes, kinase and tran-
scription factors via phosphorylation, further
activating effector protein mTOR to exert anti-
apoptotic and facilitating proliferation effects.
Previous studies showed that regulation of
AKT/mTOR signal pathway can inhibit LSCC cell
proliferation and facilitate cell apoptosis [24,
25]. This study demonstrated that pterostil-
bene can inhibit phosphorylation level of AKT
signal pathway to reduce expression of down-
stream target protein mTOR. These results illus-
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trated the molecular mechanism underlying the
regulation of LSCC cells by pterostilbene, pro-
viding evidences for illustrating detailed
mechanism.

Conclusion

Pterostilbene can inhibit AKT/mTOR signal
pathway, thus exerting regulation of LSCC cell
proliferation, apoptosis and invasion.

Acknowledgements

This work was supported by Innovation Te-
chnology Fund for the Returned Overseas
Chinese Scholars (NCX1308).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Juyi Wen, Depart-
ment of Radiation and Oncology, Navy General
Hospital, No.6 Fucheng RD, Haidian District, Beijing,
China. Tel: +86-010-66958114; Fax: +86-010-
66958114; E-mail: juyiwenttn@sina.com

References

[1]  ZhangD, Zhou J, Tang D, Zhou L, Chou L, Chou
KY, Tao L, Lu LM. Neutrophil infiltration medi-
ated by CXCL5 accumulation in the laryngeal
squamous cell carcinoma microenvironment:
a mechanism by which tumour cells escape
immune surveillance. Clin Immunol 2016;
175: 34-40.

[2] YuS,LinlJ,ChenC,LinJ,Han Z, Lin W, Kang M.
Recurrent laryngeal nerve lymph node dissec-
tion may not be suitable for all early stage
esophageal squamous cell carcinoma pa-
tients: an 8-year experience. J Thorac Dis
2016; 8: 2803-2812.

[3] WuK, Shen B, Jiang F, Xia L, Fan T, Qin M, Yang
L, Guo J, Li Y, Zhu M, Du J, Liu Y. TRPP2 en-
hances metastasis by regulating epithelial-
mesenchymal transition in laryngeal squa-
mous cell carcinoma. Cell Physiol Biochem
2016; 39: 2203-2215.

[4] Yokota T, Kato K, Hamamoto Y, Tsubosa Y, Oga-
wa H, Ito Y, Hara H, Ura T, Kojima T, Chin K, Hi-
ronaka S, Kii T, Kojima Y, Akutsu Y, Matsushita
H, Kawakami K, Mori K, Nagai Y, Asami C,
Kitagawa Y. Phase Il study of chemoselection
with docetaxel plus cisplatin and 5-fluorouracil
induction chemotherapy and subsequent con-
version surgery for locally advanced unresect-
able oesophageal cancer. Br J Cancer 2016;
115: 1328-1334.

Int J Clin Exp Med 2018;11(2):1168-1174


mailto:juyiwenttn@sina.com

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

1174

mMOTR pathway in laryngeal cancer

Lian R, Lu B, Jiao L, Li S, Wang H, Miao W, Yu
W. MiR-132 plays an oncogenic role in laryn-
geal squamous cell carcinoma by targeting
FOXO1 and activating the PI3K/AKT pathway.
Eur J Pharmacol 2016; 792: 1-6.

Imre A, Pinar E, Dincer E, Ozkul Y, Aslan H, Son-
gu M, Tatar B, Onur |, Ozturkcan S, Aladag I.
Lymph node density in node-positive laryngeal
carcinoma: analysis of prognostic value for
survival. Otolaryngol Head Neck Surg 2016;
155: 797-804.

Lu M, Zhu H, Wang X, Zhang D, Xiong L, Zhu J,
Mao Y, Qiang J. LAMP1 expression is associat-
ed with malignant behaviours and predicts un-
favourable prognosis in laryngeal squamous
cell carcinoma. Pathology 2016; 48: 684-690.
Ma J, Liu S, Zhang W, Zhang F, Wang S, Wu L,
Yan R, Wu L, Wang C, Zha Z, Sun J. High expres-
sion of NDRG3 associates with positive lymph
node metastasis and unfavourable overall sur-
vival in laryngeal squamous cell carcinoma.
Pathology 2016; 48: 691-696.

Cao S, Xia M, Mao Y, Zhang Q, Donkor PO, Qiu
F, Kang N. Combined oridonin with cetuximab
treatment shows synergistic anticancer effects
on laryngeal squamous cell carcinoma: in-
volvement of inhibition of EGFR and activation
of reactive oxygen species-mediated JNK path-
way. Int J Oncol 2016; 49: 2075-2087.
Venkateswaran SP, Nathan LE, Mutalik VS,
Shamsuddin NH. Argyrophilic nuclear organiz-
er region and p73 expression in head and
neck squamous cell carcinomas: teammates
or adversaries? J Oral Maxillofac Pathol 2016;
20: 427-435.

FuY, MaoY, Chen S, Yang A, Zhang Q. A novel
inflammation- and nutrition-based prognostic
system for patients with laryngeal squamous
cell carcinoma: combination of red blood cell
distribution width and body mass index (COR-
BMI). PLoS One 2016; 11: e0163282.

Zhang XJ and Jia SS. Fisetin inhibits laryngeal
carcinoma through regulation of AKT/NF-kap-
paB/mTOR and ERK1/2 signaling pathways.
Biomed Pharmacother 2016; 83: 1164-1174.
Wang B, Qin H, Wang Y, Chen W, Luo J, Zhu X,
Wen W, Lei W, Effect of DJ-1 overexpression on
the proliferation, apoptosis, invasion and mi-
gration of laryngeal squamous cell carcinoma
SNU-46 cells through PI3K/AKT/mTOR. Oncol
Rep 2014; 32: 1108-16.

Sunderic M, Malenkovic V, Nedic O. Complexes
between insulin-like growth factor binding pro-
teins and alpha-2-macroglobulin in patients
with tumor. Exp Mol Pathol 2015; 98: 173-7.
Kumar A, Dhar S, Rimando AM, Lage JM, Lewin
JR, Zhang X, Levenson AS. Epigenetic potential
of resveratrol and analogs in preclinical mod-
els of prostate cancer. Ann N'Y Acad Sci 2015;
1348: 1-9.

(16]

(17]

[20]

(21]

[22]

(23]

(24]

[25]

Madadi NR, Zong H, Ketkar A, Zheng C, Pen-
thala NR, Janganati V, Bommagani S, Eoff RL,
Guzman ML, Crooks PA. Synthesis and evalua-
tion of a series of resveratrol analogues as po-
tent anti-cancer agents that target tubulin.
Medchemcomm 2015; 6: 788-794.

Park SH, Jeong SO, Chung HT, Pae HO. Pteros-
tilbene, an active constituent of blueberries,
stimulates nitric oxide production via activa-
tion of endothelial nitric oxide synthase in hu-
man umbilical vein endothelial cells. Plant
Foods Hum Nutr 2015; 70: 263-8.

Luo H, Jiang Y, Ma S, Chang H, Yi C, Cao H, Gao
Y, Guo H, Hou J, Yan J, Sheng Y, Ren X. EZH2
promotes invasion and metastasis of laryngeal
squamous cells carcinoma via epithelial-mes-
enchymal transition through H3K27me3. Bio-
chem Biophys Res Commun 2016; 479: 253-
259.

Zou Y, Fang F, Ding YJ, Dai MY, Yi X, Chen C, Tao
ZZ, Chen SM. Notch 2 signaling contributes to
cell growth, anti-apoptosis and metastasis in
laryngeal squamous cell carcinoma. Mol Med
Rep 2016; 14: 3517-24.

Wang C, Sun H, Song Y, Ma Z, Zhang G, Gu X,
Zhao L. Pterostilbene attenuates inflammation
in rat heart subjected to ischemia-reperfusion:
role of TLR4/NF-kappaB signaling pathway. Int
J Clin Exp Med 2015; 8: 1737-46.

Sirerol JA, Feddi F, Mena S, Rodriguez ML, Sire-
ra P, Aupi M, Perez S, Asensi M, Ortega A, Es-
trela JM. Topical treatment with pterostilbene,
a natural phytoalexin, effectively protects hair-
less mice against UVB radiation-induced skin
damage and carcinogenesis. Free Radic Biol
Med 2015; 85: 1-11.

Hsu DS, Chang SY, Liu CJ, Tzeng CH, Wu KJ,
Kao JY, Yang MH. Identification of increased
NBS1 expression as a prognostic marker of
squamous cell carcinoma of the oral cavity.
Cancer Sci 2010; 101: 1029-37.

Xie B, Xu Z, Hu L, Chen G, Wei R, Yang G, Li B,
Chang G, Sun X, Wu H, Zhang Y, Dai B, Tao Y,
ShiJ, Zhu W. Pterostilbene inhibits human mul-
tiple myeloma cells via ERK1/2 and JNK path-
way in vitro and in vivo. Int J Mol Sci 2016; 17.
Huang WC, Chan ML, Chen MJ, Tsai TH, Chen
YJ. Modulation of macrophage polarization
and lung cancer cell stemness by MUC1 and
development of a related small-molecule in-
hibitor pterostilbene. Oncotarget 2016; 7:
39363-39375.

Li R, Wang R, Zhai R, Dong Z. Targeted inhibi-
tion of mammalian target of rapamycin (mTOR)
signaling pathway inhibits proliferation and in-
duces apoptosis of laryngeal carcinoma cells
in vitro. Tumori 2011; 97: 781-6.

Int J Clin Exp Med 2018;11(2):1168-1174



