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Abstract

Background: Phytochemical compounds are emerging as a new generation of anticancer agents with limited
toxicity in cancer patients. The purpose of this study was to investigate the potential effcts of thymoquinone,
caffeic acid phenylester (CAPE) and resveratrol on inflammatory markers, oxidative stress parameters, mRNA
expression levels of proteins and survival of lung cancer cells in Vitro. Materials and Methods: The A549 cell
line was treated with benzo(a)pyrene, benzo(a)pyrene plus caffeic acid phenylester (CAPE), benzo(a)pyrene
plus resveratrol (RES), and benzo(a)pyrene plus thymoquinone (TQ). Inflammatory markers, oxidative stress
parameters, mRNA expression levels of apoptotic and anti-apoptotic proteins and cell viability were assessed
and results were compared among study groups. Results: TQ treatment up-regulated Bax and down-regulated
Bcl2 proteins and increased the Bax/Bcl2 ratio. CAPE and TQ also up-regulated Bax expression. RES and TQ
down-regulated the expression of Bcl-2. All three agents decreased the expression of cyclin D and increased the
expression of p21. However, the most significant up-regulation of p21 expression was observed in TQ treated
cells. CAPE, RES and TQ up-regulated TRAIL receptor 1 and 2 expression. RES and TQ down-regulated the
expression of NF-kappa B and IKK1. Viability of CAPE, RES and TQ treated cells was found to be significantly
decreased when compared with the control group (p=0.004). Conclusions: Our results revealed up-regulation
of the key upstream signaling factors, which ultimately cause increase in their regulatory p53 levels affecting
the induction of G2/M cell cycle arrest and apoptosis. Overall these results provide mechanistic insights for
understanding the molecular basis and utility of the anti-tumor activity of TQ, RES and CAPE.
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to cause carcinogenic effects. Benzo(a)pyrene (B(a)P)
-a type of PAH- is a potent tobacco carcinogen has been
used in previous studies to understand molecular insights
of cancer (Pfeifer et al., 2002).

Thymoquinone (TQ) is the predominant bioactive

Introduction

Throughout the world, 1.6 million new cases of lung
cancer recorded and 1.4 million people died from the
disease, which represented 18% of all cancer deaths in

2008 (Jemal et al.,2011).In 2010, the number of deceased
subjects from lung cancer increased to 1.5 million,
representing 19% of all cancer deaths in all around the
world (Lozano et al., 2012).

Non-small-cell lung cancer (~80%) is the most
frequent type of lung cancer and with chemotherapy
only limited efficacy and short survival times can be
provided (Devesa et al., 2005; Goldstraw et al., 2011).
Poor prognosis in non-small-cell lung cancer is partly due
to the development of chemotherapy resistance (Rosell et
al.,2013; Zhou et al., 2013).

Polycyclic aromatic hydrocarbons (PAH) are
environmental and tobacco carcinogens and are suspect
agents in the causation of human lung cancer (Eom et al.,
2013). PAHs should be activated to reactive genotoxins

constituent present in black seed oil (Nigella sativa).
In previous studies it has been demonstrated that
thymoquinone inhibits cell proliferation, decreases cellular
viability, induces apoptosis, arrests cell cycle, modulates
multiple molecular targets including p53, p73, PTEN,
STAT3, PPAR-vy, activation of caspases and generation
of ROS in vivo and in vitro conditions of different cancer
types (Randhawa et al., 2011). The anti-tumor effects
of thymoquinone have also been investigated in tumor
xenograft mice models for colon, prostate, pancreatic and
lung cancer (Woo et al., 2012).

Caffeic acid phenethyl ester (CAPE); a phenolic
compound, is found and isolated from propolis,
has wide spectrum effects like antioxidant, anti-
inflammatory, antiviral, immune stimulant, carcinostatic

'Department of Pulmonary Diseases, >Department of Medical Biochemistry, Faculty of Medicine, *Department of Pharmacology
and Toxicology, Faculty of Veterinary Medicine, *Department of Chemistry, Faculty of Science and Arts, Afyon Kocatepe University,
Afyonkarahisar, Turkey *For correspondence: sevincsarinc@ gmail.com

Asian Pacific Journal of Cancer Prevention, Vol 14,2013 6159



Sevinc Sarinc Ulasli et al

and anticarcinogenic (Orsolic et al., 2005). CAPE is one
of the reported chemoprotective agent to interfere with the
intracellular signal that is related to carcinogenesis, the
proliferation of cancer cells, apoptosis, and cell migration
(Orsolic et al., 2004; 2005).

Resveratrol, trans-resveratrol (trans-3,5,4’-
trihydroxystilbene) is a phytoalexin and present in
many plants and fruits including red grapes, peanuts and
pineapples. Reactive oxygen radicals are cleared with
antioxidant activity. Resveratrol inhibits DNA damage
and prevents lipid peroxidation of cellular membrane.
Resveratrol is expected to be effective in cancer related
processes (Chen et al., 2010; Bae et al., 2011; Zhang et
al.,2011; Yin et al., 2013).

In this study we aimed to investigate the effects of
thymoquinone, CAPE and resveratrol on B(a)P exposed
lung cancer cell line and compare the effectiveness with
each other.

Materials and Methods

Major reagents

The human lung adenocarcinoma cell line A549 was
obtained from Dr J Mazella (CNRS, Valbonne, France).
DMEM (Dulbecco’s modified Eagle’s medium), fetal
bovine serum and benzo(a)pyrene [B(a)P] were purchased
from Sigma-Aldrich. Thymoquinone was purchased
from Spectrum Chemical Manufacturing Corp (USA).
Resveratrol was purchased from Cayman Chemical.
Caffeic acid phenethyl ester (CAPE) was purchased from
ABCR GmbH & Co (Germany).

Cell culture and treatments

A549, human lung adenocarcinoma cell line was
maintained in DMEM (Dulbecco’s modified Eagle’s
medium) supplemented with 10% fetal bovine serum
(FBS), 100units/ml penicillin and 100y g/ml streptomycin,
and 2mM glutamine. The cells were incubated in 5%CO,
and humidified at 37°C for growth.

A549 cells were seeded in 75-cm? culture flasks and
grown for 1-2 days before use. When 50% confluence
was obtained, the culture medium was changed to fresh
medium containing 20uM B(a)P (C, H ,; purity>96%) for
48h (Tampioa, 2008). B(a)P was first dissolved in dimethyl
sulfoxide (DMSO) and then added to the culture medium
with the final concentration of DMSO less than 0.1%. The
medium was changed daily to maintain the concentration
of B(a)P.

CAPE, thymoquinone and resveratrol treatments

After 24 h incubation of A549 cells with B(a)P, culture
medium containing B(a)P was removed, and fresh medium
containing 2pg/ml CAPE (BaP+CAPE group) (Chen et
al., 2004), S5uM Thymoquinone (BaP+TQ group) (Khan
et al., 2012), and 10 uM Resveratrol (BaP+RES group)
(Kode et al., 2008) alone were added into the flasks
according to the groups. As control, A549 cells were
incubated with medium containing vehicle (DMSO) at
the same concentration. After 48 h incubation with agents
medium was removed and the cells were used to perform
the experiments described as follows.
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Protein analyses

Cells from the all groups were washed twice with ice-
cold PBS and then harvested by scraping. The harvested
cells were lysed in lysis buffer (100mM NaH,PO,, 1%
Triton X-100, 1 M HEPES, and protease inhibitor cocktail
1%). The homogenate was centrifuged at 13,000g at 4°C
for 40 min. The supernatants were collected and protein
concentrations were determined using Bradford method
(Bradford et al., 1976).

Measurements of cell survival by MTT assay

The number of viable A549 cells after treatments
was evaluated by the MTT (3-[4,5-methylthiazol-2-yl]-
2,5-diphenyl-tetrazolium bromide) assay. In brief, A549
cells (2x10* cells/well) were seeded in a 24-well plate and
kept overnight for attachment. The next day the medium
was replaced with fresh medium with B(a)P (20 xM) and
cells were allowed to grow for 48 h. After completion
of incubation, agents were added in each well and after
completion of second incubation (24 h), 100u1 of MTT
(10mg/ml, Sigma USA) was added in each well, followed
by 4h incubation at 37°C, then medium was removed and
150ul DMSO was added to each well. The plate was then
shaken for 10 min in the dark at room temperature. The
absorbance value at 490nm was read using a UV/VIS
spectrophotometer (T70, PG Instruments). The percentage
of cell viability was calculated as follows: cell viability
(%)=0Dlreatmem/ OD control < 100%.
Analyses of cytokine production in cells

The effect of TQ, CAPE and RES on release of
cytokines (IFN-v, IL-1@3, TNF-a) in cell lysate was
assessed by ELISA technique. Values were expressed as
pg per mg protein.

Determination of NO production

Nitric oxide concentrations in culture medium and
cell lysate were determined by Griess reaction (Miranda
et al., 2001). Samples were deproteinized with 75
mmol zinc sulphate and total nitrite was determined by
spectrophotometer at 546 nm after conversion of nitrate to
nitrite by vanadium-III-chloride. Results were calculated
in ymol per liter in medium and gmol per gram protein
in cell lysate.

Measurement of GSH levels

GSH level of cell lysates was measured by the method
described by Buetler et al. (1963). In this reaction GSH
is recycled from GSSG and steadily reduces DTNB to
TNB. The increase in OD,,, over time (i.e., AOD,,, )
is directly proportional to the GSH content in the
deproteinized sample (with TCAA 10%). Results were
implied as ygmol per gram protein.

MDA measurement in cell lysate

MDA levels were measured with the method described
by Yoshioka et al. (1979). The method is essentially
based on the formation of a pink color under the acidic
condition upon the reaction of MDA and thiobarbituric
acid. Absorbance of pink compound receiving n-butanol
was measured spectrophotometrically at 535nm. In the
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computation of results, nanomole per gram protein was
used as units.

Measurement of total oxidant status in cell lysate

The TOS of the cell lysate was measured using an
automated colorimetric measurement method for TOS
(Erel, 2005). In this method, oxidants presented in the
sample oxidized the ferrous ion-o-dianisidine complex
to ferric ion. The oxidation reaction was enhanced by
glycerol molecules, which are abundantly presented
in the reaction medium. The ferric ion produced a
colored complex with xylenol orange in an acidic
medium. The color intensity, which could be measured
spectrophotometrically, was related to the total amount
of oxidant molecules presented in the sample. The assay
was calibrated with hydrogen peroxide and the results
are expressed in terms of micromolar hydrogen peroxide
equivalent per gram protein (x#mol H,O, Eq/g prot).

Measurement of total antioxidant status in cell lysate
The TAS of the cell lysate was measured using a
novel automated colorimetric measurement method for
TAS (Erel et al., 2004). This method is based on the
bleaching of color characteristics of a more stable ABTS
[2,2’-azino-bis(3-ethylbenzothiazo-line-6-sulfonic acid)]
radical cation by antioxidants. The assay has excellent
precision values, which are lower than 3%. The results
were expressed as mmol Trolox equivalent/g protein.

Determination of oxidative stress index

The ratio of TOS to TAS represents the OSI, an
indicator of the degree of OS. The OSI value is calculated
according to the formula: OSI (arbitrary unit)=TOS (pumol
H,0, Eg/g protein)/TAS (mmol Trolox Eq/g protein)x100
(Esen et al., 2012).

Total RNA isolation and mRNA expression levels of genes
by real-time reverse transcription-polymerase chain
reaction (RT-PCR)

A549 cells were seeded in 25-cm? culture flasks and
grown for 1-2 days before use. Cells were collected
and washed with phosphate-buffered saline (PBS) after
completion of incubations given above. Total RNA was
isolated by RNAeasy kit (QIAGEN) and cDNA was
generated with a First Strand cDNA Synthesis kit (Thermo
Scientific) at a total volume of 20 ul according to the
manufacturer’s instructions. Real-time quantitative PCR
was performed in a Strategene Mx3005P QPCR system
(USA). Expression levels of target gene were normalized
to the housekeeping gene [-actin (*Ct). Gene expression
values were then calculated based on the **Ct method
using the equation: RQ=2-22¢", PCR amplification was
performed with Maxima SYBR Green/ROX qPCR Master
Mix (Thermo Scientific). The primer sequences used in
PCR reactions and PCR conditions are described in Table
1. Each assay was performed in triplicate and repeated
three times.

Statistical analysis
The statistical analyses of our study were performed
using SPSS statistical software version 20.0. The variables

Table 1. Oligonucleotide Primer Sequences and PCR
Programs

Transcripts Primer Sequences PCR Programs Cycles
B-actin F-5’caccccagccatgtacgttge3’  Initial: 95°-10min; 35’
R-5’ccggagtccatcacgatgeca3d”  94°C-1m/62°C-1 m/72C°-1 m
Bax F-5’cgccteactcaccatetggaa3’  Initial: 95°C-10 min; 35
R-5’cctecaagaccactettececa3’  94°C-1 m/58°C-1m/72°C-1 m
Bcl-2 F-5’gaggggctacgagtgggatge3’ Initial: 95°C-10 min; 35
R-5’ggaggagaagatgcecggtge3’ 94°C-1 m/62°C-1m/72°C-1 m
IKK1 F-5’gctacagaagagcecctatgga3’ Initial: 95°C-10 min; 35
R-5’agatcaatggcacgcetgttec3’  94°C-1 m/57°C-1m/72°C-1 m
TRAIL-R1  F-5gagaagtccctgeaccacgac3’ Initial: 95°C-10 min; 35
R-5’ccggaaagttectggtttgecac3”  94°C-1 m/59°C-1m/72°C-1 m
TRAIL-R2  F-5’tccttacctgaaaggeatctge3’  Initial: 95°C-10 min; 35
R-5’gtegttgtgagettetgtcca3’  94°C-1 m/57°C-1m/72°C-1 m
CYCLIN-D1 F-5’atgctggaggtctgecgaggaa3’ Initial: 95°C-10 min; 35
R-5’cgacaggaagceggtccaggta3’ 94°C-1 m/60°C-1m/72°C-1 m
P21 F-5’ccgtgagcgatggaacttcgac3’ Initial: 95°C-10 min; 35
R-5’tgggaaggtagagettgggeca3’ 94°C-1 m/60°C-1m/72°C-1 m
NFKB F-5’ggtgcggcteatgtttacage3’  Initial: 95°C-10 min; 35

R-5’gcgtetgataccacgggttce3’  94°C-1 m/59°C-1m/72°C-1 m

were investigated using visual (histograms, probability
plots) and analytical methods (Shapiro-Wilk test) to
determine the normality of distributions. The results
were expressed as meantstandard deviation and median
value (min-max range). ANOVA was used to compare
parameters with normal distribution among study groups.
Levene test was used to assess homongenity of variances.
The p value less than 0.05 was accepted as significance
level. When an overall significance was observed
pairwise post hoc tests were performed using Tukey’s
test for homogenous variances and Tamhane T2 test for
heterogenous variances. For continious variables without
normal distribution Kruskal-Wallis test for the comparison
of parameters among study groups and Mann-Whitney U
test was used for the comparison of two groups.

Results

Inflammatory markers and oxidative stress parameters

Inflammatory markers and oxidative stress parameters
of study groups are outlined in Table 1. CAPE, TQ and
RES treated cells had decreased levels of interferon gama,
interleukin 1 beta, glutathione and malondialdehyde when
compared withe control group (Table 2). Total oxidan
status was also lower in CAPE, TQ and RES groups than
control group.

mRNA expression levels of genes in A549 cells

Comparision of mRNA expression levels of genes in
A549 cells is presented in Table 3.

CAPE, RES and TQ upregulated TRAIL receptor 1 and
2 expression. CAPE and TQ upregulated bax expression.
RES and TQ downregulated the expression of Bcl-2
(Table 3). RES and TQ downregulated the expression of
NF-kappa B and IKK1. All three agents decreased the
expression of cyclin D and increased the expression of
p21.The highest increase of p 21 expression was observed
in TQ group.

Viability of cells was investigated and compared
among groups (Figure 1). Viability of TQ, CAPE and
RES treated cells were significantly decreased when
compared with control group (p=0.004).However there
were no significant differences in terms of viability
of cells between TQ treated cells and CAPE treated
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Table 2. Inflammatory Markers and Oxidative Stress Parameters of Study Groups

Parameters Control Benzo(a)pyren

IFN-y (pg/mg prot)

IL-1 p (pg/mg prot) 44440 4704 129.8+31.5¢
TNF-a (pg/mg prot) 7.95+3.19 7.16£1.56
GSH 27.71£3.9580¢ 26.55+7.26d
NO- medium (#mol/L) 8.34+0.5* 7.29+1.62
NO-lysate (#mol/g prot) 1.33 (1.08-1.77)**  1.25 (1.02-2.04)
MDA (nmol/g prot.) 8.53+0.39*b,c.d 7.58+0.340¢f
TAS (Trol. equiv/g prot) 0.55+0.22 0.51+0.33
TOS (umol H,0, Eq/g prot) 597+0.21* 6.89+1.21b<d
OSI 9.19(7.92-37.4) 12.2(5.05-113.2)

0.52 (0.46-0.59)*>¢ 0.47 (0.44-0.54)*< 0.31 (0.29-0.36)*¢¢"  0.26(0.24-0.28)°<

CAPE Resveratrol Thymoquinone p
0.39 (0.36-0.40)*"  <0.001
82.3+14.6b 101.58+33.51c 135.53+£37.9¢ <0.001
4924202 3.38+1.93 542+1.82 0.103
18.94+4.03* 16.93+1.81b 10.8+7.32¢¢ <0.001
6.21+0.97* 7.6+0.76 9.44+191 0.003
0.98 (0.78-1.37)*¢  0.71 (0.60-0.98)°><<< 1.93 (0.97-15.8)¢ 0.001
6.01+1.07° 4.64+0.22¢¢¢ 6.79+0.2344¢ <0.001
0.52+0.26 0.16+0.04 0.50+0.30 0.081
4.71+0.75° 4.0+0.37%¢ 4.69+1.09¢ <0.001
7.98(7.0-211.5) 22.6 (17.7-52.1) 8.36 (5.55-44.3) 0.101

*Data is expressed as mean+SD for parameters with normal distribution and median for parameters with skewed distribution (range min-max); “*<4<‘e"Where the p value is significant, values
within a row with the same superscript letter are significantly different. Abbreviation CAPE: Caffeic acid phenethyl ester; GSH: Glutathione; IFN v: Interferon gama; IL 1 f3: Interleukin 18; MDA:
Malondialdehyde; NO: Nitric oxide; OSI: Oxidative stres index; TAS: Total antioxidant status; TNF a: Tumor necrosis factor a; TOS: Total oxidant status

Table 3. Comparision of mRNA Expression Levels of
Genes

Groups mRNA expression levels of genes
(fold increase +/decrease -)
BAX BCL- IKKIl TRAIL- NFKB P21 CYCLIN- TRAIL-
2 R2 D1 R1
B@P* ()10 ()18 (1.7 )13 (12 (H12 (-)23 (-)1.25

CAPE**(+)2.0 (+)28 (+)237(+H 12 (£ 18 (+) 123 (-)1.04 (+2.20
RESb ()11 (154 ()12 (H12 (1.1 (H131 )12 #H1.1

TQb 13 (-)1.70 ) 1.14 () 131 () 1.1 (H 151 ()1 (+) 1.14

*According to the control group; **According to the B(a)P group. B(a)P: Benzo(a)
pyrene, CAPE: Caffeic acid phenethyl ester, RES: Resveratrol, TQ: Thymoquinone

Cell viability (% of control)

80
60
a0
20

o

Control CAPE Resveratrol  Thymoquinone

Figure 1. Results of Viability Assay using A 549
Cell Line 24 Hours after Treatment with Caffeic
Acid Phenethyl Ester (CAPE), Resveratrol and
Thymoquinone. Cell viability was significantly decreased in
treatment groups when compared with control group (p=0.004)

cells (p=0.746), TQ treated cells and RES treated cells
(p=0.746) and CAPE treated cells and RES treated cells
(p=0.332).

Discussion

To our knowledge, the present study is the first
study investigating and comparing the potential roles
of thymoquinone, caffeic acid phenylester (CAPE) and
resveratrol on inflammatory markers, oxidative stress
parameters, mRNA expression levels of apoptotic and anti
apoptotic proteins and survival of benzo(a)pyrene exposed
A 549 cells in vitro. And down regulated NF-kappaB,
IKKB and cyclin D1 expression together with the highest
increase in p21 expression by TQ in lung adenocarcinoma
cell line are the considerable results of the present study.

The basic principle in cancer treatment is the
stimulation of apoptosis. Cell cycle progression is
regulated by interactions between cyclins and cyclin-
dependent kinases. A family of negative cell cycle
regulators, cyclin-dependent kinase inhibitors, modulates
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these events, especially those controlling the transition of
G1 to S-phase (Chellappan et al., 1998; Chen et al., 1996).
p21 is a member of cyclin-dependent kinase inhibitor
and plays an important role in growth arrest (Gartel and
Tyner, 2002). In addition, there are various reports that
reveal the essential role of p21 in growth arrest of cancer
cells (Brugarolas et al., 1995). p21 expression has also
been demonstrated as an independent prognostic factor
in patients with non-small cell lung carcinoma, (Komiya
et al., 1997; Niklinkski et al., 2001) and it may represent
an important clinical marker of outcome in non-small cell
lung carcinoma (Shoji et al., 2002). Benzo[a]pyrene (BP)-
induced DNA damage in association with p53 expression
in A 549 cell line was first investigated by Ramet et al.
(Ramet et al., 1995). Activation of BP in A-549 lung
carcinoma and MCF-7 breast adenocarcinoma cell lines
was resulted to an increase in p53 protein expression
indicating that p53 protein is part of the response of the
cells to BP-induced DNA damage (Ramet et al., 1995).
Kaspin and Baird (1996) and Luch et al. (1999) reported
the induction of p53 protein levels together with the
increase of p21WAF1 protein levels in MCF-7 cell line
after the exposure to BP.

Binkova et al. (2000) also found more than 1.5-fold
increase of p53 and p21WAF]1 proteins in BP treated
human normal diploid lung fibroblasts as compared with
controls. The present study also demonstrates 1.2 fold
increase of p 21 expression in BP treated A 549 cells.

Malhotra et al. (2011) reported that treatment with
curcumin and resveratrol enhanced protein expression of
p21, thereby resulting in a significant decrease in tumor
incidence and multiplicity in BP-treated mice. Kubota
et al. (2003) investigated the effects of resveratrol on
proliferation and inducing apoptosis in three lung cancer
cell lines (A549, EBC-1, Lu65) and also combined
effects of resveratrol and paclitaxel. Although exposure
to resveratrol plus paclitaxel did not result in significant
synergy, resveratrol significantly enhanced the subsequent
antiproliferative effect of paclitaxel and resveratrol prior
to paclitaxel induced p21wafl expression approximately
4-fold in their study. Similar to these studies resveratrol
upregulated the expression of p21 in A549 cells of the
present study. However the most significant upregulation
of p21 expression was observed in TQ group. To the best of
our knowledge the data of increased p21 gene expression
by TQ in lung adenocarcinoma cell line has not been
reported in the literature till the present study.
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NF-kappaB controls proliferation by increasing
expression of cyclin D1 and apoptosis is increased by
inhibition of NF-kappaB and proliferation is decreased
by reducing cyclin D1 expression (Connelly et al.,2011).
In parallel with the previous studies, mRNA expression
levels of NF-kappaB were found to be 1.2 fold decreased
and mRNA expression levels of cyclin D1 were found to
be 2.5 fold decreased in TQ treated A 549 Cells (Sethi et
al.,2008). Down regulated NF-kappaB, IKKB and cyclin
D1 expression together with the highest increase in p21
expression by TQ suggest that TQ may prove useful in
overcoming this devastating disease in addition to other
chemotherapeutic agents.

In arecent study by Attoub et al. (2013) exposure of cells
derived from lung (LNM35), liver (HepG2), colon (HT29),
melanoma (MDA-MB-435), and breast (MDA-MB-231
and MCF-7) tumors to increasing TQ concentrations
resulted in a significant inhibition of viability through
the inhibition of Akt phosphorylation leading to DNA
damage and activation of the mitochondrial-signaling
proapoptotic pathway. Bax is an important protein for pore
formation in the permeabilization of the mitochondrial
outer membrane, which not only couples mitochondria
to the activation of caspases but also initiates caspase-
independent mitochondria dysfunction. Bax is constantly
held in check by the anti-apoptotic activity of the Bcl-2
proteins (Cheng et al.,2001; Li et al., 2013). In the present
study although TQ and CAPE treatment up-regulated
Bax, RES treatment down-regulated Bax proteins.
TQ and RES treatment down-regulated Bcl2 proteins.
Thus only TQ treatment up-regulated Bax, and down-
regulated Bcl2 proteins. TNF-related apoptosis-inducing
ligand (TRAIL), is a cytokine functioning as a ligand
that induces apoptosis by binding to the death receptors
DR4 (TRAIL-RI) and DRS5 (TRAIL-RII). CAPE, RES
and TQ treatments enhanced TRAIL induced apoptosis
by upregulating TRAIL receptor 1 and 2 expression in
the present study. Moreover IKK1 expression was down
regulated by RES and TQ. Therefore viability of CAPE,
RES and TQ treated cells was found to be significantly
decreased when compared with control group.

Shigeoka et al. (2004) investigated the effects of CAPE
on the transforming growth factor-beta (TGF-f)-induced
invasive phenotype using A549 lung adenocarcinoma
cells as a model system and determined the supression
of TGF- B-enhanced cell motility and TGF-B-induced
Akt (protein kinase f3) activation as well as a specific
inhibitor of phosphatidyl inositol 3-kinase (PI3K)/Akt
pathway, LY294002. CAPE treatment has been reported
as inhibiting cell proliferation, causing apoptosis and S/
G2 cell cycle arrest, and increasing radiosensitization in
A549 cells (Chen et al., 2004; Lin et al., 2012).

Natarjan et al. (1996) determined the blockage of
the activation of NF-kappaB by CAPE treatment in the
dose- and time-dependent manner. However in the present
study CAPE is the only agent increasing NFxB expression
when compared to control group and BP exposed group.
This result may be due to the different dose of CAPE in
our study.

It is claimed that CAPE inhibits the growth of tumor
cells using oxidative stress pathways connected to p53-

independent pathways and observed to inhibit oxidative
processes by decreasing the generation of intracellular
hydrogen peroxide (H,0,) in A549 cells (Cotgreave and
Gerdes, 1998). Chen et al. (2004) also determined the
decrease of intracellular GSH and H,O, in CAPE treated
A 549 cells than untreated A 549 cells. In the present study
GSH level and TOS were found to be reduced in CAPE
group when compared with control group. Moreover the
most significant decrease in GSH level was observed in
thymoquione group and the most significant decrease in
TOS was in resrevatrol group. Therefore, the depleting
intracellular stores of GSH and decreased TOS by CAPE,
resreveatrol and thymoquinone can make cells more
susceptible to oxidative stress-induced apoptosis which is
a target point in cancer treatment (Cotgreave and Gerdes,
1998).

Further studies including the combination of these
three agents are needed to determine whether synergistic
action of these agents on adenocarcinoma cells are present
or not.

Acknowledgements

This project was supported by a grant from Afyon
Kocatepe University Scientific Research Council, Afyon,
Turkey: Project number: 12 TIP.03.

References

Attoub S, Sperandio O, Raza H, et al (2013). Thymoquinone
as an anticancer agent: evidence from inhibition of cancer
cells viability and invasion in vitro and tumor growth in vivo.
Fundam Clin Pharmacol, 27, 557-69.

Bae S, Lee EM, Cha HIJ, et al (2011). Resveratrol alters
microRNA expression profiles in A549 human non-small
cell lung cancer cells. Mol Cells, 32,243-9.

Binkova B, Giguere Y, Rossner P Jr, Dostdl M, Srdm RJ (2000).
The effect of dibenzo[a,l]pyrene and benzo[a]pyrene on
human diploid lung fibroblasts: the induction of DNA
adducts, expression of p53 and p21 (WAF1) proteins and
cell cycle distribution. Mutat Res, 471, 57-70.

Bradford MM (1976). A rapid and sensitive for the quantitation
of microgram quantitites of protein utilizing the principle of
protein-dye binding. Anal Biochem, 72, 248-54.

Brugarolas J, Chandrasekaran C, Gordon JI, et al (1995).
Radiation-induced cell cycle arrest compromised by p21
deficiency. Nature, 377, 552-7.

Buetler E, Dubon O, Kelly, BM (1963). Improved method for
the determination of blood glutathione. J Lab Clin Med,
61, 882-8.

Chellappan SS, Giordano A, Fisher PB (1998). Role of
cyclin dependent kinases and their inhibitors in cellular
differentiation and development. Curr Top Microbiol
Immunol, 227, 57-103.

Chen J, Saha P, Kornbluth S, Dynlacht BD, Dutta A (1996).
Cyclin-binding motifs are essential for the function of
p21CIP1. Mol Cell Biol, 16,4673-82.

Chen MF, Wu CT, Chen YJ, Keng PC, Chen WC (2004). Cell
killing and radiosensitization by caffeic acid phenethyl ester
(CAPE) in lung cancer cells. J Radiat Res, 45, 253-60.

Chen Z, Jin K, Gao L, et al (2010). Anti-tumor effects of
bakuchiol, an analogue of resveratrol, on human lung
adenocarcinoma A549 cell line. Eur J Pharmacol, 643,
170-9.

Cheng EH, Wei MC, Weiler S, et al (2001). Bcl-2, Bel-X(L)

Asian Pacific Journal of Cancer Prevention, Vol 14,2013 6163



Sevinc Sarinc Ulasli et al

sequester BH3 domain-only molecules preventing BAX- and
BAK-mediated mitochondrial apoptosis. Mol Cell,8,705-11.

Connelly L, Barham W, Onishko HM, et al (2011). Inhibition of
NF-kappa B activity in mammary epithelium increases tumor
latency and decreases tumor burden. Oncogene, 30, 1402-12.

Cotgreave 1A, Gerdes RG (1998). Recent trends in glutathione
biochemistry—glutathione-protein interactions: a molecular
link between oxidative stres and cell proliferation? Biochem
Biophys Res Commun, 242, 1-9.

Devesa SS, Bray F, Vizcaino AP, Parkin DM (2005). International
lung cancer trends by histologic type: male:female diff
erences diminishing and adenocarcinoma rates rising. Int J
Cancer,117,294-9.

Eom SY, Yim DH, Moon SI, et al (2013). Polycyclic aromatic
hydrocarbon-induced oxidative stress, antioxidant capacity,
and the risk of lung cancer: a pilot nested case-control study.
Anticancer Res, 33,3089-97.

Erel O (2004). A novel automated direct measurement method for
total antioxidant capacity using a new generation, more stable
ABTS radical cation. Clin Biochem, 37,277-85.

Erel O (2005). A new automated colorimetric method for
measuring total oxidant status. Clin Biochem, 38, 1103-11.

Esen C,Alkan BA, Kirnap M, et al (2012). The effects of chronic
periodontitis and rheumatoid arthritis on serum and gingival
crevicular fluid total antioxidant/oxidant status and oxidative
stress index. J Periodontol, 83, 773-9.

Gartel AL, Tyner AL (2002). The role of the cyclin-dependent
kinase inhibitor p21 in apoptosis. Mol Cancer Ther,1,639-49.

Goldstraw P, Ball D, Jett JR, et al (2011). Non-small-cell lung
cancer. Lancet, 78, 1727-40.

Jemal A, Bray F, Center MM, et al (2011). Global cancer statistics.
CA Cancer J Clin, 61, 69-90.

Kaspin LC, Baird WM (1996). Anti-benzo[a]pyrene-7,8-
diol-9,10- epoxide treatment increases levels of proteins p53
and p21WAF1 in the human mammary carcinoma cell line
MCF-7. Polycyclic Arom Comp, 10,299-306.

Khan A, Vaibhav K, Javed H , et al (2012). Attenuation of Ab-
induced neurotoxicity by thymoquinone via inhibition of
mitochondrial dysfunction and oxidative stress. Mol Cell
Biochem, 369, 55-65.

Kode A, Rajendrasozhan S, Caito S, et al (2008). Resveratrol
induces glutathione synthesis by activation of Nrf2 and
protects against cigarette smoke-mediated oxidative stress
in human lung epithelial cells. Am J Physiol Lung Cell Mol
Physiol, 294, 478-88.

Komiya T, Hosono Y, Hirashima T, et al (1997). p21 expression
as a predictor for favorable prognosis in squamous cell
carcinoma of the lung. Clin Cancer Res, 3, 1831-5.

Kubota T, Uemura Y, Kobayashi M, Taguchi H (2003). Combined
effects of resveratrol and paclitaxel on lung cancer cells.
Anticancer Res,23,4039-46.

LiY,Zhang S,Geng JX,Hu XY (2013). Curcumin inhibits human
non-small cell lung cancer A549 cell proliferation through
regulation of Bcl-2/Bax and cytochrome C. Asian Pac J
Cancer Prev, 14, 4599-602.

Lin HP, Kuo LK, Chuu CP (2012). Combined treatment
of curcumin and small molecule inhibitors suppresses
proliferation of A549 and H1299 human non-small-cell lung
cancer cells. Phytother Res, 26, 122-6.

Lozano R, Naghavi M, Foreman K, et al (2012). Global and
regional mortality from 235 causes of death for 20 age groups
in 1990 and 2010: a systematic analysis for the Global Burden
of Disease Study 2010. Lancet, 380, 2095-128.

Luch A, Kudla K, Seidel A, et al (1999). The level of DNA
modification by (C)-syn- (11S,12R,13S,14R)- and (-)-anti-
(11R,128,13S,14R)-dihydrodiol epoxides of dibenzol[a,l]
pyrene determined the effect on the proteins p53 and
p21WAF1 in human mammary carcinoma cell line MCF-7.
Carcinogenesis, 20, 859-65.

6164 Asian Pacific Journal of Cancer Prevention, Vol 14, 2013

Malhotra A, Nair P, Dhawan DK (2011). Curcumin and
resveratrol synergistically stimulate p21 and regulate cox-2 by
maintaining adequate zinc levels during lung carcinogenesis.
Eur J Cancer Prev,20,411-6.

Miranda KM, Espey MG, Wink DA (2001). A rapid, simple
spectrophotometric method for simultaneous detection of
nitrate and nitrite. Nitric Oxide, 5, 62-71.

Natarajan K, Singh S, Burke TR Jr, Grunberger D, Aggarwal BB
(1996). Caffeic acid phenethyl ester is a potent and specific
inhibitor of activation of nuclear transcription factor NF-
kappa B. Proc Natl Acad Sci USA, 93, 9090-5.

Niklinski J, Niklinska W, Laudanski J, Chyczewska E,
Chyczewski L (2001). Prognostic molecular markers in non-
small cell lung carcinoma. Lung Cancer,2,53-8.

Orsoli¢ N, Knezevi¢ AH, Sver L, Terzi¢ S, Basi¢ 1 (2004).
Immunomodulatory and antimetastatic action of propolis
and related polyphenolic compounds. J Ethnopharmacol,
94,307-15.

Orsolic N, Sver L, Terzi¢ S, Basi¢ I (2005). Peroral application
of water-soluble derivative of propolis (WSDP) and its
related polyphenolic compounds and their influence on
immunological and antitumour activity. Vet Res Commun,
29,575-93.

Pfeifer GP, Denissenko MF, Olivier M, et al (2002). Tobacco
smoke carcinogens, DNA damage and p53 mutations in
smoking-associated cancers. Oncogene, 21, 7435-51.

Réamet M, Castrén K, Jarvinen K, et al (1995). p53 protein
expression is correlated with benzo[a]pyrene-DNA adducts
in carcinoma cell lines. Carcinogenesis, 16,2117-24.

Randhawa MA, Alghamdi MS (2011). Anticancer activity of
nigella saliva (Black Seed): a review. Am J Chin Med, 39,
1075-91.

Rosell R, Bivona TG, Karachaliou N (2013). Genetics and
biomarkers in personalisation of lung cancer treatment
Lancet, 382,720-31.

Sethi G, Ahn KS, Aggarwal BB (2008). Targeting nuclear factor-
_B activation pathway by thymoquinone: role in suppression
of antiapoptotic gene products and enhancement of apoptosis.
Mol Cancer Res, 6, 1059-70.

Shigeoka Y, Igishi T, Matsumoto S, et al (2004). Sulindac sulfide
and caffeic acid phenethyl ester suppress the motility of lung
adenocarcinoma cells promoted by transforming growth
factor-beta through Akt inhibition. J Cancer Res Clin Oncol,
130, 146-52.

Shoji T, Tanaka F, Takata T, et al (2002). Clinical significance
of p21 expression in non-small-cell lung carcinoma. J Clin
Oncol, 20, 3865-71.

Tampioa M, Loikkanena J, Myllynenb P, Mertanena A,
Vahakangasa KH (2008). Benzo(a)pyrene increases
phosphorylation of p53 at serine 392 in relation to p53
induction and cell death in MCF-7 cells. Toxicol Lett, 178,
152-9.

Woo CC, Kumar AP, Sethi G, Tan KH (2012). Thymoquinone:
potential cure for inflammatory disorders and cancer. Biochem
Pharmacol, 83, 443-51.

Yin HT, Tian QZ, Guan L, et al (2013). In vitro and in vivo
evaluation of the antitumor efficiency of resveratrol against
lung cancer. Asian Pac J Cancer Prev, 14, 1703-6.

Yoshioka T, Kawada K, Shimada T, Mori M (1979). Lipid
peroxidation in maternal and cord blood and protective
mechanisms against activated-oxygen toxicity in the blood.
Am J Obstet Gynecol, 135, 372-5.

Zhang W, Wang X, Chen T (2011). Resveratrol induces
mitochondria-mediated AIF and to a lesser extent caspase-
9-dependent apoptosis in human lung adenocarcinoma
ASTC-a-1 cells. Mol Cell Biochem, 354,29-37.

Zhou YT, Li K, Tian H (2013). Effects of vinorelbine on cisplatin
resistance reversal in human lung cancer A549/DPP cells.
Asian Pac J Cancer Prev, 14,4635-9.



