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Abstract: About 80% of breast cancers are estrogen-recepsitiye. The research carried out herein focusethemffect of
Thymoquinone which is an active compoundNidella sativaseed on estrogen-receptor positive breast canGsrmtell line.
The percentage of apoptotic cells was found usingeXin V-FITC apoptosis detection kit. CycleTESTUER.DNA Reagent
was used to distinguish distribution of treatedscleétween different cell cycle phases. DNA micragidentified the regulated
genes, level of expressed genes, gene ontologpathavay networks. Significant arrest of treatedscai G phase suggested
cytostatic effect of Thymoquinone 100 uM after &4its afp-value < 0.05 which was similar to anti-estrogesampounds such
as Tamoxifen. Cytotoxic effect of Thymoquinone 10@ was found through highly significant accumulatif cells at sub-G
phase after 72 hours ptvalue < 0.0001CYP1A1 CYP1B1 NQOlandUGT1A8genes were down regulated after 24 hours
treatment with Thymoquinone 50 uM concentrationchtsuggested reduction of catechol estrogens aimdj iin metoxy forms
of estradiol and estrone. Reduction of ER woulgteelictable due to the down-regulatiorG®fP1BlandUGT1A8genes which
reduced affinity of trans-tamoxifen-o-glucuroni@deBER. The study proposed the benefits of using Tdgumone to accelerate
Tamoxifen effects in treating breast cancer andciedg) its side effects.

K eywor ds. Thymoquinone, Tamoxifen, Anti-Estrogenic EffectIGycle, Apoptosis Assay, cDNA Microarray

1. Introduction

Cancer has been known as the second leading cdiuseestrogen-receptor positive (ER+) breast tumors [7].
mortality in developing countries and the leadireyise of Tamoxifen has ability to block the;@hase of the cell cycle
death even in developed countries [1]. Proliferatiof and as a result slows breast cancer cell prolitaraf8].
mammary epithelial cells is dependent to the lewél Tamoxifen prevents cancerous cells from dividing bat
estrogens. The lifetime exposure to estrogen isim fiactor causes death. Previous studies have describe@ahmatxifen
to promote cancer in hormone-dependent organs ssch is an inhibitory growth agent which blocks breamtaer cells
breast [2]. Based on previous studies, anti-estroget G/ G, region of the cell cycle [9].
compounds still remain the choice of treatmentHormone The efficiency of many plants has been reportedhin
dependent breast cancers. It is revealed that tbetly treatment of cancer from ancient until present [Wfout
inhibition effects of anti-estrogen compounds &metgh the 25% of prescribed drugs in the world are originatexim
arrest at @/ G, phase of the cell cycle [3]. The mechanisnplants [11]. More than 3000 species of plants eported to
of cell cycle arrest at &5/ G; phase due to anti-estrogenhave anti-cancer properties [12]. In this studwyats tried to
agents is correlated with the reduction of cyclih Bene understand the anti-estrogenic effect of Thymoquéno
expression and inactivation of cyclin D1-Cdk4 coexgls derived fromNigella sativaseed on the MCF7 breast cancer
and reduction of pRb phosphorylation [4,5,6]. cell line.

One of the most important anti-estrogen compoursds i
Tamoxifen which is known as a first-line drug teedt
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2. Materialsand M ethods
tilajaniel Sinnk 6T Bwaded wtuiaed ri Voo E o g Tol s
2.1. Apoptosis Assay o 22 [ | -l R | m_liﬂ

The MCF7 cell line was purchased from American Type
Culture Collection (ATCC, USA). The cells were cu#d in
RPMI 1640 (Invitrogen, Gibco, US) containing L-glatine
supplemented with 10% heat-inactivated fetal bowiasmim
(Invitrogen, Gibco, US) and ZLunit penicillin/streptycin
(Hyclon). Annexin V-FITC apoptosis detection kit B
Bioscience, USA) was used to stain apoptotic califherent @)
MCF7 cells with concentration of 1.0 x ®@ells/ml were
treated with various concentrations (0 puM, 25 pMpu®d4, and
100 puM) of Thymoquinone and incubated for 12 anth@4rs
at 37°C in humidify atmosphere CO2 incubator. Tiaéning
procedure was performed according to the manufaccsur
protocol and analyzed by flow cytometry (BD FACS@alt)
using FACSDiva program.

2.2. Cél Cycle Analysis

CycleTEST PLUS DNA Reagent Kit (BD Bioscience, USA) et -

was used to discriminate distribution of cells lestw 3)
different cell cycle phases. MCF7 cells at a densft1.0 x

10° cells/ml were treated with Thymoquinone at concitn

25 HM, 50 }J.M, and 100 LJ.M for 12 hours, 24 hours aad Matjatwh Arva pals-Tg 100 1201 _WaiEanen At 3 Ty L0 2 40
hours. The number of cells was calculated with flow w] :0s L

cytometry (BD FACSCanto Il) using ModFit software.

2.3. Gene Expression Analysis

Total RNA was extracted from MCF7 cells using
RNeasyPlus Mini kit protocol (QIAGEN, USA). RNA
quantity and quality were done using Agilent Tedbg@s’
protocol. Gene expression analysis was performadgus
Agilent two-color microarray. Reference design veaplied
using the Universal Human Reference RNA (Agilent 4)

Technologies, USA) which acted as an internal abnEour

biological replicates of Thymoquinone-treated MCE&lls - Mlatfaneh Anal ks Tin baslsd cla naden
were compared with four biological replicates oftreated lﬁl*“”"""""”'*f""""@ of 12 [vs ]
MCF7 cells on the same array slide platform. Thseilts were T : 3 wm =
scanned with a fluorescent scanner and qualifi¢k Reéature e o iy i
Extraction software. Gene expression level, idatifon of @
genes, gene ontology and pathway networks weraiatead
using GeneSpring software.

i e
w ®

3. Results R n;rlgz»;-wrrc-.«

(5)
(@) (b)

Figure 1. Flow cytometric evaluations of MCF-7 cells afterddurs (a) and
24 hours (b) exposure to various concentration$lgfmoquinone (1) OpM,
(2) 25puM, (3) 50pM, (4) 100uM and (5) Tamoxifen SuMhnexin V
apoptosis assay revealed the decrease in the pibpulaf viable cells while
a growing shift was appeared in the percentage pfp#otic and necrotic
cells.The results obtained from biological triplieeexperiments.

The results revealed that the number of viablesadter 12
) hours treatment with Thymoquinone decreased when th
concentrations of treatment was increased fromM3qu100
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UM, however it was not statistically significanhéf ANOVA  cells at G phase was 24% after 24 hours. A large number of
test results showed a significant decrease in¢hegptage of cells after 72 hours treatment with Tamoxifen 5 pM
viable cells p-value < 0.0002) and a significant increase in theoncentration moved to necrosis stage.

late apoptosispfvalue < 0.0001) after treatment with 100 uM Comparison between Thymoquinone and Tamoxifen
concentrations for 24 hours which indicated thehlyigoxic  revealed that after 12 hours treatment with Thynoope 100

effect of Thymoquinone 100 uM concentration “ Fig 1 MM concentration, it caused the highest percentigeell
arrest at G phase compared to Tamoxifen and the other its
100- concentrations. The less number of cells were ph&se for
o Thymoquinone 100 UM concentration. While the arrafst
50 uM cells at sub-G and G / M phases with Thymoquinone
{3 100uM treatment were almost similar to Tamoxifen, theultssare

E3 Tamoxifen 5 uM

provided in Table 1.

Increasing the treatment duration to 24 hours chuse
greater accumulation of cells at @hase for Thymoquinone
100 uM concentration. Besides, the lowest numbecetis
was in S phase for Thymoquinone 100 uM concentra®
presented in Table 2.

Cell distribution (%)

@ After 72 hours, the effect of inhibition was foundth
Thymoquinone 100 puM concentration which was through
197 03 oum accumulation of cells at sub;@hase and reduction of cells to
25 uM zero at the other phases of cell cycle. Prolonggasure of
oot cells to the treatments till 72 hours revealedess number of
B3 Tamoxifen 5 uM cells at all cell cycle phases following treatmenith

Tamoxifen. The findings confirmed the strong effeaft
Tamoxifen on MCF-7 cells after 72 hours treatmenglaown
in Table 3.

Presence of a prominent sub-@eak which is a distinct
region below G phase represents apoptotic bodies [13]. In the

Cell distribution (%)

estrogen receptor-positive MCF7 breast cancerlioellwas
cytostatic similar to the Tamoxifen function whialas found
through accumulation of cells at, hase especially after 24
hours with 100uM concentration. Existence of othadence
also confirmed this finding which emphasized thatesure to

© Tamoxifen (5uM to 12.5uM) resulted in a dose-degend
Figure 2. Comparison  between  Thymoquinone-treated  andreduction in the number of breast cancer MCF7 cells

Tamoxifen-treated MCF7 cells in different cell e/phases at (a) 12 hours, rogressing through Gand entering S phase [14
(b) 24 hours and (c) 72 hours. The mean + SD of dultribution was prog 9 ghi@ 9P [ ]

(b) current study, there was a distinguished increasehe
percentage of cells at sub-@&gion with Thymoquinone 100
100 = 0w UM concentration after 24 hours and highly sigaifit
s 80 =3 25uM changes after 72 hours which indicated on the oyioteffect
e o of Thymoquinone. .
£ Tamoxifen 5 uM It is worth to mention that the effect of Thymoaoaire on

calculated using three independent experiments. -
Repgat_eq-meas_ure two-way ANO\_/A showed_ that there( crrs: ) = + Sl

were significant differences between time, conegittn and -2.22 ((Trans 4 hydroxy tamoxifen |

various cell cycle phases ptvalue < 0.001. The cell cycle Crocoramidaton l

analysis revealed that Thymoquinone 100 uM conagatr is 2636 told

[ Trans-tamoxifen-O-glucoronide ]

)

Bind to Estrogen-receptors ]

a highly toxic dosage for breast cancer MCF7 ciéra24
hours because of the significant increase (31.6df%)e cell (
arrest at Gphase and significant decrease (28.87%) of the cel
synthesis at S phase. The presence of the 60%optatic
cells in the sub-Gphase after 72 hours of treatment withELgure 3. Gene (ggpfei/ls/igz Legula)tion in Tam0>;ifhen ggxaipchf
Thymogquinone 100 pM concentration indicated time dose YyF’:l‘éql“'”O”:nd ‘:JGTlAS Oursde(t:réits’zem' thee Convztr';gno of
depen(_jent mode  of Thym_oqumone' On _the_ _O_ther han ans-4-hydroxy-Tamoxifen to trans-tamoxifen-4-oegikonide, thereby; the
Tamoxifen 5 pM concentration showed the inhibitafrcell  formation of trans-Tamoxifen-4-o-glucuronide woitdrease and produce
cycle at S phase significantly which was 21% amdatiest of less number of ER.
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Microarray results revealed the down-regulatiosahe of which showed the relationship of conversion of @24OHE?2
genes involved in estrogen pathway includibgsT1A8 in mammary carcinogenesis witBYP1B1 [42]. The two
(-16.26 —fold changef; YP1A1(-2.22 —fold changel; YP1B1 hydroxylated metabolites of E2 are oxidized andveoted to
(-2.23 —fold change) andNQO1 (-2.07 —fold change). E2-2, 3-Q and E2-3, 4-Q, respectively [32]. Quinine
Down-regulation ofJGT1A8(-16.26 —fold changel;YP1B1 metabolites of estrogen can form DNA adducts artdirac
(-2.23 —fold change) was found in Tamoxifen pathwétgr response to DNA to become carcinogenic metabolites

treatment of cells with Thymoquinone “Fig 3". breast cancer [30,43,44].
The findings of microarray analysis in this studdicated
4. Discussion the down-regulation o€YP1B1following the treatment of

MCF-7 cells with Thymoquinone. The low expressioh o

Thymoquinone (2-methyl-5-isopropyl-1,4-benzoquinoneCYP1B1gene could suppress the conversion of E2 to 4-OHE2
TQ) is known as a bioactive component of volatiiead  in estrogen pathway. It could potentially lead t@duction in
Nigela sativa seed [15]. Previous studies showed thatarcinogenic metabolites of E2. Thus, it suggested the
Thymoquinone can be an effective agent in treatimgnone formation of carcinogenic metabolites of estrogel-g, 3-Q
sensitive prostate cancers [16]. Furthermore, knewn as and E2-3, 4-Q) could be controlled by Thymoquinone.
anti-cancer in breast and ovarian adenocarcinomd, [1 Naturally, the methylation process causes 2, 4-Otde®
colorectal cancer [18], human pancreatic adenatamea [19, metabolized and forms 2-, 4-MeOE2 [25]. The proceks
20], lung carcinoma [21], uterine sarcoma [19], plastic methylation can be regulated under effectU@T1A8gene
keratinocytes [22], human osteosarcoma [23], filroema [45]. The 4-MeOE2 is non-cancerous metabolite dfogen
[21], anti-oxidant and anti-inflammatory [24]. Ihi$ study, and also 2-MeOE2 which has an apoptotic activithe T
anti-estrogenic effect of Thymoquionone on MCF-gast 2-MeOE?2 is the major form of methylated catechalaggens
cancer cell was proposed. that has anti-cancerous and anti-angiogenic eff&ct46].

Three major estrogens in humans produced in ovafies Nowadays, Panzem which is the trade name of 2-Mel®E2
pre-menopausal women areiEstradiol (E2), Estrone (E1), using to suppress tumor development and blockahadtion
Estriol (E3) [25]. Estradiol is known as the maimdamost of new blood vessels that supply tumors [47]. la turrent
active endogenous estrogen in pre-menopausal woltnen. study, the down-regulation d§GT1A8 gene suggested the
present in the form of estrone in post-menopausaten [26] accumulation of 2-MeOE2 in Thymoquinone-treatedscand
and estriol in pregnant women [29]. The elevatioh omight inhibit the conversion of 2-MeOE2 to glucuidsform.
circulating estrogen level is reported to causmareased risk This might ultimately direct the cells towards afmgis and
of breast cancer [30]. prevent cell proliferation and angiogenesis.

The metabolism of estrogen is catalyzed by phase | Tamoxifen (TAM, 1-[4-(2-dimethylaminoethoxy) phehyl
xenobiotic enzymes involving cytochrome P450 pathwa-1, 2-diphenylbut-1 (Z) -ene) is a non-steroidaldan
which included CYP1Al and CYP1B1 genes [29,30,31]. anti-estrogen which serves as an option in breaster
CYP1AlandCYP1Blgenes are known as phase | enzymegeatment [47]. Tamoxifen is reported to incredselevel of
involved in the oxidative metabolism of endogenesisogens, 4-OHE2 [37]. Elevation in the expression level @YP1B1
17-beta estradiol and estrone to catechol estrofgh82]. was also reported due to Tamoxifen treatment hoxyekie
Furthermore, CYP1B1 gene is one of the anti-cancerexpression level c€YP1Algene decreases due to Tamoxifen
therapeutic targets for a variety of cancers [3Bg CYP1Al1 effect [37,38]. Previous study reported up-regakatiof
is a protein of cytochrome P450, family 1, subfgmil, CYP1Bldue to the Tamoxifen metabolites which induce
polypeptide 1 [34]. Itis expressed in extra hepassues such uterine cancer [32].
as mammary gland, prostate, ovary, uterus, colestist In the current study, the conversion of trans-4rbyg-
adrenal, thymus and lung [35]. On the other handPTB1 tamoxifen to trans-Tamoxifen-4-o-glucuronide  would
belongs to the cytochrome P450, family 1, subfanily decrease due to the down-regulatiol€dPP1BlandUGT1A8
polypeptide 1 and is expressed in many normal huisanes genes. Trans-Tamoxifen-4-o-glucuronide is an active
such as mammary gland [32] and prostate [36]. Histrds metabolite of Tamoxifen due to its high affinity éstrogen
hydroxylated to produce 2-hydroxyestradiol (2-OHER2) receptors [47]. Thereby, less formation of transidaifen-4-
4-hydroxyestradiol (4-OHE2) [32] and this conversice  o-glucuronide would cause less accumulation of ER.
regulated by CYP1A1l and CYP1B1 genes, respectively Moreover, the EGF-EGFR is an important pathway thic
[37,38]. The over-expression GfYP1Blis reported in up to leads to the phosphorylation of ER. The over-exgoesof
73% of human breast cancer and other hormone-dependboth ER and EGFR promote breast cancer growth [A8he
tumors [32,39,40,41]. The presence of CYP1B1 pnotei current study, the microarray findings showed
more detectable in mammary tumors than normal breadown-regulation of GPCR, EGF and EGFR signalling
tissues [32]. In fact, the elevated level of hyddated pathways following treatment with Thymoquinone whic
estradiol in estrogen-responsive tissues might p#y suggested the down-regulation of ER. Previouslywis
essential role in tumor genesis [39]. The carcinageffect of postulated that Thymoquinone potentially stimul&® to
estrogen was associated with 4-OHE2 [42,43]. TRHE2 is  transmit signal via GPCR and EGFR [49]. Hence,
known as a tumor promoter [37,38]. There are mappnts down-regulation of GPCR and EGF-EGFR signalling
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pathways in the current study would cause reduatioBR

which is highly expressed in luminal A sub-type MZBreast
cancer cell line. There are many studies introdd@edoxifen

as an alternative for the treatment of a wide-ravfgimors,

particularly in breast cancer. Regardless of Tafeoxbenefits,
it also presents unwanted side effects [50]. Thedbdfen

metabolites up regulate the level 6f¥P1B1gene which
promotes uterine cancers [32] while Thymoquinonesed

down-regulation oCYP1B1

11

Whereby, 2-, 4-MeOEL1 is produced after methylatidhe
methoxy forms of estrone are known as good estogen
human and show anti-cancer and anti-angiogenicnpgtat
increased level [37].

The down-regulation ofUGT1A8 would lead to the
accumulation of metoxy form of estrone. The currstoidy
also showed the down-regulation of another genechvis
involved in the production of the methylated forfnE®2 and
E1l. The NAD(P)H: quinine oxido-reductase 1 is amyeme

Co-administration of Thymoquinone and Tamoxifen orthat is encoded by théNQOl1l gene and known as a
breast cancer cells (MCF-7 and MDA-MB-231) reported detoxification enzyme [51]. It acts in phase Idetoxification

significant reduction of the level of XIAP phospkiation
which could cause inhibition of Akt pathway. Besd¢he
inhibition of MAPK/ERK pathway after combinationdtapy

is reported which lead to the suppression of tugemesis [50].

to catalyze quinines to non-toxic hydro quinineg][at is
implicated in the protection against carcinogenesactions
[53]. This study showed down-regulation of this géday 2.07
fold after

A previousin vivo study showed that the co-administration ofconcentration. Its expression has influence orctiveversion
Thymoquinone 20 mg/kg orally and Tamoxifen 5 mg/kgf 2-OHE1 to E1-2, 3-Q, thus leading to DNA damagee

orally in nude mouse xenograft model promote are@se in  down-regulation of NQO1l gene would maintain the

the expression level of Bax, p27, AlF, cytochromand a
decrease iBcl2 andBcl-xL expression level [50].

The presence of another form of estrogen whiclstiore
(E1) is reported in postmenopausal women [26]. st
metabolized to 2-, 4-OHEL. The 4-OHEL is known as of

the most potent carcinogenic estrogen metaboli®g. [

conversion of 2-OHEl to 2-MeOE1l. The 2-MeOEl
reported to act as an anti-proliferative metabolaad
anti-angiogenic agent [37,54]. Similarly, a prewostudy
ishowed that Tamoxifen causes an increase in theegsipn
level of NQO1lgene [37].

Table 1. The mean £ SD of cell distribution after 12 houssatment with Thymoquinone (25 pM, 50 uM, 100 pid) Bamoxifen 5 uM concentration

Sub-G1 Gl S G2/M
Untreated (0 uM) [Negative control] 2.16 £2.05 76.72 +16.4 17.48+11.4 5.80 £ 4.90
Thymoquinone (25 pM) 239+224 74.39+11.4 21.87 £9.57 3.74 £ 2.60
Thymoquinone (50 pM) 2.19+0.80 71.35+14.7 19.42 £9.70 9.23+5.10
Thymoquinone (100 pM) 2.28+0.87 82.16 +2.30 14.39 £2.20 3.45+1.90
p-value between
different concentration of Thymoquinone 0.998 0.726 0.753 0.393
Tamoxifen (5 pM) [Positive control] 2.65 £ 0.08 74.42 + 4.70 23.77 £ 2.00 1.80 £ 2.70

Table 2. The mean +SD of cell distribution after 24 houesatment with Thymoquinone (25 pM, 50 uM, 100 pid) Bamoxifen 5 uM concentration

Sub-G1 Gl S G2/M
Untreated (0 uM) [Negative control] 03.10 £ 2.50 56.66 £ 1.70 38.33+£5.30 04.99 £+ 1.05
Thymoquinone (25 pM) 01.88 +0.94 65.31 +10.3 31.65 +9.60 04.55 + 1.06
Thymoquinone (50 pM) 02.86 +1.10 70.98 £9.90 23.04 £3.10 05.98 + 6.80
Thymoquinone (100 pM) 22.76 £33.5 88.27 +5.30* 09.46 + 7.08** 03.40 +2.50
p-value between
different concentration of Thymoquinone 0.479 9'016 9*'0077 0.668
Tamoxifen (5 pM) [Positive control] 02.22 + 0.60 80.55 + 0.59* 16.96 + 0.80 02.48 £ 1.30

* Significant atp-value < 0.05
** Significant atp-value < 0.01

Table 3. The mean +SD of cell distribution after 72 houssatment with Thymoquinone (25 pM, 50 uM, 100 pid) Bamoxifen 5 uM concentration

Sub-G1 Gl S G2/M
Untreated (0 uM) [Negative control] 02.69 £ 0.90 80.57 £1.70 17.74 +4.35 01.68 £+ 2.80
Thymoquinone (25 pM) 05.20 +2.70 63.45 +£1.20 23.27+£18.3 03.28 +2.20
Thymoquinone (50 pM) 11.94 +7.60 74.86 £9.80 20.81 £7.30 04.32 +2.60
Thymoquinone (100 pM) 62.57 + 54.2%** O*** 0** 0
p-value between
different concentration of Thymoquinone :*2'0001 :*2'0001 :*2'0001 0.277
Tamoxifen (5 pM) [Positive control] 0 0 0 0

* Significant atp-value < 0.05; *** Significant ap-value < 0.001
** Significant atp-value < 0.01; **** Significant ap-value < 0.0001

a treatment with Thymoquinone 50 uM

is
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In conclusion, the findings of current study sudegds
reverse effect of Thymoquinone on ERs; hence
administration along with Tamoxifen might be a revggests
reducing the side effect of Tamoxifen which causgsine
cancer.
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