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Abstract: Adenocarcinoma is known as a common type of cantich includes 85% of breast carcinoma and 95% of
colorectal carcinoma. Up until now, the cytotoxifeet of Thymoquinone on different types of tumetls has been reported. It
was hypothesized that Thymoquinone has similaceéfa cancer arising from epithelial cells througme expression analysis
in MCF7 breast cancer and HT-29 colon cancer asdisl The quantity and quality of RNA samples wielentified using
RNeasyPlus Mini kit and RNA 6000 Nano LabChip késpectively. The purified RNA samples of MCF7 sellere used in
two-color 8x60K cDNA array platform with SurePrifsgilent technology. The hybridized cRNA/cDNA probssre identified
due to labeling with red and green cyanine dyesgu&iE hybridization buffer HI-RPM. LOWESS normalizatioeduced the
dye bias on the array slide using feature extractatware. Gene ontology analysis was done aéidopming different steps of
filtering to reduce not satisfied genes using Gépeng software. Two-step RT-gPCR assay using Taq fdst advanced master
mix analyzed the most up and down regulated genkBIF7 compared to HT-29 cancer cell lines. Thalifférent cancer cell
lines in a form of universal reference RNA was uasdtandard data set comparison and as a pasitngeol RNA in cDNA
array and RT-gPCR assay, respectively. The T-tasstical analysis of independent samples showatithere is no significant
difference between two types of cell lines due ttymMoquinone treatment witprvalue 0.844. Among the selected genes;
CARD16, UGT1A8, SLC7AL11L, IFIT1, IFE®dIFIT3 were expressed significantly (0.009, 0.0001, 0.@8@98, 0.0001 and
0.033, respectively) in breast cancer compare koncoancer cells. The findings indicated simildieef of Thymoquinone on
cancer arising from epithelial cells.

K eywor ds. Thymoquinone, Epithelial Cancer Cells, cDNA Arr&f-qPCR Assay

1. Introduction

Carcinoma is the common type of cancer which origigenes involved in tumor growth and metastasis tiinaloing
from epithelial cells. Adenocarcinoma is known ay@e of microarray gene expression analysis. The down-ségdl
epithelial cells which emerges in the body's musesreting genes areTRIM24, SI00A4, MMP7, RORAnd MMP13
glands [1]. Colorectal carcinoma is known as thedth BesidesSTC2, IL24, TRIB3, ERRFI1, GADD45A, CYP27B1
common cancer in the world between men and wonmah, aand RND3 are reported as up-regulated genes. The function
breast cancer is the common cause of death in womehsome of these genes suchTd®IB3 and GADD45A0is
worldwide [1]. Thymoquinone is an active compounfl oreported to be involved in the activation of MAPKtpway,
Nigella Sativaseed which its anti-cancer effect has beeincluding JNK and p38-MAPK [2]. In addition, the
reported on various types of tumors. Till now, @ten of down-regulation of anti-apoptoticBcl2, Bcl-xL and
some genes has been stated due to the exposuanadrc PPAR«y-related genes due to the Thymoquinone treatment
cells to Thymoquinone. Previous study on pancrezgitcer was reported in MCF7 cell line [3]. Furthermoregrigase in
cells showed that the treatment with Thymoquinoieu® the expression level ofP53 gene in colorectal carcinoma
concentration for 24 hours is able to produce dosgulated cells [4], androgen-positive prostate cancer c@ls and
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human osteosarcoma p53-mutant cells [6] were re@aitie
to the Thymoquinone effect. Down-regulationpf5, XIAP,

Bcl2, COX-2, VEGFand p-Akt genes were seen after

Thymogionone treatment in cholangio-carcinoma (CCél)
line [7]. Hence, this study designed to find theneg
involved in the therapeutic effect of Thymoquinooa
carcinoma cells of two different cell lines of bseand colon.

2. Materials and M ethods
2.1. Cell Culture and Treatment

RPMI-1640 medium containing L-glutamine (Invitrogen
USA) supplemented with 10% heat-inactivated fetatihe
serum (Invitrogen/Gibco) and 1 unit penicillin/gitemycin
(HyClone, USA) was used to culture the MCF7 breasicer
cell line (ATCC® HTB22™) and HT-29 colon cancerldigle

Technology and SureScan High-Resolution Technology,

respectively.
2.5. Analysis of cDNA Microarray Findings

The hybridized cRNA/cDNA probes were qualified gsin
Feature Extraction software v10.7.3.1 through rangpthe
outlier pixels and reduction of inliers pixels afatures and
backgrounds which were produced by cyanine dye® Th
probe sets were filtered according to the sign&knsity
values, detected or not detected flags, datafiteemst cancer
and coefficient variation (%CV < 50%) using GeneSgpr
software v12.1. The filtered probe sets were scasdg 3
dimensional scatter plot to qualify through priradip
component analysis. Statistically, T-test unpaicednpared
treated samples (T) versus untreated samples (Gliplé
testing correction was Benjamini-Hochberg (FDR)e Thld

(ATCC® HTB38™). The cells were seeded at 3.410change wizard of GeneSpring software identifiedupeand

cells/well and subcultures were prepared accordmnghe
ATCC protocol. Four biological replicates from eadmple
were prepared in separate culture flasks. The welte treated
with Thymoquinone 5@M (Sigma-Aldrich, France) for 24 h.
The control cells were treated with 0.05% dimethyifoxide
(Sigma-Aldrich, France).

2.2. RNA Preparation

The manufacturer's instructions of RNeasy Plus Mihi

down-fold genes. The molecular functions, bio-laic
processes and cellular components of gene progieited
from hybridization were identified through Gene @logy
analysis.

2.6. Two-Sep RT-gPCR Assay

The 10 most up-regulated and 10 most down-regulated

genes resulted from microarray analysis were coetpan
MCF7 and HT-29 cell lines doing two-step RT-qPCRags

(Qiagen, USA) and RNA 6000 Nano LabChip kit (Agtien The high capacity RNA-to-cDNA Kit (Applied BioSystes,

Technologies, USA) were followed to identify theamtity
and quality of RNA samples, respectively. Spectatpmeter
(NanoDrop 2000c; Thermo Scientific) measured thatypu
and concentration of RNA and Agilent 2100 Bioanatys
determined the RNA integrity number (RIN). The s&msp
with the yield of> 2.0 ngll and RIN > 9 were selected for
gene expression analysis.

2.3. Gene Expression Assay

The samples of MCF7 breast cancer cell line wasd irse
cDNA microarray experiment and the results were gamrd
with HT-29 colon cancer cell line doing RT-qPCR lgsis.

2.4. cRNA Labelling and Hybridization

The isolated RNA samples (200 ng for two-color)niro
MCF7 breast cancer cells were used to generatéalieted
cRNA samples. The Agilent Low Input Quick Amp Laibel
kit (USA) containing two cyanine-3 and -5 was usedabel
samples of Thymogionone-treated, -untreated anernat
control, respectively. According to the referencesign
protocol for using internal control, the universaliman
reference RNA (Agilent Technologies) normalized signal
intensity from two-color microarray and reduced dye bias.
The labeled cRNA samples were hybridized with tB&NA
on the slide array using GEhybridization buffer HI-RPM
(Agilent Technologies, USA) in a brochette overatet at 10
rpm with temperature 65°C for 17 h. The slide waghand
image processing were followed according to theeByb

USA) reverse transcribed the total RNA samples 2800
ng/ul concentration to cDNA strand. The thermal leyc
(Master cycler gradient, Eppendrof, Germany) argaif
cDNA strands. The £value of each target gene was identified
using TagMan fast advanced master mix (Life Teaobgielk
Corp, Carlsbad, CA, USA) which contained TagManbgro

and primer of the target genes. The Universal Human

Reference RNA was used as positive control to deter the
amplification efficiency of target genes based o @ value
of each target gene. TEAPDHwas used as internal control.
TheAC; value of treated and untreated samples obtaiogal fr
the StepOnePlus Real Time PCR 96-well system (&dpli
Biosystem, USA) was used in the Livak method tdfqrer
the relative quantification assay{2r).

3. Results

Filter by signal intensity, flag value, data filaad CV%
caused the reduction of 17574 entities from thal t42545
entities. The volcano plot revealed the significaxpression
of 9 entities out of 24971 gkvalue< 0.05 “Fig. 1", which
were listed in Table 1. The expression level of 7LERtities
out of 24971 was more than 2.0 fold which contait2é up-
and 608 down-regulated genes. The Gene ontologysima
showed 109 GO terms satisfying correcfedalue cut-off
0.05 when the entity list chosen from the filteremor-CV <
50.0%. The GO terms included molecular function48%),
cellular component (32.83) and biological proce&s12%).
In addition, when the entity list chosen from Tt@spaired (T)
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versus (C), 14 GO terms included molecular func{8#h26%) Table 1. The significant entities with p-value < 0.05 frolrettotal 24971
and biological process (67.74%) satisfying coréqtevalue ~ entities.
cut-off 0.05 were displayed as listed in Table @thkermore,  Gene

when the entity list chosen from fold charg2.0, 8 GO terms _Symbol

p-value Fold change Description

included biological process (83.87%) and molectdaction ~ €BX2 0.029  -1.34 Chromobox homolog 2
(16.13%) satisfying correcteg-value cut-off 0.05 were DUSP13 0029~ -3.83 DUl paEiile)y s 1Eies fe
displ d listed i bl h Il IFI6 0.013 -7.87 Interferon, alpha-inducible pr 6
Isplayed as listed in Table 3. The cellular resgoto  gp;3 0003 247 Epstein-Bar virus induced 3
chemical stimulus was the important biological gsxcwhich  or4asi1 0038 -2.43 Olfactory receptor, f 4, s-fS, m 1
includedEBI3, HMOX1, IFI6, CYP1B1, IFIT1, UGT1AtHd IFIT3 0.037  -5.27 Interferon-I tetratricopeptide
UGT1A8genes. The £value of each targeted primer reveale KRT86 ~ 0.037  -1.92 Homo sapiens keratin 86
UGT1A6 0.038 -3.74 UDP g-transferase 1, peptide A6

their sufficient amount and strength of positivaations by
using human universal reference RNA. The RT-qPCRyais
showed that the alteration of relative quantifieat{RQ value) tapie2. GO terms satisfying corrected p-value cut-off GuEn the entity list
for the selected genes in MCF7 breast cancer ar?I3blon  chosen from T-test unpaired (T) versus (C).

cancer cell lines. The statistical analysis of §-tgas done for
independent samples of breast and colon cancershw
indicated there is no significant difference betwéso types  Type | interferon-mediated signaling pathway 0

CYP1B1 0.031 -2.33 Cytochrome P450, f 1, s-f B

h Gene Ontology Corrected p-value

of cell lines due to Thymoquinone treatment wiivalue  Response to type | interferon 0
0.844. Apcording to the EST profile of each seldcyene  celiylar response to type I interferon 0
sources in NCB_I, th_e transcript of the selecte_degd'rad very Oyl ez el pEeay 0.001
low/no expression in the breast cancer profile pkdéer the R ine stimul 0.001
genes CARD16, MTR and MOBKL2B between the ~c-Ponsetocyiokine stimuis :
up-regulated ones and the geBe€7A11, IFI6, IFIT1, IFIT2, Cellular response to cytokine stimulus 0.002
IFIT3, UGT1A6 and HMOX1 between the down-regulated Aldo-keto reductase (NADP) ACTIVITY 0.002
ones. The EST profile of HT-29 colon cancer ceklshowed  androsterone dehydrogenase activity 0.002
that the transcript of theCARD16, MTR, MOBKL2B, yeonopiotic metabolic process 0.009
SLC7A1lL, IFIT1, IFIT2, IFIT3, IFI6, UGT1AGnd HMOX1 o
o . Response to xenobiotic stimulus 0.009
genes are less than 300 bp indicated low expresditirese o
genes in colon cancer. The T-test analysis of gehesved  Cellular response to xenobiotic stimulus LHOL)
that expression cEARD16, UGT1A8, SLC7ALL, IFIT1, IF16 Innate immune response 0.018
andIFIT3 genes were significant (0.009, 0.0001, 0.037,8).0S Oxidoreductase activity 0.021
0.0001, and 0.033, respeCthG'y), H’Hﬂ_z andUGTlAGWGre Response to interferon_gamma 0.041
not significant (0.613 and 0.592, respectivelyp-atlue 0.05
(Tab|e 4, 5)- Table 3. GO terms satisfying corrected p-value cut-off Gben the entity list
chosen from fold change2.0.
- Gene Ontology Corrected p-value
Cellular response to type | interferon 0.002
¥ “ m Response to type | interferon 0.002
E-"_’ Type | interferon-mediated signalling pathway 0.002
E’ 1.5 1 B\ : Hy " Cellular response to xenobiotic stimulus 0.022
E 2 Response to xenobiotic stimulus 0.022
g 14 1 I, B Xenobiotic dehydrogenese activity 0.022
_g.' Androsterone dehydrogenase activity 0.024
v 05 = Aldo-keto reductase (NADP) activity 0.047
Table 4. Comparison between MCF7 breast cancer cells and®2®1tolon
cancer cells in the most up-regulated genes witkotfu> 2.0 fold from the
': :1 total 519 up-regulated genes.

Fold changes of up-regulated genes (RT-q PCR)

Gene Symbol
MCF7 HT-29 p-value
|I'_'|-'=]_-_’1_F old change)
XLOC00153 Un-d 0.063 -
Figure 1. Volcano plot displayed the —log10 of p-value onytkaxis versus — ~\ppqg 9.02 1.647 0.009 ***

the fold changes on the x-axis. The red dots aee#ttluded genes from the
total of altered genes with the significant changep-value < 0.05. MTR Un-d 0.913 -
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Table 5. Comparison between MCF7 breast cancer cells and2®iTolon
cancer cells in the most down-regulated genes euitfoff > 2.0 fold from the
total 608 down-regulated genes.

Fold changes of up-regulated genes (RT-q PCR)

Gene Symbol

MCF7 HT-29 p-value
UGT1A8 0 -1.079 0.0001 **+*
SLC7A11 -12.81 -0.823 0.037 *
IFIT1 -0.015 -0.926 0.098 *
IFI6 -0.323 -1.109 0.0001 **+*
Cl7orf64 Un-d Un-d -
ALDH3A1 Un-d -1.079 -
UGT1A6 -4.52 -0.151 0.592 (ns)
IFIT2 -1.32 -0.239 0.613 (ns)
IFIT3 -4.13 -1.366 0.033 *
HMOX1 Un-d -0.747 -

* Significant atp-value < 0.05, *** Significant ap-value < 0.001,
*% Significant at p-value < 0.0001, (ns) Not Significant

4. Discussion

MCF7 breast cancer cell line is a common type efabt
cancer arising from epithelial cells and it is kmows an
estrogen-receptor positive which is under the @nflce of
hormone while colorectal carcinoma is hormone iraeient.
In this study using another cell line with a simitaorphology
to epithelial breast cancer cell would give an idbaut the
effect of Thymoquinone on tumor cells arising frepithelial
cells apart from the effect of hormone. First, élxpression of
genes in MCF7 cells treated with Thymoquinone vwasél
through cDNA microarray. Next, expression of thesmop
and down-regulated genes were compared in HT-29ecthl
carcinoma cell line to find the similar genes inad in the
effectiveness of Thymoquinone treatment. The stlywed
expression of the most up and down-regulated gevids

breast cancer cells with Thymoquinone. The overesgon

of CARD16was validated with RT-gPCR method which was
9.02 up-fold change in breast cancer cell but sldoovdy 1.64
up-fold in colon cancer (Table 5). Previous studyddferent
type of colon cancer reported that Thymoquinonep4d
concentration cannot lead the cell significantly ihe
apoptosis process after 24 hours especially in 1Tl line
[11]. The expression dfITR gene in breast cancer was found
to be up-regulated in microarray result by 3.91e TEST
profile of MTR gene in breast cancer is 21 bp. The expression
of MTR gene was undetermined in MCF7 breast cancer cells
by RT-gPCR assay and it was about 0.913 up-foldTH29
colon cancer cells. The EST profile fsilOBKL2B gene is 4

bp in breast cancer. It was up-regulated in miceyaresults

by 3.67. The expression MOBKL2B gene in colon cancer
was found to be undetermined through the RT-qPGRIt®
The EST profile indicates very low expressiorM®BKL2B
gene in breast and colon cancers.

The length of EST is about 300-500 bp named aslbet
sequences of expressed tags. In addition, thesdl sma
sequences of mMRNA or cDNA which presented a snapgho
genes involved in the specific tissue came fromrgpdr even
non-coding tags which might not be able to presamy
biological function [12]. There were not any exmed tags
(EST profile) in the up-regulated gené2CD4B UBQLNL,
TMEM10Q RNF17 STON1GTF2and OR52J3in breast
cancer, whereas in this present study the micrpawsaults
showed there is changes in the expression of th&ses due
to the treatment with Thymoquinone. There was dlaiity
between both cell lines in terms of expression ag 1.0
up-regulated genes which showed ofltRD16§ MTR and
MOBKL2B are expressing in both breast and colon cancers.
Generally, down-regulated genes presented diffeentthe
EST profile of mammary gland and breast cancehdlgh

cutoff > 2.0 fold which were about 48% and 52%he EST profile ofUGT1A8gene showed no expression in

respectively.

The first selected up-regulated gene wWisOC001537
listed as lincRNAs. Transcripts from the non-codpagts of
genome which do not present any function in thenfof RNA
are referred to the non-coding RNAs [8]. LincRNAsnhown
as the key regulators of various cellular respan$esdate,
understanding the individual function of each lINR is
stated as a challenge. It is stated that lincRNAa be
co-expressed with their nearby genes and theiressn is
similar to nearby protein-coding genes. It is répdrthat a
large number of long non-coding genes (INCRNAS) ban
transcribed from mammalian genomes. There is aa @fe
probability connection between IncRNAs and the fation
of physiological functions whose distraction can led to
different diseases [9]. The second up-regulatede geas

both mammary gland and breast cancer tissue, th@anray
results revealed -16.26 fold changes.

The UGTs enzymes are membrane-bound and implinate i
the biotransformation of important endogenous camps as
well as drugs and xenobiotics [13]. UGT-glucuronesy
transferase 1A8 is known as an enzyme in human tmbith
is encoded by thgGT1A8gene and belongs to the UGTs and
express in extra-hepatic tissues. Normally, evegokbiotic
compound which enters inside body has to be matadzband
removed from the body via detoxification processaring
the second phase of detoxification, xenobiotic conmals are
transformed into a water-soluble compound through
conjugation reaction and exerted via bile or urilre fact,
glucuronidation is known as one of the importarety of
conjugation reactions. Besides, thi&sT1A8 and UGT1A6

CARD16which is introduced as one of the adaptor moler,ulegenes are known as the enzymes involved in gluédation

regulated caspases cascade. It enhances the iactivGit
CASP1 which lead to apoptosis process [10]. TheldBsr
profile of this gene in normal mammary gland isoeed to be
6 bp and in breast and colon cancers is 10 and ,8
respectively. The microarray results showed that fibid

[14,15], and serve in the xenobiotic metabolism the
detoxification system [13]. Furthermore, in thereat study
the expression olUGT1A6 gene was also found in the
icroarray experiment (-5.68 fold). The EST proileowed
its low expression in breast cancer. THET1A6 gene is

changes ofCARD16is 5.25 up-regulated after treatment ofyno\n to transform steroids, bilirubin, hormones atrugs
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into water-soluble metabolites and led them toptaxess of and down-fold genes and their biological functicafter

detoxification [16]. Therefore, the expression @t®n of

Thymogquinone treatment. The most up- and down-geldes

UGT1A8 and UGT1A6 genes which was seen in thein breast cancer cell were expressed in colorectater cell

microarray results could be because of the indispele

although there were significant differences betweba

biological function. On the other hand, the biot@jichanges expressions of some of the genes but there wersgnificant

cannot be detected through the RT-qPCR assay [0.

differences between two types of cancer cells dughe

expression ofJGT1A8andUGT1A6genes in normal human Thymoquinone treatment.

colon tissue is reported through microarray analysiich is

about 6 and 7, respectively [18]. The EST profilé&JGT1A8 Acknowledgements

andUGT1A6genes is 0 and 21 in normal human colon tissue,
respectively. The RT-gPCR assay showed 1.079 ahstlO.

down-fold
Thymoquinone treatment in colon cancer, respectivehe

This study was funded by Universiti Sains Malaysia
in the expression of these genes due tAdvanced Medical and Dental Postgraduate Fund atitteor
would like to express thanks to all staff of diffat clusters of

number of EST profile 06LC7Allgene in breast and colon Advanced Medical and Dental Institute, Universit@irs
cancer is 42 bp and 35 bp indicates short sequaribes gene  Malaysia for their cooperation.

[12]. Down-regulation oSLC7Allgene by -0.823 fold was

found in HT-29 colon cancer cells with RT-gPCR nagth
Both gene expression methods showed similar folthgls
after treatment with Thymoquinone by -12.99 and.812
down-fold, respectively. ThELC7Allgene is known as one [1]
of the genes which can control the level of inthatar
glutathione (GSH) [19]. Moreover, the role of amtdant
GSH in the regulation of reactive oxygen intermasiaand
consequently its effect on the lymphoid functioms the [2]
immune system to trigger immune defense. BieC7A1l
gene encodes the ¢Xcystine/glutamate anti-porter [20].
Previous researches showed that the resistan@oérccells

to therapy can be associated with the higher amolu@SH 3]
within tumor cells [19]. The anti-oxidant GSH isdwin as a
compound that promoted drug-resistance via remolviee
radicals [19]. Success in cancer treatment basedhen
regulation of GSH level can be related to the adnif its
level inside the cancer cell. The down-regulatioSbC7A11
in this study suggested the ability of Thymoquinomethe
reduction of the GSH level and it would show itsligbto
reduce resistance of MCF7 cells to chemotherapgidgs,
previous studies categorized Thymoquinone betweeupg
of ROS inducer plant-derived anti-cancer compoy@ds It 5
was also reported in p53-mutated Jurkat cells [2Jrostate
cancer cell [23], in lymphoma cell line [24], in we
lymphocyte leukemia cell line [25], in pancreatancer cells

[2] and in colorectal cancer cells [11].

The EST profiles ofFIT1, IFIT2, IFIT3 and IFI6 genes [6]
showed small numbers of expressed tags (EST profile
indicated the sequences less than 500 bp [12] RlThkgPCR
assay results in MCF7 cell line showed the dowad-fol
alteration oflFIT1, IFIT2, IFIT3 andIFI6 genes which were
0.015, 1.32, 4.13 and 0.323, respectively. Besidbs,
RT-gPCR assay results in colon cancer cell linevgi0.926, [7]
0.239, 1.366 and 1.109 down-fold changes, corrafipgly.

The results suggested alteration of these genesr aft
Thymoquinone treatment.

In conclusion, anti-cancer effect of Thymoquinoas been
reported on different types of tumors which showakdration 8]
of some genes. This study revealed the breast castslar
response through the expression of significant gjertiee
important genes involved in biological process, tipefold

[4]
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