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D P 2m(TQE 2 A% 0 (Nigella sativa)ihi & & & o 4 77 &

B FRMAT b pmietht drdld B2 (v > R HEE P
TH RSP R G oA A AFRY A PEfrE R
FREE 3 H 30 T86-0-SI3 et & imPe J fw "2 $R i #% (migration)fo &
% (invision)se # 2 BB~ 2 Hiv* @4« TRB LI DV U E
aEMH o - EFEAS A BRAEDPIE v BE A E e #HH Dpk
AR EEFREAA ARG g AR o AT E L
2 MIT assay il p 2REROD uM~5 uM~10 uM~20 oM %
HP R pmre 3 g5 BIT* o 2 ¥ 10wz 28 7 % (Boyden
chamber invasion assay) - m?2 4 # % 5% (Boyden chamber
Migration assay)!* % i * )ﬁj & 9 %% (wound healing assay)Z %
786-0-SI3 enim®e EH U2 m%e e 4 o A F %S5 THTFO
uM - 20 puM =F 2 R4 786-0-SI3x & & #iv* » » MER 10
uM 220 pMerg 2R & 24 ) P22 T > T86-0-SI3 m¥e iz
% (invasion) ™ 2 #&# (migration)sc * 7 P BEARFrd ]k % o £ 12
gelatin zymography assay 2 BLZ3# - 7 2ER 0 - 20 uM
786-0-SI3 # MMP-2 2 u-PA it 3 B FARFrd il § o U
cell-matrix Rh'tic 3 F2% > 2 » HFFLF P LRER S 186
0-SI3 RE*4*t collagen (type I and IV)at 4 3 7 "% cndf$t o sput
BN O 2R g J prd] T86-0-SI3 e iT A e 4 o ru At
friem @ * @ > Egkhiz (Western blot)2 g% T86-0-SI3 e 2 i
WisH Fov Fen®it > ForBSEp L@ER D 2 Hp-ERK - p-
Src ~ p-paxilin 178 ~ PI3K7 & FArFrd|enmm & o &5 » L #
10 ng/mL 7 TGF-/B 2 # ¥ 786-0-SI3 # # mre @F it (s »
‘oz £ % F % (Boyden chamber Migration assay) - % % ¥ k4 ¢
1 % gelatin zymography assay % 44773/ > 2 BLRF 2 RHT86-
O0-SI3chg’ 8 » %% Brd TGF-B #ri H 786-0-SI3 ‘w2 & #
(migration) ~ &% (invasion)ic # 14 % 'mz fF it e % 5 P AEAL
Frglenm g > ¥ OMMP-2 2 u-PA BEEG B FAAII G % o T
C R TR R e S 2 B LY G Badus ok o

'FT 2 ﬁﬂ(TQ) > %’“.ﬁm’?é:}% N ';%‘% N ﬁ;ﬁ% ~ MMP-2 ~ u-PA

: Thymoquinone (TQ) is the major active component of the

volatile oil of Nigella stativa seeds. Previous studies
showed that TQ can inhibit various of cancer cell growth,
but 1ts mechanism is not yet clear. The aim of this study
was to investigate the possible effects of TQ in inhibit on
the invasion and migration of 786-0-SI3 renal cell
carcinoma (RCC) cells. Kidney cancer (renal cell cancer)
signs and symptoms, including include blood in the urine,
pain, fever, weight loss, etc. It is noteworthy that kidney
cancer may have no symptoms at an early stage, until the
tumor is too large and oppression have been transferred to
other organs or cancer cell metastasis to other organ, the
stronger the higher the probability of death. In this study,
we use MTT assay to detect that dose-dependent (0 uM, 5
uM, 10 M and 20 M) cytotoxicity effects of TQ on renal
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cell carcinoma cell lines 786-0-SI3. Thne 786-0-SI3 cell
lines was treated with TQ up to 0 uM, 5 uM, 10 u«M and 20
uM for a defined period and then subjected to Boyden
chamber invasion assay, Boyden chamber motility assay,
wound healing assay, gelatin zymography assay, and cell
adhered to collagen (type I and IV) assay examine the
impacts of TQ. The result was showed significant in
inhibition of cell invasion and migration, and TQ decreased
matrix metalloproteinases-2 (MMP-2) and u-PA. In Western
blot, we found that TQ decreased p-ERK, p-Src, p-paxillin
178 and PI3K. Final, we treated with TGF-5 (10 ng/mL) to
induced 786-0-SI3 cell line epithelial-mesenchymal
transition (EMT), then used Boyden chamber migration assay,
Immunof luorescence staining and gelatin zymography assay to
the impacts of TQ in 786-0-SI3 cell lines. The result was
showed significant in inhibition of cell invasion and
migration, and TQ decreased MMP-2 and u-PA. In conclusion,
TQ inhibited the invasion of renal cancer cells and may
have potential use as a chemopreventive agent against RCC
metastasis.

Thymoquinone , renal cell carcinoma , MMP-2 , u-PA
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7 2m(TQE 2L W (Nigella sativa)shi & &4 « B2 A7 HFR > §LMAT b olpmietht o
Flakziv* > RHEF ¢ HITH R BB DRI G o8 AFHY > APE{IFF LR
3t H T T86-0-SI3 ot ¥ fw 2 i dm e thendg 4% (migration)fr &% (invision)st 4 2 B 5~ 2 H iF
R TR AT NERER - BRI A BREFH T BT CHEA A MR @
Tl s "CEFBEH N A ARG T ,T}us,ﬁ;g o AR B¢ L1 MIT assay #wiklg 2ER 0 uM-
5 uM~10 aM~20 puM #HE T%FBmee 5 &5 HITr o BFE 2 we 2E P % (Boyden chamber
invasion assay) ~ ‘m* # # § 5% (Boyden chamber Migration assay) 4 % i v & F =% (wound healing
assay)2 gz T86-0-SI3 thim®e EH 1 E me i 4 o AR PEETEE 0 uM - 20 M o
FRpRYt 786-0-SI3 & mF Mirr > ¥ kR 10 uM 2 20 uMaE 2R > & 24 ) AR T
786-0-SI13 sw*e &% (invasion)/? % #&#% (migration)sc * 7 P BEAkFrd | % o £ 12 gelatin
zymography assay 2 BL%Z4 S F 2RkER 0 - 20 M o 786-0-SI3 # MMP-2 %2 u-PA &3
B ke eI g o 12 cell-matrix BE'fat 4 F % >0 > HFFCF P LRER %2 T86-0-SI3 Rk
'it*> collagen (type I and [V)ac # § T % cPdf 4t o gt g % 3R3Lp 0 7 2R ¢ 2 drd] T86-0-SI3 r
FHEEAS a4 oA Piea % 7 3 B ek (Westernblot) 2 B T86-0-SI3 fote # &l {8 H Fov
Fengit > kiS5 2k A nt < 3 p-ERK ~ p-Src ~ p-paxilin 178 ~ PI3K F & ¥ #t#r |
FoooBfs o AR * 10 ng/mL 7 TGF-8 2 F# % 786-0-SI3 i H me Bt 15 > {1 * e 56 F %
(Boyden chamber Migration assay) ~ & % ¥ &% ¢ 12 % gelatin zymography assay % 4 477 % >
2 BELRTF 2y T86-0-SI3 cng B> %%~ ad TGF-5 #73 # 786-0-SI3 ‘me i #

(migration) ~ &% (invasion) i # 12 % ‘mie B 7 (v ehie® § P R4k drdehs g > @ MMP-2 2 2 u-PA
BT R EFRIA IR G o Ft s AR TR R &S U BR 0 F LRE G BTSSRk o

etz p 2(TQ) ~ Tiwre s~ % ~ #H ~ MMP-2 >~ u-PA
KELER

Abstract

Thymoquinone (TQ) is the major active component of the volatile oil of Nigella stativa seeds.
Previous studies showed that TQ can inhibit various of cancer cell growth, but 1ts mechanism
1s not yet clear. The aim of this study was to investigate the possible effects of TQ in inhibit
on the invasion and migration of 786-0-SI3 renal cell carcinoma (RCC) cells. Kidney cancer
(renal cell cancer) signs and symptoms, including include blood in the urine, pain, fever,
weight loss, etc. It is noteworthy that kidney cancer may have no symptoms at an early stage,

until the tumor is too large and oppression have been transferred to other organs or cancer
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cell metastasis to other organ, the stronger the higher the probability of death. In this study,
we use MIT assay to detect that dose-dependent (0 uM, 5 uM, 10 M and 20 uM) cytotoxicity
effects of TQ on renal cell carcinoma cell lines 786-0-SI3. Thne 786-0-SI3 cell lines was
treated with TQ up to 0 uM, 5 uM, 10 uMand 20 uM for a defined period and then subjected
to Boyden chamber invasion assay, Boyden chamber motility assay, wound healing assay, gelatin
zymography assay, and cell adhered to collagen (type I and IV) assay examine the impacts of
TQ. The result was showed significant in inhibition of cell invasion and migration, and TQ
decreased matrix metalloproteinases-2 (MMP-2) and u-PA. In Western blot, we found that TQ
decreased p-ERK, p-Src, p-paxillin 178 and PI3K. Final, we treated with TGF-4 (10 ng/mL)
to induced 786-0-SI3 cell line epithelial-mesenchymal transition (EMT), then used Boyden
chamber migration assay, Immunofluorescence staining and gelatin zymography assay to the
impacts of TQ in 786-0-SI3 cell lines. The result was showed significant in inhibition of
cell invasion and migration, and TQ decreased MMP-2 and u-PA. In conclusion, TQ inhibited
the invasion of renal cancer cells and may have potential use as a chemopreventive agent

against RCC metastasis.

Keywords : Thymoquinone ( TQ ), renal cell carcinoma (RCC) , MMP-2, u-PA, EMT, invasion,

migration
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T ERBREARA LA FAFRERY - L o PF R AR g L R4 § Rt
Fowd > BT P32 ARG F S RFIAEZE LR blAcinBE L B R4 3 R AL R RO L
b HERBRER A DIGRFEG FEAROELRT REHE R4 A FREHETREF F D F LR
B Ey o - BT ORI 2 85T RHRE NMATHIREL ORI NI N EHF EZL G kD
B fghnt o Tt BTH [ R RE S A RBTID R B R L E R S S e o TR
et R i Lo Fe oy oo B TRRAHES LS - S R F e Sutent (FpdF) 0 H
Flg e ¥ 042 £ FS £ HM(VEGFR)F M 2 35#VEGFR ™ 5% » 5 = 8% B g e il jiefiv T e 4
( f#§ #TKI) Axitinibe ¥ — #f 5 mTOR % 53 & 4| %] Afinitor( R ) » T %0% 1% ¥= 14 Sutent £ Axitinib
BAFES LA RARYFE R R e R ELSRUEEF S AT > Sutent & F o~ RS~ HIH
S OER IR E K0T Axitinid B 1F T RIEF R R TR BFAE S F 1 0 B LR
£ o F P R ST ARSI AP S e S R R R L HAREF R AT R
B niE o T MBS R YRR FHEEY hEd o R AR o P A-F T (EMT) %
Vgpmie p AR S ES R il A B G AR PR iRl - 0 B EG B RELES N
A pimie P o FIRHE Y R 5 EMTAIR % o 6 fkd dmte chR R 518 s 47 fw %2 (cancer stem cells,
CSCs)3 ¥ iv e ATy BEm B 3 3Rt enimre L b4 £ 43 2 8 chit 4 > B0 e fL 5 Kip
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dnte oo Gt o ?'Jq* —BE XKL ESRETRBIFTHTRR LR 2 e EMTIR % >
WA KFrIefk  &FA - BixdFa? s o A3 F thymoquinone & & Ul 1= % $» (Sutent 2 Axitinib)
i * o Hp G A mim}%#*’ k0 "R RPURE S kR 0 PR RIS gk o
-~ TRR

THR LS A EEREY BT 1~3% ¥ 3 %%éﬁ%%&@%éﬁﬂﬂhﬁi(wWO%)’ﬁ
PA g S Q1) BB E G 8000 H AR D Rk TROR o ¥ LT ROR T A Y
3 & P % f(clear cell carcinoma) > 5 £f K /& (Papillary carcinoma)frdk ¢ % ‘w2 -}%(Chromophobe renal
cellcarcinoma) o ¥ %0 Pz A d TP OT [ F 1+ L e £ I kel 0 W% £ - B FA & HRFA)
BB o BT AL o R K W AES - THORILD § v R D TR Rl b sk L
R RREHE T o F A RS 0 R DI T B RN R R E 2 s (Mickisch, 2002) o o
%%%&g%@@i%ﬁﬁﬂ@&ﬁ@ﬁﬂwmw’wup2w6m%ﬁ@@%g ERET R
Jro THT EFEFA_A5% 0 B BHESERT T EFEFRET% LA ERES T
TR e e JF g d 1Y B0 R A b £ g “T (Bernards and Weinberg, 2002)° d ** § fm?2 Jp 4 i 5 5%
F TR S 4F > P& S AT 2 A %) (von Hippel-Lindau,VHL) £ % 23> @ . F 2 & ¥ 3 2
e N I RS EE R E RS EER L SR LI S T F 2 EEL
SEIET BT B e e EEREE F e £ BT 0 A D SRS ek M TR S 2
T R o ¥ - %G R L SR R TR - BT ¢ RE TR
PRl e TP R S AL e N AR AR oA i BRATBHEI IR EERERR Y )
Fap it B A g2 nG T DR PR B gtk o
=~ B JE chiE #5 (metastasis) 2 "% 4 = (tumorgenesis)

*h8 Ay wte 3 1 F e & (proliferation)“rid A o fw fe 45 SR ECL L g SRR 4 R R F
7R BTG L & R T = R0 T e DI S S L e

7z [1]) sz 22 oz ¢b JLF (extracellular matrix, ECM)2 % & it 4 (adhesion) e % > ‘w¥e &2 fmbe [

A3 Tt 4 gk [2]) dw2 iz % (invasion) 2 £ # (motility) it 4 +F = 5 [3]) fwre ¥ 2 mﬁ‘ﬁf [4]
T hw¥e & 8 < & enjd-v fis(proteinase) ° ]4r: matrix metalloproteinases (MMPs) ~ urokinase plasminogen
activator (u-PA) > i¢ = e ¢t L Fena 2 0 R lwte ¢ F B wmre o KF S [5) B FIURTR L P e f
2l ”FT C il WL R KA RS REH AN L e b CR R A 'g i Frenie %\«E&?E :
[6) £ 5d ~ &2 2 ;[7] & ¢ A72 (angiogenesis) it * [8] Z',#%”Tm’?ﬁ—)%’ T fm P2 1 ;ﬁv} S
THERBT RS A G SD Y RREY HN RS R p 4 P S (Kimetal, 2001) -
Z ~tpmrecht g -FF & (epithelial- mesenchymal transition, EMT )

‘mPe EMT &g 8 A %2 3] f (epithelial cell)i& % = & ¥ ' *7 (mesenchymal cell) 3] i - &4 7R i

A% > H 3 & endF e 4% Epithelial-cadherin (E-cadherin) % 3. & T *# > Neuronal-cadherin(N-cadherin) % £
b 2 e o2 d&;}nﬁlﬁgﬁ;d;ﬂ’l/}w?l ’113»715\5 d A m”aﬁixbﬁ»_ﬂ’ﬁﬁé&fcﬁiirﬁz

imPe & cEMT e 4 ¥ %‘ﬁﬂ — o 3 A EL @R ( Bl4e Wit~ EGF ) 3 3% 47 %]+ /5 14 > &_Snail-1 >
Slug ~ Twist % © bt EMT AR L& 5 e 2 B HF TR AARM o 7 158 R § 37 5 v prdg &t > EMT
FE it f R R A A R e AR ARG A R R dptR L - ot FE S el
LG BAREREHSN A DR Rpitesd o FIA F G EMT I % o ¢h EMT & 4dy 412
fmre L 12 B (Zhangetal.) o § EMT % 4 pF > 'w%e [ cafi 4% € )’ 4 & 3% adherens junctions

desmosomes » wn*e ¥ 2 ¢ & k> AF € ARBfE 0 b A fw¥e 2 ik E-cadherin ~ o-catenin ~ B-catenin



# I € "% 1< > B ¥ %} 45 i N-cadherin ~ Fibronectin ~ Vimentin % L& ¢ 3 4v > &8 % 3 & "85

e e & e 8 e Y B > 1R% R lw e 2R 27 3 45 (de Herreros et al., 2010; Sarkar et al., 2009) -
= Thymoquinones ik &2 4p b = ¥
Thymoquinone (F L2~ 54 4 X ) E - FifESH F B Dt &4 A8 L2 £ e ¢ 5 v ¢ Fos

7 I & % 25 (Nigella sativa)fasr 324 ¢ “r o S 2L~ & 24 % 4 (Kalonji) » 4%
?’I%?" - fﬁﬁﬁ"ﬁf HEEH T SRR EF AT R IR FF BT SRR R 0 B R D
Zr e oA BN R BB AN S EBE S 2 64 B - Tt @ thymoquinone
SELBE MY AR AL T E L F m%ﬁ%‘fﬁﬂ"‘ ¥ 4 ¥ 3L thymoquinone ~ £ F 3F % $Frxchr
P e R pm ) >~ E T~ 5 U(Woo et al.)fofr ok Frpzenag 4 o B0 4 F B ¢ % IR thymoquinone ]
fe 2 OB OF A M PURR e RE S BRI B A A X4 F i T (Al-Majed et al., 2006) - @ B
ek ™ m T 3 o thymoquinone P F 12 "% X aJR FUR # 4~ cisplatin fv doxorubicin PF 3.0 5
IR T%OTiE & enF 15 (al-Shabanah et al., 1998) 1 ® 4 #&F Fiar § % % K (Gali-Muhtasib et al.,
2008) ~ 5' & (Woo et al.) ~ T "% (Chu et al., 2014) & *a %5 12 & Frd) w0 7)) E;TU&%,':‘_ £ eig 4 2 2008 & P Bk
? R4 3R > thymoquinone ¥ #r#] histone deacetylase (HDAC) &t » ¥ &or B 5 A5 W% 50K e $A
e 4 0 @ p53 ~ Bax ~ bel-2 fr p21 Zéf?“’fig % ¥| thymoquinone g2 @ it o

ZFEy B

it dmrz ¥ 5 25 w2 p v (autophagy )£ n*s (apoptosis) # 3+ & 2 wre 5+ = (programmed cell
death) ¥4 11 ‘a3F & frenim s #icf ¥ 3 Kf?l ¥ 2 e o g in e ggiﬁ Rga e k- 24 n
Moo AT F T U e p e E PSS RORE SR 0 AR EEF c AR RES R wE Y LFR
e 4 ENT ersiifr © ENT 3 B SOl dnte ¢ B twwe Julfos BT e o it o e T3t 1y 01 RT3
W B A AT S RBHATE T FEA Va4 AR R R T o F R iR e LR T R TR

ETRE e o d Wirlere M piziee 2L 5 374 (self-renewal ) fe4 it (differentiation) i # >

P $ATiE ‘“’Fa'f‘“fﬁ'ﬁ’i?fm’»’??%i’bﬁ A R AERTE S R A Fd TA AT AL R o H
o Bt B F L i Plir e e R w e R Y B'ﬂ%ﬁll‘/ﬁ Hoflr | oditgy
Wb KPR ] AT ABE | LA S BT LR ] & Ll A S AR ® 2 ek

M AT, P A F M EFTAFELERD NI A RRADLH T 2303
- FAELERLREF - AL FEF I TR B R T o TRt ] 4
CE SRS R M ir e Y 0 G E S R A RPA R o d kiR e M P & A
P T g A e ATA AT o BRI ] A G E SRR e A A 1 S Fr R IR e AT
SRR ER Y S G R R i o T AP TRRR I 0% 2 TR e
Facdrdl 2 =R &4 (netastasis) ~ %z 3 4 (proliferation) ~ & ¢ A72 (anglogen651s) ~F A e
b L - R i (ENT) & 238 - 9 1848 'w¥2 5 < (autophagy # apoptosis)’ & 3#F ¥ W& - % & & Rk
Hhie B b TR R 2R T MNPURE S B R OR A Rl iEY o

LS S b
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1. wre3E 547 (MIT assay )

AR A AR B RS RRRRere LT 5 R ETE s Ee E o 1% NIT assay 2
3 EtaE e ¢ J1* MIT reagent (3-(4, 5-dimethyldiazol-2-yl1)-2,5 diphenyl Tetrazolium

Bromide ) ¥ tetrazolium 5+ } %48+ & lactate dehydrogenase #% *#1B Rk = % ¢ formazan
B A d g 786-0-SI3 T Bme s H ik o £ 4cr S5mLPBS # %353 163 PBS B¥F
e~ 800 pL typsin 2% 6 ~4is4c~ 8 ml B &% 2+ typsin ¥ & » * #3IF pipette Jr dish
d T wrrdEF g 1000 rpm 5 A 4B 2 ‘1 i* 10mL 3B & k474 pellet 180 4 = 24 well
3x104 ‘w2z #c/ 3 6 cm dish ® > 4e > F 2R(TQ) (0 ~5~10~20 uM) 2 > 37 C 2% 24 /] p*
fSh4er 1 ml Wmerdir 10 2 # o MIT reagent (final concentration 0.5 mg/mL) - &g

T% 4 ]2 MR AR F RS 0.D. 563 nm TR TR RE KR 0 d Rk
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2. fm*2 #3+ ¥ (trypan blue exclusion assay )

A d & T86-0-SI3 etk £ i £ 4 » S5mLPBS #4353 6 d PBS @ k- s -
FF4er 800 pL typsin: % 6 ~4mis4c» 8ml & %° b typsin & & » * 3 pipette iy
dish # F swre 3 & p & Blwmie w40 B irhwe BRI F 7 0 Fher 10 L B AR FREL
‘Pz B P W B 0 Prlwre Fisik 100 M1 e 10 L typan-blue » iR £353 18 » B~ 10 puL R & &S
chim e i iF R 2T e - ik (haemocytometer) F3t#c Flwe g AR FI 0 R wmie B e
PR R A ROt o 'ﬁ.ﬁﬁm’»’é’.ﬁ@ﬁt" Az by g o B9 AR 4 RPFEwEE(N
) Nk 4 2% 2 fFERE) x 104 (weRiFrd ) %5 10 ol o k-

3. fmre # # 1+ 4 $7 (Boyden chamber motility assay)

F1#* 48 well Boyden chamber =4 452 2 &k & 7wz 5 # 1+ - lower chamber % z 3 10 % FBS
DMEM - + & 2 = & B2 cellulose nitrate membrane f§R o R & 24 ) pFis cnimre 12 0,05 %
e trypsin-EDTA = * » & * trypanblue & Fimre #ic® > R {82 » Ha & am (1.5 x 104/well)
>t upper chamber » #Flim*2 #5% 24 | FF12 {6 > B~ cellulose nitrate membrane » 14 7 fig ¥ 2_
membrane } éhim®e 10 A48 b i b A2 (40 1 Giemsa ( A 203 ) %¢ 16 [ B B
Z_membrane > ¥3FH Pk dwre (R i AREF2Z e ) o g 10 X~ 440 10 X eiE & G R ol
BT o SEEDR S BT 5 i TAE i Biel st o

4, Pz B~ 4437 (Boyden chamber invasion assay)

AT e mre R iTip R 0 £ % F &3t cellulose nitrate filter + & coating - %
matrigel (100 pg/cm2) > ® i@ * W R LR §23 B PF o Bp g2 B 12 | FFisenim®z 2 (0.05% >
trypsin-EDTA =T » ¥ * trypan blue & w?e #ic( FE2 w% ) Risi » B ®amie(l.5 x
104)** upper chamber » &Fm* 6 24 -] pFrits » 27 cellulose nitrate filter » ™1 7 % & 2
filter * ehiwie 10 A48 hic b A 482 18 > 11 Giemsa ( #fF 20 B ) % ¢ 16 P> R L
membrane *t 10 =4 2 petri-dish o #BEH P k2w (AL AER2Z 0% )o P& 10X
e 10 X cif 2 ARME AT  SPED S BARD 5 B FHE e o Ao
5. kmz if v )ﬁ} & % +7 ( wound healing assay, migration )

#- culture-insert # =& 6 well » » # T786-0-SI3 ¥ % Emre » 12 1. 0x104/well ‘mPe fici
I #* W culture-insert * »37 C ¥ % 24 /| P » % 6well ® & culture-insert ®7F » 12 PBS
buffer &= dhlmie » Lo r W75 1% iR 75 2 RikAS 2TQY~5~10 20
p) > B 0 2 24 pprp g 10X F 8 4AX DiF 2 ARAEET BRERATEE S o s R
R s
1. Fap (TQ¥ T86-0-SI3 T %M mre chiz i & 2 ¥

#- T86-0-SI3 Ty imee o W85 24 well ez e ¥ > X H 24 [ PF - BF > &(7F 2R

m‘*ﬁ
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(TQ)# Fe A & e g2 (0 ~5~10 20 ,aM) L5 24 P pFE2ts 0 f1* MIT assay ~ 77 2 R
(TQ) ¥t T86-0-SI3 T pmie 3o 32 B8 25 FRF2R(TQOER S 0 - 20 uM pF o 3
786-0-SI3 T Hpim etk 4 #it* (Fig. 1)o
2. Famm (TQ% 786-0-SI3 T % & .:m® invasion s # 2 #4
#- T86-0-SI3 T ok mrierz % 16 B/ pF2 27 F 2R(TQ 7 A& e #Fpeg® (0510 »

20 uM) o 58 24 ) P2 fs > I wre =% 9 % (Boyden chamber invasion assay)4 17# R > F *r
>~ 10 uM 2 20 oM B 2p(TQ) e 786-0-SI3 'wPz tx » H 'wPz =% (invasion)sy # 7 A BEAL$r] 2
»z% (Fig. 2)
3. B Rmm(TQ¥H T786-0-SI3 T %% m* motility a4 2 B 58

fiE 7 fmre B % 7 % (Boyden chamber invasion assay):ife BF > » — 4238 (7 fwmPe 45 8 F B
(Boyden chamber motility assay) ° — ##- T86-0-SI3 % Hpw ez % 16 B/ pF2 s EFF 2
FE(TQ)? o M & et #F g (0~ 51020 uM) > 538 24 ppF2 e > B T86-0-SI3 ¥ %k mre & &
(motility)se # 2 %% &7 w2 =% (invasion) s # — #k(Fig. 2) > 54> 10 uM 2 20 uM 7
(TQ) 1 786-0-SI3 sm¥e 4k » H 'm*ei&d (motility)s 4 § P AEAkdrdl2z »c% (Fig. 3)°
4. Frmr (TQ% 786-0-SI3 % % B w® migration i + 2 F248

#- 186-0-SI3 T Kpimresz & 16 B P2 s> A% 0 uM 2 20 uM «F 2R(TQ) » i&§

N )&} & 9 % (wound healing assay) ° §if 24 /] pF2 18 » &% 7 ugmse » 20 M 7 2a(TQ)
1 T86-0-SI3 ‘metk » # # # (migration)s 4 F P AEatdrdlz2 w4 (Fig. 4) -
5. B 2ER(TQ) ¥ 786-0-SI3 T % mre e MMP-2 /&2 32 58
| # gelatln zymography assay < BLZ EﬁE(TQ) e
786-0-SI3 ¥ 50K mre fa s MMP-2 aigdtz e R s v g g F 7 L R(TQH 4o ik A H 4
786-0-SI3 T % m¥e #r o s MMP-2 eid it 4 P Agakdrdl 2 »c% (Fig. 5) °
6. T 2pR(TQ) % T786-0-SI3 T % in% 1 u-PA & 12 /45
1% casein zymography assay < BL%F 2 R(TQ)¥>t

R
2

R

786-0-SI3 T %K wmre #74 ;% u-PA g2 3258 - H % % &2 gelatin zymography assay — # ° &
FF LRCTQ)H ook & H 4  T86-0-SI3 TR m% #7433 u-PA gt @ hitdrdl 2 »c% (Pig.

6)

7. 7 2mm(TQ% 786-0-SI3 T % FKm* %>+ % 1 4| collagen

At 4 2 B

F1* vz € AL % [ Al collagen i 4 R % > L B E S~ 0 gM~5 pgM~10 uM 2 20 uM e

B R2AR(TQ) 24 ] P15 » ¥t T86-0-SI3 T %M w#e 4k%f(adhered) it 4 2 B2 L% #F M7 2 pR(TQ)

if 4o 20 786-0-S13 § %0 72 4k (adhered) st 4 3 #rdl2»x% (Fig. 7)o

8. Famm (TQ )% 786-0-SI3 ¥ % FK mw* %>+ 4% IV 4] collagen

Abrga 4 2 B



2wz ¢ 3Rt % 1 4] collagen i 4 F %> 24pk > F1* % IV 4] collagen 2 L% 4 » 7 2 iR
(TQ) 24 -] p#is » #3% T86-0-SI3 T % w2 4k*q(adhered) it # 2 B8 - R & FMRF 2 Jﬁﬂ(TQ)m
7 o0 2 g A &% [ & IV 3] collagen fHim &A™ » 3+ T786-0-SI3 T %% wre 3k'7 (adhered )+ it
45 P Az gk (Fig. 8) -
9. T 2(TQ)% 786-0-SI3 ¥ %% m*e p-ERK =&tz 3248

fl* & = % 2Lz (Western blot)E %7 2 fR(TQ) 3t T86-0-SI3 T %M wre crat & @ LEL T 2.
Bk p 2m(TQw +#r4] ERK #ipt it (phosphate-extracellular regulated protein
kinases ; p-ERK) (Fig. 9) -
10. 7 2ar(TQ) ¥ 786-0-SI3 T %% mre p-AKT % t-AKT etz 3258

”}'J’* & > & 22 (Western blot)E% | 2 fR(TQ) ¥t 786-0-SI3 T % mre dn 4 i vfpe s 2
PR oS 2 (TQ¥> p-AKT 2 t-AKT 2 =P akgFp s (Fig. 10) -
11. 7 2@m(TQ)%t 786-0-SI3 T %% w* p-Src~p-paxilin 178 % PI3K itz 248
ﬂ’* 7 > % 2% (Western blot)B%F 2 BR(TQ) ¥t 786-0-SI3 %My sm Pz et 4, W vEps jo 2 258 o
S%&rp 2m (TQ¥ #4] p-Src ~ p-paxilinl78 % PI3K 39 2z £ m (Fig. 11)-
12.786-0-SI3 ¥ %k me 518 TGF-5 FEHARFFi+ > papm (TQ¥ 786-0-SI3 T %k wz
motility it 4 2 B2 %8
F1# snrz & & F % (Boyden chamber motility assay) > % 2 fR(TQ) ¥ 5B F it eh 786-0-SI3
TR e > B omotility & 4 B e | AR T86-0-SI3 THURwEE A 16 B P20 L A x
TGF-B 10ng/mL > 2 -} pFigis > &7 LER(TQ) 7 F A & e 2 ad2(0~510~20 pM) > 56 24 /)
Pzt o 4 r 10 M 2 20 M 7 2R(TQ) = T86-0-SI3 T %k imre » Hd TGF-B #7if H i@
B (motility)ac 4 7 P Bgakdrd|2 Mm% (Fig. 12) -
13. 786-0-SI3 ¥ %k wee 58 TGF-4 AHELFFM - 72 (TQ¥ T86-0-SI3 T %A wmee
invasion it 4 2. F58

I * fnve =% F % (Boyden chamber invasion assay)B %7 2 pR(TQ) ¥ S F F it
786-0-SI3 %% w@* » # invasion it 4 50 o ¥ T786-0-SI3 ¥k mizz % 16 B 2l
£ 4~ TGF-B 10 ng/mL 6 > 27 F 2 R(TQ)# F H B e #F g2 (0~5~10 20 M) > 58 24 /)
2o o F4er 10 uM 2 20 M 7 2pR(TQ) = T86-0-SI3 T %Mk imre » Hd TGF-B #ri Heniz
% (invasion)sc * 7 P Rgakdrdl2 % (Fig. 13) -
14. 786-0-SI3 T %M m e 56 TCF-B #ELFF > §F 2a(TQ) ¥ 786-0-SI3 T % m*e eh
MMP-2 7% 122 82 4%
f1* gelatin zymography assay BLZF 2 pR(TQ) > 56 TGF- A 10 ng/mL 2% ¥ /¥ & i ¢ 786-0-SI3
TRy %% 0 i MMP-2 A B BB R T g R e r 20 ul F 2R (TQ) -4 TCF-8 *f
%% 186-0-SI3 T imre #ra i MMP-2 ehia i P Egakdrdl2 »c% (Fig. 14) »
15. 786-0-SI3 ¥ % imre g TGF-4 #EAFFL > 7 2(TQ) H T86-0-SI3 T %K mre en

9



u-PA #2232 58
f1* casein zymography assay BELZ | Z R(TQ) ¥ g
TGF- 4 10 ng/mL % % /& %?ft 1 T86-0-SI3 T %My fm e 95 A i
U-PA eE iz AR Hig kv gy 2 am(TQ) ¥ 4rd)
d TGF-B #1i% %1 786-0-SI3 F %/ fw e #14 & u-PA et
FREFEASE (Fig 15)-
B 2p(TQ ¥ T86-0-SI3 T %K mre BN B it 2 F2 58
- 786-0-SI3 T %R w4 » TGF-B 10 ng/mL FHEH B F i > L4 r 20 uM 0F L2
(TQ) » (5 24 -] Pr2ts» 1% LAF XA FHME T86-0-SI3 THRw% Hmre 2 1 - 4
B%7 R L(TQT #r4] 786-0-SI3 F% % # Factin £ TGF-§ # % mwe @i
it (Fig. 16 )

120

:
-
,

»

80 A

60 -

40 A

20 +

Cell viability (% of control)

0 5 10 20
Thymoquinone (pM)

Figure 1. §1* MTT 7 %% #1 7 2 R(TQ)EAR 5 OuM ~5uM ~ 10 uM ~ 20 uM 2

"

786'0-813 %"”ﬁif]%"m }?é _1/5.' 1&)’: lT:'q* o ’l_|. '? ,Eﬁ E’i”é":":-gc L) gﬁ-’? thymoquinone /% }'ﬁ O

UM ~ 5 uM ~ 10 uM ~ 20 uM #3 7860-SI3 & & B iE* o
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Invasion

0uM TQ S5uM TQ 10 uM TQ

786-0-S13

120

100 T

o
o
i

Cell invasion ( % of control)

*kk

40 - *EE
20 T
0 T T T
0 5 10
TQ (uM)

20

Figure 2. 4| * 'm?¢ =% 9 % (Boyden chamber invasion assay) > # 9 kA

P

2 fn

(TQ) (A 5 10 pM %2 20 uM ) 24 ] pEEJZ 2 T 786-0O-SI3 %A im % =%

(invasion)sc # 7 P BEARIr4|chI % > TR H E LB o (¥**p<0.001)
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Motility
0 uM TQ 5 UM TQ 10 uM TQ 20 uM TQ

786-0-SI3
120
Sl
S
a 1
u—= 801
° k&
= o] I
)
= 40
(o]
E *kk
= 20
Q
3 ﬁ
0 T T T T
0 5 10 20
TQ (M)

Figure 3.9] % w2 # # ¥ % (Boyden chamber motility assay) ° ¥ MER 7 2 iR
(TQ)( kA % 10 uM 2 20 pM )& 24 /] PFFRd22 T 5 786-O-SI3 ¥ %M n¥e i &+

(motility)ii 4 § M A Frdlcrm g > TR HE B o (Tp<0.01;""p<0.001)

12



Figure 4. {]* & v 7 £ 2 B (wound healing assay) °

786-0-SI3
0 uM TQ

20 uM TQ

786-0-SI3

120

100 -

Migration (% of control)
3

TQ (uM)

sk

20

#E AL 24 ] R 2 FR(TQ) i

20 pM B R T 3t 786-O-SI3 TR dm fe 4% 5 (migration) sy 4 3 P! AR AL I ] (IR

g0 T A

Y

”

24 [ pEH R B - (C p<0.001)
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TQ (uM)

0 5 10 20

MMP-2—>

120

100 A T

80 A

60 +
ko

40 -

20 - T

MMP-2 (% of control)

TQ (uM)

Figure 5. 12 gelatin zymography assay’ 7§ B 2 f(TQ) 24 -] FF a2 2. T 786-0-SI3

TR % B MMP-2 1 B F AR I & o

14



TQ (uM)

0 3 10 20

u-PA = B

120
100 - I *
% T **
*E 80 T
S
[+
h *hk
© 60
S I
< 40
R
=
20 -
0 ,
0 5 10 20
TQ (M)

Figure 6. 'Z casein zymography assay * @3 7 2 fR(TQ) 24 -] FF g2 2. T 786-0-SI3

THOR e B ou-PA BT B FARIH PR %

Type I collagen
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160

140

120 *

—
o
]

Cell adhered to collagen { % of control )
o0
S

60 1
40 1
20 1
0 T . . .
0 0 5 10 20
Thymoquinone (uM)

Figure 7.74 Cell adhered to collagen (type )i 4 > 3P | 2 fR(TQ) 24 /] PF rd® 2

T 786-O-SI3 TR w2 . collagen (type I)E adhered ehic 4 3 A&drd| eI % o

Type IV collagen
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160
140 -
120 1
100 Hsek
80 -

60 1

40 -

20 A

Cell adhered to collagen ( % of control )

0 T T T T
0 0 5 10 20

Thymoquinone (uM)

Figure 8. 12 Cell adhered to collagen (type IV) &t # » 3P 7 2 fR(TQ) 24 | FF /2

2.7 >786-0O-SI3 % o ¥e collagen (type IV)E adhered sc # 3 AR Fr4| eIk % o
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Thymoqumone (pM)

0 S 10 20

p-ERK

u-PA

MMP-9

MMP-2

Fibronectin

B-actin

o =
e

Figure 9. f|* & = % 8% (Western blot)z# § 7 2 fR(TQ)24 /| @2 T HER &

10 uM % 20 pM P¥ > 786-O-SI3 % m* # p-ERK 3 & Fitsrd|hm & o



Thymocqumone (uM)

0 5 10 20
t-AK
T
B-actin

Figure 10. 4] * & = % #L;* (Western blot) %% 7 2 AR(TQ) 24 - p& Ag@ 2 T >

786-O-SI3 ¥ %k wie 2B p-AKT ~ t-AKT & & F Ak 34| han & o
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Thymocqumone (pM)

0 5 10 20

p-Src

p-paxilinl178
PI3K

E-cadherin

p-actin

Figure 11. ] * & = % 2L;2 (Western blot)z# § F 2 fR(TQ) 24 /| PF®2. T » § 2 R
(TQ)E & 5 20 uM p* » 786-O-SI3 ¥ % ‘m?2 & p-Src ~ p-paxilin 178 ~ PI3K 7 % ¥

A IR e o
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Migration TGF-B (ng/mL)

0 uM TQ 5 uM TQ 20 pM TQ

T
P

£ 340 X i h g
10 LSS L B B

786-0-S13

160

140 -

120 1 '[

100 -

80 -

60 4

Hkk

40 1

Cell motility ( % of control)

20 4

0 T T T T T
Thymoquinone (mM) 10 20

10 10 10 10

=)
(=]
w

TGF-p (ng/ml)

(=1

Figure 12. 4| * wm*z 4 # 7 %% (Boyden chamber motility assay) > #4c » TGF-$ 10
ng/mL T > # kAT 2A(TQ)(1I0uM 2 20
UM )24 ] PR 2T > 786-O-SI3 T %K faPe 45 B (motility) s # F P B4R dr4] 0

g TRLERE - (p<0.05 p<0.01;"p<0.001)
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Invasion TGF-B (ng/mL)

786-0-SI3

140

120 -
100 - T T

oo
[==]

o
=1

EX 22

.
o

Cell invasion ( % of control)

20

0 T T T T T
Thymoquinone (uM) 0 0 5 10 20

TGF-B (ng/ml) 0 10 10 10 10

Figure 13. §|* 'w*z &% § % (Boyden chamber invasion assay) > f*r » TGF-$ 10
ng/mL T > # kR F 2AR(TQ) (10 uM % 20 uM) 24 - pF g2 2. T 786-O-SI3 %~

O fw e =% (invasion) it 4 F P EEARIrAl I % o TRIZHEE B o
('p<0.05;"p <0.01;""p < 0.001)
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TGF-B1 10 ng/mL
TQ 0O 0 5 10 20

MMP-2 -

120

100 - .|_

80 1

60 -

*kk

40

MMP-2 (% of control)

20 1

0 . : : : ,
TQ (uM) 0 0 5 10 20
TGF-p (ng/mL) 0 10 10 10 10

Figure 14. 12 gelatin zymography assay > 3% £ c » TGF-p 10 ng/mL 3£ %12 > £ 5
EF 2N(TQ)24 | PFAgZ2 ™ » 786-O-SI3 ¥ % m?e MMP-2 147 B FAakir ]
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TGF-B1 10 ng/mL
TQ 0o 0 5 10 20

u-PA =

80

*kk

(=)
=]
1

u-PA (% of control)
=
=}

T
20

*kk *¥kk KKk

T T T

o LI 0 s I o B i

TQ (uM) 0 0 5 10 20

TGF-p (ng/mL) 0 10 10 10 10

Figure 15. 12 casein zymography assay » Z&§F £ 4t » TGF-B 10 ng/mL 3% % {5 » # 51iF

2 PR(TQ)24 | FFAIZ 2 & » u-PA &1 B FAkFrf|chim & o
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Control TGF-B1 TGF-B1+ TQ 20 uM

£
F-actin y
LN

Figure 16.17 f. 5 % £ 4 ¢ 9% > #F £ 4t » TGF-B 10ng/mL FH s » L 5ER 2

AL(TQ) 24 | P& A2 2 T > 786-O-SI3 F%fm*¢ # F-actin ¥ TGF-p # % H

v R IY eniE R AR IR % o
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