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(HE] & WS 7% a7 20 R e 40 M0 5 | U8 T DL B A= 28 0 5 i L I A 22 24 JE0E K 2R 11 OB (mitogen-activated
protein kinase, MAPK) {553 BT Lol SR AOFE ML . & R 80 pmol/L e BE B9 7 7 B 1 WU di 51 AR 48 DU145 41 il
CEIFB D 24 h 83 48 h, [F I 3CE AN B 0 BT B0 . COK-8 WM AN I TESE 0.1.2.3.4.5 RIMERAFIL, 26 4h
i A A 5 e 2K 20 AR A W 200 B R T B 5 Transwell {2 28 52 56 46 W0 40 0 4% 2% B8 7 s RT-PCR LA K 28 11 5T V3 43 A7 A6 D00 B ot
4B A 9 (MMP-9) K FC il 5] TIMP-1 #3215 ; 8 1 0 BV 300 23 A6 Y00 R I — B AR A B 2K & T8 (PARP) CEBER L /R &
FI i 9 (caspase-9) 12 1k LU K A0 i M5 5 15 8 (ERK) \p38 {5 5B ME MM I e il . 4 & SRS BA g, & ik
FH U W 50 W98 A DU 145 35 1 B 58 2 S04 L VR A58 3 0 40 I 4 i ) B I (P <<0. 05, P<C0. 01) . & FFIFEHIG . 40
TR T (P<<0. 05) , 4112 22 5 J1 %I (P<C0. 01) , 4Ll TIMP-1, caspase-9 F ik Tt , PARP % A 2 , p38 15 5 LS L [H
I MMP-2 £5FEACERK 550 B Z 2 H . &k Fr s b ars) s 40w s M@ 22 3 S R, HER S
MAPK {55 i@ ¥ A XK.
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Anti-prostate cancer effect of carvacrol via MAPK signaling pathway

LI Gang, MU Zhong-yi, HUANG Yan, FU Cheng”

Department of Urinary Surgery, Liaoning Cancer Hospital &. Institute, Shenyang 110042, Liaoning, China

[Abstract] Objective To investigate the effects of carvacrol on proliferation, apoptosis and invasion of human prostate
cancer cells in vitro, and to explore the role of mitogen-activated protein kinase (MAPK) signaling pathway in the related
mechanism. Methods Prostate cancer cells DU145 were treated with (carvacrol group) or without (negative control group) 80
pmol/L carvacrol for 24 or 48 hours. CCK-8 assay and cell growth curve were used to detect the proliferation of DU145 cells on
day 0, 1, 2, 3, 4 and 5. Cell apoptosis and invasion were assessed by FACS method and transwell assay, respetively. RT-PCR
and Western blotting analysis were used to detect the expression of matrix metalloproteinase 9 (MMP-9) and its inhibitor
TIMP-1. Expressions of poly C(ADP)-ribose polymerase (PARP), caspase-9, and activation of extracellular signal-regulated
kinase (ERK) and p38 were also detected by Western blotting analysis. Results Compared with negative control group, cell
viability was inhibited in the carvacrol group and cell proliferation was decreased significantly on the third day of treatment(P<C
0.05, P<C0.01). Apoptosis rate of DU145 cells was significantly increased (P<C0. 05) and the invasion capability of DU145
cells was significantly decreased in the carvacrol group (P<C0.01). Expressions of TIMP-1 and caspase-9 were increased in the
carvacrol group, with fragmented PRAP, activated p38 signaling pathway, and inhibited MMP-2 activity of ERK signaling
pathway. Conclusion Carvacrol can inhibit cell growth, invasion and induce apoptosis of DU145 cells, which involves MAPK
signaling pathway.

[Key words| carvacrol; prostatic neoplasms; cell proliferation; apoptosis; neoplasm invasiveness; mitogen-activated
protein kinases
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T 81 9 A 55 5 RO TR L 7
3 1 9 2R 3 AU T T IO 98 R R L e I R R B
MR R 95 3 AL R AR IS B R R R
PO fE A B AR . T (carvacrol) & — il
BTG T M 3 AF A T 22 Bl R R M) (04 K
A K AT BF 9 3% W 7 W A 0% 0+ B s 4 it |
58 240 )L B g A A R A T A5 i R 4
(10 8 58 375 3 LU T (E AR R WL A% A 5 T WA e
W, 324 1 1 A L Al 90 B 8 4 P B HRGE
W A IF 5 B A - 60 570 At e 40 B, 08 48 H Sk
17 40 B g 19 5% ) L 9 DA 22 24 J0IE A6 3R IR (mito-
gen-activated protein kinase, MAPK) {5 5 il & #R 1+
FORT AR A VE FH AL, LU SRy i 5 AR 98 04 36 97 4 L
1) BB

1 MEFEE

1.1 M#L5XAN FAmEiE 98%) WA Sigma
3 E) s NHT S IR A LAk DU145 1 ATCC; i 4
MM A HyClone 22 7] ; RPMI 1640 5 3% 2 W H
Gibco 24 A ; CCK-8 71 & W [ 38 = K 4 W) B R i
FEIT 5 40 PR TR D ) A et L AR W R
KIEATBR/A 7 5 Transwell FLAIE H Corning 24 7l 5
FEJRR W FOBD 23 A 5 B 54w 3 H B 9 (MMP-9) $it
T 41 AME 5 8 T B (ERKO Bifk | p-ERK Hifk |
p38 P M. p-p38 P KW B Santa Cruz 2 Al;
TIMP-1(MMP-9 0 il 70 470 A | 28 B 17 =l 2 A%
G M (PARP) $iL f& . 2F M K & & R &E A 9
(caspase-D PR A b 50 1 B F AW H ARG RA
5 B RNA RBGH & cDNA 4 —48 4 ik 7 &
2X Taq PCR Master Mix I [ b 50 K AR 4 (b Bl H A
R ), oA 24 i Sy [ 7= 4y B 4t

1.2 @mpssisaa DUI4S MR T 10%
G4 VS 1 RPMI 1640 Kb, & F 37°C.5%
CO, H 4l M35 256 P 15 5% 8 2~3 d IHARAE AR — IR,
HERRAL BRI A0 B E AT 5056 . SE580 0 A
T 2H CRF 40 I BE JS A 80 pmol /L 1 & - 5 1
JH AL TR 1 5 BE AL COR & e B i 4D

1.3 CCK-8 kAl zm i 3 78 5% 20 ff 2% 2 4 R
BEAL 310 A4l 2 Fh F 96 fLk . BEdl 5 AR AL,

LERANMISE FERTIA 10 pL CCK-8 ik 3% 4 h, T
APEFEFRM 0.1.2.3.4.5 d WAL, I 7€ 55 FL1E
450 nm Ab 6% BE(E (D ) L 22 il A i 2 4 il 2
1.4 AXmpRen e FENEEE. %
HRAEEAL 2 X107/ 4l i H2 70 T 6 LAk, 77 40 i I B
AR EE S 80 pmol/L WA T . 43 3T 24 h Al 48
h SCHE 4 AL im A FYA 1 PBS P 2 k. H 195 L
AnnexinV-FITC 25 W HEZMMEEMA 5 uL An-
nexin V-FITC, B#HIES), FR#OLHF 10 min,
BN, T 190 pL Annexin V-FITC 45 &
HFARAHMLL A 10 L BT BE YL 0 R RIR ) )
VKIS REEIEE 10 min, BEED_E 7 40 M {X (3£ E BD
NEEIDY Rl

1.5 Transwell 1& % £ A 40 fo 42 £ 86 1 4°C
il VR B U L A A B B SRR 20 L SEAT A R IR
BT Transwell b2 PR 1, G I 75 40 i 8% 9% W
PR DUL45 40 0% B 4 IR AL 2 X 10° > 240 i 42 b
& AR ALK E KR 80 pmol/L M F T, T
FMALTH 10 % B4 103 # RPMI 1640 H5 57 . &
THMIEFA PRI, 35T 24 h F48 h 5B
%L, T 40 mL/L (W HEEPEE 15 min, BT E T
TAKE Y b et 3 min, 280K oh k. (8] 0BT
TR ZE A AR

1.6 RT-PCR ## MMP-9, TIMP-1 mRNA # &
o FE RNA 42 a7 & 52 00W 41 40 Ml RNA, #%
H cDNA 55 — i & il ) & 08 W] 15 52 5% 5 eD-
NA., MMP-9 519 ¥%]. Fiff 5'-GCT ACG TGA
CCT ATG ACA TCC T-3', Fii# 5'-TCC TCC AGA
ACA GAA TAC CAG T-3", ¥ Bt K JE 144 bp,
TIMP-1 5l ¥ ¥ 5. L 5'-CCT GTT GTT GCT
GTG GCT GAT-3', Fif 5'-ATC CCC TAA GGC
TTG GAA CC-3". ¥4 Bt K & 199 bp., B-actin 5l
YWFH . Fif 5-CTT AGT TGC GTT ACA CCC
TTT CTT G-3', Fiff 5'-CTG TCA CCT TCA CCG
TTC CAG TTT-3", ¥ 8 i Bt K 156 bp, PCR X
MRZR 20 uL, H i cDNA 1 pL, EFiE5I 94 1
pL.2X Tag PCR Master Mix 10 pL.ddH,0O 7 pL,
PCR B2 ¥ : 95°C 5 min; 95°C 20 s,58°C 20 s,
72°C 30 s,30 MEH;72°C 5 min RN, K
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1.7 ZQRPEHItamintEamkx Itk
PIZH 20, A RIPA 24 W42 CE & 1 BCA i
I A EEIFET, B BEE 40 pg 17 SDS-
PAGE, VK45 5 A% E1 % PVDF JE [, A 5%
JBERE W4 By & R B 1 b i ACHE B B9 — B [ MMP-9
(1:500), TIMP-1 (1 : 500), PARP (1 : 400),
caspase-9(1 : 800), ERK (1 : 400), p-ERK (1 :
400) ,p38(1 : 400) ,p-p38(1 : 400) ], 4°CWEH L .
A1 5 000 R B —H1,37°CEE 1 h,ECL ki
TTIRH K G ' UG 5485 A F I 04T K JE 43 BT
1.8 %itFa @ i SPSS 16. 0 A #4751t
OIHT B DL ot FROR AL R ECR T ¢ K L K 56
IKHECa) N 0. 05,

2.1 A& B AT AT 20 MR B Zo e 3G A 69 A ) AF
A CCK-8ikAL 45 2R (& 1) &7, 28 80 pmol/L 7
AR e RS R EE A0 DU145 385 BA 532 240 41
H A TR A 55 3 KT i 4 i 33 58 g 0 A% T 9 0k
X HRAH L 22 5 B Gt s B L(P<<0. 05, P<<0. 01),

104 104
A B
< 10} 3 10%]
EE ]
g 107 E 107
= 3
- -
5 10! S 10"
A A "
10° H.gt_,f,m__l1 - 10° 422
10" 10* 10° 10* 10" 102 10° 104

Annexin-V FITC Annexin-V FITC

= Control
—&— Carvacrol

Time 7/d
1 EHFE(80 umol/L) 3t B 5 IR
DU145 48 B 38 58 i 30 1 4 A
Fig 1 Inhibitory effect of 80 pmol/L carvacrol

on proliferation of prostate cancer cells DU145

* P<C0.05, “" P<C0.01 vs negative control group. n=5, x=%s

2.2 HF® A MREmL A T Y A
I A A 0 240 i 0 T 2 R (L 2) 7R, 80 pmol /L T
By VB DU145 40 24 h A1 48 h, 41 72K 53 514
(24.9842.41) % . (64.20+2. 11) % , ¥ F B EXF
M4 [24 h: (8.5940.95)%;48 h: (12. 18 +
150 % ], ZRA G128 L (P<<0.05),

Propidium iodide
Propidium iodide

< i el
10" 10* 10* 104
Annexin-V FITC

10' 102 10° 10°
Annexin-Y FITC

B 2 FHAFEH(80 pmol/L) X HI 5 BRE DU14S 40 AR T A%
Fig 2 Effect of 80 pmol/L carvacrol on apoptosis of prostate cancer cells DU145

A': Negative control group (24 h); B: Carvacrol group (24 h); C: Negative control group (48 h); D: Carvacrol group (48 h)

2.3 B TR I AZ £ 69 F vk Tran-
swell 4= 725250 45 R LI 3, Mt Ecas vl s,
80 pmol/L F B /EH DU145 40l 24 h 1 48 h
Jei AR 7240 K43 59 R (36. 0043, 61) 4N, (19. 67+
L 534 B FRAPEXT B4 24 h. (88.33+2.52)
A~348 h: (106.33+4, 7O . ERFHGIF#E X
(P<<0.01),

2.4 & f B st a7 90 BB ae e MMP-9, TIMP-1 &

Koy % RT-PCR DL K CE (5 B 43 B A6
MMP-9, TIMP-1 ) mRNA LK 8 {1 %k 45 5 UL
4, £ 80 pmol/L B /EJH DU145 4 24 h 0
48 h J5 ., MMP-9 (35 B 1 B A, i TIMP-1 /9 3%
kB T

2.5 A wrabar 5 M aa B PARP, caspase-9 & ik
agFem AR TR IR A3 BT (B 5) A5 R R, £ 80
pmol/L & A /EF DU1L45 41 24 h A1 48 h J5 . 40
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¥ HE AR X 43 ¥ B Ay 85 000 (9 PARP 2 i 19 PARP &1 5 FIHEXT B AR L .80 pmol/L &7

PR E=

B, i B 6o HE 2 ASOAG: I 2 AH X 43 F R & A 116 000 320 caspase-9 FIFRIETFE .

— a - : = . .

- ‘ ..\“ .‘._. - X " & Y F - i “:".u‘ L "-u . r. PO » T
Wy L SRR RO . o T i, YRR L I G W
! w e . ol A Tl b w v Lo o Sadd *» . 1
_o\. ‘:’ P C xd ".rk' ‘, 5 “'.- e 5> .r'.v:\, - s.'? o ?: -‘ ! . "‘;ﬁ; . U
e EA AU R A PURLO I Mo e R R OB L R R S
. by o * 'n .‘. e il > ¢ * . ’l i ”'?“ . f . . t&. * . :. s ¥ . i .h:‘
' '.‘ : . ’ .""l . '* ’ 1 = a ¥ a k'r* ot ¥ ‘! ‘l‘. ‘: - ‘. .'l -\ -‘ ) g
;C. 8 .:‘ - ‘;b:l":_‘iip$‘ TR % ) S AR '.‘? T e N u gt

o A » » i i) e VAo, . L R W L -
R I e SNAMAT G S s L L B e PO et e e 0

B 3 ZFFH(80 pmol/L) 3515 IRE DU145 MR ZEEE R M
Fig 3 Effect of 80 pmol/L carvacrol on invasion ability of prostate cancer cells DU145

A': Negative control group (24 h); B: Carvacrol group (24 h); C: Negative control group (48 h); D: Carvacrol group (48 h).
Original magnification; X100

2 oM L & 3 4 2.6 A 7B A3 RT 5 AR 49 B MAPK 12 5 18 9% 49 %
f;ﬁ:__ s R T E T4 R L 6) 7 L
=0 i ERK LI & % p38 #9 % i5JEW1 @ 41k . 80 pmol/L %
;‘;ﬁ:_— o ons FEEME G p-ERK 54 BT HEAE . i p-p3s (% ik
m—__ﬁ_m_m A FTFES W TR T ERK 19 ¥ . [ B 42
(156bp) A HET p3s HOWIE
Mr(x10%) 1 2 3 4 3
— 44
B= _— TIMP-1 —a2

B 4 FFE (80 pmol/L)X 55 BRE DU145
20 B MMP-9 , TIMP-1 3 i% & 5 I

p-p38—

Fig 4 Effect of 80 pmol/L carvacrol on expression

38—
of MMP-9 and TIMP-1 in prostate cancer cells DU145 *
A: mRNA expression; B: Protein expression. 1: Negative

control group (24 h); 2. Carvacrol group (24 h); 3. Nega- p-actin —

tive control group (48 h); 4. Carvacrol group (48 h)

1 ) 3 4 Mr(xloj} E 6 & (80 pmol/L)3t MAPK
i A—_— BEEEKEARENEM
- Fig 6 Effect of 80 pmol/L carvacrol on expression
8 of proteins related to MAPK signaling pathway
Caspase-9 — _— 46 in prostate cancer cells DU145
MAPK: Mitogen-activated protein kinase. 1: Negative con-
ﬁ-actin—__ s trol group (24 h); 2. Carvacrol group (24 h); 3. Negative
5 FEH(80 pmol/L) X B3I BRE DU145 40 F control group (48 h); 4. Carvacrol group (48 h)
PARP, caspase-9 & H & iX B 52 Mg
Fig 5 Effect of 80 pmol/L carvacrol on protein expression 3 Wit

of PARP and caspase-9 in prostate cancer cells DU145
N, = ErS
1: Negative control group (24 h); 2. Carvacrol group (24 h); A Ak 2 R S-S N -2 R R Iy U4 57

3: Negative control group (48 h); 4: Carvacrol group (48 h) B AL, R MU R H AW E'E A, R —
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Fofr <2 4 (0 S TR0 R0 8 TSR L RORE R I A
A=t BRI R T A &I R T
PR RS LA DL B T A . Meh-
di 278 A A AR TS # Hela 40 M8 A1 SiHa
240 25 R 50 7 200 48 B R g 2 7 e A O I [
BF DNA W24, 2040 M 08 1, GF B & O I AE Y S
AP R AR M B EME T . Yin SEU RS [ RO 1 A
T W A T I 20 ML AR Hep G2, ) FE A6 I 1) 240 1 384
BE B 00 a4 L R R T A BN, AR S 5 5 i R R ]
W R F T B VE T DUL45 1, MTT %0 E T
Hodgod R 80 pmol/L, A 5% R F f i W J32
10 T VE T 10 5 % 9 40 1 45 2R Sk 7 400 e 3
S 52 20, B PR A ER 3 KR 4N B 1 A AE )
FAIK T B M BE 4 W] B AR LA FH A 24 b RDAS I 3]
AR YA TG N, R WY B A — 2 T
3R

20 8 P9 8 — ZR B R T GRR RN h EA E E R 4
fiff caspase FZ 5, HiH caspase-9 i F ¥iF 3 2 A 5K
i, PRAP 7E4EH; DNA S¢ 8k bk % %5 & 2 4E
AR D A IR T bRk . 47 PRAP & A B fig
e EX DNA 5¢ 8 1 04 V8 A% 2 P9 U0 il 3%
B A%/ MA TN DNA L 51 % 4 i 8 =,
A5 P T A S A8 B 40 i v PRAP H 31
TAAXT 4 F B E A 85 000 M B BE, [lBY caspase-9 3
IR T T B PR R B R R A W] AR A i — 2P R ]
A W ELA 5 e A0 B A T A

MAPK 5 53l }% £ 2445 ERK,p38 LA M JNK
3 4 B L FE AN MG B T DL K o Akl B R R R
HEAE, BRI ME A2 ERK R
b T S H B O AR, p38 fE S Z 5 £ Fh 4
MR T4, p38 BTG BEA5 15 S - Myc.p53 LI &
Fas/FasL 4 ZF0 I8 T2 40 G 8 00 35, i 5 5 4
T=H L ERK G A 0 B8 0% 0 40 B Y O T, i
Ml ERK 55 MGG A ST, A¥ak
T B TN kI 2] p-ERK 1Y 3R 35 B &
AR, W B p-p38 .35 Jh i, M INK R & A= B 8 728
57, ARBESE h F AE F J [R) AR R D 3 ERK I
PR R, p38 I M 1Y I w1 L 3R W& 7 8 % i 91 9
AN YA T FE T RS ERK LA K p38 {5 5l %
PIARE

1T 5 B dE A% B & AR B BB R SR TR YT

TB. MR 2HB N — 22RO EY =T
Tt JH v 20 A 6 S T R TR B Y o A i i R e B 11
PR, BE T 4 R AR A (MMPs) Kz 0l R
(TIMPs) 78 It 7 o % 45 25 R/ DS AR
W 7 WA FH T 12 28 fi 0 ik 1) M 5 2 AR AR i
&) i A M bk DU 145, 45 9 B - 9 20 40 i 4= 22 g )
BEREAT, FE MMP-9 3532 23060 TIMP-1
IR TR B A A T L A0 S A S AR R A0 1 2 00 1
& ¥ % —E WAEH . ERK {55 5 i &
5 MMPs %35 (93855, 306 ERK 19 #0558 9% B 6%
bR 10 2 2 0 4 e A T 7 O T 0 o T B R 9 1R 22
FI/ERTT B S ERK 38 ¥ 0 0604 56, (0 it o 7 2 S
AT Hofthill 5 19 2 5 R LN B9 VR LA A 15 T
E— 5

4 FEEHR
JIe AT V3 P AR SO 88 BAT AR 5 o 5
[Z % x #k]
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