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BRI A 735 F siRNA $R, W mTOR 2 ) HepG2 4HEEAL, MTT L& COE X HepG2/mTOR 4l
MUXEERE SR . RIYR SIS K& Transwell SCIRRE I 25406 40 M (2 28 56 4 68 1 20 . Western blotting V573 HT FH 245 J5 2 i 4
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Celastrus orbiculatus extracts inhibit invasion and metastasis in human
hepatocellular carcinoma HepG2 cells by targeting mTOR

QIAN Ya-yun, LI Wen-yuan, ZHAO Xue-yu, YANG Ting, YAN Yan, FANG Chuan-ci, HOU Jing-jing, LIU Yan-qing
Medical College, Yangzhou University, Yangzhou 225001, China

Abstract: Objective To investigate the molecular mechanisms of Celastrus orbiculatus extracts (COE) of the invasion and metastasis inhibition
in human hepatocellular carcinoma HepG2 cells by targeting mTOR. Methods The HepG2/mTOR™ cells with mTOR knockout expression were
constructed by using siRNA technology. The effect of COE on the proliferation of the HepG2/mTOR ™ cells was also studied. The HepG2/mTOR™
cells were treated with COE in different concentrations (20, 40, 80, 160, and 320 mg/L) for 24 h. The cell reproductive capability of
HepG2/mTOR™ cells was detected by MTT. The effect of COE on the metastatic ability of HepG2/mTOR™ cells in vitro was investigated by
scratch assay and Transwell migration assay. The expression levels of molecular mechanisms related proteins MMP-2 and MMP-9 were assessed
by Western blotting. Results The HepG2/mTOR™ cells with mTOR knockout expression were successfully constructed. COE significantly
inhibited the proliferation of HepG2/mTOR™ cells in a concentration-dependent manner (P < 0.05). COE decreased the invasion and migration of
HepG2/mTOR cells. The results of Transwell experiment indicated that COE (80 mg/L) significantly reduced the number of transmembrane cells
(P <0.05). And the expression levels of MMP2 and MMP?9 protein were significantly reduced in the HepG2/mTOR™ cells after the treatment of
COE. Conclusion COE can significantly inhibit the proliferation, invasion, and migration in the HepG2/mTOR™ cells. Our data reveal that COE
is a potential chemotherapeutic drug in human hepatocellular carcinoma treatments via targeting mTOR signal pathway.
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DRI 2H 7 7% AH OC R4, W] 34K VA 7 I8 19008 R

fER 2 ek Celastrus orbiculatus Thunb.,
NTPEFEL (Celastraceae) FUEHEJE Celastrus L. 18
Yy, R EEBENAHMEY) . BHSLI ORI,
FEIEEFEENY) (Celastrus orbiculatus extracts, COE)
R 25 H ) R 4 B ) 4R 2R R R 50 SRR N T
WAL B MIHE R E E (mammalian target of
rapamycin, mTOR) A4 A K AT IG5H (1) = 2L 5
BRI 70, e ot A T L e s I O ity 2 1 2R i
1o mTOR [FFRIE K5 e i b e IR 11 s 2% 07
K. A TIRAHIF COE [ mTOR #iii fiH
HREERL I BAR T HLH], R 7 i g 1 ik Rk
mTORPIAIEEE mTOR FIAM AR HepG2 4
Mo AW EZEITIRFIH RNAL R, ) mbR
mTOR FKiA 1) HepG2 4iijfd, FHAILHFF COE X%
HepG2/mTOR 4 f= 28 4% 5e J1f gz, Nt ia
T I AR S5 TR 52 R RV A% 1 24 2558 BEAill, COE
BHEBNH PR % 2.
1w
L1 7Y

B R H TN EUE AR AR (kS
0705100, £ [E 2R} K5 2 LRI 7t 2 ZR IR 1
HAR L N TRl iR EY R Celastrus
orbiculatus Thunb.. WEESTH (DDP) 1 HILH:
FRARGWB AR AR (5 160101).
1.2 ZARERRANI 5T

HepG2 4 il (7 £ 8 % Ot B F 1 3k
GV248). E. coli DH50 &2 &A1 293T 4Hif,
BIRARSLES % RS BREITEN VIEG Age T #1 EcoR 1.
T4 DNA Ligation Kit. Oligo 5|%J. Taq polymerase
LM H TaKaRa FAEY TR (KiE) ARAF;
DMEM & #5575 2 (Gibco A D5 i 4 M iE
(Hyclone A 7)); JREEEEE. MTT #7771, Matrigel.
Transwell /NZ% (BD AH]); &8 & H -2
(MMP-2). MMP-9 HiygFEdiA (Millipore 23 7]);
B-actin 1A (Cell Signaling /A %]); HRP Fric fF
i IgG (Bioworld A ] ).
1.3 (Y&

TEIE R 40 (32 Thermo 2] ); £ 1 HELJKAH
& B BIEEFRR AT SDS-PAGE R A8 7 HT X
(%[ Bio-Rad Aw]); FERGCEME (HA
Olympus A 7 ); RT-PCR 1% (¥id: Roch AH] ),

2 ik
2.1 COE 89#1&

AL SRR A, Alifb A% e b 25 R
KT RS A e K0 BARDBT: K
WERERE VI B, R RERORY, 95% L EEINA R R HL
3K, FISIERIZET, MKSEUE, FA W EE RS
P& T8 53 AN 3 4k, [RIWSOI ) 8 i 4 I 1dE AT
HAGT, R ORI, B COE, H, &
i RS VBT E Y 68.3%!11,

2.2 siRNA S8R5

R 4E GeneBank #' mTOR (NM_004958) [
mRNA 551 # 1 3 4 siRNA 8 25 # 51 .mTOR-RNAi
(32866-1 ) : 5-GGAGTCTACTCGCTTCTAT-3’ ;
mTOR-RNAI (32867-11): 5’-AGGCCTATGGTCGA-
GATTT-3’; mTOR-RNAi (32868-1): 5>-TGTGCTA-
CAC TACAAACAT-3’,

2.3 Oligo £ %X i% DNA

RAE siRNA #0254 B EE Oligo 514,
mTOR-RNAi (32866-1) -a: 5-CCGGGAGGAGT-
CTACTCGCTTCTATCTCGAGATAGAAGCGAGTA-
GACTCCTCTTTTTG-3’; mTOR-RNAi (32866-1) -b:
5"-AATTCAAAAAGAGGAGTCTACTCGCTTCTA-
TCTCGAGATAGAAGCGAGTAGACTCCTC-3’
mTOR-RNAI (32867-110) -a: 5’-CCGGTCAGGCC-
TATGGTCGAGATTTCTCGAGAAATCTCGACCAT-
AGGCCTGATTTTTG-3’; mTOR-RNAi (32867-11) -b:
5’-AATTCAAAAATCAGGCCTATGGTCGAGATTT-
CTCGAGAAATCTCGACCATAGGCCTGA-3’; mTOR-
RNAi ( 32868-1)-a : 5-CCGGGCTGTGCTA-
CACTACAAACATCTCGAGATGTTTGTAGTGTAG-
CACAGCTTTTTG-3’; mTOR-RNAi (32868-1) -b:
5’-AATTCAAAAAGCTGTGCTACACTACAAACAT-
CTCGAGATGTTTGTAGTGTAGCACAGC-3’. 90 C
K 15 min, AEEER, 1B KIEHENEE DNA.
2.4 RNAI EREHTE

AR GV248 FN5I VDR KIE R XS DNA, 4y
531 i R #1074 P9 VT Age T A1 EcoR TE/THEEVI, 16 C
BN, FHABZEN, Rk, RE, A
GV 112 i 51 #i#k4T PCR %2 K. PCR M
EZE N 20 1L, 94 C. 30s, 94 C. 30s, 60 C.
30s, 72 C. 30s, 30 MEH, 72 'C. 6 min.
2.5 RNAIi BREERSEERN

1] 8% G R 175 3 UKL 1Y) 2 2E 98 B3 R B L 2
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B R E AR TR, 3 R T R Bk A B HEAT
4l o N B R i, 7% Invitrogen /& 7] Lipofectamine
2000 {87 BRI TILE L 293T 41, #3445 8 h
WCATE AR TR, B3R 48 h G, IR E S8R
TOREL (20 B 3B, ) L 4 s 19 380 i 2 PR 1
BRVRAEM, A 293T 20 Al i Hbm i s 2590
2.6 Western blotting & & B Y FRIXK T

XA HepG2/mTOR 4, I 80 mg/L COE,
PG R T4 T 254 DDP (2 mg/L) 1 ARHMEXT IR,
[A]}, 15 HepG2/mTOR 4HfE (ANINZ)) AIEF A4 HepG2
YALH CARINZS) VENFATEZGIRT 2. Inzh 24 h
Jei > PEHUSEE (I E AR E . SDS-PAGE HiVk, FAK,
B, PUARE. —PUREN 121000, —HUREEA
1:2000. ECL &Jt, REHHTEIL.
2.7 SERTRAEE PCR (qRT-PCR) #3 mTOR
EREBFRIZKFE

B B0 HepG2/mTOR 4l 1X 1084, 5
T 6 FLAR, $RHUE RNA, %54 B cDNA, SYBR
GREEN %347 qRT-PCR S2%.. mTOR Fi A 5] 4:
5-AGAAACTGCACGTCAGCACCA-3’; i¥i [ 5|4
5"-CCATTCCAG CCAGTCATCTTTG. WZ B-actin
BT 514 5°-CTCCATCCTGGCCTCGCTGT-3"; i¥fi
[ 51#): 5°-GCTGTC ACCTTCACCGTTCC-3’. Jx
MNAKZA 20 uL, FAEM 95 C. 30s, 1 MEH,
95 ‘C. 55, 60 C. 31s, 40 MEIH.
2.8 MIT S£I§

¥ HepG2/mTOR 2 ffl ik B i B 2 3 X 1044/
LR T 96 FLAR, INAJCIiEE; 7RI BCH| H COE
(20. 40. 80. 160. 320 mg/L), ¥ & 24. 48. 72 h,
TN 0.5% MTT ERALERT TR 4 h, 3 g, A
DMSO 150 uL, BEFZR FREIRE 10 min, {5455
MR H AR, ZINEEEFRACT 490 nm ALl & &L
WHRE () fH. SEEiE S NEFL, HE 3 K.
29 XIJRSCLE

STEURA BT 24 LA, 30 000 /L. fF
YHHNGEEfS, YRARZREH 2 mm &R, PBS ik 3
W, BIERME NUEEIRAN A, 50 80
mg/L COE #41. DDP (2 mg/L) PBH M X B4 .
HepG2/mTOR 20 i FIEF £ HepG2 4Hifd [ 14: 24 40t
MBH., B3 ANMEFL. kE9: 240 )5, THIE
MZERME T, ARICESLRRAIE S,
2.10 ZAPRIRZESKIE

Transwell /] % i iCHS FH Matrigel R AL H |

IKAL XTE AR, FHTCITE DMEM il s S 23,
5X105 A~mL. % HepG2/mTOR ZHifEF 4= HepG2
YU B PR TIEZH . 80 mg/L COE 41, DDP (2 mg/L)
PR X R ZH o 7 Transwell %I\ B4 B 234K 200 pL,
TEIAE 10% FBS ] DMEM B55%7% 500 pL. %41
WS ANE AL, 4k8855%F 24 h, BUH Transwell /N PBS
BRI 2 i, PSS P E R4, HRELE
JE 30 min, 0.1%45Mm5E %R F 44 20 min, PBS &t
33, e, VMR
2.11 AT F SIS

F Transwell /] % [ EE AN FH Matrigel #oRE I £
e LASR, oAb Uy R A AR 22 50 5
212 GitEE*E

KH SPSS 19.0 Giit#ft, 4Hia) EbiBek H 5
R, MEBIELLY +5 FR.
3 #R
3.1 EZH RNAi BREHAENWEREE

PCR =¥l 7 45 3 5 GeneBank # mTOR
(NM_004958) 7 41| 56 4= [Fl U5 . = 24 53 B Jak G
HepG2 #ifiUf5, %05 fEs T WL 40 M 1Y) % D't ik
FEo il 1 B, G B 40 Ak OGS 5
R, RO R R R A A 0O bR A B R
mTOR LK) HepG2 4HMI Y,

b7 Rt

Merge
1 RAERMEBEUNRZHREREN HepG2 4HAE
Fig. 1 Observation of HepG2 cells with LV-mTOR-RNAi
by fluorescence microscopy
3.2 Western blotting #;) mTOR & H LK FE
Yk 3 FiiiEE [V8: mTOR-RNAi (32868) i
#; V7: mTOR-RNAi(32867)% #; V6: mTOR-RNAi
(32866) 7iTF 1, 70 liE&gs HepG2 40/, B &
F, Western blotting £ #ll mTOR £k I IR LK.
SERIE 2, HERGESHAARRER BIVEX AR EE,
J&J¢ mTOR-RNAi (32868) Ji# (V8) ] HepG2
i+ mTOR & H B IA ] B FEAR, YA 2 F
T EE A mTOR & A KR IA KA

ket

V8 I
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1.57
mTOR  f— S — 30 105 e
s}

ﬂ'}f 1.0 4
- — — 1 50X 10* =
Practin a— m
‘ =

eI V8 V7 V6 © 05
El2 Western blotting SA#M 427K 5 B HepG2 BN E

Fig.2 Protein expression of mTOR in HepG2 cells infected
with virus detected by Western blotting

IRl , Ji5 225256 1% L mTOR-RNAi(32868 (V)
JEYL ) HepG2 41
3.3 RT-PCR #ll mTOR mRNA HIFRIA
I3 BRI Y% HepG2 415 , fih#2 2 RNA, RT-PCR
K40 H ' mTOR mRNA 7K. 250 LK 3, &
P )5, HepG2 41+ mTOR ) mRNA Fik7K
SR S5 BRAIK
3.4 COE % HepG2/mTOR 4AfI1&%5E H 52 0H
MTT Ea i AR R ERKER) COE (20, 40,
80. 160 320 mg/L) *F HepG2/mTOR 4H i 44 i
JIWIRZI, 45 R 1 AEZE 24 h %44~ COE
X HepG2/mTOR 4 I )~ Bl £ (ICs0)

B4 HepG2 411 V8 &Yt HepG2 4l
5¥7/E HepG2 Al LL4L: ""P<<0.001
P <0.001 vs wild HepG2 cells

& 3 RT-PCR & RNAi HERGE HepG2 AAEAY

mTOR mRNA 7k

Fig. 3 Detection of mRNA expression of mTOR in HepG2

cells infected with RNAi by RT-PCR

912373 mg/L. S5ARINZN AL, COE ¥ &

#1#] HepG2/mTOR 41 1345 (P<<0.05), JFHA

I ) S A FEE AR A

3.5 COE % HepG2/mTOR 4RAEiT 7% 88 S1H9 5200
YRR 5256 7R COE % HepG2/mTOR 43T

FERETIHIRE . 25 5 TP 4, 55 IRZAAREL, 28 80 mg/L

COE b5, AR OIS, S

COE H. A W B4 HepG2/mTOR M TR A

1 COE %f HepG2/mTOR 4AfEIEEMSM (X £5,n=5)
Table 1 Effect of COE on proliferation of HepG2/mTOR" cells (X £s,n =5)

13 pl(mg1) 4 A3 52/ %

24 h 48 h 72 h
xR — 98.35+1.58 97.4142.25 95.66+1.20
COE 20 87.59+1.42* 81.87+2.72° 77224238

40 80.45+3.54* 72.92+3.42* 67.63+1.68"
80 69.324+2.72* 64.69+1.51" 59.354+3.81"
160 56.024+5.23"" 51.564+2.44* 46.40+1.35™
320 31.83+1.41" 28.38+2.09" 17.84+2.81"

x4 "P<0.05 P<0.01 **P<0.001
*P<0.05 "P<0.01 ""P<0.001 vs control group

Oh

24h

PF4E HepG2 4H i HepG2/mTOR 4l il COE 80 mg-L™! DDP 2 mg-L™!

4 COE % HepG2/mTOR 4AREITFEEE NIRIZ M (X 200)
Fig. 4 Effect of COE on metastasis of HepG2/mTOR™ cells (x 200)
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3.6 COE X} HepG2/mTOR APRE 5Tkt
=REA

PL Transwell SE560E%2 COE %} HepG2/mTOR™
itz 22 SRR IR, S5 RIE S, RS
P BApEH, 48R IEK 2. FEATH Transwell

L

B4E HepG2 41

o o T gl

NEE L, RS RNt SR A
HepG2 AUAHLL, fi% mTOR ik ¥ HepG2/mTOR™
YRR R E R . SR LLEL, COE TGt
—BBK T HepG2/mTOR 4 1 7 i s, RfZ8
MITFEREST TR

L b At
: o SR e el
tiw TREIALL D
P v e B
o &&{ E ,,;,'.‘____g-.: P
gl TR e AP

COE 80 mg-L™! DDP 2 mg-L™!

5 COE xf HepG2/mTOR 4HiE{R ZE ST I
Fig. 5 Effect of COE on invasion and metastasis of HepG2/mTOR" cells

F2 & Transwell /NEFRMAMHE (X Ls,n=5)
Table 2 Numbers of transmembrane cells in transwell of

each group (X Ls,n=>5)

ZH 53 pl(mg' L™  RZBEH EFEH
H74: HepG2 — 20544246  2248+229
HepG2/mTOR™ — 189.24+208  205.0+16.3
COE 80 73.8+153"  61.8+14.7
DDP 2 69.6+12.1""  56.6+12.9™

5 HepG2/mTOR 4 LL#: **P<0.001
***P<0.001 vs HepG2/mTOR™ group

3.7 COE %} HepG2/mTOR #ffEsh MMP-2.
MMP-9 & HRIZRIF N

T % COE il HepG2/mTOR 412 2 1
FERERE I 73 FHLE, F Western blotting VW24
i AR ER A IR IB K. S5 6, SEpA
HepG2 #H Jfl #H Ik , # B mTOR % i& )
HepG2/mTOR 4Hii 4 MMP-2. MMP-9 & [ 1 ik
K- 5 B AIS - COE T » 3 — B FEAIK T MMP-2,
MMP-9 & H )Rk & . & COE 7] §e#a mTOR,
I I MMPs i e 20 R 22 54 2
4 g

JFFJe & — b BE AR A A i, 1R 28RS
P e AR N B e s N ) 7 R S b S5 I
FARUIGR G W B AR A8 8 TR AR m. 2
1M, KE T0% R BIFE VIR 5 5 4F AR LR 5 K% .
It H PR 2 Howi B8 AR T 2 AE08), X T

4
e 7.2X10

4.5X104

MMP-2 |

MMP-9 |

B-actin

P§ £ HepG2 HepG2/mTOR™ COE 80 mg-L™' DDP 2 mg-L™!

1.0 - mm 7 E HepG2
@ HepG2/mTOR™

b 0.8 - @ COE 80 mg-L™!
b DDP 2 mg-L™!
E 0.6 4 &
=
E 04
{
e 0.2 4

0

MMP-2

MMP-9

5% HepG2 4 MbER: "P<<0.05 *P<0.01; 5 HepG2/mTOR™
AL *P<0.05 #P<<0.01 **P<0.001
*P<0.05 P <0.01vs wild HepG2 cells; *P < 0.05 #P < 0.01
#p <0.001
6 COE % HepG2/mTOR ZHfi MMP-2. MMP-9 &£H
RIBWFM (X 5,n=5)
Fig. 6 Effect of COE on protein expression of MMP-2 and
MMP-9 in HepG2/mTOR" cells (X £s, n=15)

AEGTFARVIBREIREN, I ek 20T SRR
PARE R E . AT, — iR RS CAUESE T T
T HIL RN, RIS e 3 A A R A A5 2B
WEENL, R, R R R N A
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BT B8 I IR T

PR, &YIHTHREMN, ©F
TR SR B R 2R IR SRR I B R
P A FH -0, AT ) 22 e e Rg 4 P 1S 5 5 4%
ZEA-1ST - R0 e g . A A= 1101 J2 Ik BV A R 117181,
AU AR FE I, COE i) e LB #% (1) b Rz 1)
Ji#%4t (epithelial-mesenchymal transition, EMT)
R, 5T mTOR {5 Fi@ eV VIAOC . J5R
Al fE T EMT 2, nf A5 8 i 2540 0o,
YT R A AE Y SRR 2 O, (R 7R MR,
B 5 T2 R I N IR 75 2R EMT 22—
ZWRME RS, 2 £ 1 (n TIPE2RY,
HOXA1321, HMGA2-FOXL2[221%6) F{E 58 4% (4
JAK2/STAT3[23], IL-6/STAT3[24], PTEN/Akt25]) ff]
W28 FE R 12, 124 9 1k BARAE FALHEAS 2 4 51
TE 2 . mTOR AE LR A, AliATT 4 £ 5%
I AL 1R B RHIE S te, @ar
HepG2 4] mTOR &Rl , FF4RF
COE TTifa, 4 M EE A rRIE &
FAB T W 2% B O ) B R A K T AR AL, B
COE i # 7] mTOR 4% fif J84 4 N 2 28 4 7% 1) 43
FHLH

I 2t o A S IR S B R AR YD R
—, FACERME R AN R AR 1R 28 S R I B R R
Z MRS AN T (ECMD £F4E1Y
ARG, A5 IR A 1 ] R 2H 20RO v R R T
1M MMPs AE g it 763 48 i J2 fige 71 Ji J5 11 3= 2 1l J5E 5K
e, GBI BRARBIR ECM 3t i 8 £ At 2 il i ik
FNGH LA EE TR P R A 2R 5 e, DT SEZ B 1) ) ]
. MEIEMAL PR ZER, MMPs % DA
MMP-2 #l MMP-9 5 11258 7 K RN
IR, MMPs %2 2 M7 5 18 BRI 20 B 8 - 1) 4%
HH PIBK/Akt/mTOR {55 il %A 46 JCEE 1) A 15 1E
. iEbiZE Sl eE E MMP2 B A IERIAK
S, AR IR A (R 2R AN AR RSB0 BRI, JE I
A 30#] MMPs 5 mTOR (3R IE/KF- 1] B8 A0
JiR 2 (R 22 SRR R EREE e — . RIegs R
7N, COE B EHIH] HepG2/mTOR 4 il i) 14 4 fit
71, 22 T MMP-2 Al MMP-9 & A 1)1k KT,
M BEE HepG2/mTOR 4l iR BB /1. A
WA T COE il w28 S5 e /1 0 HiE
FAMLE], #RE]T COE il g (228 5 54 13T
YEFI&1% {52, COE /& 4] T 1§ MMP-2 £ MMP-9

HARIEK, DRSHERIMESEENS5IER
REFRTT. [FIRF, HATHIB AR RSS2SR, I/
BRGNS, RN COE X
iR AR R AN RS HORE I, s B8 251 )T
Y& S W U R
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