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Antiproliferative effect and mechanism of rocaglaol on HepG2 cells

WANG Hui, YANG Lei, KONG Ling-yi
State Key Laboratory of Natural Medicines, Department of Natural Medicinal Chemistry, China Pharmaceutical University,
Nanjing 210009, China

Abstract: Objective To study the effect of rocaglaol from Aglaia odorata on HepG2 proliferation and to explore the potential
anti-tumor mechanism. Methods The MTT, colony formation, EQU incorporation, and CFDA-SE assays were used to determine
the anti-proliferative activity of rocaglaol in HepG2 cells. Apoptosis and cell cycle distribution effect induced by rocaglaol were
carried out by flow cytometry. The effect of rocaglaol on protein involved in the G2/M checkpoint and the MAPK pathway were
performed by Western blotting analysis. Results Rocaglaol significantly inhibited the viability of HepG2 cells in a dose-dependent
and time-dependent manner. Rocaglaol was more effective than doxorubicin in the growth inhibition of HepG2 cells. However,
rocaglaol-induced cytotoxicity in normal human hepatic cell line L02 was lower than that of doxorubicin. Treatment with different
concentrations of rocaglaol at 48 h caused G2/M cell cycle progression inhibition, rather than apoptosis in HepG2 cells. Rocaglaol
can significantly reduce the expression of G2/M cell cycle-regulating proteins cdc25C, cdc2, and cyclin Bl as well as increase the
expression of ERK and JNK phosphorylation levels. Further study found that U0126 can partly abrogate the anti-proliferative activity
in HepG2 cells, G2/M phase arrest and the reduction in the protein expression levels of cdc2 and ¢dc25C induced by rocaglaol.
Conclusion Our results demonstrated that rocaglaol was superior to doxorubicin in the inhibition of HepG2 cells proliferation and
the selectivity of LO2 cell activity. We provided evidence that the rocaglaol had the ability to continuously over-activate the ERK
signaling in HepG2 cells, leading to the inhibition of cell proliferation through G2/M phase arrest.
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WK ZEEE (rocaglaol) A& MKATF =43 B9 433
0= S B2 N3 b o JUN K= YR R e/ s i i W
CasHa606, AHNI /3TN 434.48. AWFFKIE
K LT 22 Bl NS 40 B 1 A KA 3 A R
FAUS4, ek N R 0L P Rz 40 (HUVEC) 1),
Jagm AL LA Pl 245 TE AR R RN . AR
56 2 AENE PRI 106 R LI oK 22 B RR A 2 35 H RN
FHEARrIAER, JF B IR A gt/ R
& SOK AR BRSPS L&Y, (R &5t
JH-Jes 240 B PRI A FH B FE e e R AL ) 9 7 16 P 9 SRR
TEHRE D, R AT TR T % 50 K =2 B 5 s 4 g
HepG2 AEAKIGFE 152 S AT MR LS o
1w
1.1 4Apm

NHFE HepG2 4 AN IE 5 FF40A (L02) i
T E R A
1.2 ZamFnids

& SRS RE FHAR SIS 2 MORAT 22 A 2 B A 2,
JREIIH>98%; FER QLR ZSEEREAIRAF,
#t'5 060710). DMEM F1 RPMI 1640 53%4E (Gibco 2>
ADs MRS (BN TR e
MTT (Biosharp A7]); EdU 4i&E5aAmiFfaE
IHECHEAEYIRIH AR A F]); Western blotting 4024
. BCA HEERENEEGHE. AnnexinV-FITC/PI
TR &, CFDA-SE 4ifissatiilidsg (Gix
RAEYHFARFFT; —Pt GAPDH. Cdc25C. Cdc2.
CyclinB1. 4HI4MATTH 0 (ERKD. p-ERK. p38.
p-p38- INK. p-INK FI=E41 5 —$i (Cell Signaling A7)
1.3 {45

311 WA E H M R4 (£ E Thermo
Fisher Scientific 4] ); BSC-100011A2 4% 4=AE
(iR R AR D CKX41 818 B3 (H
A Olympus A 7] ); Easy purell SZ36R R 25K

DioFuge PRIMO ! & :UEnd B0 bl —80 CHE ki
VK% (ZE[E Thermo Fisher Scientific %] ); Spectra
Max Plus 384 fifftnil (3£[E Molecular Devices /A
7] ); Milli-Q labconco 2fi7K{% (£ [E MilliPore 2 F]);
WO T A B BT (15[ Leica Microsystems /A ) )
FACS Calibur i 40 fx (£E BD & w]);
Mini-Protean® Tetra Hi 3k ## . ChemiDOC™ XRS 43
Fiftg 24 (3£E Bio-Rad AF] ).
2 HE
2.1 pEEFE

HepG2 1 LO2 4tk & 755 , HepG2 4ilfiFH &
10%Ji6 25 137 i) DMEM 5538755 9%, L02 F & 20%
A 2E 37 i RPMI 1640 559208577, B T4ik: 3
F (37 C. 5% COy FHXTIREL 95%) 5577, & 2~
3R IR, B R KA B AT 5558
2.2 MTT JENLHBEE

HUR A K 1) HepG2 B LO2 4, 1H %4
W5 B EEFL 4 000 A, HERUREFE 24 h, IIAZ,
3% o K 22 B BT 2R (24K P 304,60 1201 240,
480, 960 nmol/L. AWK E 1 6 AFATHL, *T
PRI BB TR T 37 Cornlis 24, 48,
72h J5, FEFLI 10 uL i MTT (K JREIRE RN 0.5
mg/mL), EEWE 4 h, NOFERFRE, 400N
A 150 uL DMSO, &% #8#%% 10 min, LA 490 nm Ay
K, 650 nm NS,  FEEARACRIN %L
PRI (4 1, THES AR

TEER=(A sp—A we)(A ww—A )
2.3 YRR SEBEM AR SCIE

HUk$2E K HepG2 4, &EFLEEFP 800 4 4l
fiF 6 fLESFRIR, MBI ANMES, B 37 C. 5%
CO, B FRAARTFE 24 h J5 N2, AHV% TR EE 24K
JE5 0. 30, 120. 480 nmol/L, 45%448h /)5, %
TUEFRAL, R E SR (PBS) Uk 2 i, N
NFHEEAN S iR IR Ak S 1 9% 8 dFE BB BB T
ML I LR A A E , A0IECK T 50 5
B 1 MR TCRE. THEUS 7 R IR AL, PBS UE
w2 WE, M 4%Z EHEERE 15 min, S5 %
4 30 min JEUKMSE, . TRETREE S .

0 [ T i = 4T e e A i 4
24 EdU %

BUOW B4 K 1 HepG2 4, PARRFL 1X10° 4>
M READ T RO R I, 5595 240 5, A2
Iy 30, 120, 480 nmol/L {13 50K 4 %,
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250 E 36 h J&, I EdU (KA 10 pmol/L)
W, 5% ILFENE 8 ho #HEEFRIE; PBS
THVEAMME 1~2 IR, KRB DNA [ EdU ¥eflif.
P HR ) SR A ] o G B e, KO L SRR
B8 TEOEILRERMEE T, LA 550 nm BRI,
565 nm KHTIEKAAIE, PAR LA G, KRR
WM (B FARE ST bR iC A R A E -

2 PR 2 = BRAC 20 B0 (e O R B B+ R ART i
M%)
2.5 CFDA-SE ¥

i 50 & U0 W % HepG2 4 i Ay i
CFDA-SE, ¥#ric 7 CFDA-SE 4IRS E T 6
FUBRH, BRFL 2X10° AN4HME, K597 24 h JR4R254H
YA TAIREE N 300 120, 480 nmol/L R 5K 2%
. 2990038 48 h AN Kl s ol
FELEF, FAK PBS Beikdiig 2 I, F FACS
Calibur it =2 M A 52 40 B F 7 240 e e e B,
FlowJo B {FAbEREE .
2.6 ZHREAT AN

B 804 K 9 HepG2 40, 4R 1 X
10° Ay /mL BFh T 6 FLESFRMR, 24 h J545 2. A2
IANEAFEWE (300 120, 480 nmol/L) & 77K 2%
WL B IR, AR IR %3 3 NMEFL, 48 h
JEWSCEEANND, % Annexin V-FIT-C/PT XU 44H Al
VoI FHRAE, A T A (SRS U 20 R T
2.7 4HREE AN

HUOSBAE KA HepG2 401, LA 1X10° 4~/mL
(R AT 6 FLES RIS 3% . S F TE I35 1) DMEM
R FRREAL PR HepG2 41 24 h {5 4400 A A [E] B
B2k B [F 4. 430 F sk - (480 nmol/L)
1 K 2 BEALEE HepG2 4HANRII 8] (24 48, 72 h)
B ARFWE (300 120, 480 nmol/L) I ik 2
AbFE HepG2 4l 48 h, W4, CRER e idR,
TN PLEEA Gulgett, s A ARSI .
2.8 Western blotting ;EHMHE X EBFTIX

Bk A K HepG2 4R, LA 1X10°/mL
f2 B e hh TS R L, #2608 “2.77 R 7 al4h 2,
ARSI, TV PBS ik 2 YK, I\ Western blotting
J% 1P 40, VK B2 5 min, 12 000 r/min &5
0 20 min, PREL IS, A BCA B ERENE
WAV E R IR NG R 2X R A L FEZ
i, T 100 ‘C/K¥ 10 min, —80 CHRAE#H . HUH
40 pg FEFES, FEH 12% 0 BB 4% IRGE R

SDS-PAGE #Efl K, HIKTERE, FIEFENRT %
¥ E % 2 PVDF JB, #2558 a4 PVDF IRE T 5%
BSA T&i NEH 2 hy, —HUF1 —HudiRad B 45 LA
B, —Pi4 CW AR, TBST ¥k 3 I, &K 10 min,
ZHUERFE 2 h, TBST ¥ek 3 %, K 10 min, fff
i Bio-Rad & JtHf% R4 SRIEE 3 K.
2.9 MAPK HEIF4ER SLid

HUnE A KT HepG2 20 AL, 2 40 ik B oy
4L 4 000 4>, BEFLEEM 190 pL T 96 FLARIGE TR,
WL IR 24 h, 252517 MAPK $0 54 LA K I% 78K
LA MAPK 64N AN &K 20 pmol/L
ERK #1117 U0126 B 20 pmol/L JNK 117
SP600125 M E 1 h, AZHHJEMAF 480 nmol/L
WK AR R . T 37 C ARG IE 48 h R 2
BRI, SNEHEHR “2.27 TRy ROT AL . B0
HAEKIAN HepG2 40Md, LA 1X10°AN/mL K% FE
FEMT 6 LR TSI . SEHLIMTER DMEM ks
FRHEALHE HepG2 201 24 h 48 4 40 i J& 1A [=] By
B0 M A B [F2P A . 25 25T MAPK #0171 45 DL &
BT LS MAPK I 74NN 9K 20
umol/L ERK #I#7] U0126 M5 1 h, Az5413L 5
A 480 nmol/L ¥ w K =B (135 7725 . T 37°C /39l
IR 48 h Ja A EEFRI, RJEIEMR “2.77 F0 “2.87
B Ny = WA R 5 8
2.10 ISt

A #HE U ¥ + s &, KH SPSS 22.0 #4174t
oM, ZAER R LR B R R T E i
(One-Way ANOVA), HZHTE]FH ¢ K6 500 5 35 1
3 #R
3.1 BRKRZEEX ARFEYMA HepG2 KIEERT
L02 #fafF &R RS0

SERIE 1, I8 OK 2 BERE S IR AN (B {4
] HepG2 4Uffsiss, SxIHEAAMLL, ZRE#E
(P<<0.01) AR L1 S oK = WAL SR ia YT I 1)
g7 25k B R A F T HepG2 40T LO2 41 48 h
Ja R, I AKEEE T HepG2 4UM7E 48 h (12
BAHIRE (ICs0) N (251.62+30.56) nmol/L, 1E
FHF L02 4Hu ) ICso fH N (441.69+43.83) nmol/L.
B 2 AE T HepG2 4HMTE 48 h [ ICso N
(559.32440.43) nmol/L, {EHT L02 40 1Cso
54 (164.62+25.94) nmol/L. DA &5 RE K ik
ERELEHN] HepG2 AHARIEFARCRAINS L02 AUk
YT TR iR &
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“P<0.01; S5FER (HepG2) ALbE: *P<0.05 *P<0.01, SR (L02) 41H#: &P<0.05 *&P<0.01;

*P <0.01 vs control group; *P < 0.05 P <0.01 vs doxorubicin (HepG2) group; P <0.05 “&P <0.01 vs doxorubicin (L02) group;

SRR ZEENT HepG2 1 L02 fHARTEERAIEND (X 5, n=3)

Fig. 1 Effect of rocaglaol on HepG2 and L02 cells viability (x *s, n = 3)

3.2 BRAKZEEXT ARTREZHAE HepG2 EFERIS NN
EdU (5-ethynyl-2'-deoxyuridine) #&—Ff fii] fif i
BERL TR, RESAE DNA EHIN 1] (S B A%
M fmsnE (T) B ANIEAES R DNA 0 F 1, vl H
B IR A I DNA S VE DS Seat 4
2-A filizr, B @gniey EdU bRic (40,
FoRAETF IR A . 3 AR R S 2
Mo PR E 2 5 R (o r 40 i 3R s A T I BEIR A 1 48
Mo AR R A AL B G v JS B, Ok HE AL PR 4 i B
N (61.78+13.90) %. 25T 30, 120, 480 nmol/L
1 TR I & A R 4E B A 2 5 A (36.24 £
1.27) %. (29.384+1.99) %. (1.96+0.03) %. 5
X IRZH LA, Bl o 74 v K 22 AR FH T HepG2 4H 1)
Z9WDIR BE S N, BB AT ) LA e, 2
BE (P<0.01),

CFDA-SE Aric 40 1) 58 6 EH 3 S fifsoe
R — IR 2t 2k — =, AR
iz, FHuoknmE el seitd R 2-B
Fis, 180K 2EEE(E 300 1204 480 nmol/L fJ-F34
PR A IR 1.66. 2,12, 3.09 fif. 53
MR, BEA IS oK 2 EEAE R T HepG2 4HAERIZ
VIR FERIIG N, P39 R ETIE I, 2 5% B3
(P<<0.01).

ST 5 2 T2 5 ST 56 o VE AT 24 0 WU A 1 4 A
1 o IR a5 & 2-C s, 1 i oK 2 BEAE 304 120,
480 nmol/L 75 N HepG2 4 it i 55 B & R 4373l N
(69.42+8.07)%- (18.95+4.92)%. (9.61 +£2.18)%.

5 R LU, BEAE T e K 22 BEVE A T HepG2 4tiffL
(R Z 400 P52 (R 38 T, 4t o vt B 5 ) AR /N g s >
ZREE (P<0.01), DL ESEREHE WK LR
s 7B S A HepG2 MBI 4, H A
HepG2 4t i 34 58 135 P4 ] B 5 LM 40 fe DNA &
B Ko
3.3 BKR=EEXT ARTE HepG2 AR HAFIZ0AR
AT RSN

SR ME 3-A FR, M4 GyM HgH Ll
T4 R, MR Goy/M HAgH ey (11.35+
2.76) %. {F 480 nmol/L ¥ 7 K :FE/EH 24, 48.
72 h I, Go/M AR LEAZ 530 9 (28.04£3.41) %,
(38.24+4.08) %+ (31.85+3.37) %. #WETEK
WEES T HepG2 41 Go/M JE #HRH A, - H7E 48
h Rl . RIS 48 h BT F— 7. HEA
[EHR P PRIV 5o K 2 FEAE 48 h I HepG2 2 & 19143
s, 50K 3-B For, STHRZ Gy/M 4
LA (14.154+1.86) %, 1 30+ 120, 480 nmol/L
EROKRZEEAER 48 h B, Goy/M HHAHLLAB 7 5N
(15.071.76) % (31.25+1.98) %. (39.254+1.70) %,
S5 LR UK OK 22 ] LUK B AR M 15 5 HepG2
A Go/M JE HARH A o R B PRZR T % o oK 2
HepG2 4HBRIPUIE LK S SMBHT- A K, 4
BUE 3-C fin, fE 48 h i, SXTHRAAHEL, &k
FEUE oK LA A T R R R AR AR, %4
REUE 48 h DL, ¥ FOK AR 7T HepG2
MM
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“p<0.01, FEFE

**P < 0.01 vs control group, same as following figures

2 REKRZEEXS HepG2 HRFRIHTISIEIEM (X £5,n=3)
Fig. 2 Anti-proliferative activity of rocaglaol in HepG2 cells (x *s,n=23)

3.4 BREAKZENEE GyM MR XEE/
A

g5 R 4-A s, 4E 480 nmol/L & 5K
MEEVE] 24, 48, 72 hisf, W& E oK 2L Al DA
() 44 8 P S5 % P01 cdc25C . cde2 Al cyclinB1 &
I RIE . [ I8 7E 48 h B AS [R) IR FE %% 38 K
RN AR AR AR, g5 R WK 4-B
TN e oK 22 BE AT DL B K M T
cdc25C. cdc2 Al cyclinBl AR Rk, Kk,
P I 75 5 oK == B BT RE 8 A v S R S TR 9K A 1
ZHNH cde25C &1 H MR IE T F L cde2/cyclin
Bl 5 &Y HNE M2 #0) , 3251 51 #2 HepG2 41 i
Go/M JE JA FH i

3.5 BT KR=EEXT AR HepG2 4R MAPK 55
B XERRIENEN

SERNE S B, W SR A AT DA [R) AR AR
MPERE RS ERK EANBRL, ZREE (P<
0.01), TixFiE ) ERK & B . 1% 7oK 22 i n] LA
WRIERANE RS INK FIBER I, X E M) INK &
B I8 OK AN p-p38 S p38 I
HIHIER, (H2 p-p38/p38 BEAAL, RUNE WA E
BEXT p38 IR A B . DL g5 SRR
K2ZREA] DL 25 0% ERK AT INK 2K A KB BR L «
3.6 MAPK ESBEBAERRZEFSH HepG2
4fRE G2/M 4HBE B HAPE i = 89 1E A

Y WA ERK AT INK 38 B 3805 76 U 7o oK 24
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oy Y TKERE 30 nmol L KA 120 nmol L 30K 2R 480 nmol-L
c
4 1041 Q1 Q2 1043 Q1 Q2 10*4Q1 Q2 103 Q1 Q2
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= lozt ( FiE 10 1 10 1
10" 10" 1014
] Q3 ] Q4 Q3 [R%s 4 Q3 1Q# Q3
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X g BT 24 30 nmol-L! W T K 22 E 120 nmol-L! W 5K 22 B2 480 nmol-L!
AV(+) "
D 504 E F .
@ 08
2 40 s 3% AR 30 nmol-L!
3 wox 601 B2k 120 nmol L
o] i = W% 7oK 248 480 nmol L™ S
= 30 S o e
= i T 40 1
Sy ) E
S 209 = =
_ T E
O] = g
2 20 i
=
T T 0'
X 24 48 72 Gy S G,/M 30 120 480
t/h B TR 2B/ (nmol- L")
A. D-480 nmol- L J& 5 K 22 BifEFH 24, 48. 72h, B. C. E. F-30. 120. 480 nmol-L ' }& i K 22 /EF 48 h

A, D-HepG2 cells were incubated in 480 nmol-L™ rocaglaol for 24, 48 and 72 h; B, C, E, F-rocaglaol treated HepG2 cells for 48 h at 30, 120, and 480 nmol-L™" dose

&3

TR ARZEENS HepG2 HAAEEHAFABIAT RN (X £5,n=3)

Fig. 3 Cell cycle and apoptosis analysis of rocaglaol-treated HepG2 cells (x *s, n=3)

TN HepG2 4HMPiigFE/EA, H INK #il7]
SP600125 F1 ERK 411l 571 U0126 KA L% ERK
FINK 53 oK 2 B2 510 HepG2 4P i 2
BA KB diRWE 6 Frn, MTT A& R ER,
U0126 THALIEYE 7 K 22 E 480 nmol/L 4 4H /74
I 480 nmol/L ¥4 b K == i S Ab H 40 2 25 v
(P<<0.05); i SP600125 THALFEE 7 K 22EE 480
nmol/L ZH 4R MIAFiE 4 480 nmol/L ¥4 72K 24 B B

AbFRH FEACK A AR Ak . dHH AL SR R U0126 T
AEFRIE 70 K24 480 nmol/L ZH GyM A4 i L 5l 5
480 nmol/L ¥ b K 22 FE AL FAH 2 PRI (P<
0.05) . Western blotting &5} {7~ 5 480 nmol/L 7% 5
KEFEA A AL, U0126 FALFRIR w0k 22 FF 480
nmol/L # Go/M HiAHKHE H ¢de25C F cde2 fIFKIA
BRI (P<0.05). DL L&, ERK {5518
PRI TS Go/M TS E E ¢de25C F ede2 [)FRIE
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4 GETURZEX G/M MRS EXERRIEANEN (x £s,n=3)

Fig. 4 Modulation of expression of G2/M cell cycle-regulating proteins by rocaglaol (x s, n=3)
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Fig. 5 Regulation of MAPK signaling pathway by rocaglaol (x *s, n=3)
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