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W OE OB AR AR AT R HepG2 20 JR 38 54 42 2 Aw B T 69 ¥ oh . 7 ok R A CCK-8 ik i 2L M 2008 69 25 25 R B s R A
Western blot i% /i i & 2m i~ 6 (IL-6) 5 AR BR ALAZ 5 4+ 55 & B 4+ Fi0FF 3(p-STAT3) & & & & 14 49 HepG2 4 oL R 4 4%
BRI . B HepG2 tu iy Ay 22 & 3 PR 40 KA 40 M 418% £8.(0.5 mmol/L ) F= [P 3 B 28 (p-STAT3 474 %1 C188-9, 10 pmol/L) , 4
= GBI AL A L A N TL-6 525 25 A N TL-6 Fu A 22 25 4 45 5 4735 4 . R A CCK-8 % . Transwell &% #= Annexin V-FITC/PI
e &,k o R\ A ] B4 40 B A5 B AZ 2 B AT WA 8 T % SRR Western blot i34 & 28 2m it ¥ p-STAT3 bk K 2 & B 3 (cas-
pase-3) 4545 % & (ZBP-89) A= 0% % & & (vimentin) 89 & ik /K-, 2T PDB % & #4% & , vA STAT3 & AL Sh 4R 25 ) IBG1 A st 4
B, VA Tyr705 B B 64 K 3% H B2 09 4 A 0 4%, 4T 408 5 STAT3 B & 64 5 F st oA . 25 %+ #4592 0.5 mmol/L 7 428 7
HepG2 %m 2, 48 h4F 4 J& 4 52 3o F 44, vA 50 ng/mL IL-6 A& 54, 52 & x4 b, A 20 4w fe42 & $f p-STAT3/STAT3 tb
{8, vimentin & & & & KT B E 38 K 3 (P<0.05 R P<0.01) , 4m JoL% 40 )8 = 5 4= caspase-3 & & & ik KT 3 B FH AL (P<
0.05 3% P<<0.01). 5AEAL 20 Yb 4%, [T 4008 48 A [ 1 X IR 40 40 L 75 76 3 42 22 30 . p-STAT3/STAT3 et fo vimentin & & £ A K-F 3 2
FR Y R EAK(P<0.05 3% P<0.01), 2 ioF-21 08 = 5 (TS0 L0 TR 51 ) (8% 2 8 = v caspase-3 . ZBP-89 (14 3¢ B L4 51 ) & & &
EARFHREIZH(P<0.053 P<0.01), H-FrriEss R AW, MM A AL Asnb81 Lys591 2 7 44 1.9 | 2.0A 89 4k 1E
A, 4 A58 — 4.4 keal/mol, 45« FT3088 T Ak i@ id &5 STATS B R AAL & P4 45 Ak 37 k) p-STAT3 ¢4 7 1 ; 3F T 38 i STAT3 4R #i
M %12 L caspase-3 & & & ik, R T8 iE STATS JE 4R i tE i 42 L if ZBP-89 & & & ik , 3 T A vimentin & & & 3k , A 4 4]
HepG2 ey 3§ s A2 5 M =
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Effects of Ferulic Acid on the Proliferation, Invasion and Apoptosis of HepG2 Hepatocellular Carcinoma
Cells

YIN Jinping, ZHUO Shaoyuan (School of Basic Medical Science, Guangxi University of TCM, Nanning
530200, China)

ABSTRACT OBIJECTIVE: To study the effects of ferulic acid on the proliferation, invasion and apoptosis of HepG2
hepatocelluar carcinoma cells. METHODS: CCK-8 assay was used to screen the concentration of ferulic acid. Western blot assay
was adopted to screen the optimal concentration of interleukin 6 (IL-6) to induce HepG2 cell model with high expression of
phosphorylated signal transduction protein and activator 3 (p-STAT3) protein. HepG2 cell were divided into blank control group,
model group, ferulic acid group (0.5 mmol/L) and positive control group (p-STAT3 inhibitor C188-9, 10 umol/L). Except for
blank control group, model group treated with IL-6, while administration groups were treated with IL-6 and relevant drugs. Cell
survival rate, invasion and apoptosis rate in early and late stage were detected by CCK-8 assay, Transwell assay and Annexin
V-FITC/PI double staining, respectively. Western blot assay was used to detect the expression of p-STAT3, caspase-3, ZBP-89 and
vimentin proteins in each group. On the basis of the PDB protein database, using 1BG1, a highly similar crystal structure of
STAT3, as docking template, using the region around Tyr705 as the putative binding pocket, the docking analysis of ferulic acid
with STAT3 protein was carried out. RESULTS: It is selected to use 0.5 mmol/L ferulic acid intervention for 48 h as the follow-up
experimental condition; 50 ng/mL IL-6 was selected as the modeling condition. Compared with blank control group, the number of

cell invasion, p-STAT3/STAT3 ratio and protein expression of

A SEGIUH < 58 A AR 2 G BE M 0 H (No 81860824, No. vimentin were increased significantly in model group (P<<0.05
81660775) 5 2017 45" P4 thr 24 245 0BT 78 s S 2 % PR (No.17-259-
20) ;)G P B GRS AR BRI H (No.Y CSZ2020024)
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HOEAEE S B A S0 T BESE  1  RE  rp 2 number of cell invasion, p-STAT3/STAT3 ratio and protein
537 . E-mail:sherwin_zhuo@126.com expression of vimentin were decreased significantly in ferulic

or P<<0.01), while late apoptosis rate and protein expression
of caspase-3 were decreased significantly (P<<0.05 or P<

0.01). Compared with model group, cell survival rate, the
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acid group and positive control group (P<<0.05 or P<<0.01); early apoptotic rate (except for ferulic acid group), late apoptotic

rate, the protein expression of caspase-3 and ZBP-89 (except for positive control group) were increased significantly (P<<0.05 or

P<<0.01). The results of molecular docking showed that the carboxylic groups of ferulic acid could interact with 1.9 A hydrogen
bond of Asn581 and 2.0 A hydrogen bond of Lys591, with binding energy of —4.4 kcal/mol. CONCLUSIONS: Ferulic acid may

inhibit the activity of p-STAT3 by directly binding to the phosphorylation site of STAT3; it may up-regulate the protein expression

of caspase-3 via STAT3 dependent pathway, or up-regulate the protein expression of ZBP-89 via STAT3 independent pathway and

then down-regulate the protein expression of vimentin, so as to inhibit the proliferation, invasion and apoptosis of HepG2 cells.

KEYWORDS Ferulic acid; HepG2 hepatocellular carcinoma cell; STAT3; Caspase-3; Vimentin

D M P9 2 AR ER 7S RS DLJRRAE | 2020 4 HoBT &
515123 90.6 T3, 5 AERR 51 24 83 T3 5 He 5 i L i) 2 JH P4
Pl , 249 o D & PR FHHE 1) 75 % ~85 %"

Wi B0 1 2 SHe Y5 BT BRI 224 U1 5 e 24 1 — i R 2K
BT, HE R e EEEAR, B R R ORIFSEVE T, oAl
A A AR i A A AR SR AR M g T R
FLHUFE 9 3 AL S A P i AR 58 = W . R
T 55 S H O S 06 T 3(STAT3) MK P &
M (vimentin ) Y2 78 JH-98 20 29 a8 9 20 B ik P od i 3R 5K
FAEN— P EE NS0 TR 2 5 i
R T AR FRAST 0, 2 i 4 32 S R
P2 3E 1 40 A 2 6 (TL-6) %5 420 [ 134 76 STAT3 fY #
TR ALT 9, 9K J5 B2 1k STAT3 (p-STAT3) L) — B 1A K
G A0 M AZ , VR A O T DG S 4y - b R B TG 3
(caspase-3) B #1195 K B 45 & 171 (ZBP-89) , 1 1My 14 3
vimentin 1K , P 2 968 20 M 34 7 A2 28 -4 il HL 08
T (H PR IR 5 I i STAT3-vimentin 155 53 %
RAFGUEAE L v AN

FF I, AR AT ALK F IL-6 15 5 p-STAT3
fo 22 1K B9 N9 HepG2 4 EA Y, L p-STAT3 101 il 551
C188-9 Sy BHA:XF BRI LT STAT3-vimentin {5 5 18 JE A
VIR AR R X HepG2 40 L3 58 (222 MR T- (152 M, 45
B TR ARSI B R R 5 STAT3 4 &6 4, 4455
B AR R IRV R A0 5 43 WL, DA R LI PR g
PP LS LA

1 ##l
1.1 FENEE

AT 32 EALERAT MCO-18AIC Y CO. 4 ifa b
248 ( H A Sanyo 28 7] ) , Epoch 5 4= I 1K Bl AR A (3
BioTek A rl ) , LSRFortessa % i =X 2 ffg 4% ( 3£ [&] BD /&
7] ), PowerPac TM Universal Power Supply %Y i 7k {% 4>
REAY RS T R 48 (3618 Bio-Rad 28 Al ) , 3 L HEL Uk il
FEE AL (LR — AW BARAT R R]) , MDF-UT7386S
AUERIGIRKAR (ST 16R A i 3 5.0 H1L (52 [E Thermo Fisher
Scientific 2~ ) )45 .
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12 FEHRBSKFA

AW FE BT 2 22 5 500 4 = o DMEM K 37
F | Annexin V-FITC/PIJ# T- kA5 £ (52 E Wisent 24
AL 520 58 319006023 . A211-01) ,0.25 % fifi 25 [ il

4 13 (92 [# Gibeo 24 ], 4it 5 43 51 Sy 2120917

2148169CP) , p-STAT3 11| 1] C188-9 (& [&l Mce 24 v , 4t
*5-31595) , CCK-8 2t A 438 4 o il 1591 5 (i ot v E R A
WIRHH AT RN | S TE271E8) , Matrigel 55 i (3£ [
BD Al b5 354234) , + ke B A R AN - IR TN 04 TR
(SDS-PAGE ) # Jie He it i i i) & ( BV 38 = KA+
ARA AL HES 120319191206 ) , Transwell /825 (3£ [H
Corning /A ], it 09420061 ) , 215 ( BAR 2 34 A= 4
BHEA R AL 15 MUST-20060511, 415 =98% ), N
ZH K7 1L-6 ( 3£ [#] Peprotech 23 7l , b5 0215102¢2793) ,
BCA # & w il & (R pUs AR ) TR BRA A
fit5 14G08A46) , ECL A ytidil & (db A2 & A=
FARABRA T, #5 TE34E9) , RIRA 2Lk (b 5t &R 3K
FAEYH ARG BRA F S 20190922) , & P R D H
BT SRR A R AT BR 2 |] ik 20200114) , il
caspase-3 £ v PLIA | T il p-STAT3 B 5w B HL {4 (3 =
CST 2~ Al #iL5 435012 34.18) , fe I GAPDH £ v 7t
R AR STAT3 £ iU il vimentin 22 FeEPTIA |
W EH S S 3R 11 G (1gG) — 40 (Gl = A Wy R
BT #5435 51 00078427 00081195, 00086320
20000217) , fe i ZBP-89 £ v b H A (Jb i B Zj A= 4
HARGBRA AL S AC07T172366) ; HiA R hy 5286 2
RS K oK .
1.3 4hfm

A ST I F N8 40 Mtk HepG2 ) 7Y Hh 25 253%
58 S s AR
2 FHik
2.1 #mRmEESR

K 10% B4 103 1 = DMEM B 57 5E (LU
fRIFR G IR ) T 37 °C 5% CO. 1Y 55 F2 46 v o FL 1S %
HepG2 41 il . 441 A K 2 80% Bt , 1] 55 329 P i A
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0.25% RN Ak , 2355 S rh A il R4 vk, DAk
(A IEE e
2.2 PIZERK T AT B AL 5 R BRI IGIE

K CCK-8 I iF A7 iiiis o HOR %5 2E < I Y Hep G2
YA, A 0.25 % R AL, , 1 B B2 24 5% 10" mL ' 48
PRIV 5 B 100 pL 20 B8 i HeFh 1 96 FLAR L SR 5 20
25 U REZH AT B ER AN W] 9k B 21 (0.125.,0.25.,0.5. 1.2,
4 mmol/L, #¢ B 2% SCHR[1413% &) , B2 % 3R AL I
BB AL UM SRR g, N D . a0+
37 °C.5% CO.INIEFAATEEFE 24 hs , Sh 254N A 100
WL 3 A U BRI B A TG L3 B S 3, 25 I x B2 A
100 pL JCi i H 3R 5L . 43 B FAE A 12,24 .48 his) M40
CCK-8 4 it 1 7 R A7) G 1 B B4 R AR AT
450 nm Y AR 5 25 21 1 6 % B (ODOE., 34 41 il
AETE R AN IEIAEIG 2 = (OD s — OD gz )/ (OD sy —
OD ez, ) X100 % ], LA TR 1)~ SIS ) FH 25 25 MR B
2.3 IL-63iEE R E B 5 1%

25 CHR[15— 16 5 A Tt . BB A Y
HepG2 i ifl, LA 0.25 % R F AL , i A% 2.5 10° mL ™" 11y
2 R 5 BN 2 mL 20 AR AR T 6 LR L SRS A
25 6] RECZH R TL-6 A [] g A€ R 3 20 (12,5, 25,50, 100,
200 ng/mL, ¥k B 52 SCHk[15— 1611 %) , B4R 3 M
fL. 5 HepG2 40 K 2 80 % I}, IL-6 A [l i b e Ji5 2
A5 FELE 3 B v B8 TL-6 P JC LY 15 %3 2 mL, 25 16t
HEZH i AR IL-6 F T I 1 B #5256 2 mL, F 37 € 5%
CO. By BEFERE TP 5 37 48 h e, FF 40 It ) ) BB 20 i, - A
1 000 r/min &5.0> 5 min FRAF A MEUTE . HCAH IR TTE ,
A RIPA ZLfif 3 . PMSF 8 11 1R il 41 o) 7] (AR FH L
91001 1)id 5, T oK 224# 30 min; T4 CH&4FT LA
12 000 r/min #5.0> 5 min, B F {5, >R BCA & A &
WA AR PR . SIS 1T SDS-
PAGE HLJK 1, T3 P H 34 A 30 min L TBST PEAR
30 min, 43 51 il A GAPDH — Bt (5 B & 4 1:5 000) |
p-STAT3 —Ht (Fs B Ay 1:2 000) . STAT3 —Ht (F BRJiE Ky
1:2000), 55 & 1 9% ; LA TBST PEAK 30 min, il A — 30 (Fi
BRI A 1:5000), 9% % 1 h; LA TBST PEME 30 min, il A &
S, GBER IR RS . R Image J v1.8.0 #fik
F553 87, LA p-STAT3 25 [ K B 5 STAT3 25 1K B 1)
FLAE 22 7% STAT3 1 i R A0 P2 B, 1% U AELBR K, M) 38R
STAT3 B R AL FE = (R IR -

24 A BEES%YH

IO K B HepG2 41, 40 hy 25 AR HR 4
HIZH AR R 4H (0.5 mmol/L ) A BH M %F HE 4H (C188-9, 10
umol/L , ¥ FE ARG SCHR 174 B ) . FrdiifisE K £ 80%
B, 28 P BRI A TG IR 355 55 2 (6 FLAR I ARG 7 2 2

HEZED; 2021455 32 5 131

mL, 96 FLAR NN ARG 75 55 100 pL, F[A)) , BB 2H fn A&
50 ng/mL IL-6 1% JG Ifil %5 3% 77 & , Pl 81 iR 21 in A % 50
ng/mL IL-6 F110.5 mmol/L B[ &R ) JC Il 15 5 77 2k , PHAME:
X HEZH Ji A & 50 ng/mL IL-6 F1 10 pmol/L C188-9 At JG
MR FREL, FRYRSEREF7 48 h G HE TJa 2k o
2.5 HHRATEERARN

K CCK-8 kA Al . B 4504 K 91 1Y HepG2
A, S0 A 0.25 % JEETETH AL, , 5 5% 10" mL ™" (%) 24 Jfd &
W5 100 pL 4 A A 42 T 96 fLA P, T 37 °C 5%
CO. W B FRA R R FE A8 h T, #5“2.47 T T ik 4 i
B 225 Al 3 AL, i B AL . RJE AR
CCK-8 4 it 58 e s 34 70) 5 15 B B 480 R A b A F
450 nm AR E £5FLAY ODAE, HI T4 B AAE %
2.6 REIZZEEE /1RO

K Transwell /NEE AT o BSOS B0 K1
HepG2 41, 42,47 W T ikl Bk 5 452 K gkad
i v 53 0 5 BL s B Matrigel G5 e (IR R IL Ay 1:8),
WA )G, LA 50 uL/ALMA Transwell /NE FJ2, HF
RE SRR P b 2 RT 5 B AR 25 2 20 B A 2.5%10° mL ™!
F14) 240 FfL 2k, SR I 43 i) B AN S ¥ 100 L il A %2 Tran-
swell/NVE FJEH /NE T ZH A 700 pL 7% 10% i 2R
MG B R SR, T 37 °C 5% CO, 1% 4 P 35 57 24 h;
U /a2 RS 25 SR et s i R R 28 20
S5, T AR BEMLIEE 3 0BT B e il 45 10
LRI, R Z2 20 M, - SE T4 2H 0 1 22 A AR
2.7 HpBAT =N

K Fil Annexin V-FITC/PI XL (0 gk dEA TR o BUX
oA K 1 HepG2 4H L, Jin A 0.25% JBE i 14 1L , i 5
2.5x10° mL ™" {20 Jf A2 94 5 B 2 mL 40 M= 3% A0 T 6 £L
B, T 37 C.5%CO.MEFM PGSR 24 h)m  #2.47
TR Jy e R S 252 AR 3R L. SRR
Annexin V-FITC/PL A Tkl i) & vt B 45 7 V484 R
FH A A SGIEA T 20 B 0 A I
2.8 0Bl 1 p-STAT3, STAT3, ZBP-89 ., caspase-3 . vi-
mentin & H FiX K FH

K FH Western blot 3 #E 474G I o B 04 4 1 11
HepG2 4L, A 0.25 % gl i Ak , il 5 2.5x10° mL ™'
I R s B 2 mL 20 S W Rl T 6 LR, 2,47 T
TR GER S5, BHE 3N AL, IR
Jei, GBS AN, #5237 T F “F 4 CZF T 2L 12 000
r/min .0 5 min 3RS ML HTTE - T 5 P W A 30
min” 2 B AR, SR )5 LA TBST 36 8% 30 min, 43 51 hi A
GAPDH —#L(FiBe % 4y 1:5 000) \p-STAT3 —Ht (Fi B i
1:2000) . STAT3 —$t (#i B B4 1:2 000) . ZBP-89
—PU(FREE J 1:1000) , vimentin —PL (F B E B 1:
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1000) ,caspase-3 —Ht (FFEEE R 1:1000) , 5% F 217 5 LA
TBST PEME 30 min, LA ZHt (R BEE R 1:5 000) , 0 7 1
h; DA TBST PEMEE 30 min, MIA 52, ZBERS LR R G0
1% . K Image J v1.8.0 FF 11430 H7, LA p-STAT3 F5
JRFEAH 5 STAT3 25 11 JK BE{EL LU {37 STAT3 I B R
AEFRFE , LA ZBP-89 vimentin . caspase-3 25 [ /K FE{H -5 N
286 1 GAPDH W K BB HUAE o HZRA K
2.9 FEERS STAT3 EBHS FXIESHT

i# 1 PDB %5 13048 [ (https: //www.resb.org/) 3R 15
STAT3 £ 14T 4 4~ = BE AL Al 14 2544 (PDB 2% H 4
54 4E68 . 1BG1.6QHD .3CWG) . i iz 7 5] SCiik &
P57 C188-9 3= i i 1 I T STAT3 25 1111 SH2 254
5, W Tyr705 4 s I BEFR AL BRI UL , 28 1R 1A 45
FIN BB R 55 STAT3 28 [ 45 A6 4, LA IBGL it
FERHT | LA Tyr705 i BBl 6 X e M1 (R 45 4 1148 (f 45
54 LR Lys591 . Arg609 . Phe610 . Ser611 . Ser613 . Thr620
Ser636.,Val637 .Pro639) , #E 143 T X550 47 .
2.10 SEitES

KA SPSS 17.0 A T4 30T . A5 IESS
ATEAE DL x + s Rom , RARIR R 5 25000 AT EIE
BT OB R BRI 50 . P<0.05 %R 2E A4t
3 &£#R
3.1 PUELER T TR BIFNLAZH R ERIIFIEE R

BERIR T 10 12 hJ5 , 525 PO BRA He A, BT 2R 4
mmol/L 4 4t Jf A7 17 2tk 2 Rk (P<<0.01) , P B iR A%
VR 2H 20 A7 2R 22 S JC e T2 T S BT AR RR T 7 24 h
J&i , 525 PO RRAL A, BT BRI 2 .4 mmol/L ZH 41 i A7 1%
R ERRR (P<0.05 5 P<<0.01) ; IR AR T 48 h J5 ,
s {x IR e, BT RER 0.5, 1.2 .4 mmol/L 440 iEf+
R B E IR (P<0.05 8] P<<0.01), 1EMLFE 1, 2T
I, ASHFSE R FH LA 0.5 mmol/L B B4R T 151 48 h it 254 1k
(N g o
3.2 IL-6 &R ERIFIELE R

Hjos X B4 Fe &, TL-6 25,50, 100,200 ng/mL £
AN p-STAT3/STATS3 H B i 25 Tt i (P<<0.05 5 P<
0.01); 5 1L-6 50,100 ng/mL 2H 4%, IL-6 Ho4x ik i 4 4
Jitd H p-STAT3/STATS3 H {H 1 & 3 P AIK (P<<0.05 2§ P<
0.01),{H IL-6 50,100 ng/mL P34 [A] H 48 22 55 L GeiH2F
B (P>0.05), HFI, 5% R A 50 ng/mL IL-6
HKeifs T 7 p-STAT3 £ [ 55 72 15 1) HepG2 4 Ui, i
L 2.
3.3 PUZEEEXT HepG2 4 BETFiE E WM

523 0 R 2 A, R 2 AN AT R 25 R RS
22 L (P>0.05) 5 SRR LE Hgse , BT 2% iz 4 R BH A X R
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K1 ARIREMEE T 12.24 .48 h GHAMIFER
MEER(x+s5,n=3,%)
Tab 1 Survival rate of HepG2 cells intervened by fe-
rulic acid at different concentrations for 12,
24, 48 h(x£s,n=3,%)

i) 12h 2%h 48h
AT IRA 100.000 £ 18.869 100.000 £ 6.265 100.000 4795
WTEL20.125 mmol/L A 0834545895 9875948251 93,464+ 6.643
W2 0.25 mmol/L 4 97.725+10.902 97.949+19.910 92.991 +8.99
BIE20.5 mmol/L4L 94.623+4.659 95.223+4.677 86425+ 1.149*
T2 | mmol/L41 93.630+4.955 90.78145.330 83.48042.501°
W3R 2 mmol /L] 82.544£16.130 114477137 75.6486.856"
WIER 4 mmol /L4 67.239+£8309" 05.631 £7.434* 62.544£7.019"

s S O R R, ©P<<0.05, * *P<<0.01
Note: vs. blank control, *P<<0.05, " *P<<0.01

p-STAT3 r I I ' I I I 89 kDa
A

AN IL-6125  IL-625 IL-6 50 IL-6 100 IL-6 200
ng/mL4l ng/mLZ ng/mL#4 ng/mL4l  ng/mL4H

E1 REREIL-61%E 55 HepG2 41 il H1 p-STAT3,
STAT3 & B &£ K ARk E
Fig 1 Electrophoretogram of protein expression of p-
STAT3 and STAT3 in HepG2 cells induced by
different concentrations of IL-6

x2 AEREIL-6ES S HepG2 4 il th p-STATS/
STAT3 LLEMIMEL R (x £ 5,n=3)
Tab 2 Ratio p-STAT3/STATS in HepG2 cells induced

by different concentrations of IL-6(x £ s,n=3)

bl p-STAT3/STAT3 || 415

S ANHA 0.552£0.052 IL-6 50 ng/mL 41
IL-6 12.5 ng/mLéﬁ 0.515+0.071%" 1L-6 100 ng/mL[:’ﬁ 1.108£0.158™"
116 25 ng/mL 4 0917+0.045°7 || 116 200 ng/mL & 0.701 £ 0,050

s 525 X BE A, * P<<0.05, “*P<<0.01; 5 IL-6 50 ng/mL 41 1t
% ,7P<<0.05, *P<<0.01; 5 IL-6 100 ng/mL 41 %% , " P<<0.05, "7 P<
0.01

Note: vs. blank control, * P<<0.05, * * P<<0.01; vs. IL-6 50 ng/mL
group,”P<<0.05,"P<<0.01; vs. IL-6 100 ng/mL group, “P<<0.05,"~P<<
0.01

ZH 20 B A7 238 i 2 R (P<<0.05 8 P<<0.01) 5 5 FHME
X HEAT LA, BT 250 R 2 240 JfLA 7305 2 i 25 = (P<<0.01)
T3,
3.4 FIEREAYT HepG2 4R ZHE RN

Ejos PR IR A R 2H HepG2 41 i (2 2840 i 2%
N (P<<0.01) 5 SABETRYZH B , Bl 25 1 2 R PH 14 X HE 2
2 12 2880 2 I (P<<0.01) 3 5 B BR 2 b, Bl

p-STAT3/STAT3
1113 +0.068"
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PR AN AR 2R A 25 3 I (P<<0.05), IEILPE 2 % 3.

®3 BHEHepGLAMBFERMEREHNKLNLE R
(x£s,n=3)

Tab 3 Survival rate and invasion number of HepG2

cells in each group(x+s,n=3)

il HIAFER, % il 8

S EX A 100.000+6.214 163.667+19.732

f 106,679+ 14.647 202333+ 18,148

W 86.216:+4.246™* 129333 5,132

PRt B 36.556 13293 983335508
578 PR IR ERE, < P<<0.01 5 SR LA, " P<<0.05,"P<

0.01; 5 FEXT BRAE e, *P<<0.05,P<<0.01
Note: vs. blank control group, ** P<<0.01; vs. model group, ‘P<<
0.05,"P<<0.01;vs. positive control group,*P<<0.05,**P<<0.01

A XA BRI

C. PR D.FHPEXIRZ
E2 PFEEX HepG2 4 HE 12 22 BE 15500 Y B AR & (%
200)
Fig 2 Micrographs of the effects of ferulic acid on in-
vasion ability of HepG2 cells(x200)

3.5 FIEEEE YT HepG2 4 BEA T-HI R0

52 PR R U, BRI HepG2 210 i 40 o 7
IR TG 5 L (P>0.05) , W3 I T 3 55 B PR A%
(P<<0.05) ; SR TRY 2 H A5 , BT 200 i 2F 440 e 1 B H0A ) 7
RIS P X R L 40 ) A0 L G O TR 38 i 2 T s (P<
0.05 5 P<<0.01) 5 5 BHP X HE 2 B, AT 208 1% 20 440 i 1)
FLI W R TR 1 AR (P<<0.01) , TEDLIE 3 . K 4.
3.6 PUERER Xt HepG2 4H B Ff p-STAT3 . STAT3 ., ZBP-
89 . caspase-3 #ll vimentin 2& B & & B R0

5jos P BR A H B, AR R 2 41 i p-STAT3/STATS3
FEAH | vimentin £ [ 28 15 /K7 34 18 3 T &5 (P<<0.05 5§,
P<0.01), caspase-3 £ ['1 £ ik /K F- B EHFRAK (P<<0.01) 5
SRR 2 H gy, BRI 2E A BH P X6 BE 2 4t P p-STAT3/
STAT3 HAH . vimentin 25 [ % 3K /K - 34 2% BRI (P<
0.05 8% P<<0.01) , caspase-3 . ZBP-89 ( BH 1 X HE 4 B 4 )
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Fig 3 Flow plot of the effects of ferulic acid on the
apoptosis of HepG2 cells

T4 BHEHepGIHMBTERMER (x+s,n=
3,%)
Tab 4 Apoptosis rate of HepG2 cells in each group
(x+s,n=3,%)

413 SRR HlRT %
2R 08800217 1223740850
{4 0443£0.068 890740331
MR 1.230+0.079** 13.587 42,698
PR AL 1741745977% 215734 1.841%
W 528 AR AL, *P<<0.05; SRR e #,"P<<0.05, "P<
0.01; 5 B HE 4 4, *4P<<0.01

Note: vs. blank control group, “P<<0.05;vs. model group,”P<<0.05,
#P<<0.01;vs. positive control group,**P<<0.01

H A RIA KO 8 2 TR (P<<0.05 87 P<<0.01) ; 5 FHTE
X HEZH B A, BT 252 4 400 if f p-STAT3/STAT3 HUAH | vi-
mentin Fl ZBP-89 & [ 3R ik K1~ {2 7 55 (P<<0.05 5§
P<<0.01),TEILKI 4,35,
3.7 MEEESSTAT3EAN FIHEER

VEE IBGL A X284, LA Tyr705 J&] [ 1 X 35k 1%
FEMIES G TASHE T X Hz . 25 3R 0, B BRIR (1 PR TR
JEPA 55 Asn581 Lys591 43 778 1.9A 2.0 Apy S
2E45-BE o —4.4 keal/mol, FEILIR 5,
4 iTig

It PRAMFFE R W, STAT3 Sz H 0% B p-STAT3 7 K £
FAn R o ) TR A 2 = AT, B STAT3 55
T [ 1 AT R T 200 0 98 R 5 AL vh R A T AR
FHU, STAT3 38 LAAEIE ATE AR E T 40 M s b, 24 4
it 27 B S, TL-6 25 4 M DR - AT 3 o 5 200 S 7 Ak 2
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p-STAT3 89 kDa
STAT3 89 kDa
caspase-3 35 kDa
ZBP-89 89 kDa
vimentin 54 kDa
GAPDH 36 kDa
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B4 PUTERE T HepG2 40 B Ff p-STAT3 . STAT3 , ZBP-

89 . caspase-3 Fll vimentin & B 3R 1A M Y FE ik B

Fig 4 Electrophoretogram of the effects of ferulic

acid on protein expression of p-STAT3,

STAT3, ZBP-89, caspase-3 and vimentin in
HepG2 cells

F 5 & ¢H HepG2 4l fig ¥ p-STAT3/STAT3 Lk {& #n
ZBP-89 ., caspase-3 ., vimentin & B & iA /K E B
MER(xxs5,n=3)

Ratio of p-STAT3/STATS3 and protein expression
of ZBP-89, caspase-3 and vimentin in HepG2

Tab 5

cells of each group(x+s,n=3)

Eib) p-STAT3/STAT3  caspase-3/GAPDH  ZBP-89/GAPDH  vimentin/GAPDH
ML 0.770+0.002 0.704£0.136 0.7620.097 0.933£0.118
fgl 0.986:+0.008" 0.361+0.068" 0.843£0.155 1.190+0.189"
el 059700377 0.642£0.146" LI66£0.127  0.867£0.090°
AR 0.343£0.039% 0.756:+0.121% 0.771£0.060 0,656 +0.054°

T A IR BB AR, " P<<0.05, ** P<<0.01; S HRIZE Ltk 'P<
0.05,%P<<0.01; 55 PR X B 2H oA, *P<<0.05,*°P<<0.01

Note: vs. blank control group, * P<<0.05, * * P<<0.01; vs. model
group, "P<<0.05, “P<<0.01; vs. positive control group, *P<<0.05,**P<<
0.01

G AEHIT gpl130 2 1, 0GR 32 s 2 R I8 (JAKD)
PETT WERR AL i STAT3 ZE 111535 p-STAT3 DL —RIATE
K AR, PR P SE D R GR ™ MR p-
STAT3 [ 3 i 45 & ZBP-89 ol #ill il caspase-3 ik , MM
{7 vimentin 25 1Y 235 S A g 40 i v B9 VR TS
ZBP-89 J& vim F: P Ji 8h 7 KB B 7L LY
p-STAT3 ELHEAH EAE RIS , AAUA] e 9E vim 3 RHTHTER
FIu B4 e G 58 vimentin 2235, 18 0T JRES B B 5
LR 2= Z AL | (HDACL) 2 vim J5 81 X I8 1) fE
I, NI vimentin £ A0 34 58 , 2F 7 412 22 95 41 A %) 5
R0 P T K4 43T caspase-3 R 24 vimentin 25 [ , T
p-STAT3 1] i 1 1111 1l caspase-3 A3 ik , FEAR 5 35 X vi-
mentin & [ 9 ZA% 8 I E T B vimentin 335",
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C. BRI BRI 15 Asn581 & Lys591 A 7 f FEFE

TE : B 5A H R LR N STAT3 9 SH2 S5 A8 388, 21 (5 3k T A M i
FRETL R BERR ALY Tyr705; [4] 5B H i (0 4 BT BRRR 1 BEAY X Al B, 2240
“h STAT3 R A1) B

Note: in figure 5A SH2 domain of STAT3 is shown in the dotted
line, and the stick model indicated by the red arrow is phosphorylated
Tyr705; in figure 5B, yellow is the possible docking configuration of fe-
rulic acid, and purple is the B chain of STAT3 dimer

Bl5 MEERS STAT3EAMS FIHELER
Fig5 Docking results of ferulic acid and STAT3

A FEHA E LA 0.5 mmol/L PR T 7l HepG2 41 i
48 h By 2 1 BEATWFSE , H L 50 ng/mL IL-6 35 S ¥ p-
STAT3 5 %1% HepG2 4H MBS B i {4 . AR5 2 T kA 7
SRS R B, 525 AR R H g, 155 R 2 441 A 1R 22 5
BN, p-STAT3/STATS A . vimentin £ [ 36 1k /K-
Y5 T AN TR TR il caspase-3 25 [ 1A /K-
1 5 2 BAIG, 2R W] STAT3 i (W IR 1L /K1 () s T4
caspase-3 (M AN /& ZBP-89) £ (AR 1k , #F 178 JHH 241 i
HH vimentin [ 8 13235 o 28 BT 25 A1 FH 4 X0 BE T 1)
o] 25 122 2 1 BE P %ok I ZEL 20 A O R L A AR 2R
p-STAT3/STAT3 FAH . vimentin 25 [ ¢ 5 /K - 14 i 2% 4
5, 200 6 4 300 0 T A I R 4 R A1 ) e S O T
caspase-3 1 ZBP-89 (BHAEXT HEZHBR A1) 8 1 18 /K- 45
2 T, R ERR v] A ) T I STATS & kR 1t
JK-, b caspase-3 £ 1 23k , #E M {2 f vimentin 25 [
T T3 HNF X S A A R AR — IR T B AR
iz AT VE T STATS3 1) SH2 25 K3, AT 5% 1 STAT3 25 [
HIBERR AL o A AT 45 Sl Uk 52 BT 2R R AT B S | 9
ZBP-89 f 11k , {H 5 BHME X BRE5 JUAR— 2, $7R
BIRXT ZBP-89 H 1Y AT fE S STAT3 JL K.
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