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W OE B ATRATARE ST AN HepG2 taf38 74 i 45 B R AR A Z O R AN, FIR T LS BT RMA TGV MEEAF
Ko Fik: KA CCK-8 kil R R A A7#E B (12.5.25.50,100,200 umol/L)4F A 24 h j5 3+ HepG2 4m i3 78 69 % e . % HepG2 2
FOL5 Fy AP FR LA Fe AT AR MK | B3 iR B 28.(50,100 umol/L A2 428y ) , An N A8 2 25 44 A 24 h )5, 5K 8 R R iX B Ah ) 4m A0 2 4% Ak
it o tmpe it AL R R R 35 4 -k A B4k X R F» Western blotting i 46 2\ i, P J& A4 4e K IL3) & & (F-actin) f-H & & G
(p-tubulin) B 3% 7 % @ (Ezrin) #) mRNA Fo & & &k K-F . #) A oF sh42 404k Schrodinger 2015 #7474 8 5 Lk 34P & & 694 F
VER 7 Ko 45 R A7H B 3T HepG2 s 3G 78 B AT B %4751 4E A (P<<0.05 % P<<0.01), AL 2/ B4R B A S, 5 AT R, 47
EBMK | 3 7k B 4 4m i iE 45 e F-actin ,f-tubulin \Ezrin 9 mRNA & & & & A KT B F B (P<0.05 3% P<0.01). & Fat#E4R
R ATAEEN TS Bk 3 AP G R BB G R AR B KA, 45k AT VT 7B AT 9% HepG2 4m L0y 38 74 Fr iE 45 5 AR R ALK T
#t55 T 8 F-actin . -tubulin .Ezrin #) mRNA &% & £k 4 X 3 5 F R 48 % & & 094 A o KT A2 T m A4 S k4L

KEEE ATAREY AT IR HepG2 4 ;38 74 5 i 45 s B RAR KR B & s 0 F 448

Study on the Effects of Citrusinol on the Proliferation, Migration and the Expression of Skeleton-related
Proteins of Human Hepatocellular Cells HepG2 and Its Interaction Mode with Skeleton-related Proteins
HUANG Zhoufeng"*, HU Xiaoxi', LU Guoshou', HUANG Jianyou', TAN Xiao' (1. Guangxi Zhuang Autonomous
Region Institute of TCM, Nanning 530022, China; 2. Guangxi Key Laboratory of Traditional Chinese Medicine
Quality Standard, Nanning 530022, China)

ABSTRACT OBJECTIVE: To study the effects of citrusinol on proliferation, migration and the expression of skeleton-related
proteins of human hepatocellular cells HepG2, and to investigate its interaction mode with skeleton-related proteins. METHODS:
CCK-8 assay was used to detect the effects of different concentrations (12.5, 25, 50, 100, 200 pmol/L) of citrusinol on the
proliferation of HepG2 cells for 24 h. HepGZ2 cells were divided into negative control group, citrusinol low-concentration and
high-concentration groups (50, 100 umol/L citrusinol). After treated for 24 h, the migration of HepG2 cells was detected by cell
scratch test; cell migration rate was calculated. mRNA and protein expression of F-actin, f-tubulin and Ezrin in HepG2 cells were
determined by RT-PCR and Western blotting assay. Molecular docking software Schrodinger 2015 was used to analyze the
interaction mode between citrusinol and above 3 kinds of proteins. RESULTS: Citrusinol showed significant inhibition effect on the
proliferation of HepG2 cells (P<<0.05 or P<<0.01) , in dose-dependent trend. Compared with negative control group, cell
migration, mRNA and protein expression levels of F-actin, A-tubulin, Ezrin were decreased significantly in citrusinol
low-concentration and high-concentration groups (P<<0.05 or P<<0.01). Molecular docking results showed that the citrusinol could
form hydrogen bond and hydrophobic bond with the above 3 skeleton-related proteins. CONCLUSIONS: Citrusinol can inhibit the
proliferation and migration of HepG2 cells, the mechanism may be associated with the down-regulation of mRNA and protein
expression of F-actin, f-tubulin and Ezrin. The mode of its interaction with skeleton-related proteins may be the formation of
hydrogen bond or hydrophobic bond.

KEYWORDS Citrusinol; HepG2 cells; Proliferation; Migration; Skeleton-related proteins; Molecule docking
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B bR 35 1, 41 555 & (Morusin) X A /)N 40 i fii Ja
AB549 2 i AL\ FL IS5 MCF7 MDA-MB-231 4 it 44 HA7
SR ZU BT TGS i I A T BE LA 0
FERIPTIMRE IS M

1 FrRBR SRR

Fig1 Chemical structural formula of citrusinol

AR i IR B, A I AT LA o A SR
Jif HepG2 20 M SR 5 - 4R WL 8h 8 11 (F-actin) 542, BHLIE
2 EEAATE B, T 8 HepG2 4 e il 3451 . AH
KGR BIL, F-actin B 22 ) 2 2H 2 240 JEL 26 56 6B 0 A2 it
TS DL O, 25 T 15 al 5 [ 40 A
IRER TR WM B T & A, Rao TAEAFSY
W, A0 BB SRR A/ BRSO e AR, 5% 2 APk e 24 i
AT A AN RN A E L AR5 0~ F 248 i
BHEMA BRI IVE S . BT, BT
HIIRESE B RERE |, SR F CCK-8 1246 AT 42 X HepG2
2 PR ) e R PSR g A A7 A2 1 % Hep G2 4
MRS (452 ), SR FH 3900 %8 5i - 3R 5 ik X 5 )z (RT-PCR)
1 Western blotting 5461 HepG2 4il ifd 7 F-actin | -3 &
% A (B-tubulin) 3225 56 1 (Ezrin) ) mRNA K HE [ £
IRACE SR IE R 53 FAHE A S 5 Bk 3 %
B AHEAE 7 =X, DU AT 1 1 43— 14 i 6
ST 25T 3RS 2%

1 #
L1 %8s

BJ-J1606 FU 4 g b5 724 (i dam By AR e
A BRI ) 5 CKX53 AU AR 22 2 338% ( H A8 Olympus
8] ) 5 ATY224 BUHL F K F (H A Shimadzu 28 A ) ;
Z-11D AL 75 i 4 Jf % 7% A% ( H 7% Toshiba 23 A )
H1850R 7 5 3 i 3 4 VR 15 O WL i) P Y AR ST 1
%A R/ F]) s Multiskan Fe RIFFAR (Y . ST70-2 FIGLFLAR
fE I % 32 7% . 7500 74 2l 7 it PCR Y (5 [ Thermo
Fisher Scientific 2\ #] ) ; Tanon 5500 Multi B 4> H #hfk %
KD CER Bt R G (g RAERMHL A BRAH)
1645050 B 3EA FL VKA (32 [5] Bio-Rad A F ) o
1.2 ZHR5RH

PRl (RSB0 2 A i, 4l : =98% ) ; it DMEM
R 77 3 (3£ [# Hyclone /A 7], it 5 : AD12854263) ; iy 2F
3% (WL DU 2835 A2 9 TR AT R A BR A AL i 5
18090505) ; 0.25% Jig g ( 35 [ Gibco 24 vl , #it 5 -
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1967534) ; CCK-8 it | £ ( H 4 Dojindo 24wl , it 5 :
CKO04) ; f Pt Ezrin ,F-actin , f-tubulin , f-actin 5. 5 4T 1A
(b R AR A E AR A B Al L 5 : AG12013984
AH11168240 , AG07178634 . AGO719703) ; Jiz % 5 ik
A e (L) EMEOR A ] 45 : M0303S]; 2t
H PCR i | & ( & [E] Thermo Fisher Scientific 23 &) , 4t
5:26616) ; RIPA 24 (_ L3 = RAEYHARARA
A, #1L5 : PO013B) ; BCA & [ & i ) & (HU N B RL AR
PIE AR RO AT BRA 7], 5 : R7204) s AR S AL P Bitb
AP R BRE M Gt (bt R AR A W B AR
AR AL HES  bs-40296G) ;5 3- T R H il 1 B & i
(GAPDH, R 5t B8 Je A= W RH A BR A v ) 5 iR h 22 e
W (PBS,pH K 7.2~74) FHi % GERYB HEE
Hyclone 23 F] ; To/K LB 5 PR G247 5583508 43 pr 4l 5 FL
bR g S 6 = TG K AR 2K
1.3 AR

NI 20 HepG2 W F 26 [ ATCC 4%
2 FHik
2.1 ZHREEESE

B HepG2 40l , & T & 10% JIR 2 1L %% i) DMEM 15
FE (LU TR R 237 W, F 37 C . 5%CO. 50 T 13
Fr(LLF 3G S5 IRD)
2.2 ZAREIEEIRIS

K CCK-8 12 HEA 7240 L3 GEAS I o % B8 Ak K
(1 HepG2 4fi il Hz P 2 96 FLIEF-A T, FEFL 24 1x10" 4
M, FAf R R h R 3R 24 WS 32 ISR SRS K 4 it
53R P X6 B A R A T A ] ok o 2 (28R B Ry 12,5,
25.50,100,200 pmol/L) , Fr41i% & 6 2 fL. Frigm A~
(] 8 ZE i AR I e JBE ) 5 2 5 7, B M BRI A
ERBETRAL, K AR EL% SR 24 h)a , BALINA CCK-
8 L AFM 100 pL, & TAIMIGFAR PG FR 1 b, R AR
AXF 450 nm AL (4) , IR 40
i@ﬁﬂﬁﬂ%[?ﬂiﬂ@iﬁﬁmfﬁﬂﬁz (A l%'rlxﬂéiin_A T AN [ e FE 2 )/

il B (1Cs)
2.3 ZHREXIRIXIE

W X6 B0 K 19 HepG2 40, 350 T 6 fLAR
FLL 110N, K A1 5% il G 28 95% ) , 43
SRy B X R A R A T I oo v R A (9 Bl 50,100
umol/L) , ALl & 2 A2 L. AL HLS 1 1 mL 46
3k 4 vt 1 BLAE 20 I 28 TR H — A ELZR L P PBS whik,
B SIS (R AL, i A B B 55 5, T s R AR R i
SRR & WAL IR SR ARG L Rk
JE I ARE R B 11 15 24 5 3R, BRI ke BEH T A S
USRI F AN T A s SRAA gt 24 h e B T
S NI, R Image J 2.1.4.7 A RTIE A, IEIT
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SEL A L T A% 28 [ A0 M A 8 2% = (4N AR A% i i R R
B — YR JE SR B S ) /4 S A i A R P
100%].
24 1IR3 RS 240 X F H mRNA RikKFEH
=AU

K F RT-PCR 3461l HepG2 20 Jifd B 28 A0 ¢ 25 11 19
mRNA 5K BOSEAE K HepG2 4, #4 1x10°
AN LR T 6 FLAR Y, 43 B0 AL R A BRI L &
e P 4 (LR JE R 50,100 umol/L) , AR £H % & 2 N AL
T AN 77 ARG KI5 80% J5 , 3 L 1 I, Fr e )
B L R VA R AT A g R ) 2855 3 B R
IS RFRRE TR . O 240 & F A0 i 2 A vh 15 9% 24
hJ5 , WA, FF 42 UM RNA #3055 St ) 2 1 )
PEENE, Jof RNA L 5 h cDNA, FJ4% 7 6 7 2 PCR
WA UL B HRVEIE T PCR Y B . P I4FLF . 95 C T
A5 2 min; 95 CAEES 5,60 CIB 2k 30 s, 60 °CHE 30
s, 40 MIEER . SR DG B AR = Wit 4 75 # , I LA
GAPDH HNZ, KA 2744154 F-actin , f-tubulin . Ez-
rin mRNA FAHX RIBKE. 5IUME B IR 1,

x1 5MER
Tab 1 Primer information

HERAHR SIS -3 P bp
GAPDH i : AATCAAGTGGGGCGATGCTG 86
Tiff: GCAAATGAGCCCCAGCCTTC 86
Feactin {if: GAGGAAGACAGCACCGTACC 141
Tiif: ATGGGGTCATCCTTTCGCAG 141
P-tubulin |-iif: AMATCGGCGCCAAGTTCTGG 147
Tiff: ACCGGACGCCTCATTGTAGT 147
Ezrin iif: CGGCTGATCCCTCAAAGAGTG 102
|

Tiif: TTTGAGCATCCCACGGTGTT

25 FIREXTAMEREXEQRIEKENZIG

% Fil Western blotting 1: 5 HepG2 21 iy B B2 AH ¢
HETRRIBIKE o BOS 804 K W) HepG2 4l i, DA 2%
L0°AN/ALAERN T 6 FLARH , 43 Ry AR B2 FA A 1K
PRV A (e B >l 50 100 pmol/L) , FE2H 2 M L.
AL 37 B AR Rk 80 % I , 35 LI TR, I ERMIE |
o VAR JEE I A R B 118 5 24 B S i, BRI X B2 i A
SERFRUREFRIL . AN E T AR PR 24 h s,
WSCEE AL, I RIPA 2 (5 8 T B | SR ECE
15 L BCA Wkl 2 (v B )5, iE A7 8 1 AR PR A 3
BUARPE J5 B 1 EA T e S R - SR VA s T g L Uk
(SDS-PAGE) , Fi#%# % PVDF i |, IR B 1 h 5, DA
TBST ZZ thiR 15 1 5 minx3 K ; 435Il A B-actin . F-actin ,
B-tubulin, Ezrin Ht A4 (6 B LU 135 4 1:1 000) , 4 °CF 5
A LA TBST 22 #h % ¥k 5 minx3 3K, FEAINA 471
(W REELAI R 1:5 000) , IR IFE 1 h; L TBST 2% i
Y5 minx3 K, A B, DA S-actin N2, KL%
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RNCEMG ST BT R G553 88 1 AR R BE (B >k s B Y
EARLNY P OF S S O
2.6 ZFXHERALE

M PDB %5 # /% (http : //www.rcsb.org/) T 4% F-actin .
p-tubulin , Ezrin (1 2 [145 44 , 2. PDB ID 433 2ZWH
4U3J . ARMS8, 3K 1 43 F X 422 ¥/ Schrodinger 2015 H1
Schrodinger Maestro i £k H 1) Prep Wiz D RE X 25 [1 45 4
HEAT AL I A L BROK A3 kbR, { ] OPLS3 )
Yyxf & A AT IR R B 04k , o 8 R ) A AR D AR
PR 2ZZ BT 0.3 A®, i ] Grid Generation B8 g UK 5
S, DA SRS # 0) J5 A e A I A s S ol iR
[ A2 A48 SCIEPE 4SO B . g sdf "R A5 B 45
P30T A Canvas 2.4 B8, St Az RS 2000 “mae” (1)
CAF, TR S A Maestro 10.2 b, 4% ligpre b [
BN A BT 3D 4544 . K HE 2 AR AT 3D 254
£ One-Step Glide Docking FEHe H 1% 4 , I e XS 2
B h SP, A i 2D P ] .
2.7 HItFEFHIE

K SPSS 22.0 A T8 AT . TR BERAx £5 3R
TN, Z LA R FH BRI R 7 22400 . P<<0.05 FRoR 22
RAEGI R L

3 #R
3.1 TR YT HepG2 4 B3 S A 22 M0 45 3R
55 PR X REL FL B¢, A AN [] e 2 21 Hep G2 41 Y

FEI7 24 e, LA I BRI 52 2 25 N (P<<0.05 B
P<<0.01) ; HLBEATA v 3 A48 T, L34 ZE 410 <) 415
5o FPES BN HepG2 A MK 1Cs0 2 77.59 pmol/L. FFAs
% HepG2 A MU B A s mi DL 2.
R2 TR HepG2 ABHIETERI N (x £ 5,n=06)
Tab 2 Effects of citrusinol on the proliferation of
HepG2 cells(x+s,n=6)

413 ODff IR, %
[ERapiei 0.989+0.047 0
FHERR12.5 pmol/LA 0.824£0.054 16,68+ 546"
B 25 pmol/L4 0.619+0.034 374143437
FHERR 50 pmol/LAL 057+ 0,044 45681445
FHERR 100 pmol/LAL 0252+0.050 74524695
FHER 200 pmol/LAL 0.138£0.018 86.054842°

T ST R4 R, * P<<0.05, ** P<<0.01

Note: vs. negative control group, *P<<0.05,**P<<0.01
3.2 YT HepG2 4B TR B8 1B S50

55 BT BEZH [ 20 G 7% %828 (92.35 £ 5.36) % | L

B R RE TG | MR A AN R R R R IR (P<
0.01) , 41 s i F% % 43 )~ (62.48 + 2.27) %  (48.63 +
3.25) % , 3 WIFT 15 9 fig 2 10 i HepG2 241 il (1) i 7% B
7o A LA X0 i R ] LA 2, 240 BT % S gl
TELERILIE 3,
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24h

FF X IR L FrR B IR AL il s AL

2 HRAMEXIRIRLG BHE (x10)
Fig2 Micrograph of cell scratch test in each group (x10)

HNEITRA, %

TE: SR B A, P<<0.01
Note: vs. negative control group, “*P<<0.01

B3 BHMMIBRAONELSR

Fig 3 Cell migration rate in cells of each group

3.3 1TFEEYT HepG2 YA E 224855 B H mRNA Fik K
TR Mm

55 X BRZH LA, A B I | v VAR JE 2 4 i b
F-actin ., -tubulin £ Ezrin ) mRNA ik 7K 34 I 2 FAIG
(P<0.058; P<0.01). 040 }i+ F-action -tubulin 1
Ezrin ) mRNA FR357KF-ULIE 4.

1.2

o
)

L Rz doilisdiei|
A e B4

AR FIE KT

o
o

0
F-actin p-tubulin Ezrin

T - G BIPER IRGLE 4K, * P<<0.05, ** P<<0.01
Note: vs. negative control group, *P<<0.05,**P<<0.01
4 & {AAAF F-actin,f-tubulin . Ezrin mRNA & iX
KEHIMELE R
Fig 4 mRNA expression of F-actin, f-tubulin and Ez-
rin in cells of each group

3.4 T HepG2 A B 2LHEXEARIE
mﬁun
55 B XT BE 2 Fe A, AR G L e v B 4 A0 g P

k7K F 8
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F-actin . f-tubulin Fl Ezrin 8 [ 15 K P34 8 RR(IR (P<
0.01) . #5412 g F-actin , f-tubulin , Ezrin £ 1 334 19
LUK I DL 5, B 2k /KT e 25 2R DL 6

Foactin — ——— —
Polubulin —— — “

Errin  —— —

BUEAIRAL  PRGKIED bR Izl
5 &AM T F-actin,f-tubulin , Ezrin & B R iEH
ik El

Fig 5 Electrophoretogram of the protein expression

of F-actin, f-tubulin and Ezrin in cells of each
group

WAL
. O T
1 FRAE D R

F-actin S-tubulin Ezrin
VI BT IR 2H L, P<<0.01
Note: vs. negative control group, “*P<<0.01
6 AT F-actin,f-tubulin  Ezrin & B & &7k
FE LR
Fig 6 Protein expression of F-actin, f-tubulin and
Ezrin in cells of each group

35 SFIEFREER

¥ 5 F-actin . f-tubulin . Ezrin 431X} 2 ) 2D 3F
DL 7, BB TA RTHL AR C-4' i 56358 5 2 LR
GLUT72 9 fill 5% T2 Bl &0 5 5 A B I 0tk i 38 5 24 ik 12
ARG206 J& i n-ntt 4 i, 5 2 FE MR MET190 , TYR188,
TYR69 .MET269 ., ASP179 ., LEU180 % J& il i /K £ . thi
Pl 7B AT, R B C-5 (v 2 L S KR ASP128 [ il i
TE B U5 5 C-4 AL 3 A 2 SRR LEU130 Yl 5% 12
WA, 5 CYS127 . LEU130,ALA124 . PHE159 Z£ T %,
B KB . B TC AL, AP C-4 LR B A R
ASP261 MIEETE B AR , 5 ALA264 55 TF ilLsi K 5 ; C-3
P FR IS SR Glu244 I BETE i U
4 Vg

FrAG B T 1987 4 7 M 4 o A 40 BR A ( Citrus nobilis
Lour Var. sunki Hort) FF B R #% A BR9, 1 B S 450078 /N
BERL A4 Y 1 (Podophyllum ecodi Wall.) f*) 18 il 2SR
SN FER A R BZA G W) . Shen CC A TE TLRHE
WIHER [Phyllodium pulchellum (L.) Desv.]H & P4
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VET

JET,  LLE A\ /190
260 267 rej -
188

A. F-actin #5 4

C. Ezrin %[
B 7 ##&85 F-actin . f-tubulin 0 Ezrin & 8 % FX¢
R 2D FEE
Fig 7 2D planar graphs of citrusinol docked with

F-actin, f-tubulin, Ezrin protein

PR, IF 458 T H X KB HepG2 41 it ¥ HA7 #0615
P o 5 A WF R A B HEER 5 (Desmodium blandum Van
Meeuwen) 1 & 3 1 P4 R , XTI EA T4 8 41 i
RIS, 2551 & B, HXF KB HepG2 41 i Y 1Cs {E 43 51 A
14.9.15.2 pg/mL™ ™, fy Benl 0, #7462 B8 1 he
JibRE A A 1 . AN IS S R R AP T LA AL
Hu A HepG2 4 At o 34 55 AT 7% .

F-actin /221 il B 22 rp i 22 1) R BAFE TR 02—, L
S U2 W A T RE 8500 Bl ek B b, 4l i
IR BE T B, 1 10 52 ) 40 M 1 26 K 39 5 R At A 3
T8, (A B A, -tubulin EPRUE & A
o FE AR 22—, 2 5 Mg A ) R ) RS HGBE S
AR AR, 7 A A BBl A R e A A SR PT LA Rac/
Rho, {12 1 4 ffg 14 H 33 22 US4 5 Bzrin A 5“4 (41
JREE ) -BH B 4> T -Ezrin- M B 207 (5 Sl i S 5 4 il
) 1255 HLEDR 22 IS - A e, R 1 6 IR 308 D R A R 2
Wi M e , 2 5 M AR 2 R EE RS, ARF R 45 2R
KIL, R T FE HepG2 4 i Ezrin , F-actin £ f-tu-
bulin AFRIE , NI 20 M (4 14 5 FERS

YR A RS T 2T 10 2 AR R S 245
THACH Y R4 il 2 43 X2 AT DL B b L 52 5
YN SEAMNEE T AT R BT
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fi 250 5 A= R TR IO AN AR S IR AR

B, #7815 5 F-actin . f-tubulin . Ezrin A8 AH B /F AR &

IR A B K B

L5 E TR R T A T HepG2 40 i A 3% 4

4% AR FHLEI 0] B8 5 T I F-actin . -tubulin  Ezrin [

mRNA K 8 FIRKAT O 5 B AU G E A A =X

AT BB Il VB Bl A B
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VDB R AT A 51 RSB0 B P L
w5

XOFCVBEREE LOAMEBEBRYHARERPELR, AN 451460;2. 7 84 RR A RBPEST
BAMETEFRE, BN 451460)
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B OE B SR B (TFA) SRR 2 b a9 Mbk 4 75 o je 1 AR AL A K R0 1R AL . o ik ¥k SD K R
SAE G BAE TR (AFATFE 2 ghkg) fo TFAIK  F . 3 # £42(0.05,0.1.0.2 ghkg) , HA12 X, SWMHEKXKHB T
£9:00# BABRL 4,3+ TR B T 3:00# § IRegve it Bk A S A 7L o) fe I a3 A (= G 4LiRs9)) 5 4402535 d, h %
Jo B LA K R G R R 1 1A LT dJG B M) SO R % B A s KR B IR e SR R I Ak A KR e S o SE R
(T) M =B (E,) ATIP & (FSH) A2 &4k (LH) 8- Bk kit B AL 4 85 (GSH-Px) (A8 B AL LB (SOD) . B =A% (MDA ) |,
WUEF(Ser) JJkZ FU(BUN) R-F 5 S BOE K R SEAL 3 0 AR B, J03T IR 33 48 80 R R 5 A -7 4 (HE ) 3 & 3 0%
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