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W OE B E AR R X AN B HepG2 20 JL Ak 403 38 Fo 42 22 69 % vh , SHRT AR A ALH) . ik 002 G xF4n) (10,20,
40,6080 umol/L 4% i Z 2 AV 4E A T @ .24 .48 h J5 , KA CCK-8 ik Ah ) 2m i3 78 5 | 5 3+ H 2 3 4401 ik B (ICs) . ¥4 0,20,30
pmol/L A% A ZAF A 48 it 48 hJ& , K A Transwell 42 5% 52 36 % %3 x5 4w I A3 42 69 % v 5 5140 A KRR 5 0 5O0 2 2 3R A B4 X OB &
F= Western blot i 7 X 5 st 2w it o E-45%6% & (E-cadherin) | N-45%6% & (N-cadherin) . 7% 7% % & (Vimentin) Notch-1, % J% 8 it &
W 40/8 44(CD44) & Fi 2 % % @ B 9(MMP-9) mRNA & & & #3469 % v ; K Western blot i % 585 & 38 B(Akt) R &%
Bl i B 3B (GSK-3B) 49 BB ALK F . 25 R : 10~80 pmol/L A% & 7 T AT & HepG2 Zm i 69 4R 9136 7834 EL A A o a4 A, L 2.0
o] Ao ) B AR ML, 3 7 R AW G 3T IR AL R F AR (P<<0.05) ,4E A 24,48 hJ& 89 1Cs & #) 4 55.7.23.4 pmol/L., 20,30 pumol/L 4% & %
YE R 48 hJ5 , tm Az 2 48 H A 8% B 494 5 28 I8 P N-cadherin, Vimentin \Notch-1.,CD44 f# MMP-9 mRNA & 3% & K -F £ A0 2
M4, E-cadherin mRNA & 3 & & & £ K P00 BHF &, B Akt GSK-3p# B AL AT+ &, & = & sT IR 4L £ F 3 A 43t 3 & L (P<
0.05), i : A% K & 7T 34 ANT % HepG2 48 HLAYG Ak 9138 78412 4% 5 L AUH) 7T A 55 F 9 4a J F Notch-1 44 746 2n i ey & & - 18] i
S50 3740 CDA4 F2 MMP-9 8 &3k, VA& Fp ) 2 b 7% Akt-GSK-3p4Z 5 8120 % .

KR A5k AT JE HepG2 28 i 38 74 313 42 5 LR - R #:40

Effects of Tangeretin on in vitro Proliferation and Invasion of Human Hepatocellular Carcinoma HepG2
Cells and Its Mechanism Study

SUN Zhixin, ZHANG Ying (Dept. of Emergency Ward, the First Affiliated Hospital of Tianjin, University of
TCM, Tianjin 300193, China)

ABSTRACT OBIJECTIVE: To investigate the effects of tangeretin on Jmyvitro proliferation and invasion of human hepatocellular
carcinoma HepG2 cells, and to investigate its mechanism. METHODS: (After treated with 0 (blank control group), 10, 20, 40,
60, 80 umol/L tangeretin for 24, 48 h, the rate of cell proliferation was detected by CCK-8 assay, and ICs, was calculated. After
treated with 0, 20, 30 pmol/L tangeretin for/48 hs Transwell invasion test was used to investigate the effects of tangeretin on cell
invasion. The effects of tangeretin 'on mRNA and protein expression of E-cadherin, N-cadherin, Vimentin, Notch-1, CD44 and
MMP-9 were determined by RT-PCR and Western blot assay. The phosphorylation of Akt and GSK-3 were investigated by Western
blot assay. RESULTS: 10-80' umol/L tangeretin significantly inhibited in vitro proliferation of human hepatocellular carcinoma
HepGZ2 eells in time and dose-dependent manner; proliferation rates of them were significantly lowered, compared to blank control
grouph(P<€0.05) ; 1Cs were 55.7, 23.4 pmol/L after treated for 24, 48 h. After treated with 20, 30 pmol/L tangeretin for 48 h,
cell invasion was inhibited in HepG2 cells; mRNA and protein expression of N-cadherin, Vimentin, Notch-1, CD44 and MMP-9
decreased significantly, while those of E-cadherin increased significantly; the phosphorylated levels of Akt and GSK-3f increased;
there was statistical significance between them and blank control group (P<<0.05). CONCLUSIONS: Tangeretin can inhibit in vitro
proliferation and invasion of human hepatocellular carcinoma HepG2 cell, which may be associated with inhibiting the expression
of CK44 and MMP-9 and signal pathway of upstream Akt-GSK-3f through up-regulating the expression of Notch-1 and inhibiting
epithelial-mesenchymal transition.

KEYWORDS Tangeretin; Human hepatocellular carcinoma HepG2 cells; Proliferation; Invasion; Epithelial-mesenchymal transi-
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1.1 I%=5

Multiskan FC [Etr{% (3% & Thermo 23 &) ) ; IX73 8] &9 5t
8 (H A Olympus 24 1) ) 5 7500 52 i % )l i 1t 28 4 il =X
(RT-PCR) ML (32 [E ABIZA ] ) ; #5500 HL (32 [ Beckman
YNGR
1.2 #HR5KHA

T W 2 (R Bt B BA B 2440 T A BR 2 Rl L Jit5 : €S80005, 4l
J¥:98% ) ; CCK-8 i 7l £ (384 = KA £ AR5 r, it 5
C0038) ; Trizol & RNA #EHUR T & GRIFH R A A YR H A R
v ] S £ 15596026) 5 Gk ik 22 51 PCR % 5 (SYBR Premix
Ex Taq) 5 & (HiE5 : RR820A) ¥ [ K& A9/ wl 5 40
122N & (£ 18 Coring A wl) 5 $T E-¥5%H 8 11 (E-cadherin) |
N-E5%5 8 11 (N-cadherin) I JE 8 11 (Vimentin) 5L 542 & 85 11
fifg 9 (MMP-9) 1 N 2 B-actin P 14 ( 3% [H Santa Cruz /A H] ) 5
Notch-1 525 4 ffd 2 I BT )51 (CD) 44 7 13 B (Ake) 2
A0 (130 B (p-Akt) WE R A B 3B (GSK-3B) Al iz b
B A IR 3B (p-GSK-3B) Fi A FI AR i 4 (L W b i
G AN IEEREE 11 G(1gG) —#i (3£ [F Cell Signaling Technolo-
gy 23 ) s a2E L (FBS) A1 RPMI 1640 41 fitg 35 37 55 (3% [ Hy-
clone 2y ) ) s PCR 5| #) i A= T A9 TR (i) A A B2 W)
G
1.3 ZHAf

N HepG2 4 i 2 ) T v IR 2% B MU 15 52 ) (R 22
BN .
2 FHik
2.1 ZHRRI%ER

N HepG2 A 4EHFF 75 10% FBS & 100 w/ml 5 %%
# 100 mg/L £ 75 K 55 75 10 RPMI 1640 5555 I . HE 3T C |
5% COZMMIRGFEAE PR TR, FRANE NG B R R
0.25 % IREEZRIEAL , L 132 (kL filf& 10
2.2 4HAEIESEIRIS

Foe B2 W IGENR S AT A 5 37, A 200 A it e g
TR, 0,25 % FEBHA BN AL E HEF TS . B A0 43R 4 o R
ZH (RO pwmol/L 41 ) FnZ ¥ 4b #2H (10.20.,40 .60 .80 pumol/L 4
KR, A6 NEFL, 4k 5%E 24 48 h e, BFFLIIA CCK-8
VST 10 ul, F37 °C 5% CORGFRF R MEINT 2 h i, iEhriY
D52 HEAE 450 nm ARG RE (4) o RIGE & 3 Uk, LA °F-
PHE AN A 5 2R M AR (% ) = (2 Ab B V35 A i/
25 I BRALT- 45 A 1) 100 % ] ; 2R JH] GraphPad Prism 6.0 3 {4
TR B (ICx)
2.3 YR ZERE

FE 2.1 IR AT T AN G 5% , R AN M 0l J o 4
TR, 0.25 % WA RO AL 5 PEF TR0 . R0 43R 2 T 6 R
2H (0 wmol/L) FIZG AL B (20 .30 pmol/L i Kz K ) , {59548 h
J& ,0.25 % BRI AL , iR $h 28 vl (PBS) BEis ) , LATC I
T RPMI 1640 37 3% 1L R A2 40 1 2% B 4 5% 10°4/ml, B 200 pl
Y TR A2 CF 2 F 1< 10~ 41 i) il 22 Transwell /NE & T
37 °C 5% CO. B34 FWF & 24 ho BUH Transwell /N28 A4S
AN I S = AN, 4% 2 P 15 10 min, 4558
FIRYLtt 25 min, BAHER T BEALEE 5 SIEFUEL THARET T, T
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ST YRS LT 1 A M A, DA SRR I E T 0 A I Ok
FORMMIZ2ERETT B HAE (% ) = (WAL FRAH T = 24
Mu%i/zs X IEL R =40 x100% . IR TR 3KBEEE.
24 EBAITRIE

A YR IR A I GLIR 2,37 IR o 159 48 hG ,RIPA
U B A, LA 12 000x g 4 C 5.0 10 min &R BB 1.
B40 pg M LR, & 129% T B 505 R AN - SR TN 0 Ik e ek
i (SDS-PAGE ) HiL K Ji5 6 # % R Ml — 36l £ Ml (PVDF) I I,
S SR B LR 122 000 F) 4T E-cadherin , N-cadherin , Vi-
mentin, MMP-9 4T /& F1 % B H 451 >4 12 1 500 19 T Notch-1
CD44 , Akt,p-Akt ,GSK-3p . p-GSK-3BHL {4 LA K A B LMl hy 1 :
2 500 P p-actin( N2 ) PR, 4 CIFR I . ISR Ak
fEFRic bt A 1gG P EmIFE | h, b LI6H L B,
% FH Quntity One #{AFUEF 745 B UK BRI E . LLH RN
25 IR BEAE 5 N 2 B-actin & A 4545 K EE AW ELE R R HIY
R AI R k&, LA p-Akt  p-GSK-3B#E [ 4% K B 5
Akt GSK-3BE [ 4% K (B 14 LA 227K Akt GSK-3BH iR
K-,

2.5 RT-PCRiRXI&

A B 5 B R 2,37 T o K555 48 h L, R
Trizol VL FEELAHMLE RNA , 5240530 B2 AL e J& |, B
2 pg ik RNA %% 554 8 cDNA, S A . 94 4% 14 3
min; 95 CAEPE 50 5,38 K 308372 CHE{f 95%, 35 MEFR; 72 °C
15 J5 AE A 5 ming 255 B o\ X GAPDH fE b (N 3L 1R, 2R A
27 RUOS TR ML R AR 2Rk . 51781 AR O R
T ARNIEER 1

*1 RT-PCR3|# RNBERF=HK/N
Tab 1 RT-PCR primer, annealing temperature and prod-

uct length

HER 5147751 B, C RN bp

E-cadherin _['Jif:5'-GTCATCCAACGGGAATGCA-3' 58 60
Ti#:5'-TGATCGGTTA CCGTGATCAAAA-3'

N-cadherin ~ Fi#:5'-GGCATACACCATGCCATCTT-3' 59 123
;5 -GTGCATGAAGGACAGCCTCT-3'

Vimentin  [J}f:5'-GCAAAGATTCCACTTTGCGT-3' 57 122
Ti#:5'-GAAA TTGCAGGAGGAGATGC-3'

Notch-1  FJif:5'-ATAGTCTGCCACGCCTCTG-3' 58 149
Ti:5'-AGTGT GAAGCGGCCAATG-3'

CD44 ;5 -CCGTCCGAGAGATGCTGTAG-3! 60 150
Tif:5'-CGGACACCATGGACAAGTTT-3'

MMP-9  FJi#:5'-TTGGTCCACCTGGTTCAACT-3' 60 95
Ti#:5'-ACGACGTCTTCCAGTACCGA-3'

GAPDH  IJif:5'-GAAATCCCATCACCATCTTCCAGG-3' 60 120

T :5'-GAGCCCCAGCCTTCTCCATG-Y

2.6 ZitFEFHE

K JH SPSS 21.0 Ge it A AT o3 b o IS5 R PAx £ 5
FIR B SR B K R 5 22 53 H (One-way ANOVA) , 2H
[ LL SR A e K86 . P<0.05 R Z R A FIT#E X,
3 #R
3.1 AR EX AFFE HepG2 4 A& H A1 5 4E A

10~80 pmol/L % fz EE5 F- 4l it 24 .48 h )& , 40 il 1451 B &
2 FAMA, A ) SR AR | 2 AR GRS v e
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ZH A 5 A (P<<0.05) 5 HLKE 3% 48 h 5 4H I s ot A5 1 55 24 5
B REAR (P<<0.05) , Z5 LI 1, 1557 24 .48 h )i 1 1Cs 43 5]
455.7.23.4 umol/L,

1201
1004
801
60

g AR, %

T % %o do 6 %
(ZE xRl
WREE , pmol/L
B 1 AERERERERREREREX AMEHepG2 45
e EAl
T 528 IR IR He e, * P<<0.05; 15511 24 h Hb,"P<<0.05
Fig 1 Effects of different concentrations of tangeretin on in
vitro proliferation of human hepatocellular carcino-
ma HepG2 cell after different periods
Note: vs. blank control group, “P<<0.05;vs. 24 h group,”P<<0.05

3.2 B EXT AFFE HepG2 MK IMEZ RN EIER

20,30 pmol/L i 7 Z K5 IR 41 48 b , X 4 M (A2 5%
A R IR, AT RROCR AR AR SMZ 2R RE 1 4
TR 2 45.2% 1 22.1 % , 5625 FI6F R B 2 FAAIK (P<<0.05)
LA 2,

0 pmol/L (%5 P4 i

20 pmol/L

B2 ERERESEM 48 h 53 NFFRE HepG2 {2 £
A& 71 B9 22 M (%200)

Fig 2  Effects of different concentrations of tangeretin on in-

30 mol/L

vasion ability of human hepatocellular carcinoma
HepG2 cells after 48 h(x200)

3.3 HEZEX AR HepG2 4 th P H X E E mRNA &
HEARIENZMW

20,30 pmol/L A% fz S EEFR AN A 48 h )5 , A MLt N-cadherin |
Vimentin Notch-1,CD44 . MMP-9 mRNA % HAE [ %5 B %
T, E-cadherinin mRNA N HAE (1R A B2 FIRA, 4w
Akt GSK-3BBEER L ACT-REA%, 525 X B L3 22 e 3 G 56
24 L (P<0.05) ., X478 AKY/GSK-3B15 SR TER: i %
IR AR 2 R A AR, A5 LR 3.3k 2 3R 3.
4 it

AHF5EiE T CCK-8 I UESS , 10~80 pmol/LH% Kz & fig Bl
PR HepG2 41 At 385 i, HL A5l 6 FH S hsf [ e
JE R , 355 5% 24 .48 h T 8 1Cs 4 114 55.7.23.4 pmol/L, N
TARBUAE B F A e A 1 e o AR | O s R AR A Y
PRIRCR DI FREE , A2 e BURS J KG9 48 h 5 1Cs |
TP EE (20,30 pmol/L) #E47J52L1{5% . Transwell /N AR
TULEAAR S HEA T oI A M5 22 e 0 i Aar T, 455 5 T IR B R ik
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0 pmol/L. 20 pmol/L 30 umol/L. 0 pmol/L 20 pmol/L 30 umol/L
Chi i Chr i)

N-cadherin MENEG_G__G S— — p-Akt

E-cadherin | S m

Vimentin S .

pr— - =3

B3 AEREREZEIER48 hig AFFE HepG2 40 F B
BXEREQREHEIKE
Fig 3 Electrophoretogram of protein expression of tumor re-
lated gene in HepG2 cells after treated with different
concentrations of tangeretin for 48 h

F2 AREKEEZEIEM 48 h[F3T A BT HepG2 41 i i
EHRXERZEARENHM(x Ls,n=3)
Tab 2 Effects of different concentrations of tangeretin on
protein expression of tumor related gene in HepG2
cells after 48 h(x +s,n=3)

HEH 0 p.mol/L(Z FAX 4L 20 wmol/L 30 pmol/L
E-cadherin 100£0.15 1524035 1.72£0.24°
N-cadherin 1.00+0.18 0.54£0.14" 0.47+0.09°
Vimentin 10040.17 0.56£0.18" 041+ 0.6
Notch-1 100£0.15 049£0 11 040 0.11"
CD44 100£0.11 0.52£0.08% 0.36+0.12°
MMP-9 1.00+0.16 045 #0708 035+0.13°
p-Ake/Akt 100 £0,12 0.72£022° 0.62£0.15°
p-GSK-3 B /GSK=3 B 1.00:0.11 0.68+0.16° 0.58+0.18°

Ui 9 & PN IR LR, “P<<0.05
Néte: vs. blank control group, “P<<0.05
£3 AEKEREEIEM 48 h 53 A BT HepG2 41 i i
JEEHE X B E mRNA RIZH I (X £ 5,n=3)
Tab 3 Effects of different concentrations of tangeretin on
mRNA expression of tumor related gene in HepG2
cells after 48 h(x +s,n=3)

JEH 0 p.mol/L(% FINHE4L) 20 wmol/L 30 pmol/L
E-cadherin 1.00£0.11 1.52+0.117 1.7240.14
N-cadherin 1.00£0.08 0.54+0.20" 047£0.12"
Vimentin 1.00£0.07 0.56+0.13" 041+0.12"
Notch-1 1.00£0.01 0.4940.20" 0.40+0.02"
CD44 1.00£0.10 052+0.127 036£0.117
MMP-9 1.00£0.04 045£0.05" 035£0.03"

TF: 578 [ IRGL LB ER, * P<<0.05

Note: vs. blank control group, “P<<0.05
F I HepG2 AL PR SMZ 228 ) -

I B 18] J5i 4% 4k (Epithelial-mesenchymal transition, EMT)
TEA 2 28 5 AR rh i i S 0, JLAE EMT s A8 i (i 1
PR b R A Je Al Pk e LA T B BE T L REAE £ 40 i 5t
) E R S ] ST 20 B, (AT (2 25 RE 1 0 20 i AR AR 3 i
AE 1 I e R RS B LA A BURIER B, DA (6 Fie e T2 il = 3 =
TS5 4642 . E-cadherin  N-cadherin 1 Vimentin 2t 3= 51
EMTAREM) . 20t E-cadherin 28 9 /b AT 5 B0 i ) 3% 45
fiff A/ LA K 241 53 HIC s N-cadherin LK 240 i £ 25 11 40 B B 280 Ak
4 Vimentin Ji5 , 410 B 9L S HE , T2 A4 M-S ST 20 B, 5 1 20
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IR U DL S AN Bl R g g . PRI, BT Bksi 5 EMT
A T RE S N I B R 26T RS R . A T H EMT
TEAS B 25 0 988 HepG2 240 042 22 WOAEH , ZE &K T
EMT AR & W0 Rk AR b o AT 5% 45 5 0 A e 28 AT 4l V-
cadherin F1 Vimentin 33X, M {# E-cadherin Z5 150 5 T},
AR Bz 20T fE3E 2 0 T HepG2 4 i i EMT 2 2
T A 2 2%

Notch {55 2 AT Z A IRH L i, & —
FE LT R T RSF IR 55 5 R G, 20l B 20 i A
K KE TS EY AT A E BN, B AAEA
Notch-1 J& Notch {5 53 1y e 1 . KREBFR KW,
Notch-1 2& [1 7 Z Pl i vh 58 3238 LS s 2 A R R L
T e 243 f2 e R P10, MMPs J&:— 4L REBS P ECM 1)
BERT(Za® )R 7 A AR, 2 RE A I Ak IV 700 Jig Do 1 2 2 5
HMEZ—. MMP-9 CBIENI7E ECM FA# B 08 A B i
JE AN AR R AR T A SR, DL MR (R 28 B &
et R T OCHE M B ME Y, Notch-1 AT 3 i 52 1 Akt-
GSK-3B LA K T Vi 576 PR T30 M 1 0 15 MMIP-9 [ 335 . ARHIT
FEEEA R A R R AT HepG2 41 Noteh-1 /132
ik, 1M H. Notch-1 45 FH ¢ 5 Xl MMP-9 () 235 th B (g 22 9]

XA A K 3R AT A A VA% Noteh-1 18938 2 T410 i) i 40 i
MR

GSK-3pJe—Fh 2 D RE A 22 E IR/ 7 2 B 2 11 e , /2 Akt
R R BRI 2 — . p-HEE 1 (B-catenin) {2 —Fh 4
i 2 1 P AR A 5 E-cadherin A4, X 4440 it
()BT B 1 g B 3% 1 & 45 2EAE ] o Akt-GSK-3B 15 5%
"2 5 MR A A oAb R T IR LR bR R AR R T R
16 A1 Akt 7T ARSI 1K GSK., AT 54T Bacatenin 1A% g T 3¢
rh B-catenin U Ly Ji 14 5, W F-cadherin ik | 1M i
HERI A0 LIS 301, e 455 T L EMT, e b i (R 28 Fn e
oo ABETE AL AR BREE I Akt 1 GSK-3BAYTE 1 , X i/
i Hg 2 AL WA K GSK-3BA5 SR A il I HepG2 41
A R

L bR IAR  ASBESCIE R T4 K R HAT T HepG2 4
[ s TR AR SR 22 RE 1, AL T AE A T 9 Noteh-1 235 |
I 4088 Akt-GSK-3B 15 S A2 1 L Jz - [a] Bk Ak i i i CD44
FIMMP-9 Y15 . Al UL, 45 B2 28 BAT B R0 T 40 g 5
FMRZRIE T . AT S B R AR IR BUI R 25 15 T
Il RAR AL 1 S RERH A AR
S 3k
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