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Mechanism of Total Flavonoids of Ampelopsis Grossedentata in
Inhibiting Liver Cancer by PI3K/Akt/pS53 Pathway

GAN Cai-yu, ZHENG Zuo-wen " , LIANG Bing-jie, TANG Yun-li, ZHANG Wen-tao
( Guangxi University of Chinese Medicine, Nanning 530001, China)

[ Abstract | Objective; To study inhibitory effect of total flavonoids from Ampelopsis grossedentata (TF)
on transplanted tumors of human hepatocellular carcinoma in nude mice, and predict that its mechanism may be
related to relevant factors regulating phosphatidylinositol 3 kinase ( PI3K) /protein kinases B ( Akt) /p53
pathway in apoptosis. Method; The nude mice transplanted BEL-7404 hepatoma model was established and
divided into model group, 5-fluorouracil (5-FU) group (1.0 g-L~") and TF (30, 15, 7.5 g-L."") groups. Nude
mice were put to death after two weeks of administration. The tumor tissues were excised, and tumor inhibition rate
(IR) and relative tumor proliferation rate (T/C) were calculated. Reverse transcription PCR ( RT-PCR) was used
to detect PI3K, Aktl, p53 gene (p53), Caspase-3, B cell lymphoma/lewkmia-2 (Bcl-2), Bel-2 associated X
protein ( Bax) mRNA expressions, immunohistochemical method was used to detect expressions of relevant proteins
PI3K, Aktl, p53, Caspase-3, Bel-2, Bax. Result; The establishment of xenograft tumor in mice showed that TF
was administered orally once per day for two consecutive weeks. IRs were 53.26% , 35.94% , and 26.74% ,
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respectively. T/Cs were 59.74% , 69.66% , and 84.82% , respectively. RT-PCR experiments showed that
compared with model group, when TF concentration was 30 g - L', mRNA expressions of PI3K, Aktl, and Bel-
2 were significantly down-regulated, and mRNA expressions of tumor suppressor genes p53, Capsase-3, and Bax
were significantly up-regulated. Immunohistochemical method results showed that compared with model group, at
TF concentrations of 30, 15 g-L ™', all PI3K, Aktl, Bcl-2 protein expressions were significantly down-regulated
while p53, Capsase-3, Bax protein expressions were significantly increased. Conclusion; TF has an obvious anti-
liver cancer activity in vivo. Its mechanism may be correlated with up-regulation of expressions of p53, Caspase-3,

and activation of apoptosis PI3K/Akt/p53 pathway, thereby inhibiting Bcl-2, increasing expression of Bax, and

promoting hepatocellular apoptosis.

[ Key words ]

total flavonoids from ampelopsis grossedentata; anti-liver cancer; phosphatidylinositol 3

kinase ( PI3K) /protein kinases B ( Akt) /p53 signaling pathway; mechanism of action
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PR AL W BRI A R A ) (22 10 £) o
1.2 Zh¥ BALB/C 8 A 6 ER K5k
HYrh, & HIES SCXK (H) 20140002, 7£ JC 4¢
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TR AR K I B O R B i A B A A B, A
BN 1 x 107 A/mL, 4Rl 42 FU R 7 i
TET,0.2 mL/H S RSB E L R, 7d
S R AR > 5 mm B9 B R 45, U R R
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FRURIAR BRPAR o £ ML 40 20, O e 2438 8 g A AL 41
5-FUZH (1.0 g-L™") ,TF @ o 0 5 & ok 3 41 (30,
15,7.5 g- L") (Jo &2 ¥ J3 A o et i 30 7 &b 4 i 52
By, SR FHMEME 5 H 8 2 53T TF 4 AP BEL-7404
241 M 38 B O ) L 1Cg, b 29. 15 mg- L7 5 24 55 B 4
M IC, 1 20,10,5 {58 ) o H A2 10 H 1
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KA BERE 2 d PR A LR R AR T i O
s TR RO 2 b R A 2 AN A R TR A AR (AL
FZ Rk 0 B AE ) L SRR Y = ab®, 2GR IR
FREE 5, Tk WA JRR I 7 A BT A B, o7 B 8 B i 9
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V7 [ 260 nm AW G EE A, R HE 45 A AR L S RNA ik
JEHEAT RT RN 5 R 25 L R WAk & , PCR R
ZAF  FAEPE 95 °C 10 min; A8 PE 95 °C 5 5538k ; i
it 70 °C 5 min , fF ¥ 38 WK ; R H 2% Bt B W 568 e it
K A B AR R B8 R, H Image J iE AT R B
H i, PA PI3K, Aktl, p53, Caspase-3, Bcel-2, Bax
mRNA 5 2 B-actin mRNA H{HAE A H A mRNA
FIAXFRIE S, I HA T AY TR (LE) ki
AWRAREIG R, LR,
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Table 1 Primer sequences
"
B FERI(53) e K
/C P
PI3K |3 TCTTATTCCAGACGCATTTCCAC 59 341
R TGTTCCTCTTTAGCACCCTTTCG
Aktl % AGCCTGGGTCAAAGAAGTCAAAG 57 460
Tif CACAGTCTGGATGGCGGTTG
p53 ki CACAGCGTGGTGGTACCTTA 58 488
T AAGGCTTGGAAGGCTCTAGG
Caspase-3 ¥ GAGCTTGGAACGGTACGCTA 56 234
i CCGTACCAGAGCGAGATGAC
Bel-2 9 CATTGGGAAGTTTCAAATCAGC 58 308
FiiF GTGCTTTGCATTCTTGGACGAG
Bax 3 AGACAGGGGCCTTTTTGCTA 57 400

N iiF TCTTGGATCCAGACAAGCAG
3 TGACGTGGACATCCGCAAAG 59 205
i CTGGAAGGTGGACAGCGAGG

B-actin

&5, Al B B — 470 (Akel, p53, 1:100; PI3K,
Caspase-3,Bcl-2 1:2 000, Bax 1:4 000) ,= 5 T %
H 60 min( = 4 Cid ) , MR 22 wh il (PBS)
e 3 WL ht, EIRIEF S5 ~ 10 min, R PBS #,
I DAB W, U T L¢3 ~ 5 ming [ RAK w5
ARFRE YL, PBS B HORK kiR, VIR &HE L
(L7 N S L A B S & S U /2 TP
DM2500 #4 8 ik 552 WL %<, 25 280 v iy B 46 € oA B
HARIK, kR d AUl v BEALIEEC S A 47
I8, F Image-Pro Plus 6.0 #E47 34, LLFR 43 W ot B
TA FVBE P e 4 Th AR 43 3R 7s 2 1 I AR N R ik 4
2.6 ZriteEab ¥ RA SPSS 21,0 $EATSE 41 HT .
54 E AR A DA & o+ s R PRALIA] LB ¢ A
%, LA P <0.05 22 A Geitoa i Lo
3 HR
3.1 TF Xf#R 5L 7404 40 i K T F A8 9 #9400 ) 4
Tt R BB T . SIS BR 5-FU AR
TG B D, R Ah A & 2R BB RS Al AT Dl IR
B R/MES 2510 A8 A, & AR T R
SRR R IO 5 . SRR A, A 2 A
BB FEG(P <0.05,P <0.01) , Hrp TF & &
W ZH IR Oy 53.26% , 3 W i o o Wk 35 4H A7 00k 1Y
UM AR . S BERIA H A, 5-FU 411 TF & L rh i
KA RTV B FEAR (P <0.01) , H TF & i &#
B ZHRH O b R S B 38 (T/C) Oy 59.74% , R Bl TF
o o R A BRI AR . WLk 2,
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Table 2 Effect of TF on naked weight, volume change of tumor body(x +s)
1 Iﬁi/ﬁ&{ﬁ . st /g — AR/ mm’ Ry
/gL SR L S B i S S
(x| - 10 19.48 2. 84 17.99 2. 88 1.73 +0. 44 537.5+100.8 3 878.8 +788.4 5.68 +0. 90
5-FU 1 8 19.57 £2.21 12.63 £2.26 0.53+0.15%  571.5£79.3 1 483.8 +281. 8 2.59 +0.32%
TF 30 8 19.07 +2.28 16.70 +2.57 0.81 £0.20** 558.6 +75.0 1 897.7 +369.2 3.39 0. 5274
15 8 19.68 +2.19 17.31 £1. 18 1.11 £0.24%%  571.1 +63.8 2273.9 +451.2 3.96 +0. 44%Y
7.5 8 19.96 £1.72 18.50 £1.26 1.26 £0.35"%  569.3 +63.0 2 740.9 +540. 4 4.82 +0.82%

SRR Y P <0.05,2 P <0.01;5 5-FU 4 4D P <0.02,” P<0.01(£3~5 ),

3.2 TF %} BEL-7404 40 g 1= 38 % PI3K/Akt/p53
HHISE mRNA R IKK MM 5-FU 4, TF 5 5
Y] PI3K, Aktl, Bel-2 mRNA 4% 5 7K SF W (g fi%
FHERIZH (P <0.05),p53, Caspase-3, Bax mRNA %%
SR TR (P <0.05) 5 TF Hh st o ik i
4 Bel-2 mRNA #% oK F W] B FRORLZ (P <
0.05) ,p53, Bax mRNA #% 5% /K 5 B i 5 T 4 740 4
(P<0.05); TF {% & & ¥ ¥ 40 PI3K, Aktl, p53,
Caspase-3,Bcl-2, Bax mRNA #%5 5% /K 5 A4 3
TGt ez, WK 1,%3,

3.3 TF %} BEL-7404 40 g 1= 38 % PI3K/Akt/p53
FRASCHE F R IBKCE RIS PI3K, Bel-2 8 F 3Rk
TEAN ML N b, Akl 2 (3R G5 T 40 M R b, B R A
PI3K,Aktl,Bel-2 3Rk, SEEAIA L4, 5-FU
2 PI3K,Aktl ,Bcl-2 T FE LB EFHW /(P <0.01);
TF 5 S e i 40 PI3K, Aktl, Bel-2 & 1 ik W
B/ (P <0.05,P <0.01), p53 HE 1% T 41
¥, Caspase-3 , Bax & [ % 5 T 4119 ; BEAU 4 pS3,
Caspase-3,Bax,Bel-2 & [ R A, SEA A L,
5-FU% p53, Caspase-3 ,Bax,Bcl- 2 E HEX KX B H

B-actin 205 bp
Aktl 460 bp
Caspase-3 234 bp
Bax 400 bp

PI3K 341 bp

P53 488 bp

Bcl-2 308 bp

A B C D E
A BRI BLS-FU 415C ~ E.TF 2 b R bk 4L (12 ~7 7))
E 1 BEL-7404 4kt 1- i@ 8% PI3K/Akt/p53 1 PI3K, Aktl,Bcl-2,
p53, Caspase-3 & Bax mRNA 3 i& B ik
Fig.1
2, p53, Caspase-3, and Bax mRNA expressions in PI3K/Akt/p53

Electrophoresis of TF on transcription of PI3K, Aktl, Bcl-

pathway in BEL-7404 cell apoptosis

%3 TF Xt BEL-7404 40 if1)F i@ 2 PI3K, Aktl,Bcl-2,p53, Caspase-3,Bax mRNA RiEH M (x £s,n=3)
Table 3 Effect of TF on transcription of PI3K, Aktl, Bcl-2, p53, Caspase-3, and Bax mRNA expressions in PI3K/Akt/p53 pathway of

BEL-7404 cell apoptosis(x +s,n =3) %
a5 Jof o Vi PI3K Aktl Bel-2 p53 Caspase-3 Bax
-y /g L™! /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
Hi - 40.77 £19.59 32.00 £13.53 49.86 +18.61 20.06 £10.16 12.26 £9.17 27.41 £12.47
5-FU 1.0 20.76 +9.41Y 17.80 +6.40" 27.20 £8.74" 51.30 £23.69" 30.60 +16.63" 76.06 +39.17"
TF 30 20.77 £9.57" 17.40 +6.78" 23.54 £6.00% 47.20 £23.33" 26.66 +12.58" 67.77 £39.36"
15 33.04 £18.26 22.91 £8.74 30.79 £8.70" 39.94 +17. 42" 23.18 £13.11 52.41 £24.32"
7.5 44.21 £18.78% 32.27 +10. 46 47.60 +13.68% 22.58 £9.40% 11.68 £7.12% 29.59 +12.40%
Frm (P <0.01); TF &, BT & ok B 41 p53, 4 itig

Caspase-3,Bax,Bcl2 T FEXH BT E (P <0.05,
P<0.01), WK 2~7,%4,5,

HEAS & A FHAE W) W0 ¢ # 4 Ampelopsis
grossedentata ) I 25 W, X 44 VA5 e, )T VY R R
.93 .
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A B C D

B2 TFXRREAR PBK EQRZRIHM (4L, x400)

Fig.2 Comparison of expression of PI3K protein in mouse tumor tissue (IHC, x400)

A B C D

B3 TFEREHR Aktl BB REPH M (b, x200)

Fig.3 Comparison of expression of Aktl protein in mouse tumor tissue (IHC, x200)

A B C D

4 TFRERBAHR pS3 EAREHNTIE (REdlib, x200)

Fig.4 Comparison of expression of p53 protein in mouse tumor tissue (THC, x200)

A B C D

B 5 TF X4 REEHER Caspase-3 T H RIZWEIE (frEdliil, x400)

Fig.5 Comparison of expression of Caspase-3 protein in mouse tumor tissue (IHC, x400)

B D

B 6 TFXRRMBAR Bel2 BERZHFM (B, x400)

Fig.6 Comparison of expression of Bcl-2 protein in mouse tumor tissue(IHC, x400)

RIEZ R 2 —, S0 KRB OREEE 58 50002 3 38 45 1 ELA5 400 ) JFF 988 40

Aok — Bl E S IS AL AW — Rl R IR A, ARk

TR AL S W BTk 43.61% Ao Ay o EeHTEAE

R TF A MR PR, b b, 52 Wi I A2 =,

PR SR LR e Iy 5 25 B . H AT LA R

I A W] v 24 3 1 A 23 B IR 2 AL S W i XUE A
- 04 .

BB R S A TR T R i ] PI3K/ Akt {55
i PR S0 1 (PKC) , = W ILEE (1P3) | i
28 PR UM 25 S BRAY

240 MM 94 T R DAL R B AR B AT Y SE
To, R B, R B 3 N A A B BT T 3 B
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7 TF R REHELR Bax EHRIEMFM (G411l , x400)

Fig.7 Comparison of expression of Bax protein in mouse tumor tissue( IHC, x400)

&4 TF 3t BEL-7404 20 i) - i 2% PI3K, Aktl,Bcl-2,p53,Caspase-3 & Bax ZEAM O WEEMW I (x +5,n=3)
Table 4 Effect of TF on average optical density of PI3K, Akt, Bcl-2, p53, Caspase-3, and Bax proteins in apoptosis pathway PI3K/Akt/p53
of BEL-7404 cells(x +s,n=3)

21 51 AR/ L PI3K Aktl Bel-2 p53 Caspase-3 Bax
Hi R - 0.214 £0.010 0.292 +0. 052 0. 168 +0.015 0.312 +0.019 0.271 £0.010  0.139 £0. 021
5-FU 1.0 0.182 £0.015  0.196 £0.007%  0.107 £0.018%  0.372 +0.021%>"  0.313 £0.005> 0. 154 +0. 018>
TF 30 0.192 £0.015"  0.203 £0.008%  0.132 £0.014>* 0.370 £0.011%>  0.281 +0.003"* 0.160 +0.019%
15 0.200 £0.007"* 0.208 £0.010>* 0. 144 +0.003>* 0.353 £0.005>  0.283 =0.002'* 0. 158 £0. 005>
7.5 0.207 £0.008*  0.220 £0.019%* 0.151 £0.005"* 0.293 +0.057*  0.278 +0.002* 0. 141 +0.019%

%5 TF 3t BEL-7404 40 ff1 /8 1= 8§ PI3K,Aktl,Bcl-2,p53,Caspase-3 & Bax EE L AHEME D LM (2 +5,n=3)
Table 5 Effect of TF on percentage of PI3K, Aktl, Bcl-2, p53, Caspase-3, Bax proteins in PI3K/Akt/p53 apoptosis pathway in BEL-7404

cells(x +s,n=3) %
A REW)E/g L PI3K Aktl Bel-2 ps3 Caspase-3 Bax
LR - 32.6 £8.7 0.900 +0.3 16.7 2.8 0.100 0.4 15.0 £7.5 28.9 5.5
5-FU 1.0 14.1 £8.8% 0.300 +0.1% 7.60 £3.2% 0.600 +0.1% 33.5+9.6% 70.2 £12.1%
TF 30 16.7 £9.2" 0.400 =0.2% 8.40 +2.0% 0.600 =0.5" 32.2+12.7" 67.6 +16.4%
15 24.5+1.7"% 0.600 0. 1" 11.3+£1.92%  0.400 £0.1>% 22.3+1.1"% 37.2+7.4"%

7.5 35.3+7.1% 0.800 =0.5% 13.8 +1.9% 0.200 0.1 10.6 £9.1% 25.5+8.7%

) — AR T R . B W K R IR RO
Pk LA R 45 45 i 0 T, I Bel-2 KR, Caspase 5%
J i HE P C-mye, s FE A p53 4§, PIBK/Akt 25
BB T M S £ Sl T Ak R
FUEBR T PI3K IR A HA , {H i A 2 PI3K, R
WidE# £, p53, Caspase, Bel-2, Bax 25, H. 1 p53 &
Y4 e IG5 N I 96 AR G o i IR BRI . HGE
o 2 SR R H At i 0 T R AT ke S B 4 B R T A
5,1 Caspase-3,Bax, JE 7= [H F ( Fas) &, p53 JRu]
3 A B T AT R (PIBK, Akl 5§ ) Y
RS 5ERLRN SR A M Tk 42, pS3 Al N
Bel-2, |3 Bax, i Bel-2/Bax T [, PR £ b7 1A 1) 5
JREL AN (A R P ) — A1 8 T R R ) 4
B, oI RAMM T, Caspase-3 J& I T id 2 h fp 51 22
RO PR, R T b 7 U Tk AR AT 3 B B o
Bel-2 J2& H Bl & B 1Y d5c E 2 10 00 o ek 9o 4 L 0 1 1Y
DA, Lok BE 3R 38 JF A i 4 3 5E R0 3 Ak TR

i o 2 K A0 A A R BEL IR R T & A . Bel2 ANH
R 0 61 200 i 0 T, 0 A A T T L BB A B g S
PR S A A0 PR T 224 b8 40 i 7 Bel-2 323k 4
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