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Asiaticoside inhibits the malignant biological behavior of hepatocellular
carcinoma Huh?7 cells via the cAMP/PKA/CREB signaling pathway
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[Abstract] Objective: To investigate whether asiaticoside (ASI) regulates the malignant biological behavior of hepatocellular
carcinoma Huh7 cells via the cyclic adenosine monophosphate/protein kinase A/cAMP-response element binding protein (cAMP/PKA/
CREB) signaling pathway. Methods: After determining the suitable ASI concentration and treatment duration using MTT assay, Huh7
cells were divided into the following groups: control, ASI-L (20 pmol/L), ASI-M (40 pumol/L), ASI-H (80 pumol/L), and ASI-H+
Forskolin (80 umol/L ASI + 100 umol/L cAMP activator Forskolin) groups. After 48 h of treatment, cell proliferation was assessed
using MTT and colony formation assays; cell migration and invasion were analyzed using Transwell assays; apoptosis was detected
using an Annexin V-FITC apoptosis detection kit. The secretion level of cAMP and the protein expression levels of phosphorylated
PKA (p-PKA) and phosphorylated CREB (p-CREB) were evaluated using ELISA and Western blotting, respectively. A subcutaneous
xenograft model was established by injecting Huh7 cells into the right abdomen of nude mice. ASI was administered by gavage at doses
of 5, 15, and 45 mg/kg for 4 weeks. Tumors were then harvested and weighed. Results: Treatment with 40 umol/L ASI for 48 hours
(close to the ICso) was determined to be the appropriate concentration and duration. Compared with the control group, the ASI-L, ASI-
M, and ASI-H groups showed significantly reduced Huh 7 cell proliferation, colony formation, migration, invasion, cAMP levels, and
expression of p-PKA/PKA and p-CREB/CREB (all P < 0.05), while apoptosis rates were significantly increased (P < 0.05). Compared

with the ASI-H group, the ASI-H + Forskolin group exhibited significantly increased proliferation, colony formation, migration,
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invasion, cCAMP level, and expression of p-PKA/PKA and p-CREB/CREB (all P < 0.05), but apoptosis was significantly reduced (all

P < 0.05). In the nude mouse xenograft model, ASI at 5, 15, and 45 mg/kg markedly decreased tumor weight in nude mice (all

P < 0.05). Conclusion: ASI inhibits the malignant biological behaviors and promotes apoptosis of Huh7 cells, as well as suppresses

tumor growth in nude mice, by downregulating the expression of proteins in the cAMP/PKA/CREB signaling pathway.
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N4 e Huh7 4008 B E S A YR A R
2 I 10% 84+ 135 . 100 U/mL 3525 2 81 100 mg/L
5 2 Y] DMEM 55 72 ¥, T 37 °CH1 5% CO, 35 7744
SR, B 2~3 dAER— K.
1.2 &M S

fig 2F MLy W H ThermoFisher Scientific 2 &] ,
RIPA 22 ¥ R EC 2 (1 V-FITC A T2 77 S 24y | 24
= R AT, cAMP B0E 77 55 1 v AR (forskolin) 1 H

MCE A ], ASL.MTT il A% H Sigma A 7] , 35
H BD Biosciences, Transwell = 3l 5 2 [ 7 A
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1.3 MTT &% ASI & 22 Huh7 28 6 69 7 = & B 18]

IO 0 4 K A 9 Huh7 408, AAS [F]9 FE (0410
20.40.80+160 umol/L) [¥] ASI Ab ¥ 4 il 48 h, SR ) [
BEFLAFIIAN 20 uL MTT ¥ .4 h J5 £ 7R 9290, 916
AFLA A 150 pl = B B HE T, 252 05 30 LUIR
G35 FEg AR ORI AE 450 nm AL (1) 5% % B (D)
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1.4 mfaspym B2
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(ASI-High, ASI-H) 41 . ASI-H+Forskolin 21 F1 % i 2 .
ASI-L 44 Huh7 40 #E 4 20 pmol/L AST 3% 573 b B
48 h; ASI-M U4 U 7E 75 40 umol/L ASI 35773 Ab #
48 h; ASI-H A A ML 7E 7 80 umol/L ASI ;77 2k H Ab 2
48 h"™; ASI-H+Forskolin 41 4 ffii i 100 pmol/L
Forskolin.80 pumol/L ASI L AL 3 48 h™ ;M I N 5
SEES A SRR VAR R E 6 N E L.
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AT . USCHE 1.4 75 J7 325 40 BE S (1) Huh7 40 i F 5 37
B F 78 R & FBS # DMEM 1, 4 100 pL 41 i 2%
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Ferb, 3 N HITE 0.1 mL Z A AT HE B, E T AT 40
o S PP RS R AR Y, Y i R R B OA B2 50 mm B
WHER A Xt B8 41 . 5 mg/kg ASI. 15 mg/kg ASI Al
45 mg/kg ASIZH . X HEZH 25 756 B I AR 2 37K s 7E i
AT SLEG K 22 25 SCHR[10] 1 JE i, 5.15.45 mg/kg
ASTUAH L2590 5 T 10, B8 4 J , SR 45 i 5, Af
F AR A R BR 22 SR K, 40 B IR A 29T AR L
1.12 Gt ot

K FH SPSS 26.0 AT e it o0 #T T & IE &S A
FITHE VORI v s, 241 EUEER B R 24
Mr, 3t —24T SNK-q #6556 LLP<0.058¢ P <0.01 £R
R RAGIEE L.

2 &% R

2.1 kA& 89 AST A BT IA]

¥ 0.10.20.40.80+ 160 pmol/L ASI 4b3# Huh7 44
148 h i , K45 5 (% D BoR 1C, 219 40 pmol/L.
I, 78 5 45256 AST-L ASI-M AT ASI-H 25, 73311 20,
40 F180 pmol/L AST ZbHE 4 ffd

L 40 pmol/L ASI 4-FE Huh7 419 0+ 1224 .48 Fll

72 h, L\ Huh7 40 Jfl A7 35 Z 5230 50% (1) 48 h AR AEAE
FAR T (2.
2.2 ASIXf Huh7 @ 038 78 R 57 [% 69 %

TR T RS S MTT VA 46 R (B D R, 4
YH N2y kb ¥ 48 h )5 , ASI-L 44 . ASI-M 4H . ASI-H 41
Huh7 e [ 500 J 40 A7 0 26 35 2 38 K T o0 A (3
P < 0.05) ; ASI-H+Forskolin 41 Huh7 4H if 18 8 2 J% 7
B B E T ASI-HAL (B P<0.05).

F=1 TREFRE ASIX Huh7 a7 5ERIS200 (R£5,n = 6)

2H) TG (%)
0 umol/L 92.77 +5.43
10 pmol/L 82.54 +8.44
20 umol/L 72.32 +7.52°
40 pmol/L 51.05+5.22
80 umol/L 34.07 +3.45
160 umol/L 1524+ 1.77

50 pmol/L ASTAHLL,"P < 0.05.

=2 AERCIERTE T ASIX Huh7 HBE7E & B9S2 (X £ s,n = 6)

el 175 (%)
0Oh 93.24 +5.37
12h 83.14 +8.37
24h 78.32+7.85°
48 h 50.11 £5.12°
72h 1822+ 1.91°

5onhMkL,"P<0.05.
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T B ARSI &5 R (3D S, 43 2N 24 Ak
48 h J5 , ASI-L 41 . ASI-M 41 . ASI-H 41 Huh7 40 g A T
KF ¥ 82 TR R 4L (P < 0.05) ; ASI-H+
Forskolin 20 Huh7 40 i 8 T2 /K °F & % T ASI-H 21
(P<0.05),
2.5 ASI*F Huh7 29t cAMP K% v

ELISA ¥ 45 B (% 4) B, 70 4 hn 25 4b #
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53 W cAMP ZKPE)RER T TXHE 2H (35 P < 0.05) ; 41 . ASI-H %1 Huh7 4 {1 p-PKA/PKA . p-CREB/CREB
ASI-H+Forskolin 1 Huh7 40l 43 W cAMP 7K F i T RIAH 8 FCT T X M4 (39 P < 0.05) ; ASI-H+
ASI-HA (P <0.05), Forskolin Zf. Huh7 4l ffi p-PKA/PKA . p-CREB/CREB
2.6 ASI*tHuh7 %82 % PKA.CREB & & % iA % PR E R T ASI-HAL (¥ P <0.05),

WB 46 45 3 (- 4) 7R~ , ASI-L 41 . ASI-M

o HEZH ASI-LAL ASI-M#L ASI-HZL ASI-H+ForskolinZl
A - A
150 . ASI-LA 150 mm ASL-LA
= ASI-MAL e ASI-MZAL
e ASI-H# e ASIHAL
mm  ASI-H+Forskolinl mm ASI-H+ForskolinZl

100 100

\

HESHA %
e lEH/ A

50 50

0 0

5%t iE 2 b, P < 0.05; 5 ASI-L 41 He%, 2P < 0.05; 5 ASI-M ZH b8, 4P < 0.05; 5 AST-H 41 Eb 8¢, VP < 0.05.
E1 ASIFForskolin {0 3E%T Huh7 ZHBE18%E & 55 FE T2 B AU 2200

R4 ASI-LA ASI-M#A ASI-H#L  ASI-H+ForskolinZfl POECEER ASI-LA ASI-M#4L ASI-H#L  ASI-H+Forskolinl

4L — o AL
— = ASI-LZL = ASI-LZL
= ASI-MAL 300~ m— ASI-MAL
e ASI-HA = ASI-HA
<& == ASI-HtForskolin#l mmm ASI-HtForskolinffl
~ v <
= % 200
i o]
e 100

5%t s, P < 0.05; 5 ASI-L 41 HE4%, P < 0.05; 5 ASI-M ZH b8, P < 0.05; 5 ASI-H 41 Eb 5, VP < 0.05.
&2 ASIFAForskolin & IE %t Huh7 ZAAE{RZE (A)iT 7 (B) BE LIS

- A

20 4.3 1N R%)| 14914 504 m— ASI-L#L

- ASLMEL

40j A ASLHH

e . e\\" = ASI-HtForskolinffl
B PRl
R o 0.1 XE e A1
#’ = & v
"g',; TR T TRk ] 19
p— po— Serminy p— p— o
XA ASI-LAL ASI-M41 ASI-HA ASI-H+Forskolin{

S EALE,"P<0.05; 5 ASI-L A FL#E, “P < 0.05; 5 ASI-M 41 L #E, AP < 0.05; 5 ASI-H A L%, VP < 0.05.
[]3 ASIFIForskolin &2} Huh7 ZRAE T-HO RN
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2.7  ASIFI & AP AR S8 £ KA %R

i B A% HE R S e 45 IR (B 5) 7, 501545 mg/kg
ASTAHA BB ot S35 IR TR R (B P<0.05). 5
R LS, P < 0.05; 5 ASI-L 20 LE %, “P < 0.05; 5 ASI-M 41
Ebi, 4P < 0.05; 5 ASI-H4LEL %, VP < 0.05.

4 L Huh7 4R cAMP K 2K (X £ 5,n=6)

21531 c¢AMP/(nmol/L)
X 2 9.75+1.05
ASI-L 4 7.11+0.74°
ASI-M 4 5.24+0.55%
ASI-H41 3.88£0.41%4
ASI-H+Forskolin 41 7.05+0.727

3o #
HOC 6 LT T A0 AR PR 5 P
WIRFRR L SIBF4F AL 26 IR, SO 5t

SR ASI-L4] ASI-MZH ASI-H41 ASI-H+
Forskolin4]

PPRA o cm—
PRA SIS D owess CISTE  CESESES
| eGSR aMSws  GRSMA  COWBESS

w2
1.0 m= ASI-LZ
== ASI-M4L

0.8 ASI-HAL

0.6

p-PKA/PKA

0.4

0.2

0

ASI-H+ForskolinH

AT 1) Bk DL S A AR R L AR DI BR 1 A gk
W ABFRIRTT I E R R A R I N BRI A
5 B TR B VIR E I R RIE T R 254 -

T2 B L o 26 VA T B T A M s 75 Y 1 2
P e B R B8R, v] B v I 4 A e AR 5 ()
A BT R — P 2 A R 2, ASL A2
HEBEEEUAEDZ — KRB BRI EHEN
B2 2 BRE PR . AR JR | S
FUE R PR AR A RGE . Ak, BRI
ASURE & T A2 95 v DAR G th R S OR3P 7E L, Wifig
Fii FE P40 05 S I 4R e Ab 25 . ARHIF A0 R B, AR R
ASIF) 0] 41 Huh7 240 B 389 58 & se fE 40 L % V1R 28
B, (R LA T, $2 o8 ASTRT I Huh7 40 f i 4T
. MA Z5ERUTE 5 % I, AST AJ 5 S JFF 96 40 g QG Y-
7703 1 Bel-7402 P T 4| FL MG 58 , I LB 5 97 H- 4
L )3 70, AR B Z Bk ) S . AR A O A
SR PR AR Y , R IAS [F) SR ) AST 38 AT 4
il e S PP RS AR BRI AR AR K

B

IR ASI-LAL ASI-M4] ASI-H# ASI-H+
Forskolin4]

p-CREB ‘S—
CRI|) D s eSSOS.  CGEBNND  ASMRED.
B-actin N — OO CEETD SR

2]
Lo m= ASI-LA
ASI-M#4L
ASI-H#
ASI-H+Forskolin#H

0.8

0.6

p-CREB/CREB

0.4

0.2

0

53R L, "P<0.05; 5 ASI-L 4L ELHE, “P < 0.05; 5 ASI-M 4L L, AP < 0.05; 5 ASI-H 4L HE 4, VP < 0.05,
4 ASIAIEXS Huh7 4888 p-PKA/PKA(A) . p-CREB/CREB(B) FiA AU S401

1 2 3 4 5 6 78 910

X 2H
5 mg/kg ASIZH
15 mg/kg ASIZH

45 mg/kg AST4

2.0

— A

B 5 mg/kg ASIZH
15 I 15 mg/kg ASIZH

45 mg/kg AST4A

0.5

EXIIRA L, P<0.05; 5 5 mg/kg ASTZAHLLHEL, “P < 0.05; 5 15 mg/kg ASTZH LLHL, AP < 0.05.
5 ASIEXS Huh7 ARG R BEEE KA
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B 1) () B A A R0 78 S R v I R K BROE AP
ASLE T cAMP/PKA {55 3 B H 1) 28 4 Rl 7 I R 98
GEfi R R R AR o ASHIEFUR I, AST ] I cAMP/
PKA/CREB i@ % #H J¢ Kl 1R 1A , FH 1k Huh7 4 i 2% P
VAT A . UL cAMP 30577 Forskolin EAT 3G IE , 45
R % B Forskolin 18 it ¥ 7% cAMP/PKA/CREB 155 5 il
BREB RN T A ASIX Huh7 40 i 5544474 () 410
HE T, $E7r ASTIE L #H] cAMP/PKA/CREB {5 5 il
AT RH L AR R AR R

ZR B RTIA , AST AT 5551 & 40 A8 4 4170 1) Huh7 48 A
Ha5E v P R IT R VR 28R T, 75 5 Huh7 40 i 0
T, A B 5 4 cAMP/PKA/CREB 15 5@ i A5 5% , #F
— 35 IR P S 56 3 BH AST AT 5] 2 00 1) B8 S o A A
RER R A K, D ASTAE T4 i 10 7R 7 B3R Ak sE s
W . EHHLHIE 4%, )5 S0 70 HP o8 5 3 2 40 i
B RE.
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