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Lanatoside C inhibits the proliferation of HepG2 cells and

down-regulates Akt expression

WANG Mengling” , LIU Minzhen®, WU Dan®, WEI Jianling', GUO Changqi', TAN Ning"*
(a. College of Pharmacy, b. Graduate School, c. College of Basic Medicine,
d. College of Clinical Medicine, Guilin Medical University, Guilin 541199, China)

Abstract Objective To observe the effect of Lanatoside C on the proliferation in hepatocellular carcinoma cell
HepG2 and to explore its potential molecular mechanism. Methods HepG2 cells were treated with various
concentrations of Lanatoside C, and the effect of Lanatoside C on the proliferation of HepG2 cells was evaluated by
cell proliferation and clonal formation experiments. Flow cytometry was used to analyze the cell cycle. Western blot
assay was used to test the protein expression levels of cell cycle related proteins p21, p27, CDK4, p-Akt and Akt.
Results The proliferation of HepG2 cells was significantly inhibited by Lanatoside C in a dose-dependent manner.
Compared with the control group, the clonogenesis rate of HepG2 cells was significantly decreased by Lanatoside C.

Flow cytometry results showed that Lanatoside C blocked HepG2 cells in GO/G1 phase. Western blot results showed
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that the protein expressions of p21 and p27 in HepG2 cells were significantly up-regulated by Lanatoside C, and the

protein expressions of p-Akt and Akt were significantly down-regulated. Conclusion Lanatoside C inhibites the

proliferation and induces the cell cycle arrest in HepG2 cells, which the mechanism may be related to the inhibition

of Akt protein expression and phosphorylation induced by Lanatoside C, as well as the up-regulation of cell cycle

regulatory proteins p21 and p27 induced by Lanatoside C.

Keywords: liver cancer;Lanatoside C; cell cycle; Akt

AR 5€ FE i A P2 ) T, 1) 2023 4, € K
B 190 5 9 AE 955 49 F1 60 7 9 9 SE TS
2016 4, H [ 95 R B & 9 B B BE T2 1910 88003 301l 249
oh 400 J3 A1 250 J7, Hor, R SR E B SET R AL
FE IR AE TR S 2. AN —Fh 2R LB
BOFN 22 HE PRV | I 0 % AR e 22 5 B 224
R L DR B 35 FRR L DR A9 AR o 3 L o 9 2 R
A p53.Rb,p21 FI PTEN &, % UL i) 9 5& B 00 A7
N-ras, C-myc , C-fos, Akt % et 4 R, Akt
VER A 1 NS BUR AL I, 7E 22 Fh e & A= vh A 1
P, X Akt K Y 0 4 B R B TP A R
B, IF RS NS O S0 | R AL R e rh i
B VEREENEBEAILEE 3-3% M ( phosphoinositide 3-kinase,
PI3K) {55 % 3@ I N UFAAE B.50 1, Akt Z 59011l
200 30 90 T AR S 200 L A A A A e 4 B S A et
TR, Akt 1Y 5 238 5 MR Y A 2k R DA KO T Ak
7T T 52 2 UAR G

SO 2R 245 W) AT 8 3l v Y R AR £
BERARE Y B T TR DI PR AN, B T
BAEE T IR AR (BRI . BAETF C RN
— 7l 3& [ & i 2y o B 4 B JR) (Food and Drug
Administration , FDA ) #L v ) BEAGR O FH 25259, © 8
TESE R A BRI, BB H C Al L@ Wt/
B-catenin/cMyc {55 38 % S B B4 i -7,
i PCKS 75 S P 4n e v v, LA Kol b 6 5 Zohr
VA IRl 96 3 225 i o A0 P B4 T 7 SRR . B BT
C W] FEUN 8 40 ML Huh-7 J8 7, I 3500 58 T2 AH OG5k
Caspase-7"""  ARWFSE BAEHRIT AL C XHIFRE4N
Jitl HepG2 HFEYEEN SO S Akt 5 5@ B R

1 RS
11 EERASUE

NN bR HepG2 Iy i v+ AR} Be_E i)
FHatt e IR st R o BAET C I Sigma 23

.76 -

H] s DMEM it 3R 560 [ Sigma-Aldrich 23 7] ; Jifi 4
13§ FBS 4 [ Corille 231 s BCA £5 F & 125 £ 1
H Thermo /\ &] ; Cell Counting Kit-8 i3]ty B _ ¥ [A]
174k 2= WE 58 T 5 B 38 BE B AR p21, p27 ., Akt p-Akt
(Serd73) .p-Akt(Thr308) ,CDK2 } CDK4 Ity 5 3¢
[€ Cell Signaling Technology /A w]; $T B-actin —$ 14
Fl Proteintech /A&, CO,55 346 W H 3¢ [ Thermo 23
w3 IR i 22 P AR AN A i TECAN 2 7l 5
Ve URE DAL [ 36 [ DL e 2R IR R 5 BRI A A5
ZGu0 A K Bio-Rad 23 &) 5 it 40 M A {1 5€ [
BD A H],

12 XKFHE

12,1 ZMaI%E 3 R BT HepG2 40 i 422 M 7E 5
10% FBS [ DMEM F MG 323 (56 21535738 b i
A 37 C 5% CO KGR ITH SR .

1.2.2 1G5, 8 i I8 e B gR s 9. %
HepG2 40t 270 7E 96 FLAH, % 2 8 000 4~/ 4L,
HFARIC ARG TR AR D 5557 24 b J5 R E 3T B A4

HC Tl SEg o B (GR 0 i) Al 8 B+
C W BT W4, X R4 i A 50 = 3 I

(DMSO) , + Fil 20 43 5l i A 39,78 ,156, 312,625,
12502 500,5 000 ng/mLEAETF C, 3% 3 MEAL, 1
7% 24 h 5 B R KRR, TN A0 M0 B -7 A
F(CCK-8) W, T4 FL 10 pL, BREFRFAMWE 2 h
J&  JHBEBR SR, 60 4 4 450 nm, i} GraphPad
Prism 5.0 #4317 804 A0 38, THR B AL T C 1Y 1C,
{H.

1.2.3 4I5S #F HepG2 dfIHEERITE 96 L
M, B EE R 2 000 A/ FL, M pric, A RS 74
Ki3%,24 h J5 AT BACT C T8, SCO0i ) A A
5 ARV ) BACTT C T 1L, XF B4l Jim A DMSO,
T AT A 78,156 312,625 .1 250 ng/mL £ 4E
HC, 3N, HEFRAMM2h 24 h 48 h.72h 4 d
M5 d g, B AR, A CCK-8 ¥k, 1~ fL



%24

EHBE 2003 C I H T HepG2 i3 74 & T A Akt kA

5 31 %

10 pL, FE85 55 2 h S5, 2R AR ASOR D, A6 00 6 1<
560 nm, 55 20 i 3 GE 40 0 22, 20 4 AR 0 R =
(XFHRZH OD-1iiZH OD)/ X} Hi2H ODx100 %,
1.2.4  SEREIE LSS B HepG2 4 i+ 7E 6 fL
M, % R 1000 A~/ FL, BUAnic, A S IR 46 h
Wigt. HiAR 10 d J5 i T BAETT C T 10, B0 A A
BACH C T R4, % B2 im A DMSO, i 28 fin A
312 ng/mL BT C, %8I NESLHEHFO6dE, B
EIEFRW, ) PBS BEAR 2 Wk, 2 5 HE 2 40 i
15 min, 45 i S YL 64 15 min J5, FHE K i o
Vb BRI N T, AT 1 DR AF Rl R
SRIGARRFLIN 2 mL 10 %6 (14 DK I T2 V85 VL, 1 Al 205 i 48
B 100 L 5% A 96 LA, A il A SRS T, G 1003 <
H 560 nm, Z% SCHk A D7 R SRR
iR, LRI A il % = (X B4 OD-+Hii4] OD)/
X HEZH ODX 100 %
1.2.5 4 EAGI 5% 10° 4> 20 i 42 Ff 1 35 3% 0L
o B ARIC AR FRAE TR B3R 24 b s EAT B AR
1 C 1, X A BT C T4, THHER
H C WM, 312 ng/mL, BAEH C THiHESE 24 h
Ji ) >R FH TR A2 S A 20 e, FH 10094 1) & Pt i W it
T, BT 4 CORMA o Je o miy B 40, I 1
PBS T4, I A RNase A ¥, 75 37 CKIBEHIRT
30 min, B FEE RIEWR O PTG 403k H2 40 i,
JFTE 4 CHEEOGCFAFTHEE 30 min, &5, (A
A B ASCRN FlowJo BRAFHEATAIN AN 4347
1.2.6  Western blot 5256 24 21 iy $2 B 41 it 2 &5
F LR BCA B 8 Ak ., il &5 B AEER B A
G IR AT, 95 C AR M 10 min, B F vk I 10 min,
=20 CKFERAT . SEIRET, B ab B AT (9 b FE AR 1
FEAh, A TRERC R UK T B B SR
THUWE 5Ukk. X EP RS , T kG
X2l ot W5 NOE . & e, T/ ACH
Image J }% GraphPad Prism 5.0 # {4 %} K14 #4745
Hro
1.3 SFitFERHE

SKJH SPSS 25.0 F A%t B HE #E AT G 12 4
P<0.05 %R 255 AT L,

2 #R
2.1 E%F CHHl HepG2 fARRIETE

BAEH C X HepG2 4 Al i) 34 4 A W] S 40 i 4
FH L BEBACH C T ity B2 i 388 I AN 1 $5 i ] A9 SEE G
T HepG2 4 g 3 76 Bk ] &2, T 01 24 h 1y 1C5, Ky
(579.40+0.04 ) ng/mL, 5 5L WK 1A fir7~, CCK-8 52
AR R, SXTIRA A L, BALTT C T 14l HepG2
20 B TR IR 00 O, S v R R TR ,
BAET CAHEH 24 h 5, HepG2 40 g A= 1< 32 2 B (41
il , 25 SR & 1B fim

>

-

]

3
1

-]
o
T

N
o
T

24 L S T A 2R/ %%
8 8

o

1000 2000 3000 4000 5000 6000

BIEHCHYIIRE/ (ng/mL)

vy
-
=]
3

1

FHi2 h
Ffii24 h
F-1ii48 h
FHi72 h
T4 d
Fis d

driono

240 0 484 L4 1) 2 / %

.20 I 1 1 I 1 I 1 I 1 I 1 n 1
0 300 600 900 1200 1500 13800

BIEHCHYIRE/ (ng/mL)

TE AL BAETH C 5 HepG2 41 i ity 5 1 2008 56 2 7
BrsB. BAEH C L5 T B XS HepG2 4 a1
'/%)2”[’“]0

B 1 ZEEH C 3t HepG2 ZAA 5 1 250

2.2 FEbFH C #P#l HepG2 HRPaTE FER Y,

312 ng/mL WEAL T C 114l HepG2 4l ifd e %
TE R RE 1 WIS 32 4], 56 REZ He s, we B T Bl 41 ol
N (54.47x2.30) %, Z A G4 E L (P<0.05) ,
SR 2 s

- 77 -



52 £ A E F 5 31 %

xt R4 FTCH 2.3 EHFHF CES HepG2 4HAE GO/G1 HABR
312 ng/mL W BAET C T HI4L, G1 144 40 iy
74.6 % E TR IR 43.7% , ZRE G E L (P<

0.05) , Z5 5K 3 iR

2 EWH C 3 HepG2 2 AT 5 P& A BE 1 BRI

M Dip G1 R M Dip Gl BheHCA
I Dip G2 i
500 [F1DipS \
400 l G13
Ey
i 300 <
2 H
§ 200
100 lh_ S# ngq
% 40 | 80 120 ‘ 160 0 40 80 120 160
PIS Y6 TR PISETR
3 umiﬁﬂﬂﬂﬂ&#“ﬂ HepG2 QEH@E’JHEH
24 WEEAFRIE 1 C #P il HepG2 #fifift Akt f& p-Akt AR LN, B

FEALTE C 198 HepG2 4l iy p21 .p27 B 13335, FET C e BBy, Ak S p-Aka 25 1Y R 35 BAIK, 40
BACT C Wiy, p21  p27 BRI R AR, Bip [ 4A FIE 4B s,

B
" 15 B 15 "
it m -& g § & .&
%1.0 - O I gl.O
.* £os £ os} z
< —
2 0 ) 2
3 1 2 3 4 5 6
27 [ - ————
gl_s gl.s-
#® 2 R :
p-Ak(Ser743) “— z 10 . Z10 "
zZ . z <
£05 o 205} -
.. g o
Akt_ b = : ’
1 2 3 4 5 6 = 1 2 3 4 5 6
P Sm—— [0
1.0 2
; : s
505
M
<0

{E: A Western blot Kl # F 31K ; B FH AR IK 07 (1. XFHRYL ;2. B AEFH C 78 ng/mL AL ;3. BAEH C 156 ng/mL WAL ;
4. BAET C 312 ng/mL ¥R BEZH ;5. BAET C 625 ng/mL IKEELL ;6. BAETT C 1250 ng/mL¥RFEZZ) . SXFHRALILE, *" P<0.01,
4 EIEH C X p21.p27.Akt F0 p-Akt B AR EMF MO

.78 -



%24 EHBE 2003 C I H T HepG2 i3 74 & T A Akt kA

5 31 %

3 itig

JH9i 8 2020 A e [ 3 £ 38 i gg S8 T 11 10
OE B R — ™ R N 2 A fde R O S e
o SR H R 25 B IR YT I 09T T, W AR
R T e T B AR C RO
F YIRS A PUMIEAVE T . AR TR A Fi S A
AL, BAET C ] UL Huh-7 17,
FEBOE T T A X L Caspase-7""" . AHFFE LA AT
FEAIM HepG2 Sy Xf 4, FRFE BALTT C XF i 20 i 1
FAVER . 45 R BoR, BT C T HepG2 24 h
Je, H 1C,, 2/ (579.40+0.04 ) ng/mL, CCK-8 £ %5
R, BACT C U R AP H] HepG2 40 114 48 , 41
VP52 R 2 R s TR A 1 o 200 L o S o 23 2Rt
N, BAEH CREDS W& M HepG2 40 M (1Y) ve B B
W, BRI UM ) 28 Hy (54.47+2.30) %, bR %E
YR, BACT C X e 40 M3 78 5 A ik VE H

Akt WHRHE H ¥ B( protein kinase B,PKB) , 2
22 R/ F A IR E R G BTEFL3h Y
HEAE 3 A AL, Akl (B FRA PKBa) (Akt2 (L
PR PKBR) Fl Akt3 (94 PKBy) , Aktl 7 £
FREH LU 2 R38R A3 HE B A V)7 DI RE ; Aki2
B 5 ZR AR ZH 2 (A UL PR i 7 2H 41
r IR, 7R 5 2R A Tl T k¥ AR A
Akt3 EBAE R E AL RIL, 2 & LT M
FEIHBE R . fE4EH b, Akt A & FE K Ui Pleckstrin
[ i1 (the amino-terminal pleckstrin homology , PH )
S5F 55 cAMP AR 1 ( cAMP-dependent
protein kinases ) ELAG [d] 5 1 (4 44 Ak 45 44 1 DL J2 AR Jk
AR it I 5 45 R S 2H A, Ak 3 ol 7 B ) 4 AL 45 AL
SR [R] IR, (5 PH 25 48 3 0 8 1 245 44 S8 40 R
[,

Akt( Akt BI3E & Fridifty Ake) f& PI3K/ Akt i f%
SRR e i = N S e I OR T P C R T
SRR G REZRMER . I, 208 52 S
YL AR S = A ™ . PISK 2 fi R
Til % 1 P — P R JIR Tk UL P A ey, B 22 SR/ 75 = R
AR e , T A A A DR BB |, £ a2 18l g Tk UL P
W& ( phosphatidylinositol bisphosphate , PIP2 ) [i1] i
g Bk UL = #% %2 ( phosphatidylinositol triphosphate ,

PIP3) 4k, Akt i PH Z54938 5 PI3K & Bl |
TR PIP3 454, fff Akt 7E 75 282 ( Thr) F1 22 212
(Ser) FR AL % WAL ( Aktl 7E Thr 308 Fil Ser 473
v 5, Akt2 FF Thr 309 F1 Ser 474 {vi /5, Akt3 #£ Thr
305 1 Serd73 fir5) ' o iEALAG Akt 7T LS5 1E 2
Jif S MR 30 p21 \p27 % Thr 145 1 Thr 157 fi7 g7
TR Al , 70 p21 . p27 A3, DA T 400 a1 T 4t i
JE 3 RGBT BELHE V2

U4 3 MiR-335-5p il # ] Octd/ Akt i&
#, 1i Huh-7 FEEANMLAYIEEE . LIU %512 &8, 3k
O JE AN ) i A B Y 3G 5, {H Akt/mTOR. /% 8T
R IRV R M PURAE . LIU 2655 5 B, 2 1 I
W Z B2 it B4 A R Ake 375 M BH AT T
Y M3 FE A A o IX BB ST SRR AT, ] Akt
AIOE PR 0 — Fh 2R AR . DRI, o A 4
PI3K-Akt {5538 [ , A 500 A i) 40 e ) 1), 40 )
FAasE " o AHES B AETE C T HepG2 4,
PR ARG 45 5 S 7R, BAEEE C FH# HepG2 4
ML GO/G1 #, BAETT C T Wi )5, HepG2 4fi ffl p21
I p27 FEFE3k B, p-Akt Fl Akt 38 T,

4 g

BAEH C Al AEE M) PI3K/ Akt {55l i, L
i p21 F1 p27 IR, 5 S 20 S S0 REL# AT 410
il HepG2 MU FE , K AF U A o AR
UESE, BAEH C X i 200 38 G R Akee B R AL A5 410
WA, I BAET C IR)7 I B L AT 5T 32 8T 19

N

&% 3Lk

[1] SIEGEL R L, MILLER K D,JEMAL A. Cancer statistics,
2017[ 7. CA Cancer J Clin,2017,67(1) :7-30.

[2] FRoFz, ik Ak, Fh 0T ik, 552016 4F v [ 1 bR A 7
O HT[T] AR A 24k, 2023,45(3) 1 212-220.

[3] WANG Y, DENG B C. Hepatocellular carcinoma; molecu-
lar mechanism, targeted therapy, and biomarkers [ J ].
Cancer Metastasis Rev,2023,42(3) .629-652.

[4] T A Akt 55 B i) 5% 28 B AR HIBLAR O AT SE st JEe [ ]
B IBTE 7 Bt 274 (P27 hi) ,2008,28(4) :272-274.

[5] KUMAVATH R, PAUL S, PAVITHRAN H, et al. Emer-

.79 .



%24 S

i E %

5 31 %

gence ofcardiac glycosides as potential drugs: current and
future scope for cancer therapeutics [ J ]. Biomolecules,
2021,11(9) :1275.

[6] BUPR, Kbk, Tl L, 45 (I R PERT 27 46 B (2022 4F
RO Y f#is[ ] PaTBEE 24,2023 ,35(4) :474-479.

[7] HU Y D, YU K K, WANG G, et al. Lanatoside C inhibits
cell proliferation and induces apoptosis through attenuating
Wnt/B-catenin/c-Myc signaling pathway in human gastric
cancer cell[ J]. Biochem Pharmacol,2018,150:280-292.

[8] CHAO M W, CHEN T H, HUANG H L, et al. Lanatoside
C, a cardiac glycoside, acts through protein kinase C§ to
cause apoptosis of human hepatocellular carcinoma cells[ J 7.
Sci Rep,2017,7:46134.

[9] KANGM A, KIM M S, KIM W, et al. Lanatoside C sup-
pressed colorectal cancer cell growth by inducing mitochon-
drial dysfunction and increased radiation sensitivity by im-
pairing DNA damage repair[ J]. Oncotarget,2016,7 (5) :
6074-6087.

[10] SRHFE, AR, B KK, 55 BAEH C {2 BEIHE A0 Huh-
7 PHT- I 5R caspase-7 TG AL [ J]. r [ 25 B 220 4R,
2018,34(12) :1745-1750.

[11] 5K, ¥ M5, 46 2 325k CSRP1 KL a] £ i A fili
iR H1299 200 (Y 94 58 IE R AR 22 [T 1. Bl , 2018,
38(4):291-299.

[12] JEIZBE, FRo AT, £ AW, 55,2020 47 v [& R 58 45 [
R EEIHACE R S LA [T ] R 25 5 R T L T A
75,2021,7(2) :26-32.

[13] MIAO Q, BIL L, LI X, et al. Anticancer effects of bufalin
on human hepatocellular carcinoma HepG2 cells: roles of
apoptosis and autophagy[ J]. Int J Mol Sci,2013,14( 1) ;
1370-1382.

[14] WANG Y, ZHAN Y C, XU R, et al. Src mediates extra-
cellular signal-regulated kinase 1/2 activation and autoph-
agic cell death induced by cardiac glycosides in human
non-small cell lung cancer cell lines [ J]. Mol Carcinog,
2014, doi.org/10.1002/mc.22147.

[15] WANG Y Y, HOU Y Q, HOU L J, et al. Digoxin exerts

anticancer activity on human nonsmall cell lung cancer

- 80 -

cells by blocking PI3K/Akt pathway [ J]. Biosci Rep,
2021,41(10) ; BSR20211056.

[16] REDDY D, KUMAVATH R, GHOSH P, et al. Lanatoside
C induces G2/M cell cycle arrest and suppresses cancer
cell growth by attenuating MAPK, Wnt, JAK-STAT, and
PI3K/AKT/mTOR signaling pathways [ J]. Biomolecules,
2019,9(12) :792.

[17] MROWEH M, ROTH G, DECAENS T, et al. Targeting
Akt inhepatocellular carcinoma and its tumor microenviron-
ment[ J]. Int J Mol Sci,2021,22(4) .1794.

[18] MARTELLI A M, TABELLINI G, BRESSANIN D, et al.
The emerging multiple roles of nuclear Akt[J]. Biochim
Biophys Acta,2012,1823(12) :2168-2178.

[19] WEIJE, GOU Z P, WEN Y, et al. Marine compounds tar-
geting the PI3K/ Akt signaling pathway in cancer therapy[ J].
Biomedecine Pharmacother,2020,129. 110484.

[20] CHEN Y, LIU X D, WANG H H, et al. Aktregulated
phosphorylation of GSK-3B/cyclin D1, p21 and p27 con-
tributes to cell proliferation through cell cycle progression
from G1 to S/G2M phase in low-dose arsenite exposed
HaCat cells[ J]. Front Pharmacol,,2019,10.1176.

[21]JIY Y, SONG Y, WANG A N. MiR-335-5p inhibits pro-
liferation of Huh-7 liver cancer cells via targeting the Oct4/
Akt pathway [ J]. Eur Rev Med Pharmacol Sci, 2021,
25(4) . 1853-1860.

[22] LIU C, ZHU X X, JIA Y Q, et al. Dasatinib inhibits pro-
liferation of liver cancer cells, but activation of Akt/mTOR
compromises dasatinib as a cancer drug[ J]. Acta Biochim
Biophys Sin,2021,53(7) :823-836.

[23] LIU G J, SHI A M, WANG N N, et al. Polyphenolic Pro-
anthocyanidin-B2 suppresses proliferation of liver cancer
cells and hepatocellular carcinogenesis through directly
binding and inhibiting AKT activity[ J]. Redox Biol 2020,
37.101701.

[ WrFE B H#A:2024-01-19]
[ RERE RG], Mk RXHRE: I FH ]



