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Effect of mogrol on lipid metabolism of hepatocellular carcinoma HepG2 cells by
activating AMPK signaling pathway

HUANG Yanjing, WANG Lin, LI Sai, SHENG Li, WANG Haixia, YANG Shenghui (Department of Oncology, Hainan Provincial Peo-
ple's Hospital, Haikou 570311, Hainan, China)

[Abstract] Objective: To study the regulatory effect of mogrol (MO) on lipid metabolism of hepatic cancer cells and its molecular
mechanism. Methods: Oleic acid (OA) was used to induce fat accumulation in hepatocellular carcinoma HepG2 cells and to establish a
steatosis cell model. CCK-8 method was used to detect the cytotoxicity of MO to HepG2 cells, and an experimental working concentra-
tion without obvious cytotoxicity of MO was chosen. After being treated with different concentrations of MO, lipid accumulation in the
cells was observed by oil red O staining, and the contents of triglyceride (TG) and cholesterol (TC) in the cells were measured. Key
genes involving in lipid metabolism were screened out by high-throughput transcriptome sequencing qPCR was used to detect the
mRNA expressions of ,SREBP-1c and FASN, while Western Blot was used to detect the protein expressions of p-AMPKa, SREBP-1c
and FASN in cells of model group and treatment group. Results: After OA induction, a large amount of lipids accumulated in HepG2
cells, the contents of TG and TC increased significantly. Three key genes (SREBP-1c, FASN and p-AMPK «) involving in lipid metabo-
lism of hepatic cancer cells were screened out. After OA induction, the mRNA expressions of SREBP-1c¢ and FASN increased, the pro-
tein expression of p-AMPK o decreased while the protein expressions of SREBP-1c, FASN and other proteins increased significantly.
After intervention with working concentration of MO, intracellular lipid accumulation, contents of TG and TC, mRNA expressions of
SREBP-1c, FASN and protein expressions of SREBP-1c, FASN decreased significantly, while the expression of p-AMPKao. increased.
Conclusion: Mogrol can inhibit the synthesis of fatty acids by activating the expression level of AMPK signaling pathway related fac-
tors SREBP-1c and FASN, so as to play the role of regulating lipid metabolism.
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[Chin J Cancer Biother, 2019, 26(8): 876-881. DOI: 10.3872/j.issn.1007-385X.2019.08.008]

A I8 P 5 i B (non-alcoholic fatty liver dis- s ammy s 4 B30 4 % 85 H (No. 814315). Project
ease, NAFLD) /& — M 5 Jif & 2 #k $t (insulin resis- supported by the Natural Science Foundation of Hainan Province (No.
tance , [R) A1 A% 5 &% V)R O (ACHE BV iF 4 814319
A5, 925 e A 5 < R e P I 07 A5 RS RS 1 IS MEEENT B (1980-), 2, -, Bl T ARLRID, 322N SBALI

, . .. SRS VAT FIM DS 7T, E-mail:3081217747@qq.com
#¢ (non-alcoholic steatohepatitis, NASH) - AT fi ]
H# % (non-alcobolic steato epatiis ) AHRALR [iB{E1E&] LI (WANG Lin, corresponding author) {# 1=, FATEE

H?éﬂf]ﬂi@f:&é (h‘epatocellular carcinoma, HCC) ’ LJH??HEIH’FJ Wi, 32 T S P I 1) YE I 1 AR SEATE 5T E-mail : wanglin7209@
PR IT I FETAR 9 EEARFAE s AT KT 7% 163.com

b



b

TR

T

, A5 DUR B IR E0E AMPK 5 5 B i 42 JH- 28 s Hep G2 4 8 A e At - 877 -

Ui A 9 NAFLD f & AL 2 iz vl B JH A
JE AR 25 AL 51 AR R B R BTN , 1T 455 Kk 2% E B A
JH- 248 SR A A 4 B 4% 5 UM 5 VAR 44k T 4H
S SR AR B AR ANATTAR I I AR B S R
A2, NAFLD IR Z08 9 T iy, 7™ 5 B N 2R AE fm g
R o DR, a8 2 B T Jo 3 RR T T SRR A G T
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TR N # PR (Cucurbitaceae) T W) 2 LR
(Momordica grosvenorii) [T/ R 5L, G PR L3 2 H
TRIT HE PR « 5 I s B e i S5 A% ST 2B
WU I, B PR IE B ORI R 1 G 9% S5 A TS,
TR (mogrol, MO) & & 75 BHE Y 2 IR B H
H oo, BA WA St ie fE P, Rt
FEUZEHT, MO X AMP R (14 2 1 B (AMP depen-
dent protein kinase , AMPKa) H ¥ a{EH . AMPK /&
A= e B A R Y IR DR BRE A3 1 X T LA P REAR Y
J AR B A B PR R M. AMPK REHS 1Y
5 T e AEL [ A 775 To 0 45 & 2] E (cholesterol regu-
latory element binding protein , SREBP-1¢) lg i iR &
J% B (fatty acid synthetase , FASN) 255 1% M 7 R Y 5%
SR I AR IA , AT R A% 400 ) T I TR AN Sk il e
JIE AR 28 AL - VA5 T BT A R A 5 LA e T A 1
PER . LR, kT iR 2535 P 70 ¥R 77 NAFLD [t
FAZ N2 R . BRI, MO fE 8 3l i Bos
AMPK 15 538 % U 15 i 107 40 i o34k, (H 2 20 T2
SR 0 AMPK A5 5 18 B 3 [ 1 428 i A6 1 7 FH
TR R A SE 56 32 F i R Coleic acid, OA) 5 S
7R R AL, R0 MO S AMPK G % 4 [
W 77 HCC 4 i HepG2 Jlig Joi A 19 7 H , 9 MO 7
HCC 67 I B AT 7042 it S 56 R Al

1 #MR5RE

1.1 &M 5EFA

N HCC 40tk HepG2 W 1 H B B 27 Bt A= W4k 2
MY E T, & 10% 1648 117 100 U/mL
% % . 100 pg/ml 5 % % ) DMEM = #f 15 75 5= (LA
FRIFRCBEFRFL) , 16 37 °C 5%CO, B F-f T 1 9% o
MO (it 5 : B28255 , 4l >98%) 1A F ¥ Y5 i A= 4
HARAT,OAGH S : 1120-80-1) AR DR G S
F135135, 4l 5£>98%) %6 [ _EgBT 7 T35 A R 2
], CCK-8 IR & B H AR [F A A0 228 5T pirdtt =, i
ZLO S T AL R E MBI AR AR, Hil =
Fig (TG A JIH [ B CTCO 25 8 a7 &0 B e ot
FAE W) TR 98 BT, FASN . SREBP-1¢. B-actin | i
I FEREN H Invitrogen™ A &) W tH I & B, WK E
& PCR X574 T DBI ‘A 7 , p-AMPKo.(3180) % 1. 57

BEPLIAR B-actin (4970) Fo B 7 B HT A4  BAR Ik S 40 40
g - 2F 40 R 1gG 91 (7074) %5 H 26 [# CST A #) ,
SREBP-1c (ab138663) % 5t 7 [% $i 44 ) H 3 [E Ab-
cam A # , BCA & H 7€ &7l & (It 5 : 23227) \ECL
HBEL 2 R OE I LS £ 345800 LI LB & A AR
R (5 : 78501) . TRIzol RNA 2 B 77116 (5 35 H
Thermo Fisher Scientific A 7] , PAGE-SDS 5 i 5 3 1)
2% 77) & (18D250) ¥ H 2% [ EpiZyme Scientific 24
7], gPCRAX (CFX96) 1 [ S [E {1 SR A 7 .

1.2 Z4hEeh

MO ¥ R AL ) « K 25 R MO X B 5 47.67 mg ¥
T 1 ml #5772 5w, B BOA B2 4 100 mmol/L Y MO Xt
HE B, —20 CofRAF , BUE F MO S I i BRI 85
FEILFRBE AW E N 10 mmol/L i TAEW, it 0.22 pm
LIS .

OA V5 ¥ L 1] = PR B 7ok R ) R 10 pl, N 0.1
mol/L NaOH &% 305 pl, T 70 °C/K ¥ il #4 30 min
W AE , il B 100 mmol/L i B2 ¥, LA 10% BSA Hi B¢
il % 10 mmol/L [ BEAE , it 0.22 pm fFLIERE , —20 °C
AR B
1.3 MO% 25K & if it

6 2504 K Hep G2 41 i, 28 Jik B 7 1k /5 il ik
41 ff 2 I FH 40 v B s T H 3, BLS 000 /AL BEFL
RFR 100 w51 96 FLAR H , W B 25 A CA R4
JH, SN B 2R 5 R 2H S A R B i 259 4.
BHKE6NEL. Hi24n)a, AL,
2925 BN MO(10.20.40.80- 120 pmol/L) ]
Re B, 25 (2 O IR I N R4 FR i) DMEM K 77
o AbF24.48 h )5, BN 10 pl CCK-8 1271 J& 4k
ZEREFR2 ho BEFRAXIN E 450 nm P K 4b G (D)
B, T AR AT R

AFIE R = (A D-F A D)/ D-2 A
D)*100%.

14 OAZEB ALY

HOT AR K3 Hep G2 41 g, LA 6x10° AN/ FLEEFR T
12 FLESFRBR R, Wt R ZH (3 in AMPK 15 5 38 B4 1
711l compound C, £ 5 4 1x10° nmol/L) B 4H &
IR 45 25 20 (20,40 pmol/L) K AF ¥ UUHR BH 1 24 21
(10 pmol/L) , BFH3IANEFL. KrFR24 h )5, BRI K
MO 45 25 N 249K 5 9 1 mmol/L (1) OAM, 5] i
MO %5 25 4NN 244 FE 2 20,40 pmol/L [ MO, 5 i
Heh T RAFIM B IR 5L, B T 37 °C.5% CO 85 7= Fd
HRE 9% 24 h, TR A4
1.5 hr O & kM 7 m b MBS R A

HY OA 18 15 e AS [F] ¥R 5 MO Ak B2 Ji5 11 48 i, H
PBS V& ¥k 3 ¥ ; 75% L I [# %€ 20 min, PBS J& ¥ 3 1K,
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WE'G 26 N AL O AR M 44 4 30 min J5 PBS & U,
BT R T mRUg R RGN . WE% 55
FLIIA 0.5 ml 60% 5 AN BE, = il K& 15 min, 787 %
fife 2 - B 5 B BT, B AR AX 485 nm AL 5E %44 D
1B, DAE SR 1 G 5T 15
1.6 TG.TC4A =M<

WA KR AS BT HepG2 40 4% 1.4 th 5 vk 3k
1T 45 2, 15 I8 TG TC & il w2 57 & pridk 25 1%
ME TG TC & &, BCARFI &M E HATE.
1.7 Sd@E#HFEANELERGEF

FREEUH AL B 4] MO 25 25 40 3 AE v DUER
P25 2 40 s RNA , F] ] Tllumina HiSeq 2000 PE100 3k
175D, R PCA X H A Rk AT 40 B, R H
SCDE # i xf 22 e 3k R AT 40 i, FHRFIE R
JEIH
1.8 qPCR # M| HepG2 %@ &z F SREBP-lc. FASN
mRNA # & &

B A KR AS BT HepG2 4 M 4% 2.4 th 5 vk 3k
175 .45 74, ic F TRIzol i 714 $2 Hepg2 4 i RNA,
T SRS RINA 10 3% 5% i cDNA J5 12 F qPCR Al
SREBP-1c.FASN mRNA {15 /KF. PCR ¥ 4 %
P CONAR 22810 pl) : 95 °CTIAEE 2 min; 95 °CARPE
10's,62 °CiE K 30 ;72 °CHEfH 15 s, 3L 40 M, LA
B-actin A 2, K H 24 4L THREAH L K mRNA [
X RIE R, SIMEHIWE 1.

&1 519F%)
Tab. 1 Primer sequences
Gene
Gene Primer sequences length
(bp)
B-actin F:5'-GTCCACCGCAAATGCTTCTA-3' 190
R:5'-TGCTGTCACCTTCACCGTTC-3'
FASN F:5-TGGTCTTTCTGTGCTTGGATT-3' 30
R:5'-GGAGTCTTGGCAGGGTGGA-3'
SRBBP-I¢  F:5-GGCACGGGAGGATGGACT-3' 130
R:5'-GCTTCTTTGCTGTGAGATGACC-3'

1.9 WB# M p-AMPKa.SREBP-1c.FASN ¥ & & #%
F-&-3

B AR KRS B HepG2 4 i 1% 2.4 v 7 i3

T s 25 )5 , SN R S B 1, BCA IR & 2 2R

. 40 pg AR 45T SDS-PAGE 4 B )5

# 2 PVDF [ (0.45 pm) b, 5% B Ag 2B 08 1 h,

A p-AMPKa. SREBP-1¢.FASN 2 —$i (1: 1 000) 7F

4 °CH A NREIRI & 1L, TBST G BE 3 K, BEIX 10

min, —H1(1:10 000 Z & i F 1 h, H TBST i5 ¥ 3

R, 8% 10 min, ECL {2 4 )5 18 F GBOX % 4 #T &

GAF 5, UL B-actin fE NN S . K H Image T %
AT AT K FEAE 73 Hr
1.10 %t it

K H SPSS 13.0 B A #EAT Ge v 43 #7 , v B BT RLR
H x+s o, R A S AT 4L Lh . DA P<0.05 5
P<0.01 R BARITFE .

2 g R

2.1 MO%#RE it

CCK-8 & 45 3 (B 1D Bk, B MO ¥k Ji 18
K A FH B 1) 36 K, HepG 40 B A7 35 564K IR A, 24
MO ¥ [ >4 80 pmol/L i 1 F 24,48 h, HepG2 4 i /7
TR 5N 72.8% 61.2%. 24 MO ¥ JZ N 20. 40
pmol/L I 1 F 24 h o 24 i A7 175 2 52 i 852/ , (Rl 1 ik
%2040 pmol/L %t HepG2 £ g Jc B 5 £ o 25 14 f vk
%, VEH 24 hE MO A 255 1F

100 HepG2
S
2 - 24h
= @ 48h
g 801
>
=
8
&
€ 60f
S
[="
8
405

0 30 60 90 120 150
MO [c,/(umol-L )]
1 MO Xt HepG2 ZHAfI 75 7E = A F200
Fig. 1 Effect of MO on the survival rate of HepG2 cells

2.2 MO #7%) OA % 549 HepG2 ta JeL 5 Jii B 47

T8I BB (200 £5) X HepG2 4H A P4 i 5
AT ISR, S R B 2 s, X RZA L, OA 15 3
RS 25 ZH 47 L 2 P e ) R b K R T 7 3R AR s MO 4k
PR G 7 AR Sk D, R AR /N o IR G B
H(E2) LA, SR R, B g & R
FHE (P<0.01) 5 520 AH b, MO &b 3 5 35 RE B I
fig i B (P<0.05 5% P<0.01) .
2.3 MO i 4 OA % F 69 HepG2 @@ . 'F TG.TC 4%
&

iz H OA i 5 HepG2 41 i fig it AN, MO 45 241F
G E & TG TC & &, 45 RUWE 3 s, 5xf
WEZH e, A TG TC H B B & THE (P<0.0D): 5
B L, MO 45 241EFH 24 h )5, TG TC & & 12
Z T B (P<0.05 8 P<0.01) .
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A: Control group; B: Model group; C:MO low-dose administration group;

D: MO high-dose administration group; E: Positive drug group
El2 MO 3t OA 55 HepG2 5 R RIS (x100)
Fig. 2 Effect of MO on lipid accumulation induced by OA in HepG2(x100)

2 HepG2 Hiafs B RRAIBERK R

Tab. 2 Lipid accumulation of lipid accumulation in HepG2 cells

Group MO [cs/(umol - L] D
Control 0 0.73+£0.07
Model 0 1.62+0.20"
MO low-dose 10 1.43£0.19%*
MO high-dose 20 1.20+0.094*

Positive drug 10 1.14£0.12%

“P<0.01 vs Control group; ““P<0.01 vs Model group

24 R 3A R £ K A 69 AMPKoa i@ 948 X
A B

e I R R HOR B 4 A R A o e e
H1 371 4> 22 5 2, Hod AMPK % 48 A 5% )
SREBP-1c.p-AMPKa.FASN %53k K A & FIE T

A
1571
H
& 1.0t
o
E ok
| &
> 05F e
S \\
a b € d e

WHR, TRE 2 5 MU A2 , Mok $e5E 8 Rk 22

BURIZ 3 AN FEE A 7 T iREAT A

2.5 MO % HepG2 4® fi. SREBP-1c. FASN mRNA %
qPCR il 45 5 (B 4) B, 55 R ZH b, A Y

“1 () SREBP-1cFASN [f] mRNA ik /K 7 & & T+ &

(P<0.01) ; 5L L #%, 45 F 20,40 pmol/L MO 1

FH 24 h J5 # GE B4 ik SREBP-1c. FASN mRNA [1) ik

(P<0.05 8% P<0.01).

2.6 MO % p-AMPKa.SREBP-1¢.FASN % & & % i&

WB I 25 5 (B 5) 7R, 18 FH OA M Ji5 , A Y
“H p-AMPKa 2 1315 N i , SREBP-1¢ FASN & [13%
K MO 4 2515 FH 24 h 5 , p-AMPKa 2 (3£
15 L, SREBP-1c FASN %525 4 3215 R i

w

081

§ 0.6
o *
on
£ 0.4 L =
§_ .'I!r. *%
g o2} e

0 .

c d e

£4P<0.01 vs Control group; "P<0.05, "P<0.01 vs Model group

a: Control group; b: Model group; ¢:MO low-dose administration group;

d: MO high-dose administration group; e: Positive drug group
3 MO 5 OA Xt HepG2 ZHi17 TG(A) TC(B) & EHIF N
Fig. 3 Effects of MO and OA on the contents of TG(A) and TC (B) in HepG2 cells

3 %

NAFLD A& —F AR 4 T 45455 , 7T LAk — 25 S 5L
FF 46 HFAm s 45 . WL A 5 TR A Sk & AR 6 28 4w
FEXTF NAFLD & i 40 i Je 25 A 3 5 05 1) R A R J
B B B AR U, FASNZE I8 7 R A Sk & B

AU g R R R R4 HEE . FASN REfS i
1M 105 R M3k B i, FASN S R T4 RE 1% {12 38 i 1 R

&G BT AR T OR 2 IR o HERR , 5 5 T 40
AT HREFER B, FASN 5 AKT £# 175 ) 15t
YT, FASN 5 3R A8 05 V0 AKT 38 8% 75 2 40 i
Wk B4, ELA R I A M e AR R SRR . B
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FLI B FASN 2 [ [0 3R 14 RE 0% 40 1] 1 I 1 16
SE 2% JIT 441 B g 1) & b FE . SREBP-1c A2 JIE W R &
R T2 R e P I A SR T IR T, AT Y G A
JE 5 2B )65 R 1) 2 TR 3Rk, i 32 JH AL [ e 0 A g
TR (1) A= 0 F200, ot —F AL A ] e e S A R 1 i
HOREEEAEM .. AU R ELX T NAFLD 1) &K 4
REBGEEER. BREFRIGLEA#EE (AMPK)
{5 5@ AE AR E I ARUREE L 725 T NAFLD

Relative expression of FREBP-1c mRNA

AN RE I R AE R R, AMPK /E A HLA )
RE W19 701, BEf% R 4% HL N Ui SREBP-1c & FASN
SR AR S B 1 Rk A T ML RR AR . e 20
HA G TR G SR 2l T iz AR SME AR A
FMF T, MR F 5 8 T T 20 R IR ot R AR R s
95 7 A TR B, TS AU NAFLD ARAS R JH-4H 4%
1509, 17792 LA 2 F T NAFLD RSN 7t .

Relative expression of FASN mRNA

24P<0.01 vs Control group; "P<0.05, "P<0.01 vs Model group
A: Control group; B: Model group; C:MO low-dose administration group;

D: MO high-dose administration group; E: Positive drug group
E4 MO %t HepG2 ZHAi+ SREBP-1c 1 FASN mRNA FIAHI S
Fig. 4 Impact of MO on the SREBP-1¢c and FASN mRNA expression in HepG2 cells

A B C D E MX0)

pAMPKaI - — — ~~I 62

P-AMPKo | e e w—— )

SREBP-1¢ l—'—‘— — —'] 54

FASN ["--- -'] 273

-actin | D = - G|

Relative expression of protein

pAMPKa SREBP-1c

1
>
%)
Z

24P<0.01 vs control group; "P<0.05, “"P<0.01 vs Model group
A: Control group; B: Model group; C:MO low-dose administration group;

D: MO high-dose administration group, E: Positive drug group
5 MO %t HepG2 RfisF p-AMPKa.SREBP-1¢.FASN & & H & Z S0
Fig. 5 Effects of MO on expression of p-AMPKa, SREBP-1c¢ and FASN protein ih HepG2 cells

MO BE % BTG AMPK {5 518 % O o AT 24,
BT A A R s I > . AR s2 36 ia
F OA 55 57 HepG2 At o Jig Jit ZR A A , #R3F MO
W R AR & T Bl . W Fi s SRR B, MO
AEfE 203 OA % 51 HepG2 M fig it 241, B# 1K TG
TC & &, % T OA 175 5 HepG2 4l iU fig il R AL B o
HZEM . AR MO BB 30E AMPK 5 58 % , #1 ]
o I R S A 2 R T S 5 T 4 i T R A Y O

%K SREBP-1c. FASN %5 5 JIg JIij B2 M\ Sk A i AH 96 0%
RS mRNA B A RIAKT. 45 81%, MO R
T BOE AMPK {5 5 18 26 22035 OA 5 5 HepG2 fI i
FRMIEH.

ZE I, MO BE % 18 1 3G AMPK {5 5 B ] 4%
SREBP-1cFASN [ , $iil Jig 107 18 A Sk & O T2
BERRBRARHS , B WA AR 9 AE A, X5 T NAFLD AH
R JFF At e e R TS0 AR 97 B — 8 B S FANME
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