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[ Abstract] The pathogenesis of hepatocellular carcinoma (HCC) is complex and remains unclear. In recent

years, more and more studies have been focusing on AMP-activated protein kinase (AMPK) in HCC. AMPK is a

central cell energy sensor, which plays a role in regulating and maintaining the dynamic balance of energy, and is

known as the “regulator” of cells. Activation of AMPK pathway in HCC can induce autophagy of HCC cells and thus

killing tumors. Therefore, further studies on the mechanism of AMPK signaling pathway in HCC cells can provide a

better foundation for the treatment and prognosis of HCC. In this paper,

pathway in liver cancer.

we reviewed updates on AMPK signaling

[ Key words] AMPK pathway; Hepatocellular carcinoma; Pathogenesis; Autophagy

S RN B R, SEJR i, B fE A
R, SRR A A 2B . SRR
T, LR BRIEAE R SRR R AL AL, Ok
Fh 8.29%", I E R R H AT R W 5,
Hrp R R AL R DUAL, FETRALE S =P, T
Pl o3 R RO RN AR Ktk . AR R IR, R
EIR gy ot (hepatocellular carcinoma, HCC) .
JH A 240 it g (intrahepatic cholangiocarcinoma, ICC)
FHRARAFE (HCC-1CC) =&, M, JFgni
i b L2 90% AT, ARSI . UG R
ZEM Y BRI, XL AR A ST T4k

(i HHEA] 2021 -01-12
[{E& ]
LBE1EH] THM, E-mail:18988406369@163.com

AR FB, AR

F R R A6 KRB FARYIER . T
Bt . RIGHHNGTT . I ARRZERIT . EHRY T
BORPERZ RGPS, HAT, I EEST 2L
AR £ B, REBBELET RIBITIE
RAE, EEMHE K, X ERAT IR
IYFHRE AT B, NS, AR
R AR P ORI, BEE AR BIBIE, 15
PR AP A B2 H a2 B, WA 7o . ARZRik
Hpiihid T AMPK e T4 e FP ks et g

FHWE (1993 ~), F5, WIBEMA, R Eoee, ERAFAHERIITE TR,



138 B B B R 2 4l

H a2k

1 AMPK gy#EiR

i T PR R TR AL B T (AMP-activated
protein kinase, AMPK) 7ERZHMNEARF T 23R
ik, BERRh CREREEIFR”, FENLRR A S R
EM . AMPK EZAH &AM o WHFM B A1 v
PET A R R R AR, o o B al W
B a2 W, B A B1WHEFM B2 WA, ~
5 vy 1 HE, y2 IR y3 W I[7-8] , 452K
WL TNREARTR, N KumfEfbiEh o WHEAELL,
a, B A y3IAERAER CREATEES; N
KRR 25 B 85T B WA, fR5F
SERIURAFAE C RS . AMPK — Flp X 240 i fiE
RS, AT AR, AT 4
I %) R et DR 28 ok R At A R AE KB L, R —
Flss BEARSF I 22 R | R AR TP, 7ERE =
AR R ERR

2 FHEsYEERMEREE

2.1 HFEREER

TEIER N, WA EE RN, EE1E
M EARIEN, RAE—EMWHHET, FER
e kAT PE AR A, DT 3 BRI 1)
KA R, SRR TR AE 4> T K B At
MR Z, MO, AN A EIER T
JH-98 %) o LT 1% 5 e, B X0 T & o AL
I FE I AR TG A o (EUR A9 R BRE 2 i 5 [
SRR BAE—EHKFR, C-myc Z2—FZY
JIek o R 4 T 20 L 1 B o AR AR N B SR R o SR
W], el RIAWEEEE C-mye 25T £
PR 0 K . RN, C—mye JUJ 3L R 1 376 7
JFETE B R v 2 BV o Ak, B B
FEFER C—myc, B85 20 B 0% 344 5 A3k 25 M 7
fb, mZA&FEHHCC MEAE ., PFREIPC-mye =
S IE R, B 5 8 o A AR B 25 VA G .
[AFE Chang W C S5EHA A 73 AL AR B2 (%) i AR 0 g 1)
KN —E MR R gm0 2 U2 AH B
YEFRRY, i g 52 R 1) 356 Ak ) B A A 1) 4000 9 256 DR 1)
KA, FFEN OO A4 . KRS A
Ko
2.2 FrERHEEE

Rt AER AR R AW R S, Bk
ZIN AR B AR B, Horpg R R e T —

SESLPR S A AR AR DGR o e R T T ff1
LIRS RAS J5U B DRUFD TPS3 g L R0, i Hrp
RAS N2 Z 5T 15% ~ 20% By NSk & e
biigEe

TP53 3 [H g T % BUAY IR il L [,
SRR WL AR, FLoRAR HAT D)Re s #5 sl fig
TERRLNAE R, 765 FH & AR AH DG R AR 20 i 2828
T, TPS3 el UL, Long J 25055 3k X6 A [6] A
HiTPS3 RASIRZAS FI RNA Rk G 60, B A3
DA P AR, 75 TPS3 (9878 S8 T i
JEN B T o Zhu G SFU5E o ) 8 i 0 1 0%
B L1 (ALD-HIL1D) AP ERZA1E (SNPs)
FH mRNA Rk AKX O R (HBV) Al
K R A s e B 5 IR B 1 TPS3 Rk 1
KRG, TP53 MIERBKESMEHBRR, a5
HACERIAAEBIIE T, Ye S 25085 5o FF LRI 20 43 Hr
FAARBN 9K 2 2 R (i ek As - X 1000 8 A8 R 3 1A
HATANE Ay, 54 TP53 58748 . RET 2878 il
RPAEJEHE [ K 288 1) £ 3 T N I T R R
A2, AR TP53 Fil RET 34 RTAE o JIF i 15 24k Al
B RRIT R E 2 — . FEAPIKT b,
PR AT T B XHEAE A B EH , Mao Z 4605 1
W5 A M B 6 (Dioscin) 7] 3 FJH TP53
PR A TR (TIGAR) MR,
HorAr JA T T S 3 pS3. Ak/mTOR,
CDKS/ATM i, Hs A BRI fE M . @
it P53 JER IS, X H G R B35 7 1R L Bl
WA

PTEN K2V IR T P53 AUSE — R A IR AL
. fEMHE T, SE¥H 24— BIHE PTEN %Kik
REARP I 0, %L DR ) ROk 25 30 PI3K /AKT 15
SR, MmEIEARZFEAERN & . PTEN K
1 PTEN MBI SR, LI igaE A 320
JCRERMENA. NEFRERE (HCV) Ry
R E I fER R R 2 —, B9 PTEN K&
M5 HCV #ZE P EAEH, XFPERZ PTEN
KEAMEH HCV Z 6@ M 1™, HCV R
ATRERLAE T PTEN AR AR JE T-AIRE ST, i fib
A5 g A ERR IR, e H A B SR
TOH R ES S HE . Wang Z 25258 1 X micor RNA
(miR) -367 7E JH 9 ¥k J& v 19 T 88 1B F A Xt
PI3K/AKT i B 545, il miR-367 W RE &334
58 PTEN %315, F&{% p-GSK3 B Hl p-AKT /K,
BT PTEN AJ RE/2& M8 miR-367 B9IRYT A .
AWV K IH SRS EERE 1 (METTL 1) 76 F9&



%5 1B 1)

W, S5 AMPK {5 538 7 e T A i oT it 139

W Is B, xR s, AR
METTL1 # L #0fi] PTEN 155 L #HEBUEEH, AN
# ] METTLI/PTEN %, AT BEAE 8 A0 1 750 P $2 41t
BIFAEEE RN, FARSCERES, s8N
FESERESE FNIA YT 7 R AT A SR o A A OGS
B oE, SHRRIFREAE AMPK {5538 1% 1 i 55
AL T RIS S P

3 AMPK{5Si&@EEFHIER

3.1 AMPK 5815

AMPK E0 B BT e 2 15 il s & 1, 1
BRI RGN F 2 . TER IR TT AR G 5
Hi, Dai W SERIEHA C HUBEAE R A5 3 AL AL B
(CLEC3B) K#iT AMPK {55 Sl 475 51 # VEGF
FEMMIRE AL 0k, R T XK £ AT A2 Y
TRITHIVBRAERE 5 . Guo J C %P5 1 miR-448 F i
e AR (MAGEA) KBS AMPK 55
P T T A B IR, IEIRYT
AL TR . VP2 PR R S b IR YT IS AR
AT —REMIT 25, X3 T IREHATT R— MR
ik, A WFIEE KA 6 R A 2 A 1R 1 S
(6PGD) A G AMPK {55 i@ %, JF H AT LIEN
i g A7 T 250 TR T R AL, Zhu Y SEPA
i TRIM24 i 52k AMPK 8@ ek 17 a0 & %,
T PR G I, T RE AR R R T B T A R
48 enoyl-CoA KEME (ECHS1) 789 & ot
FErPRE R ACHE AN B WEAVE LT RIS, Xu W]
5 1f ECHSI ZEfe R w52 45 th , UK
ECHS1 i1 AMPK 33 nl 41 i) 240 fa 3 58 5175 = A
W, FEMMIE AT A EA IR S
3.2 AMPK 5

FERFE R A WERF SR, TR SOX 18 F#4IE
FOANME A W55 8 5 AMPK/mTOR, M5 S 41 it
HE T A BHL A5 B g 1) &% J ), ATP-AMPK-mTOR %
FEFAN A5 T W O T A R T A R AR
L PRoREE M [{ WA RE R S RFA - GRARTH AEAR)
BT I T AU SRS, Wei X ZFFHA K 78 JH-
Skp 2 25 A MEMHLEIAS B4, 8 CARML F1
AMPK i S 40 I A WE DI REHR R, AN Skp2 fE iF
JFEER R, ATRE RN BTG I AE e A
(LR F CXCL 17, TEIFE A & EE IR
=, Wang L ZP¥EGT T CXCL17 78 140 i i A4
K. AWERERS TR AE R LR, A5 BT
CXCL 17 i 1 LKB 1-AMPK &350 1 i1 {7 28
Ji, T AL IR ER AR Tl A — o R

5%, PEAREPPA AR i H ) AMPK/mTOR 848175
S AR A W, RS A VORI A 2R
JEF R AP T R 2 A U I 4 B B TS 8 bR 2
—, BENHIE S 2RSS,
3.3 ETF AMPK 55 EB 5 EAMETT
THOBK (Met) HHF TR R 67
IZEIYIE NS ISR A W f . A IESE R
WEELTE AMPK F 30 ] -8 40 B i 3551, 2 4% 471
Fiil — I XUIR A& (RZM) @it AMPK | P21
FRIBIGTR T Met 7E/HE rh P UEFEIE, ATAE N
B2, fEhZiiE T, AR e — R
JEUEHR, 25D ER Y oy B R, WX
Fhishe oA g vs o, (HEAHLHIASYE o Han M 46
BSRA Ay 24 G 2 1 3 AMPK/mTOR 3 B35 S 4 i
MR (ERS) A FAPEANRIET, NMiZRAATT
PRAL TR RS [FIRE, SRR MR s
RN —FhZEBRAT AR, AR R 5T B 2R
RGO TS PR . Liu B 25098, @ PKM
2-AMPK-PGC1 o {5510 J% 75 fish J2 4 s 1A 1) g i i
DI RN THER, RIHE2iasy 3t T
Briktt. SERER, FEAETORZH, WM
. IWERPEERER, B SEFHRENRE
o6 44 RRE A S AMPK 15 Ak3E T A K
Caspase ARG NS AN I T, B8 0 4 it e
L P 5 4 L 8) R S 10, AT 38190 i FHT- 24 s
(&R, T8I 25 R 7E AMPK 8 5% HF5E, A H
JE R 250367 3R AUH i Be AR, o )
RIT RIS S

4 INEE

IR T B NSRRI, L 52
ZRPNEE, HEARERE . #S hRBER
B, HRRZEEHENTUS WA,
Sk, B EIRSCP TR RS, B2 3] T3
Bi. AL DH SREESFENEEN, HIT A EK
SRR o AMPK {55 38 78 I P Ry r . 24
Y. AMERPTERA —ERNE S, HRPERPTT
wA LTI, HATIHE 24 . KRS AMPK (1%
RHARTE R, HE—P R

(5% 3Ck]

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and



140

ERNRE N S

%Ak

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

mortality worldwide for 36 cancers in 185 countries[ ] ]. CA
Cancer J Clin, 2018,68(6):394-424.

MR 2R, FP I A SRR 1 A SR AL TR BUIR S K i
LT )8 A e, 2018, 41(06):5-14.

Chuang L,Danbing G,Zhi Z.National Health and family
planning commission of the people” srepublic of china.
diagnosis , management,and treatment of hepatocellular
carcinoma ( V2017)[J].J Clin Hepatol,2017,33 (8) :
1419 — 1431.

Ferretti A C,Hidalgo F,Tonucci F M, et al. Metformin and
glucose starvation decrease the migratory ability of
hepatocellular carcinoma cells: Targeting AMPK activation
to control migration[]]. Sci Rep, 2019,9(1):2815.
Chinese Society of Clinical Oncology Guidelines Working
Committee.Guidelines of Chinese Society of Clinical
Oncology ( CSCO )hepatocellular carcinoma.2018.V1.[M .
Beijing: People's Medical Publishing House,2018 : 28 —
70.

Stravitz R T, Heuman D M, Chand N, et al. Surveillance
for hepatocellular carcinoma in patients with cirrhosis
improves outcome [J]. Am ] Med, 2008,121 (2):
119-126.

Ross F A,MacKintosh C,Hardie D G. AMP-activated
protein kinase:A cellular energy sensor that comes in 12
flavours[ J ].FEBS J,2016,283(16):2987-3001.
Tyszka—Czochara, Konieczny, Majka. Recent advances in
the role of AMP-activated protein kinase in metabolic
reprogramming of metastatic cancer cells: targeting cellular
bioenergetics and biosynthetic pathways for anti—tumor
treatment.[J ]. Journal of physiology and pharmacology : An
official journal of the Polish Physiological Society, 2018,
69(3):337-349.

Gu X,Yan Y,Novick S J,et al. Deconvoluting AMP —
dependent kinase ( AMPK )adenine nucleotide hinding and
sensing[ J |. J Biol Chem,2017,292(30):12653-12666.
Yao H,Tao X,Xu L. Dioscin alleviates nonalcoholic fatty
liver disease through adjusting lipid metabolism
viaSIRT1/AMPK signaling pathway [J]Pharmacol Res,
2018,05(131):51-60.

Chang C,Liu J,He W,et al. A regulatory -circuit

HP1 vy /miR-451a/c—Myc  promotes  prostate  cancer
progression  oncogene [J ].Oncogene ,2018,37 (4):
415-426.

[12]

[15]

[16]

[17]

[20]

Wi, SREHE. 78 B4 U DAPK3 Flle-Myc i) 3£
KRHGEEBRRRR (V] BT ERR 20,
2016, 36(6):863-869.

Chang W C, Chen R C, Chou C T, et al. Histological grade
correlates  with  arterial

of hepatocellular  carcinoma

acid—enhanced  and

[J]. Abdom Imaging,

enhancement  on  gadoxetic
diffusion-weighted MR images
2014,39(6):1202-1212.

Zhang X, Cheng Q, Yin H, et al. Regulation of autophagy
and EMT by the interplay between p53 and RAS during
cancer progression (Review) [J]. Int J Oncol, 2017,51

(1):18-24.

Kancherla V, Abdullazade S, Matter M S, et al. Genomic
analysis revealed new oncogenic signatures in TP53—-mutant
hepatocellular carcinomal J |. Front Genet, 2018,9(1):2.

Long J, Wang A, Bai Y, et al. Development and validation
of a TP53-associated immune prognostic model for
hepatocellular carcinoma [J]. E Bio Medicine, 2019,42

(5):363-374.

Zhu G, Liao X, Han C, et al. ALDHILI] variant

152276724 and mRNA expression predict post—operative
clinical outcomes and are associated with TP53 expression
in HBV-related hepatocellular carcinoma [T]. Oncol Rep,
2017,38(3):1451-1463.
Ye S, Zhao X Y, Hu X G, et al. TP53 and RET may serve
as biomarkers of prognostic evaluation and targeted therapy
in hepatocellular carcinoma [J]. Oncol Rep, 2017,37(4 ):
2215-2226.

Mao Z, Han X, Chen D, et al. Potent effects of dioscin
against hepatocellular ~ carcinoma through regulating
TP53-induced glycolysis and apoptosis regulator (TIGAR )
—mediated apoptosis, autophagy, and DNA damage[]J]. Br
J Pharmacol, 2019, 176(7):919-937.

Khalid A, Hussain T, Manzoor S, et al. PTEN: A potential
prognostic  marker in

carcinomal J |. Tumour Biol, 2017,39(6):1-10.
Wu Q, Li Z, Liu Q. Treatment with PTEN-Long protein

virus—induced  hepatocellular

inhibits hepatitis C virus replication (7l Virology, 2017,5
(11):1-8.

[22] Wang Z, Luo Y,Wang Z ,et al . MicroRNA-367 promotes

progression of hepatocellular carcinoma through PTEN
/PIBK/AKT signaling pathway [J]. Bioscience Reports,
2020,40(3):1-27.



%5 1B 1)

FAUE, S5 AMPK {5 Sl B ETHE B et R

141

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Tian Q H, Zhang M I, Zeng J S, et al. METTL1 overex—
pression is correlated with poor prognosis and promotes
hepatocellular carcinoma via PTEN [J]. Journal of Molecu—
lar Medicine, 2019, 97(11):1535-1545.

Dai W, Wang Y, Yang T, et al. Downregulation of exoso—
mal CLEC3B in hepatocellular carcinoma promotes metas—
tasis and angiogenesis via AMPK and VEGF signals [J ].
Cell Commun Signal, 2019, 17(1):113-113.

Guo J C, Yang Y J, Zhang J Q, et al. microRNA-448 in—
hibits stemness maintenance and self-renewal of hepatocel—
lular carcinoma stem cells through the MAGEA6-mediated
AMPK signaling pathway [J]. J Cell Physiol, 2019,234
(12):23461-23474.

Chen H, Wu D, Bao L, et al. 6PGD inhibition sensitizes
hepatocellular carcinoma to chemotherapy via AMPK acti—
vation and metabolic reprogramming [ ] ]. Biomed Pharma-
cother, 2019,111(4):1353-1358.

Zhu 'Y, Zhao L, Shi K, et al. TRIM24 promotes hepatocel—-
lular carcinoma progression via AMPK signaling [J]. Exp
Cell Res, 2018,367(2):274-281.

Xu W J, Chen L G, Chen X, et al. Silencing ECHS1 at—
tenuates the proliferation and induces the autophagy of
hepatocellular carcinoma via impairing cell metabolism and
activating AMPK[J]. Neoplasma, 2015,62(6 ):872-880.
Sun Y, Lei B, Huang Q. SOX18 Affects Cell Viability,
Migration, Invasiveness, and Apoptosis in Hepatocellular
(HCC) Cells by Participating in Epithe-
(EMT) Progression and

Carcinoma
lial-to—Mesenchymal Transition
Adenosine Activated Protein Kinase

(AMPK )/Mammalian Target of Rapamycin (mTOR) (1l
Med Sci Monit, 2019,25(1):6244-6254.

Monophosphate

Jiang J, Chen S, Li K, et al. Targeting autophagy enhances

[31]

[32]

[33]

[34]

[35]

[36]

[37]

heat stress—induced apoptosis via the ATP-AMPK-mTOR
axis for hepatocellular carcinoma [J]. Int J Hyperthermia,
2019,36(1):499-510.

Wei X, Li X, Yan W, et al. SKP2 Promotes Hepatocellular
Through
AMPK-SKP2-CARM1 Signaling Transcriptionally Regu—

Carcinoma Progression Nuclear
lating Nutrient—Deprived Autophagy Induction [J]. Cell
Physiol Biochem, 2018,47(6):2484-2497.

Wang L, Li H, Zhen Z, et al. CXCL17 promotes cell
metastasis and inhibits autophagy via the LKB1-AMPK
pathway in hepatocellular carcinoma [T]. Gene, 2019,690
(12):129-136.

Gao L, Lv G, Li R, et al. Glycochenodeoxycholate pro—
motes hepatocellular carcinoma invasion and migration by
AMPK/mTOR dependent autophagy activation [J]. Cancer
Lett, 2019,454(6):215-223.

Liu Y, Hu X, Shan X, et al. Rosiglitazone metformin
adduct inhibits hepatocellular carcinoma proliferation via
activation of AMPK/p21 pathway [J]. Cancer Cell Int,
2019,19(1):13.

Han M, Gao H, Xie J, et al. Hispidulin induces ER
stress—mediated apoptosis in human hepatocellular carcino—
ma cells in vitro and in vivo by activating AMPK signaling
pathway“]. Acta Pharmacol Sin, 2019,40(5):666-676.
Liu B, Jin J, Zhang Z, et al. Shikonin exerts antitumor ac—
tivity by causing mitochondrial dysfunction in hepatocellular
carcinoma through PKM2-AMPK-PGClalpha signaling
pathway[]]. Biochem Cell Biol, 2019,97(4):397-405.
Lee SR, Kwon S W, Lee Y H, et al. Dietary intake of
genistein suppresses hepatocellular carcinoma through
AMPK-mediated apoptosis and anti—inflammation [1].
BMC Cancer, 2019, 19(2):902-908.



