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Abstract

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors, with complex patho-
genesis and limited therapeutic options. In recent years, increasing attention has been paid to the role
of AKT signaling and mitochondrial dysfunction in HCC progression. Among these, mitochondrial per-
meability transition (MPT) has been considered an important regulatory event in determining cell
fate. Meanwhile, curcumin, a natural polyphenolic compound, has attracted interest due to its multi-
targetbiological activities and potential anti-tumor effects. This review summarizes the current un-
derstanding of the AKT-MPT axis in HCC, with a focus on recent research advances in AKT signaling
regulation, the molecular basis of mitochondrial permeability transition, and cyclophilin D (CypD)-
related regulatory mechanisms. In addition, the potential effects of curcumin on modulating AKT sig-
naling and inducing mitochondrial-mediated apoptosis are discussed, and its potential anti-tumor
mechanisms are analyzed. Overall, the AKT-MPT axis may play a critical role in regulating cell survival
and apoptosis in HCC. Curcumin appears to interfere with this signaling network through multiple
mechanisms, showing promise for clinical applications. However, current research on the underly-
ing mechanisms remains limited, and its clinical translational value requires further investigation.
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1. 5|8

JH-4H i e (hepatocellular carcinoma, HCC)& fi # W SR R LI, BT Bk = A 2 AYHR £, HCC
WEEMI, AT AR BA LI, HErImAIT 5™ BN R KA ]. RETFERRRIE
JENRER LI Z9TE— B PR RO T RRE AR )R, (H 3T AT 52 BT 24 PEAAS RS R A
IXAE MR PRS2 e Hp AT & — AN R AR U )@ 2], BT LA, 38 U0 B 2R T SR Sk B3 HCC TS -

LWERMKRETHERPAZENRRZHBNEY, BAER. Praib. Db & s s
Z AP EE (3] o FE R E SR T3 T, 220 30 e PR R L e S5 L PN 1) 2 PR S U E I 4]
w4, AR, 23 K A E %] PI3K/AKT/mTOR .. Wnt/B-catenin Al NF-xB 25{5 5 18 % K it3% HCC
MITRE[S5]. SEEE B, R ESE 22 38 2 v @ W 4 b ik P IR IS 2ok % S MR 4R iR T, 2R kil
T PR AT MR AR R TE T REAE 6]

ASCAEL T 23 R AKT/MPT $0i%5 5 HCC A0 T 1) 40 L, B 555G T AKT/GSK-38/CypD
GRS ER, R T S s A DG A e 2 E A R . (AR RIE, HATS T R R
AKT/MPT w554 THLHIAR R B, AN R 78 2 TR AE IR A Y | S8 2% Atk B IR 4R J2 007 TH A7 AE 22
o B, ARSCIELERACHURINT, K0T B8 X 7 B S0 AR 55 5 T A S B HE VR R S AE ML

2. AKT ESEBENBEYTHRERE
2.1. AKT BEFELE X RPHER
WEAREENLEE 3-B4BF(PI3K)/ 2 IS B (AKT)/MFL3h4 76 1A 55 28 2 11 (mTOR)AS 5 38 4% 2 51 241
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sb—, KT

AP OB , 20 AU HCC IR BIA7E 1208 B 1) 7 S [ 7] AKT AEZ0@ B A% O s, Al iE
R AOE 2 A NI R YR AE S A ARG T . AR T RO A O SRS AR HE AR [8]. 1 HL
AKT BERRAKPTH R 5 HCC B HUE A R BV, XWk—B ™M T AKT 1ER6IT A9 7).

£ HCC 1, AKT Wit BESUE S 2 MR EA L, #Hlan PTEN DyREE B A2 RAR 9], A K524k
(AN 3R Bz A= K PR 7 B2 i) Rk B Rk [ 101 LA B £ R4 JFF 8 97 B 55 P 284 T 4 975 53 18 G BT T2 R 11 18 1 8 JRE Bl R
Bi[11]. BRI RIER T, BRI AKT £ 20858 WL 1h /2 I8 1% (1 Bad 1 caspase-9, [FI %
NF-xB I MDM2 5508 TR 5, 12 10 F4) 2 ke — A 7™ 5% () 4t O AP IR [ 12

2.2. AKT BOZehi{k e AL fTh e

P T RN, AKT & AT AR B ERAR TR AR E . & Patel 28 A[131IESE, #A7J5H) AKT fE
gt — BRI I SR S 51, o R B AR A ZonifA ) 1) 2. SEE BN, AWK AKT X
LWL A4 I8 375 1 77 # fL(mitochondrial permeability transition, MPT) [RIFE A5 1 15 /E H . Ajzashokouhi &5 A\ [14]
KIL, AKT Reiffs GSK-3p Wi, AL Ser9 7 sl R A BERRAL, TIBERL ALY GSK-3p HE i 2R 4 i3
PEF 3 FL(mPTP) TP A Wu ZE AN [15]R I, AKT TEREIRIY. GSK-3p8 2 J5, 55 BN i A% 7 IR 1 R (ANT)
R EAE 82058, M| CypD-ANT £ &6 s FLIE MPT BITFIR . XK IS T AKT
YEN MPT “sel N7 HISCREVER], R AEAR(5E 5 Es 5 PR VEAN A T B X% 1 8

3. RIIEIEMFE R 5 FHLE
3.1. MPT FLE &R0 R FIIRIE

mPTP 22— MEISHZEAEEY, HALT WK ANT. 67T M5 oS AR B 25 188 (VDAC)
DL T 2R L 5 IR EE A D (CypD)RIRR[16]. HE4RiE, MPT FRILA Ca> i 26 ki ik P 8 E 3%
PEEN, 5 mPTP FFEHF, b SRR RE BRI RS . 2R APk . AR AN 2 ¢ B
T, B b R TR B AE T [17].

CypD & — P Ik JE il U Bk I S 7 K B (PPIase), 2 mPTP HISSHE T 1. 7E45 B E AL N i 4%
£ F, CypD 5 ANT &4 %5 mPTP F[18]. i FPH @R A FEUE S, CypD 7E mPTP (¥ 5 Flk i
PR R T Ot ER[19]. Ak, FFRIERIN CypD 54Ktk FoF -ATP &85 2%, —#HM
AR HAE A R I IEEYE[20].

3.2. HEZRAEIE L (MPT)EFAMBEHCCO)ETTRIENY

WEFCRE, R PLIHRS S (Warburg effect) 7E K 22 20 i gg 41 i % A7 7E, {2 HCC 4ied R A
Be Rk, TRAELR AT LGt IR I [21]. X EThRE M SR8 AP T/ Bel-2 KEEE
PeRRR R ARaDS, WIHPULIT B SIgEME To[22]. Bk, @i 259155 MPT C BN 7 IR A7 i 24 1t
(A RCRNS . Bltn, 75 WK w b (—Fh 4L B % B EE 7)) HCC #F R B8 B MPT 811
PR tE . KSR b AR R B AT B R B SR B MR RN, H AT IE AT Il R VAR B B (23]

4. EEBEI AKT/MPT 508
4.1. ERRIMH| AKT &L
Pk, 2 W R AR HCC 40 AKT B2 1L . Bai 25 A [24] & B0, 2 28 53 4017 PI3K/AKT/mTOR

JHES, 155 HepG2 4NIB7E GO/G1 HAFH AR F BRI IGH AP . 28 He S5 N[25]3E—2BiFSE, EHE R A[ET
PI3K/AKT/mTOR Al HIF-1/VEGF 2 [ N4 M A 1, KAERFAR R VEH  [EAE R, 16 p53 6k
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B, Kl

BaE’J Hep3B 4iififarf, 228 £ miid AKT-PTEN-FOXO4 B B4k 3 HAR T3 v, X BoRiZ4F L
REAKHE p53 5]
LR F @S 2 ARG AKT B80S, B Wi ¥os & 1 BEIREE 2A [23F AKT RBFIR1k[26].
B AN IS PI3K A PDKI [27] L1 PTEN RIA[28]. #01#] mTORC1 35 PE[29] LA K il i 4% miRNA
(In miR-145)[A1 8% AKT 15 5[30]. J&ﬁﬁﬁﬁ?ﬁi&% L FKIE A T BCLAF1 Rk 8] $40i]
PI3K/AKT/GSK-3p {5 T IB K J- 15 F LR T2 1K R0 2 80 G MR, BRAR T 2RI 251, v H
1£ HCC WyaY7 il B4t 7 nlRe[24].

4.2. EEFFSH MPT #E

LR S BT MPT CE 2 MR 5 3961F. 7€ HCC ", Esmaeli %5 N[5 %25, HepG2 4y
BRWEMI)G, SHILRARMIK. BRI LRI R ¢ BESILS, XSRS MPT #0514
TEABTT -

4.2.1. SR HAEEIRSHEF

LR LB (L T A (ROS) A, 5 AR LRk A N R A o RAESE, W RYPUKEIA
BARARSE FE R, TS T8 ROS MY —EE(MDA)YK T, FIREAESDEH IK(GSH), B 7145
BE, dkmifil MPT PG &S EAIE T R A (31,

4.2.2. Cpr FEER AR
HHICEP RN ZE R REET AKT/GSK-38 Sl #:14% CypD /S MPT i, {HELH
Eia%% “%Eﬁ&%%-AKT/GSK-m-Cpr” X—5E A5 S HEAE HCC I B AR AR

GSK-38 7& AKT LML R, 4 AKT SZ 241, GSK-3p8 Ser9 i sl ER ALK T B, AT
# GSK-3p if k. AR, AL GSK-38 AIEHE mPTP FFJ8, 34 s 2R R4 X 48 1 B 11 B
[32].

H AT T GSK-38 4% CypD [ 78 = BERUR T Sl PR vE I . MR IRAT PRS0 S AT R 446k
iR AR, 40, Park 25 AN[32]K B GSK-3a/f 5 CypD Z [AIFEETHAE DL, I AT S 2R b A8 P 4 46
FLFFHCRAS . SR, XSS A FEARRE T HCC AR AL,  FLHLHTE b8 40 B A s B PR AT 75 T T AN

fE HCC FHRBFIEH, Hul A B IEYE R I 2 R H AKT BERUIFFE LRI
[24], AR FOE2 ) 2200 FACEE 5 LR AR I AL T B 4H L3R ¢ BRI ROS FH R4 MPT AH G
PE[S1[31]. 4RI, ST F 2 TR B CypD MRICIRZ . {2k CypD-ANT &Y, SU#
A ERAR E AT AKT 4% mPTP A, H Al sk = B 4% SCI0H0RE S FF .

(AL, AP BE “ 2238 RK-AKT/GSK-34-CypD” T N A0 A —Fi B A AE 4 2 & B A AL 4B 0t ﬁﬁﬂlia
L SE ARSI A HUB RS . R T R A B CypD FBEdLyiie . A R4 K kIR Ak B 11 i 21
S — B I U H AL .

5. S REKAFE
5.1. HAETFRM

5.1.1. EEEREAE
HAl, XTFREHFIET AL AKT /5 CypD BRI IF I &R0 mPTP JF iU B E R A R -
AR EZERTLURJUMEN LIS O EEEE ﬁ%ffﬂ?ﬁu AKT iEft:; @ AKT/GSK-38 15
525 mPTP %; @ LERAIFEFLRAT TR ROS FLE . SR, IXLLHT I 2 18] WA AE HCC iR
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sb—, KT

TR oe 4 HAE Sk PR RAE H 5

HHRERT “LHRLHELLN CypD BERICRE” L “LbiffE L AKT 5251k
SERHE AL, H ATV Z BRI KNI

FERRBE T, A B ZRAR 7 & SRR S A% . CypD A7 AL e S B YTIE S BR Bk —
LW Z AL

5.1.2. =49F| F BRI BREI

ZmFKEEE, RUNERI, S54RI HERAG. MR EFIE D RPIRE T, MR
THBIREART . W14, PURFTRLE I 2R G0 (ELHE R T AR [E 14 B 4 oK BURD B R, B3 7 22 R 2
REN 15, ARG R Ak 5 N T Rtk — 2B 9233 ]

5.1.3. BR¥B3R

LR MIVE FINLHIAEAE 2 PP 5@ (B 10 NF-«B. STAT3 1 MAPK)[F WA %, X390 7 e B
ZAMERIAERE[34] . BRI, FIAH CRISPR-Cas9 415 2k PR i 4 S b 8 A Asr il T B kdk— 28 53 Hr AKT/MPT
I EARIER, BN ARSI A D) 7 2 .

5.2. RFEMRAE

5.2.1. T RGN

HAT, JF R E A 5w AR R R R SR 2R RS R 6 11 M 22 3 KA A, RN Bt HCC i51E
a7 1A . HEIESE, PFRERILELBRATAY B5 M G2 FE4ER A RIRSE B8 S AN, R T HAL R
PR IS 1 [35].

KR EERRACA AL R IR FHE w2k FAae vk, HERFESE AKT/MPT FlHh (¥ G5 4 13047 52 Al 14
e BN, AT 2RI R RIS B2 T 2R R 1K 2538 RATAA, AR SR G 2 i 44 52 7 AKT (mitochondrial
AKT)FIHMHIE R ; 8035 BrHRERS BTl CypD M %481k )2 5 ANT/F-ATP synthase AH B FH 11/ 71
7AW, M3 R mPTP JF R4 Sk

tbAh, B TS50 - iR RSAR)KIBEAL, RIdE— Bt 258 3R p- WS . Wy FR st I A A oot
ROS 4. GSK-38 iGMLLL K CypD WIEEE RIS, LAIRIEFE E AKT #H]5 MPT 75 5 00U S 4514 1 i
wAEY.

5.2.2. BRATRTT R

LER G R R AR e ) A N, AT REE 2 E KT AKT/MPT Fiii 7= 4 ¥k [ 4t
98 25508

BWFFCUESE, RPAEJE/EINH] RAF/MEK/ERK GBI [EI, R[S ROS AR R LR Rk Th A et ,
M 22 35 2 W B % i3t — P41 PIBK/AKT 15 5 3F B IRZ R M T M . Rltk, & B RRd@d “AKT 4
AE S HH] + MPT FFRO8E5R " F EHLEI P {22 HCC 4R iET.

Ak, FiEES BH3 B ABT-737) B H W B G EIEM . ABT-737 idid #0fi] Bel-2/Bel-xL [
IR RLAR AR E M, ML B R —DE T ROS FUR LI MPT FF78, AT Bt e R AR a2 1 XUE
FIi[36].

S ARSI U A & 2 RS mTOR #1515 AKT #MEFIBEAM . Hig L, XMEE TR
SEAI I H BEL ST AKT-GSK-38 /- 2R RLAR ORI RLRE,  JEHG 5 CypD MRASIE mPTP JF, AT i 0 i 24
HCC 21 i iy ot

W, e B R T 32 22 0 3% 1K AR R P B2 9 1 5 T S-SR s e Ay IR U (37 KRR 7R
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b5 8 A Z R AN PR FEI0AIE EIRER & 07 R RS 2 At

5.2.3. lIGFREE1L

N4, AL HCC J5 T i PR 7L E BLAR AR R B ia T B T T3 T o D 1 S 3t S PR
WERNH, 2™ Hs B BRI R PP AR MPT BEFIIGST BT /1. BEFURW], AKT HIBERR
MR AT B AL £ o bs B M 48 S BB IR YT, AR B R B 2 27 A AEFT RE, 0 T SEBlE
FHE R AR T B A BB X[38].

6. &t

L FEL NG AKT (55 3 AP 2R 7R 3 e 5 25 2 Fp L 5200 HCC 4l iz
Hrp, AKT/GSK-3p/CypD A5G 2 P 2% Al BEAE MPT RS £ R0 AR st 3 1 v R % s AR

H AT A B I SR 2 3 30 AKT 15 5 R TR E A, 6T “ 2238 % -AKT/GSK-
3-CypD” iX—SEREMLHIFE S, )5 BT [ Bt 70 45 R MO R A 4y, HLA/E HCC W o Famy
i o 14— AP IAIE

RUE Ik, B AKT AEAEE 5 BRI AOmdE Vi 3 S R IR =T TR & N G — RS W 4%, A1)y B 22
T EPLHCC HLEFEHE T B IS AELS, oA )5 SR8 M bR RS I 29 T R AR T I E T 1)

TEARR, BEEGOKEIE RS LORIRRE M 2590 BT LSS W IR IR T MR R, 23R AT AT
HCC 1 I IR A7 1T B A5 3 — PR R .
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