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Research on mechanisms and diagnostic/therapeutic applications of imbalance in
mitochondrial dynamic in liver cancer

Al Liping, ZHENG Mengdi, WANG Qianrong, ZHANG Hongmei

(Department of Clinical Oncology, Xijing Hospital, Air Force Military Medical University, Xi’an, 710032, China)

Abstract An imbalance in mitochondrial dynamics denotes disruption of the homeostatic balance between mitochondrial
fission and fusion under physiological or pathophysiological conditions, typically manifesting as enhanced fission or impaired
fusion, leading to abnormalities in mitochondrial quantity, morphology, and function. This phenomenon, primarily
characterized by mitochondrial fragmentation, has been extensively documented in various cancers. As a highly metabolic
organ rich in mitochondria, the liver is particularly susceptible to an imbalance in mitochondrial dynamics, which plays a
critical role in the initiation, progression, and therapy resistance of hepatocellular carcinoma (HCC). This review
systematically summarizes the molecular mechanisms underlying the imbalance in mitochondrial dynamics in HCC, and
evaluates its clinical potential in terms of its diagnosis, treatment, and prognosis. We outline the core regulatory network,
covering fission-related proteins (e.g., DRP1, FIS1, MFF, MIEF1/2), fusion-related proteins (e.g., OPAl, MFN1/2), and
upstream regulators (e.g., miR-761, GNPAT, HBV). We also discuss its emerging role as a biomarker for early detection, risk
stratification, and outcome prediction in patients with HCC. Furthermore, we analyze how this imbalance contributes to
resistance against chemotherapy, targeted therapy, and immunotherapy, along with relevant intervention strategies.
Additionally, we review its impact on the tumor microenvironment via immunomodulation and its clinical implications in
promoting HCC metastasis. Finally, we highlight the translational significance of mitochondrial dynamics research in HCC
precision medicine, address current challenges in clinical applications, and propose future directions integrating mechanistic
insights, technological advances, and rigorous clinical validation to advance toward personalized therapeutic approaches.
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Note. The balance symbolizes mitochondrial dynamics equilibrium. On the left side with a pink background, an increase in the black

counterweight representing pro-mitochondrial fission can promote tumor progression. On the right side with a green background, an increase
in the white counterweight representing pro-mitochondrial fusion can induce tumor regression.

Figure 1 Imbalanced mitochondrial dynamics drives hepatocarcinogenesis and therapy resistance

MBS EF, ERARE) )22 RO R IOV ERRARTE ST AL Thae B33 ATP & Bk %
ik ¥&PES (reactive oxygen species, ROS) Az I, ZhifAk [ W5z BH DL & 40 Mo o 0 5 Bk BTt
A S INRERRILFEN, (13 LA 3 )y 2 K i 5 AP QB AT PR o ML 509 AN E 55 1) R 2B
VAR & T Y HE AR R, G 3 Y O R R A 43 ORI A (R Warburg 2L
R, JFAman R T, SR AE KA AR AF AR 0L,

ARG L T HACLR A, R BN Bl 7 2 R A (BT T AR R HL 1 0 e IR R 297 &R, R4t
R T AR R A BB SR T IPUT R O ER, R AR TR E AR N2 I S U AR YR
SN TT, DL [ T TSRS (0 e PR AL AT St SCE B AEIE I e IR i) LR B LA PR R Ak i I
BRI R S RO A%, DA I JeE (AR HE TR 12 46 B2 B BB 2 ik 3l 55 I A ST JB . R SORE
g LR, 2Rl WAL ImRAR S R IRIT SR A% . B oA 5T R 146 5 T e T R 18



SNEEAE SRR Bh 7 A SR AL IR R BONLE 5 29T R RTRIE 7 3

1 SRR E) N2 R EE S MEE PR RIR

LRI B 7 5 I 1 A 22 IR I SRR AE o AE T (2 1000 e TRV i 2 S s R o, R A
R GEH (W DRPL) FRik BEMBGAHCE A (41 MFNL/2) RiA FRMILR, X P KA IE
ik 22 FhoL A (2 0t PR R e S o IR IR AR AR 0B o, TERIEMEFLIRE S, DRP1 mRIAH MFN1/2 1Kk
FIE5ME LR LA B UG B [11]. DRPL W] ik i Rs 4 B th 2 T i, 34 9 s 22T 7% fe
HoAm 77 Chn gk Ak 2 24400577 Cmitochondrial division inhibitor 1, Mdivi-1) ) 7E Il PR i #5574 v &
RN LR, SNIR T I A L R B A T R SR EE [13]. fEIE/NN NS (non-small cell lung cancer,
NSCLC) ', DRP1 B /KFFm Al MFN2 FiR 54 M5 (W Ki-67 #5505 (Ki-67
proliferation antigen, Ki-67) F£i&) M BHKZE I EFEYIFK[12, 14]. DRP1 /v T HILe MRS B 47
AR T 20 i ) B R, 3 AT g AR A A B F A R E ATt 2R C BRI T, T R 3 e
B R R 115 1 el RV 1 P BRI 7/b G R 2 TR NI DA AN Wl L1E R E AN - B LB I
IBLS AR LT 2 i R ), 45 B e U815 Hofth s A%, R “DRPL/MFEN2 LUAE " AT REAE 1A il
R ST R EE AN TR S 114D 5 e b A A S

H R, 1 2 ob A 43 24/ b A ST 10 AR iR SRS R B TR BT B, AH 9% A IE A I IR R AT 1)
AR Befedt . DASE R L FE 2r 241 DRPL A6, B 7 L3t 78 T2 25 Mdivi-1 45, HAh
NGy HIHIF] (o Drpitorl. Drpitorla) 7E G PRI B s 1 SE o ) 80 AIRE e 1t B 23M il 2
T fif 33 20 o f A B 5 4R 2B 00 200 e Ah, ARt kiARER S ThRE RSN, @ EY (W
leflunomide 3G EEARIHY)) BLIE FBRE MEN2 ThEE, 0 7E 9250 v iiF 52 B8 10 % g (1) 0k 2 A4 3
B AL TP 22, R 2 BT R M AE I R BT R B, H O A B3R 2R 1 I PG R 56 T 46 VA 18 1 ok AR AR
AHOCIE B 25 Cln — FORUN0) 7R RE R T R RO . I A B LS B A N 5 e 4Rk R T Rg
K23, K BLRIF TN T R CAZR KA Bl 72 B 55 R T U 2 B e T R S ) B

TERFIE . 2R Bh g 2 5 A7 DR e AR U RN A8 A0 N D AR T N B3 . L R BEAL AN 3t 3
B, &5 HBV/HCV EYe. N 3 SERa R A EAE R, BONHESI TS KA R Ry #iim
BRI . PRIk, B0 0 R A AR LT T IR TT RIS o AR SCEE AR IR 2R R AR B)) ) A O A R I I R
BT BT L R, BRI A DG T TSR W S AR Wb 7B A I R A AN 1

2 KRN FEREEAFENISHEMEENRE

B & R e T B IR N FIFH GRLAAR Bl 7 2 A0 O Fa b b AT B () 32 W . UK 23 J2 R0 TS T
M E NI FGT . REAMAKIF AR, LRk REA DRPL HIRIE/KFSFE & MR E % UM
K, LRI HT AR A HL A e L 2Uh rT A2 B2 R AR B, SRR KT I e 3 Tk — 2D 3
Tnmo 241 (R R, XA AENS P AT A - AT AR AL - AT X — 2 D IR AR I R e R e A, R
7 WS DRPL 2 252846 ] B a8 (1 51 3 0 A 2 01 A 2 ol 1 g

TE 2 Wi B T T, 2 R 2R R R B 7 2 R bR RO B MURE I IE R AN (E . 2 2108 KRR A
DRP1/MFN2 LUAE S IE SE 2 — MUK iZ e br, ZICEAEAS b B35 TS HL, HAEA
5] 40 10 R BE 1 BT b 2 OB B AR Ak 281, 33 Ah, A I3 S G N J T, Ah R i e 2Rk 4R AT AR B
( mitochondrial-derived vesicles, MDVs) & & FiiAz) h&E A (Wsr#EBE 1 (Fission 1,
FIS1) . OPAL) AJfEME N ARG K pr B 200, SR 22 It B A5 80k i, 1E L 7 R S KT 2 1 46
(PET) 5 BREEF (a1 18F-BnTP) I ik Jo 61 75 QU A A P 2 s A 5 el 7R A&, (] 482 S L 28 it
IREN F12 P, RS R At Th e 2 R B as BT,

TE R 73 J2 R 5 T ATk, ZRALAR SN 1 2 hr W R B H A . T ORI PR R AR R A 7T
IESE, DRPL 3RIE/MFENL L3R IE 5 e 58 RS FIA R R LR K 35 A0 5 18], 284 2 /N R Ak
B S5 45k (W DRP1. MFF fll OPAL [HJZRIE K H41 2 fl XU 7000 458 784 R 4% A5 21X 4 v f AU S 26



4 o B R AR S

B TN R I LT AR G R ER R RO, B, 5 LR Bl 7 2 AR b (AR B LE T T
3 4R 5 4 AR A7 3R 05 TH B s R IA 0.78 [ C-index B,

TR T, BT RR RS R E PR, M R WAEE R
oW 1) 12 28 1 IVEE 22 YR YT T 20, 0 2RI TR 25 R A A o IR Bl o B N TS VR AG SR AL TR
R, WAMNMRIIEIT RS E R T T . [EREENE, LRRE) )5 R 5 G A SRR E
AR V)KL : DRPL R IA MR A R I F e I PEROA SRR E, BFERTHE T 4008 (Treg) 12
T MAT R E M T 40 ThRe S, X AT R8I MR RE T A RS AR SR % VR 9T RO 22 S I D
[31] .

R LRAR ) ) S br VDRGSR, AE I PR AT T A o A A 75 2 30— 20 IR PR3 IE ik 5K
KR 5T T B ST G BRI AR AE R A A R, B2 S Fe b 00 S EE P W BRI 38 I K A A
PRI RS0 50U LIS R O« [FIER, BRRBEERARD) 1 F b B S5 £E G hn EY) (A0 AFPL PIVKA-ID 1]
A R, A B A RS TR R 2 S TS T A R o B AN ) e AR A ) R S S R
FEARMI N, FRATA SR B 40 o 2 T RN SRR BN 22 ) S S, D 98 (R v 122 7 B L o i K
TR, RASCEEEENAEGFRE.

3 SRR F RS REIRTT IR R X SR B

LWL B ) 5 R AT AR e 10T PTG B A €, DO IR SR YT BRI ST B R . kL
W FE o 345 Z By SIRPUHLE B DA O, EFEIT I 25 SRR T HRPTR R IR T T AU AR . LAk
iM%, DRPL /S (LRI iE H 4k @it 5 DNA BEREST. /DT U215 5 08 B RS DA & A 3t s+
YRGS, 5 PR AT 40 B X A T I Ak (24 321 B wehax — L, 22 R 1) SR S R R T I
BT PR S B T IR R

FE e IRAGTT i 25 75 T, 1 7] SR A 73 2L 8 1 1/ 43 1 H0 R 55 s R 38U . RIR G ) 25 2
S Mst1-INK 3 255 S 8ok R AR R T, R0 A R 5 1E R 2SY A E &4 Ccopper(11)
triphenylphosphine bromide, CTB) it & bifh7r. DyRefEtG Al ROS A S UE p53 1 1218 i 10 it
Zjl2; T4 % (Cepharanthine) 5 F W0 il 77 6 8k Mdivi-1 &5 43 2240 1) 771) T Ak 2 I gl e 1280,
TX A I A I R o IR A T T 24 Rt T R R

FE B SR VR T R T T, PR kRS s DL R . DRP1 B RIE 5L TSR A
1 (programmed death-ligand 1, PD-L1) L. T 40fRIRIEIE IS, Mdivi-1 8% 22 2 B m) 38 & A e
PU PD-1/PD-L1 W2 0 JE— LRl o 72 81, $1 PD-L1 5 R AR AT 520 PD-L1 ik gk
FETHURMERD, AR 2 Cinterleukin-2, 1L-2) JEid c-Jun & 3K i (c-Jun N-terminal kinase,
INK) -#E 53030 % K7 TAZ (transcriptional co-activator with PDZ-binding motif, TAZ) £&¥i{kZ4Ar
B RR R A AR e T A IR G SR TE I R AR T o e g AR K i 42w 4090 .

EPXTER VR ST P, KRS I RE R E R RIS, 4R E fTEMS-TT. PHREER
SGN] RAL KRG S DR, AHIN 25 40 M AR, IR SGE R TR SR D G H R A R
P51 4040 40 B Cmyeloid-derived suppressor cell, MDSCs) A5 T 402 Cregulatory T cell,
Tregs) ) Vi, SR T 4 545 35 B335,

SR, B0 R R AR BN ey TG Bh R, B BSR4k RS (IR - R A La Kk R
gu) IEfE R, BERGERITR RS BIER . A, BT RRARS) 1 E R EY (0 MFF.
mito-COX-2/p-DRP1 FKik/K V) WIEE /7 )2 WA BT L IM/MEIEIT, $EmiaIT R Z . RRAF FL
T HES) X L S I IR B Ak, IR RACER G187 7 % FFRRE e MR T s R 2R LA 3 g 2 1 1 7R DA
SRS R]SE R AE bR AR R T A IR AT A

4 HRiikEh fFEkEx e HEERBRIRKEX
LORAA B ) R E AT e e M i R Pl OB, R EE IR R M (. DRPL mRIE 5 M e 46 %



SNEEAE SRR Bh 7 A SR AL IR R BONLE 5 29T R RTRIE 7 5

SR 38 00 2 TfE AN BLAH O, it Ca?/CaMKIVERK/FAK 38 BE R HET #2030, MFF ZEE R4 b £k,
508k @ A A7 46 A A 9 B8, MENL R iR AR 1 B g AR iR B R BT, IR PR RTAT 7T KW, DRPL 41
7 Mdivi-1 0] B A A i 1, B AL I 8. AP AL SRR B, miR-125b F
WiE I MTP18-MMP-9 Hli{i ik £ ki AR 2445 F1 ROS A B, i i i #2 138), MYC 35 D] 3k 14 4 42 v A
S S IE R R IE, B IR AN AR 2B R S 39 401, b, LRk AR AR @I NADY/SIRTI 15 5 i % 1
PR AR R R R 0A, (R 40 Chepatocellular carcinoma, HCC) ##1, ix w6 % 31 4 IT KA
YR IT SR S AR T B AR T A T B AR

o 28R AAR Bl 77 5 R A IR T RIS R B PR AT 5. 22 AN B0 m) e b A4 2 SR B 1 ) 400 ) 5503k N i R I
e, @I T RARS) J) ) bR - 1A B R AR . AR AR K A7 Chepatocyte growth
factor, HGF) %Z{& Met JEid B fb Fisl fRRE L bifh > 20 R B2, RIF KRB GIEIT B84 T 7
Mo B2, ZRRIAARSN J7 5 S A 5% o b B LA TS TN, B A T SRS SR 5 A,

5 Sz hFRESERERMRMERE

LR RLAAR By ) 5 R A 8 5 e G 228 A e T e R 4 TR S A BE . F LR, BRI IR R R TS
Al CE I AT, NIRRT SR LR RIS . RN BN ) S R R 2 Rl AN Th e . 7E NK 40
Hi, DRPL A Had oy 244 T ge, 00 700 w] ik 52 TR 25 5 A0 DR - A T3 441 7 fi 8 A O 151 44
(tumor-associated macrophage, TAM) 1, Zefifhk/rZiEid TLRI/NF-«xB feidt b [A T E &k 2 (C-C
motif chemokine ligand 2, CCL2) 4334 %E M2 % TAM, DRP1 5 CCR2 #7156 A 7T 24 38 A
1515 481 OPAL i RIAMEHE M1 Wik, 7E CD8+ T 4Hfirh, MFN2 Sk SERE F LAIThAEZ 45, T &
BB 5 ATP A2 Bl 5 5497 & R BL 470,

BT X L], ZRERA T RIEERRE, BlnEE R AR LR AR AR IR S TAM HERT]
B ARETR A4S At gk AN ia T, DAXHE 1% DRPL SiRNA e 4l 9, @, Lk
KEARTE & R B0GE S B2 WOA BE 4 it 1R 7 m), A Bk — B 4 v e B0 VR 9T 2R

6 AR NFRERINFELERRENZOE

DRP1/MFN1 FUAR T 2 o v i 8 DLARRAE, ol o i gk e bar Ak ok i SR o s FRI R T, AK
177 SC R iR A A7 v B0, ax — I F2 P8 & ROS AR, AKT i & MDM2 /i 51 p53 FEf#E £ 5%
St Mk, SEPFRP R, RS PR AR A RIS, OPAL 1§
MFNL ) e 22028 38 i AR 1 3 o R 1 3t i A K 520, SR W 28 R Ak 2y 7 2 R i LA X0 ) T 5 K 1 o

LR R Bl ) 5 38 O 5 e A o JE B O O b Rz - 1) B 4k Cepithelial-mesenchymal transition,
EMT) Zeacig WA B ATt . MENL R Al R e b (A Fa 5 9% & EMT, #Ezh HCC 1228
B, DRP1 it #RiE AT p53/p21 A NF-xB/cyclins 3 B £ 3072 3F 240 o 18 5 5%, 3 ] 38 it
Ca**/CAMKK/AMPK i@ % 38 58 H Wk, 2R IE B . AR 7, YU T & B A (protein
kinase A, PKA) /5[] DRPL fiff B 1k HE 2 A ) 4 B A 4 AR 000, P B 7 Zobr T2 A5 B8 9B 70 AR i 5 4
FE A A% O P o i R 4 X 485 1) S i A R R B 2 R i I B R B [ R . £ FF microRNA (nl
miR-761 #&a) MFN2) . & H 4+ o H ol BR 8% B O- it & %% # f§  ( glyceronephosphate O-
acyltransferase, GNPAT) iEidiz 45 S PERLEE 30 Cubiquitin specific peptidase 30, USP30) 4 ¥
DRP1 fasE) FUR#IEA (W HBV Bl BMRIL DRPL Kz RALFEAR MFEN2) & [H) 44 Rl & 44 1 1 2 1
2 100, R AR S MR ORI X @ it NDRG1 %5 7> 7 S 24 AR 0 9 . I Wl A5 9 5, 4 2 40 Jif 0
T2, XL L AR T bR Sh S W N IR R S 2 M EUE S S, HESIIRR R .

gk BT, SRR sh s R g gl AR T . AR EE YR . BB AS B AR B R S 2 N O
AR, ERERAERBRRIERBER. X—2 2 M4 NI R m LRk sh 7122 16T
FEWS PR T IR ST B Al



6 o B R AR S

7 WiR5RE

LRLAR B )15 R AT AE I R AR . R SR IT ST I G DR A 2, LA O B RHL BT FT
B WMERKZE SEIT NN Z A Z0. R CHESRERARS) 1AM “Bi. . 2. 6. B
AFEHE P BN EHT T RS, X9 DRP1. MFN1/2. MFF x5 A A & mtDNA. ki
& cfDNA %5y 1, H&EANNEEHZE . 57 ZOF M E R BUAR EYH R a7 52055, pEE
MitoTracker Green. TMRE %5455 M98 R AR B4l B 2 b A P Be AR R, R R T A5 5 Thag I
SR, E R WRINA E N B E R SRR EE TR (K 2) .

T

Drug therapy resistance

Mst1-INKAE 53l 4

ROS —p53 4
PD-L1%5& i
o % IL2 —> INK-TAZ# 4 i s
Hepatocarcinogenesis Tumor Metastasis
EEEEOE (MiR-761. USP30! LRAR A EEL NAD*/SIRT 13l ¥ {45 i X i
HBV4:) MFN1 MTP18-MMP-9#i—» ROS 4
WSS (B DURS B N Ca?'/CaMKIVERK/FAKH # #i%
5 SiB# L (p53/p2L HINF-<B/ P B AR AJIREAL
cyclinsif ) OPAL oS
SR LRI
OMM IMM
T P L8R B 7 2% O 1 o .
A 43 B8 95 (A A Uk 5 WS R EY
Intervention Strategies Mitochondrial dynamic Biomarkers
g . i |rr}balance
T’T%W\ MleI-lviEl’memUlllj Fissionl' /Fussion ‘ éﬂg/li{ DRP1/MFN2
FSEWIE S ($iPD-L1 SESUE JEY) [i3%: MDVs
BIERG (RFE-FEEMINKRE) * 4%, PET-18F-BnTP
T BEIMIAEE
Immune microenvironment
NK4H B fiE 324
TAMAEZE. R4k
IL12FICCL2%5 43 itk

T B R BB X8R DRPL. MFNL1. MFN2. OPAL %8508t 7r T2 5 &Rk 3) Jy 2P, o AE R i R B 7y 08 s 0/ 5 e

FIRES s R IR ) L S AR I i, 20 N AR RS BB XM AR, X Rk ks 2 Rk 2 5

HHRE A R JR 7S R AR s AR L7 SO N R iR Bl 7 22k 8T 5 5 Tt J 9 B AR LA, R D7 SO TR AR SRl B S e
B AL 0 1) b SRR T AR IR S R B N B B E AL .

P 2 2ok o3 2T A8 I8 13 J AR AR IS2 Y o 1) 4
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Figure 2 The role of mitochondrial fission/fusion in HCC progression and clinical applications
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