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Table 1 Functional mechanisms,

lysosomal adaptation in liver cancer
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lysosome-related targets and core signaling pathways of natural products targeting

e RARF=IE IEEEAAROGHE AL SREMESEE VAR DRSS FERIVES SCHR
oA Panmit i
Fadb/ @SS MARBL  V-ATPase. JABARE VAERIRIR LIS BORVABRIRRRVEIAEE, 2 (REgh R gzt Les]
. HAUVR AR W5 -2 R0 A B WA OBV STENE, B T, B SRR AR T R
it 2R B i I e 55
Ao/ E V@ R ANG] BEREB-D-H AWM. IREEIRIIRE B MR- B R BRI OIRE R MR AR AR, {2 [e6]
bk I W7 1 i ROSBRFAFIPHT:
FRfe/ A m AN RELAAET B WOE R AR BWREEEAY T ANRRIS BRI ISR A [67]
ERA P it Wit SET:
TR Ae/ F RSN ARG AREAThRE. AWEA ROS/H Wi - & S IERERThREREAS AN E H0HI R A i R IR e [68]
) BERAHDGEER  WaBE T BT
Ao/ EvEEs BB O TPC. B Ca® e TPC-RBEMAE TR FRAHME HmRIERE TR [69]
. HMER FRA-EWRE AR A
A/ HvE RS HEER R AR, LCyY AM-ETRX SR AR sS4 BORR N AR E ST [70]
PO2AFE H Wi T i SE I 65k e
AEVIRAERRSET Y M TFEB. BRARCIFEME. TFEB-#k & (1 WUSTFEBA SRR 34 s S gk A g s & [71]
TRk HWE-SRIET A T, (RibgkE AR 1L, (Rt
BRI
PR EIET R ALK TFEB. #ARAMMA.  TFEB- ¥ B8 1k BSREEEIOG R MM % S ROSIKEME S SET:,  [72]
ROS. RIS Bk B C-ROS/ R SAERBEIL BTN LR A
BRIET Ay
AEMVRAERSETREE H I AR, BREE  WEABORE-  (OHASEAMREAIgE SRR EE St [73]
Reefige . BRI BRAET FIREE, SRR T, SRR I RO
AEPRAEGIETIRYE O BB mTOR M ¢ A W/ mTOR-HMAR [ Ef 0 [ -7 MRS B SYSET IR Rl [74]
WHE R AL BRIETT WG N -k SR RORMRIRIECIRES, R B
HZEFAE T BREE T U
LMPi% & ANZ A ROS. WHEHANE. & ROS-& B i - i SPEEHAR G FILMP TR AN B A T [75]
Rh2 itk P AL IR
LMP# S Rh2¥%HfE Bax. LMP. ZEhifk  Bax-LMP-£BK. {3k Bax [FIVABG A 56 07 9F  BORSET S S oREA T [76]
ik PRI T 7% FLMP
LMPi% & HEEHD SMPDI/ASMase. fIE  SMPDUASMase-  #if5 JE K AR 14, PR (e RAAE R fs  [77]
KGR, cathep-  LMP-LDCDHli  REIFRIEHEEAT M A, W #% W 25 3 i &
sins B, JEESLMP LDCD
LMPi% & EBIAZY ARG RpH. H B RREARRRE  THEvaREApH, BIERRG  H) 59 9 o RS AR R [78]
WA AR T3 -LMP- B B fads, BSBEELIE %, MsRRRAE e
L T i N
DOXAH R HMIEE  AZSRH HEESE. DOXM H W -7 Wk MH DOXHE S M Ry 1 BEDOXN MR E IR [79]
Rg3 IR AW RN -DOXIff  EME iy 52 % Fi
DOXAHR HMEIEA  FRAER AW E. WA AWERE RBUARE KR4 A SDOXNF S AvEEdl  [80]
R fi& T MAFEEAT Mgt
DOXAHC HMEMM R ET KhfREME. CRT. 4 K & B W W LR EREGIY  EEmDOX Rl biit  [81]
HMGBI -ICD# M G VA TR G R S AN
Bk i 336 3% EWE  WER-ABERERMEA  pH W R % 3% FIHERMEIAS R LEE  EDOXIT R [82-83]
Bi. A R R, iR
e UEINATHES HRRE WAR-EEER RS SR RBUA-ER R MR A0 SRR B S R T )k ik R s [84]
ANBERILI FR M il R BRI PR IRERPE SR W [RIR YT RO




2026; 53 () BHEY, & AHRCRSSEATTE . BEAEENRAFTYES R 1873~
g1
e RARF=MIEL IREEHAHOEE AL SRBME 5@ VAR IR TIRE M FEEIVES SCHk
Ry Fa ki
T e ) 7 13830 FAEF R, W EERIERE . eRILEIE-B RIHERMIR AR 2R SDOX SRR E  [85]
DOXHLidix  MvkIrsREy [FLTT 4 TP v ML A A RO B i
(i3

V-ATPase: Wi KIH*-ATPi§ (vacuolar-type H*-ATPase); TPC: X fLiHil (two-pore channel); LC3: /B HISCHEE FH1544%3 (microtubule-
associated protein 1 light chain 3); p62: {2 K45EHE Fp62 (sequestosome-1); TFEB: #5%[HFEB (transcription factor EB); mTOR, ML
s E AR R E M (mammalian target of rapamycin) ; ROS: JifPE% 3% (reactive oxygen species) ; Bax: Bel-2 A EXE 1 (Bel-2-
associated X protein) ; SMPDI1: #i % 5 B 2 — ik fitf 1 (sphingomyelin phosphodiesterase 1) ; ASMase: & 1 % #% J5 fil# (acid

sphingomyelinase) ;

CRT: %5 M % 1 (calreticulin) ; HMGBI: & iT # % ji% & (1 B1 (high mobility group box 1) ; DOX: i % &

(doxorubicin) ; LMP: A I%iE &1L (lysosomal membrane permeabilization) ; LDCD: ¥ AU 41 HI5E T (lysosomal-dependent

cell death); ICD: el MEAAEAET. (immunogenic cell death),

2.2.1  MGIABEARR AL . ZORFEMS 0P A

i

e

P AR L SR T AR, ST 10 R A
BB, EHRPEARCIRITT R EE R — B
AR R AL A7 300 S 80U N pH TRy, A2V Al S5 1R
PR TS R R, F W AR A T A2, A2
P A AR, DL RS I AR Ak 4 ) M

R, BT N BT R . ROS BUER 5 DNA 44
{55, (AT 38 B RS S PRI i ) 55
eI 4 L XTI R ) R 5 TR D, RO
AR GBI AR

¥ & ¥ (hydroxychloroquine, HCQ) 2 ¥ fiff
KI5 AR 25, FERPEAEEmt 2451
YRR, HCQ 3@ ik # i F et it RN i S Ak 451 45
R 3G A X R B AR e BB ST AR
TLR9/SOD1/miR-30a-5p/Beclin-1 15 5 il [ 7 BE /&
AR Z — B ZFh AR Yy i 1 v] 3 ik
T BHATI RS R PR E = A PRI o I AR B
AT DA SRS AR i P B3 vl 0 2 1 Tl oo B T 1
FEEARARI U R AT ! EERE B-D-
RN, BRELAMEORA. ZIRNERAYER
SR AT LASE S B NS R T 6 . BELDATT 1 Wil o
| LI T AR DG I DA T4 i J R A e A A R
HEJH T o8 5 A — e R AR 1 M B AR R gt 43 T
TE F S R b SR ) R4 . Ry By OB —Fh
AL A SR, 8 S BN 1 2 11
i R [ o, (R B AEJE 5 R A 40 i AE T
Jal el AR ERPARCERA M, v LU R
Pk IR IR T Y 25 B TA, A
NGB N RO BREE T, "R 25 R
J1 ERURANTT i B A 45 5 T

HARE BRI, KART WX [ - i At Y

SCRJEANRE RSN AWM R B A WR
111 1 S 17/ (1 O Q= SO - g S I B E238 e
(microtubule-associated protein 1 light chain 3,
LC3)-I K- Tt ol ISR B WRAAIE g m, e n]
DA WG v B VR I A BT A5 AN T, T p62/
SQSTMI KW RN KR A WEIEE YR fg AN
o PRI RAR )2 15 EL Y B B 0 1 A
Wi, FFZMLC3-II, p62., WA pHIE ., HEUEN
PR PE L K 1A Wk ) A8 A 55 D5 TR 255 FIWT 3%
T TR RS R AR e B & R
(doxorubicin, DOX) 34 1 H HL B H A7 & %
=98
222 JAEEEEHALE Y KR S YA T U
TEPURR . AN . VA AR 7 o o 547 100
T, TFEB/TFE3 — R A% B A () T6 BRAR A s 1T AE
B IR I A W I DU 3 3 9% mTORC 1 45 i A2 W R 1k
SRAG T B TR N, $on HAE A AT B ) 3
5 R APIRAS I R B EEERT, 3SR T2
SR g ATz, TFEBR
SRS BRI T ARG . WA R R 1 i e
PR F R 0 F 2235 0, 1 TFEB 20 %
PR DI RE It 25 5 U R PRl S PR o T R
MR, IHESI SRS KR it S S
NI RERAET . N, itk 2 AT LA TFEB i 4k
VAT IR 2 A 20, v il B oK DT
FURBIET- W R A T TR R A 20 o
UL REUS IS TFEB . IS V25 A 6 A 1 1) e LA
KRB R, FE0 A g B 8 Ak K ROS KA Y
BRAET: 7. BR T TFEB 4> S (41 i 14 A= i DL
L L 1] 5 T A B0 R Sl 9 75 mTOR AH G Y
A3 17 A T LA o s 200 B X R T Y SRR
T BRIR IT LIE S T B b, (e ik 20 A



<1874 EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (D)

TR LA BB i TR B, 35 AL I A 2 1A
HNEMRAEEE, JURSIET:, BRI R AL
5 T BRI LRSS AR Y RO
[F], PR 22 25T X mTOR AHOC B A2 R i 45
AW AR A R AT U, BT
REAR 20 B A TR 250 7 DR R AR 7 ) B AT S ok i
PES AR AR I R B I RE T s,
AT BL i mTOR %5 LIS R 15 A T 25 AR 2
YR i 52 1

[Altt, TFEB/TFE3. mTOR K ¥ BRI g
£y PSS AY B N L R (Y3 K L0a o s e o Y T A e o
AR T2 M S 5 . VA AR R 20
Ol BACHPIRAL . kG T2 DL SR E 1 . R
R R A R, FH 7 T I 3 B X A s AR BT 0K
TG B iR, ARG T BB BORIRT B,
DX 53 HCV A AR ] S BRSBTS 5 H o
2.2.3 IR MEANEE AT

VEAERE STy, I AR R B A T 5]k
LMP, P ECAMEAET, 7rd e b 2 fdi 4a g
AT NTE S I M AR AL T T B TP R S e R 7
Fr Ll it ROS A3 MR Bt A AL SR AR B e A 2%
iy S BOA ] 39 1 LMP A 7] g 2 A e i TPt i o7
EZ—o NS Rh2 W] ROS A S 1 T A |
ARG IR FEUT A0 E T 7, T A
fif Rh2-O 7] 3 i {12 #F Bax % v & i LMP F1ECR 410
MIBET AT 700 I — SR Ry T ) A 2 1 il
Y AR WG R, TERNARJET 254 L, 7%
ARG 22 | AR ORI 24 ) B B 8 0 g i AR 2
YRR 24 09 HER o Y 24 20 M ARORE T AR
TE SN KRR B8 25 W) RN 22 vp LS4, LMP 75550
S PR AL AE TR R, T ELS A i
PERRD 2, RRASI05 5 NSt 2 TR Bt
TA5 SR 25 #5040 17, Wang 55 177 4l
PESEH D oal LA aE a0 ) S R W R R
(sphingomyelin phosphodiesterase 1, SMPD1) /fig
MRS BERE B (acid sphingomyelinase, ASMase) [
T P A DS DR T8 Tt A e AR Vs A 0 Rl S it
B, H AR AN B, Rk n] DL BN 2
YrAMEZ) LDCD Jf i it 2596 A . X IR SR ™
Y755 LMP BY3EB5VE PN T i A A B
TERLAY, TR T B A A RE ST T AR 24 40 i A 7
PR ST P B, X TR A 38 . 259
BRIV I vhAE R A AT 25 AT &, — FLX e
B RO, Dok PR APV A P iR i P s 2

A AR E 25 40 P43 A FIPET A 5 K B BB R 4
FRUFTRE VBRI E—IS IR A" Bigknl ie 2
LMP 53 19 KSR 77 ) e #4538 S580 07 i) o BT 4
[FIRE, HERRIASRAETORAAT T T LU S SR AE VA AR
FR O L S B0 AR s P pH (BT oo B B a7 P ) A
ARl A AR TR A AR S B T B 1 Wk g e LUK
T D AR B 5 A G i 22 I i R AR e Ho i
JeRBNE

MALH EF, RIR=Yi55 LMP KEA] 43
PIZS . BH— 28 8 i ROS sk i i it 480 fh 1l YR 5 il
WREE, Bl AS 24 Rh2 fIRh2-0%; 55 2%
SERZIA MRS . R WS B AR B ol A pH AR5
EALS, PN AF D AERA NS . EYY
B rE A ZUR AN, R R eSS R vl BE &
[K h LMP F2 & A R B0 22 5 . Repnik 45 % 4§
B R LMP B 5 5 2R S 5E 32 1k
A A2 HE R T, T 205 R T g B4 2 ) 2 = 35008
B PRI, ARARHITE T EH L2 Mo AR [/ R AR =)
V5 LMP (50 | BB BT ORI i A T2 AL 2 ]
I

ZE L, RIRF=HnT LIE 40 v AR Ak Fn e
HREEME . 51 LMP LU T TFEB AH G BEHA A
W 2 A FNER AR Y 55 T BRI 440 e 1 5 Tl A i =2 2
R RRY s, EEAER =B 1 s
2.2.4 DNAB LYY BT /Y B W 7 il 1A 58 1n)
Kt

Bk T S HFLE 0 #4040, DNA i 54k )7 24
Py n] S UM A R EOE A -V A R Gk B
W LRSI 25 . LA DOX M), Har5 [ — £
Iz B DNAfi s s, FEBERY ROS B LUK Y J5t
DOR] 7 3t 25 TR 1 W ARV B A FH S5, AT 1)
37 ROF FUMRIN 258 . ik, 78 DOX W T
I K 1) R 5 Tl AR 2R oAt ) B T o R B 5 3 B
FHEHR, Kim% ™ i, AZ2Af Re3 v LI
T I T R 14 5 DOX R I 20 i 1) B AR
W25, HEZ BIG S, 2Rk ik R
RV R R A &G B, ROS LUK IR it it 4
TR 128 G MER DT & R TR SEMESE T, AR
P25 DOX MPE AR . (BRI, AR
A IR AR AEAN [ AR 15 D0 T AT LU LRI R B
TRZ AN, AT DU S R RS L T 38
FETMIEFE . Wang 55 1 5T AR 75 2 5 DOX B
[A] Heish 28 o] DA 5 A WEPEANARAE T, O T4 1
VRF S RE T R R HE B AWIEER . BLAh, Zekitk



2026; 53 (D)

: BEERSSEATTE . WEREERNRAT IS R

<1875

FhdRe

Az
TFEB/TEF3

%
lﬁﬁ%ﬂ%
sEay — AEtkam
&Y V-ATPase
SR

V-ATPase
LAMP1
S-S

TR AL

N s
4 V-ATPase /_ e Fer
MR —_— @ pH4.5~5.0 @?'fﬁﬁﬁiﬂiﬁg&  (ASM)
WRRRAL @ 3
0 2B A B PR ADELL ¢ ' ANZBFFRh2
EHKREE  HEREA g0 @ ROS#H
FeZ+
: BRIET:
BB B-D- AT BN i (R34 Baxkt i
BEAEEERA
ZIRREERALY AT )
AEE S\ AT EHBID
AR / * o T S%WEHJ:’?ZE% T
z ZE%_H+
ABCBI \\\\\\ T e {
Al ®d
ABCG2 e s
w0 AL
LA ATp  ADP+Pi ‘ i
YRR P/ B "ﬁlt
BRIET:

Fig. 1 Schematic illustration of lysosome—centered therapeutic strategies
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Fig.2 Schematic illustration of multidimensional targeting of the lysosome—autophagy axis to reverse drug resistance in
liver cancer
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Abstract Liver cancer is one of the world's serious diseases today because of its high frequency and fatality
rate, genetic differences, and limited effectiveness of late-stage therapy. Although chemotherapy, targeted therapy,
immunotherapy, ablation and transarterial chemoembolisation (TACE) have improved the disease control of some
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patients, recurrence and acquired resistance are still common, especially for tumors that are hypoxic, nutrient-
deprived, acidic-stressed, vascularly insufficient and exposed to repeated drug pressure. A bad environment will
cause a change in the quality-control system and metabolism of cancer cells, and as a result, lysosomes have
started to alter. In addition to the above catabolic functions of lysosomes, they also take part in autophagic flux,
substrate recycling, iron and lipid metabolism, nutrient sensing, drug distribution, membrane repair and cell death
signalling. Under the stress of therapy in liver cancer cells, increased lysosomal acidification and enhanced
terminal degradation lead to prolonged autophagy; TFEB/TFE3 promotes the formation of new lysosomes and
lysophagosomes to sequester weakly basic drugs, thereby reducing the concentration of active drugs and
mitigating proteotoxicity and oxidative stress to promote cell survival. The above processes produce a lysosome-
dependent resistant phenotype that is particularly relevant to sorafenib and doxorubicin and other drugs whose
effectiveness can be reduced by protective autophagy or changes in intracellular location. Conversely, the same
dependency on lysosomal homeostasis is also a vulnerability. Natural products and monomeric compounds
derived from Chinese herbal medicines have various structures, multiple target regulation capabilities, and the
potential to act on several lysosome-related nodes simultaneously. Based on the evidence in this review, it is
believed that such compounds may sensitise liver cancer cells by inhibiting V-ATPase-mediated acid hydrolysis,
obstructing late-stage autophagy-mediated degradation, disrupting lysosomal calcium or membrane homeostasis,
causing lysosomal membrane permeabilisation, reducing compensatory lysosomal biogenesis, promoting ferritin
degradation and ferroptosis, or enhancing acid-responsive intracellular delivery. Agents that impair lysosomal
function and protective autophagy, compounds that convert enlarged or drug-sequestering lysosomes into lethal
targets, and nanodelivery systems that exploit the acidic environment of endolysosomes to co-deliver natural
products with chemotherapeutic drugs are examples. Lysosome-targeted intervention will have different effects
under different circumstances; for example, inhibiting autophagy may result in an increase in cytotoxic stress in
some areas, whereas overstimulation of autophagy or iron release from lysosomes may induce autophagic cell
death or ferroptosis in other areas. Therefore, the design of therapy should take into account the status of the
tumour microenvironment, autophagic flux, lysosomal pH, TFEB/TFE3 activity, drug sequestration capacity,
ferroptosis sensitivity, dosing sequence and delivery route. This review systematically examines the lysosomal
homeostasis in the microenvironment of liver cancer, the mechanisms through which lysosomal adaptation
contributes to chemoresistance, and the rationale for combining natural products with standard agents such as
sorafenib and doxorubicin. Based on basic lysosome biology, pharmacodynamic and delivery data have also been
collected; as a result, some applications for future studies have been proposed, such as dynamic monitoring of
autophagy flux, in vivo spatial measurements of lysosomal functions, rational optimisation of combination therapy
timings, and safety assessments in immunocompetent liver cancer models prior to clinical translation. Translation
difficulties are also evident, such as insufficient tumour selectivity, pharmacokinetic limitations, compensatory
lysosomal regeneration, toxicity to normal liver and immune cells, and a lack of validated predictive biomarkers.
A new way will be found to use biomarkers to divide the patient group, optimize nanoparticles for better delivery,
design specific schedules for combined treatments based on the problem they cause within the cell, etc., thereby
overcoming drug resistance and reducing the harm patients suffer from toxic treatments. This system can help

select biomarkers and rational drug pairs for the next round of lysosome-centred precision trials.
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