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Progress of Lipid Droplets in Regulating Programmed Cell Death
in Tumors, Cardiovascular Diseases, and Liver Diseases
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(School of Life Sciences, Yunnan University, Kunming 650500, China)

Abstract  LDs (lipid droplets), as core intracellular organelles for lipid storage and metabolism, have func-
tions that go beyond merely storing lipids, becoming key hubs of regulating lipid homeostasis, signal transduction,
and cell fate. Disrupted lipid metabolism is a common pathological basis of major diseases such as tumors, cardio-
vascular diseases, and liver diseases. LDs regulate the dynamic balance of lipid synthesis, breakdown, and trans-
port, and lipid metabolism disorders lead to programmed cell death, including apoptosis, pyroptosis, ferroptosis,
and autophagy-dependent cell death, contributing to disease progression. Targeting LDs to correct lipid metabolism
disorders or regulate their downstream cell death pathways has become a potential strategy for disease interven-
tion. This article systematically summarizes the specific regulatory mechanisms of lipid droplet-mediated lipid
metabolism disorders in diseases, provides an in-depth analysis of the crosstalk network between lipid droplets and
programmed cell death under disease conditions, and summarizes research progress on strategies including small
molecule drugs, nucleic acid drugs, and natural compounds targeting LDs, aiming to offer new perspectives and
strategic references for the understanding of disease pathogenesis and precise therapy.
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Ji ¥ (lipid droplets, LDs)2& FL AT BlURE 25 14 41 Bk
A Z P DI RE I Zh A A M 28, bh 5 2 0 T o 2% %
AR E B TSR, BB S A H I = (triglyceride,
TG)FHIH [ 5 i S5 TR P BT, ) 2 AR AE T SR AR D)
FFAZ AL B, 78218 0 g A7 5 AU iR B 0
YER . NRW DhREANN R IR T-fi A2 M o, ek id H
Sy BT B S A0 BT ROk AR B R i B A P A
EMARBIELE S, 225 R, E5%%
Jo BN 2 S S AR B AR U IR AR R L (lipid
metabolism disorder) &8 fi i & A 7 Feiz ek
AU =R FH 2R () BUIRAS , HAZ DR IE A TG
JIEL ] 15 K% 37 5 HE BT R (free fatty acid, FFA)Z5 g i #E
UM S RAR, R 2 PR R AR R R I 3[R 5k 5))
G

A FE P4 BE T (programmed cell death, PCD)
A& B DR A (M) 3 A Fr A T 07 20, R 4EHr
WU FRES (1) B R 7 M FE LR 4% 2R 1 5 s ot
JREVIM G . WA S50 P62 R, PCDH]
SRORPETI. BT BRAET K E RO M A At T
G2 MR, JRR A T B A 2K AL AT AR
MM AR 4L Ak 5 14 % (reactive oxygen species,
ROS)IKV- B A5 5 73 FREIBOK-, i £ M0 B i)
ANFE PCDIE RS, ¥ HCH R SR TR I 2% . AL
Bl S G G 72 Mo O IR TS AR R AL
il SR R IT ITERR , DU iz Ut Fi i ik 2
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1 RREERREFIRMERARERRM
1.1 FEREMERERSKEThEE
IR LR B, AR IR SRl () g o i A
i, T Be A Rz ol 45 3 . R TR AR ZhRg
R8T L 3 1 1) R VR A 0% 2 1 A AR VR LA £ (perili-
pin, PLIN) J& %R NE AU EG S5, [R5 5 2Rk |
W 5 ¥ (endoplasmic reticulum, ER)ZE4H A 25 2 1k 1)
JIE 42 fil 37 75 (membrane contact site, MCS) 1 [7] & 4%
YER, LRI B A R MR AR R 42 I 48 B, ALk RE
AR, IS IE AR T A B (fatty acid synthase,
FASN). P H il O-BE 3L 54 7% 14 1(diacylglycerol O-
acyltransferase 1, DGAT )55 4% 4 B & Rk, K
I B FFARAL N TGREAF TR A% , 8 5 FFA A
IR BINGERTES, Y ae B = i, A i e 105 H i
— i J i B (adipose triglyceride lipase, ATGL) %

UM i 1 B (hormone-sensitive lipase, HSL) /5 [
JEfFAE F 4% 75 BETCFFA, v Zm Mok se sl T &
R,
1.2 FERMEARKZPINENREE

AR AL T ER, A M AE BT & 5672 ERJEEXUZ [A]
AR, BJG BL <t 28 705 SO B A 52 8 1 FE 00 i
W, IR R R . R, ERAMGE SRR A
RAEWRG T, B2 . AKMERmEA
WL EZE 6. BRERS, RGNS Z P4 f s
TERMCS, M SEING ez . ARUHMBIAIE 5 %
PNIEN

JE T — S R A 42 fi 57 s A2 1 428 T 1D R S AL A
AR E LSS . AR RS U FRA BT 78 £k
AL R B U e AR KR HEAT A A, AT R A Y
HERE. X ik D) it B FFARI FH [5hS . G ot HE
FRFIROSAE e 3G I, 33k 11 75 & 84 S & PCDY,
JIE % 5 5 R 1 ELAE 32 0 1 AR (lipophagy ) SE
o W A2 VS T A 0 I i e Bk W R AR, W
A ELiRWE (macrolipophagy, #H#51T H W 446 22 ) Fl g
JIE W (microlipophagy, M ELAZ# A BRAR TR ), /&
TERR IS B A, 4ERr AR AR A AR Ok 12 s
JE 38 ] 5 AW A P [R] 2 5 WK BE AR D7 1R
UG il g, I SAMIBE. /R B N R
G AETNRREC R, MBS HT. RIEE 5 S A
JE B 4 I

NET A AAAE T M5, 38 0] T A% G (nu-
clear lipid droplets). 1 /i35 53 i 76 i o2 2H s~
MREEHE LAY A EESR, RS
MRS NRIE 5 A BE R R IE R AH S U, Xk
BH, TG £ 20 B P B B B s T e s v, T RE D
AE5e 4 —E, T AR 52 240 M e o7 AR B 2L R
S
1.3 FEIFREMALFEBHRESESR

N B B E AL R, AN FESE T HE
r= Sy N NN =915 D AN S 4 g S L IR AW TR S o €
EZE R, IXREZ R RGE | RRR A AR T
AN IF T Rel

TEMIEH R, ReiR B A R it . 24
A i T 4 M W] e O (g B AR S At AR T
KB AR, DLE N P A, BRAR . AL R A
BITE ] EAFEMRERA AFE BB AR
TIASE T, IR RARE A Thae 2= i, HEEnT A
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It Jea 4 0 2 4L e B AT BB M A A4, R AT bR RS 2 A
T AR B R (polyunsaturated fatty acid, PUFA). £
JiE 7R ok R A 7 35 5 R 20 B S PCD [ U 112

JHBEAE D4 5 R ot & B 73 B A4 Ak B A 0
WAL, Franm s scsE . KNI R E TR
B 5 2R AR 5 ARG SR RS AR 4% o AR IR R i
JEHERR B IR AR 3L, AR ¢ 17 P
(metabolic associated fatty liver disease, MASLD)M
BRI NG JTAR A v 2T At e 1) SR B IR B g1

FEC R, O JULZH i i A e 5 B )
T, H 32 B R R SRS 4 Sh AR A e 1T R R
o U UL A 0 5 2Rl AR B B AR, DA N
KRR R K 2 AR AR B £ B i Rk A
I, 1200 BORZS W AT REFE R MR R IE . SoRiiAk 45 Fl
AL R AET

SRS, IRRIFIRY — S8, REA

IFi) 40 . 5 2 2 A0 AS [ 43 B 1 5 T 200 W 57 R
Pho X Fhent(a] LW E F B, ZIEHS 5EK
PRIv R R J 1 B A

2 RN SAEROMREL R ARIERF T
THEEXKERPRIERILS

R R AR AR (R D TR, Hoaf
ST LB A B I AR L, S B A
B, (ER RSO, M R 3L 4y
THUIFEESCIE SRS L (B 1), RO ALy
Reci A1 0 B R S 7, B30 2 A — 2300
UM . SR L I AN MR P B T S
(D 1 RN ).
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[ Cancer mechanism ] [ Liver disease mechanism ]
Apoptosis inhibition Ferroptosis
AT .Cyb5r3 4« e %5
(ps3 \cl)“ idati,e! L9
553 b XIAAUVE __y, peroxidation
PS A & cell death
(degraded) P 'z ; ﬁ ‘\\
Lipophagy
Mitochondrion volede
—> .00 —> @@
: mtDNA @
Pyroptosis
/ <+—— (STING]
QSTMI
&
Pyroptosis . SQSTMI)
activation i ‘
_I o..'e 5 t‘}
NLRP3 SQSTMI-mTORCI Lipid droplet
inflammasome complex formation 1 ysosomal degradation

M (lipid droplets)it i % 1f1 4 FH CybSr34i SRAN N 5 #Ip53, i i H AMDM21-3:pS3 K1z 21 AL e, #ETT MBI IR IR T MRt v
ToH A AIBAX A ZRL AT 521 b0 B 2 1 5, AT BHLIST 8 T2 bR, (2 e o 6 5e . IR e i K PUFARBE £b oy b P H i = BRI R 2 TR 0,
ROb 7 EPUFA S BRI M L2, MR T RET. . ROSZy 51 R MG A IR UL Ak, B X it SRR A8 22 9 S 0N LR P3,
B33 Caspase-3/GSDMEIH B4 filh h AN AR T o AR T 9 w3 i 403 (3 b 1, TR R DNA, 3861738 18 cGAS/STINGIH % i mTORC1/%
S, BELRS AR 1 I () R AT, AT ORI AR AR SR JAE . 12 AR BEVEF; @ SRARIEVEA; L: 3fIfER
LDs (lipid droplets) capture p53 from cellular lipids through the surface protein Cyb5r3, and the ubiquitination degradation of p53 is mediated via
the surface protein MDM2, leading to inhibit apoptosis. LDs can also recruit apoptotic related proteins, such as BAX, from mitochondria and se-
quester them within LDs to block the apoptotic process, promoting tumor proliferation. LDs reduce the exposure of free PUFAs to iron by esterify-
ing PUFAs into neutral triglycerides and storing them in the core of LDs, thereby inhibiting ferroptosis. ROS can trigger lipid peroxidation within
LDs, and these peroxidized lipids are subsequently transported to the endoplasmic reticulum to activate NLRP3, which in turn initiates pyroptosis
through the activation of Caspase-3/GSDME pathway. Saturated fatty acids can damage mitochondria, releasing mitochondrial DNA that activates
STING via cGAS, thereby activating mTORCI signaling pathway and impeding normal lipophagy, ultimately exacerbating hepatic lipid accumula-
tion and inflammation. 1: promotion; @ : strong promotion; _L : inhibition.
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Fig.1 Partial regulation mechanism of lipid droplets in tumors, cardiovascular diseases and liver diseases
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Table 1 The main mechanisms by which lipid droplet-mediated programmed cell death
in tumors, cardiovascular diseases and liver diseases
R P ameiiild iEREAIES A (2t EE BN
Disease Death pathway  Key roles of lipid droplet References
Cancer Apoptosis Isolating apoptotic proteins, maintaining metabolic balance, resisting oxidative [16-17]
stress in ER, and promoting tumor cell survival, growth and therapy resistance
Pyroptosis and ~ Dual roles of lipid droplet affect the tumor immune microenvironment and therapeu-  [18-19]
ferroptosis tic response. Storing PUFA reduces lipid peroxidation and inflammasome activation,
while targeting lipid peroxidation trigger ferroptosis and pyroptosis
Autophagy Autophagy-derived fatty acids are stored in lipid droplets to avoid lipotoxicity and [20]
maintain mitochondrial health, which helps tumor cells adapt to stress microenvi-
ronments, such as acidosis, to promote survival
Cardiovascular disease Pyroptosis ox-LDL triggers NLRP3 inflammasome activation resulting in the release of IL-1f [21-22]
and other cytokines, thereby inducing pyroptosis and aggravating plaque inflamma-
tion
Apoptosis The loss of PLINS disrupts the integrity of lipid droplets, leading to more severe [23]
intracellular oxidative stress, which in turn activates the classical mitochondrial
apoptosis pathway
Ferroptosis In cardiomyocytes of MIRI model mice, inhibiting lipid droplet degradation sig- [24]
nificantly reduced lipid peroxidation and suppressed ferroptosis, thereby alleviating
MIRI in mice
Liver disease Ferroptosis Lipid droplet can inhibit ferroptosis due to lipid storage, while it also can act as a [25-26]
driver of ferroptosis under certain conditions
Autophagy Lipotoxicity can activate innate immune pathways, such as the STING pathway, [27]

which in turn activates mTORCI1 signaling, thereby inhibiting lipophagy and exac-

erbating hepatic fat accumulation and inflammation

PR AT RZ O BEAFAE , b a0 e v R ARG O
FEABIE T 5 Im R S U S, AR AR BX — i B R A
AR Z P e AN R TS 1) S5 2 bR 20

FENG G B2 T, i Rg 4 sd ik b 9 g AR 5%
Sy, SEIRTNEVENR TR S TGHI& BUE .
b, EfE 4R, JAK2/p-STAT 35 538 i 3 i 1
T FASNZR L, (2 g R rOAR A IR R HERR , AT 8 5
it e 1 JH P 6 S B PR RS B BE ) B PLIN2 AR
FE R AR B0 I 0 PIBK/AKT/mTORIE %, 55 1
s kR 4 28 (oral squamous cell carcinoma, OSCC)4H
Ji A b Rz 1] 5% 4K (epithelial-mesenchymal transi-
tion, EMT), {i& 3 Ji 41 g (3L A% Az 28 B 4
DGAT 1 f 321 W) 2% A1 I T 5 152 I 52 70 117 1) Jl g
MLE R Im R FE R W, 72 MR 2H 2 FASN
DGAT 1 ¥ 5  1k 7K~ 5 Jiigg 73 Bk e S 8 A R
T 503 IEAH G, SR 56 GE S w4 D i e
P IE R H I E AR B0,

JIi ¥R 3 T L 5 e 22 A 4 PR AR PR 0 A TSI AR
R A R dric . EPETSIT T, SRR S S I
21 3 AR 2R T 3 ek IR VR 3R 1T P Cyb 513 (cytochrome

b5 reductase 3 )47 7 M4/ $ 40 AL 1) pS3/Myh9 &=
Y, KIS EIRRERE, B S
Y5 FE A 2(murine double minute 2, MDM2)/ 3 72
R IR pS3REAR, i Ak A D RE, (2 i
I 8 B A o 0 O T B A T R R AR R R
REWMBAXE A “V LI, A I R 24
WA RN IR 2 () 2E 42, ELO R IR A0 g T 2ok
(G b W N [T s = [ D R e =4
1 23 AN R A4 37 B JF 25 € AL B IR R, AT
Wrid TR U ek, IR AR S 5 TS,
ABHDS5(abhydrolase domain containing 5) /& i i i
IR 7, 25 TG (ELT ATGL), #1574
FRIR AR P, LERTZI I 4, ABHDSH Bl T
A, HH ABHDS 2 5| A2 IR H R & 6 2 e
(adenosine 5’-monophosphate-activated protein kinase,
AMPK) B AL 7K P FF =1 A p70S 6K M iR A1 7K T BRI
T B 5 RSO RN 2 1 T2

FEAE TS TT IR, AR AT A2 R BT 2 4% ROAE
IMAR)E IS T 1. JRH N A PUFATE AL
LAY T AT AR i 42 R M % (4-hydroxynonenal,
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4-HNE). N —J#% (malondialdehyde, MDA). 8-5Hi
HIR 25 (8-isoprostanes) g AR F 40 T X LS
S i S B A B B NG B i
PUAA RGN ROIE RS0 A RIS 5@k . 7
Jie 72 20 P P vy 2R IA 1 PLIN2 £ [ v] F e AR s, 00
HIPUFA I, 8 S PUFA S AL Fii4-HNE™, i 24101
il NLRP3(NOD-like receptor protein 3)#&fiE /NMA [
AL R BRI, — IR Re sy e M SR AR AE MR
2 6 AR OB EGR, ZEEHR R 27 AEROS, B NR
T A IR o i Ak, B S X S S A T A i &
ERJ% NLRP3, 117 i Caspase-3/GSDMEH % fitl
RAIMIAET, APUMRIR TR T — M AR RE .,

FERRAE TS 7 1, AR 38 I fif 47 5 BRI
Jo XS Ti) ] 428 i 9 4 PR RO o n E = 9 1 L
(triple-negative breast cancer, TNBC)4H Jit + A5 1 FR
[ A 1/2(fatty acid desaturases 1/2, FADS1/2)3%
&) 1 4 N PUFA A5 i), PUFA AT LE(EIE R AL
T JEP TR 24 7 1548 ) FADS 1/2 ] LS g xof
BRI AR, TP 784 EPUFA{E PUFA/MUFA
Eb A5 S, DS 24 Jiev e B 0 kA T2 15 S U
FE Mt RS A Hh 4t g ) B 45 i 1Y 40 B 3B DGAT Ay
1R A AR R B I kA A7 PUFA, TR Bk 58
=™l

NEWTE N GZ i R G, A7 B W AR I DT R -
WAL, HE vl R 45 B e 20 1 2R A4 4
NG EEME . PHISTIE AR A 2 3 B R A T e
B B, X P [ B W Ll sk 417 o) PR A A I e R g
la(carnitine palmitoyltransferase 1o, CPT1a) K% K.
DRI, e 6 A I 9 TP 8 ) 8 0K S N2 A 4 5
A At e DA 28 4 e E A P R v B 2 1 T AR
i 2 G H MR,

PRI, i R CE i b B D RE I AN PR TR ik e i
HIE G R}, T RIRE S 5 MR ARt TR i
IRSE E SRR T N2 o B S8 i T A D B T e L )
T, W e vl IR (2 22 e 7 S5 YT I 25 52 T
P
2.2 BEE7E L ME R P RE R R IEENLH

RE ARG 25 6L 2 3 ik 6 FE 4L (atherosclerosis,
AS). G TS (ischemic heart disease, IHD)%
O IR RO 2R . IR RN, TRA
NI I A T A e LA A R B TR A
TR Bk g | i i A 5 2 PP gl B RS e T

BAT, WENIR IR SR

A8 P R A0 i R R AR R AR 2R 2 BBl ASHE AR Y
REEEM . RT3 A B 4 S T B, AN
TR S 2k o 5 4 52 R PR AR AR (palmaitic acid, PA),
55 ARL13B(ARF-like GTPase 13B)Z4f A%
A S-ERAIRAC B A L, X — 2L BIR T N %
ML LT BRI AR B RN, S RV BT an v i % A5
P HEL B fE 0% NLRP3 #ORE/MA , B# T ILE N
S 20 AN B A A B R AR R T, R OR B A Al A
% -1B(interleukin-1B, IL-1B), R HFEE M 1) 58 5E 3
B, HESHASHI K JE

ASHIRZ R B R IR A BRI B, 17 TR
W R BRI URGH I ) SRR AR o i v AR
% H5 85 1 (low-density lipoprotein, LDL)# L5 P 52
G , &AM T A A B LDL (oxidized
low-density lipoprotein, ox-LDL). ox-LDLAJ 5% E
Wik 4 s o e BB 1G A, [ Bt 4ot A o 2 e, 3 3
TG L[] P 1 7 R 400 i P K B SR AR IR , 11
A5l M L 2 A AV PR I 7 YR L P I R e
I PLIN2. PLIN3 R A A 45 #4010 il g e it 1
I B ACE ZE 8L . b, RRR Ak A7 1 TAGHR] &
ATGLA 3 W R il I RERE TR FFA, JF (2 83k PGE24E %
SEPE AR BT BT AE A, TS 5 LR 40 i 28 A S I
(AR U B R, TR IS T R AR R IR A T
EEPY) 22—, BERS BT TLRAA S AE (S 5l 1%
S35 bR R PR BE A F -o(tumor necrosis factor-a,
TNF-a). FI4HEA 2 -6(IL-6) 55412 4 [K - B2k PO,
REERETA ) RE R T X Re g ot — 20 B B R i %
] R TE RS2 A, AR OK I 3G 5 41 i %) ox-LDL IR $6 HX
A7, T BUIR BT HERR AN 20E SNz [ R i3E AS
BEY TR R

B U428 REORE S A, g Vi e 10 o 18 428 O T 5 e
ASHERE . BFFEFMT, PLINSFIB R 2 i 5K s i 11 52
AN, T HOE ™ 4 P SRS, 2 T O 2
2R AR T B, 32 BRI N I (R CRESE:
Hahn, BLACR U JE T 4447 8 H Caspase-3 MIPARP(poly
ADP-ribose polymerase) ) EITEAAE 1G5, B2
IEASHIEFE,

JIE ¥R 1) 2 25 A8 Ak [ R AE THD Ao [ S5k I / 75
E (myocardial ischemic reperfusion injury, MIRI)#
RIFHRZENER . £ HDROULAIN b, JE RS 5
i A 38 I VO R T E B 0 R A o e IR B
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T, PA_ L1 CD36(cluster of differentiation 36)%5 /ig
JiE IS B Rk, A R B IKATGL . HSLA5 g
DL PLINS (3R IE 7K, S EUIR AR RAZh 44 T
REfERg, AT RO T Y. X —HLflE R
AT TR h A TR AP O LA B PR O B TS R
T MIRTEAZ oL 2 — R BRBE T, I B AL 2 4R
R SR N, £ MIRUN RS A R 75 P vE 1
(0~9 h), “CoJULZH AR P 149 G o 2 s SRR T A e A4
(>24 h), XECARHE N B WO BE ORI PR
1) 1 ¥ 1 20 g T DA 3 BRI O I P 9 ) A o ot
ALK, IREREAET . X R IHEE R AR S B
e 36 2% 1] BE A PR AP O LSRR P E VE A 18 AR
g P, A, PLINS 8 FE SRR 1 T ik
B VRPE ORI D B2, gk — 20 T R R s AR
O I 7 ¥ o ) EE AN A

Zx b, e R U N AR S50 L4 iR
RIFETAE T, RO MERIR IR AR R K2
NSRRI By — AR ) iR T
B o
2.3 FEiETERTR S R E R RGRE LS

AR AH 5 R 7 12 JHF 95 2 4 3K R s 6 e v (1 12
PRI, F A% o0 ERARRAIE S 441 i i vl S 5 SR AR 5
R NEACHTZEAL, B it e i A%y s 4 g fg 2 12 3]
JIE 107 VR 28 B3 B0 A i qb . I EAR IR S R R
I 54 R A SR T8 % T 5 MASLD AR A2,
HAZ WU 2 — NERIE T SRS KA, [R] £
BEJE T 5 R 5 B 3L R A4 e T MASLD & 2% 1
T Y 25

BRI D7 A 1 A 5T b P A4 A T T B N
B I i B I R — bl SRR BN, A2
TR B A4 By 11 i & 3 A Bt (insulin resistance, IR)%%
DRI 2R OK Bl , 3 o 2R 4 3 SO g 0 1 35 BDOK P T v
FRE T Mk A Y (de novo lipogenesis, DNL)# Jii 51,
[F S, JH- 20 B e E G 7 R 4% 2 85 11 CD363R 1A Fifd,
W E R FFASR N, I3 & FRAGEAF T HET , LA
BEMEPOT, SR, 4G B NS AN, X Fhod B
WUHIEE A 35, A 536 0 [0 A D e B S A 5 IR i
4 i %% (metabolic dysfunction associated steatohepati-
tis, MASH)FBVEREAZ . FEILRI B, R ARE 1 N BE
SR NEARU ZEEL IR, JH-4 e A 8 T {3 PLINS
IR PLIN2 i, S E500g g e SR B BOAR, R
JROR B FFART, HES)) 5 7 A8V m) 28 3k e

FF A2 IR 41 M (hepatic stellate cell, HSC)H#i% /&
JF AR A0 I ZE R 3 B8 BRSO AR AR 3K 6L iE
RS HSCHME LR 44 AR B G s Eos, T
HSCI1 i 5 AU AN e B R AS o] DAS2 e 3% A Fl 72 AR
Y1 A3 R R RE 77 0 HSCIITE L EAE S8 E AN
Pt 20 B P9 R T E, SR AR B, i T
B (n 3 PLINS & )2 Af Cid AL I HSCH B iR
JEH, 7755 I i S A 0, X O e MR A
CABLAF AL BRI 1 T RIS,

JE % 7E MASLD ] X[ i 4 8k 56 T2 . B BE
A DR i o it A7 T S B PR T, AERE 8 251 N A
BIETAE SR B & . /£ MASLDH, ik & H5 i 2
(JUFHJ2 PUFA)7E 41 i P HERR 22 5 IR ot o A A
TR, 17 6 T 38 s PUFA sS4k o o H 3 = g
HAEAE T A% O, A 208D T 3 PUFAs S 8k 1 2 ik
Blgs, M dn] 70T, X — R HLHIZE cGAS-
ALDH2 Vi #5h H A R 7R . cGASEE & M|
ALDH2, *4cGASHR I, ALDH2B BT, LB
TR A, (22 B B S AR 5T & kR
B, WREN AR RN B, T e S HE AR I AR
T 7 R BT AL RE /1, RS S A
JR R, 0] STINGH#US « X — R IR T 5
R T RRAE T, AL A o I SR i 3R L N
A 26, PLINSTE IE 5 AR B2 AF N A T Zebi kM
Tk LLOE 2R RE B iR S 4k, {H4E MASLDH, PLINS
(13t 8 R S i AR 1t i S AR SR AR AE T LR,
RRAK PLINS W] &% 5] ATF3/CHOP/CHAC11E 5%,
AT Bl 240 L R BB T, e %M MASLD, i
7R PLINS ] BB & i B2 iR i Aa A 50 T UM 1 5¢
IR,

WAk, AE IR T B OC s i 42, BRI D Re
Z A e MASLDBAL ) EE AT . i, PAZFEL
2R R AR 3540 I A ZE KA DNARE . cGASH I
FZERifA DNAJG , {2k SQSTMI17E Ser403 1% 14 (1) ik
Rk, BSR4k B9 SQSTM I{E#E mTORC1 I E A
JK, IXIE5E T mTORCE 5, ff i H W% 15 2T
2 ZIBEAS , AT 0 R A i 15 AR 2R R 98 RE 7). Rab
GTPH (41Rab10) 53] 71 5 H K 3)) 1 4 -2(dynamin-2)
PR T2 A I W 4%, REB4E 5 B SR i i 11
Wl B, B LS IR RS S 2R
A3 DR 22 PR IS IR DR 266 497 2 o e 55 2 1 42 Jof T
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