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Lysosome Function and Lysosome-Related Diseases
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Molecular Biology, Zhejiang University School of Medicine, Hangzhou 310058, China)

Abstract  Lysosome has been viewed as the recycling center in mammalian cells for a long time. However,
recent discoveries have uncovered a central role of lysosome in intracellular trafficking, membrane repair, nutrient
sensing and cell metabolism. Relocation of mammalian target of rapamycin complex 1 (mTORC1) or AMP-
activated protein kinase (AMPK), two master regulators of cell metabolism, from cytoplasm to lysosomal surface, is
required for their activation. In addition, lysosome maintains the quality control of proteins and organelles through
an autophagy-dependent manner. Microphthalmia/transcription factor E (MiT/TFE) proteins regulate lysosome
biogenesis by stimulating the expression of the entire classes of lysosomal genes. Dysfunction of lysosomes leads
to a variety of diseases, including metabolism disorders, neurodegenerative diseases, and cancer. We would review
the role of lysosome in autophagy, nutrient sensing, cell metabolism and diseases in this paper.
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o 1] ] 7% (phagocytosis) « FL Al IR (macropinocytosis)
H1H Wi (autophagy ) 55 7E N I 2 Fh & 12, ¥4 48 i 41 1)
ARGy 1 RN A L N B 1 SR AR AR LA S 2 40 A i 2% 5
18 3V Bl A PN IR AT PR AR

Y5 il A 5K 1) B A P R T 40 i o8 25 A o
PHEHE ., ZIAMESTERR. 5% SN, 4
FL P9 IR 85 I A R A AR B . SR g A VA AR K
fift BB E B B B B R R A T RAR, Somm [ IX e iR
FI IR Thag, & 2 51 K — SRR AE I B A4 AR
(lysosomal storage disease, LSD)Jitf£ 9 . HZ 5]
S ) JHF I 55 2% B 1 T e SR 5 VA AR T R ) R B
FEUIAH IO, PR 22 14 i T 20 P D) 7 R R s I
AR (1% 2% oA Ty e IS5 e A 5% 1) SO R SR L)
=1,

AR B R BT SO AR A B A 7 AR XS T
T TR A 1) [ A V2, 3R I A AN N 4 i P %
AR R 4 1) o A [l Wi, 2 A AR A B2 4% S 5 Y
28 Y B A T AR SORE [ SR A R O T Bl A
DNRERIHT A I, B R SV B A AR AR T I 28w
KBRS 1L, 275 IRV 5T IR 28R A1 AR DA AR 90
iR HIER .

1 AERAERERINGE
1.1 AEENEIAEIEIE

TS BEARAEAE T B B AR 9, (E2 AN R4
THMBE AR KA FCE R D68 77 1 AH
WK, REZBWILNVARSHEHENTERA
0.1~1 pm VA B AA, 10717 BEFIRE ) 40 i ) 254 14~ 5
TR BT IEE AR Aare . EEARE T 52
IS, 22 FRT A M 2, K 1) 5 1 O Vi i A B
o R0 5 Bl A4 I8 2 1 A TV Bl A4 i T4 19 350
HB 2 FERE AL ), AR H AP AR AR A I
IK A B B AT AT Ak, VAR AR R A b K
P — A B D RE AR RN VA B AR R L, BT AT RE
Z 5 R TR R R T= g e G5
LK

VoS i A 2 B UE T4 B N I BV E L R 4
W k% 2 1 (clathrin) /- 5 (%) 280 B S 4k 1 9 5 AE W
4 i A1 B2 0 A0 B 0 I, TR R B Y AR (early
endosome). -1 P AR I IS 5 SRR T R EEAAR )
TEIR A 7= A2 30 N 7R / 2 34K (late endosome/
multivesicular body, MVB)*. 2 JELAA 1) RF 5 A2 4 3

T AT PN G R NS, R R IR
7 35 B fif 2% Bz AE K [ ¥ (epidermal growth factor,
EGF)) it 2 R HEAE . J5 820 98 K B, 2 ik
AT DL 52 K F I i1 7R 4 (trans-Golgi network,
TGN)I1) 5240, B K B2 ) B 12 12k B T vy 7K
PRARUO [ T i AE R S N AR 204k, RN
At A] DL E H IS Y [ B0 A0 AL, B g R AT
RN F A (recycling endosome). FE¥ A F 44 7] L
IS A (] 3 4 Ak, B T ) A B e T v 2R
FEPR AR, AR I R A e R R A Y ZE VS
RV RS 73, SN A B R P A ) A
I AR B G T N IR EE IR AP IR AL, SRR T e R
AR T — B Tl AR K AR T DL B F A S i A TR
() ZE 08 I 5 TR A IR I A AR Rl G, B 2TE LA
A 5K B i e ) () R A4 . I AR R B A TR
AL, 0 PR A P At T DA T R P e A P AR
(autophagic lysosome reformation, ALR)/ 4=, 7E H
W IEAT MG, B R AR SV AR Rl 5 TR R B R
Pty A AT DU I R VS A AR 2H 2 0 8 LR 25 T G Il
AN,

TEEGRTEA L Y 1032 3l 32 ZEAE RS (microtubule)
AT VB AR R LUK FE BK B 25 H (kinesin) A i
B IR AR R AT R 3, ] UK EES) B
(dynein) WTUE SRR 7] U8 IERRBEAT # 80. V g A4
FE 20 Jf N AT DAAT S PR 25 2 B 7 1)), (R
it 1 (1 32 2 3 22 AT ) 52 B 00 A8 R 3% 1Y) 4% B AT
TR A ARG, H i ot 78R 0, v fg 5 il 44
(IR AL 4 B PRI % FH 2 i PN 5 R4 o2 1) ~F- 4 5 1)
FHIRM,

1.2 B LENERIEE

T AR (VB 9T IR, O s Bl A i 1 ) R B
DRI (RO A5 7K e il 92 325 Il A 5 2 11 5 ) T DAL [ B) 52 2]
— LR E R TR, AYE RS TR
PR, FEAR 22 5 i A L DR 1Y) )8 B X S8 AE AR AR AR P
T AR 238 FNI 4% (coordinated lysosomal expression
and regulation, CLEAR) TG/ B 751 . JH 3 ¥ X
AT CLEARTCAF (R HE A — i 22 52 1) RFRAEMIT/
TFE(microphthalmia/transcription factor E)&% [1 5%
e R F )R #5505, MIT/TFEZR H 230 1 3 2 A
1,15 % 5% [A FEB(transcription factor EB, TFEB). #%
3% [A-F-EC(transcription factor EC, TFEC). %X ¥
E3(transcription factor E3, TFE3) 17N B 2 4H ¢ 4 5%
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[ (microphthalmia-associated transcription factor,
MITF)!"*'S), TEEBFIMIT/TFER (A 5% Jt (1) HL At 5 5
T LAE 5 CLEARTTAF 4G 1, (R 3t H il fL2E I i) 2%

kU8 A AR, TFEBIR I 23 {2 F K & 3 W AH
REE A ERIAN, TFEBIE I W i (2 2k F W A s g

I8 VAN A BEAT B AL, MR TR S
T T P 3L 20 0 D G O P A A A N T
BR RBP4 JER A7) 0 B R 34T B fi
IR, IRR AR E WRED . BE WA SCPR B ) K
EE‘JHM% 20 B A e o TR PR AT A ) XL

RV A, BEWS 38 I ORI R O B AR 8RG0S, A VR R AE T R I R v 2 AR AR 1)
JFF FEE R 7 1 i B Tfeb ) /I BRONS e AR R B R ON U, BBk, BRI & )5 SRR G, KR

111 BT AR 57 1k iR A Tfeb i) /N R BES FE DU AR IR 1238 I B AR AT B AR D).

PR, DL E=FiE
ﬁ%l AR R R A T IKY R A A 2 A T M RS Tl A 42 o g A1
bk S 5 B RMIAPE R HIHT

H W — R AW A R 40 Y iR FEEFREAMFMT, REMWHLARZEFH
FI AR RN 52 1 40 M 4 55 e I B B A ig 2 KT AR ERAIR. SR, T SE N PE TR, Wyl
M EPR. HZAEh EEAA=MEAMBE R BNsESE, ARSI &S & A

B BEAW. T HEAEN S0 E AR E
(microautophagy)!"®". 7345 8 H @ iR ) I 2
R ED ERR R AR T, BEYELIE

FLAYE R R E H 25 1(mammalian target
of rapamycin complex 1, mTORC 1) [l £ B2 i 14 &5
1 (AMP-activated protein kinase, AMPK) & ¥
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SNARES etc.

Late endosome/
multivesicular body

Lysosome
Trans-Golgi network

AN P AE R ST 1A B0 T A 74, LTI A MO0 O A I T PO A 2 AR, SR BTN 8 2 VA 5 R i R RIS A (post-
Golgi trafficking) ™ A= [ HE (75 A — BT AT MU /K MR I AT EL A I Ml 2 10D Rl A T USRIV B 1A B Ab, 7 B R AR (KRR 0], 19 v 1At
T A 5 T A T A A S M 3 7 A A A L P A T DA A [ B AL, B 2 B R AR . JER A R T
DA i i (o] 2 M MRS b, ot 200 v A8 i 30 S T e K R AR A o RS ORI MRS A 1 MO T P B ORI B PRI 12 TN PR 35 )2 4 4 D B
P — e B AR 0T, N B 1 SRR AR S A (K 20 5 5, A RSB AT R AT 1) WA, SRR 5 T A R B TR B I MR VA AR, DATTTRE IR 8
TR BTEBEEA, SR P B AR PAY 1) 7K M B R0 M«

The vesicles filled with cargoes endocytosed from the plasma membrane or derived from post-Golgi trafficking are delivered to early endosomes. After
progressive maturation and acidification of the lumen, early endosomes are converted to late endosomes/multivesicular bodies. Late endosomes then
acquire degradation capacity by fusing with the vesicles from post-Golgi trafficking filled with a full complement of hydrolytic enzymes and convert to
mature lysosomes. Early endosomes also can be transported to plasma membrane or converted to recycling endosomes, a more dynamic form of early
endosomes featured with tabulations. Recycling endosomes can be transported to plasma membrane or trans-Golgi networks (TGNs). Lysosomes also
can be regenerated from autolysosomes. During autophagic lysosome reformation (ALR), lysosome-specific components are sorted from autolysosomes
to form the primary lysosomes. Autophagy is a highly conserved lysosome-dependent degradation pathway in eukaryotic cells. During autophagy,
intracellular materials including protein aggregates and damaged organelles are engulfed by double-membraned vesicles called autophagosomes, which
then fuses with lysosome (forming autolysosome) to degrade the substrates.

E1 MEAREIERGS BEGRIES 2 THIS511E%)

Fig.1 The endosome/lysosome system and autophagy (modified from reference [5])
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FKiFEEHREIRNEZE ST £ERALH
ZAF T, WOE I mTORC 1 i % R A0 U 428 B W i 4y
(1) 5% 4 5 FTUNC-5 1 38U 1 (UNC-51-like kinase 1,
ULK1)F1 B Wi #H 5¢ 2% [ 13(autophagy-related protein
13, ATG13), #liil] B AR T . A S, & FRA 1)
AT, WO B AMPKIE I BER (L ULK 1 FIATG13 E
FO A ) S R IR T i, e HE I R A T . B R
AR GEAT S, AHMLIE I 5 3l E R, B2 5T A
55 70 38 308 B VA B AR R AT e, A2 s B IR 5
(/NG 178 TR 0T, DT 4457 40 i A A 55 1 A2 0
SR A, 1 W i 2 i P B Joi R s ) 2R G A [
ARG, MR E AR 248 AR
FR s L T AT DL R B AR BEAT T RRUY

W AH 5 R RIT 7T 32 2L A b AR 1 AR ] BN
FATT T, TN T AR S T I A R RS AR T
KIEAZ . BWRES SR & R 2
I H2Z 2R AR HElt i 25 | Wik
5 Mg ARl AR B 2 1 L AHE =2 /NGTPREg
Rab%) ¥ tethering 73 ¥ Al ] ¥ 14 N- £, Bk B 5K 1t
Jiz B[R] 7 B 5 B (1 52 M4 (soluble N-ethyl-maleimide
sensitive factor attachment protein receptor, SNARE)
73 1. RabZ 1 fiRasAH 5% £ 1 7(Rab7)7E H W
g6 MR R AR S A R R R A T AR T P
FEE . Rab7{E [ Mg 44 5 v g A fih & 1 7% o i 1
FH = 2138 i I 28 28 I EPGS(ectopic P granules
protein 5)5¢ i, EPG5it i 5 M4 5€ 17 ) Rab7 Al &
6L FH 5% i 25 (1 8(vesicle-associated membrane protein
8, VAMPR) LA A [ W A 7€ A 1) Al 8 A Ok 2 1 1
3(microtubule-associated protein 1 light chain3, LC3)
FIR A kA 85 A 17(syntaxin 17, STX17)AHBEAEH ,
fie HE B AR 5 v AR B RS T I L 3 A A i
f1Qa-SNARE STX177] LA 4 47 55 3| il 24 (1) B Wit 44
., 5Qbe-SNARE SNAP294: &, -5V B A4 58 (211
R-SNARE VAMPSHH I I FE sl =C B &4, /v 3
H W A4 5 VA B AR 1) il 527 Tethering 3 ¥ RE B84 A
[Fi Y JE 25 Ay A 2 L B AE — 2, B A e e P R 5 3
L7 BRAR ) DR g, T L A R 3T e 0% 10— 25
BSNARESE & W 1T e B 1 AE N 7 4438 i &
A R FE B VE, tethering43F-HOPS(homotypic
fusion and vacuole protein sorting) & A #)7E A W14 5%
B R R EVEH , HOPSE &il it 5 STX17
FEAER, {23 STX17-SNAP29-VAMP8 = i &4

IR R, $ e E AR 5 VA R A i Rl 3003 P9, Beah,
PLEKHM1(pleckstrin homology domain containing
protein family M member 1) 7] 878 41 5 H W 74
T AR B MR 42, PLEKHM L@ It 55 3 Wt 4R M 111
LC3 LA K i B A5 - () HOPS & & W0 M1 L AE G —
F AL — ™. [ WA ¢ & H 14(autophagy-related
protein 14, ATG14) 1] fe th & 4% 35 FUPLEKHM1 1) 1E
H, ATG14i83d 5 A WEARSME_EFISNARESSTSTX17
LU SNAP2OAHEARH , fieidt STX 1741 SNAP29-5 ¥
it #4551 I SNARE ST VAMPSHH FL{E FH, AT fi 10
W A 5 Bl O R 5 B

STX1738 1 & AL T W LM L, 24 B AR IE AL
584 A IR B FEI )=, STX17 1 A 5T I % fir
B H WE AR AR ERT SR, STX 17U [X 73 58
G A B AR AR A B R AR AT AN T . R
AT ) — WA FT R B, WA VA AR R Rl o
52 B M A AR AS B TR . E ) B AT L 2%
PER, O-HE4% N- £ I 28 24 41 B 4% 7 B8 (O-linked
N-acetylglucosamine transferase, OGT)if i f# 1k
SNAP29#E 2 4k, 411 il 2 5 STX17LL JX VAMPSJE J
ZUEEY. AR Z 2 FBSNAP29KEFLAL
KPR BE, A2 HEIL 5 STX170L K VAMPSIE i = i &
G, TR HE E AR S 7 Bl A B R At BLEBT
FAREZY], BG5S 5 E AR,
WS 5 QR S EBEA RS -
14 A5 MRENIEE

2 0 JOT JE B A IS, 0 D b v AR R R T
A Tk 440 i Jo M A ) LR R N 4 B i b, 5 B
JEL PN A B 1R BE T v T A o R R 2 R R R
BEE TS, & T F SRR — B
WA BEAEA R BB B Bl R i AR Y. i
SR BRI S R I, BRI 4 o B 3 N 4 5 (1
B o i Y il A B A R 485 T VA B AR T
P00 30 T 5 AR P AT B R, B ZE A o iR R
T AACADE EA) FLATAT, T AR 52 40 L J I ) e A2

2 AR5 ESRS
2.1 AEASmTORCIHEMIFIE

mTOR 5 A [|] {2 (4 30 3 45 & Al LUZH % 3 il
ANFHE A #EEE 5% mTORCI AT mTORC28Y,
mTORC! = e |32 41 {9 (1) 8 3% ) Joit A0 A K A
T, 2 HREEEAME. BRAK. BWSEEY
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FILFEPY, mTORC Y ¥ i ¢ 52 7 A2 3 B0 1 A
P& 55 1, Rk PR #EmTORC 1 1) ¥ Bl 44 8 A7 A2 I 2
mTORC1FE P ) £ E 77 Kz —B, fEE KB 73
B, /NGTPRFRheb ) GTPEFEUE 5 1 (GTPase
activating protein, GAP)TSC1-TSC2-TBCID7E &
Vit L B M BAKT/PKBIE IR L, SEH S
Rhebfi# 2, Rheb 1 2k i (IGDP4S & T 2 AL 1l i
HIGTPE &R, &AL TIE R KIGTPS: & %
3 [ Rheb, i@ i SmTORCIAH B 1F F K H 5 &
VARG AR 7E SRR M I N, mTORC1 3 # iy
V-ATPase-Ragulator-Rag 5 & ¥ 1 5% & i Bl A48,
Rag®# F/2 —K 5Rheb A A /NGTPRE, A A 015
RagA. Rag B. RagCHlRagDP", [fj Ragulator/l] HH
LAMTOR I (ragulator complex protein LAMTORI1) &%
LAMTORS H. AN 4 i, Ragulator Y Rags [
€ VA BEAR L, T EAE S EATH SRR AL TR AL
# A -¥- (guanine nucleotide exchange factor, GEF)&X
FEAE BT, {H /& Ragulator ft] & W2 04 1% iR A8

RagA/B

) ¢
N

2
[
£
<
>
j

Lysosome
+Nutrient

Fih M H 6 RagAFIRagBL /F Y, Wil - AT P
(vacuolar H-ATPase, V-ATPase)ft 1% & 52 4i jg P9 1
B IR AE =K, W Ragulator I GEFYE 14, F05 )
Ragulatorifi itf ff fk RagA/RagB i 2% i I GDP 45 &
NEANBEGTPE &, R RaglEI E &)
EmTORCLAH EAEH, M H#mTORCIHH 55 2 i
BEEAA BECO(PE]2) o
2.2 RS AMPKRYE M IEE

% ¥ mTORCI1, & H Il AMPK [ 7] LALE &
Bl AR B b B R DY . AMPKGR (= AN T SR 4
R GRS, R4 B R R R
B YU RE R S AL I B, ATPI i 5 AMPK 45
A P LA s MR AN R I, 41 i Y ATPIRK
/b, AMPHE I, AMPIE IS 5 AMPK 25 & s Hod 4
M H, AMP5 AMPK ) 45 4 fe % {2 i3 AMPK | i £
H¥EELKB1(liver kinase B1)XJ {1k IV &£ AMPK a1
172057 TR FR R B AT B R Ak, 3 — D2 ik AMPKIH)
BOEPA0, BRI, LKB1 5 ZE7E 7 B A 5 AL B0

Ragulator

[ V-ATPase

Lysosome

—Nutrient

TEEFRFERRFM T, BERE 5 R AEVERHAR I IRagA/BS5GTPL; &, RagC/DE GDP4: £, — & K /ifRag GTPase Fi 5 5P mTORC1#H %%
FIABHARRIE . BEAL, KT 5 RESHIE AK TR R, FETSC1/23% M52 2401, Rheb i 2235 HIGDPSS A R A A0 NS G TP SR 4s, T

EEOEATEA_FIImTORCI(/e). TMAEE R Z 144 1F T, RagA/BHIGTPS: & T 21k NGDP4E & 2, RagC/DI HGDP4E &R E1L NGTP
e, “H W Rag GTPase Z &) 2% 1 HHZmTORCI B IFEBHIAIIRE /1. B4, A K78 Z 3 EAKT RV, Rheb IS IGTPSS GiRkA
AU N RIE IIGDPAE AR, Y6k T IS mTORCAE 7. B T mTORCI, JEHE K AR 78 R INAT AL P (1) B B2 4 AMPK AR A& 6 T B ARSR T S
FEE TR Z RIZAE T, — 71, VA BRI 1 V-ATPase-Ragulator 2 #9) 5 AXINS &, AR5 AXINAT LA RILKBIFH S22 ARE 7K, 53— 71, &
TR Z AN A I AMP/KF T, AMPES & A AMPKA LKB1-AXIN A A )1 A 3 B 2 43 11, AMPK A TR VA 7 2 1 ALK B 1 ELF 0RO ).«
Under nutrient rich conditions, amino acids enable Ragulator to bind RagA/B with GTP and RagC/D with GDP, this Rag GTPase heterodimer is
competent to recruit mMTORCI to the lysosomal surface. On the other hand, growth factors stimulate the activation of AKT, leading to TSC1/2 inhibition
and switching Rheb from the GDP-bound to the GTP-bound state, which directly activates mTORC1 on the lysosomal surface (left). Upon nutrient
deprivation, RagA/B is converted from GTP-bound to GDP-bound state and RagC/D is converted from GDP-bound to GTP-bound state, which
abolishes the binding of this Rag GTPase heterodimer to mTORC1 and dissociates mTORC]1 from the lysosomes. Meanwhile, inactivation of AKT
leads to Rheb inhibition by converting Rheb from GTP-bound to GDP-bound state. Both two mechanisms lead to mTORC] inactivation. The energy
sensor AMPK is also reported to be activated on lysosomal surface. Nutrient starvation signals the V-ATPase-Ragulator complex to bind AXIN, which
then recruits LKB1, an upstream activator of AMPK, to the lysosomal surface. On the other hand, accumulated AMP caused by nutrient deprivation
increases the affinity of AMPK for LKB1-AXIN complex, leading to AMPK activation by LKB1 on the lysosomal surface (right).
E2 AEAEALmTORCIFMAMPKAE M BIE (R ESE STHR 39115250
Fig.2 Regulation of the activity of mTORC1 and AMPK on lysosomal surface (modified from reference [39])
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AMPK. i %] B Gk Z [R5, 2 DhfE 28 H H AXIN
55 535 I V-ATPase LA} H 45 4 15 [ Ragulatorf H.1F
H, #i|Ragulator [IGEFYE P£, 1% SmTORC 1 )\ 7 iff
PRNE E RS, TAXINGE G S5 LKB1AH BAE A LKBI
A 55 R IABEAREY, hAb, A BE R = 1 ERAMP R A,
4545 AMPIY) AMPK ALK B (1) A FL/E F 3% 18 o,
AMPKG# i 5LKB1-AXINE & )41 HAE F o 48 32
T AR, DT Ak 9 Bl A S 7 LK B 10 (]
2).
2.3 mTORC15TFEBHHHEIEE

TFEBAE Ay 2 i B 5 A2 1 32 B A S PR,
T AR B I OB AR A S . AEE TR
F & W& AT, TFEBTE 40 i &% A 40 i 3 b 36 o
A5 MAEE FRRIZF 21, TFEBYEZH A% N K&
SR, 5 SR AR I, B I EEmTORC 12 i
BTFEBE A MM EEEN. BERFEEMERMET,
TFEB ] id it 55 ¥ g 44 Ak 07 [ Rag GTPaset H.1E
FH 78 A0 TV Bl 4, 33517 5 3 B4 3R T FJmTORC 14/
HAEHIE#mTORC ELEEMERR AL, BRI TFEBIH
o 5 40 R R 7 R14-3-3 8 1 45 A, AT BE T4
Hi 5 FR U2 MIT/TFERR 1 5315 1 He Al Bl 73 052 31
mTORC 1AL %A

3T AF SR B HE 7T R B, TFEBH AT A B o ok 1
mTORC1 )i ¥, TFEBii if 45 A RagD GTPase
Ja 3§ X IICLEAR TG, ¢ ¢ V{2 #ERagD GTPase
()2 PR e s, AT mTORC 1,

3 BBsR S YHARA IS
3.1 REASHERAH

B T B T DA 200 o mh s R DULE Vi A P
AT R VI A P A A B AR P 2 DA i
712 1% B A N . STBDI(starch binding domain-
containing protein 1)if i 5 4 i 5T P 190 Ji LA A2
A& ) GABARAPL1(gamma-aminobutyric acid
receptor-associated protein-like 1)#H B 1 F, ¥ ¥ |5
7 B B AR ) R A i o I A L R
o BEIFEAEVE R A N 3 2 H R M a- 1L 4-FE G 1-4-0
i TERE K S e AN R 1 22 2 W I 1 T DR, B A AL
DN T RE . DL S K A Bl AE 9 BT I TS S,
W E R EAR A TRk RIS IR BA R AN, &
S B YIA RO A IS K RS . ISR
(R T o e SR B ) 2 5 B0 S AE T T A Y

st B, 9 R IR AR ARER,
3.2 AR5 RERIH

20 e 4 ILDL(low-density lipoprotein) 5t &5 &
YR FLDLZAK, ARG M E AN RN T
PEFIE NG5t b o A% 2 1 A% 25 )5, LDL-LDLZ
WE G AN N T BEE N R ABR
¢, LDL3 {4 FILDLf# &, LDL3Z /K38 i P 7 14—
B PR e 4 40 BB [l BN A MO IR T o oA A Tl A
VR EEAR 5, LDLRURLZE 1 g 4K PN IR 128 s 10 16t 1 1
FH R RO 1R ] e A0 vk = R S5 g Jo 2310

4 L PR T ot T DL s R O A N
A 2H AR T AT DA B WA L SR, B R
g, X — IRV IE B W (lipophagy)™“”. IR A
KB IR rh VR I 7 R A e O e N T AR, 75 IR U I )
YERF o B TR IR - G W T e LIk A
T B4 M SR BRI R 1) kAR AR, H R AE
PN 2T HUH] B RTEAE R . im0 e
JO3 4 -t AT DL EH 9 e A e 1 gk AR R 40 PR 2% Y,
ity A m] DL I SEU AR i A B P Joi 1) 4 0 i s LR
Fefub, 24 o B MR 25 # 8 T sy, R 5 4y D AT
DLE 42 B A A E NS — AN P s ST, IR e T
DA I 3t 24 25 2 R] P 4 fish E VS A i N O 8 AL D il
A DL K N BT IR, 2 At R S 1) i B 72 45t mT B
I FH X A 77 gk N 4 A P G A 2 L 2% N 3 R
Fo
3.3 iRBgARFIR IS

BRILRAIR A ) (£ EAL S ANE JE 35 2 (A AT 18
W, RS SRS EY), Ikt = E4
JEL PN B SRR T S R R HE B AR Y i ERAS
(R 55 B L 9 R R S84 38 B E M, 25 5 36 B
YO A e R 7 NRNTTTRS o511 7 o o - 411 R T
77 AFRABRIET (ferroptosis)® . N T By 1R T 1
IR, MIREE R k0 2 — MR Bl B T
BRI IE LTS . AN, gt aA
Wt A B B R 2 B # Can 2 b A [T,
THIESH AR AR R P a3 T X E i
B T 58 . AR 2180 F W IR A2 16 30 V7 g 1 3t
TR B BE AR AR ER & — B R R, B&
fifE J5 2R T /b B A A AR ST I R T B R T R .
T SR SR Bk B i 1 B A e A VA AR P 1) P
SN, T2 R IR A, B ) g AR T
T g AR 32 S a5 i A o )RR, 2 5 R g
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P RGN A RE IO IR, R A a4
FRAEH B N I T B RSt E AN E
LR PTG B, VA B AR TR AR RGNS YE
RRARW B ol 0 Q) V45 I e 1) ik R R AR 5 |
FEC 11 BRI DRI I8 A, FRAT VA BRI RO, H AT AR B
TR AR AURE R 60501, Horp iR 2 5 7= 5 (1 pih
ZIRAT VIR A G

Y ity A 3 T A S L] 9 ) 4% 32 52 NPCT(NPC
intracellular cholesterol transporter 1)1 NPC2Ijjgg
it o S 50T [ I A VS I A P KR D AR T ] Y
CHJE 2 [ (Niemann-Pick type C, NPC), EHEH
FEILH BEAT 1/ 0 L 5% 2R U RE AR, O B N
H 2R 5 Bk o= B I B R K BRGE (Alzheimer’s
disease, AD)JHRFAE, 4035 1 £ £F 4 2 25 FIBEE UE ¥y
FESR E A HERC . T 3 Wl A4 P 17 B~ R i
(B-glucocerebrosidase, GBA)L)) B B [f1 5 250 7] % #E #
25 Ik i R AR B FF 91 1 2 T 93 (Gaucher disease,
GD), HHHE R Z 2B D REFRAS, Rl 2 i
I B BEUURGE MR G0 DY REFR RS, — & 70 B i
284> 2 JiE WA 42 A% (Parkinson’s disease, PD); 4k,
51T GBAAR & T A BEIR A 7 R b, 3
JH BB 4 AR 110 RS, 08t v T P

AL, TFEB R IE KT B 7 48 A 53 A ik
/b G B WA R AR SR AT B W D BE B B, A 5l R ED
I R R VR R S BRI A 4 A AN S B
(Huntington’s disease, HD)5 #4218 47 M7 I (1) 2
J PRl 2 — B4, T AR A 22 1R AT P 5 03 40 B S 28 v
i R I TFEBHL T LA R 2 Il /b Tau sk F FIBAE VE By
FER A 25 800 8 A0, 42 i 52 = TFEB IS 1,
R FE S A AR FT L IGR, TT R Bh TR R 2R T
53 S5 R A 2 SR AT I S o
4.2 REBIESHIE

=4 Mg BT AL ) SR A B RS IR AN RN, R 4
i = 2 g R 0 PR FH A0 L P R 2EL ), T R 4
) ARG A 75 Y, e iR RIS 2 B RIRE A,
Fp 20 7 T A I I A 5 R S ER A O P A, TR
T BEAA 1) DI RE T T e eg 1 AF A B i i E 0,

P RIKRAS T A2 FRAZ 1 g 40 v, BB AK

Paran

RIN, JF R 545 i (pancreatic ductal adenocarcinoma,
PDA)ZH i m] LU i B AR B I A i A i B
EA, RJE1aik RIERAREAT M, NMIRBURER
TiE B 2 BE TR, IR AR KSR JEA RIS Ak, B
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PR YA G, Tl 3 e 4 24 rh, MIiT/TFE®R H
S NG T w1 M = 1) N B L 5 e o A
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B AN S AP A RR S 2 U LERS
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B2 AR MR A=K . B695E . R RSPl
S AR H Y SRR B A T R AR DL b R
RIFHEANEH

5 S5 RE

VEEEIEIR T 2 5 40 0 9 AR U B (0 B R,
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(I Ty, /A 2 T 7 B A 4 46T 582 1 VL4 £ 2 B8
FE I 2 /b . BRI L3, 31 HImTORC1
(RSP 2 BB B MEINSE L, TRAEIH G
BT 2 e KB 9T % B, TREBIE M A0 L8 =244
mTORCIE 51 FE A A 75 4 4 ¢ 11 2 B[R 5199, 3%
B VAT VAT B AE AR S R R (R 32
LA B R VAR AR T A T B, AR A K
MR ERE M AT R F AR KT 5E . B
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