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ARG OARH 7, S WN M (endoplasmic
reticulum, ER) . ¥BEEIAR DL S 20 f 55 45 A B 3% 3 0
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MR R FEARAZ B N I, PQC AL AT i &2 45 ia
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W iR AGE IR R, SOl B AR AR T
Bro MO, RIS Sk A W4 A s
W E ZOCHEEMMEH . KRRy, &R
BRI AN 2 4505 5 g, SEim5 |
RAMMIFET LSRRG, AFEAT . PIET BT
&, HEZRPRM RO, ppaaB Tk

DOI: 10.16476/j.pibb.2025.0063

CSTR: 32369.14.pibb.20250063

P R LRI o 25 o L, i BRR
A& R FER BORRAS IR B X AR A T A S
A EEPAME.

1 BREERSHERIS

11 SREENSEHRSIHEE

R R BT 1898 4F, S i B KRB
2228 Camilo Golgi R Eh 12 YL ihAE 3k &t 2841 it
PIXREE 3] — BT & B AREE A, JE R S5 KA 2 Fh
PR AR R B, IR R A R R A T,
£ 201l SO4EAR, AfTHE A T B mgs, W
BT R R IR — S A R A g . B R
IRIEAR R HES VR 55 0 It TR I AL, oA

x E K H ARG (82130062, 8247219, 82241062) WEBhIH A .
o JFHN M

s IR R

WEWKEH Tel: 010-66867394, E-mail: c_ff@sina.com

kI Tel: 010-66867383, E-mail: zhanghui_1110@sina.com

Wi H 4 2025-02-10, $3% H I8 : 2025-05-30




2052~ EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (®)

B R R 2548, 3 H PR R R A S
(Golgi stack) , [F]A BEEE J] FE A7 AR 1F 2 R/NAS— 11
Y ™ A R IR HE S M 0 e, RT AR AR
% JE TR DB 1 IR 45 7 Bk R e R R AR (Golgi
ribbon) .

R R —Fh A M N RS 5 A 2, A2
Jirb 2 B A B B S B L s AR A . B
B WU ER FHBTFIRSE AR Bk AN BT A 73 S 1 475
W an N-HEEAL AT O-WEBAL, SR 5wt iz 2 /R
FARBE Tis . SR . R R R R AR
B i 5~8 B HES 0Y I T , ARHEEhRE AT o
Ry 3FRAE ST NI AR A R R I e R AR T
MREER  (cis-Golgi network, CGN), ISk A Nk
W 5 B Y R BRI AR BT 5 R 2% AR e R
(medial Golgi), FLFEMIE4E (cis-cisternae) .
8] B %% (medial-cisternae) . S 3 JIi£ %  (trans-
cisternae) 3 FPghtly, Hrhf & ZFEEALEE, &
INTAB MRS VR BT F 20T ) —uih
20 R K R R R 45 4 (trans-Golgi network,
TGN), FHEMGS W Tz f B E R H i,
DI A BER . A SRR A A . AR
BB RS AR B EE, FAoib Anan
TRk i A i UL o TR /R B B CGN 3 TGN /Y
) S B PR R 1 B R E RIS A HE Y, 24
JH X A5 A B SR ) SR R 0 R, R
FERAE R B 1 B FN 3 I AAZ o  T, AE 2H RE
P k. s . R . AR A%, DNA
03 SN ANBET A5 Z R A A ) 2 R A
YEHS
1.2 SRERRNHNSEE

157 IR AR N 0 (Golgi stress) — i) i1 Jiang
S AR 20TV AR AR Y, T A e AR A
E b GURE A PO AT = VN - 22 N B 7
AR RS f IO e A A A BT R I, 4
RA B IRIEARRI R, TG — FR 538 N (53l
1% VLG fifp ve R BN 8 1 sk — AT AR i 4 i
T RIS /R AR e SR . B AR
FLE AR IR 7 455 e R FER IS A G
{55 W, ffhF 5K F E3 (transcription factor
E3, TFE3) . #{Kk 7 & 1 47 (heat shock protein
47, HSP47). cAMP N & TCiF45 G M3 (cAMP
responsive element binding protein 3, CREB3) . fi
g7 24 R 05 AL B B A BT B (mitogen-activated
protein kinase, MAPK) /E26 %% 5N F K% (ETS

transcription factor family) . £ F1 3 R A% PN 5T 38
fitf  (protein kinase R (PKR) -like endoplasmic
reticulum kinase, PERK). AR MEEHES
Mo RSN T TFE3 K AR LB AL,
T 5 1 IR EE AR O W OT - (Golgi apparatus
stress element, GASE) %546, WIS MIGHEELES |
T IR SRS B 1 D R B 1 A v IR B AR A DG R
P B R 5% . MAPK ORI PERK {5 53 [ £, 25 g
IO iy 7K AR I VP A 1) 22 R S
FE IR SR OIRAS T, MAPK 28 2 AR i
ETS S5 e s R 7 B9 B0G < 75 A ML 7. PERK
15 5 38 B AE PN S5 D) 0L RIS TS, R N IR S
PERK I RE # = JR 54K W 3BT 8T o A7 R 1 02,
PERK 415 9 1 7R A4 107 80 S5 17 8 R (R AF aed ELA%
Ja ii -7 (eukaryotic initiation factor, elF) 2o/f%
SE TG T 4 (activating transcription factor 4,
ATF4) /3 %R ) W ot 4 (amino acids response
clement, AARE) KIEAEM, HILEOM A T M
Jox ) e B Y AR 1 5 R AR A A R T B 78
(glucose-regulated protein 78, GRP78), KB & /K
FEUAR R PERK S50 385 4% 2 — i R (04 WS
A, IR R BT R | R A B8 U . A,
IR S R R TR, (L S {5 0 6 R
A BT G2 it e SR B RO N Y e, YR
LR R LA R, SR RS T Bk
PO o AR A RO AR R R AR N TR
& N G {4 (proteoglycan Golgi stress element,
PGSE) (13 58— 1% Z At 5 2 20 4 Ty AR PR 2 %
Rt E PN N (T i g R Wiy B = e e P v =)
PERAL IR VER 1, ZEEE MR R RIS 26 EE
P Y v SR A N SO, I Ao 2 R R e AR A
N B oot #F (mucin Golgi stress element,
MGSE) #{% TFE3, HSPA47 J&—Ff P i X £ 5 25
F1, A R SRR AT ik BH, RFEPTIA T3
N b AR R R AR N RN A S 3 I R AR
FHA S, (BB AT (2 gk m R B RS 2 A T RE K
B, XYERR MRS R OCE . HATA SR R AR A
SN e o FAILRIBFFE i b T A0 BB, /R 2
SR ARG R EREEN A i Sovee od L I A A6
3 i N ARG e — A0
1.3 SREMEFEE

I 52 30 o VS R B s AR 1A T A A L 1 R
i, H— R AW SCE A TR B .
TEREPE [ R B EA B ) PR AR SR 0 A X,
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i) e o I S A5 s e e S el = T D
W UIRE R IR B AR I A s P g 22 A i, e
SV BRI BEAR NS 0 TR Y g B AE B
R, AEMAR SRR B R K B RS R
PE B W LR T 20 s A B TR PR L DR, A
i 45 R R R TR A0 4 BT A i R e kR R
AR MR Y A ] 1 HE ] e R A Y S
IR RE R by e AR B W, 97 (0 R R 2 4
FITRE S5 10 R R SR REE A, DAAERE LR 4540
FIIRE . TEL0 M S50 r 3 2ok 75 5 H - T A M e
PEOMEE, = R FARRS = R AR S ——
R 3R L i 85 H (Golgi matrix protein of
130 kDa, GM130) . Jz =X & /K &K 1 2% 25 11 46
(trans-Golgi network protein 46, TGN46) 5 HW§E/A
45 M E A MG E A 1 B HE 3B
(microtubule-associated protein light chain 3B,
LC3B) e o7 I 3g o, 16 & AR v JR AR N
I, AR e e 2 R

PRI, /R E A A R e 2 A
%, E/RE#EN 3 (Golgi phosphoprotein 3,
GOLPH3) J& i/ & B i R S A sz A4, AF
ST G o G e DT PE SL R IE 5L, GOLPH3 il
LC3BAFEM EAF M, TEMfIK GOLPH3 KiAJ5, &
IRFEMR A R R . T W, GOLPH3 /1%
(R R AR A W AR R R S A S OG22
UM A= AF WA AN AT /D A A R D B2 IR
JiE 45 ¥4 3% &5 71 1 (calcium binding and coiled-coil
domain 1, CALCOCO1) ¥ #% 8 Ak P 5T M F
WEsz ik 7, AR IE AR, #4r CALCOCO!
FENTE R RBEAT, BRI . Al KRR
W 52 &k . CALCOCO!1 = %23 it [ B 45 4 45§
zDABM H 5 (R /R SRR B, Jl i LC3 A B AR T IX
(LC3-interacting region, LIR) #5435 A WgAH
BEPR 8 MG AR A EAE ], AT A 5 R B 1A E
g Y RdRIE, EIRUUR . e R s R R
7 | B e R AR B R I e B A A L R
R B v S 7 o vl i I 5= wh 1) 0 [ 54
CALCOCO1 45 1 i /K HE A A AR W T B, A2
fitf v R B R OIRAS 1

Hickey 55 2 ] ] TE 22 S0 T 75 55 0 00 T 7L
SN2 A W I AR T A (R B R i, R
B A WX [ R S 5 A e (2R R AN
i) BAEREME . AL A, R A
VN JBT 2 A 55 A AR DGR 0 i & o 2Dt

FEMELH, (/R SEAAR TR A B 1T Yip 1 3R S5 K
1 (Yipl domain family, YIPF) 3-YIPF4 —3{A 2
TR R SR [ MR R S A2 AR 0 B SR
AR, YIPF3-YIPF4 i i LIR 37 5 1 AR G 3%
8 M EAEF, A5 F W ARG 22 i R SRR I 25 4y
LGB T4 RIS HHA TR . = YIPF3 51 YIPF4
(AP E S SR o Hh R AR AR AR I B 2
B2, PR B D YIPF3 265k K7 Al S 30 oK i
PRI R Kb i 7, 3AH YIPF3 il YIPF4, JUH:
JEYIPF3, fE4E R R R SR 45k v % 1 S5 B A
H YIPF3-YIPF4 41 S g R AR [ WO AR5 4 A
O AY N

2 ERENSHBEERFEET

FREARRAS R 5 Z A A AR T iR AR % DA
X, WPET . BTORMERSETSAE (B D). mRIEE R
TR RA T BOE A BUE K D RE R 2 Je Bl Se 2 fifg
FEFPEIET (5 5 R R R 2
2.1 “HRET
2.1.1 2RI TR T R B A A

S R TR i 2 i DRUORS 1R R R P 1 A0 B AT
TR, BHUATEAE KR i h 4R 8RS
THER R MM O RE , AT R S 2R
WEYIARDG, EFEE . MR T M A B
PEBIRAE 2 LR, IR A iR
B3 5%, WARIET AR . SRR A T
WA . ARBE A TIN5 R TR, S (AT P o )
AT G RR N IEEARRE T ok As, AZ
RN T BRI NE LR TR A . X
R AR R AT 2 RTE AL . itk
VRTINS M U shif T A, ks A
[\ 5315 = 18 B 300 e K& B (caspase) A%
BN, Hirp, caspase-3. 6. 74FE A caspase Z %
APAT B BA KSR, DIEI4ERp A0 M sl ia Fn Ak 3
EEMEZ R, mULsE DNABERIZE, &4
PR AN T 2o

VFZGORERIT, /R EAR R Z5 A AT REAE PR T
AR EBREIE R, TEE R R
SRS A R R B A5 BT, TR 2
TR, mUREMARGS R A W AR L, RN
RS RE I . S5 T, B A B
R F/NE ARG H 2 S — D F9IESE, 52
T M S AL Ty /R SR, 045 caspase-2 .,
8 7= #H 5 [ ¥ (factor associated with apoptosis,
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Fas) . FEWAHEAEHEE (Huntingtin-interacting
protein, Hippi 25 1) . B 40 itk B I83/ 1 1L 2 45
(B-cell lymphoma/leukemia-2 protein, Bcl-2) FJ%
AP T R -4 2020, SR AR DGR 1 A g
2 SRR SR AR S5 AT Re . fln, TEPE TS
AR, 00T AR R R SRR S A IR e i A
Golgin-160 (Golgi complex-associated protein of
160 kDa) fit B $Z 9% caspases-2. 3 Fl1 7 /K fig b &,
T A 1R IR SR ZE R IR 2
2.1.2 R EHARNERN Z S AP T R B

1R IR SR AR BB 2 1) S8 A X T A4 FLE B D Rg A
g1 1R SN S E N B B b R e B
IRBEEARI U, A T SR A L A o K A g 382 iz LA
TN BB, AR i R AR LS T RE Y
B35 H I BETTARFEE A e R BRI 25 5 5 A0
o9& . GOLPH3 JE—MhZ 511 i R FEARIE 45
G MWD REN R BN R 1, H S TR e LA
ABEIRAS 5 5 PR i e /R IR e A= st DA™ A%
WA T2 1 5T DA R R A B BT Ay e i R A B
TEBAARIE R AN &2 B, GOLPH3 &3k i 3
R, JF ST R IEADC, @ SR g
M OISO R L, GOLPH3 M 'S5 4% Ja] e /R 4%
F oy BBV A A 5T, 4 7n i%ad 72 GOLPH3 i)
RETEAN ML N A HE T EZ MG SE AR . M
GOLPH3 Ay 7R HL AT DL 2 9 D 5 PEE K (reactive
oxygen species, ROS) FH: AL, 25 i i /R KA ;
W, DD R A

R ARG T LTI 4T 25 95 5
BT, BREMFLSM A b e e h 2 5%
feh % R N R S B %, H b CREB3 i 442 Al
MAPK/ETS i 5 40 L T3 U AR G o H 4l i
FAE B Bz M HR i JE SR R A (Brefeldin
A, BFA) 75 5 i JK k14 1V 8RR 8 S PR 0T
CREB3 i # >/, CREB3 i Joi M A 0T I R il 22 35
RIS, I m RS T (SIPAIS2P) 58
FAEUIE], B A B A A% T, E i ADP-A%
WAL [ T 4 (ADP-ribosylation factor 4, ARF4)
Feak, TR SR A3 e R R T B R 40 i U
T- %1 5 CREB3 &2 AA, BFA FIH A & /R A
PRI T (BLRETR R I Golgicide A) AT
MAPK-ETS {5 ‘53 . H:+h, MEK1/2 #1 ERK1/2
i i 1Y 5 ETS K 4 H (ELK1. GABPA/B #il
ETS14) RYFEsEEYE, Wom Tk sE ks,
TR T8 MCLL n] AR B9 4%, 5 40 da T

(AR B
2.1.3 /R BEAAARSCAR R AN g T

AN T AL AN P 5 8 i R P R R S R
FH ., R BEAART 240 B 1 0 5 ) S HEAARBIL TR i R
P o g KRR R L2 1T 7 B8R0 2 1 001 P RERK:
Z5R S T, FERELEE N T AT REA
PRSP TR0

TR /R R AT (R HE S A R = R R AR S
i H  (Golgi reassembly stacking proteins,
GRASPs) #4EfF, GRASPs 40 F N &4 —
At FELR ST GRASP S5 M58, 12045 #4358 ey 1
X 1Y PDZ 45 ¥4 48 (PSD-95/Dlg/Z0-1 domain) #H
T X B PDZ 45 4 dek J& GRASPs JE i ] i — 5%
TRASS R BELRT, T 30 e P s 1 22 BRAACRE AR 2B 1Y)
FRAERE D “FET TR RIE R eSS,
Fyo I, GRASPs 7% i RIERESH RO LERS | His
AN A S b KRR EAE N BT AR
N, TEJHTZ R GRASP6S 1 C i Bl 7] #f caspase-3
DI, A AR IR DI R A5 5L ) GRASP6S
fo R HEROE A AT DL R AR R 4R o8 B PV,
GRASP65 P 7K fift U1 2 i 725 5 i R B AR Al F
W RN Z —. 7S iE, GRASP6S #
caspase-3 YIHI I A (1) C i Fr B REAT ) 45 T4k
(N PO NS QP2 % A S TR vioaiey v 8] W
Y LN T AF S B BRURRE L A, TR TR
15 Ji GRASP65 55 B 41 il itk I 98/ 1M 5 XL £ 1
(B-cell lymphoma/leukemia-extra large protein, Bcl-
XL) KREEEE, XFhErkss G al i Bel-XL Y
PURT-YEH, S80Bid Fl Bax 1 LRI M [ 55 (7 1
T, gk s A M 5 3 C R, fREEA A T
e B/ AT B0 e 0 T A AL vh L g B
GRASP65 5 Fas fll pro-caspase-8 XA A HAEH, i
B R RS RT BE ML T8 M5 5 AR i A1t
- 7, {2 GRASP65 & H b i 8 U1 /E HI A7 f¢
7% B

5 GRASP65 TIREARML, e /R HEAR AR SC 3
P115 (Golgi-membrane associated protein P115) J&
— M R AR R E R, Gl DL R IE
FAAE T R R HEAR SN I, SRR R R B A 4
MR oy Y R ARIE, TEANAE I Tk A
1, P115 28 caspase-3 Fl caspase-8 /K i 1 #|, 5|
R R B . AR, BRI P15 B
C i i DD 81 7= ) BT 15 | A e R AR S5 R A BB OR 1
PP RR , VIR C i Bt /N 11z
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ZEA KB Y A (small ubiquitin-related modifier
protein, SUMO) fb&ifijG kAR, WidfaE
pS3 ML SRR AR HE I T A C R 3k, AN ROK
caspase Z¢ K Jz N, T #0400 T A5 S g Y
N A

SNAP #Z /& % 1 (SNAP receptor, SNARE)
SRR A — SRR, s
FIEFIES . GA-SNARE GS28 25 v T i /R LA
) SNARE [, 7 A it iz o v A AR
Mo BHFRHRIE, M a0 GA-SNARE GS28i
1t 5 B3 72 ZAL AR MDM2 454, 820 MDM2 Xif
pS3 Mz F LR, AR pS3 A AIMEH] .
11 %215 GA-SNARE GS28 M i p53 KL R, 5
RNV AR ) Bax (4 sk, SE {2k 40
Mg T m R ERE P 73 (GP73, WHkh
GOLM1 5 GOLPH2) J&—Ff s JF iy /R SE A4 11 A 5
JEBEEE 1, 7EHRZ M (lipopolysaccharide, LPS)
5 5 e B RE AR RN o B S0 LA L GPT3 ik Tt
w, JFPEREA LA T, T GP73 kRN RO
WLAN MR T b . TR, GP73 T
AEIE AL IO LA [ W L I Bax/Bel-2 #35 1L
BRI E A T, (H RS TF(5 5B A
R O DL RS ERHE R T R A S
XA T ) IE ) I RENE 002 2R e AR AR S A
Yrfetes iy B2 H B FAUR R TF S M2
Yok AR AR 1, RIS 253t VR S Rin; R By
KT

5 LR e R B E AR TR A, S —
SR AP EAIRIA TR . TR E A
BRUCE X # BIRC6 (baculoviral IAP repeat
containing 6, BIRC6), J& /2 =\ E /R IEAR 1) —F
PRSFANEEER . DFE R, T BRUCE %ik/K
SERMAE SR AN E T, i # 35 BRUCE W41 i 2
A ST . BRUCE WHLIET-/EH S
ZALERY IR DG . A BERHIESE, BRUCE % M C i
() UBC 4% ¥4 33 1t 5 Wi pS3 110 28 15 RN M % 4% 3
FH TR0V, #kFR BRUCE 1Y C 3 g ¥F p53
FHRHJE TN F Bax, Bak Ml Pidd %35 EiH, 7%
SANE T ), kA, BRUCE 7K [ N 3 ) BIR 45
P B A % 45 45 IF A caspase-3 /K TG PE, [FIAE &
BT AR . 5 A5 &M, BRUCE it HA7 KR
GRIER A E2/B3 {2 RIEHERVEN, it BIR 544 15
BT T4 F Smac, JEimi{E 2 Z AL,
I e SR

BRULZ AN, 18 2 R AR AR DG I 7E AR T
HORFEIE i EEVE T, s RS AT TR
F . R R IE BT 1 (Golgi matrix protein of
130 kDa, GM130) . .4 [ Giantin, 75 /K SE K%
K H 4 (Golgi integral membrane protein 4,
GOLIM4) . ®i IR — Wi B 4D M B/ Ml & H
(phosphodiesterase 4D
PDE4DIP) 4§ 7,

22 EREGRSHRET

BRAET EAM A AT N —, R TR
JE & 52 il —— 4% e H IR S AL ) 1 (glutathione
peroxidase 4, GPX4) K&, & m4HAENE I ROS
MARREE, MX - HEIETFTELE IS
52 R A ) i BE kA A o AR R N, i
W ANRAIRE RIS AAURERR, SK3h T 4 IsET Y
KA. BAEFFEIESS, PFET 5 R REA A %
VIHK R . PRk, RIHZ5 5 m R RN T (2
HEAIMIAET, (R Iz 2 e R A S e 1 il 71 s
HRRT S, GH S BT /R A R A SR (an
BFA) SILEMAMIET . LU, 78 & Rk
RAENBRET, ZFanfustr -y X, LW
Z 50 FMpsET >, Mg T R
. Alborzinia 55 ' TEANMISC S BFGY T o R BT
BT MBS EM . 458 Won, i id BFA,
Golgicide A &5 fr /K B4 W 330755 771 Ak 35! HeLa 241 Ffd
el D SRR B ALY R . ML A e H oK
R BB T AR AT 5o Rb B . RIS
TV T BT WP T O R I ERA, i3k
iKW AR % 7 B 11 (solute carrier family 7
member 11, SLCTA11) 5% GPX4 DL K AEH K HENRTH
AT A G 4 BB RO i R AR RO R S |
R ERIET

IR R R AN O FIE T B DIHLEI AT 54
Mz E D, A HETA IR R AT B 5 R B ARG
FFN Ty g B AR A T A0 LA B SO DG 1 2 R
fiff UbiA 4% #J 4 45 11 1 (UbIiA prenyltransferase
domain-containing protein 1, UBIADI1) J&— F 8t
R, AT /R AR X = P P e, £
5B G Q10 *°', UBIADI Hl-Je 2/ 4 il it
T AR A Q1O I &, IR & ROS /1Y
AMAR BT A . i 3k UBIADI AJ 5 g /R He
IRRESSH S, IR ER T Q1O M ZE A, AATNT 22
iR UL AL RN . X — R B, R EEAR N
T il o UBIADI {2 ROS TSR, WifiiZ 51

interacting  protein,
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ERIET R 2 Bl AN TN e R SR S st T
KRN T, Chang 55 7 BT TF A T R R A
PR PO CHREE, P 1 R R ] BT AN
O, BTN KL, FH AR (g ) 6 g /- R A O,k
o SRR, I R A f R 5 A A S
S SR P 0 T S I AR AR R A R AR

O, Erastin if5 3 A IET L BB Wl 2575 =y AR JE A
O, KPR TR o IR L, &R SRR Sy %
AR, R4 20 A P 0 S A s 4 At 37 e
S, RS R AT RE 3 ] B B A Ak
WIRER, MIMMEHFEIE T KA

BRIET:

PUFA-OOH I "A A 1

+

I

N %%% #ﬁk‘.

(upEa Ak OEEOEART )

-

T/ s e TR RN ISV N
(GRASP |
"' lff P115
GS28

|CREB3 || MAPK | |HSP47 |

¥ ¥

CREB3

mr];:hﬁﬂnhance}MEnhance&?ﬂ

| I

| ARF4 mRNAj’_"

MCL-1
HSP47 mRNA

Y

ACSL4 ) E Ii

MBOAT7 ®
MMD |
O [k
ASC) g W ® [ ]
dTGN _@ ASO) L
@0 NLRP3

. g
GP73 )
- BRUCE

’ 1
IL?’
4

IL-1p

i b

—

Fig.1 The Golgi apparatus is involved in multiple processes of programmed cell death
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CREB3: 8 If 7 #R 5 W Je 445 & 5 113 (cAMP-response element binding protein) ;
PUKTEE 147 (heat shock protein 47); ARF4: ADPAZMEILALIAF4 (ADP-ribosylation factor 4); MCL-1:
HSP47: #YK7i#E 147 (heat shock protein 47) ;
W5 dTGN: #BEIRNY R /R IR M 2% (disrupted TGN) 5
P115: E/RILARIEAI G IP11S (Golgi membrane-associated protein p115) ;
GS28: F/REEMBEEIIZ I H28; BRUCE: XFRBIRC6, HUFT-ZEH (baculoviral IAP repeat containing 6) ;
MBOAT7:
MMD: i /REEAR 488 1 (monocyte to macrophage differentiation factor) ;

activated protein kinase); HSP47:
BEANE ML 1 (myeloid cell leukemia-1) ;
factor family) ; Enhancer:
assembly and stacking protein) ;
protein 73);
BLAT A A5 4 (acyl-CoA synthetase long-chain family member 4) ;
domain containing 7) ;

ASC: T ARCBE AR F

4-phosphate) ; NLPR3: NODFESZ AT 453 AH 56 F 43 (NOD-like receptor pyrin domain containing 3) ; caspase-1:
SR IRZED (Gasdermin D) ;
IL: 44 & (interleukin).

SHEPEE A1 (cysteine-aspartic acid specific protease 1); GSDMD:

¥ (polyunsaturated fatty acid hydroperoxide) ;

(apoptosis-associated speck-like protein containing a CARD) ;

MAPK: i 73 245005 A6 1 25 1 BT (mitogen-

E26%%E 5T %% (ETS transcription
RIS E N (Golgire-
GP73: E/RIEMAEIE73 (Golgi
ACSL4: K#ifE
I 2E A O-B 3L 357 (membrane bound O- acyltransferase
AA: A DUHEER (arachidonic acid) ;
WGk ML 4852 (phosphatidylinositol
AR
PUFA-OOH: Z AN FIfi Iy i S it

ETS:
GRASP:

PtdIns4P:
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SIS R o BRB G —— K BRIt
it} A5 WU 4 FURRSS & O-BE LN 72 St
WL, B AN RN R AL AR DU AR R 5 3 A0 M
BENRTEIURERG BT b, DTS i SR 47, 2 ERAE
TR SR o B AN ] W A0 A A DG R
(monocyte to macrophage differentiation factor,
MMD) J&—FfE L TR R BRI SR H L B
R, MMD REfS 5K BENR RSB A 5 UG 4 F 5
G55 O-WhHEFL RE I 7 J A AR ELAE T4 oy L g TS
£, AEFEE 20 Z AR TR AL A PUIR TR B A 4H
I Rt R T L P v, 6 00 % 2k B T ) AR
PEEY S AT UL, 4ERE m R AR S A ) Re R S
ARG EACNICRES, DRI T R A
23 BREGSHELET

AR TR — R RISt T, MR PEIR
B, FERAE &K T caspase f) Gasdermin 5K %
(Gasdermin DI E) 00 . A RSEALIR A T2 LA 48
SE R FHB ., L E BHHf, caspase ¥ Gasdermin D
(GSDMD) it Jy A5 B8, G N g 25 4 4
(GSDMD-N) HA7 5 5 T 45 & Fe 2k AL IE iy
iR, T CoZERE (GSDMD-C) 1EH fi bk 45
({5 GSDMD-N 4554l il GSDMD-N f i 1 >
1E caspase-1 i M L AR T iRk 12, RIE/IMAKR
BV RIE SRS TR LB Y ANEZ B
JEAARIER YL S AN BRI, S/ MARSZ AR B0
FIAEA% H IR, & A H Il 2 5 2R B 5 91 R 4
A 45 A 3 57 1K 3 (nucleotide-binding domain
leucine-rich repeat and pyrin domain-containing
receptor 3, NLRP3) ., B ZEJEH =¥ 2 (absentin
melanoma-like receptors 2, AIM2) Flpyrin Z5f43,
A R R 4 R AE /MR G & . 5169 NLRP3
KM IMA S caspase-1 BIAZS G IR HIG . 161k
1Y) caspase-1 —J7 [ VI # GSDMD 5 | I ZEFL, 7 —
T I EIE R A0 &R -1B (interleukin-1p,
IL-1B) RiHA, e85 i IL-1B 2508 46 40 PR 7 o 5
FUHRE R, PRI 7 U

A GORHIE W], 2K S ARl B O iR 2 )R B
NLRP3 % P /N A s i G s g5 1k o SR A TR
NLRP3 0 71 4k B4 AT LA TGN B9 3, {H

NN CGN TN I e R R 45 K 58 B4 . NLRP3
(9T H5 NLRP3 ZEAE 270 (19 TGN B L, i i
PRSP Z2 08k X S8 5 TGN A 67 H £ (9 B TR IR LSS 4
BERREAT B FHEZS 4, LU 3 NLRP3 & SRR 4

¥, P EAHEELEASCHRS, HE
caspase-1 A {4 LABOE T e o0 09 U1 - S B
Fik R AL 4 B R 4 5 NLRP3 [ TGN S5 45 Bl ik B )
NLRP3 J{f 2 OCH 2, (HAE AR 24T, 12
FI 5 5 1o 2Rk B A 4 il 2 75 2 LA 3/ NLRP3
RU/IMERARETFEN LY. B2, mRIERSS
A AR T R S R — . TR
BTG R T , deRe SRR ZE T RE TR E
AT RE A TR 20 ML) A S8R

3 BREERGEERER

VFZGORNIESS, B/RIREE A 523k K et
X T AR AR S LR E A A
o BRBARME T il R AR R A ESET B, S
HZMEREWRI KA S KR, iR
. R MR R A (R 1, E2).

31 SREGSWHZRITHEER

FEPRZRARM D, B R SR F A T HE I 4 A%
(SR R, G 32 A R AR AR A T 8 1 N T
BiFE . Fra B BT, PR AR 2R i
SR - m R AR RGN TR, 83k 2R
BRI SR fmAL , TS 5 G5k, R
SRR BT i RS0 2R S5 i i 2 oo 4
b ZEFIR 5 B 1R, 785 fil N T4 1 2 25 Rl
sasfirh AT b HIL, SRR S IR
P2 HEEE s 22 uny A B RE, R
JUAET . P RORIRW], mURERSS T fE
iz 5 MM SRR R E SRR, TER]
IR ERIE (Alzheimer’s disease, AD). WA4: 7%
%5 (Parkinson’s disease, PD) DA M LZE %5 MR
fif fbfE (amyotrophic lateral sclerosis, ALS) 5%
Joa #1220 ) R I s IR SR S A s, A
W 7R e R FEAHPIRZE R WTT, e R B A
AR/, [RIIAE i R A HE S I B 2

1o R AR 3 A A ) AT BE ML A4S DL W
Ifil. a. SHRUEHOCH B/RERIILE . S R%
SRR TTI BRI, R B IE SRR s T
T RGN LIRZER S . O IR AT e
IR BEAAR DN TE 5 10 V- 60 235 ) B A8 Ry 43 R e 3t
o TaufE I M SHEREEN, SHEENSGRE
HHRAETE MG, IFAER e, 7EALS
1 AD F BEUERE , Tau 88 A A AR 2 B R 1k ok
RAF, WSROI, X R R S A
IALAE T, SIS AT . b, NI 55K
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5k L SN DIADC . WNRME S 2 &GS
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5T F A A A B A . X e g ARH] 1 8 1 o
MNPN BT IY [] e SR AR i, F I | 22 PR 5 D) IR
R R BAARAL

HAETAN, SR BRI 3 i A LE AR 28
JUAET (AR B, ] AR Ry i 8 1 L S A
&, IRATRE RS 58 kA KR ANIBAEIRIR o),
1R R AR 1 A 2T E FSE T L]
Ko /R FARGER IR . ISR ZE L LA K5 LAt 240 i
wr IS HAEN . B, R R B A A
I, R PR AE A & ey n
W)=Y Rk v, BHOES R SR E TR AR, R
AR PR 2R TR A DR T 2 —,
I, (R R IR ZE L 1) 50 B ORI P 2 A I T e A9 2
fihe BFGTFBA, HHIRH 250 S R AR 7 AL R i
WS IE R AN T 1 X F T R
FEPRBE A HE PR AR BT T TR 28R 1 T AR A B
BRE, HIK, SRR At R g 2T
RALA AT REE N o R R AR N pH B S TR Pk
T R B HE RS (19 TGN [) CGN J7 ] AR, 85
IRFEAR N RAC AN THIE R DIRE 2 OCHEE, M
IRFEAR pH 5 A, s kA —RANE N
JWE AL RIS F B A o 7E = JR A4 pH IR Y Rk
/N b R I, /IR T A R A v R S A
B R ARG A A oS aR Ak 1 H H R R R SR
RN pHAEZ: 5 M 2R 17 M9 & Je 1) B 3R o
WAL, BRI 5 BT 2 TR A B T AT RE
JEREEHLEI Z — . Syntaxin-5 S T R FEARFTIN
J5T W 2Z [8] () SNARE Z R 11, 384 R il 5
IR R IE B R a) MG s . Suga 55 70 IFSTER
7N, PSRN G i 175 5 Syntaxin-5 #3k [ RS2
B UE M FERT A (B -amyloid precursor protein,
BAPP) HUIEHNINT., SEAMIN BAPP IR, [FIimf
i 5 B UEM AR AR 2B B, VT 155 BAPP 7E
o R - R NG R s SN T P v s D i
WL R RIS A AR MR T SR P BT I R AT
Tl 550 A FLN) 2 i i B UE MR AR AR R, W4
Mg PRIV I, SR EARGE R FNDRE ) e LA
Ko 55 20 M2 22 8] A BRI VR R AL [RGB T #h 22 21 A Y
WERRRGE, MM IRe A 2O E 2,

IRGEIRERNT, B REA AN UR 2R T

PEBOE A ZAR A, R e L R ) G
FEES A, BB SR BRI SS A RE, AT hE
IE R 28 T IR AT SR A Pl
32 BREMKSHE

TERMEE Y, AR RIS B AR L 1Y
B R I R 2B RGN LA S b an e Ae T AR
fiE o JEAAMME PN = /R AR S DhRE N2 2R
B, X SIEERE B & A L R B ARG T

R AR TR E S AR BT B A L 1B
o B S B S S R T S Re . BFSEIESE,
15 IR FEAAR A DG B 1 2R B M I 2 B s 4
L35 . IR FIAETG . GOLMI XFRGP73, J&—
il 73 keu (14 TR T DA ey 2% A o o7 1) 5 B
HH . JERIE, GOLMI7EFRd i b 35k 2% b
P, BRI, GOLMI & T4 i F 12 Wi i
HEYREYZ —, [FIBIRE R 30 3 S U R
AR R . AE R EE 1, GOLMI 8
PEML 5 R A K 524K (epidermal growth factor
receptor, EGFR) 454, /5 EGFR/ZZ RS 2 R IM
fiff (receptor tyrosine kinase, RTK) % 2 =5
JRBEAAREE -, At [T ol 380 Jo R TR T TR
fifg o 38 3w R Bk A 2848 T 1l GOLM1 A1 EGFR/RTK
ZEG TS A iE S RE ) 7> D HRRE,
Bk GOLMI 3 if 411 i) 66 Jo <6 Jags 2 1 il 2 1) 5 s A oy
WA IR AR ML R IR RE e T, [R) s 2 A R T 4 )
B A 2 AR BB H Sre2 WL . T IR AR ALY
5 4B (stress-activated protein kinase, SAPK)/
c-Jun Z FE 4 (c-Jun N-terminal kinase, JNK)
I p53/p2 1 15 F i Th A, e [m] & 435400 o 4 A 1 42
VR P BbAh, GOLMI Feftie . AiFIRE . &
B MR BURSEME TR E B, 2559
FRANMIETE . IR REZE 7Y

GMI130 /& —F COGN LT 1, &5 & /R 5k
SER LR RN S R SRR A HE S . GMIT30 7E iR
KA R ER A, o685 Mg 2R A
Ko BN, fEEET, GMI130 %Kik B ERTE, W
1L Snail PR G 575 5 R A ) () 78 5T 40
Mukede, #M25 BmaRrERmKRE . 5
ZHR, GMI130 0] 68 & $#540 ) i 40 MU R . . Bt
LN, GMI130 7545 151 e A 2L i h 2208 1 2%
NV, e V20 0 2R R D B 42 T A
YHMIE RS IR ZERE T . GMI130 k2 10 L 1 9 4
WetkEes, R4 2k B AR 2 Re 1 3s i, i
— ARV R T AN, RIS A i
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EAYIPG, SCRIESL, P3G W A Rk
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(18 316 5 o JR BN G2 1 Tt Sl il A 25 5 25 H
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ACBD3) %54, 4 BEI A 7 i /R SR #E 1 T
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JHRBERE 21 2 W S g 2 A T B0 e 2B A
B IIRERREAT Y, LA BE A4 TR 55 22 R SR
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LPS 4b #2175 5 I B 200 1t mp o 7R 56 44 17 38R i
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BEAIC LPS 755 119 1 IR A4 17 JHORT AR 4 448 L 1R 7K
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FE 2 B 1 R 0 A B g AR AR i,
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GOLPH3 1] 5 2 ik /D> Jili 41 20 4R i A0 g gi 1~
BRI SR Lou/ L ET 28 42t 1 3 B ] BB AE 2
Jili 45 405 B5F o B R GMI130., H 88 OB I,
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e R FEA N SN I A AR 8O0 o 3 AT i Sy e il
P IAIT R B VR T A Y TEIRERIE T K
LR, GP73 23 3O LA B I8 T i ik
PR T GP73 EIA WAL [ W, IO L
MR, BB MR 5 O T RE
[ P G DR RN/ BN A= 5 N A it i Bl = f
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VoA A i BEAE IS 1 JR S S A G 2R P Bt
S e AR S REFNAE TR AR B/ FIBIFSE . 76 LPS )38
i W 40 R 75 ofr | Toll BEAZ 44K 4 (Toll-like receptor
4, TLR4) 45 FE W2 % A AR T EGFR W 12
k. Hrp e RIS S EGFR [ 55512 & LPS {2 it
EL G4 i 2R 1 EGFR i 7K V-22 18 RN IR fb 1) 245 44 2
Bl Y EFE BB UESE, 5 EAE/NRA L,
AR IETERE /N FRUMRFIEARS S DR 2 L 2 71 AR ) 25
TIRe S5 N 3, B g 2R SR I U8 o e
FME T S, LS5 R 20k 40 B4 2 g A 2% D) A
o ool BR R R FE R AR MR AE fo e R R v i) i X
B W RF TS, (AR s diif, L HIER A
FEA MR D A S SR B R B S 4T RE L T4

FIFET AHOC. QNETHTR, m/REAARTTRES 5 KA &
JZE I Y S E /MAE BRI AR B AR T 1 R A . B4,
1 R BT A 5 1 R - R IR &5 B (cyclic GMP-
AMP synthase, cGAS) - T #f8 & 3 A ] 3 N+
(stimulator of interferon genes, STING) i 134
W R EREAEN . A PR PR, STING 7E#
cGAMP VI J5 DA PR BT 0 328 A0 (o7 28 i R AR AR, 7
e B P R FEAR X STING A7 A B 61, fifi
FEAFLAFE A0S 8 TR, STING X T i 43
T TANK &5 6 34l 1 R SR R A e m/R 6 A, i
M 38 3 STING i R Ak BTG 4 sk Rl F—— T &R M
W3, 8 S R Rk S 5 g N A

TE R

Table 1 The role and regulatory mechanisms of Golgi apparatus and Golgi—associated proteins in the occurrence and

development of diseases

x1

BREGARSREGEXERERFRRERRPIIERRETILE

SR REEE A

AL 225 30k

FPZEARAT VR Bay 7R ¢ it BRI Syntaxin-5

E NP GPHR

HFm A
it

GP73
GOLM1

ihe

4 H e F 3L GM130

=

e i 45 B ER B Golgin-97. H,0,

#

JHRBEAE 5 3 0 WL

IREIEE S 2 mMPG  GMI130. HO-1. GOLPH3

GOLPH3. GM130. Golgin-97

Syntaxin-5%i% L1, MAEBAPPIN TG4, HHARS: [70]
Wh, 5 K caspase-3H a4 41 A T

TR R FE A AR R R T 3B L0 PHUR B S B 1 .
GPHRIGR K 3 850y /R B A4 s N R AL D R R, 155 K i /R
SARFEAC R 2L, B SRR M. WA IcTRE
&R A2 (] % T 0

GP73 L1 5MMP-2 (IS Fr iAo, fRitaiiuiR 2%

GOLM 138 328 i B 1L p53 141 S3 157 s 471 1) 2 U SR AR T it
TEREIR AN g AE . TR AR 28

GM 130l i RasGRF2 55 1= /R 4445 5 1t ¥ Cded2 B4R
BANAE . SERRZIERE ST, GMI30MH S 2 i R A
FHAL i Ras-ERKIB BTSSRI R

H,0, 51 % ¥ 750 2R 342 43 4 RURE 564 I i 5 1 i = AT i T
REs BEEK P R I Y R T (WNIL-6 FTIL-8) i
HETR 3 o ki

T FERE 5 T 1 R B A SLOMOS AKT/NF-« Bl 6, 35
FAER T (WIL-6. TNF-0) MR, 2 85 5
1114 GOLPH3 1] B 3 ik 85 0 Tl J5 o /o /K 44 RIS
GM130. Golgin-974 1k N &, GOLPH33E Jin 5| & 4 iE Al
IV AR T 00 7o R A I 9 T s O UL B 2
AT

LPS5- S b RO K B4 43 2L, HO- LGl i 22
TR S AR RSB, PRARCOLPHS3 /K T 0 il 4% i A4
JUUH T, GOLPH3_EiJ# Il i il 454

[69]

[73]
[74]

[75-76]

[85]

[90-91]

[92-93]

AB: BIENIFEEE T (amyloid B-protein); Syntaxin-5: ZEffl & 15;

BAPP: BIEMMFERIIAZEH (B-amyloid precursor protein); caspase-3:

J KX % (1§ -3; GPHR: Golgi pHIH 5 K 7 ; GP73: /K A& 2 1173 (Golgi protein 73) 5 MMP-2: J& i 4 )& # (1 ## 2 (matrix
metalloproteinase-2) ; GOLMI1: & /K FE KT 11 (Golgi membrane protein 1) ; p53: [ & [ p53; PI3K: % JIF Mk AL B 3 94
(phosphatidylinositol 3-kinase); AKT: & [1#f#B (protein kinase B, PKB); GM130: &/RKIEARILFE 1130 (Golgi matrix protein 130) ;
Ras: KR PRDH R 2L R R JRY) (rat sarcoma virus oncogene homolog) ; ERK: HIAM5 515 (extracellular signal-regulated kinase) ;
RasGRF2: RasS M H TR T2 (Ras guanine nucleotide-releasing factor 2); Cdc42: ZHAE/Z4/E M 142 (cell division cycle 42) ;
Golgin-97: H/RIEAREF97; H0,: id% k% (hydrogen peroxide); IL: F14+% (interleukin); GOLPH3: fi/RILFRBEE 3 (Golgi
phosphoprotein 3); NF-xB: #%HF«B (nuclear factor-kB); TNF-o: FIRIEHE Fa; HO-1: IMLLFE NS 1 (heme oxygenase-1); LPS:

g4 (lipopolysaccharide) .
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Fig. 2 Golgi apparatus stress is involved in multiple major diseases
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Abstract The Golgi apparatus (GA) is a key membranous organelle in eukaryotic cells, acting as a central
component of the endomembrane system. It plays an irreplaceable role in the processing, sorting, trafficking, and
modification of proteins and lipids. Under normal conditions, the GA cooperates with other organelles, including
the endoplasmic reticulum (ER), lysosomes, mitochondria, and others, to achieve the precise processing and

targeted transport of nearly one-third of intracellular proteins, thereby ensuring normal cellular physiological
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functions and adaptability to environmental changes. This function relies on Golgi protein quality control (PQC)
mechanisms, which recognize and handle misfolded or aberrantly modified proteins by retrograde transport to the
ER, proteasomal degradation, or lysosomal clearance, thus preventing the accumulation of toxic proteins. In
addition, Golgi-specific autophagy (Golgiphagy), as a selective autophagy mechanism, is also crucial for
removing damaged or excess Golgi components and maintaining its structural and functional homeostasis. Under
pathological conditions such as oxidative stress and infection, the Golgi apparatus suffers damage and stress, and
its homeostatic regulatory network may be disrupted, leading to the accumulation of misfolded proteins,
membrane disorganization, and trafficking dysfunction. When the capacity and function of the Golgi fail to meet
cellular demands, cells activate a series of adaptive signaling pathways to alleviate Golgi stress and enhance Golgi
function. This process reflects the dynamic regulation of Golgi capacity to meet physiological needs. To date, 7
signaling pathways related to the Golgi stress response have been identified in mammalian cells. Although these
pathways have different mechanisms, they all help restore Golgi homeostasis and function and are vital for
maintaining overall cellular homeostasis. It is noteworthy that the regulation of Golgi homeostasis is closely
related to multiple programmed cell death pathways, including apoptosis, ferroptosis, and pyroptosis. Once Golgi
function is disrupted, these signaling pathways may induce cell death, ultimately participating in the occurrence
and progression of diseases. Studies have shown that Golgi homeostatic imbalance plays an important
pathological role in various major diseases. For example, in Alzheimer’s disease (AD) and Parkinson’s disease
(PD), Golgi fragmentation and dysfunction aggravate the abnormal processing of amyloid B-protein (Af) and Tau
protein, promoting neuronal loss and advancing neurodegenerative processes. In cancer, Golgi homeostatic
imbalance is closely associated with increased genomic instability, enhanced tumor cell proliferation, migration,
invasion, and increased resistance to cell death, which are important factors in tumor initiation and progression. In
infectious diseases, pathogens such as viruses and bacteria hijack the Golgi trafficking system to promote their
replication while inducing host defensive cell death responses. This process is also a key mechanism in host-
pathogen interactions. This review focuses on the role of the Golgi apparatus in cell death and major diseases,
systematically summarizing the Golgi stress response, regulatory mechanisms, and the role of Golgi-specific
autophagy in maintaining homeostasis. It emphasizes the signaling regulatory role of the Golgi apparatus in
apoptosis, ferroptosis, and pyroptosis. By integrating the latest research progress, it further clarifies the
pathological significance of Golgi homeostatic disruption in neurodegenerative diseases, cancer, and infectious

diseases, and reveals its potential mechanisms in cellular signal regulation.
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