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Golgi apparatus stress and its role in infectious diseases: a review of recent advances
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[Abstract] The Golgi apparatus (GA), an essential membrane organelle in eukaryotes positioned between the endoplasmic
reticulum and the plasma membrane, is responsible for transporting and modifying proteins and lipids generated by the endoplasmic
reticulum. The homeostasis of the endoplasmic reticulum and GA plays a crucial role in regulating cellular life. When GA is unable to
bear the load of protein or lipid processing and transportation, it enters a state of stress. Cells sense this and activate Golgi-related
quality control mechanisms. By regulating the structure and function of GA, it provides important protection for the cell or induces
programmed cell death, known as the GA stress response. Understanding the mechanisms and outcomes of cellular GA stress is of
great significance for exploring Golgi dynamics and its impact on human diseases. This review summarizes the structure and function
of GA under physiological conditions, the phenomenon of GA stress under pathological conditions, and the role of GA in infectious
diseases, aiming to provide a basis for the clinical study of new strategies for the prevention and treatment of infectious diseases.
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Fig.2 Molecular mechanism of GA stress response
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SRR GA R VA B T AR
o R
[y e— GM130 ik T FE, m/REARER, 15T caspase-3 WU LA GMI130 %38, Z0ff GARRZL, Wb AnILAT:, e
PTG KM e AN K
_ 51 GATEZL, VR TRy ki, BHIE 2 BT R ik —2
LARNFSRE  GARAL, EHIEEN, FHIEMEC IR AR ﬁfﬁ P PITERIL, Bk IR
i I TGN AR , AT R M/ MATOG 15 B T Bk
PR TGN AMCHUEIR, (23 NLRP3 S/ MALL S mi PRIEEE TR DR, AV
IENTIAS
AT
3 CREB3 i 4%, [ SIRT2 Fak, KR s B8 kit &
A CREB3 M, 55 % LR ILA SIRT2 %1% f;”; A LTSRS 35, FRS AL
H
GAZSHZERIEBAIR, GASRFUSIN, NPAGHIME A H,0,, Bk GAEIR, W28 B ik & T By 1l 41 41
WgkEEkE "
S Einli]
e HEAE

GOLPH3 3k L1, GA KL kL,

P
PRI s e

GOLPH3 %3k 114, GRASP65#ik N4, CREB3&E

Y 152 LE
SEIHBS i s Eovet A/ N £ 2

e HE40 i

T4t GOLPH3 %1k, Mt GAN I SHFE%Y, Wiz Sk fili
Etii]

T GOLPH3 ik, ZEff GAFZL,
RAMEHF TNF-a, IL-18 FIIL-6 53

AT, AR

GA. /RIS TGN X R R BRI 45 5 GM130. = R BEBE )BT 2R [ 1305 caspase-3. HERZE A 3; MHC [ . FEALSUHAME G4 1
244> T; NLRP3.NOD FEZ{AS 11 3; CREB3. cAMP I 2 JL 455 8 11 35 SIRT2. PR A5 B 5 B 7 2 410G HE 25 H,0, 1 A AL &5
GOLPH3. A RILEBEE H 3; GRASP6S. GA AIMESH I 6; Akt T HAIKHFB; NE-kB. &K T kB; TNF-o. FRIRAEH F-o; IL-1B8. AN

NZE-1B; IL-6. 14N/ 256

TN AR BRI 55, Ak, GARYIEHR B i)
REZ DC R H#EPUF 2RI G, GAZSHITIREZ
P23 B B A MeEEIE R DC Y e iR

A ARIUARS RS RN GA LB 5
IR R AR Ar , FE LI R EE Wi 5 12
INAESZPH, B GARIEL. GA NI C 78 v IR A J5
PR PR R BE (HCV) ™) A 55 B (HRV)
AT SO AR R YL G A5 BB . GA R R B
PR SO PR BUAE A 7 ThT . — ik a2 S g, Rk
YednffiHh GARER S UL REBRG , PR
BB AN E SR (MHC) | 2558 & YTE Al i m
f2eik, A BT akkens EAM A G e il A
FH GA 2544 1) 2025 Ay o 75 52 1) R 240 P 258 B i L o
PH. WA ) Y ERAR JFAA e R A
R AR UARSS , ATAS: GAGS R
BiGAm R A Sk E, MR ENES. o0,
21 B PN B B T A e R GA RS T R e 1 HL UK
Yy, MEEE GARE R AL A B B B ARG ) A A
K.
3. JREEERYE  WETETAR, R EEARE EE 0T
ST GARN B, DM B B2 5 . B
i, FE R RE RN B B RS TS A ME S P 4 i
P GA YL, DL GA R BRIV, T TS Y
TFE3 i&42 A] I i# GA 2544 5 11 GM130 Fll GCP60 1 £

i, REIERERERE] . S A, PR TR B
fR TR IR 5 GA Z AR AR FIAT B TR A A 3h
PO TR AT . A BPITIESE, LA GA L REHS
Bl fis EANBERTPURG . N, SR A R G X
THERURAAEPN B REHE, BHRA S
AR E M RE A AR 3
(nucleotide-binding domain leucine-rich repeat and pyrin
domain-containing receptor 3, NLRP3) %/ IMASR SR
GE SO B Ry . RO 7 (TAV) IR
PN E RS, GATRBNE B vl 5 kS GA N,
UL A R 247 A R 0 B 2 Y0 R B i AR R 1
(dTGN), A FF NLRP3 RM/IMARRG AT ANEE, {2
PEARE IR T2, NS PR RE S SO ™. (B
THEGRE, bR REE W, 2R EY e GAE
BRI GA, 3OS By LA X BT i ) 3
IR GA, XIAH T GAE SR DI RE R & 24
P, RIS T RGTAN GA R 24k

3.2 ANEIRGE SRR, dNmERGLAn s
A AR RS S GARERL, (e HEAN B B AR i U
oo SBTILR H R R R A B B — WUF SRS, A
A TR G A W5 20 JifL TC . 1A (Anaplasma phagocytophilum,
A. phagocytophilum) G LIS, PIYGsRAN 28 MM -1-
R (C1P) ik LUME HEf5 5 5%, M GRASPsS Al
GRASP6S MR AL 1t I GATFRZL, Tl GATE S 57 2 i



A DA 5 AR A DGR LA S R G D) REAIR
B, AR EEERTR (Spn) 2 #E AT W IGE I it
AT R M A, S FRAR A Spn 7 AR B EE T A
H,0, BN GA S5 #4152 B vk, DAt 48 A S 3
Wb, [RIEFEE N GA B AR DAE SEAN A s, B2
FRGL O AN R, GA M ZE IR,
PETTOT GARCFURN , AKX — Ny SO 2 4 i
MERAS . B, AR IR TS E AN, G
CREB3 /719 GA WIS Iy B b )% 6t 22 12 O e i 114
Fik, W BB E AL R A L,
B AE ISR G T, DI B PR R e
FIREZ R RN, GATEA R A Y b &k
T2 AEN, HafUME S HEILRA A TR A
T
3.3 BRI SR TR Ak
P THR B2 W 8T ROV PP A DL O R )
KB XEE, MGASH THIRIKERE, AlfeR
TR RIS WA T R S 0 R . /R AR
Wi 11 73(GP73, WFRN GOLPH2) & —F & A T
X GAREAIEN, T2 LR ARRE, HAE
TEH 20 h R B . I 7 (HBV) AT T
B (HCV) YL 5|18 M R J5 GP73 FRak B i 190
HFTR /K5 £ 35 U L3 0 R0 330 22 T A O3
U IR FERPUIAR (AGA) & —Fh A WL 1) B S iAk
HEW AT 2R etk piit, Batc
2/ 2070 GA A B, A4 golgin-97 . golgin-67 .
golgin-245 . golgin-95. golgin-160 Zill giantin 2  AGA
FRAPE R DL T4 R Qe eSO , W HBV/HCV, EB YK
FEM S PR RN B (HIV) B . Ah, ASZEIA R
TifE (N'TR) #CIA Ay 7 DA e B i 175 & 2 P it 4 1) 1k
TEADbR &Y, AFFEI K T GARE [ K Gol-
NTR, b2 NTR A U1 G0 W I FPEAS Rz
NS e G R L (OB P U I A > €26 U/ i v |
SEWTERIZ bR 50, (AT R R I PR 1t
B it—P e, IR U A R
FRVE MR PR EDILISL, GA S Ao+
FE 27 A M 45 74 50 3 % v i o 234 S AR B s
AP RO, W BREIR T SR T R REAYHE
Mo WHARIE . GA E L 1 G I B AZ K 108
(GPR108) 79 B YL Je b BH B A, 456 130
SMAD ¢ 5 1 E3 12 3R 4 1 3% 45 i 1(Smurf1), #{ER
Smurf1 PR U AT 400 i 5 5 SR 175 S 1 T R R T
N7, $E7% GPR108-Smurf1 il i g J& & it BUiw 75 e I
INE H AT B AR5 50 2H 2 B A5 1 T T g S
Il PR b BRAR B 250000 97 /2 B TR AR IR AR IR 97 75
bk %2 GA, HHETNELEFURIT A A A LA =7

Med ] Chin PLA, Vol. 50, No. 1, January 28, 2025

B, IR ] GA ZPWIRYT AN RSO o
K FFEAK % R Ge R BN GA HAT 5 A 11
TEA ) CINZERE RN . 2 e & R BT R 51 2%) Sk #E
] GA LA PR, AT, CHFRIHETRRKE R
PRI 245 9 K JURE T4 ) IR GA, - BELIT 0 o6 44 4 e
T 7=, DA e e il eel, se4h, 35 Hu
ST B — R [a] GA () H ZH2E 90K 483, T
HA5E NLRP3 [ 35, (e 1L-18 5 1L-18 A4 77 A Sk
L, B KARGPEIEE . BRI R, GARHZY
FEM— AR, (A5 GAMZIYIRE &%
AR FH Il RA TR ADFSE

4 DEERE

Fa AN GA s bl , SC Has A8 1L
AR, ATk GA THRELL KB LA il
PIRGE I PT ) HA R . GATIREM ALK 7
far FI3E L BE ) B 4548 K A IR, TS & GA L IR
A, MR RS SHUA G V- . GASZEMIN
JEAZ Z2 b IO IO ) 0 BB AN A A, o i % B
1 GOLPH3 Z&ik L I T 3876 1 10 B %00, #% & 444
o GANI NS5 TAEER . RN TR
H2257%L . DNABE . BNE. AT 2R
A B AR, (H 56T GA RN IR N LIRS 707 Al
W55 5% T AL v F5 E— 25 e

HAi, T GAE MLy REMIRENR D, K£
BT T GA BURFNS W RE S DO R
b, TR GARE A R BR TR RR A
K. GAMM KR AE A, PR, IAAEm &
o, RoEAL . RZGEAL. N R PR
H AR T AE IR, R AR B PR Hh L ]
GA B ZGIIFFEARIE . N, 2433 E B R R i
WEIR IR B R BR s A S8R, SSRGS AR 0] GA I
VEREPEM i 20 M R R R T E RS, AR A
BT — AR A IR GA RO/ N T RTIRZE (INR), JF44
T — R ICER ARG R L R . R RS
EOPET N

GATEEE FH AR TRz i . 0 TR o 45 5
S L 3% 2l A O A A LAk T 20 R 2 B SR A T
We B2, GATEPIREA KPR EHEEN, H
SRR R B H 25 Z 8 EMN . WA T i
AW AR TE F AT GATR SR BAERT, LI GA
7 O A A K AR VR, R R E— A
T GA R IR RGP0 & A Rt R v (A AL
PO R FRF, X GA M A Ybr Y T
GAMIRYT MR, WA BT &m0 5
5L i) ) R



20254E1H28H 50 1

(&% k]

(1]

(2]

(3]

(4]

[s]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(18]

(19]

(20]

Bentivoglio M. 1898: the Golgi apparatus emerges from nerve cells
[J]. Trends Neurosci, 1998, 21(5): 195-200.

Brandizzi F, Barlowe C. Organization of the ER-Golgi interface for
membrane traffic control[J]. Nat Rev Mol Cell Biol, 2013, 14(6):
382-392.

TaoY, Yang Y, Zhou R, et al. Golgi apparatus: an emerging platform
for innate immunity[J]. Trends Cell Biol, 2020, 30(6): 467-477.
LiJ, Ahat E, Wang Y. Golgi structure and function in health, stress,
and diseases[J]. Results Probl Cell Differ, 2019, 67: 441-485

Zhang X, Wang Y. Nonredundant roles of GRASPSS and GRASP65
in the Golgi apparatus and beyond[J]. Trends Biochem Sci, 2020,
45(12): 1065-1079.

Nakano A. The Golgi apparatus and its next-door neighbors[J].
Front Cell Dev Biol, 2022, 10: 884360.

Huang S, Wang Y. Golgi structure formation, function, and post-
translational modifications in mammalian cells[J]. F1000Res, 2017,
6:2050.

Wei JH, Seemann J. Golgi ribbon disassembly during mitosis,
differentiation and disease progression[J]. Curr Opin Cell Biol,
2017, 47: 43-51.

Rahajeng J, Kuna RS, Makowski SL, et al. Efficient Golgi forward
trafficking requires GOLPH3-driven, PI4P-dependent membrane
curvature[J]. Dev Cell, 2019, 50(5): 573-585.eS.

Zhang X, Wang Y. GRASPs in Golgi structure and function[J].
Front Cell Dev Biol, 2016, 3: 84.

Ayala I, Colanzi A. Alterations of Golgi organization in Alzheimer's
disease: a cause or a consequence? [J]. Tissue Cell, 2017, 49(2 Pt
A): 133-140.

Ragagnin AMG, Sundaramoorthy V, Farzana F, et al. ALS/FTD-
associated mutation in cyclin F inhibits ER-Golgi trafficking,
inducing ER stress, ERAD and Golgi fragmentation[J]. Sci Rep,
2023, 13(1): 20467.

Bui S, Mejia I, Diaz B, et al. Adaptation of the Golgi apparatus in
cancer cell invasion and metastasis[J]. Front Cell Dev Biol, 2021, 9:
806482.

Linders PTA, Peters E, Ter Beest M, et al. Sugary logistics gone
wrong: membrane trafficking and disorders of
glycosylation[J]. Int ] Mol Sci, 2020, 21(13): 4654.

Stalder D, Gershlick DC. Direct trafficking pathways from the Golgi

congenital

apparatus to the plasma membrane[J]. Semin Cell Dev Biol, 2020,
107: 112-126.

Hoek M, Demmers LC, Wu W, et al. Allotype-specific glycosylation
and cellular localization of human leukocyte antigen class I proteins
[J].J Proteome Res, 2021, 20(9): 4518-4528.

Gosavi P, Houghton FJ, McMillan PJ, et al. The Golgi ribbon in
mammalian cells negatively regulates autophagy by modulating
mTOR activity[]J].J Cell Sci, 2018, 131(3): jes211987.

Dupont N, Jiang S, Pilli M, et al. Autophagy-based unconventional
secretory pathway for extracellular delivery of IL-13[J]. EMBO J,
2011, 30(23): 4701-4711.

Meng X, Wijaya CS, Shao Q, et al. Triggered Golgi membrane
enrichment promotes PtdIns(4, S)P, generation for plasma
membrane repair[]]. ] Cell Biol, 2023, 222(8): e202303017.

Wau S, Fu J, Dong Y, et al. GOLPH3 promotes glioma progression
via facilitating JAK2-STAT3 pathway activation[J]. ] Neurooncol,
2018, 139(2): 269-279.

(21]

(27]

(28]

[33]

(34]

(35]

(36]

(37]

(38]

(39]

Dusabimana T, Je J, Yun SP, et al. GOLPH3 promotes endotoxemia-
induced liver and kidney injury through Golgi stress-mediated
apoptosis and inflammatory response[J]. Cell Death Dis, 2023, 14
(7): 458.

Sasaki K, Komori R, Taniguchi M, et al. PGSE is a novel enhancer
regulating the proteoglycan pathway of the mammalian Golgi stress
response[J]. Cell Struct Funct, 2019, 44(1): 1-19.

Zhang Y, Wang Y, Read E, et al. Golgi stress response, hydrogen
sulfide metabolism, and intracellular calcium homeostasis[]].
Antioxid Redox Signal, 2020, 32(9): $83-601.

Sbodio JI, Snyder SH, Paul BD. Golgi stress response reprograms
cysteine metabolism to confer cytoprotection in Huntington's
disease([J]. Proc Natl Acad Sci U S A, 2018, 115(4): 780-78S5.
Taniguchi M, Nadanaka S, Tanakura S, et al. TFE3 is a bHLH-ZIP-
type transcription factor that regulates the mammalian Golgi stress
response[J]. Cell Struct Funct, 2015, 40(1): 13-30.

Viettri M, Zambrano JL, Rosales R, et al. Flavivirus infections
induce a Golgi stress response in vertebrate and mosquito cells[J].
Sci Rep, 2021, 11(1): 23489.

Taniguchi M, Yoshida H. TFE3, HSP47, and CREB3 pathways of
the mammalian Golgi stress response([J]. Cell Struct Funct, 2017, 42
(1): 27-36.

Sampieri L, Di Giusto P, Alvarez C. CREB3 transcription factors:
ER-Golgi stress transducers as hubs for cellular homeostasis[J].
Front Cell Dev Biol, 2019, 7: 123.

Reiling JH, Olive AJ, Sanyal S, et al. A CREB3-ARF4 signalling
pathway mediates the response to Golgi stress and susceptibility to
pathogens|[J]. Nat Cell Biol, 2013, 15(12): 1473-148S.

Howley BV, Link LA, Grelet S, et al. A CREB3-regulated ER-Golgi
trafficking signature promotes metastatic progression in breast
cancer[J]. Oncogene, 2018, 37(10): 1308-132S.

Maik-Rachline G, Wortzel I, Seger R. Alternative splicing of MAPKs
in the regulation of signaling specificity[J]. Cells, 2021, 10(12):
3466.

Pua LJW, Mai CW, Chung FF, et al. Functional roles of JNK and
p38 MAPK signaling in nasopharyngeal carcinoma(J]. Int ] Mol Sci,
2022,23(3): 1108.

Nordgaard C, Tollenaere MAX, Val AMD, et al. Regulation of the
Golgi apparatus by p38 and JNK kinases during cellular stress
responses(J]. Int ] Mol Sci, 2021, 22(17): 9595.

Baumann J, Ignashkova T1, Chirasani SR, et al. Golgi stress-induced
transcriptional changes mediated by MAPK signaling and three
ETS transcription factors regulate MCL1 splicing[J]. Mol Biol Cell,
2018,29(1): 42-52.

Ito S, Nagata K. Roles of the endoplasmic reticulum-resident,
collagen-specific molecular chaperone Hsp47 in vertebrate cells and
human disease[]J]. J Biol Chem, 2019, 294(6): 2133-2141.

Miyata S, Mizuno T, Koyama Y, et al. The endoplasmic reticulum-
resident chaperone heat shock protein 47 protects the Golgi
apparatus from the effects of O-glycosylation inhibition[J]. PLoS
One, 2013, 8(7): €69732.

Luo Q, Liu Q Cheng H, et al. Nondegradable ubiquitinated
ATGOYA organizes Golgi integrity and dynamics upon stresses[J].
Cell Rep, 2022, 40(7): 111195.

Gao J, Gao A, Liu W, et al. Golgi stress response: a regulatory
mechanism of Golgi function[J]. Biofactors, 2021, 47(6): 964-974.
KB, A 2, B, AR I ZLFOMN AR - 13a i 9 5 bHLH 522



(40]

[41]

[42]

(47]

PR 5 % ST PR T B3/ e AR SR S S B /N BN T 2R 2
PERAR (], [ PRI 5 52 T3 2%, 2024, 45(1): 11-17.
BRPL HET, SRR, GF . MRTEAE AR /N BUR SOR AN A o AR SR 1A
JSE R 1 WK A2 A B Ho S i DI RE RS M [T]. v [ S Bl
29023, 43(11): 868-874.

Pruneda JN, Bastidas RJ, Bertsoulaki E, et al. A Chlamydia effector
combining deubiquitination and acetylation activities induces Golgi
fragmentation[J]. Nat Microbiol, 2018, 3(12): 1377-1384.

Hansen MD, Johnsen IB, Stiberg KA, et al. Hepatitis C virus triggers
Golgi fragmentation and autophagy through the immunity-related
GTPase M[J]. Proc Natl Acad Sci U S A, 2017, 114(17): E3462-
E3471.

Mousnier A, Swieboda D, Pinto A, et al. Human rhinovirus 16
causes Golgi apparatus fragmentation without blocking protein
secretion[J]. ] Virol, 2014, 88(20): 11671-1168S.

Aistleitner K, Clark T, Dooley C, et al. Selective fragmentation of
the trans-Golgi apparatus by Rickettsia rickettsii[J]. PLoS Pathog,
2020, 16(5): e1008582.

Chen TT, Lin Y, Zhang S, et al. Atypical Legionella GTPase effector
hijacks host vesicular transport factor p11S to regulate host lipid
droplet[J]. Sci Adv, 2022, 8(50): eadd794S.

Capmany A, Gambarte Tudela J, Alonso Bivou M, et al. Akt/AS160
signaling pathway inhibition impairs infection by decreasing Rab14-
controlled sphingolipids delivery to chlamydial inclusions[]J]. Front
Microbiol, 2019, 10: 666.

Vijayan K, Arang N, Wei L, et al. A genome-wide CRISPR-Cas9
screen identifies CENPJ as a host regulator of altered microtubule
organization during Plasmodium liver infection[J]. Cell Chem Biol,
2022,29(9): 1419-1433.5.

Hackstadt T, Chiramel Al, Hoyt FH, et al. Disruption of the Golgi
apparatus and contribution of the endoplasmic reticulum to the
SARS-CoV-2 replication complex [J]. Viruses, 2021, 13(9): 1798.
Pandey KP, Zhou Y. Influenza A virus infection activates NLRP3
inflammasome through trans-Golgi network dispersion[J]. Viruses,
2022, 14(1): 88.

Read CB, Ali AN, Stephenson DJ, et al. Ceramide-1-phosphate is a

[s1]

(s8]

[59]

[60]

Med ] Chin PLA, Vol. 50, No. 1, January 28, 2025

regulator of Golgi structure and is co-opted by the obligate
intracellular bacterial pathogen Anaplasma phagocytophilum[J].
mBio, 2024, 15(4): €0029924.

Klabunde B, Wesener A, Bertrams W, et al. Streptococcus pneumoniae
disrupts the structure of the Golgi apparatus and subsequent
epithelial cytokine response in an H,0,-dependent manner([J]. Cell
Commun Signal, 2023, 21(1): 208.

Wang M, Zhang Y, Komaniecki GP, et al. Golgi stress induces
SIRT2 to counteract Shigella infection via defatty-acylation[J]. Nat
Commun, 2022, 13(1): 4494.

Wei M, Xu Z, Pan X, et al. Serum GP73-an additional biochemical
marker for liver inflammation in chronic HBV infected patients with
normal or slightly raised ALT[J]. Sci Rep, 2019, 9(1): 1170.

Tang Z, Yan Z, Gong L, et al. Precise monitoring and assessing
treatment response of sepsis-induced acute lung hypoxia with a
nitroreductase-activated Golgi-targetable fluorescent probe[J]. Anal
Chem, 2022, 94(42): 14778-14784.

Zhao M, Zhang Y, Qiang L, et al. A Golgi-resident GPR108
cooperates with E3 ubiquitin ligase Smurfl to suppress antiviral
innate immunity[J]. Cell Rep, 2023, 42(6): 11265S.

Li H, Deng C, Tan Y, et al, Chondroitin sulfate-based prodrug
nanoparticles enhance photodynamic immunotherapy via Golgi
apparatus targeting[J]. Acta Biomater, 2022, 146: 357-369.

Hu ZC, Wang B, Zhou XG, et al. Golgi apparatus-targeted
photodynamic therapy for enhancing tumor immunogenicity by
eliciting NLRP3 protein-dependent pyroptosis[J]. ACS Nano,
2023, 17(21): 21153-21169.

Spano D, Colanzi A. Golgi complex: a signaling Hub in cancer[J].
Cells, 2022, 11(13): 1990.

Tan W, Zhang Q, Wang J, et al. Enzymatic assemblies of
thiophosphopeptides Golgi
selectively kill cancer cells[J]. Angew Chem Int Ed Engl, 2021, 60
(23):12796-12801.

Guo C, Wu M, Guo Z, et al. Hypoxia-responsive Golgi-targeted

instantly  target apparatus  and

prodrug assembled with anthracycline for improved antitumor and

antimetastasis efficacy[J]. ACS Nano, 2023, 17(24): 24972-24987.

(FE TS 5K/ )



