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Fig. 1 Molecular mechanisms underlying the regulation of glucose metabolism by Golgi stress
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CREB3: cAMPR A ICIF45 A 3 (cAMP responsive element binding protein 3); CREBH: cAMPR A JC{445 A H H (cAMP responsive
element binding protein H) ; S1P: {55 125 F#§ (site-1 protease) ; S2P: i p5 2% il (site-2 protease) ; ARF4: ADP-#% B3k [H F4
(ADP-ribosylation factor 4); PEPCK: ®§fR¥mELzCINEARRFRIAE (phosphoenolpyruvate carboxykinase); G6Pase: % Hi-6-BfRfE (glucose-
6-phosphatase) ; GP73: i /RIEIRE 173 (Golgi protein 73) ; PKA: ZH 1 MA (protein kinase A) ; CREB: cAMPJZ i L4454 & 11
(cAMP response element binding protein) ; PCK1: Bk BN R R4 (phosphoenolpyruvate carboxykinase); G6PC: % #i-6-1i R
fiEfb %L (glucose-6-phosphatase catalytic subunit) ; GM130: 130 kDafi /R IEAARILFTE I (Golgi matrix protein of 130 kDa); LKBI1: i
B1 (liver kinase B1); SOKI: Ste20FHCHHF A LN A E 11 (Ste20-kinase oxidant stress response 1),
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Fig. 2 Molecular mechanisms underlying the regulation of lipid metabolism by Golgi stress
B2 BREENHIEEREAENSS FLE

SIP: & 17E il (site-1 protease); S2P: v p527%F [Ifff (site-2 protease); SREBP: [EE%IH 7 jo/4h45 & HE [ (sterol regulatory element-
binding protein) ; SCAP: SREBPZfi# #4751 (SREBP cleavage-activating protein) ; nSREBP: #% & 20 B BE A 15 i ih 45 & 1 (nuclear
sterol regulatory element-binding protein) ; SRE: [EEEIH 7 JCIF (sterol regulatory element) ; CREB3: cAMPL & Jiih245 & &H 3 (cAMP
responsive element binding protein 3); CREBH: cAMP & JC/45 G FAH (cAMP responsive element binding protein H) ; PEPCK: iR/
=N AR PRI (phosphoenolpyruvate carboxykinase); TAG: Hil =g (triacylglycerol); DAG: Hili —fg (diacylglycerol); PE: #ilg
ik Z. B (phosphatidylethanolamine); PC: BiREEIEAL (phosphatidylcholine)
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Fig. 3 Molecular mechanisms underlying the regulation of glucose metabolism by Golgiphagy
B3 SREFBEEEEREE S FIE
GORASP2: @&/RILIKEAHHEEFH M2 (Golgi reassembly stacking protein 2); O-GlcNAcylated GORASP2:  O-3% 1 N- . Bk A e A6 i 11 5
IRSERTE A MER B H2; De-GleNAcylated GORASP2: O-ME#ZHIN- L LM BB B BRI i /K SRR 41 E R4 125, GLUT4: #ii%iilife iz
M4 (glucose transporter type 4); LC3-11: Sl AHICH (1576453 FEIT (microtubule-associated protein 1-light chain 3-11); LAMP2: ¥#5fifF{4&
FHIEMEAE 12 (lysosomal-associated membrane protein 2); TBC1D4: TBC1Z5MIM M 514 (TBC1 domain family member 4); Ras2a: Ras

ME45EH F2a (Ras-related protein Rab2a) .,
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Table 1 The role and regulatory mechanisms of Golgi stress and Golgiphagy in the pathogenesis and progression of
glucose and lipid metabolism—related diseases
®1 BREGNHSEHREGFBRBEEERGEXERFRRELZRPHERRETIE
Bk BAD itk rX SE5RE AL 225 R
IR FR S (T1IDMD FERIER R R I TIDMABLTY b b5 i R B se ek . AL SURE S Al SR I BE RAEE 2R, e [70]
TUIATF3. ARF4. CREB3FCOG65E 8 1L [ BAI A i /K B A4 RL b 4
KIALE IR B PR BRI ER- i R A EE IS e v W, R R S RIS A 4 WA sz 4, BETRT R A R [71]
F1s FHECNR U AR A

I

JIE e FURIERRIBE A G AR 40 L P O WWP Ll ik Feco g Wyl e i T R4k, Ry R Rk sz [72]
TERET EE T OOREIR, IR R 8 A RBE A Rk
RS P A i FRIERN B LZIPRE S SRR AA-IV (APOA4) [IFKIE, APOA4R] N JE Bl 2 AsNiER i [76, 81]

WS, HET S BN AR AT ER R

F /R BRI RCETH /2 Rab13MIRab18, XM Af/NGTPS: &8 15 W R M-k Bk iskn (821
SR A AR SR, TRIRRCE 289 I s 2R Z AR BLUR MARIC VIR IE B AL IR
R B i ik Rab13BRab 18I T #4394 25 W A0 RG 175 3 ) 5 2R
FLARRE A o AR AR R

2R 15 3 R s

FEACS- R BRI ENE IR I AMPK R F#/mTOR F7F, TMOSF3R MG, /R &4k H sy, [54]
ARTEEWEREAHEER (IHERL, (LR R 24, 7 AR PRI P A S,
IR A I Wt it T R ) R e 4

CohenZZ i B & FIREER AN VPSI3BEE N RAL G R /R AMMIRe R R, B b 7RI E kER. A~ [95]
SRR SRR AL, W A L

JiE AT - I R R AN ENLRE- R AL R, TMOSF3IE T, mREk Aikss, Reeminr [54]

CD5S/% 4 3R BHE L MR, WIEPIBK/PKBIE 5, (R bl i & s 50T T 24

PR TMOSF3 BT e AR JE A 151 138 v 058 IR I 5 Pl 35 I P 7
ATF3: #5513 (activating transcription factor 3); ARF4: ADPIZWEREALH T~ (ADP-ribosylation factor); CREB3: cAMPJ & Tl
4545 M3 (cAMP responsive element binding protein 3); COG6: f#5F 3£ & /RILIRE 5K W IE6 (conservative oligomeric golgi complex
subunit 6); ER: NJFK (endoplasmic reticulum); WWP1: WWZEHIEL S E31Z 26 (1% H2A 1 (WW domain containing E3 ubiquitin protein
ligase 1); LZIP: A& RIEEEA (leucine zipper protein) ; APOA4: # K HA-IV (apolipoprotein A-IV); RCE1: Rasf{bCAAXPIRK
fii1 (Ras converting CAAX endopeptidase 1); GTP: S+ =8 (guanosine triphosphate); Rab: Rastf15¢45A 1 (Ras- related binding
protein) ; VPS13B: IR 143 1 13[FEJHYB (vacuolar protein sorting 13 homolog B) ; AMPK : i — Wi 2 1% £k 1Y 75 1 5t S Al
(adenosine monophosphate-activated protein kinase) ; mTOR: MFLsh4) H 1A% Z AR (mammalian target of rapamycin) ; TM9SF3: JLIKEE
BRABF W H 3 (transmembrane 9 superfamily protein member 3); CD55: FASMIER F (decay-accelerating factor); PI3K: WEfRMENIEL3H
fi (phosphatidylinositol 3-kinase); PKB: #EH#M#B (protein kinase B).
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Fig. 4 Molecular mechanisms underlying the regulation of lipid metabolism by Golgiphagy
B4 BREMFBREEERTNS FHLH
CALCOCO1: #5454 F4: i ig 45 #4481 (calcium binding and coiled-coil domain 1); SAC1: Wlzh#E FHMH| A F1 (suppressor of actin 1) ;
PI4P: 1 I5 Mt UL B 4 % R (phosphatidylinositol 4-phosphate) ; ZDHHC17: %% #§ DHHC %Y 45 fifl /it 5% % 0% 17 (zinc finger DHHC-type

palmitoyltransferase 17) .
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Abstract The Golgi body, a core organelle in eukaryotic cells, plays a critical role in protein modification,
sorting, vesicular transport, and serves as a key site for lipid synthesis and glycosylation. Glucose and lipid
metabolism are central processes for cellular energy maintenance and biosynthesis, and are closely linked to Golgi
function. Recent studies have revealed the extensive involvement of the Golgi body in regulating glucose and
lipid metabolism, where maintaining its structural and functional homeostasis is crucial for normal physiological
activity. Under various stress conditions such as acidosis, hypoxia, and nutrient deficiency, the Golgi body
undergoes structural and functional disruption, leading to Golgi stress. This in turn activates specific signaling
pathways, such as those mediated by the cAMP-responsive element binding protein 3 (CREB3) and
proteoglycans, to alleviate Golgi stress and enhance Golgi function. Golgi stress contributes to glucose and lipid
metabolic disorders by affecting the activity of insulin receptors, glucose transporters, and lipid metabolism-
related enzymes. For example, Golgi stress triggers the cleavage and release of the active fragment of CREB3,
which enters the nucleus and upregulates the transcription of ADP-ribosylation factor 4 (ARF4) and key
gluconeogenic enzymes, including phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase
(G6Pase). ARF4 promotes vesicle retrograde transport between the Golgi and endoplasmic reticulum, maintains
secretory capacity, and enhances hepatic glucose output. This pathway is particularly active under high-fat or
lipotoxic stress, leading to fasting hyperglycemia. When damaged Golgi components accumulate beyond a
tolerable threshold, the cell initiates an autophagic response, selectively encapsulating the damaged Golgi into
autophagosomes, which then fuse with lysosomes to form autolysosomes, leading to Golgiphagy. This process
results in the degradation and clearance of damaged Golgi, thereby regulating Golgi quantity, quality, and
function. Golgiphagy also plays a significant role in regulating glucose and lipid metabolism. For instance, under
high-glucose conditions, autophagic flux may be suppressed, impairing the timely clearance and renewal of
damaged Golgi, compromising its normal function, and further exacerbating glucose metabolism disorders.
Additionally, Golgiphagy may participate in lipid degradation and influence lipid synthesis and transport.
Research indicates that Golgi stress and Golgiphagy play important roles in glucose and lipid metabolism-related
diseases. For example, the leucine zipper protein (LZIP) under Golgi stress conditions can promote hepatic
steatosis. In mouse primary cells and human tissues, LZIP induces the expression of apolipoprotein A-IV
(APOA4), which increases peripheral free fatty acid uptake, resulting in lipid accumulation in the liver and
contributing to the development of fatty liver disease. This review systematically outlines the structure and
function of the Golgi apparatus, the molecular regulatory mechanisms of Golgi stress and Golgiphagy, and their
synergistic roles. It further elaborates on how Golgi stress and Golgiphagy participate in the regulation of glucose
and lipid metabolism, discusses their clinical significance in related diseases such as diabetes, fatty liver disease,
and obesity, and highlights potential novel therapeutic strategies from the perspective of Golgi-targeted medicine.
Finally, this article addresses the challenges and future directions in Golgi-targeted interventions, aiming to
advance the clinical translation of such strategies and foster breakthroughs in the treatment of glucose and lipid
metabolism-related disorders.
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