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AT 4R ERKEFEHRERFEPHISHER
MERIPILE] . WHERE. WRNHSHRIET

I 2 ATR #bE AEE wi”
LARIKFFHBE BRI, Y 250102)

FE A4S AN (Parkinson’s disease, PD) J&—Fi LAMR R AL L REMIZETT (dopaminergic neurons, DA neurons) #4714
ek Mo sz (a-synuclein, a-syn) 75 REAEMEEPZARATHELSR , HOWHELERE AP 500E | AR R My 5 8k
FET- (ferroptosis) . NJF™ (endoplasmic reticulum, ER) . ZeRifATh AR AT 5 SN 5 Z bl AH AT IR sl . Ak
2R KA (fibroblast growth factors, FGFs) FWEH 22/ A4, TEMARG LT STaSdeReh & m 2R EE
Ho BT R, FGFs {55 J M nl it Rl AR5 P2 4R S . A8 5P . ER 5 80 A0 N I8 45 5% s 1L
B, HI 3G P TR N G RS R RE T, R 2 PR RE RN ST T RR R AT S 6T . FGFs H IR 8500, FLA I 35 1) 200 i 25 2 A
TR B AR, HAEARIEURR T — B SRR T, MR . 2@ R EERHE, 54K, FGFsfEPD £
SR E R Z 200G, ARG T AR R ELERT, M2 REMREE . ARG MBLAE FGF R AL
TE PD R BRAS I SRRIET . M ARAE . AHMIN I DL K 2 O S AR A TH R BFIE R e, ST AR R AL SOAH T B

Z, LI B FGFs () 2280 ni a5 W 45 B HCAE PD R T G AL IR EEIE 2%

ES

FESES Q5 DOI: 10.3724/j.pibb.2025.0571

P4 Z59% (Parkinson’s disease, PD) & 4kFi]
IR DG BRI 2 5 5 o DL A oA b 28R A T
SERER AR L 117707, FHREE A O 2L
Frge ETH L mR E, PD A IR . LR
1B BRI AATR G2 BER A T, H Pl AR
BEERS . AAR SN AR Sk, T E S e A
HAEW R, WA AL MR ATk, H
i TR AT S BH I B e 2 TR A TR AR PR R T
ik P, PDRYRIRHLEIE 2%, MIE SR . A
ZHREPIT Y o B ENA (a-synuclein,
a-syn) R 5K (endoplasmic reticulum,
ER) N " M Z MR REM 470 (dopaminergic
neurons, DA neurons) fii1); 55 2> SCHR L 72
RERT 4% A st e, NOATTESRE ROV . A AL
PAEACH ZFL SR E R, I AT R,
T Ak 0y /N B o 40 e AN B IS B 4 S (astrocyte,
Ast) B AAE PR AT 38 2 f R L Ak
HMHESER AR TR N ERRS A, 5 RO MR L
AT A LR A 22 TaE T, NI HESH ST

IR ARG AN, WAEARIN, BRIET, MR, MZBRATHEROR
CSTR: 32369.14.pibb.20250571

ToR AR B Rl o-syn S RAE S ER
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AT 2 A AR K - R R (fibroblast growth
factors, FGFs) LA & 22 b, BEMARGE K
A AR, JhE K R ALUEE RS
RAFEEAMEH, HPFGF1, FGF2, FGF214£4
FGFs Z 1 B 7 AE PD 240 e sh s v 3¢ 91 i W1
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ARG IAEZ CERE M EoC R R, AT LAlR] i
PRI . AN, Al dEMPE T S RE
x ZR 2 TR (Tstp20250540) , PO KM R 52 BF 4 1K 4 30
(2024ZD0531803) il {A & {idt i ™ Ml 85 T o & Jie A 817 b
(INSX2024051) %l
s IR

Tel: 0531-89653888, E-mail: xuewentian1978@163.com
Wk H A : 2025-12-28, 432 H: 2026-02-11




856+ EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (4

FREHAE 24 5 PD A G RO L A 1 X B
$&71, FGFs7E PD H g E TR JR PR T 5 — B s B
AR, A REE A 2 . 20 IR
VEFT IR IR 2%, SEMRBR iY A A Sk e ),

H AR F, 5425 FGF2 fe i 3 2 m
il N BB Ak AL R, W2 e- R Z K (6-
hydroxydopamine hydrobromide, 6-OHDA) /55
KEBAT R B RO BT DA #2890 FGF211E
1- L -4 O 3 -1,2,3,6- PO &L ML B (1-methyl-4-
phenyl-1,2, 3, 6-tetrahydropyridine, MPTP) 7% 5
PD /)™ B A o 30 BT 4 AR A K R a2 AR 1100
K5 B8 9 7 1 4 (fibroblast growth factor
receptor 1-sirtuin 1, FGFRI-SIRT1), Jffkfi AMP
1% 4k 5 M ¥ M (AMP-activated protein kinase,
AMPK) -5t S A Tl VA BT G A2 AR y T
F la (peroxisome proliferator-activated receptor
gamma coactivator-la, PGC-la) 155 ¥, %55
LORLARTIRE . I AR A I BT 91 1 2 R
N FEMEEERG [, A BAHTIAZS & PD /)N BB A
R BT LA e 5 2 () e s 2R o T R B, DRI
JRAff (oligodendrocyte, OL) 5 Ast Z[f]f¥ FGFs
P A -2 ARG TR s, e 2 9 ) FGF1/FGF9
L HAZARFGFR1/2/3 55 %, 22 e
JeRe 2o/ | BRAE T R A IG R, DL AR
TN FEL AR 2 AR 7 2 R ZE 7 R 11/4%
e H OBK i A 1L ¥ B 4 (nuclear factor-erythroid
2-related factor 2/solute carrier family 7 member 11/
glutathione peroxidase 4, NRF2/SLC7A11/GPX4) #i
FAL-PUSIET BRI T E 1, $ER FGFs {5 M4
AT P B B A AEAR B R S iz, 25
Z B R PR RTCR , H RO AN RE B
WIRISROCR, AThae AR S T30 S PRI

BT AR ZRE T R B R E A
FGF & 5%, i ikt = B (AL £ %F FGFs 22 i 1]
W28 B R GERL B, A< SCHF il 58 FGFs 71 #f 28 RAE |
YRRV . BRIET DL e R 5 A S OCHEER Y
TRER, R G IA MR, AT AR FGF
RITE 2 )29 P R A p R 5 25 5, B i
PRI CHERL AR, IR AR e i i+ Tt
ST E.

1 FGFs7EPDHH) % 50 5 1€ AL H

1.1 FGFs5PDHEFaKRENKILT
BREAAS R 5L T 9 A N & PD H 22 i DA

P22 JeIR AR 1Y B B A . — 7 B #aE A
hn B o Ak RNy, AR R Y R AR
(reactive oxygen species, ROS) #F1 N —. [
(malondialdehyde, MDA) , M 17 Jn B 41 A #1
i, Hob, B RIS H ¥ 4 (nuclear
receptor coactivator 4, NCOA4) /S EH H
WE AR Ek & H B 8% (ferritin heavy chain 1, FTHI)
IR T A WA TR A N PR AR RO 5 4, %
TSRS TG T, T S B P9 R B R
A SERAET A A S

AR R, FGFs 5 HR 43 i 0t A figad ik
KRBT A BB M AR S AR OGS R, BRIk
I 5 T A S A S B . o FGF21
VER—FPBr B FE T 5, Al e s I Er 2R
J% 1 (heme oxygenase-1, HO-1) AY7Z Z L%
il TS NRF2 A5 530, D i gfa 285 | B A 4
45, NRF2 5 FGF21 7K PREAR SR B AT /e kA
SPEERMPICT-IE P ER . FGFR21iEid 5
BRI R AR BESS G0 1 BEREAR TR
UMM BRI TA , S AT | R I 2 P
AN, FGF21 iRi@ it SIRT1 IEARAE i [ W S btk
SN I8 o-syn BREAE DTG ) HZ B AT 1 28 T4t 40 XL
o 2 TR AT 4E AN i A= K 7 (acidic fibroblast
growth factor, aFGF) SCPRMET4E40 A= K IH 1 1
(fibroblast growth factor 1, FGF1) #£PD 1 EAG &
FRFRRSETEN . Zhong %5 ' KB, FGF1#
i ER B 51 2 (¥ Tribbles fE 8 i 3 (tribbles
pseudokinase 3, TRB3) i, ¥ IR FL 3048 IA
A R W H  (mammalian target of rapamycin,
mTOR) /f% B 1K & H 1 (sequestosome 1,
SQSTM1, p62) iEE&IFHGE AW, MIMHEE DA ff
2o Ml iz 2 Uy Be B A . AN, TWA R H
(ADP-#% W JE AL 7 #F 6 #H ELAEHIZE 11 5 (ADP-
ribosylation factor-like 6 interacting protein 5,
ARLGIPS) ) il 5 NCOA4 S5 &Mk (A 1A 1,
WD B RO AR B i A, R PD AR
P TIRAR 2 i, 2R 2R A o ] B
NCOA4 /- 1 A M, 22 /1N BB BT DA #if
ZITHIERAET

JCHABARE 2, AHIBAE II5E T PD /MR
P L AZ I e 5 A A s e A S s, Ast il
OL ifi if FGFs {5 51l 2 5 PD AL T- Y IR 5
FURMIE, PDOAEH FGFs {5 s o igl, 1
bt Ca?* til 2% Ft =) S NRF2/SLC7A11/GPX4 41 A k.38
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PRI IN T RETTRERIE T 1Y Zy et o eAh,
FGF17E OL iy L i n] g ad i #4155 Ast 55 OL [a]
IR 50 A RE B W b i A A8 2 T 4 ) Bk AL
T 10, % EE N ) B FGFs 155l 55 U] 28 i 15 i
FEAE AR Bk 8 A S PAE Ty ikt . kTS
S22 URRERh 2T i it T al A5 O FLR R 5 5
RS . FIHIESE CAIESE FGF1 AT AR pl 2 B
AL (SH-SYSY) #ffifsZ ps3 (—FPEkibT-i
RHEEED) OB EAn e T >, ARt
#MNFE T FGF1 1Y L ile(5 5 il g i e AL, BT
&, Nogo-B3Z{& (Nogo-B receptor, NgBR)
20 R R LR F% #M 7 (lysine acetyltransferase 7,
KAT7) /i % ¥ X1 (regulatory factor XI,
RFX1) i BP0l FGF1 5%, 8w mEALEE 3
¥ B (phosphatidylinositol 3-kinase, PI3K) /& [
W B (protein kinase B, AKT) {5 527G ff 4
Jeii, ANEYEFGF1ARBE AT #0K &2 AKT I 5T
IR 2, Y8 FGF1 ] BEXTERAN SE 20t
B w7, A, FGF9 IR Al 3 i 1 o
PRI 5] 4% 95 PD A OCERSE TS, FGF9 i
HO- 1 Flly 2R & il (y-glutamyleysteine
ligase, GCL) ik, VI A MLAME5 I8 15 e 1/2
(extracellular signal-regulated kinase 1/2, ERK1/2)
A AKT i %, 38 i cAMP I e 45 5 & A
(cAMP response element-binding protein, CREB)
5 NRF2 /P AL BE R B 5%, 38l MPTP 1555
[ DA M2 TC E AR I S5 3 27

AT RAEPD RIS RAG SHRAC T BRI B
NCOA4 /SRR AW 1 e gk )%, e dtg
Fr i ATl 2 R IE T . A IEdR 78, FGF1.
FGF9. FGF21 gl id 4ERFgRAa 45 5450 NRF2 A1 G
PUAAATHIE TR, R BRI 2078 S 19 g i
AAL S gt , PLHIREZRINIE 1 B s [l o
7S], FGFs i i 5 NRF2/SLCTA11/GPX4
AR ZIE A OC , S HAE I n] RS KB o 4
JHTELE TS T AR B s, AR IR T 220
FEMLE . BRI, FGFs X PD AT AYH IR 5 n]
RE 5 AN MR B A S B A I 2%, B H AT IESR A &=
PR B RO SARBEGE, AN E FGFs 55
oAl A 537530 2 5 PD BRAE TR, AR N4,
B AN st AR S I P T U T-Be, 7EPD
A v B0 O R C AR - 32 A0 N R it AL R 5
T, DU T s K6y 7 6 R e St
S/

1.2 FGFs5PDH#Z #IE

P28 AT S PD BIAZ IR BRRRAE 22—, HURAE
Shr HRX A 28 22 G0 N /DN IS B AT L FT Ast 1) S T
DI S i Jgg SRFE R F- o (tumor necrosis factor alpha,
TNF-a) FIF14r%-1B (interleukin-1 beta, IL-1B)
AR R AN T BRI . X R RELE Y 98 E I
MMUBEEA G ZTT, B2 EA LR . BRI
Hiki 5E B, AL BE a-syn AO R EE 5L R, TE BB
PEIR 220
1.2.1  FGFs5 /N o 4 e A1 B e ot 40 i A 5 1Y

FEPD Y, /NI AN Ast 2 HRAK S8 R g
JNE A OO AL, TT 8 574 a-syn fil k92 5
RAFGIRHLK, [ Ast 16 I ik 57 B Aa 25 S o0
TR EAT R, RSt — D InE R
1150, PDHBE BN . IR iz 24 2 B I A
HHX 5 /1 B JRE LN, X 5 a-syn Jg B K A 25 TR
T PRS2 VIR 56 20 N S5 440 it - 3 1 2 —
GrFAY, TR R RS L fEPD AR
WOMOWE P, TNF-a. IL-1B. IL-6. y T 4 &
(interferon gamma, IFN-y) M ZFhEibH -+ EiH,
AT BEHIE5 6 575 o-syn A ROE bR, IFE S BORSA
PR 5 2 il A S B A I e il 220R AT Y, FEILTS
5N, FGFs {55 nl i a8 57 I B 240 e % Ak & 4% 40
PEVEPEVER . FGF2 0] FYHIL-1B, IL-6, TNF-aJf L
JIL-10, [RIBMRE PP 2o iatb R ¥ C-X3-C R 7L
&1 (chemokine C-X3-C motif ligand 1, CX3CL1)
FEIE ISR T /N A I AR S R R 24 B RIS
FGF2/FGFR 55 1] e i {12 2 15 o 200 e 7= A 1L-4
22 ERK A £550 CD200, LA CD200 4 #i 77 2410
il /NS S AT AR AE A BRI P

Z Wit KW, FGF {555 PD 5 it DA #i 4
TR LR PEAE 1S A5 . Murase % 7 JIEWA, FGF20
FEVR SN RS AR v ] 2 1F 5 16 DA 2T A7 T
R Z MR, 7E 6-OHDA KRR, Biff5
B FGF2 FiH1 DA #4508 FGF2 T, I
PERELL /NI TG AL, B b BRI BR T 2k AR FGF2/
FGFR2 Rk A AR A RIT i, $2/K FGF2-
FGFR2 il =22 5451007 5 e iz s W 42 % FE ik
15 4 SR 0 B8 T, FGF10 18 i FGFR2/PI3K-
AKT 1 #% A B (nuclear factor kappa B, NF-
kB) AHOCARIE : Ak i B4 2870 FGF10 0% PI3K/
AKT I F A K F 25 Chen 5§ " FE A B 15
BEARIHIESE, FGF10 A 28 70 S/ NI B/ 103 44t
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Fig. 1 FGF-FGFR signaling regulates Parkinson’s disease—related ferroptosis and apoptosis via the NRF2/GSH/GPX4
antioxidant axis
Bl FGF-FGFR{s S iINRF2/GSH/GPX4H S AR PDHEX KT 5FT

MPP' I 38k S 2L S ROSTH i, ekl Buid 4k (PLOOH) Jffil & gk3ET, [FI 51 & DNASA IF T ps3 /i 0 T FGFAE 5 %
ERK/PI3K-AKTH{EHENRF254 5 1, EIMSLCTALL, y-GCSe, HO-1, #EFFGSH/GPX4fiE, Mimimiife it b 5850, —feilk;
. ERK: 40MAME S VE7Y 0 (extracellular signal-regulated kinase) ; PI3K: BEJEMELEE37#4HF (phosphatidylinositol 3-kinase); AKT:
E LB (protein kinase B); NRF2: 5 R IHFLLZR 24 F2 (nuclear factor-erythroid 2-related factor 2); Keapl: KelchfECHAH G
11 (Kelch-like ECH-associated protein 1); SLC7A11/xCT: Mo iR/4 &2 S 5412 R W3 (solute carrier family 7 member 11); y-GCS:
YA AL B E R A U (v -glutamyleysteine synthetase) ; HO-1: Il 21 & %A /i 1 (heme oxygenase-1) ; GSH: iff J& 45 bt H ik
(glutathione); GSSG: FALMIAMH K (glutathione disulfide); GPX4: ML KT H L EF4 (glutathione peroxidase 4); ROS: 1AL
(reactive oxygen species) ; UPS: iZ % -5 H /K £ 4 (ubiquitin-proteasome system) ; PUFA-PL: £ AN FIfE B BR#EE  (polyunsaturated
fatty acid phospholipids) ; PLOOH: /5 &3 & k4 (phospholipid hydroperoxide) ; 4-HNE: 4-¥23L T4 (4-hydroxynonenal); FTHI/
FTL: Bk A EaE/448E (ferritin heavy chain/light chain) ; NCOA4: £k [ HMEZA (nuclear receptor coactivator 4); DMT1: &)@ 5%
i&fA&k1 (divalent metal transporter 1); STEAP3. /NE5JIE [z B3 (six-transmembrane epithelial antigen of prostate 3).,

FL[E] Az HAMERN 5 AT S #2870 FGFR2/PI3K/
AKT 30 /1N g S5/ 15 W 240 Jifg, Toll B 3244 4 (Toll-
like receptor 4, TLR4) /NF-xBifi i, iE4141E
il HE, TEPDAEARIG AN FGF20 Al FGFR1/
3/4 /L 6-OHDA 75 T ) DA # 22 e 4t 2k 3 il 3 iz
BfkpE Y ISR R Y], FGF21 FIfLAE Bk R

¥l 2 (angiotensin-converting enzyme 2, ACE2)
Z [ 64 3[R T B 1 i) FGF21/ACE2 155 1 %,
B Brai 15 A GRS s Iy =
FIEA, TN PDIRYT HHTRLHEAT 9,

UTAER, FGF 7 PD A JA4% b A IE4E 5 4 4
o BoRF R R ATZE 2 PD /BRI, fiZoT
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FGF13 /KPR £3 15 2 L bR Bk, ML
TG/ BT AN A Ast, DTG SE R 28R TPEAR L T
ot Fak vl ke PD FERHER R . 7 MPTP Ab 21
F/NER R, Ast T Faf7 B HAZ 1K Fefr2 iY it Je i 44
T MPTP 5 5 1Y 40T S DA #h 22 otiRAE 78
MPTP/MPP" #% % rfr | &b Ji FGF21 ¥ i AMPK/
PGC-la B4 kAT fig, il /MBS 2 Y IR 5
TEATEREARAEAE A, IR I 2R BT DA #4800 0F
o3z Bl fG 0, 7E MPTP /N R /NI B -+ 28 9T
IR R, FGF21 3l i SIRT1 i NF-xB p65
R I B /NI BT RAE R T, PR AIK INOS 45 5 4E
Frasdy 0 mkAh, MPTP Al R 3 i v 2
¥ (brain-derived neurotrophic factor, BDNF) .
FGF2 S AH G TrkB/AKT {5 %5 ) L8 TNF-a., IL-1B.
IL-6 f 52 1A A0 B AE H 2 H B 1 (receptor-
interacting protein kinase 1, RIP1) #RIE(55, TMf
& (Coeloglossum viride var. Bracteatum) HEHUY)
APk 2 BDNF/FGF2-TrkB/AKT i 28 # 37 1 % 1 1
FEAH RIPL 5422 K+ B3, 807> DA & oc i
T T 2

SV, FGFs 205 Al 38 2 i 47 /)N s Jox il
JEIE B B NF-xB . TLR4, RIP14§44E i %25 PD
P RAE 5 Z REREIRY, (H AN AR R EAE
5 1e gt R | Ik 5E B (blood brain barrier,
BBB) YjReek AR Z ] iy RO R A i — 2D Bk
1.2.2  OL5%EHEA: i

OL "X pf 22 RGuHEHH L By £ 22 4m 0, 2
PD FR B THES T A ARG T o A )
SUIRMR Z 412753 AT 32 W, PD AH G D28 4 O fE AN
PERERERS SE B NI, IR R E RS A BT
ZA (M Bz R SR ool ) 7 FE
B, FGFE SR IN RS 50583 R AR H
P& SRR AR D RIER P, FGF21ER
SR 2257 T, HHONESEIHES) DS I 2
N AT (oligodendrocyte precursor cell, OPC)
P Y8 I e 1 ] B OL 4k, MR HH P 2R 81
“hy B A A O B S AR Y 5 N OL AR i ) K R
B B0 FEARIN, FGF2 ] 1 ] 845 OL i BEHTIE AL,
HAE I BES B R 0A . 48 FGFR & AT
FHAT OL A2 AR o4k, , - () sk 3 a5 i i 8 A DG 2 1
()27 3 AT A 2B I ), AR Y, FGF2 ik
JAETR AT Wi g 18 52 B A rh T {2 i OL Fi-2E I3 5
FUREE 5. 55 —J5 1, FGF-FGFR2 {553
R R REE A A R HAT AR T . FGFR2

A 345 ERK 1/2-MAPK Jf- B[R] Wi 7L 3l 75 125 25 0
HEHEAY 1 (mammalian target of rapamycin
complex 1, mTORC1) %, b il e 4% A 1
(myelin regulatory factor, Myrf) Z5EHEHSH: R T,
AT AR R A K S B JRE s FGFR2 k2K S B 1
FLIN A ERK /2 16 £ T B, 1M ERK1/2 38037 nl 0 e
R . FGFR2 {55145 mTORC1 3@ e ipR] (3
& p-mTOR, p-Raptor, p-S6RP %541 ), HAK
i AKT, A [ FEJE B R o, AR Y
J&, FGF2 2 1E PD 0% 2B Bt L OPC O
BRSO BURER A BRI, BRI B IR
i, RS EAS 5 PD AR B P HUM 5 OPC 4 5+
AR M LA IE o
1.2.3  FGFs 54 5 0E -4 A sE AR A 45

TEPD R, SRR AE AL 14 2K AL e BT 4
I STEA T AR HE . SRE SN | 554 Z IR Bk
WS A PRSh S b A BRI 1Y 2 I B AH DG R
SME, FEE M R AR I I A PR
FREE XA 1 Bty Sk — 2D B Sl /N B 4T 5 Ast
WAk, R RECE I, DA hn R BT DA #ihi 2
Jedhifis B P, AST9KE FGFs RYAH GRS & T
] —HL B A Pom AR, F SN R RS [H
AR SAE SN 5 24y BEMEOCHETY i, DAV P
MEBCR LR, e =T, AL
P 2o o PE A 4E 42 K I (basic fibroblast
growth factor, bFGF, JFf fibroblast growth factor 2,
FGF2) *Z W RER 28T H) 5 M VR FHAE R —2L
7E SH-SYS5Y 4ifit & J5AX DA #fi 55, FGF2 ] [f]
A3 ERK1/2 5 PISK/AKT 3@ 5, T — 45 % B0
0 g AR E ], bFGF i8] L5 5 BadSer112
Freewi ik, JF 5 IGF-1. BDNF B4 B A 305
AKTHIERK, MR Zonfris 2 0, sk,
FGF2 8 3 H5 IH T AE A1 v il DA 28 0 Y % B F )
g, S HAEPD Py IR R FH SR LR 0 AH
BT HRA A TTA IR RIS, FGF2 X 22 5%
i S IVE PR A4 B AT BEAZ NI AL | I B S
MBS R 5 . (HARE A2, PDYRHL
MARIE G IR AT FEE ] 2 B A MY A B
PEBFAITOR ] - Ast AR FE BN FIRTE IR 51
AERFIIRE, SIE(E S AT HES NI B A i s 2
TRAMHEIERETAR A 5T, A IR RE 2 ARG 233t
— AR RIEN B A, AL R = 2 O RE b
ZETTXTEE RN 2 S 10

FGF2 i BAEME S 2 TfAih oAb, R Al
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Ik R4 R o 240 s v 5 200 1 3 TR A T AR
RE- 24T EEERNIE, (EARHE— 200 AR N
WAL T R A . FGF2 T4k B Ast J5 3R 4519 i
HMFEHIAE MPTP 54 v a] el 2ok (A 5 5 filAH DG
UHTE ) SR U2y Rl (Y T S5 .43 W Ay e 5 - = IR 2
0 0 B4 F 1 (neural cell adhesion molecule 1,
NCAMI) Vs [Gl}, FGF2 ZRBEHRE T B s pi 250
MuAME RO AT, A TR
Ras # ¢ & H Rab8b (Ras-related protein Rab-8b,
Rab8b) . Ras #H 4K 1 Rab31 (Ras-related protein
Rab-31, Rab31) wJF5 PDACHE FHIAHEAEH],
SR AT 6852 M 241 e PR) 6 TH S s B ) 2% g AR
FERAET HUZTH , MPTP A rh L FGF2 FEAF 5
USRS R, bFGF A4 SUN11602 7] T
SNE A G B O FEAR Z Fh e R X1, P08 B
FGF2 MG 5 HA —E MR 1 ', (BAERINE
AR AN SRR FGF2 I AN e B HE4KTH IR
Z B (lipopolysaccharide, LPS) 1755 A% 41 fifd X 1
AT, B HARE AR T g B K
S 2 R AE T A TS S RO o B e I R A AR
fF o [l R SR, H 3 FGF G TE AT IR 4% |
Jt4E A 7] — %, FGF6. FGF10 1 FGF12 1] i &
IL-6 5% 4 1k K F C-X-C % ¥ B /& 8 (chemokine
C-X-C motifligand 8, CXCL8) ik, FIHHAA
PESARME ', HPDERINC ALY, AstFGF7-
FGFR2 H 73 WM 5 nl 9K S 28 S RE I 42 iE MPTP 75
FHDAMZITIRAE, AR T SRR
Ak, FGF21 YR SEE— B 4h 58 T FGFs 5 5
TE PD HOGE 2% iy PR 35 1 A48 RE S0 1) 18 5 HIL T .
Leng % ') &9, AMJF FGF21 18 i B AKT-1 K&
ERK1/2 Jf- 40 1 ¥ J5t & 1 il ¥4 % 3 (glycogen

synthase kinase-3 beta, GSK-3p) ®ifigfk, fiy 4
LI R AR RS T AN T, Fang
4t L) i JEFE MPTP/MPP 55 (1) PD RS 4 rh 2 9t
FGF21 %3k N, #MJE FGF21 i i # § AMPK/
PGC- 1o il B LARAR T BE , I8/ I ot 4H i il
Ast TE A S R 733k, R4 JE 0T DA P 22
JCHGEE SR, FEMLIEAN I, Chen%§ ) if—
HMAESE, FGF21 [ SIRTL, #4376 A W I 2>
o-syn A, [RINFEERE TNF-o, IL-1p 254 T F
R, MM s MPTP /53 1) DA M0 5 . o
W58 ik — 20 B i FGF21 38 i FGFR1-SIRT 1§ 75
AMPK/mTOR #1 PINK 1/Parkin #H 5 £ B A4 [ W 5
5, il Caspase-3/Bax /i i I 1=, I3 i #1 4fl
NF-kB/NOD 52 A 58 5 & A I 45/ 51 3 (NLR
family pyrin domain containing 3, NLRP3) % {L
PEAE/INEE BT 20 A 1) M2 B AL, AR SR AE K A1 2%
AR

25 LAk, FGFs X} PD #1258 9 AE A 2 HAT 40
[0 E S X NPT RETE o A TN NN = Y5 ¥ TR AN E|
Wi . Pt R A R R A il A AR B OCHK (A
FRVEE R, ANE Y FGFs 7 8 ] 38 1o 30w sl 4 i
FEE G T3, TESORE ROV T R FEAR R AAE
FEI TR SR R R RN, B[R] — FGF
R, FEASTRI A Y 5 S5 B Bt n] AESE 1 s AN
[} FGFR V. BY 11 7 A= N — B0 He 928 0 75 45
(F1), X2 F A5 FGFs/FGFRs R4t AH ¢
AR SORE VR R T PR BRI, TRAR
K FGFs/FGFRs 7EAN [ BRSO 2ARBLE], XF
T REE X 25 Pl bl 28 S ME TR B RS TR YT R g L
HEEE L, HAh FGFs i 71 7F PD 2 AE W (1)1
FS e — 20 B

Table 1 Summary of evidence for FGF signaling in the regulation of neuroinflammation in

Parkinson’s disease—related models

&1 PDHEXEEHFGFES SMAREIREHHRIERELS

AL /Yl PR Sy AR AL, ANRPET 107 20 TAPEE IR 4t B A SCHR
6-OHDA (K AstNFGF2 T; DAWFGF2 | ; ADXER 5 iR B4R — OB BRSBTS RE T 5 Ast [67]
SNc/VTA) MR FE (0X42) 1 WFGF2Z 58 = 3 FF . R

B=
6-OHDA+ADX  6-OHDAJSFGF2 mRNA/&E AT ADX: KFMIEMR Wi MR -Ast ADX #2045 413 1 Ast FGF2 [38]
CRRIEMFRD 15 ADXHIFZ B, 1R FGF2%h R, ASCEDA YRR
i A QAT 8 5 2
J#fRDA+FGFR1 FGFRI1c-FcfHi—TH+DAf## rFGF20; FGFRI1c-Fc; ERK5PBK/AKTE S MMEIHNAEEESHE  [37]
c-FePHWT CNR | i RUBR B 5 AU PD98059/LY294002564F 3 % (411 41 751 mT B e
SRP) FRELRAVERD
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|
LT /4 Fif PRI S T AR AL AN T 172X P IE JBE A B A SR
6-OHDA+4ME  FGF207EGFAP+Ast&i%; SMEFGF20; FGFRINHIF  MKHIFGFR1/3/4(55  Ast FGF2055 037 DA; #1 [41]
FGF20 CKRRSN) DAZHfI#IAFGFR1/3/4 PD173074 HHIFGFR—45 497 i &
MPTP/MPP™ (/) MPP/MPTP# SR/ B IEIK TAHFGF214L B (fk4h) / AMPK/PGC-lofll (2% M 5UE A6 5 RAER—DA [46]
Bl SH-SYSYZ) JfuiGfh 1. &RAEHF 1 BNSZ (P RIS WA B THER | .
#); NF-kBRAE(E'S AT HEEE
i
MPTP+BV2/SH- M IRl T GNOS/TNF-o FGF21-T-7il; FAEXS274F SIRTIHIE-NF-«kB  {ZiHM1—>M2 (Argl/IL-10%5  [47]
SYSY#lE CNR 55 1), MR T A i T, RRET | >R DA,
+BV2) pe =it
1o e I P ORE R BRI S M4 0 RIS FGFL0 T s AMNEFGF104525; JFH HINF-xB (W RRE bl /N % 1k 5 012 98 IR 7 B [39]
CURNEMCAO)  HIEHT T, W4T T FGFLOH AIBLIA/RAR 1) BURPIBK/AKT i (TNF-o/IL-6%5 | )
SCI CKBUEHEME M2 T0/ MU FURIEFGFL0 T 4MNEFGF10: LY294002;  FGFR2-PI3K/AKT 5t/ B v A 5 4 48 R [40]
D) #i% JLFGFR2 1 FGFR2 siRNA RAFIEAESD; M BRI
TLR4-NF-kB

MPTP+CET-7il
(NESN/STR)

MELOL (A 4h 5
7%

4y B i (CSF %7
2y BEEAERUED
MHV-A59 % 5 1)
A A B S
cuprizone % 5 1
O G A it i 45 /N
R Eit]
Fgfr1/Fgfr2 XU
71N B AT BRI /N

6-OHDA K il (&(
LINGS)
RotenoneAbFE 1
SH-SY5Y 4l %
JEAR DA Z
JOHER

Iy i 28 70 B 7%
€U

X BE B e /DA
ZIuRE (s
)

MPTP/)

(SND; BV2/MKE
41 HI+LPS

MPTPJGBDNF-TtkB5FGF2-  Coeloglossum viridet&EY) 1% 2 BDNF-TrkB/ A 5 A M B8 bR &R BRI [48]

AKTHIFH; RIPIEAEARSE  (CE) 424 AKT. FGF2-AKT;  BDAMZILER. &N
HRAES T FIRIP1HKZ) % AE
KL OLFEIAFGFR1/2/3 HNIEFGF23 — BESAH G L (MBP/PLPZE) [51]
R NS T S T
JHJE 1 NAB T 225544
— i P TENFGF2 - Ot R B8 A B/ 4 RF 240 PLP/MBP [52]
PDGF-AA%) R HT L REE/ B>
FGF2k 5 mJ (i 12 1t i 8 DX 45 9 FGF2 (-/-) — OLPA IG5, I bl B (53]
OP/OLMIZHE LK, FHHiH S
FEREE
Fgfr2 cKO: MM BEMH Fofi22MFibk (W Fefrl ERK1/2-MAPK; PI3 HER S | [54]
A |; p-ERK | ; mTORCI¥i cKO) K/AKT/mTOR
], MiFgfrl cKOK ZorH A
et}

— HMEFGF2 — AL [68]
Rotenone#b 3. DAMZ LIHT: AMEDFGF (FGF2); i) ERK1/2; PI3K/AKT DAZH AT 55 1 [57]
1: bFGFALEE: THH#IZL G 7 U0126/LY294002 HiiF
Wl
P E IR E T HE XN AEEE S SMEFGF2+IGF-1+BDNF AKT. ERK e U PAPT E R ) [58]
AFAE RIS BN A R, (A D
TBA3 20K T 5t
bFGFALFE: ChAT#ik 1; DA SMJEBFGF (FGF2) — IR AL/ 2 OB R & [59]

FSRIREE ST T anpg e 1

MPTP: TH |, Ibal T, SIRTI fk: JE##fkrAAV-Fgf2] FGFRI-SIRTI; R B RAG M2, BRI B [12]
'+ claudin/ZO-1/occludin |,  i3ik; 4k BV2§R:  AMPK/mTOR; . | (GFAP | ): ff i BBB
GFAP T (BBBAZ#1) FGF21 OE HishFgf21 TLR4-NLRP3-NF-kB; &4

(+LPS) PINK1/Parkin
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E2y
LT /4 Fof PR 2 TR AL HMIEEF T 30 T I I8 5 44t A SCHk

MPTP-PD /) i + FHijG: 17 R84 | ; TH DA FAIFGF21 (Fr5:. MM SIRTIAHS [ W o BT asynls fes# | [22]
AR PETERY 15 a-syndiH | 5 E4H )5 AAV-FGF21 3

FWE T FRRSIRTISRA [H 3%
JEAR A 22 70 2% &5 Li+VPA K & 4k B A ¥ 22 o0 SMEIFGF21; RfIKFGF21/  AKT-1/GSK-3 PSR, REAEE [66]
BRI (% FGF21 mRNA/ER H R &% 1 AKTRIE
FiZ/NMDA) I B AKT-135 16 T« GSK-3

i) 1
JEAR 4 00 24 7 MPPHAE SRR G AN Sl # FOF2 WAL HE Asts 42 HTAst NCAMI AstR IR (40 i 4 3238 (EVs) [61]
TR (AR ERNHEN, Sox2 AU KIS IMFGF2 & 44 41 32 N SA R ER, BICEE
J2/NMDA) Y ne3d) L A #E i (FGF2-EVs), XTHE A AN ) R R AL, SR

JENCAMIFKIEREAK, JEEBELE CON-EVs: 14 1A Ji i {1l i TP O LR A 5 T2 Ml AR O Bk

RifA SR MEN (M2, PSD- = BEHEAZ
95. SYP) /KT R[4
MPTP /N & 5 Arrb2RIE MK T8 Fef7 B, Astdy 53 @ {%/i B Fef7 8% B-arrestin2-RNF220-  Ast{g 2 R AR, FRBEMZ % [45]

Arrb2 Bt 2k 5 Ast M1 1 5 FGF7/FGFR2 4 3 [f] Fgfr2; UNC9995 STAT L5 Fgl7#3  ENE DA 7CIR A8 A «
FERAmb2EIL  BRES K[ W7 FGF7/FGFR2 {5 5 AT &t &
SR fife LR B O

AAVIIAAV: BRAHSIR 2R (adeno-associated virus vector) ; ADX: ' LARVIBE (adrenalectomy); AKT: ZEH#HIB (protein kinase B);
AMPK: AMP 3§ fb & 1 i B (AMP-activated protein kinase) ; Argl: K& & FR M 1 (arginase 1) ; Arrb2/B -arrestin2: Bl il & 12
(B-arrestin 2) ; Ast: ZJER MM (astrocyte) ; BBB: Ik 57 % (blood-brain barrier) ; BDNF: Jyiii #2835 3% K F (brain-derived
neurotrophic factor) ; BV2: /NR/NMEFR4HMI R (mouse microglial cell line); C3: #MAM 433 (complement component 3); ChAT: JHFHZ
Bt &5 F2 Bl (choline acetyltransferase) ; claudin: %% % #% % Flclaudin (claudin) ; CSF: ¥ (cerebrospinal fluid) ; cuprizone: ARALER
(cuprizone) ; cKO: ZPERIBE (conditional knockout) ; DA: Z L% (dopamine); ERK: Z4UNAME 5 817 i (extracellular signal-
regulated kinase) ; EVs: 4HJfi %0 (extracellular vesicles); EX527: SIRT1IH|35] (SIRTI inhibitor); FGF2: mZF 440 i HF2
(fibroblast growth factor 2); FGF7: mMZF4E4MIA: KK F7 (fibroblast growth factor 7); FGF10: mMEF4EANIA: K KF10 (fibroblast growth
factor 10); FGF20: JEF4E4NfiA: K K720 (fibroblast growth factor 20); FGF21: WEF4EANfi A K K F21 (fibroblast growth factor 21) ;
FGFR1/2/3/4: WA 44N L K R F3Z 14K 1/2/3/4 (fibroblast growth factor receptor 1/2/3/4); GFAP: WJRLF4ERRTEE A (glial fibrillary acidic
protein) ; GSK-3: BHIE A W43 (glycogen synthase kinase 3); Ibal: B FH545 4150 F1 (ionized calcium-binding adapter molecule 1) ;
IGF-1: % Z#:4: KW 71 (insulin-like growth factor 1) ; IL-6/10: 14 2-6/10 (interleukin-6/10) ; iNOS: % 5 % — & 1k & & W
(inducible nitric oxide synthase) ; Li'+VPA: #+PA %R (lithium+valproic acid) ; LY294002: PI3K:E ##il7] (PI3K pathway inhibitor) ;
MAPK : 2224575 LE (0 (mitogen-activated protein kinase) ; MBP: #E#§Hi I 1 (myelin basic protein) ; MCAO: K fiiiH 31 ik BH 2€
i (middle cerebral artery occlusion model) ; MHV-A59: /NRIFRFHEEASORR (mouse hepatitis virus strain A59) ; Mfn2: ZRK ARG 2
(mitofusin 2) ; mTOR: M FL 304 5 1% XM 1 (mammalian target of rapamycin) ; MPP*: 1-H 3 -4-Z8 JL Nk BE B 7 (1-methyl-4-
phenylpyridinium ion); MPTP: 1-F1%E-4-2£%E1,2.3,6-PUSMEIE (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) ; NCAMI: #iZ8 21 i Zh T3
F1 (neural cell adhesion molecule 1); NF-«kB: # K FxB (nuclear factor kB); NLRP3: NODFESZ IR F G & R 45383 (NLR family
pyrin domain-containing protein 3); OE: id3ik (overexpression); occludin: 5% i% % K [ occludin (occludin) ; OL: /% JI it 4 it
(oligodendrocyte) ; Parkin: WH4:#E 4 (Parkin protein); PGC-lo: i %8 Ak 4 B A B8 P03 16 2 MRy TG 7 Lo, (peroxisome proliferator-
activated receptor y coactivator 1a); PD98059: ERIKGHE il ; PDGF-AA: I[Ml/MRATA K HFAA (platelet-derived growth factor AA) ;
PI3K: Wi Bk JULEE 334/ (phosphatidylinositol 3-kinase) ; PINKI1: PTENi% $ i fiff | (PTEN-induced kinase 1); PLP: K 1 JI§ & M
(proteolipid protein) ; PSD-95: % filtJ5 B % M (195 (postsynaptic density protein 95) ; RIP1: Z{KAH HAEFZE 11 (receptor-interacting
protein 1); RNF220: 3457 1220 (ring finger protein 220); Rotenone: ff kR (rotenone); SCI: ¥ #5115 (spinal cord injury); SH-
SYSY: AMZERNRANIE % (human neuroblastoma cell line); shRNA: 4§ A& J¢RNA (short hairpin RNA); siRNA: /N4 RNA (small
interfering RNA) ; SIRT1: JLER{E B 3 F 1 (silent information regulator 1) ; SN: Jit (substantia nigra) ; SNc: JiT B8R
(substantia nigra pars compacta) ; Sox2: PEBIPE X YHEFE 12 (SRY-box transcription factor 2) ; STAT1: {5 5 %% 5 flH% & i iG 11
(signal transducer and activator of transcription 1); STR: ZUIR{K (striatum); SYP: ZfiliZ (synaptophysin); TH: M&Z ML (tyrosine
hydroxylase) ; TLR4: Toll#:3Z{A&4 (Toll-like receptor 4); TNF-a: Mg ¥RIEIA Fa (tumor necrosis factor a); TrkB: [i% 2 R i E#Z KB
(tyrosine kinase receptor B); U0126: MEK/ERKifE #4117 (MEK/ERK pathway inhibitor); UNC9995: —FhFGFRANEIF]; VTA: FEMHL
X (ventral tegmental area); ZO-1: E% %8111 (zonula occludens 1); a-syn: oZEfilii%# I (a-synuclein); 6-OHDA: 6-335LZ [N f%
(6-hydroxydopamine). T F/R#Eik, WHHESCETR; | FORKE | WEMESUKTRAR; — FnfEidt . B RER; A FRmH s
WifE A
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1.3 FGFs5#H&H4ERHBERP

HEPDMXZ MR G, FGFs MLz e
ity S TARPARR DI RE T 9%, AN FGFs 1
DA #h & ey 5 A Rt I mt . R &
M, FGF1 FIFGF2 7E KR, M S N\ 2 Joit 350 %% 356
(1) DA A 28 50 Fe B8 o 40 At o vy B & 3k, T B
6-OHDA it 15 3 20 kM FGF 2635 F R, $2R IR
£ FGFs {5 5 55 DA BE i 28 70 47 0% % DI AH ¢ 17
Walker 55 7 &3, PD ¥ B Fih FGF2 F %, 2
FGFR1 {E5% 17 DA REfIZ el a4 0 , 2B PD
RETZEIHRTLEER, HIMEYEFGF +Hi
HET iR AN Z AR SR

A RS iR, FGF17EZH PD A SC S HAR Al
o B I A R 2 R AP PE T . 7E MPTP /D [RUFI
6-OHDA K EU A, SO S5 7 % FGF1 1Y
HEE WO IR 2 e o AL R -5 FE 41 FGF1 ] J /i
S4TSR I ) AR M B v I PR R AL (tyrosine
hydroxylase, TH) {1k DA, 3,4- " FRILIK LR
(3, 4-dihydroxyphenylacetic acid, DOPAC) 7K
S R SEARTESS FGR 1 AEAE /N B P ] 340k B
SUIRAAR TH BHELT 45 5% 5 FI DA & &2, (HEF/MR
RORWES , $es HAE AR BA SR vE
RIMIFFE B~ , FGF1 Al 5 2 e K 58 — A (4 D3 [H]
A AW 2N T I A i = 2 2N v i
FGF1B Ji 2l + 7l 1 T 45 10 A E 48 0 28 T/4H 40
Jfg 7475 FE NUS1/NgBR B2 15 52 F , FGF1 (%
S5 AR R bl PI3K/AKT S g i, 42
75 FGF1 AN & o] fE J2 A 28 70 5 Pk ) B4 )5 IR 2
—. MR, SMNEFGF1AMNERERSIKE AKT 155 9f
AR ANMIAE T, IS B T 3R FGF AR v] 1
ORIzl S S

FGF2 78 LA 10 R ELAT A 28 R 4P R A v
J3 7 BFSERN, FGF2-FGFR3 1 i B i 2 4%
#F (substantia nigra pars compacta, SNpc) DA #fi
ZIUR B MBUE R XCEH L, SMEPE FGF2 1l i
08 6-OHDA 1 8% J5 19 TH B #4001k
Hb, FEZRMROIIRI T, 3458 FGF2 16 1 v] fid F b
2R TCIR R YRR R & MPTP #5401 )5 (4 rh
-SCIRAAGHE [, FGF2 X4 4 A A e A F A ER
e 3G N SR A4 2 N BrdU/Doublecortin X PH 74
HE AN s RSN MPPHR AR B, B
KEFRY AR, mifs FGR2 2 H T4 A1 &
F = DAL ITAETE , I3 &% 2 BDNF-TrkB
J FGF2-AKT {i5 5 i 5 MPP*/MPTP i/ 5 iy £ b4

P S, eAh, FGF2 0] S i 6 7 T4 i
SR Z BRI 20T, B BDNF sf—5 455 1)
AR AL

FGF 155 54 T4 n gy . Yook
oA, LR E LA aris, AT TR S
fE FER 22 BEAE 5000 Ttoh 45 1 HRE FE A 2 R A
¥ 1 (nuclear receptor related 1 protein, Nurrl)
RN T A, A FGF20 AT & 25 i i#F
TH FH #2050k . FGF2/FGF20 414 7] A R K
RRHG T ML kA5 DA #Z& 0T, e PDBLFLES
MK BAN . E s iae ™ . RSN &
6-OHDA K Rl | FGF20 7F SNpc e % ik,

i 3 55 o WME AR 3 DA M TT, et i v /b
TH FHPELR4E 2 00 etz gl =, AR HIBLE] id

i FGFR1c-MAPK il B s 28 eAr i, HAEN 2
M5 PD 5 M &Y, FGFR 4 #iT 7 n &
6-OHDA i 1)1 Kz B AR, $75 FGF20 i i iiAF
MRBT Ast 553 AT M 2200 Y FGFR1, 384 &
FEORPER 0 BRAEM S S BaRLAh i RS
W58 32 R FGF2 5 PD N HIR R G . 5% R
PD % Ifil 7% FGF2 . BDNF [%(%, H.5 MoCA ¥4y
SEIEAHSE, 1M miR-497-5p FF i I 5 MoCA P43
AR ™ S5 —TE R B I FGF22. CXCL16
K5 PD B E AR B UIAE G, IS T
U b2 Wy PD JRE SR A R AN RIS 2L KA,
FGFs {55 7] F TR0 i 4 8 1 2 v s Xk 7
2, NI N Z2 BE T 20 e I A v i 22 L i i
(ventral midbrain dopaminergic, VM DA) #H 4 fifd
R 1) A2 . BB WESE W], FGF17/FGF18 Al 5
T VM DA G R FFAE, A FGF17 73R 73 S f b il
YIds T AT R GG TR, SR
T 28 3 Ak 5 At B 2 AR 25 U0 1k b B A N v
J3 97 H I XU /¢ (governor vessel 16,
GV16) . K¢ (liver meridian 3, LR3) & =
HL9C (stomach meridian 36, ST36) &,y i DL 2%
fit PD /BB B b, A T, fRY DA
TG, X AT RS HIE B AT AR A A=
(basic fibroblast growth factor, bFGF) /GSK-3p il
FEIVEHIA G %,

LA UEYE . FGF {557 PD i BE AT R i
P 2878 3% 3R 5 ATl B EOE R 2E DA BB £ 04
£, WATRRTE — & &M S 5005 Ttk 5
AHOCIE R, PRI E A ML BIFEE 1] T R R Y 2
WAl . AN [F FGF B fE M &R 40 5 A 2 Y
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VEF 52 B — 52 4 T4FAE : FGFI/FGF2 1 £ 5 #fi 4
B LFE . A5 RA KR E M E, FGF2
TERR e il 500 J5 i 28 A S TR SR B YA
K, FGF20 W] 7Rt 22 M BRI 22 434k 5 47305 i A
XPERENE . (BRI A, FGFs G5 AH M5
TEPRBAY | 25 SR . T I g K45 mHe
br 22 A, BRI T X g 0 e S 5 32 1A A e
PEPER IS BTN . 52 T ARG LA SS R 5 32 (R0
RURFEL, e R RIRA R s g — H AT Lt
ML RAVEHT, T 5 2 B2 By Ui G H
AR PRIRVER, ORI RHESE,
FGF G AH DI 1 1 SR s e L e AE 0% S5 0 1k U7 58
PEACFR R, AR AR 2

1.4 FGFs5PDH LR R 3 K a—synFE &

PD At 2P, H M- B§{& (autophagy-
lysosome pathway, ALP) IORESZH . ER N iGH i
PG A Pr & HE A (unfolded protein response,
UPR) 55 504007 0 55 240 B 1 it [ e 6L 2 1 B
A, HIS5 a-syn & S 8 BT TE BROT IO H 7
O . T A 2 G B 6 Y [V 1L N84 1 =
A TTERPIR B Lo
1.4.1 ERMWI. AMESa-synZRERMAHEAEH

IR, ER N5 ALP PRl 4E+5 8 A Bk
A, HIEE K fif )& PD DA # & oo 5 15 ¥ 0 175
oUPD B 2R T DA R 4R T HP I AR AH 6
a-syn 1 E B, PR TS BRERG 2 55000 &
A el R ARG o-syn 1] 15 & ER WO G
UPR, H: 282 1 30l R BE N i N 34 B (protein
kinase R-like endoplasmic reticulum kinase, PERK) .
WUEE LTS/ 1 (inositol-requiring enzyme 1, IRE1) |
TG L FE S 6 (activating transcription factor 6,
ATF6) {538 B 8 i & S A 4
FRE2 e UPRACEEAS BT, ATEG 2 98 - s s,
AL ICIRTT 11 a-syn 7E Ser129 v A5 AU BERR Tk
HHREM M N UPR G EIAEFRE, R
PR SCHE N TEIERRIZ I, 2 R-EAEHAR
4t (ubiquitin-proteasome system, UPS) =% [# i
AL E a-syn, T ALP 51 57 40 BN 1 3R A 4
o-syn 71 fuf 34 B, %% 5% A EB (transcription
factor EB, TFEB) 410 FI WE-V3 MR e A P it
AR, [EAERER 2, PDEE BT DAMZLTT
HiA% N TFEB {5 5 W& AI%,  HL7E pSer129 a-syn FH 4

MO 2, PRBESEEEDI KA T, &7 TFEB-
ALPFhTESR PRI & A= D Re 2 50T AT e T 1
WrfE 1 R, U LRI ZE % ER B &
715 AE MPTP A G R il i35 PD AR Y, Il
&5 a-Syn 7 Ser129 {3 FBERR AL K- 1

UTAER, FGFs ZERTESE A ER N, B4 [ W
55 REAR a-syn B 1 77 T 1Y 22 A FH 3209k 48 O .
aFGF I bFGF 7E 21> PD 5 A rh R g s b 35 iy phi 8
R4V . aFGF i i3 3#7% PI3K/AKT Al ERK1/2 {5
S, FEICEAR TS 78 (78 kDa glucose-
regulated protein, GRP78) . C/EBP [FJE#&E 1 (C/
EBP homologous protein, CHOP) . Caspase-12 %5
ER N SO S R 7K 080 a-syn T0ER, - MATITHE 5
TH ¥ DA M & IC A G SIhRE, BGBAT 3k
Y1 bFGF 740 i A sl ) 52 56 vh R RE I PISKY
AKT Il BEPE, KESTHTAER], Hph& ki1
FH TRz A e A A 500 20 B, g — 2D Bk
HIO R E ", A, PI3K/AKT #i vl B iR
A I I A 08 T 2K 1 Bax, 5 B 41 9k LR 2
(B-cell lymphoma 2, Bel-2) ik, M)l 41 g
P11, FGF8b % B i 2% it ER L7 #4119 AE
12 3% T Caspase-12. GRP78. Bax %5 N i M I/ T-
K, JF_F A B 4 bk £ x1 (B-cell lymphoma-
extra large, Bel-xl) ik, 3450 4 fg bt M - 6k
J3 M FGF21 AR —F 43R, ml o s
LRATIRE . 2l ER L. I 28 58 0E M 4E+F
DAMZ LA, HRBZHMALE RN T4
(activating transcription factor 4, ATF4) JH¥5, J&
HAE A WERERFTS % A9 ER RSP s e oF
5t W], FGF217E MPTP if5 3 1) PD A5 A v i g 2
R a-syn LA Z2 U ERERI 200 2k o AL I,
FGF21 %% BBB J 45 & FGFR1, #if SIRT1 {5 %
W, It EIHPGC-la ik, sELkiiks)
J1% KM . [RIEE, FGF21 38 i 4% AMPK-mTOR
HIEE FERE M, $2TF LC3-11 5 Beclin-1 K7, I
[k Bax 5 Caspase-3 ik, M0 T,
AN, FGF21 b fie E /1N 5 40 it iy M i) M2 78
ek, IR SAE R, PR R, FGF21
30 a-syn 1B BRAKH T SIRT1 AHSC A W5, I
H1SIRT1 25 LC3 2 LBEALIS B IF 1 8 A Wi & 5
PLHI b, SIRTIAE N NAD i 2 L Mt AL B, nlfE
#ELC3 55 A WA SCHE i £ S Bk S IR B A e,
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Table 2 Summary of evidence for FGF signaling in the regulation of neuroprotection and regeneration in
Parkinson’s disease—related models
x2 PDIEXEEHFGFE S 5MARP/BERENHARIERLCE

PRI R AL PR PE S T AR AL AN 7 50 PR AR AR R SCHR

6-OHDA K/ ASND 1 4% M aFGF 5 TH mRNA [ — FEIRFGF1 5 DAMZ TR AL RE S AFITAT R, [69]
PR TR > FHBEDARNEZ TCSZ 40 T

AESN: E# 5PD (J'48)  PD & # FbFGF £k T i, — P& /R1EPDIRA T, FGFRIMIRIE KW LE [70]
B 5% A7 SN A 22 56 1)) £ B FGFZ5 & fig IR IR T
FGFR 1 585 5 i A

MPTP/NER CBF-SURMAGE  MPTPHI LA (Hlesion- 40 R & # 7E aFGF  SURATHIE L SDOPACIKT-THm, MDA [71]

jiZ3) only =X 2 HLED (FGF1) B{MDF (5d) = LRFZM; TH/DALEDOPAC/DALLEF

6-OHDAK iR (B )i -804
Biif9)

MPTP/NER (R -80HR 458
Py AR SEENED

6-OHDA S 5 1 2 5 -8UK
@ AR (FGF2 8 /i
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Fig.2 Key mechanisms by which FGFs regulate cellular stress and a—syn aggregation in Parkinson’s disease
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Abstract Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by the selective
loss of dopaminergic neurons in the substantia nigra pars compacta and the pathological accumulation of
a-synuclein. Although extensive progress has been made in elucidating its pathogenesis, current therapeutic
approaches remain largely symptomatic, and effective disease-modifying treatments are still unavailable.
Increasing evidence indicates that PD is driven by the interaction of multiple pathological processes, including
neuroinflammation, iron homeostasis dysregulation and ferroptosis, endoplasmic reticulum (ER) stress,
mitochondrial dysfunction, oxidative stress, and impaired protein homeostasis, which together contribute to
neuronal vulnerability and degeneration. Fibroblast growth factors (FGFs) comprise a family of 22 ligands that
play important roles in neural development, stress responses, metabolic regulation, and the maintenance of
nervous system homeostasis. Recent studies have shown that several FGF family members, such as FGF1, FGF2,
FGF9, and FGF21, exert neuroprotective effects in cellular and animal models of PD. These effects include the
regulation of inflammatory responses, oxidative stress, iron homeostasis, cellular stress adaptation, and neuronal
survival. Compared with therapeutic strategies targeting a single pathogenic pathway, FGFs appear to influence
multiple disease-related processes, suggesting their potential relevance to the complex pathophysiology of PD.
Experimental evidence indicates that altered FGF signaling may contribute to dopaminergic neuron dysfunction
through the coordinated regulation of several interconnected mechanisms. FGFs have been reported to modulate
neuroinflammation by affecting the activation of microglia and astrocytes, thereby influencing the inflammatory
environment in the central nervous system. In addition, FGFs are involved in the regulation of iron homeostasis
and ferroptosis, partly through antioxidant signaling pathways associated with NRF2, SLC7A11, and GPX4.
Moreover, FGFs can alleviate ER stress and mitochondrial dysfunction by activating intracellular signaling
pathways such as PI3K/AKT, AMPK-PGC-1a, as well as SIRT1-dependent programs, which support cellular
energy metabolism and redox balance. Recent advances in single-cell and spatial transcriptomic studies further
suggest that FGF signaling is not limited to neuron-intrinsic mechanisms but also involves interactions among
different glial cell types. Altered FGF ligand-receptor communication between astrocytes and oligodendrocytes
has been observed in PD models and is associated with increased susceptibility of dopaminergic neurons to
oxidative stress and ferroptosis. These findings indicate that the biological effects of FGFs are influenced by cell
type and disease stage and may vary under different pathological conditions. In this review, we summarize recent
progress in understanding the roles of FGF family members in PD, with a focus on their involvement in iron
homeostasis dysregulation and ferroptosis, neuroinflammation, cellular stress responses, and neuronal protection
and regeneration. By integrating current evidence, this review aims to provide a clearer understanding of how
FGFs participate in PD pathogenesis and to offer a theoretical basis for future studies exploring their potential

value in disease-modifying therapeutic strategies.

Key words fibroblast growth factors (FGFs), Parkinson’s disease (PD), ferroptosis, neuroinflammation,
neurodegenerative diseases
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