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I 2 ATR @B AEE wEL”
LARIKFF#BE R RRIARA . Y 250102)

E AN (Parkinson’ s disease, PD) Je—FP LR EUR AL LIEAEMZIT (dopaminergic neurons, DA neurons) i
TR a2z (a-synuclein, a-syn) 575 SEEEMERE MM 2RI T, HOR BRI th 2 RORE | BRAR AR Ay
S58IET (ferroptosis) . PN (endoplasmic reticulum, ER) [ . £kl aE fefis K S8 A W 15 55 22 Fh L il AR B R I 0K
). AT QA H T (fibroblast growth factors, FGFs) FKH 22 M4k, FEMAERGEA T SaAgRrh A FEEE
TAEVER . AR R, FGF {55 A vl 38 52 (A A IR 55 PR 28 RAE S . AR S ek Bi i . P9I 5 A i 38 55 ¢
SRPELE S, HISS T N I RS R T, AR 2 L RR M 2T I RE AT S 40T . FGFs M IR R0 HAT i 25 i 4n i
FAF PRI B ARl v, AR IR R R T —ph 28 R B, MR M 200 B P W) AR ARAE . E4F2K, FGFs7E
PD 1 & #E 2 80 S 0 S R B T 52 B0 0GR, (HAESCIER S0 B TS RR BEER T, Mz RGNS . ARG AT AR
FGF ZJi% i 5L #E PD Hh il e S R 4000 T . P S0E . AR L S b 2 A 5 AR S T ST R, b LA

BLE S AR IR, DU B ] FGFs ) 2240 i PR 1 [ 46 B OHAE PD RS T R AL R I PR L EE 2%

ES a0

FESES Q5 DOI: 10.3724/j.pibb.2025.0571

WA 4= %% (Parkinson’ s disease, PD) J&4k
BT R T R 22 0 5 DL g R e 2 AR A T R R
i, Bk AR C L 1177 7, JFREE A Z
BAbFrs: BT IGIR L, PD AR IR, L
SRE . BEREMEFARRFB IR, HE
BEREARFEDT . R SOAFIRE AR ShEAR, ™
SO ARV R . A 20 22 T B AT R A A3
AR, B TR A SBH L B e s SriR A TR
IGIT 5 iE P PD I RIRHLHIE 2, M4 980T
BRI ELSEHEE T o RMEZEEA (a
-synuclein, a-syn) R4 “ 55K (endoplasmic
VAR G N A /= W
(dopaminergic neurons, DA neurons) #1534 £ 1>
KHREL AR, BEv 4 A, NaT7ER
S SO L AR EORN A G 25 L A5 R 1 A BRI
USRI, S AR /NI BT 240 AR A BT 1 S5 4t
(astrocyte, Ast) R A K AT i {1 F kA
W, IR ISR AR TR NS, IR
SRR B S AT E AR AR R 2 TT e T, A

reticulum, ER)

IREF AR AN, BAEARI, BRAETS, $PZRIE, MhZBATthpon
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MRS ERSE T A AR Fnadt e o0 [RIRY, a-syn 57
WERES ER NI, M-V T A P 52 00 A B 2ok
IRTRERRRT Z [ A FLOCHR , LRI BOR AN BRI g
AL T B, T PD Y OGS AL
I FHEA PR EME R, DR YR
(R R TT T

AT 2 i AR K T R (fibroblast growth
factors, FGFs) A& 22 i1, TEMAE RS K
A/ AR, JhoE K A LUEE RS
RAEFEEMN, HPFGF1, FGF2, FGF21%4:%4
FGF Z % 1L 53 7E PD 4 it e sh s B v 6 30 3 B
IR E], AMUREE B ST R /D
AR IRE 2 CRRE M & oc R, AT LALR] i
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FRBAE 25 PDAHSC A B A 1 ksl i
$&75, FGFs 1t PD H BN IR R T 50—
A, TR RRIE M R 20l ]
VERIBOIRE 2%, SEMRBR Y A S kR 1

HLRNT, B4 25 FGF2 8 1 5 48 = A
Bk R, MR e B EZEK (6
hydroxydopamine hydrobromide, 6-OHDA) i &
R BT 2 B i O F RO 5t DA #2890 ;. FGF21
TE1-F 40851, 2, 3, 6-DUSEMEIE (1-methyl-
4-phenyl-1, 2, 3, 6-tetrahydropyridine, MPTP)
53 PD /)N B P ad o S0 AT Ak 2 AR A ] 32
R 1-DUERE BT 7 1 Bl (fibroblast growth
factor receptor 1-sirtuin 1, FGFR1-SIRT1), JFf{fpifi
AMP JE L F R (AMP-activated protein kinase,
AMPK) -ieb S8 A0 W) i 1A 1 B8 0 00 A2 A y RO
¥ la (peroxisome proliferator-activated receptor
gamma coactivator-la,, PGC-la) {55 i, 3%
LRI TIRE L W AL I O R 28 R RE
N TEICERRN B, ASHIBARTIIZE G PD /)N B A
P B2 A 5 25 T e SR 2 i R B, DR
JRZH (oligodendrocyte, OL) 5 Ast 2 [a] %) FGF
ME PR32 B TR E 0855, ) J2 9 & FGF1/FGF9
L2 R FGFR1/2/3 W5 Sl 2L bPEiZ
JERERRZoenyl . BRAET R, DL R A% A
T E2 FHOR A 2 R AR AR S 7 bt 11 /45 I H Ak
i H AL W 4 (nuclear factor erythroid 2-related
factor 2/solute carrier family 7 member 11/glutathione
peroxidase 4, NRF2/SLC7A11/GPX4) Hisfb-Hisk
FET B EAh R O 1, B2 FGF {7 5 P 48 2% i m]
eI e B AR EAE R R, 25 2
ARRAEEEOR, (H F 3R ICI 1 AN RE BT 9 2R
KFR, AN A2 AR e T TS I P e

YT AT 2 R AT 8 B s A
FGF R 57, it ke = B (AL 13 4 FGFs 2240 i 42
W28 A R G, 7R SCORE 58 FGFs 7R 28 RAE
R . BRIET LA S ORAP 5 AR S OGRS
HER], LG A B RE, P AN W] FGF 1
RITEZ RGO B e rp A R 5 22 5, 4 b v o i
PRI LA, IR HAE B i i+ Fide
ST TESME

1 FGFs7EPDHH) % 30 5 1€ AL H)

1.1 FGFs5PDHEFaARENHKIET
R KA S5 AT WA N PD H 2R T DA #

ZITIRAR W B H LA — 17 Bk
AR BT ok AR Ak B, AR R R B A I MR A
(reactive oxygen species, ROS) #FI N — [
(malondialdehyde, MDA) , M 11 Jn & 40 A 6
Prts s Hob, B2 RIS H ¥ 4 (nuclear
receptor coactivator 4, NCOA4) /- FEEH H
WE R ek H B 8% (ferritin heavy chain 1, FTHI)
IR T AR ATFER R AN RO 2k %
TR R RS T, ] S B PN AR SRR R
A SRR T ARG S

WA MFRSER, FGF IR/ 51 A] REi i 1
SEPT A B B R M A S A DG B, BRIk 2
R F R S A S i bE . Hrh FGF211E
Ry P AR LT A, AT R 2T 3R
¥ 1 (heme oxygenase-1, HO-1) iz RALFFR
JEWHOE NRF2 (5530 1, 2 gat 285 | B2 0% 20 M 46
i, NRF2 5 FGF21 /KRR s B B AN I E B AR A
PRI T P A PET . FGF21 il i 15 Bk
W EFE R RELS G0 i i, N 4ERF 2
JHL N R ST G i R BT | R W A A
UEAh, FGF21 iR it SIRT1{G kA i [ i 5Pk
SN I8 o-syn A, DT ) 22 Boe AR 28 T4t 19 XL
& 22 MR A e R A K (acidic fibroblast
growth factor, aFGF) X FRECEF4E A K K+ 1
(fibroblast growth factor 1, FGF1) 7EPDH HAHE
BFRSRATEH . Zhong %5 2 KB, FGF1i@id
A ER B 3851 B 11 Tribbles B BT 3 (tribbles
pseudokinase 3, TRB3) i, JH717 BlA%EE VLM
P ¥ H (mechanistic target of rapamycin,
mTOR) /f% B 1K & I 1 (sequestosome 1,
SQSTM1, p62) IEE&IFHE AW, MIMNGEE DA #f
2 U iz 2 Uy e B AR . B Ah, WA R H
(ADP-#% Ml AL R F#E 6 M BAE I8 4 5 (ADP-
ribosylation factor-like 6 interacting protein 5,
ARLGIPS) ) i 5 NCOA4 &5 &Ml Bk 2 11 F i,
U /DU S R ORI G ) 484k, % PD B AY b i
P TIRAR 2 S, 2R 2R A ] P
NCOA4 /T HYEREE 1 F W, Z2 i/ LR BT DA i
ZITHIERAET

JCHABARE M E, AR BT BI5E T PD /MR
P A% DU 5 S ()5 Sy 4 s, Ast FlOL il
i FGF {5 51 %2 5 PD BB T 4% . BRI
&, PDIEAEE D FGF {5 ‘Sl sl A, fHFE Ca>
235 FHE B NRF2/SLCTA11/GPXA i 48 Ak Ik 55
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N T AL TTRTRIE T ) Fy i VL A, FGFI
TE OL iy 9 m g 1 18 15 Ast 55 OL [B] a3 i1, |
S JRAE I N M RER AR AS HE I R AE T e,
45 5%y [ B FGF {5 5 skl 55 AT 28 b Jie o B A 52 i
JERS AL S YA T Syl . #2522 Rt
Zoei it TR RIS ML SR AR .
WIBFFE EUESE FGF1 al DU IP i 2 BE 40 (SH-
SYSY) it 3% p53 (—FhERIET-HYSCHEIEN)
W PEAIAET >, T — b 4b 58 T FGF1
B U B AR E AL, BT, Nogo-B
Z 4K (Nogo-B receptor, NgBR) #l2kZ#6i 2R £
k% % 1 7 (lysine acetyltransferase 7, KAT7) /i
PEFF X1 (regulatory factor X1, RFX1) & g4
B FGF1 ¥ ¢, 5 38k IR B WL B 3- 3 i
(phosphatidylinositol 3-kinase, PI3K) /& FH ¥4 B
(protein kinase B, AKT) {55 K& F#f 2 ocibhif,
HMIEVE FGF1 AP IR MK AKT 16 PRI R i 40
1 2, 475 FGF1 A] BEXTERAR DG 2 oot i HA H
BLLEYE 1. 1AL, FGF9 7R Al i 3 st e A AL By
BT 15 PD AHSCERSET, FGF9 I HO-1 il y-
R E IR G W (y-glutamyleysteine ligase,
GCL) ik, WiE 40 M Ah 15 5 4 9 30 172
(extracellular signal-regulated kinase 1/2, ERK1/2)
I AKT 38 %, Jf i cAMP [ oo R 45 & A
(cAMP response element-binding protein, CREB)
5 NRF2 /S PLE L BE R e 5%, 8% MPTP 15 &
[ DA M2 TR AL I AR A 27

A REPD AR SRAM HERICT . Bl X
NCOA4 /™SI BRAE T A WY 14 B gk %, e dkg
Joz ik A A T ik 2 BRIE TS . B IR $2 7K FGF1 .
FGF9. FGF21 figiti i AERpEkAa 48 5 90 NRF2 A G
PUAABTRIE T, FRACER L 205 5 1Y i Bt
AAL S it , PLHRINEZRINE 1 Fs s [
WF5E 78 FGF il #6275 15 NRF2/SLC7A11/GPX4 4t
SEALBTERIRGIAHSG , s HAEHI AT e A I o 40 i
(A IR A R, AR R T Z o N TE
Bl SVATT S, FGF Xf PD AL T Y52 0 5 A] B
SRS ) 2GRN, (B BRI 2
kBB SHE RV, WA E FGF K iEH
R R i 2 5 PD RIE TR, ARk gs &
IR R s AR S IN P T T BL, 7EPDAR
T B0 O B I AR - 37 A B b AR
A, DUBIOAORS HE T U e SR 7 1 F G AL E 4 it
S/

1.2 FGFs 5 PD #Z % fE

P2 JAE S PD AR BRI 22—, HARAE
Ay H X A 25 22 G0 PN /DN S A0 LRI Ast 114 S RS
LA K e YRFE A F o (tumor necrosis factor alpha,
TNF-0) F1H 4% -1B (interleukin-1 beta, IL-1B)
AR R AN T3 BE R . SR RELE I S E R
AMUBEEAR P TT, SR E AR B, BRI
i B B, FEAE O a-syn (19 R S1E 8, T8 0B
PEER 28207,
1.2.1  FGFs5/NRFALZIEIE TS5 5 SAE A5

FEPD H, /NS AN S Ast A2 HPARK PSR g
S B OB AL, PR 58 o-syn fill &2 5
RIEHERTOR s[RI Ast 78 1MLk 5 e S S ot
TR EATCEER, AR S — D InE R
1150, PDHRE BN . IR iz 24 2 B s A A
HRAX 5 AME RAER N, X5 a-syn ik B 2 o0iR
TR VIR 5 B2 /N 5 40 it 5 3 1 2 —
SrFAY, R R RS S 7E PD AR
WO oWE h, TNF-a. IL-1B. IL-6. y T4 &
(interferon gamma, IFN-y) KZFhiEatbE -+ A,
] BEHI 59 X 55 a-syn BOA ROE FR, IRl R E
PRI 5 2 il A S A I el 220R AT Y, FEITS
SN, FGF {55 nl a8 1 e Jo 20 M 7% fb & 442 fa i
JH¥EAEH : FGF2 Al R IL-1B. IL-6, TNF-a3f L
JAIL-10, [A]AHPRE #2010 R 1 C-X3-C L P I
& 1 (chemokine C-X3-C motif ligand 1, CX3CL1)
FER USSR /MR B AN A AR S T 2 B[Rl
FGF2/FGFR {55 1] 638 o {1 2 152 Joi 40 fifd 7= 1 TL-4
2 ERK #1250 CD200, L4 CD200 445 7 2410
il /N T A RN SR AE A BRI 25

Z it 55 %W FGF {55 5 PD % #ii DA #l £ 0C
HIEEEMEAE TG A . Murase % 7 JIEW] FGF20 1E 1A
Hh KA R b a] {2 i 5 1 DA S TTAE TG I 5
ZH R, 1E 6-OHDA K BRI A, Hidifn 2K
JKE 5 FGF2 - 11 DA #1480 FGF2 TR, JRfEEE
gL B EARIBR P M2 FGF2/FGFR2 &
MBS AR IR T HERE , $278 FGF2-FGFR2 il 2
BS540 )5 BT R N A B ARSI S A R
kiR, FGF10 38 i3 FGFR2/PI3K-AKT il #% [l
F«B (nuclear factor kappa B, NF-xB) AHJCRIE
ik e 1 Fsf #4265 7C FGF 10 38005 PIBK/AKT I 8 4 4
F 2 Chen 55 O 75 A B 51 45 B AL rf i 52
FGF10 [ #1280 J /N S/ B e 4 i e [l 7=,
ANEANFE T P0G 1480 FGFR2/PI3K/AKT H-4 i /)N
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Fig. 1 FGF-FGFR signaling regulates Parkinson’s disease—related ferroptosis and apoptosis via the NRF2/GSH/GPX4
antioxidant axis
Ell FGF-FGFR{5ZS1&dNRF2/GSH/GPX4Hi M HiBEPDIEX KA TS5 AT
MPP kA ZEHL S ROSTH , EBEIREL A Mk (PLOOH) Jffih & #RFET; [AIIG R DNASM T i p53 /-2 1. FGF{H ST ERK/

PI3K-AKTIFEENRE2EE SRR, FIRISLCTALL, y-GCSe. HO-1, 4EFFGSH/GPX43fiE,

TSR B A S BRIE T —fdE; .

ERK: ZfIAME S VA3 (extracellular signal-regulated kinase); PI3K: @iJEEEILEL3 A (phosphatidylinositol 3-kinase) ; AKT: i
fitiB (protein kinase B); NRF2: #[K-FE2#{J:HF2 (nuclear factor erythroid 2-related factor 2); Keapl: Kelch#EECHAH S 11 (Kelch-
like ECH-associated protein 1) ; SLC7A11/xCT: P& IR/ Z IR H 552483, (solute carrier family 7 member 11); y-GCS: y-ZA% Bt
Bz A i (y-glutamyleysteine synthetase) ; HO-1: Il £ Z /%1 (heme oxygenase-1); GSH: ifSJERIZMEHBL (glutathione); GSSG:
AR A EH K (glutathione disulfide) ; GPX4: 4Bk H KL Z AL P14 (glutathione peroxidase 4) ; ROS: iM% 2% (reactive oxygen
species) ; UPS: 72 % -7K [ /i /& &2 4t (ubiquitin-proteasome system) ; PUFA-PL: £ A 4fl Fil JJ§ JI R i iF  (polyunsaturated fatty acid
phospholipids) ; PLOOH: BifE&id % L4 (phospholipid hydroperoxide); MDA: N . (malondialdehyde); 4-HNE: 4-3 3T I&EE (4-
hydroxynonenal) ; FTHI/FTL: #k%E [ #5%/4648% (ferritin heavy chain/light chain) ; NCOA4: k% [ H 321K (nuclear receptor coactivator
4); DMTIl: M4 J@f%i2{Kk1 (divalent metal transporter 1); STEAP3: /NESHHE b #1J3 (six-transmembrane epithelial antigen of prostate

3)

Jisg Jot/ W 441 i Toll £ 22 4K 4 (Toll-like receptor 4,
TLR4) /NF-xBifi i, B4V E . 7EPD
BRI, Ah i FGF20 7 3 i FGFR1/3/4 1 /b 6-
OHDA 53 (1) DA # 2 T K I i 3818 sh ki .
UT I T £ W], FGF21 Ml I 4 5 5K K 4% He il 2
(angiotensin-converting enzyme 2, ACE2) Z [
PRI F BT B A FGF2 1/ACE2 {5 5@ %, HLA
TER DR U AR A Ty T i = AR
HH, 2 BCH PDIRYT IR AL s

LA, FGF 1 PD S0 P45 v (AR5 38k 45
W OB IEIT R B Z R PD/NRB R 20T
FGF13 /KRG 2315 Az A BRI Rk, 6T
/NI AR AN Ast, TR E Rl 28R AT AR, T
Hod R % PD FESR FE R AL ) 7 MPTP Ab B
F/NER, Ast W Fgf7 K H 32 1 Fafe2 1 i 2% 0 %
T MPTP i 3 (9 20 2V DA # 22 JeiBfk ', 7
MPTP/MPP + & % w1 | 4} FGF21 # 1% AMPK/
PGC-lo 2 LORLR T RE,, 01 /N it 55 B T8 g ot
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TEATEREARAEAE A, IR 3 BB BT DA #4001
o3z B REAG 0, 7E MPTP /N R /NI i -0 28 5T
LB IR ZR T, FGF21 i3 SIRT 1 NF-kB p65
R I B R/ T RAE R T, PR AIC INOS 45 5 4E
bR 7, Ah, MPTP R] T I8 ik 5 A 2208 R
¥ (brain-derived neurotrophic factor, BDNF) .
FGF2 J A5G TrkB/AKT 553 L TNF-o.. IL-1B.
IL-6 J 3z /K #H B /E H 8 A B 1 (receptor-
interacting protein kinase 1, RIP1) #IE(5%5, MA
fflJ& (Coeloglossum viride var. Bracteatum) HEHUY)
A Pk &2 BDNF/FGF2-TrkB/AKT #1285 5% 38 [ 15 1
JEm i RIPT 5462 7 B, 8/ DA fh 2 oc i
T T 2

SRS, FGF % T i a2 B
JiE J &% NF-xB. TLR4, RIP1 % & i i % 2 5 PD
P RAE 5 2 CREREIRY, (F AN IS AR R A
I g vk Jg . s 5EBE (blood brain barrier,
BBB) Ihfigeh s Z [a] (%) B OC AT A5 3 — 2D BRIk
1.2.2  OLSHf#EA AL

OL "X pfi 28 RGLHEE L By E 240, /2
PD H: TRES T IO ERIRI TR A o A )
SUIRR Z 412453 BT 2R, PD AH G/ 2 4 fE AN
PEBERERS SE B NI, B RN E RS A BT
TP (M AR S /M ik ss) . 7tk
T, FGR{F SR IN RS 50583 R RS W
P SRR AR . ARG R R, FGF21ER
S MR 2257 T, HHOWEE BIHESh /Do I 2
M AT (oligodendrocyte precursor cell, OPC)
P19 I 48 22 o ) B OL 74k, AT 7E J 103 PN 2 1L
“hy A R OC B SRR T 5 A OL AR i W K 1
B B0, FEARIN, FGF2 W] £ ] 84 OL YRR AL,
A AL S R LR 20k | 248 FGFR 22 1A%
RUFF-BHAS OL AL R 434k, [R] B8 2 52 e i 5 AH G
B i iz R IR Y AR R R P A Y
FGF2 il 56 75 #8431 4 18 52 A A vhm] {2 i3 OL 1
AJERESR A BB Y S —T7 I, FGF-FGFR2 {5
5 3 B TA SR T A A /G R L R
FGFR2 {83 3458 ERK 1/2-MAPK Jf- b ) 25 1185 2%
MLAR MEHE 85 2 & % 1 (mechanistic target of
rapamycin complex 1, mTORC1) i# %, [ i#HE4H
V¥ T (myelin regulatory factor, Myrf) 25
BRI SEREHE 2R K S 1% ; FGFR2 6t
% S BURE SE RURN ERKL/2 15 P N R, 1 ERK1/2
G ] 3 3000 . FGFR2 {5 5i8 5 mTORC1 i

B IH (¥ & p-mTOR. p-Raptor. p-S6RP %5 43
T, BN AKT, H) [R5 45 8 )5 B
AR A, FGF2 275 7E PD HYRRESE LR BL L
OPC >hy 3= B M A I 1 W A i B, B it
Z HPAIEE, JRSEA5 G PD BRI U 5
OPC it e iz I LASRIE .
1.2.3  FGFs5 I RAE-24 Ay T TERBIBE A I 12

TEPD AR, B MR fefe i 0L 5 i M 4i i
I PRI RIEM EARHE . JORE RN H 55 4 2 R
S AR PEsh 2 Ml mn RO S s e BT AR OG5 R
SME, SIS R AR I N S A R R
FEEE Y 24 Ay A ff M — LIRSl /N e B 40 L 5 Asst
AL, AR R PAFREG A, DT Ak J6 5T DA #fi22
Juibifi B B, AR FGFs A SCUEYE & T
[Rl—#ILi B S oI AR, S e R B RENE [
SR GORE W5 24 EE I JCRRTT , AYRSS
FHE BRI R . fEiX —#RIET = F, A UE
P o o ME A 4E A K I F (basic fibroblast
growth factor, bFGF, JRFK fibroblast growth factor
2, FGF2) X2 [ e RE #2870 5 0 1 o (1) VB FH AR XS
— . 7E SH-SYS5Y 4 g J2 J5 4K DA M & ot
FGF2 1] [ i35 ERK1/2 5 PI3K/AKT i ¢, {T—
A2 2 BH X4 1) 55 HAR VB s bFGF 38 1] LIS
BadSer1 12 7 2R 1k, 715 IGF-1. BDNFIKG B
[ 3% AKT FIERK, MITTHE R #8076 5 7
AN, FGF2 fig 34 IR e A1 ik DA #2850 i) &
BAIIRE, M HAE PD o A 0O 4 VR 46 Ak 2
fitlh 00 AHER T XTI 2T AR PR3N, FGF2
XA 28 9T W, IR 45 S AT REAZ AR MO S |
FT MR B B A I R e . (HAS 2, PDYR
PR bl 28 R 5 A8 2R % Ay mE M T 2R BT 4
TE AR AR I AR [T % . Ast 7RHH 2 2R
PrETSAERIIRE, RIE(S S SOTHES /NG T4 A
B EIRIMEF BRI T, A AR REZ (K
WE St DR R A B A, ekl
L4 R i 228 TN 1 PR R Y o S 0 T st B
HEZLN, FGF2 BR EL4EAE HE 2 oTAE il ok, ik
FIE 8 o 4 G Jo s I 5 4 e R 3 TR Y T
FE-DSATEEMERRIR , (E1E 2000

AW R IR AL T WP AR . FGF2 fish #
Ast J57 RT3 1Y L 203 10 7E MPTP A n] ol 56 2 ks
P55 5 il SR 3 - S ol 2 PR I v, SRR 4
TR RAG ML AN MRS B 4 T 1 (neural cell
adhesion molecule 1, NCAMI1) “"'; [F W}, FGF2
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PINE I BT BTN 0P (0R 2 911 6 RE UL 2R LM ON
Yy, HIE %5 B4 7R Ras AHOCHE 1 Rab8b (Ras-
related protein Rab-8b, Rab8b) . Ras A & & H
Rab31 (Ras-related protein Rab-31, Rab31) & 4E
It 5 PDAHCEE FUEAE, SCHREH T RE S 41 i 7] i
TR B 0 2 36 A 1 FE SR T HUZ T, MPTP
B L FGR2 RS 5 W L s I WEFE (78, bFGF
BEAUH) SUNT1602 RJ T 3 ST AH S 18 1 - P AR 22 ol
PERHN T, $RRINE FGR2 M55 B —EM &
WO BAER SR G BT A0 M R RE AR R
FGF2 If ANBE HAEARIHIE 2 4E  (lipopolysaccharide,
LPS) WA 5 2B T, R
JE PEHA RN T B e AR A B AR s . R T
RV RS ZE A [ AR, AR FGF K
JEAEJAE W P L IFARF [ — 2L, FGF6. FGF10 Ail
FGF12 7] 5% IL-6 5 & fb K T C-X-C JE J5 il 14 8
(chemokine C-X-C motif ligand 8, CXCLS8) HJ %
ik, RUFLHAMR LR ), HPDERINEAUE
#i2 W] Ast FGF7-FGFR2 F 73 UM AT 9K 3l il 2848
JiEIFIEE MPTP 15 () DA #122GiRAE , AR 4 di
(ENER XS

IS, FGF21 BB TE#E— 2 4h 2 T FGF {5 %5
TE PD X 2% iy M B P A8 i Sz 07 1 3 55 ML o
Leng 45 ) & B 41 i FGF21 3 i 3 % AKT-1 &
ERK1/2 Jf 41 i ¥ J50 45 n i ¥ B 3B (glycogen
synthase kinase-3 beta, GSK-3B) Wffgfk, £ 4h
LI R BT EREEA SR T2, Fang
4t o) 3k — B 7E MPTP/MPP* 55 ) PD #6124

B, FGF21 &3k N SMIE FGF21 38 i 3G
AMPK/PGC- 1o i B B L RLAR T RE , DR /NI T
I Ast TG fb S RAE R F 3235, R4 J 0 DA #f
LI EZ S TRE . TEILEEAE I, Chen 4§ ) iff
—ES2, FGF21 b SIRTIL. & A W00 o
-syn A, [ FERE TNF-o, IL-1p 2542 %6 T T
K%, MM MPTP 5 S0 DA M8 eith o Fof
5% i — 25 B 1 FGF21 38 if FGFR1-SIRT1 & 75
AMPK/mTOR 1 PINK 1/Parkin #H 3¢ £k R {4 [ (%
5, Wi Caspase 3/Bax /-1 T, I8 A 417 il
NF-kB/NLR % 1 & pyrin %5 # 5 & 11 3 (NLR
family pyrin domain containing 3, NLRP3) 7k Al
PR /NS B 20 1) M2 IR AL, A R AE KT 1%
A

2k LT, FGF XF PD #1458 0 A IR 4% HAT 41
MRS S, IR SR RERES . A W2k R f
Wi . A 2R3 TR S SBE I A U AE R R A BOCIG . {H
EVEERY R, ANIE A FGE &Y AT 38 1o 38 7% 5 410 1
REE M58, AR R SO T R AR I AE
FEI TR SR R R RN B[R] — FGF W
R, FEASTRI 4 3 5 S5 B Bl mT AEE 1 S AN
] FGFR AU i 7= A AN — B S B R 4 4L (3%
1), X6 R0 57 5 FGFs/FGFRs & G0 M 4%
PR 2 RAE MR T R TP, R, etk i
AN TR 17 B IR AR R FGEs/FGFRs 1A 5] 55 FIOIR 2%
TGRS, T TF R R X 4 P 28 R e
S BORG METR YT R s B B L, HiAMh FGF A% i
£ PD SRAE Ve VR A R — 20 I

&1 PDHEXEEAFGFE S SMEREREMFIERCS

Table 1 Summary of evidence for FGF signaling in the regulation of neuroinflammation in Parkinson’ s disease—related

models
AL PR PE S T AR Ak AMIEVEF T 2 W Ji2 I A SCHk
6-OHDA (Kl ~ AstHFGF2T; DAWNFGF2 | BRI ICAERAGET : A
- kB S H 3
A ADX & J R — WEGF22 55 Ik . J0h [67]
SN¢/VTA) MRS (0X42) 1 5
6-OHDA 5 FGF2 mRNA/ZE [
6-OHDA+ADX B R -Ast-  ADX 2 BEEL IR 51475 ) Ast FGF2
N &U - BT ADX HIg9iZ L, W ADX: R FEEEAR ﬁiijﬁ% ! iR i;zz;g;zgffﬁi [38]
BI H) N X
- R B AT 88 40 T '
JRAXDA+FGFR1 ERK 55 PI3K/
” FGFR1c-FelfLI§i >TH+DAT#% FGF20: FGFRIc-Fes AKT 15 5 i %
“FcPEIT B PP TCIN A AEAE 5 R 37
:;ir)ﬂm AR b G PR T B ) PD98059/LY 29400256 11E CH 1) 770 AT BEL BT et PHISELRIEA S T 37]
U]

6-OHDA+#MNE  FGF207EGFAP+Asth ik,

FGF20 CKESN) DAZHf#IAFGFR]1/3/4 PD173074

AMEFGF20; FGFRANHIF

SR ERD
fH FGFR1/3/4  Ast FGF20 543 M54 DA; 1l [a1]
55 HIFGFR— 451155 in
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AT /4 Fof WRHE 7 T84k ANIE TR 20 A A Jidpiaiili ok | SCHk

AMPRIP G0 Al s 4 5 S T MDA
MPTP/MPP* (/N MPP'/MPTPH S i/ BT E 2 FGF2140 8 (R4 /8P (ZRkifkIhRE 54T | %);{ . o
M TTIE . THER | | [46]

Bl SH-SYSY%5) Jiigfh T #5ERT T HE (kD Atk ; NF-
o 17N
KB SRS 5 4]
MPTP+BV2/SH- , o Rk M1—>M2 (Argl/IL-10%%
N R R M1 fwiE T GNOS/ FGF21 F¥il; F EX527 $&iFf& SIRT1 #ifi—NF- ]
SYSYISE MR st WA T itk - 1, REET | —BRYDA.  [47]
-05F s LIRS iy K
+BV2) = ’ g
. s . . . . HINF-kB (#1£2 o
M B i T O VE B E 4 T R IEFGF10 T AMEFGF104524; J£H FGF10 o |l i F /N B S A AR R R R [39]
CRRMCAO)  #JEHT 1. Mz T AR e 3 B (TNF-a/IL-6% | )
PI3K/AKT
FGFR2-PI3K/
SCIL KA BEMR I TR FRIEFGFL0 T #MEFGFL0; LY294002; FG-  AKT (ZAE3E/1&  $/N B/ EWEAL S5 0 48 R 1 [40]
) #H2: JLFGFR2 1 FR2 siRNA ). M TLR4- B
NF-«xB
%4 BDNF-TrkB/
MPTP /& BDNF-TrkB 5 FGF2- L )
MPTP+CET-Hil . Coeloglossum viride HEH ) AKT. FGF2- PRES AL bR & TR — ik
AKT f Fi#; RIP1 RAE/ARIE e ..., [48]
CINESN/STR) o (CE) 4% AKT; I RIP1 3} %% DA #ZIcER. hET N
EPRER e
Ipng
6 44 A < 3L (MBP/PLP 45)
FRILOL (4 Bt \ ‘ ‘ ' & St
% KR OL ik FGFR1/2/3  4MJ5 FGF2 Hilli — TR AR R E LK g0 [51]
fit A B N 225y 3
YR (CSF# WG NTEN FGF2 (GRS WA /e RE 2240 PLP/MBP 2]
2y BERAE D PDGF-AA%) RO OBEETH/EE R

MHV-A59 % S (1)

A i I A A I & FGF2 it it 46 4 X 13
5 T 0 Y T O FGF2 e 2 AT {1 32k it i 44 1 3k T T T — y

cuprizone 5 5 If] 4§ OP/OL [M34E 5K, H4 FGF2 (-/-) N - 3]
A T B A R BRI i
B
Fofr2 cKO: #EHHA \%}: i /E
Fgfrl/Fgfr2 X gise o5 i ek
- L+ p-ERK |; mTORCI % Fgfi2Z6fFiiBk (X8 Fefrl ~ ERKI/2-MAPK; .,
AN RN ] HERERE | [54]
. H L. i Fefrl KO RERAH cKO) PI3K/AKT/mTOR
- EE]
6-OHDA K i (4L
— HMEFGF2 — R L [68]
1K) !
R P [
otenone AL Rotenonesb¥: DAMZICRT: .
SH-SY5Y 43 % o 4N BFGF (FGF2); #M#l7%)  ERKI1/2; PI3K/ )
o 1; bFGFALFE: TH #IZ Tl ) DAZIMIAFHE R 1 [57]
JRACH I DA U0126/LY294002 LiF AKT
o oo
2 e
A E RN T HENENES
LR ECPTECE 4MJE FGF2+IGF-1 + BDNF (41 _
i) PR et bR AT, Atk AKT. ERK Iy e 1 [58]
I O 3 e
AKX I T BE/DA bFGF AbFE: ChAT#ik T DA
4hJ5 bFGF (FGF2) — TR IEARRE 2 L RER & [59]
KT AMEFD FHEIGED T AN 1 " "
FGFR1-SIRTI;
MPTP/) &, MPTP: TH/, Ibal T, SIRTI {&}N: E¥Hk rAAV-FgR21id% AMPK/mTOR; B LML, SEIRK BE
(SN); BV2/ME | : claudin/ZO-1/occludin |, ik; &4k: BV2#E 4 FGF21 TLR4-NLRP3-NF- 1k | (GFAP | ); f£EtiBBBfE [12]
JR 41 HI+LPS GFAP T (BBB%Z#1) OE 8¢ shFgf21 (+LPS) «B; PINKI/Par- %

kin
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T 4 i P > AR Ak HMNEME T 5 s e R 4 M A SCik

THiE: TG L TH SIRT1 #1355 [ 1

MPTP-PD/]N iR+ FEHFGF21 (FFgk. k=2

GEZDTy ; a-syn Jpi H Wt o 3 ek

p— DAMIZ TTIRY T; a-syn %ﬁi@ 4y, AAV-FGF21 SR i 5 T o-syn; {24 | [22]
Ly BWE T $R SIRT1 K4t
Li* +VPAE A AL BRfd 22 7t

Bz ey U PARELRIIEL .

N ., FGF21 mRNA/EEH 23 T Jf SMNErFGF21; RfIFGF21/AKT N o

R (B, ) ) AKT-1/GSK-3 PSRt REAER [66]

L FBE AKT-13546 1« GSK-3411 381

J2/NMDA) it

MPP* i T 2 ¥ T 41 il 2 B0
kMR R A, Sox2 M Al FGF2 TiAbHE Ast; $2HY Ast 3K

Ast SR IE 1140 i 4 B2 T (EVs)
AR M3 6 B RS () iR R VR FGR2 B A SORIRIANIPALR (EVs
(

NIRRT HER, FEIRTE (61

BB (BE WA IC NCAMI F£IEFFL, IF (FGF2-EVs), XtH#iH CON-  NCAMI o ]
ol A i T
J2/NMDA) f Bl 2R R AR 5 98 fik B @ EVss MRAEITO0R E B E EX "/ Hﬁ; & %% i(mz
PR TCLR R 5 S AR SE T 1
(Mfn2. PSD-95. SYP) /K -F 4:45%4
TR
Ast {2 5 LR H5R, EREM &
MPTP/M; Ar-  Arrb2 BIEBRIESHF - in2-
MR Ar Amb2 AL Fl) LB, et srgs P2 % DA W LR
b2k K5 Asth S MITTIE SR FGF7/FGFR2 413K . RNF220-STAT 1 M. B FGE7/FGER? {3 2] [45]
Arrb2B 4 S PeFgfTH: 3 ’ "

ORI g L

AAV/IAAV : BRI 3K (adeno-associated virus vector) ; ADX: ' IR UIER (adrenalectomy) ; AKT: ZE[F1iH§ B (protein kinase
B); AMPK: AMP {GfLZE 4B (AMP-activated protein kinase); Argl: FEZ i 1 (arginase 1); Arrb2/B-arrestin2: B-#IIZE [ 2 (B-ar-
restin 2) ; Ast: FIERE 4NN (astrocyte) ; BBB: IfLfixi5fFi (blood-brain barrier) ; BDNF: Jixi JFPE#I1£4 5 ## K F (brain-derived neuro-
trophic factor); BV2: /NME/IMEFEANZ (mouse microglial cell line); C3: #MAJSr 3 (complement component 3); ChAT: JHFK ZFLi%H5
fif (choline acetyltransferase) ; claudin: X% %% [ claudin (claudin); CSF: i (cerebrospinal fluid); cuprizone: FRALER (cupri-
zone); cKO: Z5fFPEREEE (conditional knockout) ; DA: Z LG (dopamine); ERK: ZHJI4MES 141540 (extracellular signal-regulated
kinase); EVs: g~ (extracellular vesicles); EX527: SIRTI1 i3] (SIRTI inhibitor); FGF2: WZF4E4NIEA4 KT 2 (fibroblast
growth factor 2) ; FGF7: W4F4E4NL: K HF 7 (fibroblast growth factor 7); FGF10: JLZF4E40MiA:+ [FF 10 (fibroblast growth factor
10); FGF20: J4F4EZmifu4HF 20 (fibroblast growth factor 20); FGF21: AZF4EANMUA AT 21 (fibroblast growth factor 21); FG-
FR1/2/3/4: RCET4E4 M Az K 15214 1/2/3/4 (fibroblast growth factor receptor 1/2/3/4); GFAP: W4T 4R 11 (glial fibrillary acidic
protein) ; GSK-3: M#JFE G ALk HEF 3 (glycogen synthase kinase 3); Ibal: BF48545 416124 TF 1 (ionized calcium-binding adapter molecule
1); IGF-1: JEEZREAKE T 1 (insulin-like growth factor 1); IL-6/10: [94r%-6/10 (interleukin-6/10); iNOS: #55 % —& fb A 4
(inducible nitric oxide synthase) ; Li* +VPA: # + LR (lithium + valproic acid) ; LY294002: PI3K i & 7] (PI3K pathway inhibi-
tor); MAPK: #Z4JF7E(L R H#EF (mitogen-activated protein kinase); MBP: HaffftEFE 1 (myelin basic protein); MCAO: KN shlk
BH#EA%  (middle cerebral artery occlusion model) ; MHV-AS59: /NI 4957 AS9 £& (mouse hepatitis virus strain A59); Mfn2: &K {Af:
AHEMA 2 (mitofusin 2); mTOR: WHFLAHYE AR ZFEE N (mammalian target of rapamycin); MPP* ;1 -FISE-4-ZFLMEER T (1-methyl-
4-phenylpyridinium ion) ; MPTP: 1-HJ5E- 4-83E- 1, 2, 3, 6-PUSMENE (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine); NCAMI: #fi
ZAMIEE 53 1 (neural cell adhesion molecule 1); NF-xB: # X+ «B (nuclear factor k<B); NLRP3: NLR % pyrin 45325 1 3
(NLR family pyrin domain-containing protein 3); OE: 1133k (overexpression); occludin: % 1 occludin (occludin); OL: 7%
JE B4 (oligodendrocyte) ; Parkin: MA4:#E [ (Parkin protein); PGC-la: i %A fLHBEHAIE 5 P 406 24K v TG M F 1o (peroxisome
proliferator-activated receptor y coactivator la); PD98059: ERK i PEMHil7]; PDGF-AA: Ii/MrfiiA4K KT AA (platelet-derived growth
factor AA); PI3K: WENEMENLES 3 # 7 (phosphatidylinositol 3-kinase) ; PINK1: PTEN /5% 1 (PTEN-induced kinase 1); PLP: &
JEFEE I (proteolipid protein) ; PSD-95: ZEfil 5 H# #1195 (postsynaptic density protein 95); RIP1: ZAMEAEHET 1 (receptor-inter-
acting protein 1); RNF220: 34§ 220 (ring finger protein 220); Rotenone: kR (rotenone); SCI: H#fifHi{s (spinal cord injury);
SH-SYSY: AMZHAE 4N & (human neuroblastoma cell line) ; shRNA: %5 % 3 RNA (short hairpin RNA) ; siRNA: /M3 RNA
(small interfering RNA); SIRT1: UUER{E B P15 [HF 1 (silent information regulator 1); SN: ZBJf (substantia nigra); SNc: M FTEa
(substantia nigra pars compacta) ; Sox2: 7| #E X Y HEZE (1 2 (SRY-box transcription factor 2); STAT1: {555 5 M FERIGIHF 1
(signal transducer and activator of transcription 1); STR: ZCIR{A (striatum); SYP: Z&filiZ (synaptophysin); TH: MEZRFZILEF (tyrosine
hydroxylase); TLR4: Toll ¥£5Z{& 4 (Toll-like receptor 4); TNF-a: MURIIASEIA T o (tumor necrosis factor o) ; TrkB: M2 R ILHZ 1A B
(tyrosine kinase receptor B) ; U0126: MEK/ERK & #4117 (MEK/ERK pathway inhibitor) ; UNC9995: FGFR #iifil#| (FGFR inhibitor) ;
VTA: JEMIPETEIX (ventral tegmental area) ; ZO-1: E% 4 1 (zonula occludens 1); a-syn: o- % fi#ZEF (a-synuclein); 6-OH-
DA: 6-BHLEM (6-hydroxydopamine), T F/RFEik . WMEBUKETE; | FREhs . WHESUKERAL; — ol B TR
K Rl s E A
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1.3 FGFs5#W&H4ERHBERP

FEPD ML Z MR G, FGF M ILAZ (R Y45
s 5t T AR RR DI RE AT ¥4, A AN FGF +
DA #hZ&IuiyP 5 BA PR b 2l . Rtk
M, FGF1 FIFGF2 75 KB, M S N 26 JR o 350 % 6
() DA B 28 70 I B8 5 40 e v g 3 258, 1T RN 6-
OHDA 5 15 5 B kM FGF 2635 F I, 4878 NI
£ FGF 15 5 5 DA RE ##1 2 JC 17 35 2 VI AH 26 17,
Walker % ™ % Bl PD &34 S i of FGF2 TR, 2
FGFR1 7E 5% 17 DA BE# g on il al K, #BA PD
RETZHEIHRTLEER, HIMEYEFGF + Hif
PET fR A2 AR SR

BATIEYE B, FGF1 1E 2 PD AHC S g6 A L
o 5L W R 0 p 22 DR P VR T . 7E MPTP /N BRI 6-
OHDA KRB h , SUIRIKRRLHT % FGF1 1B
& WK IR 2 B e AL I 7 sk FE 4 FGF 1 ] Jd /g
A7 R I 700 £ AR 1 4 v 1% 2 R PR AL B (tyrosine
hydroxylase, TH) {fitE & DA, 3, 4- "3RI AK L
g (3, 4-dihydroxyphenylacetic acid, DOPAC) 7K
S 120 Sy AR VE B FGF1 ZE 4R /N B P al 3 Ak &=
SUIRAAR TH BHE LT 4% 5 FI DA % 2, (HEF /MR
RORW S, $em HAE AR BA Sl asivE ™
RIMIFFE BN, FGF1 RIS 2 e K 58 — A (P []
17 NG W% N2 DRI A i/ = 2 2 THE
FGF1B Ja 8l 7 nl F T 45 ic Al & 4 #2148 4i
Jig 7475 FE NUS1/NgBR 62 15 5 F, FGF1 (%%
S5 AR R A bl PI3K/AK T @ # i, 42
/8 FGF1 AR JE 1] GBS #h 4800 2 5 1 1 42 e =2
—. AHNHL, SN FGF1AMNFERES K R AKT 15 59F
AR ANAE T, WA B T 355 FGF LAE R v] F i
U Y VSRl e

FGF2 78 LA 10 [F) A ELA A 28 R 4P R A 1
3 B2 I FGF2-FGFR3 18 6 % B i 2l
(substantia nigra pars compacta, SNpc) DA ffiZ5T
REMEOE AR 2 OCEZ, HMEME FGF2 1] i E
K 6-OHDA #1588 5 () TH BHPE #2250 7', 1esb, 76
Z AR R 8 5R FGF2 76 1 1T it 0k i 22 %
Az TCAB SR S 15 R 1A S MPTP 53493 J 9+ fii-
SUIRARE B, FGF2 X2 & A 42 bV F AR B A
I BORAR AN 2 5 N BrdU/Doublecortin XX FH P4 #r
A e, RSN MPP SRR R, K
PP A BRI FGF2 (2 N T4 7l i 3%
$& 75 DA fZ e e, JF i i YK &2 BDNF-TrkB &
FGF2-AKT {5 58 % MPP+ /MPTP 755 it £ b A4

T B8 A, FGF2 Rl S B a) 7o T 40 i 4y
bk Z e 4T, B BDNF dE—E35m T fk
JIGER

FGF RIES 54Ty 44y . BG4k
R, JLFEPEE LAz, AT TE s
PR PEM AR 590 Ttoh %5 Y R 7R 2 AR HE %
[l ¥ 1 (nuclear receptor related 1 protein, Nurrl)
o R T A0, A FGF20 7] i 2 ¢ i
TH BH P48 22 04316 . FGF2/FGF20 414 1l A R K&
KT 4 318 DA R 20, FEAE PD#LALES
MG KA . WA shohig ), FEikRSh I 6-
OHDA K fRAE %I s, FGF207E SNpe fit e ik, 18
1oF 555 WME ORI DA M & TT, FRekdin i3 /> TH
PH P 2F 4k % 6 0F s 48 8h Y, L AE A 8 i
FGFR1c-MAPK i 3 S A 220716, HIEN 24
P£5 PD Sy A5 . FGFR $5H57 il 8 6-OHDA
W5 Bz sh AXTRR, $78 FGF20 3 i3 47 2 T Ast
SV INBOR AT I FGFR1 . 3 84 R IFAR41E
F A0 BRATMES SR AN, it PR A S 5% 41 52
£ FGF2 5 PDIANFIRALAHOC . BF9Y i PD SRS Il
5 FGF2, BDNF [%ik, H'5 MoCA T4 2 IEAHX,
Ifif miR-497-5p F+ & I 5 MoCA 743 & i AH 5% ),
I — IR 5% 2 WAL FGF22, CXCL16 /K°F 5 PD
BE NI VA G, W& A 7T O 4 2
PD B LA RERG . kA, FGF fF51]
FH TR iR & B S AR AR IR R, TRk
N Z 66 40 A ok U5 00 HhOi 2 B RE (ventral
midbrain dopaminergic, VM DA) #4019 %€ 7] 4=
. FHFIE#EW, FGF17/FGF18 i[5S VM DA
T ZRFAE, Hob FGF17 783 0 K br B 5 &
BMIGAT AR RIS, R A 224y
15 20 A A et b B R 7 A
FE X7 (governor vessel 16, GV16) . K7
(liver meridian 3, LR3) 1 & = H T (stomach
meridian 36, ST36) %57 Al LLZEf# PD /)N iz
SRS, AT, R DAMIZIT, XATEE
5 HJE W Bl e A £F 4E 40 i 4E K I (basic
fibroblast growth factor, bFGF) /GSK-3p i [ i1
A Y

LA UEYE . FGF {557 PD i BE AT fgid i
P28 37 SRR S A7 TR T B RS (2 U DA BB 2ot
R, WAIBRTE—E SR NS S )E T S A
FHOGRT AR, PRI EL 25 LTI E ] T TR R A 2
WHAl . AR FGF B0 78 0 2 089 5 P A 2 1 1Y
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VEF 5 B — 5 4r THFAE : FGFI/FGF2 1 £ 5 i 4
BRI FIEETRE YRR E MG, FGF2
TERR e il S 00 5 A 28 A S IO B AR
K, FGF20 W]t 2 MR T 22 434k 5 4735 1A
XPERENE . (HLZRIA IR, FGF AR 5E 7R
PRI | 2R SRR T S RfE R
2ZERER, BRI T X0 R S S A2 R R e
PERTEMTRINT . 5 2L TAERR LLAN A2 5 52 AR A
RFEL, TR EE RIRA R i g — H AT L
LGV, I A 2 2 By eI 2
WA RURAER, OB CE R AR A IE R HE L,
FGF G AR S5 s 16 1 SR et (1 8 AU 4% S Bk U7 38
PEACER AR, A CHFFC IR AR 2

1.4 FGFs 5 PD AL # 5 a-synZR &

PD kit B, A WE- 1A (autophagy-
lysosome pathway, ALP) LIREAZ#H. ER Wit
Fos AT &S W (unfolded protein response,
UPR) 5 504007 3055 240 A 1 it e [ B 6L 2 1
A, WIS a-syn 55 SR A A TE BROT R K #
P 78 o00) R X A N G AT TR
BA WA BR B L.

1.4.1 ERMWIK. AW a-synZREERMAHEAEH

R, ER NS ALP PRl 4EHE 84 A AR
A, HIAE My & PD DA # 2 oC it 1 % 0 i
PR 0o PD R MR DA M 280 P A AR G o
-syn R E B, RN B BRI 25 5N K
A 8 R AR a-syn 1] 155 & ER N IO B0
UPR, H 228 H P R FE N 5 N 3 B (protein
kinase R-like
PERK) . WLAEZ 75 1 (inositol-requiring enzyme
1, IREl) . & 1k ¥ 3% ¥ 6 (activating
transcription factor 6, ATF6) {5 i 45 8 4T
B S AR AL B UPRAREEAS I, AT %%
AR T RN, JNEE A 22 JtiR AT 1 a-syn £
Ser129 i 5 B W R AL 15 H SR AR B 4H J2 UPR i fL 52
ILAPRAE, SCRF A BB OCHE 1 FETEBR)Z
i, 7 E-FEMBIK RS (ubiquitin-proteasome
system, UPS) = ZL[Ef# 0] % a-syn, 1fif ALP 1
TPV TERENR; o-syn T far s iy, 45k
F EB (transcription factor EB, TFEB) 4% /9 H
W - IS WA S S AR P A AR . (BT, PD
BH T DA #i e A% N TFEB {5 5 R 4IK, H7E

endoplasmic  reticulum kinase,

pSer129 a-syn FHPEANAEL P E o 2, PEREFEELA SR
I, $&78 TFEB-ALP fli7e50s 0 Bk AE g
T AT IME " R RS
2% fif ER LKA Y7 5 AE MPTP A G T rhnf g5
PD £, I ] $E 5 a-Syn 7 Ser129 v B IR fk
TR 1ol

LA, FGF RIEAEZEMR ER I . 458 [ I
55 BEAR o-syn B 1% J7 T 1Y 2 2 1 FH 3% 70 R .
aFGF 1 bFGF 1£ 2> PD R v e L1 (i 25 A fi 28
TRAPRUY . aFGF i85 7% PI3K/AKT F1 ERK1/2 {5
TIE R, B T A 78 (78 kDa glucose-
regulated protein, GRP78) . C/EBP [6]JH 1 (C/
EBP homologous protein, CHOP) . Caspase-12 %5
ER N IO OGP 7K E FF0 0 a-syn DR, DA T4 /55
TH [V DA #h & oo iIFE0G S IRE, BUEEAT R
YO bFGF 7R 20 M A8l S 56 rh [ 19k PI3K/
AKTIEFE M, KRR TAER; My e
FHAT 928 B S PRI 058 o BEWT , i — 2P e E
HIaefasvE ", eAh, PIBK/AKT T 7] W5 1R
A I A2 U8 T 4 (1 Bax, 958 B 2 i ik EL O 2
(B-cell lymphoma 2, Bcl-2) ik, M i 4 g
JH T 17, FGF8b 41 3% 1L i 2% fif ER L I8 1) fig
I 2 T Caspase-12, GRP78., Bax %5 N i M5 T=
+, JF L B 40 itk 298 x1 (B-cell lymphoma-
extra large, Becl-xl) ik, 3458 40 M Ht 4 1° 6E
J3 1N FGR21/E R —F N s, i it ol
LRLRTIRE . S ER DA, HHI A 28 JORE i AR5
DAt &It E, HERILZIHEME RN T4
(activating transcription factor 4, ATF4) ¥, &
B B WERERT PTG & 1) ER NP o s e, oF
53], FGF217E MPTP i/5 %1% PD A1 AT i 2
W% a-syn DL S Z B RERE M & on 2k o ML I,
FGF21 % # BBB J5 454 FGFR1, 1% SIRT1 {55
W, IFE— i PGC-1a £ik, BrtgiRiiis)
J12E KM . IR, FGF21 i 14 4% AMPK-mTOR
B SR E WIS P, 42 TF LC3-11 45 Beclin-1 /K-,
FFF#AIK Bax 55 Caspase-3 Fik, MM 58 #2870 4
Too MAh, FGF21ibf g /Mg i 4 i i M1 [s) M2
FAVEGAL, I RAE N . ZIE I RN
FGF21 /- F: 11 a-syn i FRUCHT T SIRT1 AH3¢ H KR
i, o SIRT1 25 LC3 2 LAk BRI B 1 i
i AL L, SIRTIAE N NAD* 4K 2 £ Btk
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Table 2 Summary of evidence for FGF signaling in the regulation of neuroprotection and regeneration in Parkinson’ s dis-

ease—related models
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6-OHDA K (EJF-ZURIA DA MAT AThEEZ 8 JERe  SCIRIRZESLRER: MDF/ Jef647 8 B #%%, TH. DA 5 DOPAC /K- [72]
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” " " DA #2 TEHUE
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—FR IS B/ . DAT: ZEBEF%EK (dopamine transporter) ; DOPAC: 3, 4 - "I LR (3, 4-dihydroxyphenylacetic acid) ;
FGF1/aFGF: FRYERET i K FF 1 (acidic fibroblast growth factor 1); forskolin: & A Ak; GDNF: i 40 Y5 1 2878 35 R 7
(glial cell line-derived neurotrophic factor) ; GDF5: A K 43rfLIHF 5 (growth/differentiation factor 5); GFP: £ st 1 (green fluores-
cent protein) ; IBMX: 3-5 T %E-1-HIEEHE GRS (3-isobutyl-1-methylxanthine) ; K252a: TrkFKGEZIRIEIF; LC,: PHEBCHE (median
lethal concentration) ; MDF: H il Y PE #2428 #2 [T (mesencephalon-derived neurotrophic factor) ; MSC: [H] 2 i T-40/fd (mesenchymal
stemcell); PD: WA4:#FMG (Parkinson’ s disease); PITX3: XL RELS S 5K F 3 (paired-like homeodomain transcription factor 3) ;
raphe: "14%%% (raphe nuclei); TGFB: % f{bA: 4K F B (transforming growth factor beta); THSG: 2, 3, 5, 4’ -PUFRH K2 H-2-0-p
-D-# &M (2, 3, 5, 4'-tetrahydroxystilbene-2-O-B-D-glucoside) ; TPA: 12-%&-- PUBeE b I B5E-13- Z B2 MR (12-O-tetradecanoylphorbol-

13-acetate) .
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1 B P BRI R RO OC A e T, L
2238 B VR A AR SR AL RN SRR o (AR R,
FGF21 JRP A 2R A N AR G R AR &8,
54 KL F 15 (growth differentiation factor
15, GDF-15) JL[ T irAh bk i fe 2o 2,
P H b IR AT RE AR ML XS LR A5 3 0 A2 S
Mo SUIb—3, 78 PDAHCH & HBHAI B A,
HMIR FGF21 R4 53 ) 18 T 984 2 1 R AR PIr
AR FEE

Bk FGF21 5k, &B435% 53 WA FGF 7R R4
IRV 1. A, FGF9 RERRA W) 9 K J2 0 28 5T
it B S (hydrogen peroxide, H. O ) 7K,
BN GSH &4, I EIHHO-1 Al y- A2 B B &R
A B (y-glutamylcysteine synthetase, y-GCS)
ik, MR 2. HHLHI & FGFR
PG R TR 2P G 80 ERK1/2 5 AKT i, 145% NRF2
Y CREB MHG s 367E , InT_Eis$T Efb 3L R iy 3
ik, PRI DA MIZICHRZ MPP BB . B
H 5T HGE FGF20 % MPTP i S AU B ME B VR IE
H, @A ) FGF20 A ALY 79 K-, 34
S 3T A AL B ) 9 e PD /N BUBE Y GZ B o fig 1,
TEREALIR R T, WS &P, =4 OACDP /K
B (WNMERZ . FGF21 AfiGARIZR ) REREA 0w />
MR HUE TSSOk T TH 8 £ 2, BEIRE AL
W, A AstRI/NIE A TE AL, IR AMPK/
PGC-1a LA T ZobiAR T e, MTIh PD iRy 7 it
T —Fh ZYERE R SR

Zi b, PD AHRMANMIN LS a-syn REEIFIE
kA sr, i ER B/UPR . B H BT BR R 40
(UPS 5 ALP) iy S 2 b iR T b fig— 4R AL N L
FHE RS G P AL R IR S A BRI 2% . FEIZHEZR T,
FGF {55 23 th 2 97 SN ARR1E . 255 W i
FGF1. FGF2 K FGF8b + % i@ i PI3K/AKT 5
ERK1/2 %538 B0 ER WO . 10 1 55RO ]
ToIFBRAR 8 B AT N0 W FGF21 T 5 28
Hh b o SIRT ARG %) A W P45 42 i o-syn W5 B,
I+ 24 AMPK/PGC-lo ZF it s 2 b A Fa s | FRIRA
TR UK SbRlEE, FGF9, FGF20 47 i A
@ ey TS i e N N A K s B Uk 2
Z RS U Y R B AMAE RN, HLAIHESR
WME2 R, T8, AT e A
i, FIE S WERAS AR R, H
Y AR 5 2 A IV A 22 TR 1 SRR ST o v AR T8 43
VI, XAE— R BRI T AL ST e S
HMIEYE . RSN A D BAE AT A AR 5 45t
S T N S Y s o e g NN T T
W 25 FGF BB Y 32 32 I S L 5 [ gl o
RRTIRE . SN 6 fer A o-syn Bh A 2 [ P
SREOCIE, DT A T [ 5o A8 1 P A B R S5 3 6 3R
WS FIE AR (A BT IR S A A



XXXX; XX (XXO

I8, % HAEEREKEFERERFINSES
MZFRAPHLE . ERAE. BIENHMSHRIET

13-

a&;{ %.(bFGF chah » FGF21 FG.F‘J
1 ! \ iﬁ
PisK) GRID  (er2)
T g™

} ‘—;—'
( CREB/Nrf2 )
@&

CHOP.
Caspase-12

AT

EmL

CHOP. GRP78.
AT
SARBIRFERE a-syn nat. BEEp
MPP+
':' i MPP+
..! X
f S 'y er129 fiis
: SRRtk Bt
ZERREE® | P
2 A [3[|
g
0/‘ h.- . o @u_\.‘ ..
e = E-EHEE -
> 4 (UPS)
il B+ [ capase:s | o—
— i HEE ke Caspase-3 P \ /7 -

Fig. 2 Key mechanisms by which FGFs regulate cellular stress and a—syn aggregation in Parkinson ’ s disease

#8758 BaFGF/bFGF . FGF8b5FGF217E 2 L IE REM AT H AR MR il B . T #BLIMPP 7 PDARF i ], JR7R L iR D RE R At/
ROSTHH . a-synfRAE | UPSHA K P i i#4-UPR  (PERK/IRE1/ATF6—CHOP) {7 Jf-fil % Caspase-34™ AT FGF{ Sr3dat 4l ik
TSI - B AR AR T B A R TS AR [ /a-syn, NSRRI 5. #7 k3o RHEER, “7 FomaiifER . ARE R BT A0
SCHRIFLE A A LA HESL B T4 . ERK1/2: HHAME S 15 3#4mF1/2 (extracellular signal-regulated kinase 1/2); PI3K: i IRMEIIEL3
(phosphatidylinositol 3-kinase); AKT: #E[if#B (protein kinase B); Bax: Bcl-2A13¢XZE [ (Bcl-2-associated X protein) ; Bel-2: B4tk
[1J%-2 (B-cell lymphoma 2); Bel-xL: Bel-2F£E 1 (BCL2 like 1); GRP78: #4437 H 178 (glucose-regulated protein 78); CHOP:
C/EBP[H] i 7 1 (C/EBP homologous protein) ; SIRT1: JLEK{E BT H F1 (sirtuin 1); NRF2: &K FE2H#EHE F2 (nuclear factor
erythroid 2-related factor 2) ; LC3: {4 M &M 11425843 (microtubule-associated protein 1 light chain 3) ; P62/SQSTMI1: [ W52 K& (A
(sequestosome 1); a-syn: oZfili%& 1 (alpha-synuclein); ROS: H1H4AJE (reactive oxygen species); MPP*: 1-H -4 2 FLnbnE 27 (1-
methyl-4-phenylpyridinium) ; UPS: 2 2 -E [ B {K &R 4% (ubiquitin - proteasome system) ; UPR: A #7& & 1)< i (unfolded protein
response) ; PERK: 7 [ E#RFE P 5t (3 fitf (PKR-like endoplasmic reticulum kinase) ; IRE1: JULEETG K1 (inositol-requiring enzyme 1) ;
ATF6: iG55 55 K76 (activating transcription factor 6) ; Caspase-12: PPt K 4¢if§-12 (caspase-12); Caspase-3: Pt KA -3 (caspase-

E2 FGFs 5 PD YRR # 5 a—synFR £ X IERHLH

3); DA: ZEWMHE (dopaminergic) .
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Fibroblast Growth Factors in Parkinson ‘s Disease: Multi—target
Neuroprotective Mechanisms Involving Neuroinflammation, Cellular Stress,
and Ferroptosis’

WANG Hui, ZHOU Zi-Gui, HAN Teng-Teng, YANG Chang-Zhi, TIAN Xue-Wen™
(College of Graduate Education, Shandong Sport University, Jinan 250102, China)
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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 o
-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
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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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