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[ Abstract]  The glymphatic system is a recently discovered essential waste-clearance pathway in the central
nervous system that plays a pivotal role in maintaining brain homeostasis. Growing evidence suggests that dysfunction
of this system is closely associated with the pathogenesis of various neurodegenerative disorders; however, its precise

mechanistic involvement in Parkinson’ s disease is poorly understood. This review systematically summarizes the
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structural and functional characteristics of the glymphatic system, provides an in-depth exploration of its potential role

in Parkinson’ s disease pathophysiology, and synthesizes current research evidence on glymphatic system-targeted

therapeutic strategies, with the aim of establishing a theoretical foundation for advancing the understanding of PD

pathogenesis and developing novel diagnostic and therapeutic approaches.
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P4 %4 ( Parkinson’ s disease, PD) J&—Ff
DL a- R il # H (a-synuclein, a-syn) 55 FLE
TR Ty N DL R R B B8 R 2 T I RE M 40T
ARV BRR S TEE BURRAE Y SR A TR R
LI R 26 A 45 i (M RR B JULaR 1 LB BhiR 52
LT R hT S A% Oz S AR, DL AN R D BE
T I B R — i T A 2L AN R R A AR 12 gl
SEAR . PD B i B R RN BUER 3 AN A™ 5
AR AR B, i L T UL A S 2T
2 OIS B R S8 ( glymphatic system, GS) 1E
X 28 R 45 (central nervous system, CNS) fi¥
FRAEYE R A 2012 AEERFLLIOR
HE— B H R S O SCERE
PRI, GS A AT REZHAE PD AL M
TS E TP E A O, ZRRE WA
FE7K 8 18 % 1 4 (aquaporin-4, AQP4) 4 i 14 73
A0 I 5K B 4% (meningeal lymphatic vessels,
mLVs) X 4% | 20 K B 45 (deep cervical lymph
nodes, dCLNs) 5| Ji i&s #2148 J& [ 4] pR
( perivascular spaces, PVSs) Y522 ThBEDE
bR N 3 B9 R i 1l 4 ) R ) B R 1o e
1% 43 Br ( diffusion tensor image analysis along the
perivascular space, DTI-ALPS) f5%%'" fHR -3¢
JELERE R TR ) B 3 B 25 4 5 D R 1
SR AL X T IT AR A GS  HEZE PD i JiE
BT HRLRY 7 A S A T R
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GS & CNS 3t K 4 FAR B BEH R 1) 2
LI 6 9044 7 A 28 5 95 B 460 B 0 B B
A5 TP AR L %R G0 B 0 52
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(1) Fi A W ( cerebrospinal fluid, CSF) Jit A BB,
CSF Z:2)iJik PVSs [in il 55 it N HE T, PVSs Ji& H Il

EHMES B I Jor 20 i 26 e A (] g ol ) R K A
FIGER 5 (2) WA e b Bt a3k LTV i 4
L RS> A B AQP4 AT AR Bh 71 27 3K
3, S CSF 5 ik 2 21 8] 51 WY ( interstitial fluid,
ISF) Z R A¥ Bac et (3) RIS BRI B, & A
P ISF W Ik Jo] 61 368 0 5 O, e ¢ 3 5k
mLVs Fll dCLNs BJT CNS, 58 i B - V& B #: 8
(B-amyloid, AB) &58E M o1 1 15 Bk B v N 7K %
BT BRACHE WS BR DI RE SN, GS iR TT L
VE 7 1fiL i 57 B ( blood-brain barrier, BBB) 5% i
FeizimAe, ] CNS 3B 25 A RV M4k 2k R Je
P23 TR MR (4 R ) FE YR L
Hhibilad mLVs S-S 1 0 20 iz e A e e 4
EEH, S 5P Z RGN YIRE T
PEZ Z2 PRI R 45 A0 455 (H AN FR T il IR — o 19 J] 0
M AR AR 5 HE | B 2 B (norepinephrine,
NE) #2845 F1 AQP4 25 1 1Y 23 [A] # 1k 36 3k
RN L5 LGS S PVSs NIKHE RS S
R AR mLVs 3 [F] 46 Bl ) 2 5 PEVE B R 4, Hod
RPN R W Bl ) 2 | TR) BT e i Mtk B B
= ZE 2%, SE 3L CNS AU IR DT BR 5 57 0 i
TR 28— G e Fh 5 S A% 0 R BRI RE
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syn JLFLFE PD o Ji& v AT BB JE 1R 1] 3% M 7
F RN GS BIRACR TR B T8 a-syn B FR
B, [ A0 AQP4 3K ; AQP4 Fik F i —
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HINE a-syn PURL, FE W ISF S e b i, ok = 14
TESHYIRERLEN PD B3 34 i, 78 AQP4 3t
IRl B % ( aquaporin-4 knockout, AQP477)PD /N,
FEAI R AQP4 FEh Bk i 208 55 AMEME a-syn 1Y
THPRBOR, N a-syn RAE IfFFEHER BT Z
EL I REAN 260 AS 1 |32 B0 ) E 1 R LB B
FINE, A, a-syn TR IK AT TNIE AQP4 FKikKk
SRR HAR A, E W] GS ThREIE >,
RS R FE—I0 PD A AT KA AT A E 50
TER | (HASTERE L, AQP4 HEAME T T2 W [t
FEME AR E A, TS tau, SCRBIAIFRE
AQP4 5t = 25T} CSF 1 tau 25 FI/KF, £ Ho
PRIRAE I p 2R A7 P R Y e R 5
S, SR IR LV o SR 1 TOURS i Bk UE B AT O
ABEPER (5 G fr RO R e R R
Ui, XL E LS AL R R B GS TIfERERF 5 a-syn
I FRUTBUE BE R BRIEPE , o AQP4 35/ T BE
S K — ARG B 1) S B Y A, B
PD MO R T PEERE
2.1.2 AQP4 TIfERES 25 PD M RIAEM 0T
HL

AW 3, AQP4 DIfEREI T AES PD Ay
FH— R — 2 RAE VI 7E PD
FHOG IR Al 8 58 0 F N, P 268 M IO 400 e (f 9 12
TE I 5 240 B AT /0N J2 5 4 D ) F1%) S 8T R A A 0
JAVEHTY A BE ST R, 78 PD g B R
BRI B AN AQP4 #R Pk v 5| & GS
Rz, 78 1-HH-4-K3-1,2,3,6-PUSMEIE
( 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine,
MPTP) i5 511 PD BRI AQP4 #PEZEFLAUAE
HE R PR BLE I 5T 4 3 A [R] Bsp 25 303 GS 11
TR TE BRAE J1, TN 2k £ 5 i e At 26 o0iR
FrtEAs > KR IMEARE R, B AR R ER
P 2 (leucine-rich repeat kinase 2, LRRK2) 3 [
ZASVE R PD f BB R AL B RN R, Al &
il R I PVSs IR EY 9K, T PVSs & GS
1) S ) 2544, 3K — I PR & BRSR B4 7R GS T
AEREfR Al BE2 5 LRRK2 A3 PD M & i 72  ,
SFHLEIF R Bon, RN F T K v
(interferon-y, IFNvy) 7 5 LRRK2 #H 5 1E H LLi%
FRZESNE T8 A g8 MU UE S5 A Py F 5
IESE, LRRK2 RBOS EARAS G ITFWEIR Ik AQP4, 3L

AQP4 P K X — i BRI IFNy J 2ok 2
R R A ) 3 B, JE UM 28 9 Y I S B AR 2
MR A LRRK2 38 Ml 410 il 390 -+ U, Al 35k 52
AQP4 WA , 3% GS TIRE , % IFNy /5
(R 28 9 S 1o N 22 B i RE s 2 e Y, 3
SeZEBLIRAMIERA GS BRfE LRRK2 #H2¢ PD #iZ
RN B BLER T, BRARME 579 Sh, AQP4 3R
IR Z IS5 PD M2 RAE AY BRI 8,
SUN 451 Y45 1 R, /8 MPTP i 51 PD 5
Bl AQP4™ /N R I % B F kB ( nuclear
factor-kB, NF-kB) {5 5 il [ 1% PE 34 3 | ep i X 2
T2 TG J5 40 LR/ JE e 40 JHL 3 1 A R I8 =5 15 [
B R A+ 11 48 i 4 & - 18 (interleukin-18, 1L-
18) FIAf IR YR FE [ F o (tumor necrosis factor-a,
TNF-o0) 3R IE7KF- B 0 Lo, Sl i 5 BB e
T2 — /0N 10 5T 240 i 3 1% 3R AR &R i — D IR S,
AQP4 R 38 Ak 47 P 28 J52 ot 4 A 1] 1) 210 e 36 TH
S5 RIERN, HEAR(wild type, WT) /NEAH
b, AQP4™ " /NERFE MPTP Ab B f5 2% i H o 7™ 5 fY)
P2 S IE KL, A9 A2 48 40 M DAL 7 2K F- T e /s
5 240 i ok B 3 Ak DL S T R R AL il ( tyrosine
hydroxylase, TH) PHYE #2870 Z 5 i = etk
K —B1 (transforming growth factor-B1, TGF-
B1) VN EZ AP ML K 7, 7E PD it b BHA
W2 R AP L SLAT TE 9 % B, MPTP b 58 fy
AQPA™ /)N Kl Jini 28 21 F0 A Ja] 1 v 44 AR e A T 3
TGF-B1 K- IR T, 3X b 48 PR b 225 i
2 AT BE T 20/ BB A0 LB A 4, dE T #2218
HERE S oI T

T LM, T AQP4 TE Al £ 4 0E Hh Y
PR IS A AR S, A BF SR, TRl 2 b
(lipopolysaccharide, LPS) 3l %) 5L TE Ji JiT 240 g 15
FESH T, WT FEAS Hh e 2 40 DY 5~ ( TNF-au | IL-
6) MR o S 1M B 3 = T AQP4™ 4, X — %
$E78 AQP4 1] BE P B 45 4K 1R H A BT AR A
REEY B EE 2 W, AQP4 A 2k Bl i 1
L2 PD MIEJE &R K R EH ST, AR
KT AQP4 TERIZ JAE Hh B VIV E AL AT A7 AR
AR (HER [ AQP4 FIAEL AT AESN PD
(VAT 4 BERT 0 T TSR M . R R B9 5 2L ik —
A AQP4 FEAN [] B 28 S RE TR B Hh B 1t 141
PR, A I R A B BRI A
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2.1.3  AQP4 FIKGK G K RREM T DIREZE L
WF5E 3 B, AQP4 235 /K- () 5 1 Bl 28 5 4
PEVHT DIRE I VNAEAE B3 SRIK . 76 AQP4™/hER
R LSR5 WT X BB4H A e, CD4 (+) .
CD25(+) P PE T 4B %) Fh B I 3 /D, X
Fofr G 3 100 o 1 200 ) 9 /0 L 4 S 00N M 5 44
(3L BETE AL, R BE AR 28 20 i R F- 7K SF- 1) 5 T
. fE MPTP i 51 PD shiiflh  AQP4 %3k
G — 20 ) R SO T 2 T R RE AR 2T Y
P E S, TR, e 20 Uk 24 i R, X
Tl 22 SO A5 475 15 JR) 350 4o 28 S E S VT ) 384 i I
HIZED ) DL RIS B4R IR, AQP4 Rk B ]
R 3 1 TR e P o S X 4%, R & g R
GRS PP Gy R T DI RE Y ZE AL VT AR 2
e PD M 2R TP AR Y EZEHLH 2 —
2. 1.4 AQP4 L2 MS PD BYRERMEAFY
AR SR A I R B, AQP4 LR 228
PE5 PD Ao XU S i R 38 BRAE7E 1o 3 G HK , &
FEPRIZH I 5 ( genome-wide association studies,
GWAS) FIMEEEHE K 4 HTilE S | FEE 1 AQP4 HifZ
H R £ & 1 ( single nucleotide polymorphisms,
SNPs) ] 52 M LA 3 AN S8 )5 1 . PD A9 KRS |
NI e R A DA K D) 8 AR RRAIE . = ZEIF Y
K (1) AQP4 rs162009 £ &4 5 PD B EIAA
AE )T % B M O, ORI BEVE M PEAN GS ThRE5E
kDL KN 0 R AR A s A AR AR S

(2) 1s2075575 Z %5 PD & % KU A7 ¢, i
15335929 Z & M ] e KR R MRS o a2 12 A 2D
fE L (3) B AL 3 RN AE 0B T i
WFoE 5 % B 5 et (R 1) 7,

IXEEL AR (1) AQP4 JE K 22 35 ml g i
R GS TIRES 5 PD A B AE B R ; (2) 4F
FE SNPs AREFE R PD 43 F 43 Y 0 T8 76 A= Wb
Y15 (3) AQP4-GS il }% rl B8 A PD B IR IT 1Y
BEAR, B, TF 2 pls | KRR AS 1 5 o 35t
12253 B DA BRI =528 - B 22 21 2 B 5
Tk H R AQP4 JEH ZAM S PD &KL
il 2Z B AT TR JCHK 22 G2
2.2 mLVs 5|7t Z R a-syn fRIEHE

mLVs Fl dCLNs :[m]#4 i CNS A1 sk L E B
Wk, IFET S GS W25 - D) RE R B L ], Pp [H)
Z: 5 i A I 0 %) 3 5 B 1) A1 R bk B R S
iz IR, GS M RETEME B2 mLVs 1Y)
PR mLVs 195 350K BE AT i 15 1 1 i 2 BRI,
PR HII6E T B AT fig 5 M 2B AT MR 1Y & R
RIEME 20 sh ) S AE L, mLVs JIfg S
W5 PD L HLRIAFAE G G B0, 7 a-syn
T R 2T 4515 S 19 PD /N BB L oy | ] W %< 5
mLVs 5831 | I B fivi B8 bk 0 P Bz 440 i 1) 5
TR A S B M IR % E S M R | -
syn FRik KV — 20 Tt B Bl SOIA
1612 Ko, 7 PD /N BB R, A

RT3 FEDIRE T 5 vk B B3 M AR R B

Table 1 Evidence of significant neuroimaging associations based on three functional brain analysis approaches

SAX[WIRFS

Analysis method

FE R

Major findings

B HAEM

Genetic interaction

ARAT D Byt
Amplitude of
fluctuations, ALFF

low-frequency

occipital gyrus

XI5

Regional homogeneity, ReHo

FVARIEL/ T (1] 2 A AL 1 A

Hub-related connectivity alterations in

JEHL L
Degree centrality, DC
temporal gyrus

A FERAZ Sk AR R ZE A T 175 Sl i
Increased activity in the head of the AH
right caudate nucleus and the left

FART ] DX 5] M AR
Decreased regional homogeneity in the -

right inferior frontal gyrus

the right frontal gyrus and inferior

15162009_A #EH5 ¥ ALFF-MoCA TP4> 2 iF

rs162009 _ A carriers showed a positive
correlation between ALFF and MoCA scores

1s162009_A E#%77 3 DC-MDS-UPDRS %
e SiVIiPS

Non-carriers of the 13162009 _ A allele
showed a significant negative correlation

with DC-MDS-UPDRS scores

T : MDS-UPDRS ;12 S BT Hh 2 58— WA 8 AR TTAE B3R ; MoCA « SERFAHI ZRIAMIITAL
Note. MDS-UPDRS, Movement disorder society-unified parkinson’s disease rating scale. MoCA, Montreal cognitive assessment.
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2541 dCLNs Al3# i BT mLVs 53058 %, 5 a-
syn 15 BRIR A 0UH R i . — J7 T, Wt D e 52 4 0
il a-syn 1 Y1 PN R A 5 — L, R IX AQP4
TR T WP FE GS TRt X LLa AL W hn el o-
syn JAE PP RIE RN N 22 W RE I 22 028 M
T BUN B iz 3 B E AT RE ) W T
R0 I PRI FE b S X — B a3 Zh A X L
FA g LR 1015 ( dynamic contrast-enhanced MRI
DCE-MRI) i& fit P74k & # PD B # 1 mLVs JjfE
PR Pt R AL T RIS,
ATIHEI mLVs Dfg R f a] G838 i 10 6] a-syn A9 fii
—HMRTE BRACR A i H 5 R DU, AT HE S PD
AR LR . PR R ) k38 mLVs 1R DI AE L
R BT R R SR A 1) 1 3 A VA, AT RE LA
JEZEHL ZERHIKT PD HEJR I LR YT RN

2.3 dCLNs 7£ PD £ 3115 W K 5h B e 8 42
H1ER

dCLNs 124 mLVs 513 89 £ 24 H 75 GS
A0S A I 0 ok ot R v R 4 DGR
PZER A e A A IR E A s A CSF B
ST (R LA A 2 A R S O A A A
BTSRRI E G O, 2SRRI
/8 T dCLNs 7 PD 52 Wi YRR B, — 50
YA PD SR I [l T Ak 1 v 9F T SR (1)
FEAE IR PD 4156 2.3 K CLN (R B Xt
MRZL AN AR S8 PD 412 0/ (2) 5% 3 K CLN
(508 FLAR [ dCLN3 (y) ] 7E PD 41%dE S PD
B E /D (3) Zik & TAERRIE B £6 ( receiver
operating characteristic, ROC) 43 1 % B, BX &
dCLN3(y) J%f MDS-UPDRS II #F43 K 14 #% A
TP ZREIR S Ry 12 3% (scale for outcomes in PD for
autonomic symptoms, SCOPA-AUT) A] &g & # =3k
SR PD W BURE . X — KBNS B RER
BRI, AHEC TR PD B35 FEAME PD &
A 2 B 5 | 3R B AR dCLNs 8 v 1
B2 EIR BSOS ZHR dCLNs FTRE
YER PD S 5I2 W B B A Pibs il .

PLEIF SR BREEH B S dCLNs 2 5
PD AHIC B AP R RAE IR, LIU 3617 @ 4
IPSERIESE CSF RIRE R a-syn i1 30E
o ) o 384 5 e ACLNs AR 15 Ak | %0 e
FlFf dCLNs 1A FR i 25 48 R %8 K- ( TNF-ar

1L-6) 7K P i 5 T AR S 00 ) P B Do) o 38 T 9
AN E R AE J2 N I 2035 /N RGBS D RE, X st &
AALHHISE T dCLNs 754 PD % 52 Wi 50 4= Mk
HBYRNRE D), R T AN E RS 7E PD &
RIFAGHE H R AAE R, #8945 dCLNs 1Y 4
PEER 15 1T AE B R BH BT PD E R ) 7R IR T
Pl
2.4 PVSs X5 PD jmiE gt BHIEEEHL &I
YEh GS By &4 45 FY 2 4, PVSs 1E CSF-ISF
AT AR Y IE BR AL R E AR
AR ) Z T 57 & B, PVSs 45 K 5
PD A BEEFR % UIAHOC . HHT, BT &g
VAR PVSs S & AN BN RAF GS T RBRE
R E A e bn, KM A2 2 S PD B I
PRAE R T ) 7™ T 1 2 B A ) -3 e R Y
T B G A PVSs FOE00 E FIXUG F5R1E 26
PR B 8 RO O AR A« oW R B (AR <3
mm) 1Y PVSs %5 BE 11z 3 fdE iz s R A
o MM E ( HAE>3 mm) 18 PVSs D 58 {5 [
FH A2 3h 1) i B 15 %38 3h ) & A & AT
995 191 Xk R 90 S, AH 3¢ {5 o HEA R, L 30
PD BFEBHAC KRB B30 PVSs ffr s in, B
XS AR AR 5 DL SCHRIG R S 50 ST M o6 i
ShEIR AR B AT | £ B RE 25 1) SRR
TR Y B R R S e RN L RN A T RE
PAERREE Y ks —FE & LRI EE TGS
(IZERE - D RE S % 7 PD R 30090 B A # i )
LB S, H 5 4R I PR R A g )™ o 78 Sk
JEEYIA G, R EALEZ i, L1 45 a5 ot
— R PVSs 7 KRR 5 PD B B2 ELiE
REPh TR B K a-syn S0 RAE )L tau BRI
o B T2 A =2 [B) A7 A S 10 25 R A DG M, X
— RINZHEC GS YIfe it -8 L AR A R 1
XU MG FR AR G, B PVSs 254 5% S 8k
ELVE BRI BEAZ B, £ ff i 28 B 1 B 1 2R I PN i
RAE TN b 22 BT AR SN A D) g iR
T2 AR Sk — 20 400 735 218 Tk L0 2% T e o
P T2 R T Ak Y s BRI B 45 R VYRR 4%
I, PVSs WIRALAFREA B R4, PD 12 SliiE
RGN Ty GE B 5 VA A bR B, R SR F
YT HE— 2R PVSs AR fb 1 il 51 2 o0 A 4 X
RIS PD I R 3R 78 K 5 0 F J 1 3l 28 6
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0, LGRS PD Jg BRI 09 B | I e PR T

PRALHTA S
2.5 DTI-ALPS }5#(7E PD #RiTHE R E7i2
W Hh B E

DTI-ALPS #8 #/E M ¥4, GS T RE i TG a4k
Fe bR, 30 A VRS F K L S O S T
FEEEFYE T 0] B 7K 43 8 EBOR LR R & ALk
EURBIRCR™ . WFIT BRI TR B AR 4R R
PVSs /KA FH HSZ IR, S Bt GS DIREZ it , X —
BRI NPAR PD BRI B ) 28 5w 3R A T R
i, ZIY\HHFFTIESS DTI-ALPS 5505 PD Ifi
PR 22 [ A7 A i 2 e ST AR Ay g i
WFFE R E, NETIK A 2GR PD 3%, DTI-ALPS
BRI T T RS, BLAh , Z R EGE 55
a7 EE R AR A B R S, X A A S P A
PD B F L s Y RIS R,
PANG 251V 42 1t DTI-ALPS 45 % 1T G 1E Sy i 0
PD 42 A0 B A ) i SR 5 Ak ) TR AR 2R ) 2 b
W, M WANG 45 % BUZ 8 505 MOCA 4
F14) T A 5GP 2 7R HE 1T B8 BB A% S I 4 B A% A8 1 A
KNI R E . I QIN 45 (A 5T i —
HIAE T DTI-ALPS $5%4 5 MDS-UPDRS-III {4 1
HRFR AL T HAE N PD 18 3 D BE Al A i
Yl RANMEL,

TEX G2 W7 1T, DTI-ALPS $5 %0 /R HY B 4
BEESE . FLBCHTSE R B, PD 3 1 DTI-ALPS
B K T & MR AR i (essential tremori, ET)
BB, HAE PO IR s | I IX R v i A5 G
X duf 2 20 1 O S Y PVSs f T, ik — A M GS
TIRe M B HFE PD J&—Fh o-syn J, Il ET J&—F
/N ) RE B A AR G B0, KAk, DTI-ALPS 45
5 AR tau B UL RCRR 28 9 5E bR i ) A AH &
PR — 2 R T A 2R AT R B A
B PR 5. F AT W DTI-ALPS 38 800E A iFAh
GS TIREMIHUBAE R, AN PD 11455 17 W ) A1 75
JEVEAGIRAE T 8 T B 3878 PD 5 Hifthiz o)y i
PRI 1) S 0032 Wi vh ELA B E, R 5T 1
FEERRIZIEEAE PD B2 W WA 42 K3k
7 SN PR H I PR R RV 1, DA PD A
HEZY T FEAE B ZOF I B 2K
2.6 MEERFERSE PD X4+ X EHRIERVEH

DR AR e 2L T B R A B DA R BR

2RI R AR R R EE R E ) B
HUEHERY], GS UIhe S8 vl e & A B AR 5 i 5
PREIRAT ISR OCHR Y OB ER 1Y . BF9E R B, GS
() Dy e 14 2 2 A . 1 B G — i R ) A0 A4 A 1k T8
3y, HARIE W3 R 2803 A B IR B0 1) I8 25 42 T 24
40% , U H J2& 78 P # IR 3 ( rapid eye movement,
REM) REIE B Bt , CSF i 23k B0, X 7T 6
55 NE 2 48 55340 o) 3 8500 ] o 23 (R) 97 5K 58
MM E CSF-ISF 3840 TR ABIFGT & R, [
TR B ARARIE 1Y B2 BT S i D) 381G it 5.0 8 R )
PRI GS ARIRTREN . Ak, ik EL R S
T2 B PR 2 0 RS T T 455, T e IS o D
b B A V) P I R A T 9 R R
Ik RUE %58 3% 1], R P P R 3 e AR A oy e 1
(idiopathic REM sleep behaviour disorder, iRBD)
ARV b B 8 m i PD FVRIR 2 A
R A27R IRBD H] BEE A AR REM B IR A A= B3]
AE i & P 28 5 E FONE B o-syn S HTUAR, JF
#t— 2 PVSs By 5 A0, DB 0% 14 116
W A HLEI s — 2 R B, PD B H A TE
BT HEAZ O 4 FE ] Bmall (0 3k 287
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