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Abstract

that “the central nervous system lacks a lymphatic system”. This article reviews the key findings in this field.

The rediscovery of MLVs (meningeal lymphatic vessels) in 2015 changed the traditional view

Anatomically, murine MLVs can be divided into dorsal and ventral parts, which exhibit significant differences in
lymphatic endothelial cell junction patterns, valve distribution, and CSF (cerebrospinal fluid) drainage efficiency.
The zebrafish model has revealed the unique distribution and developmental dynamics of MLVs along the lateral
and dorsal surfaces of the optic tectum and the cerebellum. Recent studies have shown that MLV originate from
venous endothelial cells and are precisely regulated by the PROX1, VEGFC-VEGFR3 signaling axis, and the
Piezol. VEGFC secreted by skull progenitor cells is essential for MLVs’ development. Functionally, MLVs drain
CSF and cooperate with the glymphatic system to efficiently clear protein wastes such as amyloid-f§, Tau protein,
and a-synuclein. They also mediate central nervous system immune surveillance through antigen presentation
and the transport of immune cells (dendritic cells and T cells). Regarding disease associations, aging induces
MLVs degeneration via dural T cell accumulation and IFN-y-mediated lymphatic endothelial injury, thereby
exacerbating the pathological progression of Alzheimer’s disease and Parkinson’s disease. For brain tumors,
MLVs-mediated antigen drainage benefits treatment, and modulating VEGFC signaling can enhance anti-tumor
immunity and radiotherapy efficacy. In summary, research in the past decade has established the meningeal lym-
phatic system as a critical player in brain “waste clearance” and “immune surveillance”, offering new targets and

translational directions for the diagnosis and treatment of neurodegenerative diseases, brain tumors, and aging-

related cognitive impairment.
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BE A, ADNRAEHEANRKEEBR Y ) L LA
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MLVs) 25 301, fE o By i A b H Fi A B 1
LTI E5 (optic tectum) 55U A1 /N i (cerebellum) T35 1Y
MLVs&5 A4 131, 3x 4 MLV s i) 2 45 3 55 fing X 149 A5 X6
RE KB, 7 9D — 80 = iE I
SMIEHRET R T KB KERKHRERTM5%
MIMLVs(lateral MLVs); 73— #4372 7041 17N T0 5
S5WATNRGE 2 8], MM Ea. &K E B
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FE/N AR, MLV AT R4 5 106 S 57 () AE 6 Az
B NHE M MLV LA N SE 5T R I MLV's, 7
BHEEGM 5T FAEREER . B MLVsHFE
RENBTE LR FE (superior sagittal sinus, SSS)
18 5% (transverse sinus, TS) A xRS 4%, BT
BUN, BN O Jo e g E &, HikeE
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A ARSI 5 SR AT casperih R BTy S IR, ke 207 HEACTRBE T o i A 9 U RLTOT ot (X dek; B B8F 1 2 e fio K 8 0490 T B RIMILV s 7
R B MLV AR 2 AL E 2 A MLV 53 MIMLVs. 55 MLV Ay B H AT I <V SRR S5 1), TS MLV s A9 BB FTZR #1“VIR
SEFMMLV s ([ f 2 A S5 . S5 MIMLVs A B B, 32Ul s M1 16 F 75 251G M MIMLVs & & 8, W/ S LT s 28 A I, JF S
LA FR) 2 () B3 73 A 40

A: representative image of an adult casper zebrafish. The dashed box indicates the midbrain and bilateral optic tectum regions. B: schematic of the
MLVs near the zebrafish midbrain and bilateral optic tectum. Based on their spatial distribution, zebrafish MLVs can be categorized into dorsal and
lateral MLVs. The lateral MLVs represent the outer “V”-shaped configuration in panel B, whereas the dorsal MLVs comprise the complex lymphatic
network enclosed by these “V”-shaped vessels. The lateral MLVs develop earlier, progressively extending anteroventrally from the dorsal region. Con-
versely, the dorsal MLVs emerge later, navigating along the fissure between the cerebellum and tectum, and are partially adjacent to the spatial tracks of
blood vessels.

E1 55 &MLV R =2 E(AB ALY E BITHRA M Fcasperm RBE D & E| (g, BEIB1T4H])
Fig.1 Schematic diagram of zebrafish MLVs (panel A shows laboratory-acquired images of adult zebrafish
of the casper strain; panel B is manually drawn)

SR R 7 AR Y IE N MLV s B 3 S
7 1% 5F (petrosquamosal sinus, PSS)FI Z. R 53 (sigmoid
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M. HEMMEESLFE, FELT BRI T
i, LECZ [ i R A nFefatii st , 51
B AH T MIMLVSs, MLV sh7
TR B X 38, 3 SR 45 4 DL S oy
SCIRS B ROE R, 45 M0 MLV s 525 7 T i
Wi (cerebrospinal fluid, CSF) MW e A K Hrp K
Gy FHITERR, [R5 A ] T e 40 B i o o FN
1slO(E2),

N KB MLV s 45 1) FLAE 17874 3t A K L .
20154, HEFLFE AL/ B b A MLV S5 14 [ R]I, 7E
N A i i R B 2 BT Lyve-1"podoplanin CD68 [
BEA MLV 25k U 20174, BF 508 R R R M
Wi LR i 1% (magnetic resonance imaging, MRI) T X
R NS AR N R KPS T MLV, il
22 VIR N ORI b R 52 St 52 55 (R ik 2 5] i
18, JEAEH AN 53RN R R R B 4T T ez
LA SR — BN 1 20224F, SRR AEMRIC

AJ 2] SR ) N 2 P MLV s [ 26, .45 i s A
147 3 (cavernous sinus, CAV) & [H] 52 2% Frt i 4] v fI5 76k
EVE S5 41, BLEMLVs 5 sCLNs 1 dCLNsIERZ !,
H AT A ZEMLV A2 8% 1B 7L 00k, i 15 A 575 541 132k
— IR,

KEHM, LECH & kI & P B2 41 B (endo-
thelial cell, EC)TE ProsperofH 3% [A]J§ & 1(Prospero
homeobox 1, PROX1)i% S N fbifik. 7R3 M
o IR B BRI (lymphatic progenitor cell) T 52
J&i 36N (36 hours post-fertilization, 36 hpf) M J5 3=
ik (posterior cardinal vein, PCV)H 5 i, FEFI7KF
JJLBE (horizontal myoseptum, HM)J7 [l A= K |, 1Z i #2
T sz S 2 RN 25 A EGF 45 #4935 1(collagen and
calcium-binding EGF domain 1, CCBE1)% [ LA A IfiL
BN AR T C-ILE W R AE KR - 32 44 3(vascu-
lar endothelial growth factor C-vascular endothelial
growth factor receptor 3, VEGFC-VEGFR3){5 5 il
%, ot VEGFR3 H 3 [K] fims 1 K 1% 2 R 4(fims-
related receptor tyrosine kinase 4, fltd)4itd . £/
o, PROX1MAEAR S 9.5°K (embryonic day 9.5, E9.5)
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Systematic organization of rodent dural and extracranial lymphatics

Dorsal view of dural lymphatics

Sagittal view of cranial and extracranial lymphatics
Dorsal MLVs

Ventral view of dural lymphatics

/N BAMLVs 1] 422 8 2 [ 2540 23 9 15 MLV s S I IMLV's o 3o, 85 (UMLVs Y3 I 0 bk 28 S5 A i bk 2 A R o T IR MLV 0 38 3o 5305
JikfL(Gugular foramen)2545 1), 5305k ELE (cervical LVs). S0P 45 (ACLNs) FIZ 7L Ik L 45 (sCLNs )i 4%
Based on their spatial configuration, mouse MLVs can be classified into dorsal and ventral MLVs. Specifically, dorsal MLVs communicate with extra-

cranial lymphatic vessels via skull lymphatic vessels (skull LVs). Meanwhile, ventral MLV link to cervical LVs, dCLNs (deep cervical lymph nodes),

and sCLNs (superficial cervical lymph nodes) through structures including the jugular foramen.
E2 NREIMLVsREE (2% ESETH27])
Fig.2 Schematic diagram of mouse MLVs (modified from reference [27])
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R MEEM L g e, MRS G A K H
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REMPA.

/INER MLV s T BKE H A2 isf 20 0 BIAE 168 T 1
KALME, FREHAE RGP RE. HAEEL
NHAB, MLVSEEA K & 564, fEAlE %A 6 7

A #2, 2 VEGFC [ 5218 VEGFR3 2 MLVs K
YR F 5CHE 73, T VEGFD(vascular endo-
thelial growth factor D) B & 1X—Ih g 22, 5
JEMIMLVsHH L, 35 MIMLVs S K # VEGFC-VEGFR3
& TR AERF LM EE S U fEMLVsK B it
R, LS JUL A L DA R M 5 9 A S s 25k 18] ) Y
) 1B (GLI family zinc finger 1-positive, Glil")f]
P AL 40 A 43 W4 1) VEGF C & 5 %6 51 B A F 222,
GLi " Figi - A 40 Jif0 & A fii JB o VEGF C i 3 2 40 i
SRR, TE Twist 50 B2 e — 28— e 5 3 8 1
HeHr RAF (Twist family bHLH transcription factor
1 heterozygous, Twist1™) /il &% 5 41 /)5 B A fii J
GLi I A0 R KR /b, 3 BUR i B VEGEFC
WRPERRAR ™, FEIZ AN R, i8R 1k VEGFC
SR G U AN, BERS I8 MLV s 5473 7
WREHRR R, JAh, LEC E LM BUK & Tl
18 25 1 1(Piezo-type mechanosensitive ion channel
component 1, Piezol) &/ MLVs K & LA 5]
Jr b 5 (1 B4, Piezo 12 — i 40 1 26 52 31 1 AL
TIRERAEY R A B SRR T, AR E
KEMIRE_ LA B P27, fE LEC L4y 5 m Bk
Piezol 2 FHMLVs K B 7, RIGMEE 73 308
A WA ZETEL HBBRYE, JF U5 R /K i TILEC b id 3%
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1 RERHE RS R INEE
1.1 FIRIRE RGEER

MLV s figi 5 VA HH R B 22 21 42 1) 5 K (inter-
stitial fluid of the central nervous system, CNS-ISF, fij
PRISEYHEA S L R S8, B4 SR B4 (superfi-
cial cervical lymph nodes)™ 1) L 30k EL 45 (deep
cervical lymph nodes, dCLNs)!'-1230-321 -\ 7 SE XS B-
VERFE R [ (amyloid-B, AB)~ TauZk [ (Tau protein)+
a- R fili#% 5 [ (a-synuclein). TAR DNAZE A& A
43(TAR DNA-binding protein 43, TDP-43)%5 £ [ %
VIERIE R, LA A MR BN 3 22 20 PS5 R B R

i 5 H Bk 2% M\ (choroid plexus)i=2E , 78 HAX
M RGN BN = (ventricles). ¥R T i (sub-
arachnoid space). [t (cisterns), LA Jixi &l ik Al fik
A8 1) A B 2 B R R IR Bl AT B N R 0 AT 4t
JRB, DAFE B TR A, ok X TR (arachnoid gran-
ulations)—— i [ J15% ] S fi F5E i Fik 52 1 S 2 —— W
55 5 VAL 2 P ke DX B s N TR 20 B, i
J& , BT T ek R AT A% RNA 7 (single-

nucleus RNA sequencing) H1 5% Wi %2 DA K 7 5771 S 56,
TR T ek I S5 B v MR K (bridging veins) A L)
ANESE R, 4G Hofim 44 R M A 2 H H A (arach-
noid cuff exit points, ACE points)®", i ik M i
Ji ' ACE points, fixi 8 ¥ P N RS i A5 [F] B, ACE
points i 1 A fixi 55 ik 9 58T s 2 [8) 1) 701~ 28 4, I
WL 1) 5 i B2 £ 23— 3 N 0, DA T 5 LA 3 R
W R BT B S AR N SR 52 55
fiff i i (parasagittal dura mater), F£1R AJ BEZE LEIRN
il i JI52 75 Jik 5B (dural venous sinuses) FIMLVs, 5¢ Bk
WP HER(EI3) .

MLV st #4348 T B 7 ik 2 5 48 (glymphatic
system) K B ik S5 R . IR EL R G2
— 2SI AR T A N R S A R i i 3
Jhk BRI D) B, 2 0 22 T 40 P (astrocyte) LA A A2
(perivascular endfoot) i B J5F F& , d5e 2L 17 Jii i Jhik
JABRIEIBREY) . fEIX— R G, (L4 & Bl 6] B (perivas-
cular space, PVS)Z&—N2140 um%E 108450, 7t
YRR /N oy i, mARiRE . SERA 4

Artery

Vein

—_—
Nasal
lymphatic
vessels, etc.

Ependyma...

I
]
: Astrocyte endfeet 1 ! BBB : T Astrocyte endfeet }  Spinal cord, etc.
- .
ISF : Brain parenchyma ]
|

SER O I S5 4 AT VR (CSF) W 26 Bl K ] 1T B HE NI S it o SR 341 SRl 7 I V-5 L 23 TR0 (IS F) - R R B o s 4, iz /B P R

FERAGT- B A1 A2 TR S A L 25 2 B FR/KIEIE 2 F14(AQP4)

Ji2 Sk B2 R St (glymphatic system). 3857174 IR 40 6 433 B i i et 7 Mk R

I ) I S 25, 0 TV N M 94 B2 5 (MILV ) B AR i 5 fk 52, 0 2% 51 22 S50 EL 45 (CLNs) EAT AN A5 K% - ACE points: $k M I 4H% HH
1 1; BCSFB: M- e Ft; CSF: il ISF: 21 Z3A3; BBB: L[ E o
CSF (cerebrospinal fluid) from the subarachnoid space enters the brain parenchyma via periarterial influx routes. This convective flow drives the con-

tinuous exchange between CSF and ISF (interstitial fluid), a physiological process critically facilitated by AQP4 (aquaporin 4) water channels polarized

on astrocytic endfeet (the glymphatic system). The waste-laden fluid subsequently exits the parenchyma through perivenous efflux pathways, draining

into the MLVs (meningeal lymphatic vessels) or dural sinuses, and ultimately routing to the CLNs (cervical lymph nodes) for peripheral clearance; ACE

points: arachnoid cuff exit points; BCSFB: blood-cerebrospinal fluid barrier; CSF: cerebrospinal fluid; ISF: interstitial fluid; BBB: blood-brain barrier.
E3 REMERERSRHEDEREERREE

Fig.3 Schematic diagram of brain fluid circulation and metabolic waste clearance pathways
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/NT 100 kDaff) ¥ 5 AE A% i 1o 3 Lo 4% B R\ I A
ST 5 A = o = Ao R = D =T Vi
i 18 25 4 4(aquaporin 4, AQP4), /5 fibi S5 i I ISF
AR, AT S EIUAN S 5T 20 2R (A1 A& 3R
PR B)IE BRPI(E3) o
1.2 SRR

MLV s AMYAE R i AU 1075 Bk o R 45 G B A
M, IEPIRME RGN RZ B2 550 23
H G P AR ML I0E B0 HPRRA A ARG I S AR TR
BOMEFE N =00 B e, RIS IR P St s i iR
JRRES R4, M S 5SS B IR, N S R
HI AR S MLV 's; 256, MLV s o B30 0 i 1 4%
B IR B 5 2 L (AR SRR ) 7 97T 2 3905 bk 2
g5, tprs 24N A T M 2B PT5, 18 4k
SR A0 B PR 7 IR 5T R A sl B e L B
B IO 1 e 20 0 2 e B A, 30 i s o 5
RIEDRE. 5 MLV HAE R X #2485 St G 40 i
A 55 i SIS TR 208 s J5tE 4 B (miicroglia), DA K i &
29 (myeloid cells) A1tk R 41 i (lymphoid cells)*,
121 EAamie  ANET I 40 i (hematopoi-
etic stem cell, HSC)7 4t Hi ¥ 5 I 4 i (macrophage),
N ST ALY VR A1 B 35 2 (yolk sac) Y ZLZH L B 5
HiI & (erythro-myeloid progenitor, EMP), ZFfin K, 7
PR ), AR R4 J 40 S0 ) H 3RS R
oS AL, 5 SRS /N 5 4 M vy A s I A 852
AR il 23 A B0 A8 RE )T 101, JAE 05 B 2% AR TR AR
MR (phagocyte) TR 2 156 4 Y (antigen-pre-
senting cell, APC)KFENEH . /Mo 40 R IE 1)
152 7R 1) 524K (pattern recognition receptor, PRR)AJ LA
5 B HA I I R AR HRAR R 22 58 Gt S5 1) 48 1
T EE, M A SRS A AR IR 7, 1xX
SV A 10 /0N 2 J5 200 e ik 53 WA 9% 48 i DR ¥ (pro-in-
flammatory cytokine), 140l /)% -1B(interleukin-
1B, IL-1B)+ IL-6. yF#i % (interferon-y, IFN-y)Al
JiJRg RFE A F -a(tumor necrosis factor-a, TNF-a), A
SR T (chemokine), 41 CCiEatk R+ Hdf4 2(C-C
motif chemokine ligand 2, CCL2). CCL3#1CCL12,
P XA 2 R G AE SN, T 4 5 A S % 2
M2 504 eI FR

MLV s/ AU XS S 98 5E 1) [ SES A 4 B

N RAMIE . 155 MLVsIH R 2 S EUL-1B5 S
() 9 E ORI, [RVEST /0N 8 Jo 248 L ) e SRR AIE R
A HLDRE S B0 U9, thah, MLVstifs 5/
B 5T A MO < AT A AE R R o DIRE SR I MLV 's
TR JZ A2 TO M 1 R Al N, TR D /4
P AT, X I RN IR 5T 4 R TL-648 3 K% S
AfE 5 T (IL-6 trans-signaling)*. £ MLVsyH il
) 5XFAD/IN R [— Bl 2 1 S I M B 7R 2 i BR O (Al-
zheimer’s disease, AD)H F. A~ AF (1) /)N B e By A B
AT AR ; SXFAD, transgenic mice harboring
five familial Alzheimer’s disease mutations]H, /MK
JOT AT A HE A AR ARG B AR SR B B, 4H
MRl 73Rk BRI . gL S F E g
J v AR DG RE DR Rk i, T s n 1 5 e AT 40 A
T AR S IE PR A TN, 5 B 7R o B S K
PN R /0N I 5 40 e SR AR IEAT 2 2 D
122 mRMAmE KA RAEAE PR
RO R o e h R ¥R B AT, 048 v 52 )5
AN AR Y, Q04 i i B 41 B (leptomeningeal
macrophage). Il J& il ELWE 40 ffd (perivascular mac-
rophage) 1 [k 2% M E W 41 i (choroid plexus macro-
phage), LA K 2 Fpb 2R 41 i (dendritic cell, DC)A1H:
R HAZ AN (monocyte) FINEAFE B, AN AR
AR ZE R, X HE R4 RAERGE . A
ZURF PR Th RE T T S I HS S 25 IR e B

MLV s X 28 5 Gili Ve B S5 4 s 22 41 ik
EL 45 (peripheral lymph node, PLN)!", 7& 5 i #
B S I A B B S O AT M N AL, R
U FE R AH O 73T B 5K (danger-associated molecu-
lar pattern, DAMP) B J5 #H ¢ 73155 3 (pathogen-
associated molecular pattern, PAMP) L3R HUES — 15
T ELREE ), AR 91K TR E AN I 5
BRPENE . X IR, MR EA
CCR7MCHIED . UL, LESLI0 1 H B T2 14 i 15
# (experimental autoimmune encephalomyelitis, EAE)
ANER A, TR B I G S 9K TS PN R 4 P I 4
B 43 ¥ 1(vascular cell adhesion molecule 1, VCAM-
DK KT, FEAERE SR TR0 4 s
PR ZIX )R B2 N B AT Read i S R S A
A AR S5 Rk e e B R
123 WM A mIE  MLVs#F R BN IESL L A
Iaki TAIMIY RE 771 MLVsSRUICE T, A T4
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i Re 8 LLCCRL IR 152 447(C-C chemokine receptor
type 7, CCRT)MH ) 77 20tk N BRI EL 45, H A1)
fe 15 2D2 T 5 CD1 et 5 2 41 (APC)
FHEAE R DM TA AR TE AL, AT I TREAE 3 22 3
FR@s334 x| dCLNsAZ 175 5 AN 4ERR 350 % 14 T4H
P i B B A, HAZTh AEAR AT AR A6 T MLV sH i 5
RGN

i AT J) L ZH 2 1 98 0 5 i VEGFC-VEG-
FR3{5 5 (134 58 50, 327K G 28 Th e (1) 38 9 1 43 11 b
IR EE REM ISR, T EAES S04 J8RE H TR,
MLVsH KBt TAH M SRR 1S 22, MLV s ARG 4 2,
GEAFSRALSE R, MLVsHIEZ S 5Q R 74541
BRI FRAE AP B R A 22 N, HEIMLVSTE
o FE AR R 58 N A LA SRR B R Gl s S P M

AHN, BB (glioma)r=E i) VEGFCil L i F
MLV s} A=, {23k fitoRg Bt J5L 51 LA KA 50K 248 i F1
CDS8" T4HMu ¥z, MM s e fa sl ;e wiltel, 78
PR B A M 5 A PR BT, BE RS R
S 3 A S P ) 7 AR AR 9% 1 4 i R (pro-inflam-
matory cytokine), FFETECRAT R 2R T 1 H 1) 40 i
Rl ¥ (AN TFN-y. IL-4F11L-17), X £e4 5 B A] 78 4 B
WEFHERFPIRWE RS, IRRERELASE T
P T+ o s HUBAE LT,

2 WBRHEESNER
21 T"E

3 A0 G I S % A B 3R L, 5 3 MLVSIBAT
PEEGAR , FEAR LN CSFI 51 s 2, 5200 o 2 40 HE
HH, AT 3G 0 22 b e 2 3R AT I R 1 R0 S50,

ik b, e FEUNRMLVSHE RN E
IR, SEZ/NR GHEHHL, ZEH1/N
BR (24527 A %) MIMLVs 7y % KX 78 5 AR gD, itk
EXL A PN 2 A4 o ) PR B by, IR MIMLVSTEZS B2
L AR, IR D, HAERRI R O T
3% R FPROX1 AT X SLHE £ [ C2(forkhead box protein
C2, FOXC2) > Igeik i/, & 3| Dfe b
SXETMLV X 5 V1 51 D R kB 1, FRATIHE I S
U MLV s 25 138 A T B8 2 X6 i 190 5 | I ekl 1 —
PO e AL . TR, 2/ LECH
G RERRIE N . BRI 4UM AL A . 4
PR B DA B N 7 A T A4S R AR AR O [ (R Rk R AR e
AR 01, 78 VEGFC ] B 582 47 /)N BB MLV s 512

A, FU L AN FN T RE IR,

10 B 2 1 AR A S 3 2 B0 Ik R AR A7 AR
Yo FEE LR b S 1 40 i D R B ko R AR
= SEURE AR Y 9T (leukocyte adhesion
molecule), Q14 B[] B 735 - 1(ICAM-1) AL 48
MR B 73 7 -1(VCAM-)RIE i, A, i tes 7
(chemokine), #1 CCL19F1 CCL21% T4H i &4 [H 7
(T cell retention factor)fH 2, 3 [FI{i ik T4H i 7
ok i S X4 ) S 2 R AR O X B AE R 2/ B IR
b 5t 8 2 R AR ) CD4” T4H AT CDS™ T4 fifd 43 ik
K& IFN-y, {EF T LECH L EL M N 85 & 5 A
(vascular endothelial cadherin, VE-cadherin) /3 4
WAL, (ELECIERL G, FISMLVs 3 i Th E; H
A LEIFN-y APk MLV 51 i D e+,
2.2 HARITHERR

H MLVs# R BLLIOK, HI)RERsmG— B 5%
PREIRAT PP B IAH G, 045 ADFIMA 6 A/ (Par-
kinson’s disease, PD). 1X P 1) 3 ERFAE 2
WX PHZE 28 458 g B 2 1 BT AR R L R
JCREIET:. B MLVsS| it il e B T L ik ix bt
PR OISR, B4 ADHI ABFI Taud 1, B
S PDH ] a-synuclein®®. Jxz , RHAE: . BiALE
FART7 XA MLVs, 2NJEl AD. PDEERIZIRAT I
I 9 BE A AT e AR
22.1 FIREHEZKMAK  ADKIAREVEHRELRE VAR
DURR LA St 5 i R A 1) Tau B 1 1 B #0 48 Ji 41 44
gii 2t (neurofibrillary tangle, NFT). ixXey5 M HE H
FHE 5D (hippocampus) X 7 /7 (cortex) 55 X 3511
RAMANRE UG A O . ADIE Y it 55 JeK w17 it JIH 5k
A 25 It (cholinergic neuron)iB A8 2 H 7 )2 W #%
55240, BETT SN 51212068 .

MLVs3 i ADJ &AL, MG 58 MLVs T g
Al 23 ADITRYT R 0 MLV Zhagsk ok, St
LRI MLVSIBAT YRR, 7T BE /2 AD A AN
SRR IR I SR R B0, 7E AD/N B ZY A Y A MLV
U ABREANN AT AE T %, 5 A ADKIH
HLEIARLEO, 458 SXFAD/N R MLV 578 55
JEAEF A RN ZE A K, #h 78 VEGFCA 2
ADSEIR, T H MLV s 7 filt I < 58 22 369 n i ) AB
DURESY, F 4k, HRIMLVs A Hr Xt 48 2 45 1)
A Tau s 75 B8 52 35 2008, 1 v i B 1) Taui
RER L, MLVs TR BE I Z 2 i AD /MR
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JOT 0 B 98 R s N, T 14 R 0 B 2L 2R 5 ) R T Y
AD P BEIRIT BT 250 FER FH B ml B B Ak S )
THERS<XFAD/NRABTTIR I SE 5, KILVEGFCiR
J7 AT e B B BUARAE 2 4F AD/ R O ABIIE R
R FH PO, T i bk B2 5 0 a2 T 2 B T A 41 4 £
FR A IR & 08, SBUEEBAT NG 2 A
KNRe ik — B TR,

ADW LG MLV KA RAT A . 5B AR
NERARLE, S5 SXFAD/N M MLV TG 2 % &1k, {5
LA SXFAD/N BRI IEHY B OIRSE . M52 2 320 (con-
fluence of sinuses)Z§ & Ml [X 3 ') MLVs7& 5 & 0 %
D B ABYUAR & B E MG I, T A B SE AN R 5
JE Bl MLV s 75 7 1 AR U TG B S aR AT PR AR B0 %)
SXFAD/)NRUAE S22 6 7 W A1 1128 12 B I k47 AN [F]
I B 1 LR A ) DR ASE 20 i o0 A, 45 SR R 2 AT
N BAML . CD4™ T AMICDS” T f i 2 3%
B, X AR M R A A R B FE 4y TR
1, 6 W 5*FAD/INRLECH (1 5 kAR F . Wi
D(phospholipase D, PLD){& 5% . K% & i 85
(low-density lipoprotein, LDL)N & AH 5 (1) 2 K ik
W B, R ) ABUTER AT BEFE AD IR
XFLECH A f i 52 0,

BARCHWZHIRIEY] 7 MLVs 5 RE % 5
ADJR 1B ™ B AL ] B AR R 0 &, (HA 0T
], MLVs 194 Rl Bl 4 A 22 048 AD A 505
FRFAE Y, BAKTF , WMt MLVsA 2203 AD /)M
SRR P ) A BT AR AR BE RIAT A 2 AR A1k 8 T o
1% VEGFCH5 5 MLVt /| [RI R A 23 238 K Y
() ABTTRAREFE | W32/ NERIRER . 72 AD/NER T,
MLVsHITEA 56 65 WA ML) 51 it 5
B0 B2 A A (B VE S, /£ MLV
Rl ) AD /)N BRUHR, CSFAL 22 23050 bk B2 45 1 i 2>
11T CSFAL 28 MLV I F 4 i %, X #8787 MLVs 5
oG 1. /BBB [ £ D fig. b W] BEARAEAME2 K &R
222 tAeAdm  PDHIAR SR ERHE A R
B a-RAMZ E AT FKE, FECEE (substantia
nigra) M i/t () 22 UL 1 e #4142 70 (dopaminergic neu-
ron) KEFET:, M 5| Eis sh % HI5e 7 F . MLVs
FE - Sl 25 R B DA A PD A A2 R Ji v R 4% B
BAER

—J7 T, MLV 5]t Th g ik 2% 2 In il PD )
18 o G5 FL BT bR T2 45 1 i N U 2 DA L BT A G i

B TIRIE R, 23 23 IRl PD/)N BRUBEAY Hh 8 5T
o- RAMAZ B R A, BT BUSON MR TR 5 AR
(reactive astrogliosis) &2 AQP4M AL 73 A 245, #E—2
51 EC G PN PR B B AS Be o- R flA  E BR AR

= Ji T, PD2x S EMLVs J3 2 5 ik I &
Gt ol IR T Re kIR o VRS a- Rl R TR AT 4E
(a-synuclein preformed fibril, a-syn PFF)f] /)N i
MLVs 5 AEIR , LECIANS # e % , HBE A AE
JRJE, BT MLVs 5] i< N E a-syn PFFALEEf5 /)
UK PD 1 . NARFZAR 20T 98 K3, PD5 MLVs
LR E R GRS B e br A R U0 EATE
B2, PD/NR B AN R MLV E ARG W&
2553 ) IR PD LI MLVs 5 LTI BE T 4 AT g5
Ak BB AR U T, T - 0 I 2 A B A )
WA O, HED AL P RE 5 32 LEC_ /) VE-
cadherinZ it T B M LECIEHL GIAL AL .
2.3 BufhiE

MLVs 5]t e fi R, PAB) 53 8 ) 4 0% 3 4t 5
PUR TR (glioma). /N B AL, K6 52 Joi 83 400 ff 2 A 7 s
RN VES — S, R AT dCLNsH 4 58 1 CD8' T4
RO IE N, A5 T4H i (regulatory T cell, Treg)%
D, YU MLVsaE SR M BUE , U3 JE %
RGN TR . 2, THREMLV s <[5 i
YT LA B 45517 T TR 70 JE RO AR ROTR 400 i AN H AR ek 22 5
i1 dCLNs Iz 4, 5 35 5 dCLNs PRI ) itk
EE A AR R b DR 5 el 553 , B8 1) b g 28 9 Kt AH
A E A

#h 78 VEGFC LA 5 MLVsIhAE, nl 3454t i
G 7155, LE 5t BEAH IR (glioblastoma) /)™ AR
A g R T AR AR A RG0S, CD8” T4
X 1 J5T B4 MR 05 T B S e AR A IR, S B
AR A SZ I, 71405 VEGFCH 4 i MLV's
SHATHAETT 5 5 dCLNsH CD8" T4H i (1) 34 52 ) 201«
CD8" T u e il y8g AL IR 5T BEAH e 1 DR i
B DL RE AT R S B ie 12

TRV T T AR ASE 0 Jirh 6 A D% SRER 41 i 1) 250
Ok LT R, G CDST T4, Zid R T
MLVsP, it ik VEGFCfg 9% 18 50 507 76 v fif 2
YT T R, 1K1 AR AT B8 B CCL2 1A A A4
FOIRGH ML 4 e CD8” TAMMI T/ T o I ibk 2 3%
25 Ty R B 5 2 15 55 g A 1A AR SROIR 0 i ) 3 A DA
JJ3Y Ja BICD8" TAMuiE Ak, M &, id FRIAVEGFC
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5 S0 AR B e %) ik g U TR v R UK
ENLH]Z H, VEGFCIK BT B fih & 59 bt i 98
BB T, AT U R T CCL2 AR s 1 A% 91K 40 A
iz 5 CD8" TS . [HAFE R, 1HiX vegfc
mRNA 88 2 25 32 TH i el 98 807 10 97 2% S i i e
TR P, A, $EM VEGFC-CCL2 15 S #h LA
3t MLVsZh g5 W SR A i s, AL AR 12 7%
577 508 i Fie g 1) S A A i, I8 T IUR RSEPECDST T4
FL A 5 (R TR G i, Ak P b 98 TS B B A VR T
FRALHT R
2.4 IR RR

MLVs7E X 1 48 5 G008 5208 B iGN, 84
WG PR 2 B AN [R] A1 R 51 A B E A
BTl s wp R AE B U2 [RIR, s B R e 15
MLVs, i H5R IRk SS, JF15 T MLVsH 40,
7E H A figi 7% 974 2 (Japanese encephalitis virus, JEV)/E
JeNR A, L2 VEGFCRIE KT W& T i, ki
BRI M MLVsHE A U2, X 63 4= (1)) MLV's
Sl RE S0, JoiE I B BRI K A N
HHAX AR R G 5] A SR LA U FE JEVIRGY
/ANERHR, T Rl MLV s B A FL dCLNSs 19 4 A0 B2 & DA
BELITAH OG5, AR 26 F &1, 1 £k 78 VEGFCA#
MLV A, W]k TEVIE G /N B G P 3 7 202

5 ER LRl PR A R G K A AL A
425 2R R B (Listeria monocytogenes, LM)EYL )5
MLVs 5| IIResZ 7 [FII, 7N 5T 40 M A0 A T i
JREAIE 2 RIE VEGFC, {2t MLV 4T, MLVs
TH S, P 2R RGN, S E T

595 B A R R G A [F], MLV 51 DI eA
23t 5 B (Toxoplasma gondii) B Gk 74,
G530 5 T HUBE G /N BRUE [ dCLNs R bk
NS B K I N B 5 T U 5 CD4". CD8" T4l
Mg U4, 7E 5 dUB LA, /2 I BBBZ
1 5 AR WG 7K M, P BE MLV s 51 3t 2 fig 32 431,
{H MLV 5 [ FUR W2 25 508 7). #h 78 VEGFC
fEMLVsH A, Ff 3R g DR, (HAS 2 Bl i
KPS,

3 REERE

2015 4F i JE 4R B2 (MILVs) % 2238 & L LAk
“HHRR AP RGO E R G AL G0 S TR, i
FEHR B R G I AL S8 B T B AN AR A R R

KA IR AL AR . FEfRH 5 R G L, /)
RS BE fm A AY R T MLVs B A 3 1 X 8k
i, MLVsHI K & 5447 % 3| PROX1. VEGFC-
VEGFR31E 5, HlikEBURIEE Piezol AL il #H
Y B 7> WA VEGFC AR R 25 IS % iR 4%« fEAE BT
AL, M E R GER L T AR RN RS S
OB AL B E AR AL, — 7T, el 51
B, 55 1 R bk L R e W ) v T B BT KR AR AR
. Taut A o- S fild% B QS5 A 2R LR ;
Ty, e 5 AR R 2 R SR IR TR K&
TIEMM P FEIE , S5 R A R G0 9% A .
FEPR 0, 06 IR B 2R B8 () Th R 2L 5 22 e
B UIM 2 3 A0SR MLV SIBAT 1 20728 & 51 3t
IhREVIR 7] 58 2 5 4l 2B AT M0 IR BE L R 5 R
B, MLV sTE i il I8 BB I 51 308 B2 HAX pik 48 B e 1)
T P58 N2 AR AR R A O T 47 B T A e 928 T
EM -

REE L HERBE S 1 R ik
J& , PR B2 R G (R i FATIAECE ) R R R 5 Ak
A, 7T, N S EAR LA AT R — N T
(R 9 A, AR N SR il B A 4 1) 75| 3 X 4%
5 PR EALE AT AT — IR R, AT
T, b B R G A B AT VR I bR B
ZAOCONHBEAS 2 B 56 T iR T apit i 5%
AT 1) o AR I R S A T B 5 0y B0 ) 345 5 i o
MREEThRE, B i i 3% VEGFCEHE 5] VEGFC-
CCL2U5 54, A EEE R 2B FEHIME 5|
AT, AT A 2 18 AT P e 9 B AR 1
B, ol e 48 i AR 1) 2R 5 B B g s 928 R TS s BB
BVRTTIT 3 S BRTIR , oF i BBk £ 2R 48 () R 827K
TR T, W55 B A8 R i A B A A5 B T R AR I IR
T TR WS FERE A 1A 55
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