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Challenges to the hypothesis that the blood-arachnoid barrier efflux transport
systems function as central nervus system detoxification system
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This study aims to validate our hypothesis that the blood-arachnoid barrier
possesses the dynamic clearance system for neurotoxic substances in the cerebrospinal fluid and
functions as a central nervus system detoxification system. The present study has proposed that o
-synuclein, a pathogenic protein, which is known to be and accumulated in the brain of the
Parkinson’ s disease, would undergo the LDL receptor-related protein-mediated efflux transport from
the cerebrospinal fluid. The study has also established the comprehensive proteomics and the
LC-MS/MS-based targeted absolute quantification system for extracellular vesicles, pathogenic
proteins, peptides, and metabolites to clarify various efflux transport system at the
blood-arachnoid barrier.
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(1) B oW EEhiER Mg & Lo Mg < bR o&H

kFEREHE (Cerebrospinal fluid, CSF) FOWEENAELZ T 2HE L LN T 5 2 L 1F,
RPN BR BT D i FR A O TP OB B ORI IC B W CHE CTH 5, MR F#EEM (Blood-
Cerebrospinal Fluid Barrier, BCSFB) %, WR#&#E L RCHIIGD 2 BERERO IR & L. I i iMBE M
(Blood-Brain Barrier, BBB) & Id—57e 2tk 258l L C, JEBR MK & CSF & OWE AR
B EREICATV, CSF O NEMEE Y O MNENEZHIE L TWA Z LN sn T35, st
RFH DN B 1L, CSF HEENRE DO HIEIRERE & U C, Mg s B 1 5, Mk EEy
BB ORI R PEH LA S T v AR —F — (HER) O FHIER & Jafertk % i
L T & 7= (Drug Delivery to the Brain-Physiological Concepts, Methodologies and
Approaches, Springer, New York, pp23-62, 2014), #FIZARWIZESTZRIZEHE LT, CSF b0
B-amyloid (1-40) OHEMERRE & LT, BCSFB @ Lipoprotein Receptor related Protein—1 (LRP-
1) ZRENEET 52 & & R U (J Neurochem 118:407-415, 2011), —J5C. BENIZJHTE
T2 WRAE # OB EHERE 721 TlX. CSF 2KD B-amyloid (1-40) DW/EEIEA HH T /22 &0
oMoz, 2T TR, BCSFBIZKB T DA T A TV AR—F—% Lz L
TF=2D CSF MOLOERI VT T AR, BT =4 T U AR—F—%fr LicTaAX
7'Z P Dy X cephalothin @ CSF {227 UV 7 Z A&, CSF @ bulk flow ZZZLAIWTH,
RAEFEIZB T 2D IART VT T2 AT 6%~20%% i T& 5123 X722\ (J Neurochem
12:750-760, 2012; J Pharmacol Exp Ther 343:608-16, 2012; J Neurochem 107:432-42, 2008).
Z ZCHRRIMK E CSF R TH 6 9 — 2D & LT, BEMEZAT 5 < bIE ERGHI
PHSRERIEMR L 45 Tk < & IEESPY (Blood—Arachnoid Barrier, BAB)J] 2% H L7z, 2018 4F
\CHFGERFRE O HIE, ABFFEO BT & LC, B BER LI BN X Dk 2 X
et i & (qTAP) & HEGRENT ZBEE L C, 7 v M BIRIZBITD N T U AR —H—H X7
BORBLZRT & L BT, K510 CSF FENAEFIAEHERE 23, BAB (23T D HEHlE CHE S D
T x5 v b in vivo CEIELT (Mol Pharm 15:911-922, 2018; Mol Pharm 16:2021-2027,
2019), LA EOFERNG | BAB 23 S Ek 22k R & i <. CSF R EERE A HfH L T\ D &9 B
B =T x—AL LTONMNMBEDTHZ I,

(2) Fhi M EME o CSF BhREHIEIEERE & L Co < IEOE H50GH

AT EE LA IR A L, 30 4582, 2 AT 1 AU, TARA IR ISR 2 S HEE ST
B, EH 2T MCES S PIREBIREEROBRBNEHE Th D, TV NA v —JH/ S —
XV IR EOMRREVER B T, JREMES XY E Bamyloid X%« —synuclein 73 & DR
FIEME N, BEWVER 20000 THRAICHNICERICERE T2 2 L ©, MREEZ2 L7257, A
72T, TR EMEWE OMNEREICIE. < bIEOMEIR TRERT 2D TIZR WD & OHkikey
EAZ FEE LT, I, KIE Rochester RF TLiff BEEHIC L » T, WMEENTEA SN B-
amyloid A3, ME B PAMEZ > T, < HIETHEN O CSF 2 B il CTHENE X215 7% # (Glymphatic
System) DIETENERE S 417 (Weurobiol Dis 93:215-25, 2016), AL, MREMEDE DMK
FEND D CSF ~OPEHREE A, PARMR I 25 = & 2R3 528, T< I RN CSF Iz
TRAVAATE, PR EEWECEBEW IS, CSF Ah « M ED X 5 It SN D2 &) K
fR7E DAE 2 72T R TRR STV, BLENS . ARGl LR 3~8 fF R\
EHEE SN D K B, Bramyloid 72 E MG REMERREIEWE & | M ~FEAOICHEH 3 2 HERE
% FiH | CSF R B EhRE 2 REENROICHIMEH 3 2 & L CEERFHE 2 - o Tldwnn Lt ofit
EEB LT,
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3. WHEED Tk
(1) =¥ X7 LA 0 CSF{HFGRIRIC I T 5 < b ISk~ D /340 & kiR o %7 5t

FATIRRIZ BN T, AFFRIREE DN H1F, /X—F 2 Y IRICB W TN SR 3 2 M~
YRIBE o~V RX 7 LA OCSFNEIREICE B L KA EE 554 0 CSF 2 b OTE IR R IZ BV T,
WHip &b —ERICHIEIR low density lipoprotein receptor-related protein(LRP) Z 4 L7-4F
HEERBEE T2 L2 RE LTS, a-Y X7 LA O CSF 2D DL 5 g <
HIEBEMOFREEMITT 2720, a-V X7 LA & T v b RN S% OEEERHLRE o s
R a AW g ta 1T 572, LRP 7 % A THAL 0 iATeT= | (X o3 Bt E& 7 a7
2 2 A(qTAP, Fluids Barriers CNS 10:21, 2013) Z W T, < A& kBl IC 30
% LRP 7 X A4 T OMKRIEREZIT -T2, LRP Y7 ¥ A4 TOXKEMIZ AT, a-v X7 LA
FE~DE 52 fjbT L,
(2)CSF HIZEFE T 2R B MEYE R E D 7= DRER) X L8 7 B TE 858 M O ERS> +3)
BB R DS

B X7 B O E BRI AR Z NI B ER T v T A X 7 A (qTAP) ITEED W T, E R
BERR T T R A& SR U7z, #axhEEROBEIZIT, K7 v~ N7 T 7 0 —ZfE LI2E &0
3t (LC-MS/MS) @ selected reaction monitoring ¥éfEZ W=, K4 F BT B EERD
ST, v 7 U —EBRIKE-E =55 (capillary electrophoresis mass spectrometry,
CE/MS) %=V iz, #EMBEEEE S OARICI S &, FHEEER D S BERAR IR &2 INE LT,
(3) A sh /M (= 7 v — ) O B & MR 7 e T A X 7 AT

I SERARIE DN B W SAUVIR IR 2 2 X & B e LARE S D IS N O REE A B 5 8T
T AT, b MERIEMANE SH-SY5Y flia 2T L L LT, MiEoRE BiE 2N L, il
ST BEE = O TR > © fRa A /N @il 4y & Bl U 7o, ffash NMEmisy o U Y b &2 AT
W IR m= 7T T 4 — i LTy fEREE B AT (LC-MS/MS) Z W T X N D
TN T Y —EREREMENL LT,
@) Mg Ma (=2 vV —2) KON TF R OlgEi R O 4L

CSF HIZ I 1T Bt B HE 2 1B W8 3~ 25 72 D O s AR I s ME O FER I, RS MLz SRS TE
§ % CD63 & Fk Ak e & /7 B GFP DA & v 73 7 B % J8FR 9 5 2 3 BUkk & IV 72, LC-MS/MS
? selected reaction monitoring HEREZ FIVNT, X7 F RET ALEW) Destruxin E D%t E
BEROWEEZITV, AN TIREMROER &K Ol ~DOI b AL &E ERb LT,
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(1) a-> X7 LAV RAENEG% O < & BT~ D540 & bk 0% 5

-V X7 LA U RKEINE 5% O BFEHRICBN T, a-v X7 LA rOEEy I ARKR
Mz, 7 v MRBERIZIS1T D LRP1L & /37 B OHEx FBL &1 0. 80 fmol/pg protein, LRP2
13 E EBRIME (0. 89 fmol/u g protein) AN ThHo7lz, = A LRP1 KEBMILIZEIT D a - X
TVLAVORYIAIL, av b — WX TR TMEARICSH o7, YLEDOREERENS, a-v X7
LA CSF 226 ORI\, mik < HIEBIF D LRP1 241 L 72 HEHHIHAE 23 B 5- L T2 ATRE
MR S LT,

(2) BRI X DRI X7 BE &R M OMR S TR E R DO RS

MNICE T2 Z LD ME SN TVWAE X U RTEIZHONWT, EEMNS LT HENLTF FEd
B PE Uiz, PREEEICBE G425 7 A )V AHRY 7 FIZHONW T, EBENTF REIRE
L. 5-800 fmol/injection MHEAFHIZ I THaXf E B FTHE/ R AR LT, S 5T, CE-MS & v
T, TR BOHEY Vle, AR, X7 LATF R Y, 85 FIHD A 4 MKy o k4
2 AR T2 TE R A ST LT,

Q) st/ Ma (=2 v Y — ) OBEEEEEN T 0T 4 I 7 AL X X T ERE

SH-SY5Y #llfid DF52E k2> SR L 7= flfa s/ MamEi 5z >\, Mg o7~ 7 ) —7 a7 4
R ADFEEHANT, F3000 55FDZ LRI EEEE L, MRSV NMEICEERT A0+ T
TA VT EToTn, TOREE, HEMEIERZRELAE (ALS) o~ T2 b UIFAE B D IMN TR
T 595FEMZ 237 B TAR DNA-binding protein 43 UM Huntingtin 2SFHNEAN NI 47 12 FEER
THIENIRENT, PLEND | AR EIRREIZ BT CSF IS ERET 2R 2 v X0 8
RMREMEME ORIEDT- O D AR Z e LT,

@) HIfEA N (=7 v ) — 1) KORT T ROk sl R 0 S

FRa AN A O RS RN JRTET % CD63 & GFP D # N7 ' % 58 Bl3 5 L e 3B 2 VERk L |
ffash/NMa o CSF HIZE T s EIRE 4 B 2 RAME L=, X7 F RIZxtd 5 < bk
RO A B L C, T /ULEW E L TERIRLTF K Destruxin E D RIRT L §itg Bt
ROME iR (10-1000 fmol/injection) ZHESr L7z, NEEIEEET /L & L TATIEERKIC
B DFEMEI OV TR L2 fE R, SRR CHRRZEN RN L2V RS VT2, Hela #f
% A To B AT 72 & | Destruxin E VENAAR BPEIR 2 XBI & AT I REBI A 22 di i 8 18 & /1 L C
MR AZFEER T 5 2 ENRB S Te, BLEND Mlash Ma & 7T RS Ok A R 0 3k
RBEINT,
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