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RIS R A o 7 I VRIBEAREIC 2 ba—)L
LTwb. 2o THLLEY 25 E 2480 5 T 2 073N Bl
BIHFAET A M — MBI (blood-brain barrier; BBB) T 1),
Z®BBB 2 & o TMENOIMIE & MER & OB O S T=
WEOEITHIR SN TWD. ZOBELRF#E LT,
Jix BN R A2 1228 (fenestration) 27 <, /MHiDE
(vesicular transport) 25E A LT b 728, Thulk 5
RN OBEEA IR S5, S 512, WM I I3%%
#E4 (tight junction) ASFFE L, MR @ b HIBR S LT
2V PR R 00 H AR R L B R % B e S
PEL, SHICZOFME T A MO hOKEITDY &
LT 7T OREEL AT T 5 (Fig. 1A). 72, N
Bl o Em CEREMD) IIEEMMESFAEL, BRAZE
BED LR S LT 5. N AEI I 0 %25 4% & 667212 claudin-5,
occludin, junction adhesion molecule (JAM) 72 & OWE % /i
L CHIMNE I Td % zonula occludens-1 (ZO-1) [[£THi&
LTHY, #EEHA (adherens junction) MIIPEEHAEH D
cadherin T##5 L T\ (Fig. 1B), &4 T-=4/E o Mif [
B HIRT 2%EH2H - TWD,

—C, NOMILIC & > CTUHERYE, IS oM
MBS AFAE S 2 BRI X o CREINAYIZIES N 2> S B I~
DIAENTWD (BBBDF v ) 7THAE). € DFEMNZER
WEEAR L LClE, 7 ROz & ofE % BN IZE S glucose

transporters, FLI% % 3.5 monocarboxylic acid transporters, amino

acid transporters, peptides transporters, Ion transporters, ATP-
binding cassette (ABC) transporters, organic anion/cation transporters
HEDRMEN TG 70

WIZ, BBB & &b IZE CHBN TV D05, IR#EHEIZH
T A I — B HET R (blood-cerebrospinal fluid barrier;
BCSFB) T® % (Fig.2). NRi#ENOTMIME XAEETD
0, I AR TEH A BE % gl L RGN o 12 R
1L 2%, EOMERFICH S LRI X MEMIC %5
HWADVHEL TS, ORI X > THRAEFEIN & e
WEDHIZBIT EDFEWEDOBITIIFRENTEBY, 2
OFEREATBCSFB L2 HMTW2 7Y 1l RN OWE A
IV FHA = R K o TEEMIBIZELD A Fh, B
HaiER LT, MRS 5\ IZ A & it S 0D R
13555, 2512, IR LRICSWEORE = HIRT 2 7217
T, R AL 720 Ol A i > Tk h,
EDOWMEDOBITZRIZL TV 5.

JE IO B & IHFEE & OB EAHIIE AN AE
F5H, O LKRMIIIZBEEER O, e ORERT
DFH, BRGEOFEELR EARR SN TS, LM
i — BB (cerebrospinal fluid-brain barrier; CSFBB)
ERILT LI E 5T, MEOBIIZD HFEEDHIRZE 5
FTwa e E NS (Fig.2) 7Y, L Lads, RIRHE
MixE e L TESEEOK T v v 7454 (gap junction) & %
BRHATHESINTVDL EENTEY, SO FEWEIIME
BEZALTBEIL) 270, 5 b ERMIBEIZ BT 5 5558
BEEBEICHET MG bH 2, ERMETONY T
WEBIIAELE R bDEEZHLND.
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Fig. 1 Blood-brain barrier and the tight junction.

(A) Schematic outline of a capillary of the blood-brain barrier in a transverse section showing not only endothelial cells with a tight junction,
basement membrane, and few vesicles and no fenestration in the cytoplasm, but also a pericyte and the end feet of astrocytes. The localization
of transporters is conceptually shown in the endothelial cell. The tightness of the blood-brain barrier (heavy solid red line: B-B, B) is structurally
characterized by these structures. (B) Schematic representation of the protein interaction associated with tight and adherens junctions at
the blood-brain barrier and endothelial glycocalyx at the surface. Claudin-5 (a major constituent of tight junctions in brain endothelial cells),
occludin, and junction adhesion molecules (JAMs) are the transmembrane proteins in the tight junction, while zonula occludens-1 (ZO-1) are
the cytoplasmic proteins. Cadherin is shown in the adherens junction, while catenins are shown in the cytoplasm. Transporters are shown in
the cytoplasmic membrane of the endothelial cell.
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Fig. 2 Blood-cerebrospinal fluid barrier and cerebrospinal fluid-brain barrier.

Schematic representation of the blood-cerebrospinal fluid barrier (solid red line: B-CSE B) and cerebrospinal
fluid-brain barrier (dashed red line: CSF-B, B). Fenestrated capillaries are located in the stroma of the choroid
plexus, which is separated from the ventricle with epithelial cells bound by tight junctions. Ependymal cells bound
by complex junctions (#: see text) are located between the ventricle and the brain parenchyma. Transporters are
localized in the cytoplasm of epithelial cells of the choroid plexus and in the cytoplasm of the ependymal cells.

s, MBS SN EZS QBT T SNTHEY " e QTR OO E OB IXH
ERWVIENEM SN TR, S < ETFIED CSF @ KEéﬂ“CE%F‘?k o TWwh, F7z, MIEHRECODRETIELED
b N THEEDEE SNCTB Y, #IER M (the meningeal HIZH DB v v T EBEET LH KGR TH D,
barrier) & LT ™, &2 \wid, s < b FEE CSF o ZITIREARIZEBTE S & SNTV S5, FRILEKZE & O
DAY TELTY NS TS (Fig.3). MENOMEX  ROBEBIEIHES TS Y
HEMEBMNLECTH 255, < QFIMIAFTET % 2~3FDRF i = S IR oz, IEH RS (median eminence;
el (K BB MIdEERKE LTy v THETHD ME), FIEfA#%3E (neurohypophysis; NH), i T ##F (subfornical
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Fig. 3 The meningeal barrier.
Arachnoid barrier cells with tight junctions, separating the subarachnoid space from the dura mater
with fenestrated capillaries, constitute the meningeal barrier (solid red line). Glia limitans and pia
mater separate the brain parenchyma from the subarachnoid space.

cerebellum

Fig. 4 Circumventricular organs.
A section through the brain in the median sagittal plane is shown. Located around the ventricles are the following
circumventricular organs (enclosed by dashed or solid red lines): subfornical organ (SFO), median eminence (ME),
neurohypophysis (NH), organum vasculosum of the lamina terminalis (OVLT), pineal body (PI), subcommissural organ
(SCO), and area postrema (AP). Two portions of the choroid plexus (CP) are also drawn in the ventricles. Dashed or

solid red lines indicate slightly weaker or tighter barrier functions, respectively. Broadwell et al.'”

reported that endog-
enous serum proteins spread extracellularly from some of the circumventricular organs, such as the median eminence,
area postrema, and subfornical organ, into the adjacent brain parenchyma. It is described that the vessels of the sub-
commissural organ have no fenestrated walls and that the fenestrated aspect of capillaries with a lack of the BBB in the

pineal gland is not accepted by all researchers'”.
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organ; SFO), #M#+E (organum vasculosum of the lamina
terminalis; OVLT), #{%¥F (areapostrema; AP), Zil F#sE
(subcommisural organ; SCO), HA%K (pineal body; PI) &\
i 22 JE PR3 (circumventricular organs) 28fFAE L T2 5 7,
SCO Z k< TN 5 DONEF PG E AT 5 TAlE 3 F
EMETH O, TEBRIME & 25 B NAAREHNE & OB T H 5.
L2 L%, TNHOHEOMEM TILEENGTHE
N HEBRINEE Il 2SI BE 4 384T 5 L, INZE N CSF & #2
LTw% (Fig.4).

Plblo X 912, B%HIZIE BBB & BCSFB % LB E DN
VT OEAEL, DELWEZRD AR LSS b HEEEFEOW
BOBANIFNTRHANREEZ —EIZRhoTWwa EE 26N
L. T, I T S UL, e i
HEPELLLEEZLDIEHRTH S, FHIZ, mOEELESE
8-> T 5 BBBIZBWTId, MIMED S ST 2 MmENE
FRHE & BBBHERERESE & ORIRAST TICIR S T 09,

Mi&RAEIPT % [ ¥ 5 #2i.

IR#E R M= S E (SRR T A58 4a /N ) T HRE L A
FE72 7 WIS 25 ORI B P O3 &0 & 9 7
FAZThIconTIE, X CHmbTwav, LIEiE, MEHE
PHERE M OV OB AL TR E P o R LI I i &
DIFAET 2 2 EATREN, END S FMEAN O
BRTVBETHA) EDOHELH 72T L Lads,
WIEMES > 787 B ORNIEIT 2 HEt L 729288 ™ %, horseradish
peroxidase (HRP) %~ ZDREHIRA HIEA L Z® HRP %
FRIAFUNRYF T TRIGSE2ER Y Tl M
WA ME 725 2 DL OBR FEABE L T\ 5 &% 2
SNBFHRY 2, SFO OIE D & MEkHIE % (Z> TZ D
TBIFER DM 1% %2 AR B IR 22 A B LT b &
EZONAITRERD. T/, BHE S L2 HRP IZRME AT
F IR O FUVE % & G B 2 BRI 2 R RIS 2 12
LA LT/ (Fig. 5). BBREW T &I2, RGN 75 5
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Fig. 5 Leakage of intravascular HRP in the brain.
The staining reaction for horseradish peroxidase (HRP) with tetramethyl benzidine incubation is shown in the sections obtained from perfusion-

fixed mice at 90 min after HRP was intravenously injected (A-E). The sections cut through the subfornical organ (SFO) (A) and two portions of
the hippocampus (B, C) are shown. Strong staining for HRP appears in the SFO (long arrowhead in (A)), the medial portion of the hippocampus
(HIP) (long arrowhead in (B)) and the amygdala (AMY) (short arrowhead in (B)), the dorsal portion of the thalamus (THL) (small arrow in (B)),
the hypothalamus (HYP) (large arrows in (B, C)) around the median eminence, and the periventricular area (PV) (large arrowhead in (C)). Very
strong staining for HRP appears in the choroid plexus (CP) (E) and the PV (long arrow in (D)) including the hippocampal fimbria (HF) (D, E)
and the optic tract (OT) (small arrow in (D) and large arrowhead in (E)). Small arrowheads in (D, E) indicate vessels in the PV showing

increased vascular permeability. IC: internal capsule. Modified from the paper reported by Ueno et a

3T =S JE PR AR S 1X HRP O3 AT & 2 CTdh % 08, IRk
A5 75 50 & BEAL 72 B 2 PR AR 1 HRP IZ & <A L Tw
o7z (Fig. 5D, E). ZO®FEA 5%, ([ UM F B &
S0, IRMGERETEOMER ST TH S
EDERSND. W, MAENYEL BBB % 3T L C e 5
DFFE DI I TN B BN FZHE N Thw.

HRER S L URHNERERDHFHER

T NA <=9 (Alzheimer's disease; AD) i Cik# 3 %
7 I0A FR=FEH (AB) 7% & OJHLREE N E A AN
POHERENL DD, HEVIZET 200 EHET HET
LT, BNTOAERS & OB S DA LR HD 27 )
TIYANEZLNL. WMD) T T v ADBKIHEF
LT, (A) MAEBECAFAET B ki % A L7z B30 7 A
A~OHEN, (B) fix OFERIC L 250/, (C) 7)) THIREZR
EOMBLENNOIY Ak, LT, (D) MEEZEDL
(LY > 3Ei~0) PR E s T b (Fig.6). 2O&
B - A LR - BEHONT VARG L, OO

1 21)

WILEICED > T LT 2 2 L1382 <, AD Ti
ZOTEOE IR E Y X L CABEANILALTCLE
IDTERVHPEEZ LD P

(A) BBB %X° BCSFB % /13" % AP DS~ OHE L HERE & L

T, WEKOPBEESNTVE, MERLIZLoTLIT LY

—HLTWiv, i, #ElE STk 2T OPRLRE

MIHESNTBY ¥, 20—BEBNT 5.

(1) LRP-1 (low-density lipoprotein receptor-related protein-1) :
AP 1 BBB 12588134 % LRP-1 ICIHEEARA L CROMIAY 12
PO S MR A R S5 2 L AR S T B899
Z®D—77T, BBB %41 L7z Ap OFEH IR 58551
MEEOHELHD .

(2) ABCB1 (P-glycoprotein; P-gp) : B B4 12 3815 % ABCB1
SEHIE & B L ORI E 2B L 72 AR mIC B OB
WA b ENRESNTNSE Y 2%, Zh$ T ABCB1
HEEE AP ik T o TV A EEZ IR T I I CIE 2w
ELEZHLNTWD,

(3) ABCG2 (breast cancer resistance protein; BCRP) : ABCG2
DFEPLEAS AD i O EAMIME 12 THFEAL D EeZ e ™
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Fig. 6 Flow and clearance of interstitial solutes and substances.

Interstitial solutes or substances including AP are synthesized in the brain or flow in the brain parenchyma from the blood

through specific influx transporters. Then, the intracerebral Ap is eliminated via: (A) efflux through specific efflux transporters

into the blood, (B) degradation, such as by neprilysin (NEP) or insulin-degrading enzyme (IDE), (C) cellular uptake by astrocytes

or microglia, and (D) discharge through a perivascular drainage pathway possibly to the cervical lymph nodes.

%, ABCG2 7% AP ik 2B 5- L T A REME I D W T o #i
=i B,

(4) ABCC1 (multidrug resistance-associated protein; MRP1) :
ABCC1 & AB i 212 BIFEAIIZ G- L € B T e
HEENTNDE Y,

(5) ABCAL:ABCAL (& A OHFHC IS LTwb &
DGV 3B 5—)7T, ABCAL KA AP O % H 12
WSS o722 &5, ABCAL @ BBB % 41 L 7-HEH
B2 2 DB N S W E LR S NTn D ¥,

(6) IDE (insulin degrading enzyme) : AB 73z D—2>TH
LHZIDENABDZ )T T ARG LTWADZ EDRIES
NT 2 2%

(7) ABCG4 : ABCG4 13 ABCG2 L#fiL CaL A5 a—
R & BEE L 72 BBB % /15 % AB OB~ OHEIICEI G- L
TV AR G ST b ¥,

(8) LRP2 : LRP2 23 45 P Bz Ml a2 IR #6 # L B2 Ml < o
AB &7 R]OEEKROPEINI b - T 5 Z MRS
‘(\/\Z) 26)40)'

(9) LDLR (low-density lipoprotein receptor) : LDL &4k %
BEEH L L, MBEETFOABDO )T Ty AR
MEE, ABEHAOLA % HE L7 L§ 2HE Y%, LDL
ZHERE R ESED LN AR EHOLES MLz ET
LD D B Y.

(10) CD36 : I 7 1 z7) 7RMIMENEMIZIZFHEIL T b
CD36 7 ABHMED Z 74k & L Tl X IEVEBRR O A 1B -

LTwa I e shTns @,

(11) FPRL1 (formylpeptide receptor-like-1) : AB 7% FPRL1 &
MELIzuz ) 7R EOMBNIZID AEND Z L5
HERTVE ¥,

(12) VLDL %%k © Ap & 7 K E4 L O AL VLDL %%
TN LTwo RN HRE SN2 LG ST
2% —J, ABLTHREZRTHES LOWAKILL YR
CHEH S A LRP1 & VLDL B K% /- L C7RE4 £ D)
B E NG L EE N TWA 9.

LRED XD A ARR B RN ABDO )T T AICH
Do TWALIREMDS RSN TWwD, LA L%&AS, BBB %
I3 DA 2 D 20 AP DERE DS ERIIT DTV
L0, HHVIIED L) BEHETITON TV 2D L V-
7o lid, HEATRESRICEMHINTVWEZVwEFZ 5.
CAUE, BN R I 31F 5 BBB & IR#s# LR AN IS 35
3% BCSFB 28Xl SNFUFHE E N T B 2 & —HATH
LZONLENAR . —F, AB @ BBB % /¥ % MEND 5K
N D ABG LA IZEI L Clk, RAGE (receptor for advanced
glycation end products) ATEL < H STV 5 774 AB D%
WZB5- LT B T REMEAN S S LT B it R O NG # H R
M, W= bAHEE, mAENEARIC BT BRI T 5 e

I BN T O SE G R % Fig. 7 1SR T2, mRNA L
NV TOFREBRE R EBEOMEERETH LTV 222 RE3
% in vitro FEFFHRERDEEI2NS .

(B) MMNIZBIT2BERICE 2 ABOFIRL 2 ) 7 5 v AR
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Fig. 7 AP transport through the choroid plexus, ependymal cells, and cerebral vessels.

Recent studies of the autopsied human brain on efflux transporters of AR*™" have reported the immuno-
histochemical expressions of LDLR, LRP1, LRP2, FPRL1, ABCA1, ABCC1, ABCG4, and IDE in the choroid
plexus epithelium. Immunohistochemical expressions of CD36 as well as LDLR, LRP1, LRP2, FPRL1,
ABCAL, ABCC1, ABCG4, and IDE are observed in the ventricular ependymal cells. Clear expressions of
transporters are indicated by the underlined bold type. Clear expressions of ABCB1 and ABCG2 (indicated by

bold underlined type) are observed in the vessel wall, while the expression of LDLR is also seen in the vessel

wall. Weak expression of RAGE, a representative influx transporter of AP, is occasionally observed in the

vessel wall. In addition, the study by Daood et al."” reported the immunohistochemical expression of ABCB1

(indicated by italic type) in the choroid plexus epithelium.

BO—2128IToNs. TOREMLBHRLELTATY T4
UL NTBY, ToFEBE L AP ILE & OUAH LR
DHEENT VDY, 2512, A2 3ET A% L L CIDE
LEHLNDE I AoTETHE ™), ZoigHEIdE
SLA VA YRGBT LHETLDY, A A VIR
RRET7 IO FkEOBREZMHTHEIZHEE 2 5WEO—
DTHAHIEITFEIFTTH R\,

(C) TN AB IZHMITEIICIL D A D Z 212 X o THHEkK
ENBTENFMONT A, R, TR ™,
AL, 7APOHA RT3 077 ¥ 2B0T,
LRP-1 % LDLR 7% & 0%k % /v L C AR MY sAF L5 1]
BEMED R S TV 5.

(D) 5121, WHNABDZ )T T v AtkED—>2k |

. IME FEFEEL B % N9 2 HERAZ T S N5 A%, Bl
g 5.

L TAHT, BUE, AR A S0 N 5 B D I A~ DO BRI
L CHEEBOMEBATEE ST 5 O (Fig. 8) A5, M4 E
PHHEH % (perivascular drainage pathway) & 2771) 71 >34
i (glymphatic pathway) & FR S LTV AR S LS.
MAEE PR ST, AR 3 I B 2R T % & INTE
A B R > & B AR08 5 g Y & s & 1308473 4 RIS
RE) L, AR ) CONEICRAT 2 EEZ LN TN D,
R D 7)) 7 2o L, BIRER S T 2 TR
VAMAEEICT A h ot MR, MERE, 7R o

4 MR-, & LC, I & NEATEICEIRE B % (b - T
IMFEBEEIC A D, FHER) o/ SEIREIRIE & v o 22k & HE
HENBLLDTHS ™Y 1l ok KEMECEENS
T EYE ORRRFRANNORBENCE L CIEHIBR 2 Tw b
CEBIHENTVD TV 2 LT, NI, kS
SEDLNTV D B TR S LIRFARABITT 258, K
< BT E 2 & AR B O < D IETIE & fmd D) WURG I 2
A ¥ REINICBATT BRI ™, R L2205 <
ORETHED WL Y > I A SR 2 VEICIRAT S
R OO %A L TIsANERE S s EEEE TV 5 (Fig. 8).

COEHIZ, AR B & OB IS E R ORI
L oTY ERRIMAEN (Y IRENTWLDOTIR%E
WAL DRES R END LIk, FLT, 50
PEERE DS E S NAUE, Fl 4 OB ORREN T 25 HY
C IR HEEC v, SR, o2 ) T T v AR
L CMERBEZ Y v B ERET 5 & 9 % W& A PEFA
(protein-elimination failure arteriopathies) & #1 & 41, ff4 7k
BTOME RS TS P AD IC B 5 I E )
PSRRI L TOMRE LT, MMORKT I oA i
FELC BT 5 AR DL, MR OFRI R T B %
B REIE D SR E 5 2 EAE S N Twa Y 73
0 A FIEEZR ETEINS OPFHBAEEZ Z T 5b 2
EETHIZELHN, 2O R ASREAIRRBECE ISR O
o bnEEZHND P
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Fig. 8 Perivascular drainage and glymphatic pathways.
Recent reports® ™ have suggested that clearance of interstitial fluid (ISF) and cerebrospinal fluid (CSF) to the outside of the brain involves both
perivascular drainage and glymphatic pathways. (A) Through the perivascular drainage pathway (indicated by thin solid red lines), ISF flows
through the basement membrane of the capillary walls, tunica media of arteries, and the vessel walls of the internal carotid artery, and then
drains into the cervical lymph nodes. This may be affected by cellular uptake or degradation. (B) Through the glymphatic pathway (indicated by
heavy solid red lines), CSF flows through the para-arterial routes, enters the interstitial space by aquaporin 4-dependent transport through the
astroglial cytoplasm, drains into the paravenous routes, and may be dispersed into the subarachnoid CSF or enter the bloodstream across the
vasculature. CSF in the subarachnoid space drains directly into the blood via the arachnoid villi of the dural sinus (B-1), and drains into the
cervical lymph nodes via the subarachnoid spaces around the olfactory nerves and nasal lymphatics (B-2), or via the meningeal lymphatic
vessels (B-3). (#): It have been reported that the mixing of CSF with ISF is dependent upon the presence of astrocytic aquaporin 4%, while it
has been pointed out that the exact relationship between the perivascular drainage and glymphatic pathways requires further investigation™.

133)

Modified from a paper reported by Ueno et al.

INY T OREFED S MEMEREENDER L ?

BBB 23R 72 ORI L o TRE SN D &, HFEHIL
EESED D HHECHAE R EOMBENWHEIZS H 2T L
Y, S HICEEWE MR EE S 0T, ke E
ZbHTEERLNL. T, MNiLE O BBB HRER )
B4 2R IC RIS L T B TTREMEDMEE S, £ < ORI T
AR & LT OMAEHBAEDRELH L SN Tnp ™™,

AR WEEE L 9 2 S ERRAE I, Mo 2 i
iz R & L, IR e MR AE & /NI PERRAEIC K &
SN, BER, HEAMIIET 7 HEEOLIERHHE
INZIC Lo TRBO I S s, BARMIZIE, mIEICHEDS <

FEIARTE L O S, MBI E 70 70 7)) ) — Y AN
726 8N5. FLC, MEE SIE/NIEMESR T 7
ENFIER SN, MEFFOBMELE L T2 71070
L7 =T AR OB RERIRES HERAE L o o
YA A -RIEEST SR S, L) RIERE
(220 S IMEMRBAVENTER S D L v ) IRGEE S $RIE ST
W SRR, CoOMmEEEE 7 o Tue T ) — 2 A0
%12 BBB B E DRI G- g SN2 L TW B O™ IR
FEICBIT 2 BBBEEDEHEZEZ HICEL, E0 L) REE
A3BBB ZEE L TWA DA, LD BBB 23 E % %1
RFTVOR, EOL) BRFTREINLIOPTH O 2ICT
LI LR EEZ L LTHAEERTHLEEZLNSL. Z
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ST, MEMRAEETISRITREY LT, ()BLE
WEEMEZE) bOLEbRVL D), (2) AR

3y

jit, (3) MR, (4) EiE, (5) ik, (6) KEEE
REED 6 (KT (1R58) |2k § 2 EERETFVENDIZB1T 5 BBB
BERE, ROt MNTO BBBHERED T — ¥ BN 5. 1w, FE
BRENE TV CUEMIAZALZ S 22T 5728, TE 572010
B REAOEMTOREZRA T2 2 & 2Hlal.

s
&
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FTh, IESICAEVWRLESSE R 2 FE S 5 SAMPS DRk
L WER BBB BRI ICE W EEE ST w2 T g,
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BHEROEEEDH 2 BETHL P TH o729, 512,
BBB & MO OMEZELTH Y, E>rSHE S
LOWRELHD Y.

(2) BERILTA TR BBB HHE

— BV R BISHE IR & 4528 L 7280 R X 2 0 BBBHEAEIS, #%
ZR18 @ i F @ hippocampal fissure |2y - 7z I3 12 B W CREE
ENTw/*, —J, BBBREEEIXL M AMEIMRNT bR S
NTEY, FEFRIREICL > TEOREIIZET S 2 L2
HahTwg®.
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BRI 5 A% 30~40% 12 F T L TV 2 AL SHBY IR A 2%
TAARY =Ty T, #%E7 HHIZHEOMEBLE KT
73% 20 BBBAERE R WA L2k 25, K553 H H O
PCFTIIBBB REEMNE L T2 —%, e b Ekd
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kﬁiﬁgéﬂ/(b)é 88)89).

(4) #IMEIREE D BBB HfE
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fissure |2 iy - 7z [l 0> BBB RN E S Tz &6
(2, 4~5 7 A# TR % ) FTEREDE L Twnz %,
Z ® 3 4 Hi#i% SHRSP #§5 @ BBB EEME CIHBEIZIL L T
WARMEERELZEZ A, FATARY T P, matrix
metalloproteinase-13 (MMP-13) *, CD36% 7 & W8 D3
BHOTHEL, TA a7 Y REKOEHMET LTwni?,
BEEZOMRE A TVLIERED THEZONLH, b
O EABBB BEEx G| SR IIREME NS NG, —77,
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N CIEEMEREELD BBB BE 2 1) HEFREICETLT
WS ARG SNTE Y O BIMEIC X o THERED
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(5) B MAEREED BBB FHE

A MLT MY Y v e AN L CERGIE IPEIREIC L7
YIART Y MTIE, TXANTVRAZU—RA L Vo JofE
RS O P A B BRI TTHE LTz ™% o, @il
FEIZHN 2 T MMP i5ED TLED L ETH B & Db b 5 ©.
T2, VT U ERERBETERIZL > THIMEIREICS 2
db/db ~ 7 AT, KIMFEEIZBIT % HRP O M &P 34
L %705 7281 BRJEBSEIRIC B 5 7 V7 3 v ol
BBEDSTHEL TV Zodhdh ¥~ AT Y ba—
WEHNTHEALT V7 I UL Twa 2 e B XU
BN IR OME % A3 5 glycocalyx DEREEA A L T
WBZEHRHENTWS, fiEo> T, db/db <7 A TIHHEL
TNT X v O & M N T OB R RE o) i 2 Ak
DWW, B E O MEZSEATIHE L T2 b o LIS
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TEINDL TIVT I ¥k EOFER Y E O Mg & 4 30
LR L ZBERE . IR I E 2 AT 2 HM
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5YHMERFEZICBITS HAlc DI Y O — VIZEETDH
LHEEZOND, —J), B FTIRF FY =74 MRI %A
2 HIBEFRIREE M OB C BT, EM ToME ZRM)
THELTWE I ERME SN TVE ™, ol MRIIZT
HESE 7 % i 5 B ICIME E®EDO TLEDFED S T\w»
5. F7o, BHUEICEEL TV ARWEFICBIT A LTS
OV Y LA)USEEHE D MRIL BiE5 S HBT 5 2 & b iE
FENTVDE ™, ZNSOHEH 13, 8 P U s
MRI #EE5 2 FOMERHBEZ BT 20T » bo—)u
DEL R HBEYPNEDPIRIZS NG,

(6) ZKIHSEIREED BBB FAE

AR ZFHE N T (hypoxia-inducible factor-1o; hif-1o) @ H1HX
MRRHIILEE R ) v 72 7 b=y AIKEIE R BIET 5
A OKERERFIEL TV b 10 BE O~ T AIZBIF S
BBB #REREE I 5 2 TIE e o 7217

VI EOERRE % T8 & L 72k R 5 1%, BBBONY
THERBIE T & U C AR R I P TR & L R TE O i
B RO, BEHARERRKEOREICBWTHEE SN TV
T/, EMEIZMEREZE) AEEEEZ L7256 L Tnwb e
MEH SNz S 512, EIAEIREE LM EE T o glycocalyx @
R 707 7 — O TTHE & - 72 N E S 0 2 N)
TEEICHS LTBY, BAUI3HE B X O & P = I
DWZEDN) TEEZHELTVWLILDEEZ LN I
SORFHEHLED T EITLY, MEERRAEDRBIEIED
B SR SN TV AIREEAEN S 15 (Fig. 9). M,
IFRRERE S 12 > SERRCHUE SR O B G- b HEH S B 28,
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Acute ischemia followed by reperfusion
Q
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increased expressions of osteopontin, MMP,
CD36, and other molecules
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Hypertension

Senescence ®

A

1

1

1 .

! dementia
1

1

1

® barrier damage in
Hypoperfusion ——— white matter

U]

barrier damage in cerebrum,

)
Hyperglycemia ——————¥| . > )
especially periventricular areas

Fig. 9 A hypothesis on relationships among insults, barrier damage, and dementia.
On the basis of the experimental results, the effects of acute ischemia followed by reperfusion, hypertension, senescence,
hypoperfusion, and hyperglycemia, on barrier dysfunction in the hippocampus, white matter, and the cerebrum including
periventricular areas are shown by solid arrows. Acute ischemia followed by reperfusion clearly induces barrier dysfunction in
B *” but also that in the

and periventricular white matter

, while hypertension induce not only clear barrier dysfunction in the hippocampus (B)
76)78)80)

the hippocampus (A)
white matter (C)™

(E)*. Hypoperfusion induces barrier dysfunction in the white matter (F)

. Senescence induces mild barrier dysfunction in the hippocampus (D)

*. Hyperglycemia induces barrier dysfunction in the

cerebrum including periventricular areas (G)*™®*"*". It is likely that barrier dysfunction in the hippocampus related to increased

93)-95) : : .
%) induces brain dysfunction,

expressions of osteopontin, MMP, CD36, and other molecules due to hypertensive insult (H)
followed by the occurrence or aggravation of dementia, as indicated by solid arrows. In addition, barrier dysfunction in the

cerebrum, especially the periventricular areas, due to hyperglycemic insult may also be related to the increased expression of

57 : 103

these molecules ()"

, shown by dashed arrows. The relationship between barrier dysfunction in the white matter and the

increased expression of the molecules remains to be clarified, as shown by the dashed arrow with a question mark.
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7=, MMP-2 | 218 AR B 7 VB BT 5 FERE A 0
BBB BEEIZ LB L TWA Y. X512, MMP2 DA% 59
MMP-3 D53 b M PERRAEE B3 O VB S TS S
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Abstract

Elucidation of mechanism of blood-brain barrier damage
for prevention and treatment of vascular dementia

Masaki Ueno, M.D., Ph.D."

YInflammation Pathology, Department of Pathology and Host Defense, Faculty of Medicine, Kagawa University

It is well-known that the blood-brain barrier (BBB) plays significant roles in transporting intravascular substances
into the brain. The BBB in cerebral capillaries essentially impedes the influx of intravascular compounds from the blood
to the brain, while nutritive substances, such as glucose, can be selectively transported through several types of influx
transporters in endothelial cells. In the choroid plexus, intravascular substances can invade the parenchyma as
fenestrations exist in endothelial cells of capillaries. However, the substances cannot invade the ventricles easily as
there are tight junctions between epithelial cells in the choroid plexus. This restricted movement of the substances
across the cytoplasm of the epithelial cells constitutes a blood-cerebrospinal fluid barrier (BCSFB). In the brain, there
are circumventricular organs, in which the barrier function is imperfect in capillaries. Accordingly, it is reasonable to
consider that intravascular substances can move in and around the parenchyma of the organs. Actually, it was reported in
mice that intravascular substances moved in the corpus callosum, medial portions of the hippocampus, and
periventricular areas via the subfornical organs or the choroid plexus. Regarding pathways of intracerebral interstitial
and cerebrospinal fluids to the outside of the brain, two representative drainage pathways, or perivascular drainage and
glymphatic pathways, are being established. The first is the pathway in a retrograde direction to the blood flow through
the basement membrane in walls of cerebral capillaries, the tunica media of arteries, and the vessels walls of the internal
carotid artery. The second is in an anterograde direction to blood flow through the para-arterial routes, aquaporin
4-dependent transport through the astroglial cytoplasm, and para-venous routes, and then the fluids drain into the
subarachnoid CSE These fluids are finally considered to drain into the cervical lymph nodes or veins. These clearance
pathways may play a role in maintenance of the barrier in the entire brain. Obstruction of the passage of fluids through
the perivascular drainage and glymphatic pathways as well as damage of the BBB and BCSFB may induce several kinds
of brain disorders, such as vascular dementia. In this review, we focus on the relationship between damage of the barriers
and the pathogenesis of vascular dementia and introduce recent findings including our experimental data using animal
models.

(Rinsho Shinkeigaku (Clin Neurol) 2017;57:95-109)
Key words: blood-brain barrier, blood-cerebrospinal fluid barrier, perivascular drainage pathway, glymphatic pathway,
vascular dementia




