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AR I MBI M (Blood-brain barrier,
BBB), AMWH#ETIIMEMERM (Blood-nerve
barrier, BNB) »*#i#ERONNEZRTEH 1N T —D
FEWRTH5HHY, B TIIBBB, BNBIZWELH#H %
WM BRETIE RS, BATIEIMERIINTS
WHEREERT LML ATLTHELER
LbhTwb, BIRWELEDH1E, BBB, BNBi
SIEMB e SRR F OB EENNERAT S
BORBITH S LI, HRMMREE BGHRE
Rl - AR BET 5 D& T K DORRRE
EHEDHZBHTENEET, BBB, BNBOAAM
B X BRI B O 7 R IERER B2 %
WEREHLS L DTH 5.

iU &I

BUMERRIWREBROERBNTH 2 WHELHR
DHRENDETH D, MDD ORI E LY
B Mo BiT s, »o88» oM ERMER
I BEINT 5720, %< OFEHICBT28/NMLE
JOMBENEMIIIABRTH S5, KHORLNT:
ERAAZ B TS BUME SRR N B MR 3 B 325 5
W Ctight junction® R L, WHEOHMZH
kEZHPRL TS, Zh#zblood-tissue barrier & \»
VY, blood-testis barrier, blood-retinal barrier’s &

% ¥ Dbarrier systemWFEHET 5. L TH AR

FHL164E12H 10H 2B

2B Bbarrier systemid, fERONIRERE % 4
32 ECTHOTERETHY, AR O MG
B (blood-brain barrier; BBB), AKHH#i#E% DIl
AR (blood-nerve barrier; BNB) A%z
H5.

LA L, BBB/BNBRIWHDELZYET 2 Hx
% BT CTlBv, EZEPHRARRTERE D
P ¥ Bglucose® & - THhbE, BBBIED-glucose
DA EHFRNICMEN D O PRMREEENE B%
L, ZOX%RMARTDH 5 L-glucosellxt ¥ 5% 8
PHIZIFLEAL0IZHE L, I 2 THNIRIT BRI
7 D-glucose DWIE, BBBZHEK T 5 WML LS
JRAET 5 glucose transporter type 1 (GLUT 1) #%
AloTBY, Tk REIRWWEZE B Zglucose
PAMC O S BOWETBE IS, €5 T, BBB
L HRERETII RS, MBRRICHTAWHERE
BIRTDIYATALLELRADDNPRBLEEZILN
5. AR TiIBBB/BNBOHEE % EITHAEH O
7 o Totight junction A H % OB, HEwv
TBBBIZ BT 2 FHRERRICDOWTOREDHR
R Lo,

Mm% R%RAPY (blood-brain barrier, BBB)

BBB®f# ]2

AR AR SR D 23 ) 7 I 3 R T 0D At L I A
BE¥EEIM (blood-CSF barrier) %0, #HNFE
BAXMRAE & LML TH 525, Z O T ML NE
MIZEEZK > THRRTWL T L 295, Rofh
HERE, 2HhESEozh L m U {arteriole,

NI | -El ectronic Library Service



Yamaguchi

Uni versity Medical Association

capillary, venule ®MEFIZH N T A%, FEEEIC
BBBAFAET A DR KRMEEF L L SVOEEE
#i¥ Beapillary ($87 — 8 um) DT, MLH
JEIIMDTRIETH S, T DEDIME Dcapillary
bed & MWK THENT 2 LWL VERKZ LD,
—HATIEAR600kn, FEH I mIZEREEDAT
w5,

BBBx KT 5 ¥ v 37

Z OBUNILE BT B8 T HEEEDOARKIZ N
FazsfloThH Y, MHEMICIE, NEMRMELRET
DMHET Htight junctionfEEARZFZNITHI YT 5.
Y4, tight junctionZ K3 % 2 MO T E LK
7R PRSI HR 572, —~Didoccludin, b D
—2l&claudin family GHAE20LL Ed X ¥ 3 —233H
HERTVS) THY, WIhd 4 FOBEHEMEEF 2
A VEFEOHTHBELTVAENT I/ BEFIOEM
X7, OccludinlZ2WTid/ v 777 bR
ZPE L T btight junctionfi&EAMR7-N 5 2 & 28
ZOHW Sz, B Tidclaudin familyhs/N
) 7TREEDOTPLIREI A HEOATHA I LERD
NTwa, WM RiZidclaudin-1 & claudin-59
FAEAHE ST b, Claudin-5 (X BBBHE B L
DAL LT EHGOMENEMIBIZHEIL T 5 H&H
THHEI, /v 77727 ATIEBBBIZEBITS
tight junction®E X IEE IR N THWE DD
800D A O /o3 T~ B P & W kAT IR 123
TAHHAPEONTED Y, TOWHDORERN
T—CTOEREWIRMB IS, FXH L LCIDPESE
DEMMFEendoneurium N OB/NNEFIZ BT 5
claudin-5@downregulationZ B2 L THEH, R
=2 —aXF—ToONY THFE L HEDD LTI
LEZTVEY,

Claudin & occludin®#fAH X 4 > DCAKERIZIZ
Z0-1, Z0-2, ZO-3» =HiMdzonula occludens (ZO)
HAHA L, X 5II7H6 antigen®cingulin& W
S 72 HmEADE G L T M tight junction complex
ERELTWDE, ZORHIZS LI, AT7=RE
Madherence junctionZ KT AHEHART 7 F &
EOMBBREROL SHEERAZITI EEZLNT
w5 (1),
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claudin-5

EBNEE|
b
U

occhugin d

RN

1 BBBT®tight junction® ¥ 2% 1 (BXX).
Claudin & occludinidwW¥h d 4 MOBEEME F £ 4
vEFOBY vr T, ThENBRET MO
claudin, occludin& ¥ 4 =—%#H®K 3 5. BBBIZiZ
claudin-1, claudin-5® 2 F23#H HN 5, Claudin,
occludin®CERIGIZIZZO-1, Z0-2, ZO-3WKEHT 5
2%, Z0-1i3Z0-2, 2032 ~A5Fu ¥ 4 < —%JEK,
Z0-1£7Z0-213 & HiZactin filament& &H53 5.
OREE OB EMIZIZTHS, cingulinFZ¥H ¥ »
NI BEOHEAEPHEREINTVS, Uk X Y 5H,
&)

74ﬂ~7zbnv4h&ﬂmww
- BB EEE (pericyte)

WA A
- (endothelial celt)

— N

tight 'uncl;;n (basement membrane)
i

2 BBBOEAXK. ) 7RO R MKIZBER N
F?dtight junctionTd 5. (CEk» L W 5IH, —&k
wE)

BBB® K idfifA°, BBBIZIZ & » CHIMS T
w5 H

BBBO A2/ ENEMRTHLH Z &
B REICBREBYTHEHD, SHITMATRHEHM
M3 B IRB M fastrocyte & % Rl pericyte
HAEAET . I R R 1 N B K 0 AL o %4 20-
30%%E-THED, SELHIZ0MNE%2ERBMEO
RERVPHGEZ LS (X2). Janzer & Raff” ik
FEMHLRRH K ORI TH - T BRBMAIC X
STNY THREZRFGLI S EE2EBRWIIRL,
SARBHINLABBB property 450w K7
REAMP LRI E LOLRLGIHIRTw S, 7272
L, 2RBMREAY —FWICBBBEKRICEE L Tw
HEMTOWTIE, (1) Janzer & Raff®EERDS
HETELRVY, (2) BKEOLFISWERKILZ
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MWRERDNY T — T AT h 7

AT A, astrocyteDendfeet & —kE 2Bl %3 -
TWwabIFTid%RWv®, (3) BBBOERLZENT
» % P-glycoproteinid, astrocyte & D3EfLLR{IZT
TICERLTWwS", (4) /X, BBBLIZIZH
FOREZ AT L MAEAEMM (BNB) CRERK
BRI G Z2HBEAFEL v 2k, REH
RebiF T, BB RO NI R
RB#MREOI Y bo—V% 5T 2VRKRIEETTD
BHHEOMEVWERE%Z LD, P-glycoproteinZy ¥
VTREEAZREAT L% L OBBBEA DR
RET5. BERBMBEOMSIEHHIZLTH, 1N
7 BEEE O FE A (5 M I 35 2R 0 YR R B AR A D
S>TVEbDEEZLONBAEOMBTHS.
EARBRIR SRS S 7V R 5ET 5 TB
ELTiE, (1) HEMRBEBEOEMIZL > T
(CoMEREEHEVELS V), (2) EBOTHELR
SRR EA LT, (3) Short range® Al
HRFZ2AHLT, (4) RIRBMK L MM %R
T %extracellular matrixiZRFET % 7 WH T % A
LTEMREZ OGNS, ZOERBHHKDOBBB
ERHEFOFEEITE S CFITE T TS, &ill,
Src-suppressed C kinase substrate (SSeCKS) &
W)WM ENBBBEREEZRAZIEL I ST VD
trigger& L CRIE & N9, SSeCKSHEIRBH I
DA oM (o A dmnE R, fse )
oL oWENRLH, T, NYT —BEEN
pathogenesisiCB5 LTV L EZ LN AKEBILE
WTSSeCKSHBED X ) L E L > TWVaE PR
L, BT REMERZERENTWEY, 2o
BEORAEIBBBMAICBITIIREDKNE &
breakthrough®—2> L FHli s 5.

M#%&+8#28PY (blood-nerve barrier, BNB)

BNBIZBBBZ& &9 &9
(1) XY THEREZOHDICIHITLALEN WV
7%, BBBEEMEOPTBNBIIRB I TV
Wb DR D
NYFTELTORELZILET 5L, BNBIZBBB
B EDHEREZF 2RV EWI DOBEIDOTHOIRFET
Hotew L, 5THBNBIEZBBBL Y LI TH
LLOEBPMAEINLZONHIRTHS. LarL,
Poduslo ' {Zinsulin, NGF, albumin, transferrin,

[gGD S H>OWHOEBEEBREFT L, OTholy
HIMBLEPFOLN)T2EMRL) A2 L, @BNB
EBBBOBICHREN 2 AZRIIFTLALHEELELY
X, O2HEWELMIMILTEY, ShLY
BNBO L ->» ) LRMMEABRBIZE VTR
BBBE (ZIZFED Y 7THENFET S, v
DHYBETO—-BRWLEZ T THD.

Blood-tissue barrierZ M3 % NEZ MBI I, 1
BRONEMBRTIRARSh VR EIE R
ENTHEY, N THEEE OBENLE & Y i8I
oTw7, BBBTWw2 I y-GTP, MAO, P-
glycoprotein, GLUT1% EMZNIZHAE T EH, =
oAy 7THREBEEENZEEZFOH, BIOE
BORRBARICE VFEINLDDOTHL0O0E
BB ETEAHTHZ., D5, BNBEHRT
5 NBEMRIZIZGLUT LIRS 5 %% y -GTPIZ R Bl
LTwana e, claudin- L3 AR A#ER CTIINE
MM TIE L B S —203N) THEMBTH 3 fhik
JA B M perineurial cellZEBLTWAI LY %%
BAGHOPIZLD, ZOMONY T—h—I2
DVWTRFMEIAHTH S, BREOADOEH»S D
BBB:BNBIZHOL LBV HLI LDHR, ZC
TIREALTBE 2V,

(2) AR - KRR E HITNY 7HEE

R EMAD B

AR AR Tl T ERA - R - PR - &
B - RN AS, R ARER TR AR L
& BRI E L BBB/BNB#BE % K  #BAL T H
D, MmhWEEDEEMEEZEICHBIZT 7 £ AV
BBTHAH. HiHudi kGt Dparaneoplastic
syndrome, B & (fdrug-induced neuropathy®% <
#Ssensory neuropathy T 5D, BB TO
BNBOXI L OMEHLE 2 b D, THREAERD
BBB#REREBNVOLZ L IIHBENSWEH DS T
By, (b FWEOBELFBICBRATHE N
HWCTBBBEREEORMIZLLAAEHMNNTH S L
B h 55, BNBREBMIIOWTIRGHEN L
HEIERWZLE,

(3) BNBIZIZERBRIFLICH Y § 2 Mg 5317

ELZW

BBBHBE X § 5 ERBHBOKIIOVWTIZ
ERL72EBYTHSH, BNBEZHR T 5N
BN AR/NMILAY O I BRZ i3 foot process% tH3 2 IRE
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FHL AR S DML X A7 AEE 3, BNBO/NY THREED
BB RBHB LA OMBL A & D ¥ 7 F IV HH
HLTwad, H5VIZBNBA#R T 5 NEHI
BN 72 MERT 2 BEVPNAEL TV E200
FTRLTELTRELLEVTHAH. TOMVICHE
Z % 72 Wi AR R P RE P I LA E o PN B A
(peripheral nerve microvascular endothelial cell;
PnMEC) »bANGRBLELED. oMY %
JH v CBNB® 4Tl e i 7E 2" BBB & ] L NviZ
ERETLHIEEHELLVA, HARETE, &
PnMEC HRICIZBMECICIL#S 578 7 — T BE S
3%, MRNBENBUMLE D D 5 O L2 ORI
MTdh M EMBIE N 7 —BERHLO—-B %2
Lo TOWAUREEXEDS, LVH)TFT—FEHTNEY,

Drug delivery & BBB/BNB

Bk & 5 (ZBBB/BNBIZ (3@ T iV P EH 4R
Wby, REMEWE 223N VEY —VRE
H) ICHLTIXEEALE T —=NATHHEDIIHL
THRIEE, L FROKELWEDZERIIH
HTWH#TH B, HE, CNTF, BDNF, GDNF#
BLO LT HLBOMBERENFn vitroTHIE
FifaMil - BE =2 —w > - GIBRKE Y SRR
o 2—a R8N THLI LAHRESH, —
WIZHIERE D TN TVAD, EhESr LR
Edhv-oTwiv, ZFRGIZE5IhH0EHD
ARV Z A2 DIIBBBIC BT 5RO K
EBPKRELBERO—DOTHELEEZON, BlfE, 2
OBBBEE # Y O s R W T OB A B O
RLTHIRATbhTn5

X T, BBB/BNBIZBWTHM 2 FoWEH M
W28 RT TR~ HEhEEE LT, K&
{4 T 1. carrier-mediated transport& 2.
transcytosis® 2 H¥iddHh 5.

1. carrier-mediated transport

BBBZ R 5 NEMABBIZIE, ~FV—X (¥
Va—R% L %ERT HGLUTL), €/ ANKEYBR
(L, FEEE, A E U BAR L), BRRAVE Y
(T3%E), 73y (a) k) wWlETIVR
(7z=n75=v, ldopale &7 I VB
YAXR—%— (LAT1)), EWEMTI /8 (TVF
—uky), R2VA YR (TFIIoRE), TV

VX (TFovRE) hERERTANKL NS
VAF—F = NHEBAAEL, iRl LE R WH
DRAEZIT > T BW, MFREYEE B R IIEE (X
L, A%h7Z G 2 BRI IS R BN AT E S
BEHEHLo TIOHBKRIIRDBEHINLA, H
BT, SOYRATAEBHET ST L THRNAD
H¥edrug deliveryZ 2259 L THRAAE LS
hTwZ\v, Carrier-mediated transportZD% <
BABHOES THERE Y I VvENRELDD
ThHY, REZIEMELLIZTFFIITINVaA—-R
#L 523 bORERLTHGLUTRERARTF F&
FRTELVDIDO VAT LIIFETEY Z il
THILETER,

2. transcytosis

(Dfluid phase endocytosis, @adsorptive phase
transcytosis, @ receptor-mediated phase
transcytosis® 3 2@ XMW TH S (K3).
Transcytosisid ZEARMIZ —HmPET, M3 N H
WEEEE—~RERMOHHDOAIEH D2 L
94 %. Fluid phase endocytosis (M= ¥ FH 4
F—3YR) RRMEIRZEBELIFEALDOE MFRICRE
SRBZBHRT, MO NEME T TIHR
irhhTw a2y, BEMINE CTldmicropinocytic
vesicleOiIIMD TH R, Fl TOXH=X
DZE YWY AFNIWEDIBEALEB A VY —
LTHEH, MEENE CERETHETLSI LI
BEAERWEEND, LA T, BRMIZHH

¢

| (2 C} 69

1 2 3

X3 BBB/BNBIZIE, BN MR BC 3 e tight
junction?td % 728, paracellular®transport
system (@) ZEARKICHEEET, transcellular®
transport system ((Dfluid phase endocytosis, 2
adsorptive phase transcytosis, @®receptor-
mediated phase transcytosis® 3 #23H 5) HME—
DMENE-RELE O EmERKE L 5.
(DiZBBB/BNBTIIZLALHELTE LT, @B
Ml E b, U2 X051H, —HEE)

HEEEM
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L9 Atranscytosis® A H =L L ELTIER®
adsorptive phase transcytosis, ®receptor-
mediated phase transcytosis® 2 DASEREOHR &
b,
(1) Adsorptive phase transcytosis% FJH L 7=/
P~®Ddrug delivery

Adsorptive phase transcytosisid PR HIE 1 O
HLEOBEPFICEIRNIEETLLIFVE2ETS
WE, HHrCRBEMICHFELWE (WERER
BEEICHELTWS) #, NEMBE~NOKRR
GEEAEZHALTHRNICIRY A THh, KIH (0%
DREE) ~NEBMEhsHDTHASH, Mayo Clinic
DPoduslob D 7V —T71%, BHICHELZKY 7
I ¥ T Aputrescine, spermidine, spermine’s & %
superoxide dismutase (SOD), NGF#% & iC
conjugate S ¥ DEERL, ZhoPRENICH
MCWMY AROLNBZLRZRLTWES O, ZD)
HIZBBBTOZ B LML, EWORNIREZ |
ASELFRELTHREZHMFLZRD TV
A, FRICEGKEBE CORYRINZHE L CLE
I 7z REIMET L, #RIEERIICISAL S
ZHECIBRIBRNEEZ SN TWS.
(2) Receptor-mediated phase transcytosis% FilJf
L 72~ Ddrug delivery

Receptor-mediated phase transcytosisid, PR
MREmICHAH LTy =R ) A Y Fedqh
L T4Th N BtranscytosisT, EHBIZIZL >R
Y, P AT72) Y, LDLEERZIDAH=X
LAENALTHNNERENhLLEZONTEY, 8
BTl b AR E LTHIfF SN Twa AT
H»5. UCLA®DPardridge 5> D 7'V —"7i, NGFIZ
Sy IDEIYRT ) LTINS HES
20 —F VR THDH0X-26% conjugate 72D
D&V, NGFORHEICHBREMBENNLEBITLT
WAHRZ EZPLNIL®, 0X-26Dconjugation
IZGDNFIZ2OWTH MBRICERTH 5 Z L AR
ERTBHY, BOBRKENTFIZOVTL SR
HENTITLTHAH) L BbNI 5.
(3) Zoft

Drug delivery®#f%Ei3 8 L IZBBBASHRTH -
7=H%, Kramer 53P2& I RUISHEDCDA+T cell line
(line R4) 2% ANGF gene%® #lAAA %
ERL, oMM T v MIRMES 2 BB EICD

7o TRMMBRICHFEELRITAZ L, BAIHIC
NGFZEALEITLZ L, BXU, wild typek &
RTCEANOHEEDVPBERINL I LR L™,
KRR 5 CRAE S N2 THIKABNBZ B 2 TR
MRBNICRINCERT A2 L 2R L22AEE T,
neuritogenicity ® RIS HOBE L 25 TH A9
2%, FEERREETHREZ fERENTFO” SR
ELTHOWAFEEITRERLTH 5.

FbHUIC

WAED T HEWER - MR AW AR T BEORRIC
X Y, BBB/BNBIZEEY % SAE0 AARII RN 12 H
ml7=. RO H 51X, BBB/BNBO#iHE D 2
A=A LT HB ZEFRIEEMRER B O PRI EA
LTBY, NYT—%®Z bdrug delivery® ¥ A
T ADRFIE, MERERT AV MEEERE
DEFEDOFETICO LD DTH%S. BBB/BNB
BHZ2MEREEGWRREBTHRETIE A
<, HHMEAERBOBHEEREDKey & 72 5 R4
ELT, SHBRO-EOMEDOERVEINS.
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Blood-Brain Barrier and Blood-Nerve Barrier

Takashi KANDA

Department of Neurology and Clinical Neuroscience,
Yamaguchi University School of Medicine,
1-1-1 Minami Kogushi, Ube, Yamaguchi, 755-8505, Japan

SUMMARY

Central nervous system (CNS) and peripheral nervous system (PNS) are segregated from systemic
circulation by special barrier systems, namely, blood-brain barrier (BBB) and blood-nerve barrier
(BNB). These barriers are not just the mechanical wall prohibiting the entrance of various toxic
materials into the nervous system parenchyma but the sophisticated systems that select the necessary
substances to enter and unnecessary waste to excrete, finally maintaining the homeostasis of CNS and
PNS. Clinically, the control of inflammatory cells and cytokines at the level of BBB/BNB can develop a
novel therapeutic strategy toward the inflammatory/autoimmune nervous system disorders including
multiple sclerosis and Guillain-Barre syndrome. In addition, elucidating the details of the BBB/BNB
transport system is a very important step towards successful drug targeting to the brain and
peripheral nerve parenchyma.
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