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Mg

M AR (blood-nerve barrier : BNB) 13K
A 58 Ao 108 PR B P A/ LA P B2 R, & ) -4t D
2HDOARHRX SN, BNBOMHFEIEF T L
—HEMERE 72 EORENE = 2 — a8 F — R =
2= a8 F— ORI - HEIZKRWIZHDL. hb
OB = 2 — 1 8F — 12 BT % BNB##E D 51
AN ZALEFRWHT 572012, bivbhude Mg
fkE & ) BNBHE D MAF WM & XY H 4 + D
AT LMk 2 R L, HRIZEEK T T FBNB
in vitroE F WV EBN L72. 2 ®OBNB in vitroE 7
VEHRWT, bhibhidEXR) ¥4 M35 WT 5%
bFGF & GDNFZ'BNBEfEZ R A Z L 2 Hh L
L, BNBTIZNXYH A AN 7 —FR5E 2 dill 5
PEERLFX2L—F—THhILERLE &5
2, BERBEME = 2 — w8 F — TR B IZBNB
HIRTET B /N IS O FEIKENRIE 23588 6 N B A3,
ZOBERIZED L) BT AN = XLHHAET B
WCOWTHIEREZ D h o7z, bhvbihu, BEIR
P P /N LA B LR K B G- LT 2 B 0B L SO
A (advanced glycation endproducts : AGEs)
2%, TGF-BRVEGFD ¥ 7 F V%44 L TR ¥4
MDA SN IRKBEHESFTHD T 4 7T a
JFENEIT =7 2RSS, KR E TR
ERDLHMCH WS L Lz, BNBO#K
K - BEORA A = XL ZHHT 5 2 L3RS 2

FH254E10 21 H 2 B

—a N F—DHRBIZERH L TVDE. RKFFETidbhb
NAEEWH S22 L7z [BNBOABWNSELTTE
DEHIZHEI N, WHRHTFTED L 5 T
Lh] L) mEIZOWTST 5.

g#
il

iR 2 Ixblood-neural barrier & ¥ X 1 % #
EWABHY, ZOWERN)T—Y AT AZIYAE
BORERAGEI LRSS, RE- 3V bo—1
NTWB Y, HACHRSR XM B M (blood-
brain barrier : BBB), MiE#MELEM (blood-
retinal barrier), I E#HFHEEIM (blood-spinal cord
barrier) % EDLEDIINY T — Y AT ADAFFEL,
HFHAIRER O N ERIE 2 MR35 b o & D HE L X
HoALERoTWAD2 Y, KAARER I IE A A
FRIIBIFBBBBICEML 72N 7= AT AT
H % M AR M (blood-nerve barrier : BNB) 2%
FAEL, DGBRIMGE 55 O AR N B~ D 4T % B
ATW55-7 BNBIZA»2TIEBBB& g L A4S
RREEMEEZ SN Tw, L L, BUETIZR
R & Y IER D S W3 5 BBBE (T IF T 4
DORREZFFOMM RN T — Y AT A LRI NT
W5, BNBEGEATIE - WMEORL 2L O
BELT, ¥ UL —E bR M 5o v B
ZRM= 2 —a X F =R EOALKEE = 2 —a N
F—R PRI = 2 — a8 F = DBHENT VD7
9. LA L, BBBIZET % A2 Z D104 [ TR
MIZHERML T2 D128 LT, BNBDG TS



18 IS 8563% %1% (2014)

M3 AR RIREL L v, AT, 7T
BLIRE 1UCT O BNBO #2211« KA1 2 A1 B o
BEAEML, hivTbhbhoOiges THMIL 7z
BNBHI#H D40 F A F = X 2 & Bl BR3Pk A RS o ek iz
FIZBIT BBNBlFED X B = X XD WTHESE T
5.

2. BNBREZICREL, ALSEEREhSD

RAAREE L, AN & R IBSHLER 2 B C %
FENBENRUNILE & RO RNIE D 2 » BTl
163 %2 BNBIZ X 0 A4 2 & B & P R B8R BE 25k
FIh T, BBBIINHUMILET NI, 7 X
budA b, NI BRI (XY A )
O 3HFOMIED SR SN D 30, —)T, M
TR IBE NN LA W2 AFAE 3 2 BNBZ Hi Il 3 2 #ll e
Z2HETH Y, AR R IR A B
# (peripheral nerve microvascular endothelial
cell : PnMECs) & i P IS 08/ Il 45 Fi e i 45 )
fo (RUHA4 M) ofkshse 7. BNBTIEBE
BT LWNEMIIE YA Yy v 7 v a VI )il
SNTHoFEREEZEKL, TOIMINIRYH4
APRERITE) LI EZRLTEBY, Z02H
HOMNIZILED 1 oEKBETEHDhTWE (K
1) *. BNBZAEHT 2 BUMILAE N EMNLIL, BEHE
3% BN C R BB T DB B ¥ 4 T

X 1

BNB®D I AM3E 289, BR#e5 % MK Astight
junctionlZ & o CHFE SN TERELZ KL, FO4MIZE X
YA FBEREAICE D D, BNBOEARETH S.
ZO2HBEOMIMIZILBEBOIIKIEIZ L » TEEWTE DR
TWwa., ARICbIONDEILICEDI Lzt MR MR
RN BN IS N ek (FH-BNB) &XY 34 b
MRk 7”9

VrrrsvarviEBEL, ST VAR-F—R
L7y — %Y 52 L THREDWER%RREH
LAY 7T —HErMRLTYS. )RYUHF AL M
BNBA## 1 PN B Ml oD CTAL e U 7= 4 18 B AR % 1
S2THBY, RYFA M2 F 754 VIR 5
F S F R T AN ISR & R
ZHTHHAH)ZLEZEDITHGBEND. —HTRK
BEDEALF I 2 FEflE D A > TV W,

3. BNBH¥EED 2 RMEHEZHEHI L 7~ FBNB in
vitro T ILDAEEL

DNUHBIIEIBNBRED X 5 ICHEFE S, #ifed
LZ0EWOENET B2, HMlAwFERmE -
STEWENAR 2SO T 70 —FHBLETH L L
#Z7:. 22T, & FBNBHEK®Din vivoo k%
£ {HFFFT HPnMECs, XV H A b OAZEALM Rk
ZH. L, © MHISEDOBNB in vitro® 7V OEK &
ATz, b MEHBRPIE D AEAEEE R L, AN
JEPY I 53 T % BRI PnMECs, RV 44 b % Higf
L, IEESZEESY 40 large THEEEFB X e
FFuX7—E@EEFEFELL A7 VAR S
— (pDONALI : Takara Bio) Z# W TZFhZFh#
ALAZAL L 72. PnMECs!iZ, spindle-fiberiR®
1, von Willebrand factor?®3¢¥i, tight junction
B fDRB, RV ESIRBUEZ &3 7 — R
WAL O XEAMEREZ A L Twizn 2, XY 44
M i ruffled-borderiK DR, a-smooth muscle
actin (a-SMA) ®3 3, PDGF-S receptor

BNB invitro 7)1

‘\ Cell culture insert
|

p—— =l

| Pericytes ‘

ARAEAGZ8]

X2
Cell culture insert®JEKMICRY H 4 M E2HFHL, KMl
PnMECs% #%# U confluentiZ 72 % ¥ TR L 72, M
W42 mAMER COMBMICH S L, XY ¥4 MESFT
DR RAFEMNZ A YS9 %5 BNB in vitro® 7V 2 E L 72,
LA 5 AGEsZ1EH & 872,
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(PDGF BR), osteopontin, desmin®¥&H % H > T
g l7zew 29 LT, M—t bR Tin vivod
PR % X < {855 2 BNBHE®RPnMECS (FH-BNBs)
ERY A b OATEALH LR A ST SEER T T
WL (K2).

bivbhOMEs HENTVosef H ik e AL fii
% HH ok @ BNBH I L5 PN B2 il B bk 2 4 37 L 7z 10,
C OMILIESVA0 large THUEEIR T % HA LA
{EfifakkE LCTwae, La L, SV40 large THUR
BT %G A LB L7 AS e bR e bk AR 2 48 0
BT LM OEEEAL Lin vivoT DRI,
HALFIIVERE % ) WREMEAS IR S T w0, b
Wb A L7z e - BNBHE K N M Btk (FH-
BNBs) &Y 4 N HRIGHREEZMESVAO large T
BT ZHOWTRENARILLZ LTwa 70, 37T
TH; T % L SVA0 large TER T SAIEIL LA
IEBHBRENDEVHIFHEAHLTBY, L Vin
vivoC OB, AALFITEE 2 04 L 7o/l ik
ThHhHEERZD" W,

4. BNBREEZ EDK S LA WX LTHR SO
3h

BBBCIZ NI RL s LMY, #ERREM 2N ) 7 —
ELTHRIELTWA2S, AN 7 —RREEDOME
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RYA A4 b ORI IEDS, BNBHSEN AR 533
% ¥ 2 tight junctionBd & 11 T3 5% claudin-5D B %
i (ZE), BNBH K PN B M Ak & P Bz 8 AT
(transendothelial electrical resistance : TEER) % kX5
SEBEHZAET S (HX).

NCM, non-conditioned medium ; PPCT-CM, conditioned
medium of peripheral nerve pericytes ; BPCT-CM,
conditioned medium of brain pericytes ; FB-CM,
conditioned medium of fibroblasts. (3ZHk14& H &L T
LIS )

FRHINBEHIE DA TEIATETH YD, WEHINE 2 1
D% CMINaTE, B RE R 23K A © DMk 72
“CUuXb—=20" BPUHTHIEEZEZOLNTWVD
7xbuﬁ4b#um#%mm%%ﬁ%®££&
L¥al——ThobLBEINTELHY, JIE
N H A4 b ABBBEREMERICBIT S ) —DDHE
EhlLFal—y—LLTHEAHESRTWE D,
20104F\C Armulik 5%, XY ¥ A PRI~ T ATl
BBBHE LRI D b5 Y A% 4 b =3 ADEL
BBBE& @M L E & 725 2 & i L7z,
BNBIZIZ 7 2 b ¥4 MIHYST %Ml A AE
LABRVWDT, XYL P X2l —y—LLTHE
BhREEZH> T L RESEES TS, bihtb
NidixE, BNB in vitroEF IV W T I DR %
FEHS 2R 2 272, Thabb, (1) XY¥
A b OR;FE LiEIC X ) BNBHR N B kR o RN
Bz % & K P ( transendothelial electrical
resistance : TEER) 25 L5 LUCEL#RA XV v D&
MW ATHZE (KW3), (2) RYHA PR
7 Lil1%, BNBHEN ARSI 2 EE 4
tight junction 7 & 1 T & 5 claudin-5, occludin
DREHAEHOLMEHEAETHE (K3), (3) R
V¥4 Mid, BBBZREK T AT A a4 &
UL, 4B Y <3 5 Angiopoietin-1 (Ang-1),
vascular endothelial growth factor (VEGF),

TEER

Western blot " R (Qcm?) ’%
s\ T 12 ] B W
%1
& & a"‘ 7 08 ‘ ,
<& 306
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Actin — %
2 0 ocrem PPCT-CM °
+bFGF antibod PPCT-CM  PPCT-CM
’ +bFGF antibody
R(n cm?)
o o =0 —]
& q“oo“ £ :
< & W.
£
Claudin-5 ” E
il E
Actin [ . S
5
€ PTBRCT-CM PPCT-CME  © pocromeecrcve
GDNEAD GDNFAb

X4
RYH A bOFFE REICE M S bFGFRGDNF 2 HI$HL
a2 H W THAIT 5 L, BNBH KN MK claudinb
EHEMET L (AK), EXEPUHE (TEER) 2MET ¥
5 (4H).
PPCT-CM, conditioned medium of peripheral nerve
pericytes ; PPCT-CM + bFGF antibody, conditioned
medium of peripheral nerve pericytes pretreated with
bFGF neutralizing antibody ; PPCT-CM + GDNF
antibody, conditioned medium of peripheral nerve
pericytes pretreated with GDNF neutralizing antibody.
(SCHR14, 21 & b 8% L Ciizik)
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basic fibroblast growth factor (bFGF) & fififk 5
#INTTdh % glial cell line-derived neurotrophic
factor (GDNF) #54#3 52 &, (4) XYHA4
b 2343 % Ang-1 & VEGFIZ N EZAIEE @ claudin-5
DMWY S, BNBIRREZ 55D % NI <
Z &, (5) bFGF& GDNFIZ# (2 claudin-59 3¢
RIS LML oL, REEWSHIIILE
(X4) w2 ZhSHOMA LY, BNBHEK MM
failimebrH LML TH 5 XY ¥4 b2BNBD
FERZLF 2L —F—ThHDH I LIL, FIFTHENZR
WEE 25, B, bhbhidgXy$A4 M &E
GAEBIZE WS T CBNBZ T & 25 W
BEMET2IL2HIBELT, 3oL EH#D
TWw5h.

5. HRAREREHZEREE TEBNBOEREI/EL
%

20074E DIZA G B DO ERAIC X 5 &, KA
THER I A EE DI B NIZBAERI0 ST A, BEIRIG D]
AT ETERVAIRMLI200AE SN, D
HTH2210 NCDITE. ORI AD 5 NI
ILADEFLEENTEY, BRHD 7263 G
BEELZMEE 2> TETWS, BRHEE= 12—
PNF— TR ZREHED A TH D HENS
WEPHETH 5. BRWEE= 2 —ua8F—1%, THK
DIFARREFACT, HARERE, EBER Eo®E
Bk R L, BRI R DQOL (quality of life)
ZHELWBREE, Tzl T268HETH 5.

AR < Ois ®
4
og O o t’o “ D?,
P z
< v
Y §h e, 0
30 ') a? O '9 o
E5 BERFENE= 2 —aF—EBEOERPEBE RO
PR
KEBEABERRMEDOFH LW ITMZ T, FLVHRNEN
PONMAFREDMIE (KH) HREdON L. TR LY
FrhvA Y v T —Yets,

Q

ZOEIHRICOHDLT, —a—a8F—DRAE
&, MU R, RIS REEICHATIR S, bFgE
DVHENTE 22,

BERIRVE = 22— a8 F — DR R & U R IR I PERI
/ANIEEIES X B BUNIAE R ES—~HTH L EEZ DS
NTwabs», FERBEE= 2 —a/8F—TOBNBD
TEREALIZ OV TIXII70EMR 2 S, WA
WK, NEMBEOY A4 Ny v 7 a v ok,
UNMAT DOPHZE, fNMAE NI 04 BAL, Hhik
PR IN LS D J I D NEJE R0 i, f/ I LA K
WEERIL & XY 4 bR Y, ST 80
B INTVESS, ZHUOETHRREE= 2 —
a8 — TOBNBk#E & /R 23 % R BF T T
HDHEEZONDLD, MM O LR R H
ZE LD THEMEEICEEES (K5). M
ANILETOIREBFEREDOEFRICED L) BGT A A
ZZLDIEIET BT THMELR R 2 237 0,

6. REELRICERY (AGEs) (3BNB% kg
€3

# WAL RO 22 (advanced glycation
endproducts : AGEs) (356t 7 & MBS IR 28 <
WA S 0, BHE, WIRE, ANEZ & o
PR PRI/ B 2R S B G- L TW B 2 EHHIS
NTwa% 2, FERHE= 2 —a 785 — TIZAGEs
EORMRRED > 27 iR Hhisk, 35 X U'BNBHE
AN TdH ZPnMECs, XV A b, JEEBICH A
THIEPHMONTEY®, BRHEE= 2 —a/8F

Western blot

) P
V‘&c {\Ci"
T e
Collagen type V - 3

Fibronectin ‘-._ -

TIMP-1 .
Actin [N

X6
BNBHI kPRI & XY 4 b D FEE R M43 F- D FE
Weo oAy r7uy METHEKE L. Collagen type
IV*°FibronectinZs & JL N % ff K § % 824 & TIMP-1% &
FLR B 2 FIH T A BAEEICRY A P SHEER
nA. (CCER31 L D Z L CHziR)
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—DHEREIZBVTHAGESOMGPEESN D, B
PR35 Pk B TSR ERRSL R D IBIE 23380 S 5
25, FORRE L TAGESIZX D 24 X A
ASTGF- B % B UL RS 15 % 43 C & % Collagen
type IVOREAEZHMEEL I LNERTH L LEE
Z DT %2, BRI 8 B T 1 I 1L 45 12
AGEs2S 1§ 5 %%, AGEsEMICPEWVEGFD %
BUASTUAE U I 48 B2 B 1 5l L RIS P e/ L 4
BRUICEIEC L ERMOENTWEY, Lzt
5T, BRI R R T D AGEsIZ X 2BNB
DWFEIZ DNV THTGF-B, VEGFD M5 23l &
NBH, ZOHFAHIZZLIOVTRBEDE S
LMHERBENRZONTHARY, ZoOMEE LT
BNB#i#t Dt 0 A A= XL ZMWAT 5720
12X 3 7z FBNB in vitroE 7V 2 K5 % 0
P03 HH, B OWEE S 6 N E TR
ENTVRDPo 72 ENERTH - 7.
bhvbhidiik, © FBNBHSENEZMEE ~Y
Y4 ORI E VT, BEREE =2 -
NF —TORKBEHF D551 X 5 = X 5 & AGEsD
BNBIZW 3 2 S BICHT 202G LA 9
TATurrF RN T =7 i BRI % HE
WY HEAEERBREDO )R EET 20T THS

Western blot

&
Collagen type V' “- m m
- -

Fibronectin «

o'
&
oﬂ\

Collagen type V _ Collagen type V

Fibronetin | . S Fibronetin
Actin — —— Actin
7
AGEsiZ XY ¥4 b » 5 A S5 Collagen type VR
Fibronectin® M # WM& €% (ELX). AGEsZpt& T
TGF- B R VEGFO W flfifk A s €5 L, XYH A b
2 B A &5 Collagen typelV & Fibronectin® #H A%
N—=Z2&ENb (TK).
control, conditioned medium of unmodified BSA ; AGE,
conditioned medium of AGEs-BSA ; AGE+TGF-§ Ab,
conditioned medium of AGEs-BSA pre-treated with
TGF-f neutralizing antibody ; AGE+VEGF Ab,
conditioned medium of AGEs-BSA pre-treated with
VEGF neutralizing antibody. (SCER31& 0 M2 L Clzik)

TIMP-1 (tissue inhibitor of metalloprotease-1) 1

IRYHA ML HHEN, BNBTORKED
FERIZEIIRY YA R fToT0wb I EZRLE
(B 6). wiz, (1) Advanced glycation
endproducts (AGEs) X BNBHE K P9z Ml g A3
autocrinell W3 A VEGFZH¥ms & 5% Z & T,
BNBHE & N B2 I @ claudin-55: % 384 & &, BNB
EWAESELHIICH L, (2) AGEsiZRY
¥4 b H & Hautocrinell 553 % VEGF & TGF- 8
EWMsSE, ZoZEiZEY 74 TuksFY, N
Wag—r v KRR LINRR 2 RE S50
mic@ o, arEWorLLE (K7). 20
s, BRI S 2 — a8 F — TORUM LA K
JEBEIE D RIS AL FTHD L) fmdsz
5N, AGESPVEGFRTGF-B ¥ 7 F Vi LTE
DFEE&ZTI S WETH A WHEME D RIE S 7z,
BUE, bUbNHRME= 2 —a 3 F—1ZBIT 5
BNBii#t Z BE S 2 WHDBERHDORA 7 ) —=
7 %BNB in vitroEF NV Z HWTHED TV 5

7. 8HUIC

BNB® A B2 - ) 2 A1 B IX 19804 Bl £ C
RSN TE 7225, MmN - 5174w
R IZFHEICOW2EN ) TH S, BNBO
fE - BEHDOA D Z AL %D Z EIIHRFTE= 2 —
T8 F =Rtk = 2 — a8 F — DR IR LT
BY, WICEEONRL R IREBEELBETDH 5.
bbb A L7zt - BNBH KA FEAL AL bk A
S OBNBMIZEDORIER & 2 5 2 L 3 WIFEE N 5.
bbb OWZEIC & %2 BNBRFEZ B % 2Tl
FHRHNROEREI NS OMEE =2 —aXF—0
BRI O L HEH &Lz,

Fia#z B 2H2y, RECHOEYER - L
DICTHEMIEL HE, MIELkd 2 BFEL
HEZ2HZCHOAME  BkAd QUIEDRZERFE
B 27 A ZERE i ph e o TR A mh RN R BUIZ) , F%E %
B8O 72 S0 2 O BRE T 22 R B R IR SE 2R Ik
%kiﬁ@?%ﬁ%ﬂ%ﬁ?f%”ﬁﬁﬂﬂ%ﬁ)
& BTt - BNBHUEMIIE ZIZE) LA 727 E
gk (UIEORZEERS ﬁm&@ﬁ%L%%W%ﬁ)L
EHHLET.
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The Blood-nerve Barrier Breakdown and the
Diabetic Neuropathy

Fumitaka SHIMIZU

Department of Neurology (Neurology), Yamaguchi
University Graduate School of Medicine, 1-1-1
Minami Kogushi, Ube, Yamaguchi 755-8505, Japan

SUMMARY

It is important to understand the cellular
properties of endoneurial microvascular
endothelial cells and pericytes which constitute
blood-nerve barrier (BNB), since this barrier
structure in the peripheral nervous system (PNS)
may play pivotal pathophysiological roles in
various PNS disorders including inflammatory
neuropathy and diabetic neuropathy. However, in
contrast to blood-brain barrier (BBB), very few
studies have been directed to BNB and no
adequate cell lines originating from BNB had
been launched. We successfully established
human immortalized cell lines originating from
BNB using temperature-sensitive SV40 large T
antigen and the cellular properties of human cell
lines are demonstrated in this manuscript. The
humoral factors including bFGF and GDNF
secreted by pericytes strengthened the barrier
properties of PnMECs, suggesting that in the
PNS, peripheral nerve pericytes support the BNB
function and play the same role of astrocytes in
the BBB. Furthermore, AGEs increased the

expression of basement membrane molecules
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including fibronectin and collagen type IV in concerning the cellular properties of BNB-
pericytes via TGF-f and VEGF signaling. forming cells will open the door to novel
Further accumulation of the knowledge therapeutic strategies for diabetic neuropathy.



