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Investigation into the mechanism of the blood-nerve barrier disruption in chronic
inflammatory demyelinating polyradiculoneuropathy and multifocal motor neuropathy
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<Purpose> The aim of this project was to elucidate the severity and mechanism of
breakdown of the blood-nerve barrier (BNB) in chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) and multifocal motor neuropathy (MMN). <Methods> We evaluated the effects of sera obtained from
patients with typical CIDP/atypical CIDP/MMN and control subjects on the expression of claudin-5 and
transendothelial electrical resistance (TEER) value in human peripheral nerve microvascular endothelial
cells (PnMECs). <Result> Sera obtained from the patients with typical CIDP/atypical CIDP/MMN decreased
the amount of claudin-5 protein levels and TEER values in PnMECs. The autocrine secretion of VEGF in
PnMECs induced by MMN sera and immunoglobulin G purified from MMN sera decreased the expression of
claudin-5. <Conclusion> Sera from CIDP/MMN patients disrupt the BNB function. In MMN, the autocrine
secretion of VEGF in PnMECs and autoantibodies against PnMECs may be responsible for the BNB disruption.



(CIDP)

(Blood-nerve barrier: BNB)
1

(1) CIDP

2 2005 EFNS/PNS
CIDP CIDP (typical CIDP)
CIDP(multifocal acquired
demyelinating sensory and motor neuropathy
(MADSAM), Distal acquired demyelinating

symmetric (DADS) ) 9 CIDP
BNB 2
BNB
BNB
typical CIDP  DADS
MADSAM
BNB
2
@)
CIDP

(Multifocal motor neuropathy: MMN) BNB

4)

BNB

MMN BNB

(1) BNB CIDP
BNB CIDP
) BNB
MMN
BNB
BNB
(FH-BNB)
CIDP 25
(typicd CIDP12 MADSAM 10  DADS3

) MMN 13 ALS 9
12 FH-BNB tight junction
(claudin-5, occludin)
Western blot
NaF

MMN IgG BNB

typical CIDPPMADSAM/DADS

FH-BNB  claudin-5
NaF (
1) Typica CIDP MADSAM/DADS
1
CIDP
BNB in vitro

CIDP



MMN

FH-BNB claudin-5

1)

VCAM-1

ALS
claudin-5/VCAM-1
MMN
1gG FH-BNB

MMN
FH-BNB
autocrine VEGF

CIDP/MMN

typical CIDP
MADSAM/DADS
typical CIDP
BNB

BNB
BNB

DADS
BNB

MMN

FH-BNB

BNB

BNB

BNB

claudin-5

BNB

BNB

claudin-5

BNB

autocrine
, CIDPIMMN

VEGF

BNB

P<0.0001

| P<0.0001 1P<0.0001
L1 1

I
P<0.05
I p0.05 1

E<0.0001 P<0.05
]

\r 1
P<0.0001 P<0.05

65

o
60 g o g
55
o @
Y s o 8 i
2 8 g °
o
E 45 p o
t : 8
40 o
8
35
o
30
25
Healty t-CIDP MADSAM DADS MMN ALS
control (N=12) (N=10) (N=3) (N=11) (N=9)
(N=10)
1 FH-BNB

t-CIDPPMADSAM/DADS/MMN
FH-BNB
t-CIDPPMMN  MADSAM/DADS

1) KandaT, Numatay, MizusawaH. Chronic
inflammatory demyelinating
polyneuropathy: decreased claudin-5 and
relocated ZO-1. J Neurol Neurosurg
Psychiatry 2004; 75, 765-769.

2) Kuwabara S, Misawa S. Chronic
inflammatory demyelinating
polyneuropathy: Clinical subtypes and their
correlation with electrophysiology. Clin Exp
Neuroimmunol 2011; 14: 41-48.

3) Hughes RA, Bouche P, Cornblath DR, et .
European Federation of Neurological
Societies/Peripheral Nerve Society guideline
on management of chronic inflammatory
demyelinating polyradiculoneuropathy:
report of ajoint task force of the European
Federation of Neurological Societies and the
Peripheral Nerve Society. Eur J Neurol 2006;
13: 326-32.



4) Kdgi R, HirotaN, OkaN, et a. Anti-GM 1

antibodies and impaired blood-nerve barrier
may interfere with remyelination in
multifocal motor neuropathy. Muscle Nerve
1994; 17: 108-10.

16
Shimizu F, Nishihara H, Sano Y,

Takeshita Y, Takahashi S, Maeda T,
Takahashi T, Abe M, Koga M, Kanda T.
Markedly increased IP-10 production
by blood-brain barrier in neuromyelitis
optica. PLoS One 2015; 10: e0122000.
doi: 10.1371/journal.pone.0122000.

Nishihara H, Shimizu F, Sano'Y,
Takeshita Y, Maeda T, Abe M, Koga M,
Kanda T. Fingolimod prevents
blood-brain barrier disruption induced

by the sera from patients with multiple

sclerosis. PL0oS One 2015; 10: e0121488.

doi: 10.1371/journal.pone.0121488.

Shimizu F, Kanda T. Breakdown of
blood-nerve barrier in
immune-mediated neuropathy. Clinical
and Experimental Neuroimmunology
2015; 6: 139-148. doi:
10.1111/cen3.12200.

Shimizu F, Sawai S, Sano Y, Beppu M,
Misawa S, Nishihara H, Koga M,

Kuwabara S, Kanda T. Severity and
patterns of blood-nerve barrier
breakdown in patients with chronic
inflammatory demyelinating
polyradiculoneuropathy: correlations
with clinical subtypes. PLOS One.
2014; 9: e104205. doi:
10.1371/journal.pone.0104205.

Shimizu F, Tasaki A, Sano Y, Ju M,
Nishihara H, Oishi M, Koga M, Kawai
M, Kanda T. Sera from remitting and
secondary progressive multiple
sclerosis patients disrupt the
blood-brain barrier. PLOS One. 2014;
9: €92872. doi:
10.1371/journal.pone.0092872.

Shimizu F, Tasaki A, Kanda T.
Breakdown of the blood-brain barrier
in neuromyelitis optica: Roles of
matrix-metalloproteinases-2/9,
vascular endothelial growth factor and
autoantibodies against the blood-brain
barrier. Clinical and Experimental
Neuroimmunology 2014; 5: 2-3
do0i:10.1111/cen3.12099

Tasaki A, Shimizu F, Sano Y, Fujisawa
M, Takahashi T, Haruki H, Abe M,
Koga M, Kanda T. Autocrine MMP-2/9
secretion increases the BBB
permeability in neuromyelitis optica. J
Neurol Neurosurg Psychiatry 2014; 85:
419-430. d01:10.1136/jnnp-2013-305907.

Shimizu F, Omoto M, Sano Y, Mastui N,
Miyashiro A, Tasaki A, Maeda T, Koga
M, Kaji R, Kanda T. Sera from
multifocal motor neuropathy patients
disrupt the blood-nerve barrier. J
Neurol Neurosurg Psychiatry 2014; 85:
526-537. doi: 0.1136/jnnp-2013-305405.

Shimizu F, Sano Y, Tominaga O, Maeda
T, Abe MA, Kanda T. Advanced

glycation end-products disrupt the
blood-brain barrier by stimulating the
release of TGF-B by pericytes and
VEGF and MMP-2 by endothelial cells



10.

11.

12.

13.

14.

in vitro. Neurobiol aging 2013; 34:
1902-1912.
doi:10.1016/j.neurobiolaging.2013.01.0
12.

Saito K, Shimizu F, Koga M, Sano Y,
Tasaki A, Abe M, Haruki H, Maeda T,
Suzuki S, Kusunoki S, Mizusawa H,
Kanda T. Blood-brain barrier
destruction determines
Fisher/Bickerstaff clinical phenotypes:
an in vitro study. J Neurol Neurosurg
Psychiatry 2013; 84: 756-765. doi:
10.1136/jnnp-2012-304306.

Haruki H, Sano Y, Shimizu F, Omoto M,
Tasaki A, Oishi M, Koga M, Saito K,
Takahashi T, Nakada T, Kanda T.
NMO sera down-regulate AQP4 in

human astrocyte and induce
cytotoxicity independent of
complement. J Neurol Sci 2013; 331:
136-144. doi: 10.1016/j.jns.2013.05.035.

Sano Y, Kashiwamura Y, Abe M, Dieu
L, Huwyler J, Shimizu F, Haruki H,
Maeda T, Saito K, Tasaki A, Kanda T.

Stable human brain microvascular
endothelial cell line retaining its
barrier-specific nature independent of
the passage number. Clinical and
Experimental Neuroimmunology 2013;

4:92-103.d0i:10.1111/cen3.12001

Shimizu F, Kanda T. Disruption of the

blood-nerve barrier in autoimmune
neuropathy. Peripheral Nerve 2013; 24:
54-62. doi:

Shimizu F, Sano Y, Takahashi T,
Haruki H, Saito K, Koga M, KandaT.

Sera from neuromyelitis optica

patients disrupt the blood-brain barrier.

15.

16.

J Neurol Neurosurg Psychiatry. 2012;
83(3): 288-297. doi:
10.1136/jnnp-2011-300434

Shimizu F, Sano Y, Saito K, Abe M,
Maeda T, Haruki H, Kanda T.

Pericyte-derived glial cell line-derived
neurotrophic factor increase the
expression of claudin-5 in the
blood-brain barrier and the blood-nerve
barrier. Neurochem Res. 2012; 37:
401-409. doi:
10.1007/s11064-011-0626-8

Abe M, Sano Y, Maeda T, Shimizu F,
Kashiwamura Y, Haruki H, Saito K,
Tasaki A, Kawai M, Terasaki T, Kanda
T. Establishment and characterization
of human peripheral nerve
microvascular endothelial cell lines: a
new in vitro blood-nerve barrier (BNB)
model. Cell Struct Funct 2012; 37:
89-100.http://www.ncbi.nlm.nih.gov/pu
bmed/22672995

11
Lambert-Eaton

55

2014 5 23
54

2013 5 29

24



2013 8 23

25

2013 11 28

Lambert-Eaton

25

2013 11 28

Fumitaka Shimizu, Yasuteru Sano,

Naoko Mastui, Ai Miyashiro, Ryuji Kaji,
Takashi Kanda. The effect of sera from
multifocal motor neuropathy on
blood-nerve barrier. San Diego USA
Neuroscience, 10 Nov 2013.
Ayako

Fumitaka Shimizu, Tasakai,

Yasuteru Sano, Takashi Kanda. Sera
from  remitting and  secondary
progressive multiple sclerosis patients
disrupt the blood-brain barrier.
Kyoto,Kyoto

PACTRIMS, 1 Nov 2013

53

2012 5 23

23

2012 9 1
10.

24

2012 9 21
11. Fumitaka Shimizu, Yasuteru Sano,
Hiroyo Haruki, and Takashi Kanda.
The effect

of advanced glycation
end-products on blood-brain barrier.
New Orleans USA Neuroscience 13
Oct 2012.

2014; 72: 6(1949-54).

2. Shimizu F, Kanda T. The Blood-Brain

Barrier in Neuroinflammation. In
Suzumura A, Ikenaka K, editors.
Neuron-Glia Interaction in
Neuroinflammation. New York, NY:
Springer Science+Business Media New

York 2013.23(157-179).

3.
Brain and Nerve 2013;
65:12(165-76).
o 0
o 0
@

SHIMIZU Fumitaka

90535254



