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Establishment of treatment for acute ischemic stroke focusing on TRPV4
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In the acute phase of ischemia-reperfusion, hﬁpogerfusion associated with
ischemia and reperfusion in microvascular regions and disruption of the blood brain barrier (BBB)
contribute to post-ischemic brain injury. We aimed to clarify whether brain injury following
transient middle cerebral artery occlusion (tMCAO) is ameliorated in Transient Receptor Potential
Vanilloid 4 (TRPV4) knockout (Trpv4-/-) mice.

Compared with WT mice, Trpv4-/- mice showed reduced ischemia-induced lesion volume and reduced water
content and Evans blue leakage in the ipsilateral hemisphere alongside milder neurological symptoms
after the tMCAO. The loss of zonula occludens-1 and occludin proteins in the ipsilateral hemisphere
after the tMCAO was attenuated in Trpv4-/- mice. Transmission electron microscopz revealed that

parenchymal microvessels in the ischemic lesion were compressed and narrowed by the swollen endfeet

of astrocytes in WT mice, but these effects were markedly ameliorated in Trpv4-/- mice.

TRPV4



1)

(blood-brain-barrier; BBB)

(2) Transient receptor potential vanilloid 4 (TRPV4)

TRPV4
TRPV4
aquaporin (AQP) 4 TRPV4
TRPV4
(transient middle cerebral artery occlusion; tMCAOQ)
matrix metalloprotease (MMP)
BBB TRPV4
Ca2+
TRPV4
3) TRPV4
Trpv4 (knockout; KO)
(parmanent MCAO; pMCAO) Trpv4KO (wild type;
WT)
TRPV4
WT Trpv4KO tMCAO TRPV4
1)
WT Trpv4KO C57BL6N
(A28-028-4 A30-138-1 26-60 1-48)
(2) tMCAO
30% 2% Doccol MCAO suture (#602356)
MCA 30 OMEGAWAVE
MCA
37
(3) 2,3,5-Triphenyltetrazolium chloride (TTC)
WT Trpv4KO ( n=12)
24
Imm TTC 6mm
Image J TTC
(4)
WT Trpv4KO ( n=12)
48 100
48
(5) Evans blue (EB)
BBB WT Trpv4KO ( n=12)
46 2%Evans blue 4ml/kg 2 500ul
24 EB 620nm
EB

(6)
(4) (5) 18 24 48



(7)

BBB zonula occludens (ZO)-1 occludin WT
Trpv4KO ( n=9) 48 4mm
Imm RIPA
Z0-1: 61-7300, Zymed Laboratories, 1:1000
Occludin: ab167161, Abcam, 1:2000
B -actin: A5441, Sigma-Aldrich Japan, 1:20000
Z0O-1 occludin B-actin
(8) Reverse transcription-quantitative polymerase chain reaction (RT-gPCR)
Trov4d Kird.1 Agp4 baseline
WT Trpv4KO ( n=5) RNA Applied
Biosystems RT-gPCR RNA RNA
Gapdh
(9) Transmission electron microscopy (TEM)
WT Trpv4KO ( n=1) 6
FEI Tecnai 20 electron microscope 5000
(10)
JMP 8.0 Wilcoxon rank-sum test Kruskal-Wallis test
Dunn p <0.05
A B C
1) . ) 9
Trpv4KO : ; : T — S L
Trpv4KO WT E gl - £8 o
(p=0001 1A B) : : : g T 884 2 fl
48 » e @ i L '
Sham-op tMCAO tMCAO - /- " g_ 0 o
(p = 0003  1C) WT T b L L
48 EB Trpv4KO b E
wT %g 2 — o '8 e
(p = 0.001 1D) £3 4 3 g 151 .
18 T el E o F
22 3 > eodeas p
(p =0.001 1E) 23 - E 3 9 . %
S8 2 . = .
2 ‘i% 1 - = 2
( ) = WT Trpvd™” WT Trov4™ WT Trov4™
BBErpV4KO 70-1 24 hours 48 hours
occludin 1. WT Trpv4KO
48
WT Z0-1 A 4 % B % %
occludin (p = S S
0044 p = 0019 2A B) 4 W - ™ __120KkDa 70-1 290 kDa
Trpv4KO Qecludn - 60 kDa ' ' .
(p = 0.400 P = _actin B-actin we ww— - - o),
B S S s e 50 kDa
0535) —Sham-op —tMCAO sham-op tMCAO
(3) RT-gPCR — —
Trov4d Aqp4 Kird.1 baseline g2 . ¢ 2% ;L
Trpv4 £ % S ‘E
S 10 2 10 : . i
Trpv4KO WT E . % ; J& % 2 0| : —E— —I—
. [e] Y
(p =0.008 3) qu4 Kir4.1 00 WT  Trpv4™ WT  Trpvd” 00 WT  Trpv4” WT  Trpvd”
(p = sham-op tMCAO sham-op tMCAO
0.421 p=0.548) 2. WT Trpv4KO BBB



(4) Trpv4KO

*

g
6 g 4 3 + & I 3
TEM WT s _} T
¢
( 4A B) Trpv4KO 5 o .
( 4C D) : +
©
* WT Trov4”  WT Trpv4”  WT Trpv4”
Trpv 4KO Trpv4 Aqp4 Kenj10
BBB 3. WT Trpv4KO
Trov4 Agp4 Kird1l mRNA
Trpv4KO
Agp4KO
AQP4
Trpv4KO AQP4
AQP4
Trpv4KO WT 4. WT Trpv4KO
BBB Trov4 Aqp4 Kird.l mRNA
TRPV4
TRPV4
Caz+ MMP
MMP TRPV4
GSK279845
BBB TRPV4
pMCAO Trpv4KO WT
TRPV4 endothelial nitric oxide synthase
Trpv4KO
pMCAO Trpv4KO
TRPV4
Trpv4KO reactive oxygen species (ROS)
ROS TRPV4
Trpv4KO
TRPV4
TRPV4

BBB TRPVA4



4 4 0 3

Koji Tanaka, Shoji Matsumoto, Takeshi Yamada, Ryo Yamasaki, Makoto Suzuki, Mizuho A Kido, Jun- 14

ichi Kira

Reduced post-ischemic brain injury in Transient receptor potential vanilloid 4 knockout mice 2020

Front Neurosci 453
DOl

10.3389/fnins.2020.00453.

Koji Tanaka, Shoji Matsumoto, Takeshi Yamada, Sukehisa Nagano, Kei-ichiro Takase, Taketo 28

Hatano, Ryo Yamasaki, Jun-ichi Kira

Temporal Trends in Clinical Characteristics and Door-to-Needle Time in Patients Receiving 2019

Intravenous Tissue Plasminogen Activator: A Retrospective Study of 4 Hospitals in Japan

J Stroke Cerebrovasc Dis 104305
DOl

10.1016/j - jstrokecerebrovasdis.2019.104305.

Koji Tanaka, Shoji Matsumoto, Konosuke Furuta, Takeshi Yamada, Sukehisa Nagano, Kei-ichiro 50

Takase, Taketo Hatano, Ryo Yamasaki, Jun-ichi Kira

Modified diffusion-weighted imaging-Alberta Stroke Program Early Computed Tomography Score 2020

including deep white matter lesions predicts symptomatic intracerebral hemorrhage following

intravenous thrombolysis

J Thromb Thrombolysis 174-180
DOl

10.1007/s11239-019-01979-7.

Koji Tanaka, Shoji Matsumoto, Konosuke Furuta, Takeshi Yamada, Sukehisa Nagano, Kei-ichiro 49

Takase, Taketo Hatano, Ryo Yamasaki, Jun-ichi Kira

Differences between predictive factors for early neurological deterioration due to hemorrhagic 2019

and ischemic insults following intravenous recombinant tissue plasminogen activator

J Thromb Thrombolysis 545-550

DOl
10.1007/s11239-019-02015-4.




1 0 1

Koji Tanaka, Shoji Matsumoto, Takeshi Yamada, Ryo Yamasaki, Mizuho A Kido, Jun-ichi Kira

Reduced post-ischemic brain injury in Transient receptor potential vanilloid 4 knockout mice

International Stroke Conference 2020

2020




