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Elucidation of significance of vascular CNP-GC-B system in vascular integrity and
pathology
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In this study, we studied the role of vascular CNP-GC-B system in vascular
homeostasis. We generated vascular endothelial cell-specific CNP knockout (CNP ecKO) mice and measured
blood pressures in these CNP ecKO mice. CNP ecKO mice showed significantly higher blood pressure than
control mice. In CNP ecKO, endothelium-dependent vasorelaxation was impaired and endothelial expression
of vasoconstrictive endothelin-1 was increased. By contrast, vascular smooth muscle cell-specific GC-B
knockout (GC-B smcKO) mice exhibited blood pressures similar to control mice, and acetylcholine-induced
vasorelaxation was preserved. These results demonstrate that endothelium-derived CNP contributes to the
chronic regulation of vascular tone and systemic blood pressure by maintaining endothelial function
independently of vascular smooth muscle GC-B.



C-type (CNP)
Guanylyl cyclase-B (GC-B)
CNP
GC-B
CNP-GC-B
CNP GC-B
CNP GC-B
CNP-GC-B
flox
CNP
GC-B
GC-B
CNP-GC-B
(1) CNP
CNP
CNP flox
Tie2-cre
CNP (CNP
ecKO)
CNPecKO
CNP
L-NAME
2 GC-B

CNP

GC-B

GC-B
GC-B flox
sm22-cre
GC-B
(GC-B smcKO) CNPecKO
) GC-B
CNP

GC-B flox Tie2-cre

GC-B
(GC-B eckKO) CNP ecKO

CNP-GC-B

(1 CNP
CNP flox Tie2-cre

CNP
(CNPeckO)

CNPecKO
1
CNPecKO
NOS
COX
CNPecKO
CNPecKO NOS
COX
(EDHF) 2
A B
150 cont (n=10) - Ercom in=10}
1£ — NP ecKO 0=10) . -cp:p ecKn (n=10)

e

2120
10
100

SBP (mmHg)
M
mean SBP (mmHg)

100.

— 0
Light phase Dark phase All day
Time (hy

1, A,B: CNPeckOI=H A MED LR



>
o

cont (n=7)
— CNP £CKO
(=8}

contin=7)
— CNPeckO
=)

& B o

Relaxation

Relaxation
(% of U46B19 constriction)
-4

(% of U46618 constriction)
g

g g

T
1

9 5 ) - 5

3 -T T
IoalAEn](M) ToglAc]m)

B2, A,B: CNPecko MR 812 #5115 I 8 P BLE3 R B RIGDIET .
B:L-NAME, indomethacinfFZ o

CNP

CNP
CNPecKO
ET-1
ACE CNPecKO
3  CNPeckO
ET-1 angiotensinl|
ET-1 CNP
ecKO ET-1
CNP ecKO CNP ecKO
ET-1
CNPecKO
CNP
A 25 B 25 —
E 20 bl §ZD7 ®
H :
,ET 15 E 15 |
g 10— g 10 —
3 ]
g 05— © 05
o

cont  CNP ecKO

cont  CNPecKO

B3, A,B: CNPecKOIN B B (=45 1 DpreproET-1 (A)#5 K UACE(R)DRE LR

2 GC-B
CNP
GC-B
GC-B
CNP GC-B
GC-B
(GC-B smcKO) GC-B flox
sm22-cre
GC-B smcKO
4 GC-B 90%

A male B Male
150 cont (n=3) 1404 [ cont (=3}
14q | — GC-E smcKO (n=4)
_ - _ 130-{ Il GC-B smcKD (n=4)
2130 T L 7'ael 7 5
Ewilrl] 1 AN o
s i arse fl N £
a 110 y L 1 a 40
® &
100 €
a0 g 1o
907
8y 6 12 18 4
I a
Light phase Dark phase 80 All day
Time (h)

E4, A,B: GCBsmeKOIZH ITHME

3 GC-B
CNP
GC-B
GC-B flox Tie2-cre
GC-B
GC-B eckO
10

Yamashita Y, Yamada-Goto N, Katsuura
G, Ochi Y, Kana Y, Miyazaki Y,
Kuwahara K, Kanamoto N, Miura M,
Yasoda A, Ohinata K, Inagaki N, Nakao
K.  Brain-specific natriuretic peptide
receptor-B deletion attenuates high-fat
diet-induced visceral and hepatic lipid
deposition in mice.  Peptides. 2016
[Epub ahead of print] doi:
10.1016/j.peptides.2016.03.014.

Yamada C, Kuwahara K, Yamazaki M,
Nakagawa Y, Nishikimi T, Kinoshita H,
Kuwabara Y, Minami T, Yamada Y, Junko
Shibata J, Nakao K, Cho K, Arai Y, Honjo
H, Kamiya K, Nakao K and Kimura T.
The renin-angiotensin system promotes
arrhythmogenic  substrates and lethal
arrhythmias in mice with non-ischemic
cardiomyopathy. Cardiovasc Res
109(1):162-73. 2016. doi:
10.1093/cvr/cvv248.

Nakagawa Y, Yasuno S, Kuwahara K.
Differential relationships between anemia
and outcomes among subgroups of
patients with chronic heart failure. Circ J
79(9):1893-1894. 2015. doi:




10.1253/circj.CJ-15-0852.

Nishikimi T, Nakagawa Y, Minamino N,
Ikeda M, Tabel K, Fujishima A, Takayama
K, Akimoto K, Yamada C, Nakao K,
Minami T, Kuwabara Y, Kinoshita H,
Tsutamoto T, Ishimitsu T, Kangawa K,
Kuwahara K, Nakao K. Pro-B-type
natriuretic peptide is cleaved
intracellularly: impact of distance between
O-glycosylation and cleavage sites. Am J
Physol Regul Integr Comp Physol.
309(6):R639-49. 2015.
doi:10.1152/4) pregu.00074.2015.

Nakao K, Osawa K, Yasoda A,
Yamanaka S, Fujii T, Kondo E, Koyama
N, Kanamoto N, Miura M, Kuwahara K,
Akiyama H, Bessho K, Nakao K. The
Local CNP/GC-B system in growth plate
is responsible for  physiological
endochondral bone growth. Sci Rep.
5:10554.2015. doi: 10.1038/srepl0554.

Kuwahara K, Kimura T. The
organ-protective effect of N-type Caz2+
channel blockade. Pharmacol Ther.
151:1-7.2015.
doi:10.1016/j.pharmthera.2015.02.001
Tanaka M, Yamaguchi S, Yamazaki Y,
Kinoshita H, Kuwahara K, Nakao K, Jay
PY, Noda T, Nakamura T. Somatic
chromosomal  translocation  between
Ewsrl and Flil loci leads to dilated
cardiomyopathy in a mouse model. Sci
Rep 5:7826. 2015. doi:
10.1038/srep07826.

Oshita K, Itoh M, Hirashima S, Kuwabara
Y, Ishihara K, Kuwahara K, Nakao K,
Kimura T, Nakamura K, Ushijima K,
Takano M. Ectopic automaticity induced
in ventricular myocytes by transgenic
overexpression of HCN2. J Mol Cdl
Cardiol. 80:81-89. 2015. doi:
10.1016/j.yjmcc.2014.12.019.

Yamada Y, Kinoshita H, Kuwahara K,
Nakagawa Y, Kuwabara Y, Minami T,
Yamada C, Shibata J, Nakao K, Cho K,
Aral Y, Yasuno S, Nishikimi T, UeshimaK,
Kamakura S, Nishida M, Kiyonaka S,
Mori Y, Kimura T, Kangawa K, Nakao K.
Inhibition of N-type C&* channels
ameliorates an imbalance in cardiac
autonomic nerve activity and prevents
letha arrhythmias in mice with heart

failure. Cardiovasc Res
104(1):183-93.2014. doi:
10.1093/cvr/cvul8s.

Nakagawa Y, Nishikimi T, Kuwahara K,
Yasuno S, Kinoshita H, Kuwabara Y,
Nakao K, Minami T, Yamada C, Ueshima
K, Ikeda'Y, Okamoto H, Horii K, Nagata

K, Kangawa K, Minamino N, Nakao K.
The Effects of Super-Flux (High
Performance) Diayzer on Plasma
Glycosylated Pro-B-Type Natriuretic
Peptide (proBNP) and Glycosylated
N-Terminal proBNP in End-Stage Renal
Disease Patients on Dialysis. PLoS One.
9(3):€92314. 2014. doi:
10.1371/journal.pone.0092314.
eCollection 2014.

30
51
2014.4.11-12.

B )
proBNP

78
2014.3.21-23.
KinoshitaH, KuwaharaK
TRPC3/6 as Potentially Novel Therapeutic
Targets for the Treatment of Pulmonary
Arterial Hypertension

78
2014.3.21-23.
Nakagawa Y, Nishikimi T, Kuwahara K,
Yasuno S, KinoshitaH, Kuwabara Y, Nakao
K, Yamada C, Ueshima K, Minamino N,
KimuraT, Nakao K
Elucidation of molecular mechanism of
human proBNP: role of O-glycosylation in
N-terminal region of proBNP

78
2014.3.21-23.
Nishikimi T, Nakagawa Y, Minamino N,
Ikeda M, Ishimitsu T, Yamada C, Nakao K,
Minami T, Kuwabara Y, Kinoshita H,
Kangawa K, Kuwahara K, Nakao K
Molecular mechanism of lower processing
rate in human proBNP: importance of the
distance between the O-glycosylation and

cleavage sites
87 2014
4  24-26
BNP
proBNP
31 ,
2014.7.22-25

Yoshihiro Kuwabara, Koichiro Kuwahara,
Makoto Takano, Hideyuki Kinoshita, Yuji
Arai, Yasuaki Nakagawa, Shinji Y suno,
Sachiyo Igata, Satoru Usami, Takeya




10.

11.

12.

13.

Minami, Yuko Yamada, Kazuhiro Nakao,
Chinatsu Yamada, Junko Shibata, Toshio
Nishikimi,Kenji Ueshima, Kazuwa Nakao
Increased Expression of HCN channels in
the Ventricular Myocardium Contributes to
Enhanced Arrhythmicity in Mouse Failing
Hearts
The Conference on Bioactive Peptides for
Cell-Cell Communication 2014/9
Chinatsu Yamada, Koichiro Kuwahara
Renin-angiotensin system promotes
arrhythmogenic remodeling in mice with
heart failure and sudden arrhythmic death

18
2014.10.10-12.
Chinatsu Yamada, Koichiro Kuwahara,
Hideyuki Kinoshita Yasuaki Nakagawa,
Toshio Nishikimi Kazuwa Nakao, Takeshi
Kimura
Pivotal involvement of renin-angiotensin
system in promoting arrhythmogenic
remodeling in
mice with chronic heart failure and lethal
arrhythmias

18
2014.10.10-12.
Yasuaki Nakagawa, Toshio Nishikimi,
Koichiro Kuwahara, Shinji  Yasuno,
Hideyuki Kinoshita, Yoshihiro Kuwabara,
Kazuhiro Nakao, Chinatsu Yamada, Kenji
Ueshima, Naoto Minamino, Takeshi Kimura,
Kazuwa Nakao
Role of O-glycosylation in N-terminal
region of human proBNP in proBNP
processing

37
2014.10.17-19.

Caz2+

18
2014.11.21-22.

18
2014.11.21-22.

proBNP
31 (ISHR)
2014 11.28-2,
Yasuaki Nakagawa, Toshio Nishikimi,

Koichiro Kuwahara, Shinji  Yasuno,
Hideyuki Kinoshita, Yoshihiro Kuwabara,

14.

15.

16.

17.

18.

19.

20.

Chinatsu Yamada, Kenji Ueshima, Naoto
Minamino, Kazuwa Nakao, Takeshi Kimura
O-glycosylation in N-terminal region of

proBNP regulates its processing in
ventricular myocytes
American heart Association (AHA)

Scientific Sessions 2014, Chicago, 2014
Nakagawa Y, Nishikimi T, Kuwahara K,
Yasuno S, Kinoshita H, Kuwabara Y, Nakao
K, Yamada C, Ueshima K, Minamino N,
KimuraT, Nakao K
Role of O-glycosylation in N-terminal
region of human proBNP in its processing
mechanisms
The Conference on Bioactive Peptides for
Cell-Cell Communication, Kyoto, 2014
Nakagawa Y, Nishikimi T, Kuwahara K,
Yasuno S, Kinoshita H, Kuwabara Y, Nakao
K, Yamada C, Ueshima K, Minamino N,
KimuraT, Nakao K:
Significance of O-glycosylation in proBNP
processing
European Society of Cardiology (ESC)
congress 2014, Barcelona, 2014
Yamada C, Kuwahara K, Kuwabara Y,
Kinoshita H, Nakagawa Y, Nihikimi T,
Nakao K, KimuraT:
Critical involvement of renin-angiotensin
system for developing arrhythmogenic
remodeling in mice with chronic heart
failure and lethal arrhythmias
The 18" International Vascular Biology
Meeting (IVBM 2014), Kyoto, 2014
Nakao K, Kuwahara K, Nishikimi T,
Nakagawa Y, Kinoshita H, Tokudome T,
Sone M, Kimura T, Kangawa,K, Nakao K
C-type Natriuretic Peptide Derived from
Vascular Endothelial Cells Contributes to
the Regulation of Blood Pressure
The 18" International Vascular Biology
Meseting (IVBM 2014), Kyoto, 2014
Minami T, Kuwahara K, Kuwabara Y, Cho
K, Kinoshita H, Nakagawa Y, Ueda K,
KimuraT
Reciprocal expression of MRTF-A and
myocardin is crucia for pathological
vascular remodeling in mice
Gordon Conference: Angiotensin  The
Renin-Angiotensin System Beyond
Angiotensin 11, Barga, 2014
Kuwahara K, Yamada C, Kuwbara Y,
Kinoshita H, Nakagawa Y, Nishikimi T,
Nakao K, KimuraT
Pivotal contribution of renin-angiotensin
system to promoting arrhythmogenic
remodeling in mice model of chronic heart
failure with lethal arrhythmias

44
2015.2.6-7.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

The 88" Annual Meeting of The Japanese

Pharmacological Society 2015.3.17-20.

Nagoya

Koichiro Kuwahara

TRPCS6 in pathological cardiac remodeling
52

2015.4.10-11.

79
2015.4.24-26
Koichiro Kuwahara
lon channel remodeling in the progression
of heart failure
32
2015/7/28-31

Inhibition of N-type C&* channes
ameliorates an imbalance in cardiac
autonomic nerve activity and prevents lethal
arrhythmias in mice with heart failure

58
2015.9.11-12.
Koichiro Kuwahara, Takeshi Kimura
NRSF plays an essentid role in the
regulation of cardiac gene expression and
function

19
2015.10.22-24.

19
2015.12.10-12.
proBNP
19
2015.12.10-12.
0] BNP
32 (ISHR

2015) 2015.12.10-12.

MiR30-GALNT axis-mediated regulation of
glycosylation participates in the secretion of
proBNPin failing hearts

25" European Meeting on Hypertension and
Cardiovascular  Protection  (European

Society of Hypertension 2015) , Milan,
2015

Kuwahara K, Yamada Y, Kinoshita H,
NakagawaY, Nakao K, KimuraT

N-type Ca’* channels blockade restores the
cardiac autonomic balance and prevents
lethal arrhythmias in mice with dilated
cardiomyopathy

0

http://kyoto-u-cardio.jp/kisokenkyu/cat236/

KUWAHARA, Koichiro

30402887



