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Exploring the mechanism of cardiac development and regeneration based on diverse
cellular origins
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We identified the preotic neural crest and amniogenic somatopleural mesoderm
as novel origins of cardiovascular components, found phenotypic diversity within each lineage by
single-ce!l transcriptome analysis, and revealed signals that possibly regulate their
differentiation and migration. In coronary artery development, we found the involvement of
coordination between cells giving rise to the coronary ostia and forming lymphatic vessels. The
signaling molecules mediating their interaction are also involved in post-ischemic cardiac injury,
which indicates their potential as a novel therapeutic target in myocardial infarction.



1)

(2) Evo-Devo

3
-1
Endothelin-1; ET-1 Yanagisawa
M, Kurihara H, et al., Nature 332:415,
1988 ET-1
ET-A (ETAR)

(Kurihara Y et al.,
Nature 368:703, 1994; JCI 96:293, 1995)
DIx5/6

(Sato T et al., Development
135:755, 2008; PNAS 105:18805, 2008)
DIx5/6
Kim S-K et al., Mech
Dev 130:553,2013

ET-1 ETAR

ETAR

Asai

137:3823, 2010

1)

R et al, Development

Arima Y et al., Nature
Commun. 3:1267, 2012

in vitro

ICR

Wntl-Cre

in ovo

C57BL/6N

Isl1-Cre



Tie2-Cre
eYFP

R26R-lacz

Prox1

)

lacZ

(3) insitu

“4)
Hamburger and Hamilton stage (HH)
9~12

CM-Dil CFDA/DiO

(5)
(6)
8~12
(7)

8.5~10.5
Wntl-Cre; R26R-lacZ

1kg 70mg all-trans
Retinoic acid; RA

(8)
8~12 C57BL/6N
9)
Wntl-Cre;R26R-eYFP
eYFP

Fluidigm C1
PCR
Hiseg-2000 RNA-seq
t-SNE
@D
Wntl-Cre;
R26R-lacz -
ET
RA
RA ET
9.5
RA
ET
Wntl-Cre;R26R-eYFP
FACS
PCR
Hiseg-2000 RNA-seq



t-SNE

@
HH9~12

&1

=7 BRI O RSB I R AT B A B
BRTIALL, 48HMEICHE. 85
RABET SR (D) HBRHoN D,

BMP, FGF
in situ
FGF, BMP
FGF, BMP
2

Control cIn

R B

BMP FGF
~ P

DR mEARER

[RE¥EMIIEFGF, BMPL 4 FiLizkY
L E RARIZHET S

RNA-seq

®

(4)

1.

21

Hayashi T, Tokihiro T, Kurihara H,
Nomura F, Yasuda K. Integrate and fire



model with refractory period for

synchronization of two cardiomyocytes.

J Theor Biol. 2018 Jan 21;437:141-148.
doi: 10.1016/j.jtbi.2017.10.008.

Asai R, Haneda Y, Seya D, Arima Y,
Fukuda K, Kurihara Y, Miyagawa-Tomita
S, Kurihara H. Amniogenic
somatopleure: a novel origin of
multiple cell lineages contributing
to the cardiovascular system. Sci Rep.
2017 Aug 21;7(1):8955.

doi: 10.1038/s41598-017-08305-2.

Hayashi T, Tokihiro T, Kurihara H,
Yasuda K. Community effect of
cardiomyocytes in beating rhythms is
determined by stable cells. Sci Rep.
2017 Nov 13;7(1):15450.

doi: 10.1038/s41598-017-15727-5.

Isono W, Wada-Hiraike O, Kawamura Y,
Fujii T, Osuga Y, Kurihara H.
Administration of oral contraceptives
could alleviate age-related fertility
decline possibly by preventing
ovarian damage in a mouse model.
Reprod Sci. 2017 Jan
1:1933719117746758.

doi: 10.1177/1933719117746758.

Furutera T, Takechi M, Kitazawa T,
Takei J, Yamada T, Vu Hoang T, Rijli
FM, Kurihara H, Kuratani S, Iseki S.
Differing contributions of the first
and second pharyngeal arches to
tympanic membrane formation in the
mouse and chick. Development. 2017 Sep
15;144(18):3315-3324.

doi: 10.1242/dev.149765.

Shinohara K, Watabe AM, Nagase M,
Okutsu Y, Takahashi Y, Kurihara H,
Kato F. Essential role of endogenous
calcitonin gene-related peptide in
pain-associated plasticity in the
central amygdala. Eur J Neurosci. 2017
Sep;46(6):2149-2160.

doi: 10.1111/ejn.13662.

Matsuya K, Yura F, Mada J, Kurihara H,
Tokihiro T. A discrete mathematical
model for angiogenesis. SIAM J. Appl.
Math. 2016, 76(6):2243-2259.

doi: 10.1137/15M1038773.

Hanaoka Y, Yamaguchi Y, Yamamoto H,
Ishii M, Nagase T, Kurihara H,
Akishita M, Ouchi Y. In vitro and in
vivo anticancer activity of human

10.

11.

12.

13.

3 -defensin-3 and its mouse homolog.
Anticancer Res. 2016

Nov;36(11) :5999-6004.

doi: 10.21873/anticanres.11188.

Miyazaki T, Tonami K, Hata S, Aiuchi
T, Ohnishi K, Lei XF, Kim-Kaneyama JR,
Takeya M, Itabe H, Sorimachi H,
Kurihara H, Miyazaki A. Calpain-6
confers atherogenicity to macrophages
by dysregulating pre-mRNA splicing. J
Clin Invest. 2016 Sep
1;126(9):3417-32.

doi: 10.1172/JC185880.

Miyagawa-Tomita S, Arima Y, Kurihara
H. The" cardiac neural crest”
conceptrevisited. In: Etiology and
Morphogenesis of Congenital Heart
Disease (eds. Nakanishi T, Markwald RR,
Baldwin HS, Keller BB, Srivastava D,
Yamagishi H. Springer Japan) 2016, pp.
227-232, 2016.
http://www._ncbi.nlm.nih_gov/books/H
BK500299/

Asai R, Arima Y, Seya D, Kim KS,
Kawamura Y, Kurihara Y,
Miyagawa-Tomita S, Kurihara H.
Endothelin receptor type A-expressing
cell population in the inflow tract
contributes to chamber formation. In:
Etiology and Morphogenesis of
Congenital Heart Disease (eds.
Nakanishi T, Markwald RR, Baldwin HS,
Keller BB, Srivastava D, Yamagishi H.
Springer Japan) pp. 289-290,
2016._http://www.ncbi_nIm.nih.gov/bo
oks/NBK500248/

Nishio M, Sugimachi K, Goto H, Wang J,
Morikawa T, Miyachi Y, Takano Y,
Hikasa H, Itoh T, Suzuki SO, Kurihara
H, Aishima S, Leask A, Sasaki T, Nakano
T, Nishina H, Nishikawa Y, Sekido Y,
Nakao K, Shin-Ya K, Mimori K, Suzuki
A. Dysregulated YAP1/TAZ and TGF-f
signaling mediate
hepatocarcinogenesis in
Mobla/1b-deficient mice. Proc Natl
Acad Sci U S A. 2016 Jan
5;113(1):E71-80.

doi: 10.1073/pnas.1517188113.

Takechi M, Kitazawa T, Hirasawa T,
Hirai T, Iseki S, Kurihara H, Kuratani
S. Developmental mechanisms of the
tympanic membrane in mammals and
non-mammal ian amniotes. Congenit Anom
(Kyoto). 2016 Jan;56(1):12-7.



14.

15.

16.

17.

18.

19.

doi: 10.1111/cga.12132.

Maeda K, Asai R, Maruyama K, Kurihara
Y, Nakanishi T, Kurihara H,
Miyagawa-Tomita S. Postotic and
preotic cranial neural crest cells
differently contribute to thyroid
development. Dev Biol. 2016 Jan
1;409(1):72-83.

doi: 10.1016/]j.ydbio.2015.10.026.

Sugihara K, Nishiyama K, Fukuhara S,
Uemura A, Arima S, Kobayashi R,
Kshn-Lugue A, Mochizuki N, Suda T,
Ogawa H, Kurihara H. Autonomy and
non-autonomy of angiogenic cell
movements revealed by
experiment-driven mathematical
modeling. Cell Rep. 2015 Dec
1;13(9):1814-27.

doi: 10.1016/j.celrep.2015.10.051.

Laumonnerie C, Bechara A, Vilain N,
Kurihara Y, Kurihara H, Rijli FM.
Facial whisker pattern is not
sufficient to instruct a
whisker-related topographic map in
the mouse somatosensory brainstem.
Development. 2015 Nov
1;142(21):3704-12.

doi: 10.1242/dev.128736.

Hidaka T, Shimada A, Nakata Y, Kodama
H, Kurihara H, Tokihiro T, lhara S.
Simple model of pH-induced protein
denaturation. Phys Rev E Stat Nonlin
Soft Matter Phys. 2015
Jul;92(1):012709.

doi: 10.1103/PhysRevE.92.012709.

Kitazawa T, Fujisawa K, Narboux-Néme
N, Arima Y, Kawamura Y, Inoue T, Wada
Y, Kohro T, Aburatani H, Kodama T, Kim
KS, Sato T, Uchijima Y, Maeda K,
Miyagawa-Tomita S, Minoux M, Rijli FM,
Levi G, Kurihara Y, Kurihara H.
Distinct effects of Hoxa2
overexpression in cranial neural
crest populations reveal that the
mammalian hyomandibular-ceratohyal
boundary maps within the styloid
process. Dev Biol. 2015 Jun
15;402(2):162-74.

doi: 10.1016/j.ydbio.2015.04.007.

Kitazawa T, Takechi M, Hirasawa T,
Adachi N, Narboux-Néme N, Kume H,
Maeda K, Hirai T, Miyagawa-Tomita S,
Kurihara Y, Hitomi J, Levi G, Kuratani
S, Kurihara H. Developmental genetic

20.

bases behind the independent origin of
the tympanic membrane in mammals and
diapsids. Nat Commun. 2015 Apr
22;6:6853.

doi: 10.1038/ncomms7853.

Gordon CT, Weaver KN, Zechi-Ceide RM,
Madsen EC, Tavares AL, Oufadem M,
Kurihara Y, Adameyko I, Picard A,
Breton S, Pierrot S, Biosse-Duplan M,
Voisin N, Masson C, Bole-Feysot C,
Nitschké P, Delrue MA, Lacombe D,
Guion-Almeida ML, Moura PP, Garib DG,
Munnich A, Ernfors P, Hufnagel RB,
Hopkin RJ, Kurihara H, Saal HM, Weaver
DD, Katsanis N, Lyonnet S, Golzio C,
Clouthier DE, Amiel J. Mutations in
the endothelin receptor type A cause
mandibulofacial dysostosis with
alopecia. Am J Hum Genet. 2015 Apr
2;96(4):519-31.

doi: 10.1016/j.ajhg-2015.01.015.

39
Kazuaki Maruyama ) Sachiko
Miyagawa-Tomita, VYuichiro Arima,

Kazuaki Naemura, Yasunobu Uchijima ,
Akiyoshi Uemura , Yutaka Yoshida ,
Fanny Mann, Yukiko Kurihara, Hiroki
Kurihara. Semaphorin3E-PlexinDl
signaling is important for coronary

artery formation. Weinstein
cardiovascular development and
regeneration conference 2017

2017/5/4 Columbus, OH.USA.

http://bio.m.u-tokyo.ac.-jp

¢y

@

®

KURIHARA,HiroKi
20221947
TOMITA, Sachiko
40231451

WADA, Yoichiro

10322033
KURIHARA Yukiko

80345040
UCHIJIMA Yasunobu

90272426



