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Molecular mechanisms of remodeling of the ductus arteriosus
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The ductus arteriosus (DA) closes after birth to adapt to the robust changes

in hemodynamics, which require intimal thickening to occur. The tissue-type plasminogen activator
(t-PA) mRNA expression level was higher in DA endothelial cells (ECs) than in aortic ECs.
t-PA-mediated marked gelatinase activity was observed at the site of disruption in the internal
elastic laminae (IEL). In vivo administration of plasminogen to pre-term rat fetuses, in which
intimal thickening is poorly formed, promoted IEL disruption accompanied by gelatinase activation,
and enhanced intimal thickening formation in the DA. We also identified Fblnl as a candidate gene
for intimal thickening. Fibulin-1 is induced via plostaglandineE-EP4receptor signaling pathway in DA
smooth muscle cells (SMCs). Fibulin-1 promoted SMC migration in combination with fibulin-1 binding
protein versican. In conclusions, EC-derived t-PA and SMC-derived fibulin-1 promoted DA intimal

thickening.



tPA PLAT
FBLN1
PLAT
FBLN1
PLAT FBLN1

t-PA
t-PA 21 ( )
FACS FITC CD31 CD45
CD31*,CD45"
RNA PCR  t-PA

MMP in vitro

MMP

in vivo
19 (20ug/body) 20

MMP insitu

1 (in vitro)



72
1
1
EP4/-
p<0.01 t-PA
19
MMP-2
MMP
48
19
20
3.7 n=5 p<0.05
in situ
1
ImRNA
(n 6-10, p<0.001)
EP4

EP4

EP4

(in vitro)
EA_hy926
SIRNA
(in vivo)
EP4-/-
1
t-PA
t-PA 2.7 n=6
19
21
MMP-2
6.7 n=6 p<0.05) t-PA
MMP-2
MMP-9
in vitro
3
MMP
t-PA  silencing t-PA
MMP
in vivo
MMP 1.3 n=6 p<0.05
( 2.0 n=6-8 p<0.001)
t-PA MMP
PCR t-PA
t-PA
MMP
(in vitro)
EP4 300
1
30 ( 5, 0.01)
EP4



1 (in vitro)

EP4
SIRNA
1C 1D
( 11-14,p<0.01)
1 (in vitro, in vivo)
FACS
(n=5-6,
p<0.01)
1 (in vitro)
EP4
SIRNA
( 6-18,
p<0.05)
1 (in vivo)

EP4~/-

Yokoyama U, et al., J Smooth Muscle Res, 2010
Atherosclerosis, 2014

8

Kemmotsu T, Yokoyama U, Saito J, Ito S, Uozumi A, Nishimaki S, lwasaki S, Seki K,
Ito S, Ishikawa Y, Antenatal Administration of Betamethasone Contributes to Intimal
Thickening of the Rat Ductus Arteriosus. Circ J, 2019, 83: 654-661.
DO1:10.1253/circj.CJ-18-1033.
Kato Y, Yokoyama U, Fujita T, Umemura M, Kubota T, Ishikawa Y, Epacl deficiency
inhibits basic fibroblast growth factor-mediated vascular smooth muscle cell
migration. J Physiol Sci, 2019, 69: 175-184.
DO1:10.1007/s12576-018-0631-7.
, , , t-PA ,

, 2018, 29: 1-3.
DOl
Saito J, Yokoyama U, Nicho N, Zheng YW, Ichikawa Y, 1to S, Umemura M, Fujita T, Ito
S, Taniguchi H, Asou T, Masuda M, Ishikawa Y, Tissue-type plasminogen activator
contributes to remodeling of the rat ductus arteriosus. PLoS One, 2018, 13: e0190871.

DOI:10.1371/journal .pone.0190871.
Mamun A, Yokoyama U, Saito J, 1to S, Hiromi T, Umemura M, Fujita T, Yasuda S, Minami
T, Goda M, Uchida K, Suzuki S, Masuda M, Ishikawa Y, A selective antagonist of



prostaglandin E receptor subtype 4 attenuates abdominal aortic aneurysm. Physiol
Rep, 2018, 6: e13878.

DO1:10.14814/phy2.13878.

Kato Y, Yokoyama U, Fujita T, Umemura M, Kubota T, Ishikawa Y, Epacl deficiency
inhibits basic fibroblast growth factor-mediated vascular smooth muscle cell
migration. J Physiol Sci, 2018, 69:175-184.

DO1:10.1007/s12576-018-0631-7.

Yokoyama U, Ichikawa Y, Minamisawa S, Ishikawa Y, Pathology and molecular mechanisms
of coarctation of the aorta and its association with the ductus arteriosus. J Physiol
Sci, 2017, 67: 259-270.

DO1:10.1007/s12576-016-0512-x.

Ito S, Yokoyama U, Saito J, Sato S, Usuda H, Watanabe S, Kitanishi R, Miura Y, Saito
M, Hanita T, Matsuda T, Ishikawa Y, Attenuation of ductus arteriosus intimal
thickening in preterm sheep twins compared with singletons. J Physiol Sci, 2017,
67: 723-729.

DO1:10.1007/s12576-017-0565-5.

33

Yokoyama U, Uncovering new GPCR signaling pathways in Prostaglandin

E2-mediated vascular remodeling and inflammation, The 9th Federation of the Asian
and Oceanian Physiological Societies Congress, 2019.
, 100 ,

, 2019.

, 2019.
, , 63
, 2018.

- — , 10
Advanced Course, 2018.
Saito J, Mechanoresponse to periodic hydrostatic pressure enables fabrication of
human arterial graft, American Society for Matrix Biology Biennial Meeting 2018,
2018.

, Fibulin-1 , 28
, 2018.
) , 54
, 2018.
, E Fibulin-1
50 , 2018.

Saito J, Tissue-type plasminogen activator promotes intimal thickening formation of
the ductus arteriosus, Weinstein 2018 Cardiovascular Development and Regeneration
Conference, 2018.
Kemmotsu T, Antenatal administration of betamethasone promotes closure of the
preterm ductus arteriosus via intimal thickening formation, Weinstein 2018
Cardiovascular Development and Regeneration Conference, 2018.
Ito S, Prostaglandin E-EP4 signaling-mediated fibulin-1 integrates extracellular
matrices to promote smooth muscle cell migration of the ductus arteriosus, Weinstein
2018 Cardiovascular Development and Regeneration Conference, 2018.
Saito J, Tissue-type plasminogen activator contributes to remodeling of the ductus
arteriosus, The 95th Annual Meeting of the Physiological Society of Japan, 2018.
, , 24
, 2018.
Yokoyama U, Molecular mechanisms of the ductus arteriosus, The 90th Scientific
Session, American Heart Association, 2017.
) , 62
, 2017.
Yokoyama U, New insights on how to treat patent ductus arteriosus, The 8th TAKAO
International symposium, 2017.
Saito J, Fabrication of implantable human arterial graft by periodic hydrostatic
pressure, The 8th TAKAO International symposium, 2017.
Kemmotsu T, Antenatal administration of betamethasone contributes to intimal
thickening of the ductus arteriosus, The 8th TAKAO International symposium, 2017.
Ito S, Prostaglandin E-EP4-mediated fibulin-1 up-regulation plays a role in intimal
thickening of the ductus arteriosus, The 8th TAKAO International symposium, 2017.



s ; , 13 84
, 2018, 1982-1991.
, , 13 14
, 2018, 1153-1162.
s s 13 15
, 2018, 1163-1171.

, , , , 2018, 100-101.
Yokoyama U, Minamisawa S, Ishikawa Y, Springer, Etiology and Morphogenesis of
Congenital Heart Disease, The multiple roles of prostaglandin E2 in the regulation
of the ductus arteriosus, 2016, 253-258.

http://www-user .yokohama-cu.ac.jp/~seiril/index.html

¢y

Fujita Shujiro

8 90381516



