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Induction of Reactive Oxygen Species Mediated-Basic Fibroblast Growth
Factor Enhances Intimal Thickening of the Rat Ductus Arteriosus

Utako Yokoyama', Mei-Hua Jin', Toru Akaike?, Aki Shioda',
Susumu Minamisawa3, Yoshihiro Ishikawa'

Yokohama City University Graduate School of Medicine'
University of California, Los Angeles”
Waseda University”

Intimal thickeing (IT) is an important remodeling for anatomical closure of the ductus
arteirosus (DA). Although the immediate rise of oxygen tension at birth contracts DA
smooth muscle, the role of oxygen in vascular remodeling remains unknown. Oxygen
promotes postnatal occlusion via enhancing IT in the DA. Tissues from the rat DA and
the aorta of embryonic day 19 and 21, and day of birth were used for RT-PCR and
immunohistochemistry. Rat artery at embryonic day 19 and day 21 were used for organ
culture and primary culture of smooth muscle cells (SMCs), respectively. Basic
fibroblast growth factor (bFGF) and H,O, production were measured by ELISA.
Hyaluronan production and SMC migration were assessed by a latex agglutination and
a Boyden chamber method. We found that raising oxygen tension (2.5% to 21%)
increased H,O, and bFGF production in DA SMCs (1.7-and 4.3-fold, P<0.01, n=6) but
not in aortic SMCs. H,O, significantly increased bFGF production in DA SMCs
(5.0-fold, P<0.01, n=6). The expression level of bFGF mRNA was abruptly increased
after birth in DA tissues (4.4-fold vs embryonic day 21, P<0.01, n=8), but not in the
aorta. Immunohistochemistry showed that bFGF was predominantly expressed in the
part of IT of the DA. Oxygenation, H,O, and bFGF promoted DA SMC migration
(2.0-fold and 1.8-fold,respectively, P<0.01, n=8). Oxygen-and H,O,.induced migration
were attenuated by oxidase inhibitors (apocynin and beta-aminopropionitrile) and
anti-bFGF antibody, respectively. Moreover, bFGF produced hyaluronan (6.6-fold,
P<0.01, n=8), which was known to contribute to IT and increased phosphorylation of
the mitogen-activated protein kinases (MAPKSs), such as extracellular signal-regulated
kinase 1/2 (ERK1/2), p38 and c-Jun N-terminal kinase (JNK) (6.8-, 3.0-and 2.7-fold,
P<0.01, n=4) in DASMCs. bFGF-induced hyaluronan production was attenuated by
ERK1/2, p38 and JNK inhibitors (U0126, SB203580, SP600125). bFGF significantly
promoted IT (2.2-fold, P<0.01, n=8) in DA organ culture. These results suggest that
oxygenation contributes to postnatal anatomical closure of the DA via bFGF-mediated
IT. Combination of bFGF and inhibition of PGE may be effective therapeutic strategy
for the patent DA.
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