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2. 研究テーマ

動脈管収縮弛緩におけるガス状血管弛緩因子の役割

3. 成果の概要 (100字程度)

動脈管における膜電位依存性カリウムイオンチャンネル(Kv)の発現をRNAレベルと蛋白レ

ベルで明らかにした。 Kvは胎生がすすむと減少するととがわかった。

Kv発現におけるガス状血管弛緩因子の関与は少ない乙とがわかった。
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Abstract 

一日中医学協会助成事業ー

動脈管収縮弛緩におけるガス状血管弛緩因子の役割

ーカリウムチャンネル発現への影響ー
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Oxygen-sensitive， voltage-gated potassium channels (Kv) may contribute to血edetermination of the 

membrane potential泊 smoothmuscle cells of the ductus arteriosus (DA)姐 d，白山，ぬ regulationof 

con位置ctileぬnein response to oxygen. Developmental changes in Kv during gestation may be 

related to dilation of the DA during fe匂llifeand c10sure of the DA after bir血Thiss佃dyinvestigated 

developmental ch姐 .ges血血.eexpression of Kv in血eDA姐 dcomp紅 edit with血atof the pu1monary 

訂 tery(PA) 姐 d也eaorta (Ao). The role of gaso仕組smitterNO on 也eexpression of Kv w出

examined by administering a potent ni住ic oxide syn也ase 泊hibitor， Nomega-.凶位。.

L-紅側nemethyl ester ι-N品伍:)， to a pregrant rat at day 19， 20 姐 d 21 of 

gestation. The DA， PA血 dAo were isolated from fetal rats at days 19姐 d21 of gestation (term; 21.5 

days). The expression of Kv1.2， Kv1.5， Kv2.1 and Kv3.1， putative oxygen-sensitive Kv channels which 

open in response to oxygen， w出 evaluatedat bo血血.emRNA祖 dprotein levels，国ingquantitative real-

time PCR and immunohistochemis町・ In the Kv family studied， Kv1.5 mRNA was 

expressed most abun白nt1y血血eDA， PA姐 dAo in bo血血'y19 and day 21 feωses. Al血ough血e

expression levels of Kv 1.2， Kv1.5， Kv2.1， Kv3.1 did not ch佃 .gemuchwi血 developmentin也ePA組 d

Ao，泊也e DA 血.ey .decreased wi血 development. L-N品届(lC凶g/kg) did 

not ca山E 姐 ychanges in the expression of Kv 1.2， Kv1.5， Kv2.1， Kv3.1血血eDA泊 day20 

姐 dday21 feωs. The role ofNO in dilating DA during fetallife may be minimal in the near-term fe凶 rat.

τ'he decrease 白血.e expression of Kv channels may enhance DA c10sure after bir也 by

elim血ating血eope凶ngof K v channels when oxygen increases. 

Key words: Ductus arteriosus; Development; Gene expresslOn; Oxygen; 

Potassium channel. Gaso仕組smitter
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Introduction: 

The ductus釘teriosus(DA)， a vital artery connecting the pu1monary訂tery(PA) and aorta (Ao) which 

diverts blood from the PA to the descending Ao during the fetal period， constricts in response to也e

increase in 0可 gen(02) tension in the blood at bir也百leresponses of blood vessels to changes in O2 

tension v紅ydepending on the location of the blood vessels and on也edevelopmental stages. The isolated 

small PA relaxed in response to血 increasein O2 tension. whereas the I!solated main PA. showed no 

response or only a slight consなictionafter an acute increase in O2 tension. The isolated Ao showed no 

re叩onseto an increase in O2・tension. However，也eDA isolated from the ma旬refetus constricted 

markedly in response to阻血creasein O2 tension. 

Potassium (K) channels play a m句orrole in maintaining the resting membrane potential of 

vasc叫釘 smoothmuscle cells，血usregulating vascul紅 tone.It is known也atsome voltage-dependent K・

channels (Kv) in arteries 釘 e Oz-sensitive. The opening of K v channels in vascular smooth 

muscle cells causes membrane hyperpolarization， inactivates voltage-gated Ca2+ channels， and decreases 

the intracellular Ca2+ concen仕ation，leading to vasorelaxation. 

Only a few studies have reported血.eexpression of Kv channels in勘 DAand there is no report 

of a study comparing the expression of Kv channels among血eAo， PA，姐dDA with advancing 

gestation dur担gfetallife. As the DA closes while血ePA組 dAo remain open after bir血， there might be a 

difference in也.eexpression of oxygen-sensitive Kv channels between 也eDA， PA and Ao. 

τ'herefore， our aim was to determine the expression of Kv channels血由eDA， PA姐 dAo at different 

gestational stages at也emRNA and protein levels. 

Ni凶coxide is known ωdilate vessels阻cludingDA.τ'he role of gaso仕組smitt釘 NO on 血e

expression of Kv remains unknown. It may .stimulate the expression of Kv， 白山 causing 

vasodilation dur血gfe凶 life.

Materials and methods: 

We used fetal rats at days 19組 d21 of gestation to examine the developmental expression ofKv1.2， 

Kv1.5， Kv2.1 and Kv3.1血血eDA， PA and Ao. Total RNAs of the DA， PA姐dAo were isolated 

fromp∞，led segments of 240 day 19 rat fe旬ses姐 d140 day 21 rat fe旬ses.τ'heto泊lRNAw出 reveおか

transcribed into cDNA wi血 randomhexamers姐 dMultiScribe ™ Reverse Tr，祖scriptaseσostacity，

CA， U.S.A).τ'he real-time PCR reaction was conducted with a Premix Ex Taq Kitσ3kara Bio) using血

ABI P阻 SM™ 7300 Sequence Detection System (Applied Biosystems). For each s細 pleanalyzed， 

cDNA copy numbers were calculated on the basis of 也e results of the 

standard curve of the same fUll.τ'he K v cDNA copy nu皿.bers were normalized using the 

calculated GAPDH cDNA copy number of the sa皿es細 ple.

Tissues of the DA， PA and Ao excised from both day 19 and day 21 fetal rats were fixed血 4%cold 
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paraforma1dehyde for histoimmunochemis1ly. Rabbit polyclonal antibodies (組ti-Kv1.2，anti-Kv 1. 5， 

anti-Kv2.l and佃 6・Kv3.1)were used. 

Results: 

The expression of Kv1.2 mRNA血血eDA was less血祖也at血血ePA姐 d也eAo on both day 19 

and day 21 (Iヨg.1). In bo血血ePA姐 dAo， expression ofKv1.2 mRNA血 theday 19 fetuses was similar 

ω白紙 in血eday 21 fetuses. In the DA， howeveζ 也eexpression of Kv1.2 mRNA in也eDA of the day 21 

fetuses was less白血血at血血eday 19 fetuses. In血eday 19fe旬ses，也eexpression of Kv1.5 mRNA w出

approximately eq凶va1ent血血eDA， PA and Ao. In the day 21 fetuses， the expression of Kv1.5 mRNA血

血巴DAw回 less白組曲at血血ePAandAo.

In both the血Y19 and day 21 fetuses， the sta血ingofKv1.2 w回 light血血DA，moderate in the PA 

祖 dintense血血eAo . In也eDA， the staining intensity of Kv1.2泊 theday 21 fe佃swas lighter 

也姐也at血血eday 19 fetus. 

τ'he role of gaso位ヨnsmitterNO on 血eexpression of Kv w出 examined by administering a 

potent ni邸側desyn血部einhibitor， Nomega-ni住0・L-岬 nineme血ylesterι-N必伍.)， ω apregrant 

rat at day 19， 20姐 d21 of ges凶 on.L-NAME (1加 glkg)did not cause組 ychanges in the expression 

ofKv 1.2， Kv1.5， Kv2.1， Kv3.1 in也.eDA血 day20 and day 21 feωs. 

Discussion: 

In this study， we have demonstrated， for the first time， developmenta1 changes in the expression of 

Kv1.2， Kv1.5， Kv2.1姐 dKv3.1泊也eDA，PA姐 dAo也 ratfc旬sesat both mRNA血dprotein levels. 

Quantitative rea1-time PCR data showed a lower mRNA expression of Kv1.2， Kv1.5， Kv2.1組 dKv3.1血

血eDA旭 day21 fetuses也an泊 day19 fe加ses，血d血eseresults corresponded well with血eresults of 

protein expression detected by immunohistωhemis町.The decrease血血.eexpression ofKv ch岨 nels

血血eDAmayreduce the opening effect ofKv channels when O2 tension血creases.

L-NAME (1Omglkg) did not cause姐 ychanges血血eexpression of Kv 1.2， Kv1.5， Kv2.1， Kv3.1血

血 DA in day 20 and day 21 fe旬S.τ'herole of NO泊 dila出 .gDA during fe凶 lifemay be minima1 in血e

near-term feta1 rat. 

In conclusion，也edecrease血血eexpression of Kv channels， which open血 responseto oxygen， 

maye曲ance也eDA closure after bir也 byeliminating血eeffect of the opening of Kv channels 

when oxygen increases. 
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