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3.今後の研究計画
脳虚血により起きる神経細胞死に対し、BDNF，FGF，EGFに代表される神経栄養

因子がどのような細胞保護効果をもたらすか、そして、その効果がcytochrome

cの放出と Bcl-2とどのように関連しているかを探求する計画である。免疫組織

化学や生化学的手法を駆使して、ミトコンドリアを介したアポトーシスを中心

に評価する。加えて、 BDNF遺伝子、 EGF受容体遺伝子のノックアウトマウス

を利用して、内在性のこれら神経栄養因子の役割についても考察したい。

4.研究指導者の意見

呉超然氏は 1999年に来日し、本学医学部麻酔学教室に客員研究員として

入局しました。翌年4月には本学医学研究科博士課程(外科系・麻酔学専攻)

に入学し、麻酔学教室に大学院生として在籍しています。

現在、脳虚血に関する病態生理及びその蘇生について昼夜も問わず、研究に

取り組んでおります。 2年生として、すでに論文も英文誌に採用され、学会口

演の経験もあります。本学に入学後の学習態度は真剣であり、強い向学心を有

していることが窺えます。呉超然氏は大学院生としてのふさわしい学力に加え

て、日本語に関しても、日常生活はもとより研究を行う上でも十分に高い語学

力を有していると判断されます。

以上のように呉超然氏は今後優れた研究を行うことが期待される人物でありま

す。

研究指導者氏名 馬 場 洋

5.研究報告

金

別紙形式により、報告本文4000字以上(英文は2600語以上)で報告して下さい(枚数自由・ワープロ使用)

タイトノレ・要旨等は日本語で、 KEYWORDS以下は日本語或いは英語で記入、使用文字はタイトル 13ポイン

ト、その他は 10ポイント、日本語は明朝体を使用して下さい。

研究成果の発表予定がある場合は発表原稿・抄録集等を添付して下さい。

議ìJt~警も幸弘こ当つては、日中医学協会助成事業一日本財団助成金による壱を明記してーでさい。
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軽度前脳虚血による C57BIJ6マウスの虚血耐性発現に関する研究

要旨

呉超然

中国大連医科大学附属第四病院麻酔科医師

日本新潟大学医学部麻酔学講座大学院生

脳虚血前処置分子機序の研究は、虚血性脳損傷のメカニズムの解明だけではなくて脳虚血治療

法の開発にも役立つと思われる。今回、我々はまず遺伝子操作の分野でよく使われる C57BU6

マウスを用いて、マウス脳虚血前処置モデルを作成し、そして神経細胞の生と死と関連する Bcl-

2fan語Iyタンパクの発見について経時・定量的に検索する。

雄性C57BU6マウスを用いた。前脳虚血は、両側の総頚動脈を閉塞することによって行った。

対照群 (shamコントロール)、虚血群 (18分間虚血)と前処置群 (6分間虚血後48時間後

1 8分間虚血)に分けた。線条体損傷は凍結切片に行われる MAP-2染色によって評価した。 BcI-

2タンパクを定量的に測定するために、 6分間虚血後再潅流4時間、 24時間、 48時間、 72 

時間、 1週間ごとに脳を取り出して、皮質、海馬、線条体をそれぞれ剥離し、 W白飽m blotの方

法を用いて、 BcI-2タンパクを定量的に測定し、バンドの光学密度を評価する。

虚血後の残存神経細胞数は虚血群に比較して前処置群で有意に多かった。虚血群においては、

MAP-2免疫染色はほぼ完全に脱落した。前処置群では対照群に比べて MAP-2免疫染色は若干減

弱したがずかなり正常に近い状態で染色された。 6分間虚血後、線状体において Bcl-2タンパ

クの量が増える一方で48時間の時点でピークに達した。

C57BU6マウスにおいて、軽度前脳虚血はその後の致死性脳虚血に対して保護作用があること

が示唆された。この保護作用は短期間虚血による Bcl-2タンパクの増加と関連があると示唆する。

Key word: C57BU6 mice; Bcl-2; Ischemic preconditioning; S凶atum;Sublethal ischemia 

Iotrl叫 uc舗00

百lebcl-2 protか叩coge関 isfirst di田 overedin b-cell Iymphoma創叫 avariety of other can回目

σs吋imotoet aI.， 1985). It is also ob田 rvedin由e田 otralnervous system (CNS) d町 ingem耐y佃 ic

也:vel叩皿ent(LeBrun et aI.， 1993; Novack and Korsmeyer， 1994)， but levels are greatly downregulated in 

the m母orityof po羽mitoticCNS即日ronsof adult brain (M釘IYet aI.， 1994). 百lebcJ-2 fanuly of 

oncogen回開codesspecific proteins that re伊 late叩optosisinduced by a variety of stimu1i (Vaux et aI.， 

1988; Davies 199のAmong出eserelated pro包ins，Bcl-2 and BcJ-xl suppress apoptotic cell d朗自，

whereas Bax promote it (Oltvai et aI.， 1993). Changes in白ebcl・2far凶lygenes levels have b田 n

observed部 回rlyas 6 to 8 hours after ischemia (Kr亀jewsk.iet al.， 1995; Chen et al.， 1996; Antonawich et 

aI.， 1996). Therefl自己， it h部 attracted出emost attention that出ecounterre伊 la旬dexpression of Bcl-2 

fanuly proteins determines wbether neurons toward survival or apoptosis (Yang E et al.， 1996， Kroemer 

G.，1997). 
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Most evidence indicated that a抑ptotic田 IIdeath may occ町 aftertransient国間braliscbemia and白紙

dysregulation of Bcl・2and rela凶 proteinsac白 leratesischemic neuronal i吋ury. Furthennore， a 

forebrain ische凶cpreconditioning m峨 1in C57Black/Crj6 (C57BU6) sU∞ devel叩edrecently in our 

laboratory has shown that s凶 talneuronal i吋urya伽回lsientbilateral comm叩 carotid制 :eryocclusion 

(BCCAO) can be str，叩glyr，吋ucedby a sublethal ischemic episode (WU CR et al.' 2001). To address the 

questioo of whether the田 BcI-2fru:凶Iyproteins participate in出eωcurren回 ofischemic preconditioning 

protection induced by sublethal forebrain ischemia， we examined Bcl-2， BcI-xJ， and Bax expression by 

immunohistochemistry and immunoblot assays in the nonnal s位iatumand following 6 DUn of sublethal 

forebrain ischeDUa in C57BU6 mi田.

Objective 

We developed叩 iscbemicpr配 onditioningm似たIin C57BU6 mi田.And白enaimed to address the 

question of whether BcI-2 family pro飽insparticipate in the induction of ischemic tolerance. As a 

preliminary experim佃 t，we exru:nined if ischemic pr，配onditioningalters expression of叩optosisinhibitor 

BcI-2， Bcl-xl， and apoptosis promoter Bax by using westem blot. 

Materials and Methods 

Induction of forebrain ischemia 

Experiments were carried叩 tin adult male C57BU6 mi田 weighing19 to 23 g (8・10weeks old). 

Animals we陪a1lowedfree a∞回sto ti∞d and water and housed in a c1imate-controlled environment 

(25'C). Forebrain ischemia wωinduced by bilateral common carotid artery occlusion (BCCAO) for 18 

min under 1.0% balothaneJoxygen anesthesia via a face mask. During the pr'ωedure， the rectal 

temperature was maintained betwec沼 36.7and 37.5'C. After repe巾 sion，the animals were cared in a 

W釘 m，humidified chamber (32・33'C)for another 3 hours before being returned to their cages. For 

preconditioning， ru:岨malsw釘'esub長ctedto aふminBCCAO 48 h betiぽ e出e18-min iscbemia. 百le

animals underwent expos町 eof bilateral common carotid arteries without BCCAO were used箇

sham-controls. 

Tr佃 scardiacpe巾 sionand brain tissue prepara低価

On出e7由 dayafter reperfusion， animals were reanesthetized by叩 intraperitonealinj配 tionof sodium 

pentobarbital (150 mglkg) and transcardiacally perfu碍dwi白 0.1M PBS containing heparin (4 uniω'ml)， 

followed by 0.01 M peri叫a島E・0.075 M lysine-2% parafonnaldehyde (PLP) in 0.0375 M 

phosphate-bu偽 r吋 solution(pH 6.3).百lewhole brain was removed from the skull and post-fixed in tbe 

same fixative for 4 h. Thereafter， the brains were washed in gradually increasing concentrations of 

sucro田 in0.1 M PBS (10% for 4 h， 15% and 20% for 12 h each)甜 dthen rapidly合ozenin 

2-methylbutane chilled at・80'C. Consecutive coronal sections (16阿n)were prepared on a DUcrotome 

and used for microtubule-associated protein-2 (MAP-2) immunohistochesUstry staining. For in situ 
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det自由nof DNA fragmentation， another田 tof animals were pe巾 sedwith 0.1 M PBS containing 

heparin (4 units/mJ) followed by 20% sucro担 in0.1 M PBS at 72 h after re戸巾sion. 百 ebrains were 

then removed 合omthe skull， and rapidly合ozenin 2・methylbutanechilled at・80'C.

Assessment of neuronal damage 

Ischemic neuronal damage w槌 visualizedby MAP-2 immunohistochemi紺 y. Briefly，田ctionswere 

post-fixed with 4% paraf，叩nal制 lydein O.l M PBS for 10 min and wa由edthr館山leSwith 0.1 M PBS. 

Endogenous戸:roxi也sewas inactivated by incubating the蹴 tionswith却%methanol containing 0.1 % 

~02 (v/v) for 45 min. Sections were出伺 followedby seque凶 alincubations in 1) 2.5% horse serum in 

0.1 M PBS containing 0.2% Tw田 n・20and 1.5% BSA for 60 min， 2) anti・MAP-2monoclonal antibody 

(Boehringer MaMheim， Mannheim， Gennany) diluted in 0.1 M PBS at 4'C overnight， 3) biotinylated 

borse釦 6・m側 回 IgGfor 60 min， and 4) avidin-biotin-戸roxi由民 complexin 0.1 M PBS for ωmin. 

百lebiotinylated s配 ondaryan曲叫y卸 d曲ea'叫din-biotin-peroxi也記 W釘 epurchased from Vector 

Laboratories (Burlingame， CA). 百leMAP-2 immunoreaction w部 visualizedby incubating the田 ctions

with 0.05% 3，3'-diaminobenzidine and 0.002% HP2・

In siωlabeling of DNA食agmentation

By using an apoptosis in si回 detectionkit (Wako Pure Chemical Industries， Os紘a，Japan)， terr叫nal

dωxytr叩 sferase-mediateddUTP-nick end labeling (TUNEL) was carried out on non-fixed s配 tions(16 

μm). Sections were p侶 t・fixedwi白4%paraformaldehyde in 0.1 M PBS for 15 min at room temperature， 

followed by ethanoVacetic acid (2:1) for 5 min at・20'C，加dthen penetrated wi血 3lJもTritonX・looinO.l

M PBS for 60 min a1 r∞m temperature. 百le田ctionswere then incubated in TUNEL reaction solution 

for 60 min at 37'C. After w踊 hing，sections were incubated in 30% ~02 in 0.1 M PBS for 10 min to 

quench endogenous peroxida路 andincubated wi出制tiFlTC・conjugatedperoxidase for 60 min at 37'C. 

TUNEL-positive回 IIswere visualized with di創凶nobenzidine. Identical to tOO assessment of intact 

neurons， TUNEL-positive cells were counted in five部 signedsubregions. 

Westem blot analysis 

Immediately after d邸 apitationat 4， 24， 48， 72 h，組d7 day followiog 6 mio ischemia (0 = 12 per 

group)， mou田 S凶aωmw，踊 dis田 cted， and homogenized in RIPA以lffercontaining protea民 inhibitorson 

ice. After c叩，trifugationat 14，0∞g for 30 minutes， the鎚 :rumw笛 collec俗d.The protein levels were 

qu組 tifiedby spectrophωometry， and曲ely回 tewas boiled at 95 in sodium dodecyl sulfate loading加ffer

(loo mmol/l Tris-HCl， 2∞mmoVl dithiourea， 4% sodium由必cylsulfate， 0.2% bromophenol blue， and 

20% glycerol) for 5 minutes. Then， 40μg protein samples were. loa也d onto a 12% 

SDS-polyacrylamide gel.百letr却 sferredpolyvinylidene difluride (PVD町membranew踊 incubatedin 

ei白釘 mou田 antiBcI-2 (1:1倒)()，Transduction Laboratories.) or rabbit anti BcI-XL， Bax antibody (1:500， 

Santa Cruz Biotechnology Inc.) for 2 hours at r∞m 飽mperature.A負erwashing three times in PBS 

containing 0.1 % TWI田 n・20，the appropriate secondary antibody w槌 appliedat a 1 :3000 dilution for 1 h. 

The membrane w出 washedin PBS containing 0.1 % Tween-20 thr白血nesover 30 sUn，泊施nincuba低din 
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ECL Plus w<白temblot出.gdetection reagents (Amersham Phannacia Biotech)血 d既伊sedto Fuji RX 

film (Fuji， Tokyo， Japan). Autor叫iogramsignals were quantified by a gel也nsitor即位icscanning 

progr;創D.The relative protein levels were detefsUned from出erelative optical densities of the 

corr田 p叩 dingprotein ban也 andwere normalized to background values obtained on the姐melane.

Statistical analysis 

Qu血tita'凶ve也.taare exprl回鈴d錨 U抱組:t standard deviation (SD) and組 alyzedby ooe-way ANOVA 

after normality of dis回加tionw踊 prov1叙i ANOVA w部 followedby Dunnett's post h民協t~町

multiple comparisons. A p-value less由an0.05 is considered statistically different. 

Result 

on the田 崎nthday after 18・rnini町民師ia， neuronal loss could be found in the Stri8ωm， hipp配 細 抑1

CAl， CA2 and CA3 regions，包1<1血ecortex as well回 otl即時，gions，田 vis回Iizedby MAP-2 

immunostaining. In the hip伊伺mpus，neuronalloss always occu町'edin the dorsal CAl region， CA2錨

well CA3 region. In 3 out of 6 animals， CAl neuronal darnage w踊 asymmetricafter 18・rninischernia. 

In contrast， S釘iatalneuronal damage in曲ebila飽ralstriatum w国 synune住icand more consistent. 

Sin田 neuronaldamage in由es回atumw，回 moreconsistent after血e18・rninischernia，出eextent of 

prOlJ目白nby ischemic preconditioning was exarnined in也es住iaωmby MAP-2 immunohistochemis町

staining. In the記ctionsobtained 企omsham-con佐01animals， bωh soma ar叫 dendri飽swere in加 lsively

stained. I詑 h佃血 f町 6min rl国 ultE対 inno detectable loss of MAP-2 immunoreactivity in the bilateral 

s凶atum. An 18・minischernia caused n回 rcomplete loss of MAP-2 immunorl回 ctivityin 4 out of 6 

創岨mals. A 6-min ischemic epi回 deperfl町med48 h before the 18・minischemia strongly reduced the 

loss ofMAP-2 immun町 eactivitydue to the 18・rnioischernia. 

There were 00 TUNEL-positive cells to occ町 insections ob凶nc:姐 fromsham-control animals. 

TUNEL-positive cells intensely existed at 72 h after re戸巾sionin animals subjec凶 to18・rninischernia 

but not 6・rninischernia. Again，白.e6-min i配 hemiaperfon磁調d48 h before the 18-min ischemia 

signific叩 tlyreduced the Dumber ofTUNEL-positive cells caused by the 18・minischemia. 

The levels of Bcl-2 and Bcl-xl pro也i邸 expre凶 ionwere inぽ 伺sed位om4h to 7 days after 6 min of 

BCCAO wi白 amaximum intensity occurred in出e48h time point. Bax immunore配 tivityw;出 very

faint io the above mentioned time points. 

Di提出sion

The major finding of the戸田entstudy is白紙 transientbilateral common carotid artery occlusion 

produces a consistent s凶atalinjury that c叩 bestrongly attenuated by a sublethal ischemic episode. And 

also we demonstrate白atthe Bcl-2 farnily proteins participate in the prωess of白isischemic protective 

effect. 

Currently， alrnost all available ischemic prl目 onditioningmodels have b舘 ndeveloped in rats or gerbils， 
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but this is not corresponding to that most genetic alterations have版記nperformed in mice. Among 

di自己rentstrains，白eC57BU6 strain has been shown to be most susceptible to釘ansientischemia induced 

by BCCAO (Barone et al.， 1994; Fujii et a1.， 1997; Yang et al.， 1997). Additi叩 ally，studies have shown 

that injury to 恥制御m in C57BU6凶 ceis more consistent in com戸d回目 with injury師自e

hippocampal CAI region (ferashima et al.， 1998). 

In preliminary experiments， we had examir凶 neuronaldamage induced by BCCAO for 3， 4， 6 and 8 

min. Although there was no s釘iataland hippocampal neuronal damage ωbe found after 3 or 4 min 

ischemia， their protections against the subsequent 18-min ischemia were weaker. In contrast， ischemia 

for 8 min sometimes cauぉdserious s出ataland hippocampal neuronal damage. We thus ch回 ea 

duration of 6 min as由econditioning ischemic insult. While the ふminischemia did not回 use

noti田 ables凶atalneuronal damage回 demoostratedby both MAP-2 immunohistωher凶s町民祖国ng，it 

rendered strong protection against ischemic neur，叩aldamage induced by the subs叫 uent18-min ischemia. 

The extents of pl'O飽ctionare comparable with白紙 repor白din hippocampal CAl neuroos in a gerbil 

i記 her凶cpreconditio凶ngmodel (Kirino et al.， 1991; Kitakawa et al.， 1990). 10叫dition，we also found 

曲atischemia-induced DNA fragmentation w回 attenuatedby the conditionc姐 ischemia，indicating that 

anti-apoptotic actions may be induced by the conditioning ischemic episode. 

I恥Yもbe施e主んふ山目maybese閃阻1m即t隠e帥 an削ismsb句yw州叫hic川h凶Bclト'何ldB制cl-x

問 u町ro叩ns.Bcl-2 plays a key role in regulating initi甜 onof programn也d回 Ud伺出 bypreventing egress of 

cytochrome C into cytoplasm. Cytochrome C， in tum， complexes with apaf-l activating c部 p出 e9， an 

important triggering event in apoptosis. Bcl-2 may also play a role in stabilizing the mitochondria and 

maintaining its mernbrane potential， thus preventing the generation of 念館 radicals.So that， the 

expression of BcI-2 in neurons白紙 arestressed may be an import叩 tevent that ensures neuronal survival. 
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