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3.今後の研究計画
軸索と成熟グリア細胞との接着は限られているが、発生における幼若グリア

細胞は軸索と高い親和性をもって接着するので、軸索伸長に働く接着分子が関与

していると考えられる。我々が視神経及び網膜における再生軸索の接着分子とし

ては R-カドヘリン、およびβ-カテニンなど有効に機能するを明らかにした。

今度は接着分子の具体的な応用として、有効と分かつた接着分子の遺伝子をウイ

ルスベクターに組み込んで強制的に接着分子を発現させた細胞を作成し、培養系

および発生を用いて神経成長円錐とグリア細胞に発現される接着分子を明らか

にし、そのアミノ酸配列、 DNA配列を明らかにする。また再生軸索が本来の中

枢神経組織内を伸びる可能性を追求し、再生軸索がグリア細胞をはじめとする組

織成分といかなる関係を保ちながら伸びるかについて形態学的な基礎を確立し、

軸索の伸長を臨書するとされる髄鞘を除去することによって、網膜を含む中枢神

経系の neuronの再生促進がどの程度図れるかを調べる。

4.研究指導者の意見
劉君は、院入学後、優秀な成績で大学院の単位順調に取得し、霞子顕微鏡、

免疫組織化学、細胞培養、遺伝子操作などの研究技術をよく習得し、神経網膜

再生および接着分子についての論文が一つ、既に出版されており、更に新しい

論文が投稿中である。研究内容は、失明予防を目的とするもので、アジアの人々

に貢献するところが大きいものである。難治眼疾患の基礎的な病因を地道に追

求して、重要な発見をしかかっている。彼の研究生活は極めて真面白であり、

学問に対する態度も極めて精勤で、模範的な留学生活である。彼は健康に恵ま

れ、人格的にも円満で、よく他の研究者逮とも和し、教室員からも尊敬を受け

ている。チームワークの保持がとてもよい。今まで研究成果は網膜の形態形成

における Rーカドヘリンの局在と機能の解明に貢献し、細胞生物学、発生形態

学及び眼科学の発展に寄与するところが多い。彼の明断な頭脳と真筆な生活態

度から見て、帰国後は中国眼科を背負う優秀な人材になるものと確信される。
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マウス鋼膜発生における βーカテニンの局在変化について

劉暁

京都大学大学院医学研究科大学院生

指導教官:本田孔士京都大学大学院医学研究科教授

論文要旨ミ

【目的】近年、神経系で発現している細胞接着分子が次々と同定されている。そ

の中でカテニンは、カドヘリンの接着機能を細胞質領域に結合して、制御されて

いると考えられ、これらを介して細胞骨格系と連結している。本研究は、網膜の

形態形成における β・カテニンの役割を明らかにするために、マウヌ網膜発生に

おける β・カテニンの局在を免疫組織化学的及び分子生物学的に調べた。

【方法】マウス (C57/BL6)の 12、16日の胎仔と出産後胎仔 1、2、5、1

0、1 6、日及び1が月後のアダルトから網膜を摘出して、 3.5%パラホルムア

ルデヒトで固定し、 20μmのクリオスタット切片を作成して、 s-カテニンの

免疫染色を行った。一次抗体として抗かカテニンモノクローナル抗体、また二

次抗体としてTRITC(tetra methylrhod amine isothiocyanate)標識抗IgG

を用いて免疫蛍光法で染色し、蛍光顕微鏡及び共焦点、レーザー顕微鏡で観察を行

った。次に同じ時期のものをTrizolでtotalRNAを取って、遺伝子レベルで

の発見を見るために Reversetranscription-polymerase chain reaction 

(RT-PCR)法によって網膜全体でのかカテニンの発見を調べた。

【結果] s・カテニンは胎生6日目から網膜神経節細胞に局在していた。出産

後 1・5日目ピークに遣し、 10日目から減少し、 16日目には主に神経節細胞

及び神経繊維層、外、内網状層に集積がみられた。アダルトには消失した。定量

的RT-PCR法によって、mRNAレベル上以上の局在を確認した。また、Western

blotで蛋白質レベル上以上の局在を確認した。

【結論】以上により、かカテニンは、マウス網膜の形態形成に伴って網膜に限

局して発現されることが分かつた。かカテニンが発生初期には網膜神経節細胞

から発現され、発生後期主に神経節細胞及び神経繊維層、外、内網状層に限局

して発現することは興味深い事実である。 β-カテニンは、組織が分化していく

際の形態変化と相関しており、発生段階に神経突起の伸長及びシナプス結合の

形成と維持に重要な役割を果たしていると考えられる。

Key Words網膜 β・カテニン発生マウス RT-PCR 免疫蛍光法
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Abstract 

PURPOSE. To cxamine血，ce却resS1∞ofs -catenin in the devel中ng血.ouserc出a.

恥aI'HODS.C:ryos回tsecti∞S of re出asfrom E12， E16， E20， Pl， P5， PIO， P16組 d

ad叫tmi.ce wcrc pr旬aredfor innmm.∞yto也e:tIllS位yand vicwing by五ght凶cros∞py.

Lo伺lizationof s・cateninwas det佐世nedby imnl1ID.<∞戸∞h四 rist:ry.'lb.e reverse 

国nscription-p01ymerascchain reaction (RT -PCR)血e也，odw泊四edぬ detectβ-cateDIn 

mRNA expr偲sionof em肱yoniceyeball and of pω凶凶 re血as也g偲.Tor..al RNA wぉ

iso1.ated組 dpurified

RESULTS. s・cateDInmRNA was detected clear1y in embryonic day (E) 12， E16， 

pos也ata1也y(P) 1組 dP5， Th釘回ft町，血，eexpr'岱S10nw部 markedlydec:reased， and 

showed weak expr回sionin ad叫tmouse. lmmunoreactivity for s ・叩t悶 n w回

demo盟国tedin gang1ion cells of re血aatE12，組dwas strong偲 t企omE16血roughP5. 

stages. Dur白g也偲es匂偲， s -catenin w担保戸偲seduniform1y around tb.e site of the 

p1asma m位nbran偲 of也.ere匂a1cells血∞n回ctwi血 each0也町. Thぽ伺ftl釘， 血e

immunoreactivity wぉ s出lposi丘.ve1ydis出buted白IOUghOut也，ere血ace11s， elD.d gradua11y 

becomc weaker witb. deve10pment and 10calized in inner p1exiform 1ayer臼 dganglion cell 

layer inc1uding neurofiber 1ayer in P10. By P16， on1y w伺kbut c1ear immuIlor伺cti.vity

W留め匂白edon tb.e outer ple対form1ayer， inner p1exiform 1ayer祖 dganglion cel1 N 0 

immunoreactivity wぉ detectedin ad叫tmouse retina except in blood v偲s，~ls. And no 

expression was found泊 RPEce1ls in pos回atalstages. 

CONCLUSIONS. These findings血dicatetb.atβ・創出nmay p1ay組 importantr01e白

血em，ぽphogen偲包of血，emousere出a，especially in developm釦 tofre出a1g担 glioncells 

組 dsyna戸es.

Liuetal. 
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Introduction 

h也erecent years， tb.ere is ac∞血lla出gevidence血attb.e偲11adh偲 ionmolccules play a 

criti.cal role in regulating differe凶包∞釦dgrow也 'oftb.e ve巾凶teretina . During 

development of血.emo也seretina， grow也 ofganglion cell axon is d旬endenton血e

F偲 enceof many factors血.c1udinga品問。，nmole叫偲 suchas NCAM， Ll， N・組dR・

伺 dherinTh偲emol∞叫岱 arel∞alizedt位時ora11yand spati.a11y a10ng tb.t: develop血g

opti.c patb.way (Matsunaga， et a1. 1988;恥 h町。，et al. 1991)，釦d也 bo也白羽町釦douter 

pl切 formlayぽs(H釦kin，et al 1994)，組.don ma勾， re也al∞lls(Grunwald GB， 1993， 

clmningbarn BA， 1995) including re出al戸gmentepi血.eliumcells (Liu， et a1. 19'77). 

Catenins were flIst characterized as linking tb.e cytoplasmic domains of cadherins to tb.e 

∞rti.ロ1actin cytoskeleton. They紅e出国cell叫訂polypepti.des出atp訂tof a complex sub-

membraneous network which modulates也eadh岱 iveab出tyof cells associated witb. 

clぉsicalcadherins. (K四 ler，1993). Recent studies proved that the functioD. of cadherin 

far司lyof cell adb.回ionmolecuIes is mediated by catenins (Ranscht B， 1994). In addition 

to their essential role in mod叫ating伺 dh釘泊adh偲ivity，catenins have more rec釦 tlybeen 

impli回 ted血 ce11and developmenta1 signaling pa也wayscontrolling mo中hogenesis

(Hub訂， et札 1996). s -cat∞mwぉ flIStiden凶 ed回 acytopl出血cligand required for 

cadherin-mediated ex;回 cell叫aradhesion molec叫e(Nagafucbi and Takeicbi， 1988; Ozawa， 

et a1. 1990). 1包負担.ctionwas dependent on its association with cytoskeleton. Catenins伺n

b出dぬac也 filamen包 atadh釘ensjnncti.on (Haftek， et al 1996). Their complex pattem of 

terr苧oraland spatial expression suggest也epot偲 tia1involvement也 IDoJrphog四 etic

F∞回S回(Milleret a1. 19タ7).Subsequently， s・cateDInw出 alsofotmd to bc involved白

血eneurocan-Ga1N AcPI・aseconnection for extrace11ular signals controlling 伺 dherin

function. (Li五enet al. 199η. Fur血釘 studi偲 haveshown也ats・cateninls ability to 

Liuet al. 



regu1ate body鉱お de同盟国ti.onwas associated with its si伊altransductiun ftm.cti.on. 

Recently， s・cateninbas also be偲 fOlmdto form a∞mp1ex wi血 APC，a tumor 

m即ressorgene product which su鍔偲tsa ro1e血regu1a出gcell prolifera且.on(Su et a1. 

1993)組.dneurona1 apotosis (.Ahmed Y et a11998). The APC-catenin comp1ex血theWnt 

s1伊a1回nsducti.onpathway may affect the岡田出ssionofcon也ct血hibitionsigna1s and/ 

or也eregl.Uati.on of cell adhesion (Bar也， et al 19'17). s・cateni.nalso pほti.cipat岱白

血.00叫atingcytωke1e凶 dynamics泊 associationwith the mi.crofi1ament-bl.ID.(丑mεprotein

fascin and tublinσao， et a1. 1996). 

A1though cadh釘1DS担dso血e則的nshave been 1oca1ized in血emammalian deve10ping 

retina， no s回di偲 ofs-伺t白血1oca1izationhave been reported. In the pr偲 ents加.dy，we 

bave examined出.es -cateDIn侃:pressiondur担gdeve10pment s -cateIlIn. 1∞a1ization 

was examined by immunocytoche団結y組 dβ ・四teninmRN A expression 1evel was 

analyzed by RT-PCR 

Liuet a1. 



Materials and Methods 

The all exp町出阻ts，血eprocedur自国edc∞formed to血eARVOS包tementfor the Use 

of Animals in Oph血.a1血cand Vision Research . Time-pregn:祖tC57厄I五(pigmented)or 

CD-1 (a1b也0)血.cewere used pu戸 froma sing1e五t町 werekilled at different ag偲，

ranging from bir也ぬ也e30也 pos回a凶，組.dey偲 W釘e:fixed by immersion血 4%

戸raformaldehyde血 O.1 M phosphate buffer (pH 7. 2・7.4)overnight at 4t. Next， ey回

Wぽe1血血町sedin，ぽ伺smgconcぽltratiOnsof suぽωe(10， 15， 20組 d25%)也 0.1M 

phospbate buffer sali.ne (PBS) at pH7. 4， embedded in Tissue Tek OCT compound (Mi1es， 

Bkhart， In.， USA)， 担 dquick-frozen in liquid nitrogen. Eight・出crome:tersectioDS 

国DSversew訂ecutonaαyostat， and mounted on ge1atinized glass slid回.S ・~ctions were 

air-dried， stored at -20t and processed for histoche出町y.The re出aof PIO， P16， and 

adult w町edissected from the posterior part of the ey白.For RT-PCR也e¥vhole eyeball 

of E12， E16 and也.eretinas of Pl， P5， PI0， P16， adult wぽedissected rapicUy c田.dflash 

frozen in liq司dni住ogenun世田e.:Mice were anesthetized with metofane before fL'Xation. 

Five litters were studied by immunocytochemistry. 

Immunohist∞:her泊s紅y.A mon∞lona1 antibody against {3・回t佃血 wasused as the 

primary antibody for β・創出n(T ransduction La boratori岱， Lexington， KY.， USA). Its 

specificity h回 beentested by W岱 t釘nb10t担a1ysisand a1so well documented (Su L， 

1993). Te回me也¥y1・rhωamme也o耐∞y担.ate-co可ugated(TRITC) gωt .Ul丘-ratIgG 

antibody (C五四icon，Ca， USA) w部 used笛 asecondary担 tibodyto detect clD.d visualize 

組丘gen・bindin喜・

Sections were w笛:hedin PBS for 30 minut偲 andthen incubated for 30工oinut偲 with

PBS containing 5% bo加 .eseru皿a1bumin(BSA) and O. 1 % Triton X・100to b10ck non-

Liuetal. 



spec迫C組位bodyb也dings.Secti.ons w訂e也∞.batedwi血m.on∞l.onal組ti.bodyagainst s 

-catenin at 1 :200 f.or 2 h at r∞m 惚mp釘a回re. M町 wasbing血r健闘eswl也 PBS，

secti..ons were incubated f.or 1 h at 31t • wi也 TRI1・C-∞中ga凶叫・mous~ IgG. Mt釘

rinsing with PBS， secti..o国 Wぽe皿ountedin DABCO皿.Qlm也gmedium S~ti..ons wぽe

examined with a ep泊.u.or偲 cen白血ぽos∞pe(Akiωk.ope， Zeiss， Germ組.y)組d

ph.ot.ographed using a digi包1CCD伺血悶 (S.ony，Japan). C.ontr.ol secti.ons were 

proc岱sedthe same way except出atthe primary組曲odywお S由sti.t.utedwi也n.on-

nnmunes訂um.S ecti..ons incubated with.out pri血ary組丘bodyw訂eused留組 additi..onal

c.ontr.ols. 

Reverse Transcripti.on-P.olymeraseαainReac丘.on

T.o匂1RN A was is.olated using T riz.o1 r伺gent(Life Tecbn.o1.ogies， Gaith釘sburg，恥ID)，

ac∞rdingぬ血em釦.ufacturぜ s白structi..ons.Wi也促nbry.os，RNA wぉ is.o1atedfr.om the 

entire eyeball wbi1e at pos回ata1stages， RNA was isolated fr.om iso1ated retina. 

Reverse凶nsぽipti..on-po1ymerasechain r伺cti.ons(RT -PCR) w釘e伺rried.out血 a

pr.ogrammable也釘ma1cyc1ぽ(mode1PTC-100， :tVf.J Rese訂ch， Watert.own， MA). cDNA 

syn血岱18was P釘f.ormedwith 2 ug t.ota1 RN A in 80叫reacti..onbuffer c.o立lprised.of 5 mlvI 

MgClz s.o1uti..on， 1 mM de.oxyribonuc1eoside出.ph.osphat偲(dNTP)， 2.5ゆifOlig.o d(η16， 

20 U RNase血hibit.or，組d50U MuL V rev紅白岡邸criptase(P町kin-Elm釘， Fost訂 City，

CA). S amp1e was reverse transぽibedf.or35出nutesat 42t， and denatured f.or 5 minut偲

at 99t f.oll.owed by c.o.olingぬ 4t.cDNA samp1es were subjectedぬ PCRusing 

specific . primers f.or s -cat伺 nand f.or g1ycera1dehyde-3・phosphate d・~hydr.ogense

(GAPDH) wbich served出血血ternalc.ontr.ol Primers were d偲ignedusing a s.oftware 

RightPri血ぽ戸.ogram(Bi.oDisk， San Fr組.C1S∞，CA)租 dtheir specificity was c.onfirmed 

bya G姐 B釦 kdatabase. Olig.onuc1e.oti.de prim訂sf.or m.ouse s・cateninand G APDH 

Liuet a1. 



W訂esynthesized by Integrated DNA Technologi偲， Inc. (Cora1v迎e，IA).Poly田町ase

ch包nr伺 ctionpr出釘sused for s -cateDIn w釘es四 se51-GAG GCT CπGTA CGC 

ACC GTC-3 1 • 組6・s釦se 51-GGT TGT GAA CGT CCC GAG CA-31
• These pri血邸

∞rrespond to sequenc偲血 wholemouse cDN A bank組 dgi.venan紅ロplifiedfragm四 tof 

427bp企0血 m 旧工es -ca俗世nRNAAs組出町na1control， cDNA samplf:s a1so were 

紅nplifiedwi也 pnm.釘scorr偲 ponclingto a G APDH. S四 se5' -GTG MG  GTC GGT 

GTG TGA ACG G-31
• Anti-s四 se51-ACG TCA GAT CCA CGA CGG ACA C-31

• The 

predicted siz岱 oftheampぽiedβ-cat白血andG APDH DNA produc岱 W町 4実7and730 

base pairs， respectively. . 

The PCR ( fma1 volume， 30叫)contained 1叫 of血eRT reaction， 3叫(lf10X PCR 

buffer， 0.5叫 MgClz(0. 8mM)， 1吐 eachof the sense pr出釘租d 組出ensl~ primer( 50 

凶If)of GAPDH and s -cat∞in， and 0.5叫 TaqDNA polymerase (Promega， MadiSon， 

WI， 2.5 U/m1) 

The PCR program consisted of租血itia1step at 95t for 5 minut偲， followed by 35 

cycles of dロlaturationat 95t for 1 minutes， annea1ing at 62t for 1 minutes， extension 

at 72t for 1 minut回， and a final st叩 at72t for 10 minutes. Rou出。RT-PCRcon住o1s

were done without rev町田住担scriptぉe(wat釘 control). The to泊1RNA from mouse 

testis w釘eused as a positive con位。1(Lin， et al 1996) PCR products (15叫)w釘e

ana1yzed by electrophoresis on 1. 2 % ag訂osege1s containing 5 ug of ethidium bromide 

per 100 m1. The DNA b祖 dsw訂evisualized and photographed under ul回 violet

位組副umma丘onlight

Semi-Quantitative Ana1ysis 

For quanti五cationofRT・PCRda包， RT-PCR were performed也triplicateus:ing G APDH 

笛組 endog四 ous血.tema1s凶ndard， photographs of也ee血idiumbromide-stained gels 
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were scanned in Bio-Rad Mode1 G S・7∞lmagi.ngDensitomet町田也gMo1e叫訂Analyst
software (Bio-Rad Laboratories， H町c叫.es，CA). The血ten司tyof血e戸xe1sw町esummed 

ma∞m也ntwindow for each band and tb.e紅白 und釘目chpeak w笛 det，釘出nedby 
m凶ngout回 dweigbing也ep回b 台omdensitome町国cings.The average of也eratios 

{3 -catenIn to GAPDH were伺加latedto COII伊 reexpr偲sionof {3 -cateIlin witb. the 

internal standard 

W偲te血 b10tanalysis 

W回ternb10t ana1ysis wぉ performedusing a Cell rr transb10tting a即 aratus(Novex， 
CA) accorcling to the四国c丘onssupplied 25叫 ofprotein samp1es were subjected to 

10% NuPage ge1 followed by electro回nsf，町 ontoPVDF mαnbr祖偲.Mαnbr組岱 were

住eatedwith monoclona1 antibody against {3・catenina t a dilution of 1: 1 0∞. Us血ga 
ABC-Kit， antigen band was v詠ua1izedFinally，出.em促nbranewas scanned inωa 

PhotoShop， and the image was pr∞essed 
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Results 

Immunobist∞he泊 cals回dy

Cadherins have been found to be expr偲sed倒 ly也 developingretina. T 0 campare ti血S

∞urse of appe訂組.cew1血血atof伺db.er泊.s， 10句1izati∞ofs-伺t出nwas studied by 

immnnofluorescence cyぬch紅白s句， at the light micros∞pic level泊四iceaged rangjng 

fromE12 to adult Two s出回 ofani血a1s企om回chstage wぽeexami.ned The血t回.sity

担 ddistribution of s -catenm s凶ningin bo也 C出回 'w釘es1血1ar. s・cate国n

immunoreactivity was frrst detected血 ganglioncell layer at E12 (Fig.lA). S匂白血g

gradually担訂eぉed白血tensity，組dwas distributed between cells in a111aye:rs of retina. 

This pattern wぉ mostprominent in E16 ey岱(Fig.1 B). Mtぽ bir也，血.epatt釘nand 

int，四s1匂， of s -catenin labeling remained mchanged to P5 (Fig 2A・B).At this ぬ ge，

也町ewas strong labe五ng血 ganglioncell layer including neurofiber laye:r担d血2釘

plexiform layers (Fig. 2C， Fig.3C). Th訂伺ft釘， βー伺tenini血mmoactivityw;認 de訂eased

and at P16， on1y s位ongsta血血gwぉ localized血血eg組 glioncelllayer， and weak but 

quite clear staining in inner plexiform組 dout訂 plexiformlayers (Fig. 2D， Fig. 3D). 

Finally，也i.slabeling pattern disa即伺red血血.e3 month-adult-retina. In the adult retina， 

on1y blood v自民lsand cells in choroid remained w伺kβ-catenin-positive(Fig. 2E). No 

expression was exam血.edinRPEcells atpostnata1 stages. 

Developmenta1 mRNA expression of s・catenin

3・cateninmRNA levels w訂edeter国nedby RT-PCR也 to凶 RNAsa立lplesextracted 

from E12 to adult mice. PCR amp五fi伺 tionwere a 427・bpband corresponding toβ. 
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創出nmRNA組 da 730 bp band f.or GAPDH as an血temal∞a位。，1(Fig. 4A). At all 

'stages t回ted，出町ewas a decr伺se白血e也t偲ity.of伺 teninband after P 16. There were n.o 

.obvi.ous differenc岱血也e血回sity.of也.eband in E12ぬP1ぬ ges，wh四 rati.o.of s-

創出nぬGAPDH was examined and bas a d何回se血RNAc.o凶.01fr.omPl t.o P16担 d

也ぬ adu1tre也aFur也町立lOre， positi.ve c.on位.o1sfr.om血ousetes出 tissuew町eyielded 

血epredicted PCR produc包 Additi.onally，sampl回nm.with.out reverse Ir担scnp阻se

generated n.o PCR produc包(Fig.4B).

0・cateninl∞a1izati∞inMuller cellline 

In .order t.o figure characterize s -cateDIn mAb， we perf.ormed tw.o kinds .of I~xperiments. 

In .one study， we examined cell叫訂l.ocaliz油.on.of祖 tib.odyb血dingsit，偲 andin an.o也釘

study we used irnnnm.obl.o凶ngt.o cbaracteriz the antigen. As sh.own in Fig.5，β・cateDIn

immm.oreactivity w包 pred.oII血血Uy1∞alized t.o the cell surface. Indeed，也.em.ost 

int，釘lSest話回ngw笛 seenat sites出atjux飽positi.onneighb.oring cells (Fig. 5A). W回t釘n

bl.ot組 dC.o.omassie pr.ote血 sta血 sh.oweda app訂組tband .on 92 kI泊 whichwas 

c.orresp.onding t.o s -cateDIn (Fig 6). 
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Discussion 

The present study hぉ dem.ons凶 tedthat， {3・伺回血 expr国si.onwas at f:irst 1.0位五zed血.

re也a1gangli.on cells beginnjng訂.oundE12，組d出atthe staining w出血creasedst回dily

t.o its回以出a1int四sityat也ebir也Th紅白fter，也，e1血四国.or回ctivityw笛∞nf血，edt.o血e

.out訂plexif.ormlayer， inn釘 pl侃 if.ormlayer祖dgangli.on cell1ay釘 includingnervefiber 

layer at P 16. Fina11y血，ereactivity disappeared fr.om re血a血adul也∞dThe changable 

c.omplex pattern .of tempora1 c皿dspati.a1 expressi.on.of {3 -catenin suggest血，epotenia1 r.ole 

.of c.ontr.olling retinal m.o:中h.og釦，esisin the devel.op血姐t

The maj.or p紅臨時 f.orthe回dh訂insat cell-cell juncti..ons are cat畑出 (NClgafuchi and 

Takeichi. 1988). In cells wi也outany伺 dh佐山， catenins紅enever c.oncentl'ated in cell-

cell c.ontac sit回 (Ker叫er，1993).τbus， it is most likely出at也，e.observed cateDIn 

dis住ibuti..onrepresents血at.of cadherin/cateDIn c.omplex回.M.olec叫紅mechani.smsat也e

synaps偲紅elittle kn.own. Previ.ous studi回sh.owedthe l.oca1izti.on .of N -cadherin was 

abundant wi白血bo出血且訂組d.out，ぽ plexif.ormlayer (K1javin， et al 1994). The similar 

pa財団 is a1s.o .obs町vedin rat・reti.na(Doherてy，et a1. ' 1991) and cbick devel.opment 

(Matsunaga， et a1. 1988). Recent studi偲sh.owed血attw.o class偲.ofcadh釘jn-ass.ociated

pr.oteins， a1pha N -andβー創出ncoloca1ized with synapt.ophysin were associated with 

也，eN-cadherin f.or its 1∞alizati∞m可napticjuncti.ons in m.ouse組.dcbick加 tins(Uchida， 

et al 1996). Syna戸岱 are血，.oughtt.o be ~戸ami.cadhesi.on s回ctures，as i血pliedby也err

五四，cti..ona1plas丘city.our recent .observati..on sh.owed出atthe peak leve1 .of {3 -cateDIn 

expr回si.onin the devel.oping retina c.o血，cid偲with也，esynapse f.ormati..on in tb.e .0叫，erand 

inner plexif.orm lay町. And {3 -catenin 1.0伺1izedin也esesynapti.c juncti..oIlS are likely 

ass.ociated with certain cadherin molecu1es including N -cadherin，血d伺 ting

伺dher泊Jcat悶 nc.omplex may contribute aαiti.ca1 r.ole血血，ef.ormati..on and maintenance 
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。f可nap丘cJunc丘ODS出Ioughoutdeve1句加釦.t， at1回st泊cer也血re出a1neurα回.

Moreov釘， it h笛 beenknown出at血，epreva1ence of s-伺 teninco1ocalizti.on with N-

伺 dh釘泊血血，eouter 1i出血呂田，embrane，i e.， zonu1a adh釘自主mc丘ons(Ro血.ony Caja1 S， 

19ち)between photorecepta同組.dM叫1ercells， sugg創出e伺 dher泊Icat伺.Ilcomp1ex is 

a1so more出portantfor kee戸g血，enormal bistotypic 邸中ho1ogyof the photoreceptor 

cell1ayer. 

Cadberinslcatenins are 1∞alized not on1y in可napticjtmCti.ODS but a1so a10ng -，uco凶 fibers，
偲peciallyat embryonic s也gessugges包ng也e伺dherinslcat四血sp1ay ml.U ti.p1e ro1白血

neurona1 connections (Redi回eta1.， 1993). cba碍回出血edis回bu丘onof β-caten血 m

considered to reflect， for the most part，出，edeve10pmen也1processes of neuritis outgrowth. 

It has been known出atch江由gre出a1deve1opment，出，efrrst ganglion鉱 onseraerge at E13， 

and by Pl血，em司jorityofaxons have 1eft the eye (Kuwabara， 1975). Recent studies 

showedN・cadh町m 組 do也ぽ adhesionmolecl.U岱 such笛L1， N-CAM pro江ゆ也gre出al

neurite outgrow血血vitro(Neugebauer KM  et al 1988; H叩 kinMH et a1. 1労4;Kijavin 

IJ et a1. 1994). To date， stim叫組onof neurite outgrowth by N -cadherin or N -CAM-

mediated binding凶ggerschang偲白血回偲且叫訂 Ca2+by activati.ng Ca2+ channe1s and 

reqwres也，eacti.vity of a tyrω也，ekinase (Bixby JL et a1.， 1987; 1990)， and recent 

evidence suggests血atthe fibrob1ast growth factor (FGF) receptor fa司ly盟国bersFGF-

2 may be泊也ispath way mediate出回目白a1axon gt必祖ce(W:副iamsEI et a1 1995， 

Bri凶sPA et a1 1996). Since the neurocan/Ga1NAaPTase pair is one of sev釘a1

五gandlreceptor也t釘actions血atcantriggぽ neurite0国grow也戸∞ess.And s・cat回出h白

血e potenti.a1 to play 担 impor回.t ro1e 担制s pr∞間出血伊偲血e

phosphory1ati.onldephosphorylati.on句nrapidly swiωh伺 dherinbetween functi.ona1 and 

. nonfuncti.ona1 s凶t偲. The very sim加 patternぉ chickmay sugg偲 t~;・catenin is 
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associated wi也はonalproc回ses，組dmay consist偲 twi也也eneuro伺nJGa1NAaPTase

lnt釘activepair regulation of neurite outgrowth in mouse (Ba1samo J et a1. 1995; Iilien J 

et al， 199η. c泊也e0也釘 h釦d， retina1 neuron outgrow也 was ihibi匂dby 

dephosphory la tion of s・cateninwhich me担 S 伺dh白出向nctionwas mediated by 

伺 tenins(Ba1samo J et al. 1996). And in vivo studies showed N-組 dR-∞dh釘lnplays 

guid祖 .ce白nctionof optic nerve fib釘S血 earlydevelop血.ent(地図皿agaM et al 1988; 

Redi回 C祖 dTakeichi M， 1993). The lat偲t也回 sugges凶伺db.er白/catel血∞mplex

regt血ting也ere出alneurite outgrow血血 vivo(Wo祉nJC et al 1998). Although the 

mechanism of s・cateninrelated to也偲e血.olec叫偲 isunknOWll， the ClJrrent study 

indicates a tempora1 course simil訂 tothese m.ole∞l白血tmay reflect a si伊fi伺ntrolefor 

也isadh回ionmolecu1e in re血a1developm四 t阻 d可napgenesis.our r回叫ts血d伺te出at

0・caterrininitially bas 祖国.por旬以 rolein axon outgrowth of re出a1gclD.glion cells 

tbrought the development 

h 血epresent s回dy，也.eprogr回slvee~中ression of βー回t目立1 a1so wぉ seenat血e

RNA level suggesting血ats・cat白血isregulated pri血紅乱yat血e回nsαiptiona11evel

Be白山eof也.ere出aisolation tecbnique is difficu1t， the band seen after PCR amp五五回tion

on1y repr偲entthe whole eyeball But血 pos回2泊1s也ges，all也.esample~: were from 

isolated re由laThe decrease in s・catcrrinin the adu1t may reflect the fUIlction role is 

temperary and unique. 
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Fi2ure Le2ends 

FIGURE 1. Reverse transcription-po1ym釘asech:担 reaction(RT-PCR) produc也

ob匂ined丘omdeve10ping mouse re出a.using primers derived台αnAmplification of 

be包.-catenincDNA . RNA was低回cted企omre出aof different ぬ g(:show and 

∞即位ted也ぬ cDNASamp1白 W釘eampIified using speci五cbぬー伺回.inprimers and 

GAPDH primers笛祖internalcontrol. Lane M : 1 kb 1add訂 b伝ker，Lane 1・2:to凶 RNA

企ommouse eyeball血embryomcs也g偲， Lane3・6: tota1 RNA丘ommouse neuro-re出a

也 pos回2阻lぬ ges.Lane 7 : A positive contro1 reaction of紅即日五cation0:ιad叫tmouse 

testis using也.esame primers， Lane 8 : a negative contro1 reaction of P1 retina cDNA 

wi也outRT. The predicted size of beta-caten.in (427 bp)担 dGAPDH (730 bp) w部

obtained in 1ane 1-7， N ote 

FIGURE 2. Quantitative ana1ysis of RT-PCR products showed in Figure 1. The ratio of 

也.ebeta-cateDIn to GAPDH product was p10tted according to也e血tensityof the a立lplified

bands. Ther回 ultsshow a progressive decr回 se血expressionbetween P1 and ad叫也∞d，

and may reflect a unique tirne course of ro1e of beta-cateDIn in retinal cell morphogenesis. 

FIGURE 3. Immun∞yt∞h自国伺11∞alizationof beta-cateDIn in也.eembryomc mouse eye. 

(A) E12 eye; (B) E16 eye. (NR) neuro-re也a(GC) ganglion cell1ayer (LE) 1ens. N ote the 

beta-伺 teninIIDm1IDoactivity 10calized in g組 .glion∞11s(A)血 E12担 dwidespread the 

lateral circumference of all re出aceUs (B)也E16.

FIGURE4.αanges血imrrnmocytl∞he出ぬ110叫 zationofbぬ・伺tenin恒也epos四泊l

mousere出a.(A) P1 retina; (B) P5 re也氏 (C)P10 re出a;(D) P16 retina;. (E) adult retina; 

(GCL) ganglion ce11 1ayer (IPL) inn釘 p1偲 iform1ayer; (OPL) ou町 p1exiform1ay釘;

(RPE) re出a1pigment eI柚 .eli直立

Liuet a1. 



.FIGURE 5. Ma伊fi叫 onmi.croscopy of bぬ・伺t担血 lDJD]JlDOS泊白血gmrrゅusere出a

(A) Pl re也a;(B) P5 retina; (C) PlO re也a;(D) P16 re出a;(GCL) ganglion celllayer 

(IPL) UlIler plexiform layer; (QPL) out釘 plexiformlayer; N ote the prom血担ts凶血gc租

been seen of也eganglion cell layぽ釦dganglion cell pr，∞偲S白血 twoembryonic sぬg回

組 dl∞alized血mn釘 ple泊formlayer姐 do叫erplexiform layer in pos也a凶 stages.

日GURE 6. Immunofluorescence mi.，訂oscopyof Muller ce11s labeled wi也clD.ti.b吋邸 b

beta-回 tenin(A)N ote出.es位onglabel between the cell-cell c∞回ctsite. (B) Centro1. B訂

日GURE7. Western blot analysis of beta-創出nin Mu11釘 cellline. Arrow show the 

recognized band at 92 kDa corresponding to beta-catenm Lane A: Mark訂， Lane B: 

Mull訂 cellline.
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