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 and  the rettnetectum  projection.
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    Accumulating data indicate that Tbx5  gene plays a key

role during both morphogencsis  and  organogenesis.  tn

developing lirnb buds, Tbx5 and  Tbx4  gcnes determine the

wingtleg  (forelimbthind]imb) identity (Nnture 398, 810-814,

1999). Tbx5 expresscd  exclusively  in the left ventricle

controls  the  leftiright usymmetry  of  hcart. These lines of

evidence  strongly  suggest  that Tbx5 gene, which  is expresscd

in the dorsal side  of  eye  cup,  also  regulates  both eye

morphogenesis  and  the retinotectum  prejection aleng  the

dorsal-ventral axis  of  eye.

    To  explore  this possibility, we  used  a nevel  in ove

electroperation  technique to misexpress  Tbx5 gene in the

ventral  side  ot' cye  cup.  This method  al]ows  rapid  and

temporary  site-directed  expression  of  foreign genes,
Misexpression of  Tbx5 .o.cne in the  ventrat  sidc  of  eye  cup

induees complete  rc-organiLation  of  several  dorsal and

ventral  markers;  EphrinB1 and  EphrinB2  genes, which  are

normally  expressed  in the dorsal side, was  induccd in the

ventral  portion whercas  the ventral  rnarkers  EphB2,  EphB3,

Pax2 and  Vax gcnes were  repressed  in the ventral  sidc  ofeye

cup.  Consequently, miscxpression  of  Tbx5 gcne induces the

deub]e dorsal appearance  of  eye  rnorpho]ogy,

    In addition.  wc  analyzed  the prcxjection patterns ol' retinal

ganglion cell axons  bctwecn the retina  and  the  tectum.

Normally. ganglien cell axons  from thc  dorsal retina  project

to the ventra]  tcctum and  the ventral  axons  to the  dQrsal

tectum, When  Tbx5  gene was  misexpressed  in the vcntral  side

by thc conventional  retrevirus  method,  ventru]  ganglion cell

axons  entered  thc  dor'sa] side  of  tectum bul did not  tnakc  a

tight t'ocus. Instead, axons  extended  to the ventral  side

wherc  normally  dorsal axons  innervatc, Abnormal

 arborizatien  and  synaptic  varicosities  were  also  observed.

This indicates that misexpression  of  Tbx5  in the ventral

ganglion ce]ls dramaticat[y changcs  the  preqectien properttes

 of  their axons  and  that Tbx5  gene acts  as  a topographic

 determinant of  the visual  prejection between retina  and

 tectum  (Science in press),
    Taken together, our  data indjcatc thar'Tbx5  gene plays a

 critical role  during rnorphegenesis  and  organogcnesis  ot'

 multiple  organs,  high]ighting the  functional signitlcunce  of

 this gene in eyc  developmenz.
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 transplantation  of  the  neuraL  stem  ceLls
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       Beginning  in 1990's,  ncuTal  stem  or progenitor

ceHs  huve  been  isolHted from  the  centTat  nervnus  system

(CNS), Adult  rut  hippocumpus-derivcd  ]eural  stcrn  cetts

(AHSCs) is[)tatcd by  Palmer  et  al,  ure  nne  Df  thc  few  celt

Iines which  have  becn  provcp  tn have  muttipotency  und

self-rencwability  by cLonut  unalysis.  In vitrn,  Lhey

cuntinue  lo pJoHfcrate  in serum-frec  mediu  n] contuining

bFGF.  Whcn  bFGF  is withdiuwn  and  rctinoic  ucid  is

added,  they  bcgin tu differcntiut: into neurDns,

astrocyt ¢ s and  oTigodendTocytcs.  It is atse  Teported  thut

thcy  demonstrated  site-spccificneurenul  diffcrcntiation

oncc  they  were  grufted  into adutt  hippecampus  
and

olfuctery  bulb.  To  invcstigute thc  plHsticity nf  clonut

AHSCs  in vivo,  vv'c grafted  AHSCs  heterotopiculLy intc} thc

rat  e}'c,

       AcLonc  chosen  for  this  wnrk  carried  maJkir  genes

 e"coding  cytoplusmic  S-g"Lacu,siduse (B-gul). 1'en to

 thirtv  thousand  of  these  cetis  were  injected into thc

 vitreous  space  of  the  adult  rat  eye  or  the  ncwhorn  
rat

 
eyc.

 To cvuluHtc  the  in flucnce of  thc  damage  of  host [etinas,

 the aduTt  rctinu  wus  injurcd with  H  hoDked  30-guuge

 need!ebyseratchingpaiu]lcTtothccquutorvndcrdircct

 observation  vvith  a  surgicuT  rnicroscope,  and  thcn  the

 AHSCs  weie  injected into the  vitreous  space.  Twe,  4 nr  8

 weeks  luter, rats  were  sacrificcd  und  eyes  wcre  fixed in

 4%  puruformaldehyde.  They  wcrc  pincessed  fer

 hislDlogy.

       Four  vvccks  ufter  giufLing, thc  grut'ted AHSCs

 incuiporatcd  in thedevclopingpups'retinasandi  injurcd

 adult  retinas  but not  in noTmai  udult  retinas.  Integratcd

 celts shewed  thc  successfut  differentiation into  both gtiu

 (GFAP 9.9%  of  the  integruted ceHs)  und  neuron

 <MAP2ab 9.7%  of  the  integrated celts)  even  in aduLt

 retinas.  Although,  thc  AHSCs  fuiled tn differentiate into

 retina-spccific  phcnDtypes  as  shown  by expTcssiDn  o ±
'

 H?C-1,  catbindin  and  rhodepsin,  possibty becausc  
of

 their  basie inabitity oT  an  absc"ce  of Iocal cu  cs which  ure

 ess:ntiat  for differentiation into retinat  ne-rons,  In

 ce]clusiun,  thls  sludy  has  )'ieldcd basic and  importunt

 in formatjon  rcgarding  thc  transptuntation of  
the

 
ncural

 stem  ccHs  Tnto Tetinas.

        Thc  succcssfut  integration und  differcntiution  
of

 the  neural  stem  cclls  evcn  in the adult  retina  indicates

 thcir  potelltial "s  ccll source  of  retinal  
regencratTon,

 ulthough  there  cxists  limitatjon of  use  of  the  AHSCs  i'or

 heterotopicrctinaitrunsplant,
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