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1. 

  

. 

,     

  .

, , 

, 

,  

(Weismann, 2000).  ( ) –

 « »  -    , 

.    , 

.

– 

,  250 

.  , 

 « » . 

 “ ” .

in vitro , , , .

,

.  ,

. ,

, ,  

. 

.   -        

.

 –   . ,

, .
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  ,  « » 

. 

  :  soft   

 hard- .  , 

, 

 (  soft- ). 

 - 

.   

,   , 

, . 

. 

. 

    .

 –   

,   . 

. 

(Servantes R.B., Stringer J.R., Tischfield J.A.,2002). 

, 

  .

 – ,

.  

.

, 

.

, 

, 

. 

, 

.
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-

,     

.  in vitro – ,

.  -

. 

,  « », 

. , 

: .   

  . , 

/   ,
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. 

, 

, ,

.  

 ( , 

.)   .

, , 

    .

. 

. , 

. 

 (1500-2000 ),

. 

     ( ) 

  

.  

, 
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,   

.    ,   2020-2030 

. ,

 – 

 ( ).   
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. .
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.

 XIV 

.

. 

.  XV .   XXI  

  

    XXI .   , 

.

2. : 

.  –  « », « » 

). , 

, 

.  – 
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. 

. 
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 « » 

.  – 

. 

 –  ,   « »  ,  

. 

, .

 – 

 - , . 

, 

.  « » 

.    

    ( , 

, .). 

.
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 1-1 



11

 « » . 

    

.     

,   .

-   « » 

). ,

  .

, , 

. 

, . ,

 –   

. ,

,  soft-   

 (Kehat I., Kenyagin-Karsenti D., Snir M. Et al.,2001).

.

1)   

. 2)   ,

, . 

  ( ) .  (

1-1)

   " "  (Petit-Zeman, 2001),

  

.   « » in situ 

. 

   2 . 

 300-450 

. , , 

, . , 

,  10-15 , 
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 5-7 

(Kawasaki H., Suemori H., Mizuseki K. et al.,2002). 

.

  " " .

,  250  

. ,  in vitro 

,  ,  .   

.. 

. .

,  ( ), -

  , ,

, .  ( ,

, ) 

. 

- , 

. , ,

.  0,5 

  

 (Korbling M., Katz R.L., Khanna A. et al., 2002). 

, 

  . ,

, 

.

,  

in situ. , 

 " " 

, . 
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in vitro (O'Shea, 1999).   

, 

.

 in situ . 

. 

. , , 

, , , , , ,

. , 

. 

 founder cells , , .

,  –  founder cells. 

, , , 

.   , , 

 (Liechy KW, MacKenzie TC, Shaaban Af, 2000).

. 

. ,  ( ) ,

, . 

.   .

, 

, , ,  . 

 ( ).   

   (O'Shea, 1999). 

 in situ 

,  ( ). 

,

 ( ) 

. 
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  in vitro, 

.

, 

) . , 

 (Robertson, 1987; Watt, 2000).

, , ,

, , , , . .

. 

, . 

. 

in situ, ,  " "

.  

. 

.

. 

, , . 

, 

  . 

. 

   ( ). ,

, . 

, 

  .  

.   

,  (

).

,  ( ) 

  (Talbot N.C., Carrett

W.M., 2001) 

. 
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 (LIF, SCF, IL-6, bFGF,

EGF,TGF-alpha). 

. 

, 

.  30-50

, .  – 

. 

. 

. 

. 

– 

.     1-2 %

(Pera M.F., 2001). , , .

, ,

: 1)  2)

 (Morrison S.J., Shah N.M., Anderson D.J.,1997).

    -

. 

(bFGF,  LIF)   3,5  .  

. 

. 

, 

. 

, 

 100000 . 

 2-10 

.  ,
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 20-25  (Morrison S., Shah N.M., Anderson D.,1997). 

, 

.

 20%. , ,

 (Rex-1), . 

,   

, 

. 

 10-20%   (Pera M.F., 2001).

, 

.

, ,

. 

  ,  99% 

, 

.
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 1-2. 

:  , ,

-

: 

   (

.)

 –  GP-130- 

Oct4 –

 G1 –

 -    - 

, 
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   " " 

. 

.  -  software

, , 

 - .

 1-3  1-3

 ( -

)
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.

.

.  

,   

. , 

 – Id1,Id2, Id3  Id4

(inhibitor of differentiation). 

 ID (Yen J.,

Manova K., Benezra R., 1997). , ,

,  ID (Chaudhary J., Johnson

J., Kim J. et al., 2001). , 

. 

,   

, , . 

. 

  

) .

  

.

  

. 

, , 

.

   100-150 

,  (Dale K.J., Pourquie O.,

2000).      (c-hairy1,

lunatic fringe), , 

. 
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 Hes, 

 -   Delta-Notch.     

.

, 

:  

, ,

,   

   in vitro (Carpenter M.K., Inokuma M.S., Denham J. et al.,

2001). , , 

. 

,     ,  , ,

. 

.

, 

 (  1-2).  – . 

. , 

, ...

 (

) . , 

 ( ) 

 + ) . 

, 

,

.

 - 

",  " " . 

-, - 

) , 

. 

. , 

, 
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Hox-12 (Hox–4-7 ) (Labosky P.A., Weir M.P., Grabel L.B.,1993). 

 (10-11- ) 

 (Beddington R., Robertson E.J., 1999). , 

.  

,   

.  2-36-

  . ,   

, 

.   

 in vitro. (Smith A.G., 2001). 

 –

 “ ” , 

. 

. ,   

, . 

.

 in

vitro.

, ,

, 

. 

,  3-D- . 

, 

.

. 

. , , 

  

. ,   

  

 10-12 . 
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.  

  (Uuaini F., Urbanek K., Beltrami

A. et al.,2002)

 1-4 

-  3D- ,

- 

- 

- 

?   .  

  . 

, 

" . 
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, . , 

.   

 software , 

. in vitro,    

 ( ). 

 (

). 

. 

. 

. 

, . 

 in vitro,  in situ.

 (

 48-72  +4 ).

2

 (2-3%), 

. 

 (Chakravarthy M.V., Spangenburg E.E.,

Booth F.W., 2001).

 600

 6,5 . 

.  600 

 “founder cells”  (Marshak

D.R., Gottlieb D., Gardner R.L., 2001). 

. , 

.  

 Crypto,  EGF ,
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 (Beddington R., Robertson E.J., 1999).  Crypto-/-

.   

 350, 

 600. 

, 

,   (Patrick  P.,  Tam  L.,  Gam  G.M.  et  al.,  2001).   

  

. 

.  – 

  .

 Crypto-/- 

 – 

. 

: Hes-1, Lim-1, HNF3, Otx-2. 

. 

.

, 

,  (

Crypto).   , 

. 

.  

,

 ( ,  Crypto).

        .

 – . 

(Rathjen J., Lake J.A., Betesse M.D. et al.,1999).     

10% FCS ,  LIF 

 HEP-G2. 

 LIF. 

 – Oct4, ,
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LIF, IL-6– , SSEA1- . 

     

» .  ( ) 

 FGF-5. 

 Rex-1  Gbx-2  

  . ,  in vitro,

 Oct4, Rex-1  Gbx-2,  FGF-

5.  Oct4   

.

, 

.  LIF , 

.(Rathjen J., Lake J.A., Bettesse M.D. et al., 1999).

, , 

. , ,

,  « » 

. 

 (Long K.D., Kennedy G.,

Balaban E, 2001). 

, 

.

,  « »

, 

. 

, , 

.

, 

. 

.
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,   ,

  

  , , 

 . , 

  , 

  , 

. 

, 

.

3. 

    ( )

1908 , 

. 

 1878 .   1959 . 

.   

  

60- .

 70-  Leroy Stevens 

 129.

  

 ( ). 

  

: , , , ,

 ( .. ., 2000). 

, 

 ( ).  

, 
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,     

,  « »

) . .  70-

Stevens   Solter  

.    

,     

, .  1975 , 

 ( ).

 ( )

. 

 ( )  ( ).

, ,

, . 

  

.  

. , 

  , , .

,  (

)   . 

  ,   , 

. 

 100  ( )     

). 

(129/sv, F19, F8, JM-1, E14TG2f, Zin40, CGR 86, R1, CCE) 

, . 

 ( , , ,

). 

, 

(Andrews P.W., Przyborski S.A., 2001). 
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 - , 

.   , 

 ( ), 

.   

, 

  (Pierce, 1974).   

, . 

.   

    . 

 ( , ,

, , , 

).  (N2, NTERA-1, NTERA –2).

  .. 

, 

, , 

. 

, 

     ..

 70-

, ) , 

 8-64 ).   - 

, 

, . 

  . 

  . 

,

 3D -   .   

  , 

.
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: 

 (Evans,Kaufman,1981; Martin,1981). ,  

. 

. ,   10-20% FCS+

  

. , 

  

  (Smith A.G., 2001).

 ( ) 

. 

 « », 

 ( ) (  1-5- ). 

, 

. 

 (  – )

in situ.  (1-

2% 

).   

. 

” , 

.  1957 .

 (AndrewsP.W., Przyborski

S.A.,Thomson J.A., 2001).

 70-   .  .   , 

,  (Friedenstein A.J., Chailachyn R.K.,Latsinik

N.V. et al., 1974, Friedenstein A.J.,Owen M.1988). 

, , , .

.   
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, 

 ( ).   

.  

.

    

?  , 

.  ,    

, 

.. ,  

. 

,   . 

, 

, 

, , . 

, 

 (Dani C., Chambers I., Johnstone S. et al., 1998).

, , 

. 

. 

, 

,     -

. 

,   

    , 

.

,   40

,  40 . ,   

40     

 (Smith A.G., 2001).
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 80-     Marius Capecchi,

 ( ) 

. 

.  60-80

”-  20-30 

, 

. 

, ,  . 

, 

. 

  ,

  . 

  

. ,

, 

. 

, .

, 

.      

, , 

, 

.

  

   1500-2000 /

2-3 . 

. , 

 8-

 “ ” .

  , 

, , 

  . 
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, 

.

 1981 . (Martin,

1981).  1984-88  " " 

 NTERA-2.  1989 

.  1994 

, , 

 ( ) .

 1995-96 .

 1998 

. 

,  5 .

. . 

 Science   

 (  « »).

 90-   

, , , ,

, .

 1998  ( ) 

. 

. 

   « » .

 1998  ( , )  5 

, 

 (Thomson J., Itskovitz-Eldor J, Shapiro S.S., 1998). 

 6.200.806,

 2001  Wisconsin Alumni Res Foundation (WARF). 
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 Geron 

, , , ).



34

 1-5  ( ) -  ( ) -

 (

)



35

 1-6. 



36

. , 

 (

 « » 

).   

, 

. 

 9-15 

 (LIF, IL-6, SCF). 

, 

. 

   (

). , 

. 

 10-15 .  5-7

.  40-50

. ,  6-10 

 (6 ). 

,  100-120 

, , ,

.  

 LIF, SCF  IL-6. 

 GP-130 . 

 (  1-9). 

 G0 - , 

 G1 - .

 ( ,  LIF,

) 

. , .  

 ( ). . 
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. : ) 

, ) , ) 

.   

: ) , ) 

. , 

, 

, .

  , 

 LIF .  LIF

, 

. 

, 

. 

 bFGF . 

 (250 ) 

, 

 (Xu C., Inokuma M.S., Denham J. et al., 2001).

, .

. 

 (  – ,

). 

 LIF,

 ( , ).

 Oct-4 

. 

. 

.
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, 

,   

 (Odorico J.S., Kaufman D.S., Thomson J.A., 2001).

 1998  ( , , ) 

 ( ) 

 4-5 .  2-3 

, . 

.  3- . 

 1-2 

,  " " 

. 

. , 

,   (Shamblott M.J., Axelman J., Gaerhart

J. et al., 1998).  1998  (  6245566 

12  2001 ). 

, 

 (Shinohara T.,

Avarbok M.R., Brinster R.L.,1999; Shinohara T., Orwig K., Brinster R.L., 2001). 

, 

. , 

. 

 4-5 

 IV-V,  .

. 

,   « » 

 1-6- )

   (

). 



39

 bFGF,  LIF   ( ).  

 15%  (HyClone). 

.

   ( ).  

 ( , 

,  ). 

 2-5 % 

. 

. 

+, +, GFAP+  ( ). 

, , 

, , 

. 

 (Schamblott M.J.,

Axelman J.,Littlefield J.W., et al., 2001). 

. -

,  SCID-  (

). , , 

 50-70 . 

in vitro,  in vivo

, 

. 

, , 

   - 

, . 

.

, 

 ( ), 

. 
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 (Mountford P., Nichols J., Zevnik B. et al.,

1998).

 (Cibelli J., Stice I.C., Robl J.M. et al.,

1998).  (

- ) , 

.  " ", 

, , 

 (Kato Y.,Tani T., Sotomaru Y. et al., 1999).
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 1-7. 

 " " 

.  1996 

  ,

, 

. 

. , 

.

, 

. 

. , , 

, 

. 

 ( ) , 

. 

 (Wakayama T., Rodrigues I., Perry A.C. et al., 1999, 2001).

 (Colman A., Kind A.,2000).  ,

    ,

.    ,

  , 

. 

, 

. 

 2%,   

  (Kikyo N., Wolff  A.P.,2000) . 

 8 . 

   8-     

 (
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  ).

. 

,

    ( ).

. 

» 

,   

.

 « » 

, 

  (Cibelli  J.B.,  Stice  S.L.,  Golueke P.J.  et

al., 1998). 

, 

.

, 

. .  software

 (Kikyo

N., Wolffe B., 2000).

 75%  ( , -

,  ). 

  

,   , 

 3-D .   

  ,

, . 
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     (Kikyo N., Wolffe A.P., 2000)

, 

  . 

, ,

  ,   .

  

. 1 

, 

, , 

. , 

.   2001  Vargaret Goodele  Karen Hirschi  ( )

, 

. 

. 

   , , -

, , . 

 (Kuznetsov S.A., Mankani M., Gronthos S. et al.,2001). 

 CD34- ,

.  1%

. ,

CD-105 ( ),  I ,   BMP-2 (Zvaifler N.,

Matinova L., Burger J. et al., 2000). 

. 

, .

  

  

. , 
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, , 

, .  

. 

, 

 « »  , , ,

 (Young H.E., Steele T.A., Bray R.A. et al., 2001) . 

. 

, 

. .  

, . 

.     ,

.    

(Tsutsumi S., Shimazu A., Miyazaki K. et al., 2001) . 

 “ ”    

,  in situ  (Young H.E., Duplaa C.,

Young M. et al., 2001; Zuk P.A., Zhu M., Mizuno H. et al., 2001). 

. 

,  (Deans R.J., Moseley

A.B.,2000). . 

50  - , ,

 (   ,

, ) (Lazarus H.M., Haynesworth S.E.,

Gerson S.L. et al.,1995; Deans R.J., Moseley A.B., 2000).

  

.   –   ,
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, .   

. 

 10-15% , . 

, . 

, , ,

, 

. 

. 

  , , , 

, , , 

, , .

. , 

  (Wei G., Schubiger G., Harder F. 2000). 

 – , « »  in vitro

    . 

 – .   GMP-  

  - .

, 

 (McKey, 1997).   

)  Rosa,  LacZ   -

, 

. 

, 

. 

 ( ) . 

 in situ.   , 

, 

  .
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,   

,  ,

,   (Toma J.G., Akhavan M., Fernandes K.J. et al., 2001). 

57 L/6  

 GFP ( ). 

. 

. 

  - ..

  

,  , , , , . 

 (Liang L., Bickenbach J.R., 2002). 

 (Zuk P.A., Zhu M.,

Huang J. et al., 2001). 

.

 1. 

-

, . 

. 

 « » 
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20-30% ,  1,2-

++ (Gook D.A., Osborn S.M., Johnston W.I., 1995; Rhoton-Vissak A., Lo

P.Y., Barud K.M. et al., 1996). , , 

  

..    

 (Surani M.A., 1995).

 2001 

software -, - 

.(Schuldinger R., Yanuka O., Itskovitz-Eldor I. Et

al., 2000).   2001 - 

   (Lumelsky N., Blondel O., McKey R. et al,

2001).  2001   60  (19 –

, , 9 -  CyThera, San Diego, California; 7 -

Reliance Life Science, Mumbai, India, 6 - Monash University, Melbourn, Australia, 5 -

Wisconsin Alumni Res. Foundation, 5 – Karolinska Universitst, Stockholm, 4 - Technion

Israel Institute, Haifa, Israel ; 3 - National Center of Biological Studies, Bangalor,India; 2 –

Unversity of California, San Francisco, USA).  25 

. 

, 

, 

.  2001 ,  Silicon

Graphic,  150 

, .

4. 

 " ", 

:

1)  + 

2) .
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 5000 . 

, . 

?  (SAGE) ,

, 

 (Kelli D.L., Rizzino A, 2000; Xiong J.W., Battaglino R., Leahy A. et

al.,1998). 

 (  1-8).

 1-8 

1) -, - 
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2)  ( ) , 

3) . 

. 

, 

 (  Delta/Notch)

4) , 

. .

.

5)  (master genes) 

 (Terskykh A.,Easterday M., Linheng L. et al.,

2001)

6) 

, , 

: 

  .   

. 

, 

 MICRO-SAGE. 

  1200   (Tremain

N., Korkko J., Iberson D. t al., 2001). . 

, ,  master-genes,

,

, - . 

. 

, , 
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.  

   

 soft- . 

. 

,  hard-|software, , 

  (Guo X., Ying W.,

Wan J. t al.,2001)

, 

, - 

   (Liechy K.W., MacKenzie T.C., Shaaban A.F. et

al., 2000). ,

,  1-1,5 . 

, , 

, ,  . 

   (Flake

A.W., 2001). , 

. 

 15  (Compagnoli C., Fisk N., Tocci A.

et al, 1999). , 

. 

  .

   – . 

. 

 (

).  – 

 (Willing A.E.,

Cameron D.,  Sanberg P.R., 1998).

,   

. ,
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, 

. 

 in vitro, .

5. 

  

 « » . , 

,   .

,

,  .  " housekeeping

genes", , , 

. 

. 

 LIF, SCF, IL-6

.  GP-130 

Jak-Stat-3 , 

 G0 .        

.  LIF, SCF, IL-6 

   Stat-3. 

 Stat-3  –SIE DNA binding –  c-fos 

 (  1-8). ,    Stat-3  

 in situ.  Stat-3 

Oct–4     .

 SHP-2 

     (

 GP-130).  
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   GP-130.

 GP-130  ERK (extracellular regulated kinase).

SHP-2-  ERK 

 in vitro. 

 Gab-1 - 

Oct-4.

,  Oct4 

.  Oct4 

, . 

 Oct4 

.  Oct4 .  

 Oct-4 , .  Oct-4 

  . 

 Oct-4, .

,  Oct-4   ,  

.

 Oct4-/-  . 

, 

 (Nicols J., Zevnik B., Anastassiadis K. Et al.,

1998). , 

  FGF4 (    FGF4   Oct4).   

 Oct4-/+  , 

30-50%    Oct4   

.  Oct4    

.

   LIF/ GP-130    ,

.  « »  3-4 

,   , 

.  GP-130  

  (Smith A.G., 2001)
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 Jak-Stat-3 " " 

,   

. LIF -   

. Michel Revel , 

  

,  IL-6. 

. 

,  IL-6  GP-

130 , 

. 

  in vitro   in vivo (Kollet O., Aviram R., Chebat J. et al., 1999).

 1-9.  LIF-
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 Delta/Notch - 

 Hes (Hes7 , 

). 

es1, Hes5,    Hes5 -

.

"  ( )

, 

, 

, . 

. 

1- . 

, 

).

, , , .  , 

, ,

(SSEA-3, SSEA-4, TRA-1-81, TRA-1-60). (  2)
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 2. 

SSEA-1 + - - + -
SSEA-3 - + + + +
SEA-4 - + + + +

TRA-1-60 - + + + +
TRA-1-81 - + + + +

+ + + + +

Oct-4 + + + +

+ , + +

, , , 

, LIF 
,

gp130- ,
; 

+ ;
 +

 + bFGF

LIF, bFGF,
, 

 in vitro
,

,

 in vivo
+ + + - +

+ + - +
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 " "  GL7 

. 

20-30 . , 

, 

 (  1-4 ).

6.  – 

, ,

, 

 ( ,

, ). -

 LAMC1-/-  

 (Smyth N., Vatansever

S.H., Murray P. et al., 1999).   Brachyury  zeta-globin 

.   GATA-4

.  master-gene 

 vHNF-1 (variant Hepatocyte Nuclear Factor 1), 

: HNF-4alpha1, HNF-1alpha, HNF-

3gamma.  master-gene  cas (casanova) . 

.
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. 

1 2 3 4 5 6 7  8 9 10  in vivo
oct-3 ++

+
++
+

++
+

++
+

++ ++ + + + +
 0.5-8.5

(Rosner et al., ’90; Scholer
et al.’90);

FGF-5 + ++
+

++
+

++
+

++
+

++  +  + + +

embryo proper 5.25-7.7
GATA-4 + + + + + ++ +

+
++
+

++
+

++
+

Primitive endoderm
visceral and parietal
endoderm
Endodermal derivatives
endocardium, card,
gonade.
5.0 – adut

nodal - + + ++ ++ ++
+

+
+

++  + + embrynic ectoderm,
primitive endoderm, and
anterior primitive strik
6.25-7.5

Brachyury - - ++ ++
+

++
+

++
+

+
+

+ + + Mesoderm and notacord,
6.5-8.5

flk-1 - - ++ ++ ++
+

++
+

+
+

++  ++  + Vascular, 7.0-adult

Nkx-2.5 - - - - - ++ +
+

++ ++ ++ Cardiogenic mesoderm,
7.5- adult

EKLF - - - - - + + ++ ++ ++ Blood cells of yolk sac
Primordia 7.5-adult

Msx3 - - - - - - -  + ++
+

++
+

Neural tube, 8.5-16.5

 ------->
 ------------->

 ---------
>

-
:

:  

  ( ) (Leahy A., Xiong J.W., Kuhnert F. Et al.,

1999).     

  .

 GATA3-/-  11-12 

.  SCL-/-  9.5 

.  Flt-/-,  Flk-/-  
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. 

  . 

.  Flk-/-  

 ( ), 

 Flt-/-  . 

, 

. 

.

 FGF4-/- 

 (Nishimoto M., Fukushima A.,

Okuda A.,1999). 

   Oct4 / Sox-2.  

Oct4/Sox-2   –UTF1 (Nishimoto M., Fukushima

A., Okuda A.,1999). ,  in vitro  

 5 : Oct4, Oct6, Sox-2, PEA3   REX-1. 

5 .  UTF1
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 Hox-B4, 

 in vitro.



64

, 

 in vitro 

 (  in situ). 

- . 

. 

, 

. 

, .

    

 (Inamdar M., Roch T., Rapoport R. t al., 1997).
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69

al.,  2000).  ,  ,  -  

  

. , ,

, 

 7-15 . , 

.

, ,

: 1) 

 2) 

, 

. 

. , 

 in vitro. 

 « ». 

, , ,

. 

,

  , 

. 

, 

,  in situ.

, , ,

 « »  

. , 

»  in vitro  -

, 

. , 

 « », 

.



70

.  ,    

  

 (Wernig M., Brustle O., 2002). , 

  

, .    

.

 8.   

, 

, ,   

  .  

,

) . , 

 4 

  

. - 

-1  ( ) -2  ( ), 

-1, -2 (Vieille-Grosjean I., Roullot V., Courtis G.,1992)

    

. 

, ). 

 – 

.  « » , 



71

 (TAL1 (SCL), LMO2, AML1, CBF)  

.  « »  (  20% -

)  E2A-PBX1. 80 %

  . 

 TEL-AML1  20

% . , 

 –   ,

.

,   

  .

4 ( , )  

. ,

, ,

, .   – 10

, 

   - .

, , 

- : MLL,

MLL-AF9, MLL-AF4, trx-G, Bmi-1. 

  9 .  , 

.

, , .

6   

   (Zimmerman

F.,Rich I.N.,1997). ,    6 

 in vitro. 

,   .



72

,  Pten  .

, ,    Pten-/-,

.

  9     

 (Schnabel C.A., Jacobs Y., Clearly M.L., 2000)
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, . 

+   . 
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 Mash-1+ Prox-1/

Ngn1+ Ngn2 
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.  4 : Notch1-4. 
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 Delta    Notch 

. 

. ,

, .  Delta – Notch 

Mash1, . , 

 Notch-1, 

 Notch-2.   

 (Higuchi M., Kiyama H., Hayakawa T. et al, 1995).  Notch

, 

Numb .

 Numb  10,5-12 

 (Zhong W.,Jiang M.M.,Schonemann M.D. et al., 2000).

,  Notch/Numb 

 (Rao M., Mattson M.P., 2001)  

Delta - Notch-1 

(Lowell S.,Jones P., Le Roux et al., 2000 ).    Delta

1,2,3 - Notch,  Jagged -1,2 - Notch  in

vitro.  Delta / Notch      

 Notch. , 

 RBI-J (Schroeder T, Just U., 2000). Notch ,

,  (Han

W., Ye Q, Morre M.A.,1999).   Delta/Notch   

 Hes-1, 

 Mash-1, Ngn1 Ngn2. 

+ +  (Yuki N., Sakakibura S., Takaki M. et al.,

2000).

 Delta - Notch
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 Hes-1,   MyoD

(Kuroda  K.,  Tani  S.,  Tamura  K.  et  al.,  1999).   Notch  

 lunatic fringe  . , 

,  Delta-Notch    (Haysay

A.C., Barber D.F., Douglas N. et al., 2000 ; Tan-Pertel H.T.,Walker L., Bowning D.,.2000).

,  Delta-Notch   

. 

S-1  HES-5. 

 HES-1.  HES-1,

 Mash-1, . 

.    HES-1, 

 Delta-Notch . 

HES-1 , 

,  HES-5  (Cau E.,

Gradwohl G., Casasosa S. et al., 2000).    HES-7 

 Delta-Notch , . 

(Bessho  Y.,  Miyoshi  G.,  Sakata  R.  et  al.,  2001).   ( )  HES  - ,  

, , 

    HES-Delta-Notch

(Kageyama R., Ohtsuka T. et al., 1999). 

, 

  Hes-  (Ohtsuka T.,

Ishibashi M., Gradwohl G. et al.,1999). 

 Hes -5    

3 .  Hes- 5 

 Mash+ , 3 . 

3 

 (Kondo T., Raff  M., 2000).
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: Isl-1, Brn-4, Pax-6,

PDX1, Nkx6, Nkx2.2 (Schwitzgebel V.M., Scheel D.W., Conners J.R. et al., 2000).

,  Notch ,

 ( ) . (Gaiano N., Nye

J.S., Fishell G.et al., 2000). -6 

, .  -6-/-  (Sey/Sey) 

. 

 Sey/Sey

 (Pratt

T., Vitalis T., Warren N. et al., 2000). 

 Nkx2.2  Lim1/Lhx1 . 

:

Eng-1, Eng-2, Pax-2, Pax-5, Pax-8, Pax (zf-b). 

 - Wnt-1  FGF-8. ,

, ng-1 ng- 2,

.  Eng-1-/-, Eng-2-/-, FGF-8-/- 

.  Wnt-1-/- 

. , 

 Wnt-1 , 

Eng -1  Eng-2 (Danelian P.S., McMahon A.P., 1996).   4

.  (  Eng-1) .

.  SHH  

.  SHH 

 bFGF , . 

, .

1 

 Unc5h3 

 ,  (repulsion). 
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 ( Przyborski S., Knowles B., Ackerman S.,1998). 

 - CD10  leu-4(CD3), 

 (Gerloff C., Knoth R., Volk B.,1993). 

 ( ).

.  10- .

 14-  70% . 

18-  50%. 

,  60-70% 

 ( Snyder E.Y., 1992). 

 ( Blaschke

A.J., Staley K., Chun J., 1996). 

.
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:

.   in

situ , 

, . 

. 
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, 
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.  13-

 (  51- ). 

. - 
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. , Phox-2     

.  Phox-2-/- 

 (Pattyn A., Goridis C., Brunet J.F., 2000).

-2  Phox-2a  Phox-2b  Mash+

. 

. , 

.  , , -

.  Brn-2   " "

.  Brn2-/- 

 (Schonemann M.D., Ryan A.K., McEvilly R.J. et al, 1995).

 Islet-1,  LIM- 

, 

).  Isl-1+ 

. 

.  Isl-1+ 

 18-20- , 

. 

 (Wang H., Liu F.,1999)

 Brn-4, IGF-1, BDNF 

.  Brn-1, Brn-2 

 (Schimazaki T., Arsenjevic Y., Ryan A.K. et

al., 1999).  in situ, ,

 4-5 . 

 in vitro   in situ, 

  -9 ( Lopez-Coviela I., Bersa B., Krauss R.,  2000).
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. ,  
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. C

. 

 Sox-10 (

)  Olig-1  Olig-2. 

. 

 POU -  Tst-1/Oct6/SCIP, 

 Brn-1  Brn-2. 

 Gtx/Nkx6.2 (Wegner M., 2001).

  

.

 ,

 ( Zhang S., Ge B., Duncan J.D.,2000).  

. 

4  PDGF.
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, , . 

 ( ) (Chanas-Sacre G.,

Rogister B., Moonen G. et al., 2000). 

,  " " 

. , 

, 

, 

. 

. ,  (

)  RC2- , 

. 

 - .  (GGF) 

   (Anton E.S., Marchionni M.A.., Lee

K.F. et al., 1997). , , 

. 

 pia mater, . 

. 

 (Hartfuss E., Galli R., Heins N. et al, 2001). 

  . 

,  –   (Noctor S.C., Flint A.C.,

Weissman T.A. et al., 2001).   

, . 

 " " . 

 " ", 

.
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  , 

   ganglionic eminence .

  ganglionic eminence 

 ( Rao Y., Wu J.Y., 2001)

   ( ).
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 (Palmer T.D., Willhoite A.R., Gage F., 2000).

 - ,

. 

  (R kic P.,2000).

: 1)

 ( )  " "  2) 

.   

 1/9  1/4 (Chanas-Sacre G., Rogister B., Moonen G. et al., 2000).

 reelin ,

. 

. 

(VLDLR  apo ER2) 

 (Rakic C., 2000).

, , . ,

, 

,  

  . 

, 

-4, 

, + 

+   (  2-5).

  .

, -11, 

 GFAP  R 2. 

 CD34+ ,

. ,
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 GFP.

 (Ono K, Takii T, Onozaki K. et al., 1999).

9.  in vitro

  

,   .  

    . 

,  ( Price

J., Williams B., 2001).  in vivo 

,  in vitr .  

.

 1990 

. , 

LIF, bFGF , 

   (Murphy M., Drago J., Bartlett P.F., 1990). 

, 

, 

. 

, 

c-myc (Bartlett P.F., Reid H.H., Bailey K.A. et al, 1988).  " " ,

.  Reynolds  Weiss 

  , 

 (EGF, bFGF). , 
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 (Reynolds B.A.,Weiss

S.,1992).  1994 . Davis  Temple 

, .   7%

,  60 % .  40

% , 

, 

. , 

. 

 - .

, 

 Hes-1 –

 (Nakamura Y., Sakakibara S., Miyata  N.,

2000).  Hes-1   

. , 

. 

.   

. -2 -4 

 in vitro.

, 

, 

 ( , , polysyalated-NCAM, GFAP,

CD133  )     (Ushida N., Buck

D.W.,Weismann I.L. et al., 2000). 

D133  30-50% . , D133 

. 

 (

 2-3 ) (Zhou F.C., Chiang Y.H., 1998). 

 (0,1%- 25% ) (Hulspas R.,

Quesenberry P.J., 2000).  (bFGF, SCF, EGF, LIF.

ILGF-1)   

 1-3 
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 (Carpenter M.K., Cui

X., Hu Z., et al., 1999; Kallos M.S.,Behie L.A.,1999; Kallos M.S., Behie L.A., Vescovi

A.L.,1999).  LIF (20-50 ) 

 25-30  10  ( Carpenter M.,  No6103530).

  ,

  in vitro, ,

,  in

situ. 

 (Rubio F.J., Bueno C., Villa A. et al, 2000).  

  f- , 

 bFGF.    e-f-

,     EGF ,   bFGF  (

Ciccolini, 2001).

  

 (Laywell E.D., Rakic P., Kukekov V.G. et al.,  2000). 

5-7%  Notch1+ .  

  

 (4-6  +4 ).

 (GFAP+ )  

.  60%

 (Levinson S.W., Rothstein R.P.,Brazel C.Y. et al., 2000). 

. 

. 

,  (Mehler M.F., Gokhan S.,

1999). 

 ( Kukekov V.G., Laywell E.D., Suslov

O. Et al.,1999).   

 " " . 
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 (Suslov O.N., Kukekov V.G., Laywell E.D. et al., 2000). 
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, ,  8-12  17-21 

,   

), 

  ( +, +, N- +,

-11+, NCAM+, GFAP+  ).

  

 1-2% (  CD34+, MHCI, MHCII + )

., . ., 2001).

 2-6. 

, 

.

+, +, 11+ , GFAP+  

  .

 5-25%.   

   40-60% 
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.     « »

, 
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.

  

, 

, . , 

.   « »    

.

  
,   

.

 2-7.  
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.   ,   

 in vitro.

  

 (  2-8)

    

, . 

 Gottlieb  (

Bain G., Kitchens D., Yao M. et al.,1995) .  

, 

. 

  , 

. . 

  , 

.
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 2-8  

, . 

.
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 2-9. ,

 T3, PDGF LIF 

. , 

 (renewal), 

,

. , 

, , 

,  patch-clamp (Piper D.R.,

Mujtaba T., Rao M.S. et al., 2000).  bFGF+EGF/BMP-4

, 

. -4 

, -4 



137

, 

,  (Lillien L., Raphael H., 2000).  

 (Erb2,Erb3, rb4),

 Erb2  Erb4 . In situ 

 Erb2, Erb4 

 (Kornblum H.I., Yanni D.S., Easterday

M.C. et al., 2000).

, ,

 cadherin-11+ .

 (   ).  

, 

,    Clive Svendsen ( Caldwell M.A.,

He X., Wilkie N. et al.,2001). 

. 

 NT,CNTF,PDGF. 

.

   ,

.  

,  

   ( Momma S., Johanssen C.,Frisen J.,

2000).    DIL-  6%

.  3 - 5 % 

  Notch 1.

10.   

. + 

 7,5  .  ,   -  
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, 

. 

 noggin, SHH   BMP-4  BMP-7

 “ ”.  –

 (TGF-beta) ( Tropepe V., Hitoshi S., Sirard C. et al.,

2001).     

.  , 

.

 ( ). 

. 

    , 

.  

  20  1000  LIF.  (B27

supplement, EGF, bFGF)   LIF . 

 (0,2 - 0,4%)  

. ,     

,   Oct4. 

 master-genes

.  

. , 

. , 

,    ( Tropepe V., Hitoshi S., Sirard C. et al., 2001). 

,   , 

 ( Clarke D.L., Johansson C.B., Wilbertz J. Et

al.,2000).

  

(noggin, notch, cerebrus, LIF, -4, -7). 

 -  

  . + 
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 75-85%  . 

,     ,  ( 

),   

 (  Okabe S., Forssberg-Nilsson K., Spiro A.C. et al., 1996; Brustle O., Jones

K.N, Learish R.D. et al.,1999; Finley M.F.A.,Devata S.,Huettner J.E.,1999). ,

  

. 

  

. +

 ( Benniger Y., Marino S., Hardegger R. et al., 2000).

11.   

 90-

   (Yao M.,Bain G.,

GottliebD.L.,1995). 

. 

, 

27 Neurobasal supplement. 

, 

.  in vitro 

 10 %.  

, .  

+  . 

. 

 60-80%.   90-

BioLayton ( )    

  

 G P. 
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. 

 (  - Virginia Lee, John Troyanovsky, No5792900),

     

,     

 NT2N. 

  :

, NF-1, MAP-2C, alpha-internexin.  5-7 

 N-  NCAM. 

, , 

,   

.  10-13  90-98%

.  4-5

. 

, . 

. 

 tau  MAP-2b.  GLP- ,  95% 

,

. 

. 

  

,  . 

 BioLayton 

.   

 ( . www.biolayton.com). 

  NT-2 .

(Przyborski S.A., Morton I.E., Wood A. et al., 2000). 

+ ,   Notch-1 . 

 NeuroD    

. 

NeuroD.

http://www.biolayton.com).
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  .  ( )

-7 .

-6. 

-7  Erb3.

   Islet-1, Islet-

2, Lim-3, HB-9.  Islet-1, Islet-2, Phox-

2b.   Lim-1, Lim-2, Eng-1 (Renoncourt Y., Carroll

P., Filippi P. et al., 1998).

   NT2  

 ( ).  +

 : FGF-1,  

 ( )  (

 – -12- -13- ).  « »  

 10-20% + . 

+  75% (

Iacovitti L., Stull N.D., Jin H.,2001).  In situ, .   + 

 (  SHH   FGF8)  (  Stull  N.D.,  Iakovitti  L.,

2001). , 

   « » ,   

.

 ( Carpenter M.K., Inokuma M.S., Denham J. et al.,2001). 

.

. , 

. -

. ,

, GFAP, PC-NCAM. 

.  

, , 
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,  ( Carpenter M., Inokuma M.S.,

Denman J., 2001)

  

  Neuro D   . 

, - 

. 

,  

 in vitro ( Takahashi J., Palmer T.D., Gage F.H.,

1999). ,  in vitro, ,

, 

 (  –  , 

 )( Bain G., Kitchens D, Uao M. et al., 1995).

12.      

   G P-

. 

.  G P-      

  (Snyder E.,1994 ). (  1) .   

  

. 12 , 

. 

.  CG9 

 . , 

19 . 

.

 1   GLP-     
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*  ( .

, 
)

   

* 

 *

 * 

* 

* 

* 

  

, 

, 

  , 

 . 

    

. ,

. 

.  20-25
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, 

 37  (Hodges H., Veizovoc, Bray R. t al., 2000). 

  : 1) 

 2) 

, 

. , , 

, 

 3) 

, .

  -36, 

 ReNeuron, ,

   (Veizovic T.,

Beech J.S., Stroerner R.P. et al., 2001). 

, 

. -36 

 1-2- , 

, 

 ( 

). 

, 

, 

.

-36   

1  ( 

) 

,  (Hodges R., Veizovic T.,Bray N. t

al., 2000).      

    “ ” .
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 ( Philips M.F., Mattiasson G.,Weloch T. et al, 2001)   

 HiB5 ,   

 NGF,  48 

.  3-5  ( . 

)   

.   

  , 

.

, 

, 

, 

 ( Lundberg C., Martinez-Serrano A., Cattaneo E. t al., 1997). 

, 

. 

. 

  . 

       in situ.  

    6 . 

 (  2-3 )   

  . 

.   

,

,

.

    , 

. (Kallos M.S., Behie L.A., Vescovi A.L.,1999). 

 ( Kallos M.S., Behie L.A.,1999). 

, 

   ( Rubio F.J., Bueno
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C.,Villa A. et al, 2000; Villa A., Snyder E.Y.,Veskovi A.L. et al., 2000 ). 

, 

 (EGF  bFGF).     

    

.    50 

 1,5 . 

.

   ( 17-2)   Evan

Snyder , 

 ( Taylor R.M.,Snyder E.Y.,1997).   60 %  shiverer

     – 

. 

. (Yandava

B.,Billinghurst L.,Snyder E.Y., 1999).  , 

  .  

 ( No 5958767). 

,   17-2 

.  ,   (  

)    

 Gm2 -

 ( ) , 

 ( Lacorazza H.D., Flax J.D., Snyder E.Y. et al.,1996). 

, 

, .  

.

   

.
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, 

 ( Flax J.D.,Aurora S.,Yang C. t al, 1998). 

. 

, 

, 

 :  v-myc   (  )   lac-z  (

 ). 

,  – . 

. 

 v-myc  . 

)  ( ).  in

vitro.  . 

: 

  , 

. 

   (Vescovi A.L., Snyder

E.Y., 1999).  , 

 17.2  meander tail. 

    .

. . 

17.2  

.  mea 

,  

   ( Rosario

C.M., Yandava B.D., Kosaras B. et al., 1997).    

  

    . 

    ,

  

. .
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.   

  

   (Pundt L.L., Jorn E.A., Low W.C.,

1997). , 

,

.  

 (v-myc)  .

 meander, 

. 

  

, . 

  .

  

. 

-2/4  ( Gokhan S., Song Q.,

Mehler M.F., 1998).

-

 – . 

 ( -Mutated) , 

 (PI3-kinase), 

. 

. 

, ,

 ( 

).  

. 
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.   D(Purkinje cell deficient) , 

 , 

, 

. 

.

. 

. 

 (Seeds N.W.,Basham M.E.,Haffke S.P.,1999).

 40% 

  

 (Virley D.,Ridley R.M., Sinden J.D. et al.,1999).

  

. 

  . 

 « »

?  

. 

. 

,  8-10 

 (Snyder E.Y., Yoon C., Flax J.D. et al.,1997).  17.2,

 lacZ,   . , 

    .

,   

, . 

. 
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, 

.

. 

-3  . 

-3 

: ) 2-4-

8- ,  p ly-S-NCAM )

 ( Mayanil C.S., ,

George D.,Mania-Farnell D., 2000). 

-7. 

,  (

Barr F.G.,Fitzgerald J.C., Ginsberg J.P.,1999).

. , 

, . 

 - 

 (Brustle O.,Choudry K., Karram K. et al., 1998).

, 

, 

 (  alu) . 

, 

 (Olsson M., Bjerregaard K., Winkler C. et al., 1998). 

, 

.  ,

      

. 
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,  (Yandave B.D.,

Billinghurst L.L., Snyder E.,1999; Zigova T., Sanberg P.R., 1998). 

-

 (Learish R.D.,

Brustle O., Zhang S.C. et al., 1999).

   : 

, 

,   (Zhang S.C., Wernig M., Thomson

J.A.,2001)   

, , , , ,

.  in vivo

.  .

  , , 

 in situ, , 

: )  ( 

) )  ( )   

,  ( .   

Rubio F.J., Bueno C/. Villa A. et al.,2000).

13. 

  

. 

-20%  FCS  +   1000  U  LIF/ .  

, ,  LIF 

.  4  ( /F12 + 5

, 30 , 5 .  72 

 80% .  80%
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+ . 

 8  SSEA-1 (Brustle O., Spiro C.,

Karram K. et al.,1997). 

 15-20 

.

 ,corpus

collosum, c , , , , 

. 

 ( ).

, 

. 

, 

. ,   

.

14.   

, 

  

.    Bjernson , , 

, 

 ( Bjornson C.R.,

RietzeR.L., Reynolds B.A. et al.,1999). 

. 

(  Galli  R.,  Borello  U.,  Gritti  A.  et  al.,  2000).    ,

  , 

     

, , , , 
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 ( Clarke D.L., Johanssen C.B.,Wilbertz J. et al, 2000). 

. 

,

  ( Rietze R.L., Vacanis H., Bresker

G.F. et al., 2001).  . 80% 

 ( ).   

     ,

. 

.

15.  

 - )  - 

. 

, 

, 

.  -

. 

 (LaBonneC.,Bronner-Fraser M.,1999). 

 –Slug , Snail,  Pax-3. 

,  in situ,   in vitro 

.    FGF 

.  Noelin1  

. 

Noelin1  

 (Christiansen J.H., Coles E.G., Wilkinson D.G., 2000)
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,  – 

, . 

. 

. , , 

.

,

, . 

 (chorioid plexuses). 

, . 

 (bFGF,EGF,TGF-alpha,

NGF, PDGF, HGF, ILGF-1, NGF, NT3, GGF), 

 (Mentlein R., Kendall M., 1999). 

 " ", 

. 

    (Etcheveres H.C., Couly G., Vincent C. et al,

2000 ). 

, 

(Etchevers H.C., Vincent C., Le Douarin N.M. et al., 2001).

 1-7 

. 

, .

  . 

, , 

. , , 

   in situ. 

, 

. .

   (Slug, goosecoid, Dlx2,

Dlx3, Barx1, dHAND, eHAND).  /
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-1 (Clouthier D.E., Williams S.C., Yanagisawa

T.E. et al, 2000).  Slug -

, 

Slug   (LaBonne C., Bronner-Fraser M., 1999).

.

-3 

. -3

, 

 nude -  ( Maulbacker,  Gruss, 1993). 

-3  Msx-2 - 

 ( Kwang S.J., Brugger S.M.,

Lazik A. et al., 2002). -3 

 – Foxd3.   HNK-1 

-7,  Foxd3 

 (Dettori M., Gross M.K., Goulding M., 2001). 

  

(Henion P.D., Blyss G., Luo B., 2000).    ,

,  PDGF. 

   « » 

 in  situ  (  Li  J.,  Molkentin  J.D.,  Colbert

M.C.,2001).

  

.   

 N- , 

-6 -11 (Simmoneau L., Kitagawa M.,

Suzuki S. et al, 1995). 

-7 . , 

, 

,  -7  (MacKenzie A.,

Ferguson M.W., Sharpe P.T., 1991).



156

 ( )

. 

. , 

, , 

 (Ruffins S., Bronner-Fraser A.M., 2000).  SHH

 Slug+ . Noggin,

Bmp-4, BMP-7 . ,

 Sox-  (Sox-10). 

 (Cheng Y., Cheung M., Abu-Elmagd M.M. et al., 2000 ).

. , 

, . 

,   . 

, , 

.

, -

, 

, , , , 

, ). 

 Hoxa3, Pax1  Wnt, .

 (  DiGeorge).

, 

, 

, ,

, ,

, , .
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 eph-  eph- . 

, ,  eph-R- eph-L

.     

  , 

 eph-R-eph-L. 

, 

 ( ) .

 2-10. 

 AP-1, Wnt-1 Wnt-3 

.   ,   

. 

, .

: 

, , 

), , ,
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, . 

.  ,  « » 

.   in  situ  

,  « » 

. 

, . ,  in vitro 

. 

  . 

, 

 in situ.

,  , 

. , 

. -2, -4  

. , 

-2, -4, , 

. 

  ,

, , .

 N- -6. 

, , -7 -

11.    G-

 - Rho . 

: Msx1  Msx2 (Linecum J.M., Fannon A., Song K.

et al., 1998).  Msx-1 , Msx-2 

,   . 

, 

. ,  Msx-1/Msx-2

 ( ) . 
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-11  - ,

  -11. 

 Wnt.

 2-11  

 1)

 2) 

 2) , . 

" ,   . 

      .

, 

 Delta-Notch   (Maynard T.M.,

Wakamatsu Y., Weston J.A., 2000 ).  (Notch1, Notch2, Notch3)

, , , -

 ( ) (Williams R., Lendhal U., Lardelli M., 1995 ).

  , 
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 Notch/Delta. 

 Delta-Notch  " " 

. 

Delta-Notch  « » . 

 (Calaora V., Rogister B., Bismuth

K., 2001).  

 (Dorsky R., Moon R.T., Raible D.W., 2000).

,  Delta-Notch, 

, 

(Morrison S.J., Perez S.E., Z.Qiao et al, 2000).

, 

. 

  

. 

, 

.

, 

:  Wnt-1/Wnt-3 

.   Mash1

 -Ngn1,Ngn2)

(Ikeya M., Lee S.M., Jihnson J.E. et al., 1997).  TGF-beta, BMP-2, BMP-4,

bFGF, EGF 

, , , 

.

Phox2b 

.   

   - . 

.   , ,

. ,
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.

   

. ,

-kit  SCF. 

 SCF,  . 

 ( c-kit- 

-3 ) (Guo C., Wherle-Haller B., Rossi J. et al., 1997). 

 PDGF.  

Wnt1, Wnt3a,    MITF, 

 (Pou L., Panthier J.J., Arnheiter H., 2000). 

 Wnt-1 

. , 

,  HAND1 (Riley P.R., Gersenstein M.,

Dawson K. et al, 2000).

. 

, 

. 

 45  ( Rogister B., Ben-Hur T., Dubois-

Dalcq M.,1999). 

PDGF. .  in vitro ,  in vivo

   SHH.  

, 

: PDGF, BMP-2/4, CNTF.   PDFG+ bFGF,

 PDGF+GGF 

. 

27 21 –  (Cdk).  

. 3  IGF-1 

.  MBP (myelin basic protein)

 PLP,  Krox-24. 
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. ,

  

 ( Learish R.D., Brustle O., Zhang

S.C. et al., 1999).

  

 (Stemple D.L.,Anderson D..J.,1992, Morrison S.J., White P.M.,

Anderson D.J. et al, 1999).     

80% ,   

, , , 

» . 

: , , .

, , 

.  

75 - 

NTF3. 

 ( - ) -   . 

  . 

.
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 2-12. 

.

, 

 : ) , ) 
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. 

 GGF ( ). 

 TGF-beta.  Glial  growth factor  (GGF) -  

 -  
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,  (White P.M.,

Morrison S.J., Orimoto K. et al., 2001).  

  

 ( , 

) (Shah N.M., Anderson D.J., 1997). 

, 

. 

, ,

, 75 (Mujtaba T., Mayer-Proschel M., Rao M.S., 1998 ). ,

.

, 

    .

, 

, , , , 

. 

.   -   

. 

, , 

.
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