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Щ    

  

  АЧt (  АЧt)–      
 .       

    ,      (Nusslein-Volhard, Wieschaus 

1980; McMahon, Moon, 1989; Chen et al., 2006; Jessberger et al., 2009; Vargas et al., 2014). 

    Wnt    ( , , 
 )    (  

,     ) (Anderton, 2000; Boonen et al., 

2009; Clevers and Nusse, 2012; Blalock et al., 2004; Hooper et al., 2008; Vogt et al., 2011; De 

Ferrari and Moon, 2006).       19   
Wnt. Э    Wnt       

  ,      , ,  
  (Gavin et al., 1990, Shimogori et al., 2004; Wayman et al., 2006; Cerpa et al., 2008; 

Davis et al., 2008). 

  ,  Wnt   
,  ,         

  (   ., 2012). ,    Wnt 

      – ,  
   (Lie et al., 2005; Jessberger et al., 2009). 

       
   ( ),    
     (Bliss, Lomo, 1973). 

 in vitro      
   Wnt       

(Chen et al. 2006: Cerpa et al, 2011; Vargas Оt КХ, 2014; VКrРКs, 2015).    in 

vitro        АЧt    . 
        Wnt     

 :  ,        
  (Maguschak, Ressler, 2008; Jessberger et al., 2009; Fortress et al., 

2013). ,         
 in vivo       Wnt. 

     ,     
  -  ТЧ ЯТЯШ -     

  АЧt    .     
      АЧt    – 

       
.       АЧt   

  АЧt3,         АЧt   
  ТЧ ЯТtrШ (CСОЧ Оt КХ., 2006),        

 (LТО Оt КХ., 2005).     -

   АЧt1,       
         (LТО 
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Оt КХ., 2005; JОssЛОrРОr Оt КХ., 2009).   АЧt1    
  АЧt,      ,    

АЧt3 (LТО Оt КХ., 2005),  .      
       in vivo   
  АЧt. 

    АЧt    ,   
    ,      

         .  
Wnt       ,   

        . 

     .  
        Wnt   
  . 

     : 

1.        Wnt 

   1     
. 

2.      Wnt  
  in vivo.  

3.  ,       
 Wnt   ,     

       
,     . 

  

  in vivo      
   АЧt   .  

         
         . ,  
      

 ,        Wnt  
 .     

     .  

    . 
    Wnt      

,       ,   
      .    

     ,   АЧt    
  .      

         .  , 
  Wnt        

       
,          
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  . 

,   щ : 
1.      Wnt   

  ,    
       in vivo 

2.      Wnt3 

    ,   
    in vivo 

3.      Wnt 

    ,  
  Wnt3     

  

       : 
      ( , 2013; , 

2015), 9-      ( , 2014);  -  
      ( , 2012, 2013)    

      ( , 2015). 

  

    100     
   : ,  ,  , 

 ,  , , ,  
 (172 ).   22 . 

  

  

   Wnt       
      250-350 .     
   180 .      

.      , 
 -  Wnt1 (LV-dnWnt1) –  Wnt1,  

    Fzd , ,   Wnt;  
    ,  Wnt3 

(LV-Wnt3).        
,   GFP (LV-GFP),    

     (Saline).   
         
       ( , , 

2008;   ., 2011).      
     (0.4 / , / ).   
 2      1     
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: -2.5 a/p, -1.6 m/l, 3.3 d/v   –   0.2 / .  
 14     . 

     in 

vivo 

       
  ( ) in vivo    (1.75 

/ , / )        
 :   -3.0 a/p, -3.0 m/l, 3.0-3.4 d/v   

( );  1  -2.7 a/p, -1.5 m/l, 2.2-2.8 d/v   ( , 
Paxinos, Watson, 2005). Э    ,  

    ( )   1  
       30 . 

   ,     40-50%  
.      60    

 .      
 .      180 . 

           
   100%        

 .        ± SEM 

(   ).      
  Statistica 10 (StatSoft, USA).    

     (ANOVA)   
 -     (  )   

 (     ) .  
       

  (FТsСОr's LSD post hoc tОst).     p <0.05. 

        20- , 60-   
180-      t-  . 

    ( )     
         
 ,     

  .       
  (  )      

- .          40 
         

       . 

    АЧЭ   

 14     ,   (1.75 / , 
/ ),     .   

      .    
25  130         PVDF .  

    Wnt      
  : -Wnt1, -Wnt3, -GSK-3β, - -GSK-
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3β (Ser 9), -β- , -  D1, -c-Myc, -PSD-95.    
        α- . 

       NIH ImageJ  

     ,   α-

,         LV-GFP. 

  β- , -β-  (Ser45), GSK-3β  - GSK-3β (Ser9)  
       ( ).  

         450 , 
   ,        LV-

GFP.   GSK-3β   ,   
           LV-

GFP.         
  - .     

 p<0.05. 

     . 
       

  :  14     , 
  (1.75 / , / ),   ,  

     4%    2 .  2   
      50    

 .         
        (GFP). 

  

       
. 

       Wnt    
   3  : LV-dnWnt1  

  (loss-of-function study), LV-Wnt3 –    (gain-of-function 

study), LV-GFP – ,     (Ivanova et al., 2016).   

    IRES-GFP,   GFP 

 ,         
.       GFP  

1   14       
    1.5 

3
. 

 LV-dnWnt1  -   , 
  Wnt1,     Wnt     

      Wnt1,      
  (Garcia-Castro et al., 2002; Hoopler, 1996).     

   ,    LV-dnWnt1   
1      Wnt1 ( .1 ).    ,   

,   LV-Wnt3     
  Wnt3 ( .1 ). 
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Рису к 1.    Wnt1 (A)  Wnt3 ( )  14    

 LV-dnWnt1 (A, n=13)  LV-Wnt3( , n=8) ; c  
 я  p<0.01  #. 

      АЧЭ   
. 

         
  in vivo      Wnt    

         
( )  14    .   

      in vivo    
  . LV-GFP  Saline.     
         (180 

),        
   in vivo        

      –  LV-GFP. 

       Wnt     
 in vivo    LV-dnWnt1,   . LV-dnWnt1 

        LV-GFP   
   (180 ).      

  10-   130-      ( .2 ).  
   20-   60-        LV-НЧАЧt1  

      LV-GFP.   180-   
    ( .2 ),     

       . 
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Рису к 2. я я in vivo  я   я С  
Wnt. .  я  С    60    180   

 . .  in vivo  20, 60  180   
.  я    LV-НnWnt1     

LV-GFP  p<0.05  *,  p<0.01 - #. 

        
 Wnt3 -     .    

 Wnt3         
 LV-Wnt3. LV-dnWnt3   (80 )  

     LV-GFP.       
    50    ( . 3 ).   

      LV-Wnt3   LV-GFP  20-  
   ,      60-   180-    

      ( . 3 ) 

 
Рису к 3. я я in vivo     
Wnt3. .  я  С    60    180   

 . .  in vivo  20, 60  180   
.  я    LV-Wnt3     LV-

GFP  p<0.05  *,  p<0.01 - #. 
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  АЧЭ. 

        
       ( )  

 1    .     
      :   LV-GFP   

 Saline   ,   ё.     
       LV-GFP     

LV-dnWnt1  LV-Wnt3.          
(   )   LV-dnWnt1      

 LV-GFP.   LV-Wnt3      
    ( . 4 ). ё       

   LV-dnWnt1        LV-GFP. 

     LV-Wnt3      ( . 
4 ). 

 
Рису к 4. .  я     60    180  

  . .    (  . 

 я    LV-dnWnt1 (n=9)  LV-Wnt3 (n=9)    
 LV-GFP (n=10)  p<0.05  *. 

   in vivo       
(  1 ),        

         40  
     .   LV-GFP  

   ( . 5 ).   LV-Wnt3    
( . 5 ).   LV-dnWnt1     ( . 5 ). ,   

 Saline      40      
   ,     LV-Wnt3 ( . 5 ). 
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Рису к 5.    С    40   

       Saline ( , n=9), LV-GFP ( , 

n=10), LV-dnWnt1 ( , n=9)  LV-Wnt3 ( , n=9). я     
 я  ,  я  (r)   

я  (p). 

       
  АЧЭ. 

        
  PSD-95.   LV-dnWnt1  PSD-95   

   ( . 6 ),    LV-Wnt3     
( . 6 ). 
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Рису к 6.      (PSD-95)  14 
    LV-dnWnt1 (A, n=9)  LV-Wnt3 ( , n=9).    

  я  p<0.05  *. 

    АЧЭ     14  
  . 
    ,      in vivo 

      АЧt,    
       : АЧt1, 

Wnt3, β- ,  D1, М-Myc, GSK-3β.       
 β- , GSK-3β. 

       LV-GFP  
Saline     (LV-dnWnt1  LV-Wnt3). 

Э   LV-dnWnt1  LV-АЧt3       
,        

      .     
  4 .      
    β-    ,    

        
           

       –  LV-GFP. 

      14    
        Wnt β-

.   LV-dnWnt1   β-     
   ( . 7 ),    LV-Wnt3 –   

( . 7 ). 
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Рису к 7.   β-   14     LV-

dnWnt1 (A, n=9/ )  LV-Wnt3 ( , n=10/ ). 

    Wnt β-      , 
    TCF/LEF,   

 D1  c-Myc (He et al. 1998; Shtutman et al. 1999).  ,  
     β-    

       D1  c-Myc.  
 ,   D1      LV-dnWnt1  

 ( . 8 ),    LV-Wnt3    ( . 8 ).  
    c-Myc     LV-dnWnt1,  

 LV-Wnt3. 

 
Рису к 8.   Ц  D1  14     LV-

dnWnt1 (A, n=12/ )  LV-Wnt3 ( , n=14/ ). 

         
 GSK-3β,         

      (Zhu et al. 2007; Hooper et al. 2007; Chew et 

al. 2015).   GSK-3β        LV-dnWnt1, 

   LV-Wnt3. ,  ,    9 
  GSK-3β ( -GSK-3β)       LV-dnWnt1 

( . 9 ),     LV-Wnt3 ( . 9 ). 

 GSK-3β  9      
 (Jope et al. 2007),    - GSK-3β   
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  .       LV-dnWnt1, LV-

АЧt3  LV-GFP     GSK-3β.   LV-dnWnt1  
   .       LV-Wnt3  

GSK-3β    ( . 9 ). 

 
Рису к 9. , .   GSK-3β,   9 ,  14 

    LV-dnWnt1 ( , n=9)  LV-Wnt3 ( , n=14). . К я 
 GSK-3β (n=6). 

  GSK-3β  β-         
  (EЯОrХв Оt КХ., 2004; АТsЧТОаsФК Оt КХ., 2010),     

      .    ,  
    β-    Saline   

    LV-GFP,      
    .     LV-dnWnt1,    

LV-Wnt3            
 LV-GFP,      Saline ( . 10 ).      

  β- ,    45 ( -β- ). 

 -β-       LV-НЧАЧt1   
    ,   LV-GFP.   LV-

Wnt3         ( . 10 ). 

 
Рису к 10.   β-  ( )     45  

 ( )  я      14    
 LV-dnWnt1 ( , n=5; , n=7), LV-Wnt3 ( , n=5; , n=9), LV-GFP ( , n=5; , 

n=10)    (Saline, n=5). С   я  
   LV-GFP  p<0.05  *. 
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  GSK-3β   ,    ,    
   LV-GFP    LV-dnWnt1,    LV-Wnt3 

( . 11 ).  -GSK-3β      LV-dnWnt1   
  ,    LV-Wnt3  -GSK-3β   

,    ,      LV-GFP ( . 
11 ). 

 

Рису к 11.   GSK-3β ( )     9   
( )  я      14     
LV-dnWnt1 ( , n=8; , n=7), LV-Wnt3 ( , n=9; , n=10)  LV-GFP ( , n=6; , n=8). 

С   я     LV-GFP  p<0.05  *. 

 

  

 1973    ( )     
        

(    1973; BХТss & LШЦШ 1973; Bliss and Collingridge 1993).   
  3  :  ,  30-45 

   ;  ,   30     
 2-3 ;  ,      (Bliss and 

Collingridge 1993, Sweatt 1999).       
,       .  

     Wnt    
. 
   in vitro     

     Wnt (Chen et al. 2006; Vargas et al. 

2014; Vargas et al. 2015),   ,         
,          

  (Vargas et al. 2014; Vargas et al. 2015).      
     Wnt       

    (CСОЧ Оt КХ. 2006: CОrpК Оt КХ, 2011; VКrРКs Оt 
al, 2014; Vargas et al., 2015).       

  in vivo       
 Wnt.   ,    Wnt   1  

    in vivo   2 .  3  
        ,     
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  .  ,  ,   
  Wnt        in vivo  

  ,   ,   in vitro   Wnt 

(Wnt scavenger)    Wnt3      (Chen et al. 2006; Sweatt 

1999). 

Э         -,     
 (Voronin 1993b; Bliss and Collingridge 1993; Schulz et al. 1994; Sweatt 1999; 

 2000).         
     ( ) –  

 « »     « » 
   (Kleschevnikov et al. 1997).     
   60        

  (  , Schulz et al. 1994; Kleschevnikov et al. 1997). Э  
 ,       
          

  (Voronin 1993b),        
   (Kleschevnikov et al. 1997).    ,   

       LV-dnWnt1  
      ,  

      Wnt.   ,   
       ,   

       Wnt   
 (Farias et al. 2007; Cerpa et al. 2007; Varela-Nallar et al. 2009; Ahmad-Annuar et al. 

2006). 

       1  
 14         

  (PSD-95). PSD-95   , 
      (Sheng 2001).  

 ,    Wnt Dkk-1    PSD-95  
 (Fortress et al. 2013),       

       PSD-95   

  Wnt.        
     LV-dnWnt1,   

  ,      in vivo    
 . 
  Wnt3      

  in vivo,     PSD-95.   
    ,     

Wnt  WASP-1 (Wnt-activating small molecule),  ,    
 Wnt3  LiCl,      in vitro,   

 PSD-95 (Chen et al. 2006; Vargas et al. 2014).  ,    
,  ,     in vivo   

  Wnt       40     
     in vitro   .  
,   Wnt3      
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,      NMDA  AMPA  
  (Bliss and Collingridge 1993).     

 ,  PSD-95,   AMPA- ,  
  ,     (Stein et al. 

2003; Ehrlich et al. 2004).   PSD-95       
 ,       , 

  NMDA-  (Ehrlich et al. 2007).  ,  
   PSD-95     AMPA-  

    ,      in 

vivo,      . 
      in vivo   

        
(Schulz et al. 1994; Kleschevnikov et al. 1997).   ,   

       
      

 .  ,  ,    , 
      in vivo     

  ,   ,   LV-Wnt3. Э    
        per se, 

,  ,        
        Saline, LV-GFP  LV-Wnt3  

    . 
 -       

    β-        
.   ,    β-     

  ,   ,        
   (Maguschak and Ressler 2011).  β-   
        , 

     –     
 ,       

(Goda 2002; Togashi et al. 2002; Chen et al. 2006;  2009). 
   Wnt    β- ,   
   1α,      -3β (GSK-3β)  

β- ,          
(Aberle et al. 1997; MacDonald et al. 2009; Clevers and Nusse 2012; Oliva et al. 2013).  

,    β-    –  
   –  . ,  β-  
       ,  

      (Sadot et al., 2002). 

       -β-  (β-

,    45,   CK-1α)   
,          

β-   45        (Maher et al., 2010). Э  
  LV-Wnt3   β-     
  . 
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,    β-      
    . Э   ,      

     in vivo     (  4.2), 
 ,       per se. 

          
  β-         ,   
         . 

      in vivo      
  β-     –   ,    

     .   
       per se 

  . 
         Wnt  

 ,      (Chen et al. 

2006).    Wnt  Wnt    Fz  LRP 5/6, 

       β- . 
 β-         

  ,      D1  c-Myc (Logan and Nusse 

2004; Toledo et al. 2008; Hodar et al. 2010; Stamos and Weis 2013). Э    
  ,      

 (Amendola et al. 2009; Wey et al. 2010).    
 Wnt Dkk-1      D1  4   ,  

 c-Myc –   5  (Fortress et al. 2013),    
 Wnt       D1,    c-Myc.  , 

       c-Myc (Vargas et 

al. 2014)       (Chen et al. 2006)  
   Wnt,   ,    

Wnt3     c-Myc,       
D1. ,   Wnt/β- ,  LV-dnWnt1,   
Wnt –   .    in vivo    LV-

dnWnt1         Wnt,    
       .   

LV-Wnt3    D1      , 
   . 

   ,       in 

vivo    , ,  ,   
 ,   CaMKII, PKC, PKA, MAPK (Bliss and Collingridge 

1993, Sweatt 1999).    (PKC, PKA and MAPK)   
GSK-3β,       β- ,   

 (Chen et al. 2000; Inestrosa et al. 2002 Peineau et al. 2008).   
    GSK-3β   .   

,          
      (Zhu et al. 2007; Hernandez et al. 

2002; Hooper et al. 2007)     

 GSK-3β   TCS-183      
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(Vargas et al. 2014).   ,   GSK-3β   
      ,    

 (Chew et. al. 2015).  ,    GSK-3β , 
     ,   
  (Dunn et al., 2005)      

(Weingartner et al., 1985; Stip et al., 2000; Wingo et al., 2009). 

,    ,   
 GSK-3β:        

 9  ( -GSK-3β)       
,       Wnt3.   

  ,      
,    Dkk-1   WASP-

1: Dkk-1   -GSK-3β  5   ,   
 4 ;  WASP-1    -GSK-3β (Fortress et al. 

2013; Vargas et al. 2014).   Dkk-1    
 :  4       - , 

    . ,   
  Wnt      

    .   
   WASP-1    Wnt3 

    : Vargas     
-GSK-3β   ,       
 -GSK-3β (Fortress et al. 2013; Vargas et al. 2014). 

     GSK-3β     
 in vivo    Wnt,  ,    

 -GSK-3β      
         

  GSK-3β .      
           

   GSK-3β,   ,   . 
GSK-3β    ,      

  (Sutherland et al., 2011).       
  :     1α (HIF 1α),  

   2c (MAP2C),   p53 (Corcoran et. al., 

2013; Han et. al., 2014; Pustylnyak et. al., 2015) ,   – :   
 (FAK),   (GR),   c-Jun, 

    1b (MAP1B),  1,  (Yang 

et al.,2003; Zervas et al., 2005; Genoux et al., 2011; Lee et al., 2011; Seo et al., 2012; Hu et al., 

2015; Jing et al., 2015).      ,   
         АЧt,  , , 

  . 
GSK-3β     ,       (Bijur et al. 

2003).    GSK-3β       .  
 ,  GSK-3β,   ,     β- , 

  ,     β- /TCF –  
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 (Caspi et al. 2008).       
    GSK-3β       ,   

   Wnt.      - GSK-3β     
     Wnt3, ,     (  

3.5.4),      (Jope et al. 2007). ,  
   GSK-3β    D1,   

     (Alt et al. 2000).  ,  
   D1      Wnt3  

      GSK-3β  ,    
     Wnt (  4.4).    

        
     Wnt.  D1     

   ,       
 (Li et al. 2007). ,      

Wnt3         in vivo,  
       . 

 

    ,   
  Wnt     in vivo,      

 Wnt3      in vivo  
14     (Ivanova et al., 2016).    

              
     Wnt (Chen et al. 2006; Vargas et 

al. 2014). 

,    in vivo    
 ,       

  PSD-95. Э     ,    
  ,   Wnt,   

,     Wnt3    
 in vivo    . 

Э        
  Wnt   1 ,     

   .  β-      
 ,   Wnt,     
 ,  Wnt3.  -GSK-3β  

     ,    
  GSK-3β    .  

       . 12 

        
 in vivo. 
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Рису к 12. я   я я    

 in vivo 

           
  АЧt        in vivo. 

 in vivo     Wnt   
        .   

  Wnt        
    ,  ,  
        ,  

    . 

 

1.         1 
       

 Wnt       Wnt, 

    Wnt3. 

2.      Wnt   
   in vivo   1   
  ,     -    

. 
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3.   ,     
Wnt,     ,    

  Wnt3    . 
4.     Wnt    

    β-     
 β-   ,       

 . 
5.   Wnt3,     , 

     β-    D1  
      3β  . 

6.  ,       Wnt  
    3β,   9 . 
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