
 
 

  

  

          
  

  *  

 

: 01/10/90  :29/11/90  

 

 
:          . 

          

 .  

 :          

   .         .  

 :            

         

          .  

 :          

  .  

 :      

  

  -   

  

 :   :-   

Email: manob@iums.ac.ir 

  

                                                
    

    )(  

    

     

    

  
     

  .  

   )(.  

        

           

       

   )(     

     

         

        

  )(.  

 



      

 

  

    

      

    .  

     

   

   .

     

 .     

     

  ) ,( .

       

       

 )-(.  

     

       )(. 
       

     

    

        

          

   

     .  

  
   

   
       

-  .  

   .       

  .  

  .      

    .     

.  

   
 

  )(.  

                                                
1 Catagen 
2 Anagen 
3 Dermal Papilla 
4 Cotsarelis 
5  Wistar 
6  Kobayashi 

   .

   

   

      

   . 
    

  DMEM/F12 ) (   ) 

 -()   

 - (B )/   

 -  (     .  

           

.       

II/II )    - (

37°c  .  

  

   mm 

    

Bulge Bulge      

Bulge     

. 
 

         

)(. 
Bulge  /   

(EDTA) /  )( 

  37°c  .  

rpm     

      

 .  

  DMEM/F12  -) 

 ()/  ()   

 ()10-9()/ 

   ((EGF) ) 

   (  FBS .  

    
      

  

                                                
7 Invitrogen 
8 Sigma 
9 gibco 



   ...    
 

  

-  

 .  -  .   

   

      

 .

 .        

 )  (  

. 
   

        1×104 /

 .  

   

     

  .   

  ±S.D.M  )(. 
 

  
   

     

    

                                                
1 Canon G9 12.1 MP 
2 6Well 

  ).A .(

).B ().C (  

    .    

      

  .  

   

    .  

   
      

     

   

 .   

 ).(  

  

      
     

   A.  C 

     

   

  )A ,B.2.(  

                                                
3  Cholera toxin 

 ):(   Bulge  .   (A) Bulge 
 (B) 

  . Bulge )(C . 
 Bulge   (D).  

A 

C 

B 

D 



      

 

  

  

  
  

     

      

 ) ,( .   

       

           

  .

     ) ,( .

          

        

     

       

      

   )-(   

    

     

)(       

        

 )(    

   . 

    

      .  

A B C 

  ):(  .(A)     
   .(B) (C)    

.  

0
100
200
300
400
500
600
700
800

0 2 4 6 8 10

Days

C
el

l C
ou

nt

 ):(   .     
 

  . 



  ...   
 

  

       

     

 .    

   

        .  

      

 

        

)( .   

       

        

)(  

    )(.  

     

      )( .

       

    . 

      

     .  

    

 -     

    )(. 
     

   

                                                
1  Green and Barrandon 
2  -Tubulin 
3  RIP 

 )( .    

-      

    )( 

         

   )(.  

-     

      

            

 )(.  

       

     P75 SOX10 

      

    

     

   )(  

           

  .  

   

     

   .   

      

     CD34 

Nestin CD200      

     

.  

                                                
4  Rask-Anderson 
5  Seiber-blum 
6  GABA ergic 

References 
1. Barthel R, Aberdam D. Epidermal stem cells. J Eur 

Acad Dermatol Venereol. 2005 Jul; 19(4):405-13. 

2. Preston SL, Alison MR, Forbes SJ, Direkze NC, 

Poulsom R, Wright NA. The new stem cell 

biology: something for everyone. Mol Pathol 2003; 

56(2):86-96. 

3. Terskikh VV, Vasil'ev AV, Voroteliak EA. Stem 

cell niches. Izv Akad Nauk Ser Biol. 2007 May-

Jun (3):261-72. 

4. Paus R, Cotsarelis G. The biology of hair follicles. N 

Engl J Med 1999 Aug 12; 341(7):491-7. 

5. Cotsarelis G, Sun TT, Lavker RM. Label-retaining 

cells reside in the bulge area of pilosebaceous unit: 

implications for follicular stem cells, hair cycle, and 

skin carcinogenesis. Cell. 1990 Jun 29; 61(7):1329-37. 

6. Amoh Y, Li L, Campillo R, Kawahara K, Katsuoka K, 

Penman S, et al. Implanted hair follicle stem cells 

form Schwann cells that support repair of severed 

peripheral nerves. Proc Natl Acad Sci USA 2005 Dec 

6; 102(49):17734-8. 



      

 

  

7. Amoh Y, Li L, Katsuoka K, Hoffman RM. 

Multipotent hair follicle stem cells promote repair 

of spinal cord injury and recovery of walking 

function. Cell Cycle 2008;7(12):1865-9. 

8. Sieber-Blum  M,  Schnell  L,  Grim  M,  Hu  YF,  

Schneider R, Schwab ME. Characterization of 

epidermal neural crest stem cell (EPI-NCSC) 

grafts in the lesioned spinal cord. Mol Cell 

Neurosci 2006; 32(1-2):67-81. 

9. Hu YF, Zhang ZJ, Sieber-Blum M. An epidermal 

neural crest stem cell (EPI-NCSC) molecular 

signature. Stem Cells 2006; 24(12):2692-702. 

10. Hu  YF,  Gourab  K,  Wells  C,  Clewes  O,  Schmit  

BD, Sieber-Blum M. Epidermal neural crest stem 

cell (EPI-NCSC)--mediated recovery of sensory 

function in a mouse model of spinal cord injury. 

Stem Cell Rev 2010; 6(2):186-98. 

11. Nobakht M, Najafzadeh N, Safari M, Rahbar 

Roshandel N, Delaviz H, Joghataie M et al. Bulge 

cells of rat hair follicles: isolation, cultivation, 

morphological and biological features. Yakhteh 

2010; 12(1):51-8. 

12. Kobayashi K, Rochat A, Barrandon Y. 

Segregation of keratinocyte colony-forming cells 

in the bulge of the rat vibrissa. Proc Natl Acad Sci 

USA 1993; 90(15):7391-5. 

13. Sieber-Blum  M,  Grim  M,  Hu  YF,  Szeder  V.  

Pluripotent neural crest stem cells in the adult hair 

follicle. Dev Dyn 2004 Oct; 231(2):258-69. 

14. Yang JS, Lavker RM, Sun TT. Upper human hair 

follicle contains a subpopulation of keratinocytes 

with superior in vitro proliferative potential. J 

Invest Dermatol 1993; 101(5):652-9. 

15. Everett M, Miller W. Normal statistics applied to 

nondestructive cell counting techniques. Method 

Cell Sci 1980; 6(1):29-31. 

16. Mimeault M, Batra SK. Recent progress on tissue-

resident adult stem cell biology and their 

therapeutic implications. Stem Cell Rev 2008; 

4(1):27-49. 

17. Mitsiadis TA, Barrandon O, Rochat A, Barrandon 

Y, De Bari  C.  Stem cell  niches in mammals.  Exp 

Cell Res 2007;313(16):3377-85. 

18. Ohlstein B, Kai T, Decotto E, Spradling A. The 

stem cell niche: theme and variation. Curr Opin 

Cell Biol 2004; 16:693-9. 

19. Tumbar T, Guasch G, Greco V, Blanpain C, 

Lowry WE, Rendl M et al. Defining the epithelial 

stem cell niche in skin. Science 2004; 303:359-63. 

20. Ohyama M. Hair follicle bulge: a fascinating 

reservoir of epithelial stem cells. J Dermatol Sci 

2007; 46(2):81-9. 

21. Sieber-Blum M, Grim M. The adult hair follicle: 

cradle for pluripotent neural crest stem cells. Birth 

Defects Res C Embryo Today 2004; 72(2):162-72. 

22. Claudinot S, Nicolas M, Oshima H, Rochat A, 

Barrandon Y. Long-term renewal of hair follicles 

from clonogenic multipotent stem cells. Proc Natl 

Acad Sci USA 2005; 102(41):14677-82. 

23. Barrandon Y, Green H. Three clonal types of 

keratinocyte with different capacities for 

multipiplication. Proc Natl Acad Sci USA. 1987; 

84:2302-6. 

24. Blanpain C, Lowry WE, Geoghegan A, Polak L, 

Fuchs E. Self-renewal, multipotency, and the 

existence of two cell populations within an 

epithelial stem cell niche. Cell 2004; 118(5):635-

48. 

25. Taylor G, Lehrer MS, Jensen PJ,  Sun TT, Lavker 

RM. Involvement of follicular stem cells in 

forming not only the follicle but also the 

epidermis. Cell 2000; 102(4):451-61. 

26. Avila MA, Varela-Nieto I, Romero G, Mato JM, 

Giraldez F, Van De Water TR. Brain-derived 

neurotrophic factor and neurotrophin-3 support the 

survival and neuritogenesis response of 

developing cochleovestibular ganglion neurons. 

Dev Biol 1993; 159:266-75. 

27. Anderson M, Bostrom M, Pfaller K, Glueckert R, 

Schrott-Fischer A, Gerdin B. Structure and 



  ...   
 

  

locomotion of adult in vitro regenerated spiral 

ganglion growth cones-a study using video 

microscopy and SEM. Hear Res 2006;215: 97-

107. 

28. Ko JY, Lee JY, Park CH, Lee SH. Effect of cell-

density on in-vitro dopaminergic differentiation of 

mesencephalic precursor cells. Neuroreport 2005; 

16:499-503. 

29. Mignone JL, Roig-Lopez JL, Fedtsova N, Schones 

DE, Manganas LN, Maletic-Savatic M et al. 

Neural potential of a stem cell population in the 

hair follicle. Cell Cycle 2007; 6(17):2161-70. 

30. Raposio E, Guida C, Baldelli I, Curto M, Fiocca 

R, Kunkl A et al. Characterization of multipotent 

cells from human adult hair follicles. Toxicol In 

Vitro 2007; 21(2):320-3. 

 


