
H o s s e in  B ah ar v an d , P h.D . 
P ro fessor o f S tem  C e lls  and D eve lopm enta l B io logy  

 
R o y an  In s t i t u te  

Tehran , Iran  

From Stem Cells to Regenerative Medicine 



G enera tion  o f sc ience    A pplica tion  o f sc ience (e .g ., 
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(A n im al m ode ls) 
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S tem  ce lls  a re  genera lly  characte rized  as ce lls  w ith  the  po ten tia l fo r 
renew ing  them se lves th rough ce ll d iv is ion  and  the  capac ity  to  genera te  
m ore  spec ia lized  ce lls .  
 

W hat is  a  s tem  ce ll?  



E m bryon ic  s tem  (E S ) ce lls  P re im p lan ta tion  em bryo  

IC M  iso la tion  

N eura l lineage  ce lls  

D irected  d iffe ren tia tion Transp lanta tion 

S ources o f p lu ripo ten t s tem  ce lls  



Induced p lu ripo tent s tem  (iP S ) ce lls  S om atic  ce lls  such  as sk in  ce lls  

P lu ripo tent R eprogram m ing  
by O c t4 , S o x 2 , K l f4 , c -M y c  

N eura l lineage  ce lls  

D irected  d iffe ren tia tion Transp lanta tion 

S ources o f p lu ripo ten t s tem  ce lls  



N ic h es :  house o f s tem  ce lls   
S olub le  and surface-bound 
 C e ll-E C M  in te ractions 
 C e ll-ce ll in te ractions  
 M echan ica l fo rces 
 P hys icochem ica l cues 
In te rna l facto rs  

Lutolf et al. Adv Mat 2010 

N o p lace  like  hom e! 



Zahab i e t a l., 2012, S tem  C ells  and D ev  

H um an p lu ripo ten t s tem  ce ll-derived  R etina l p igm ent ep ithe lium  



B aharvand e t a l., In t J  D ev B io l. 2007 

D iffe ren tia tion  o f hP S C  in to  neurona l ce lls  



P ouya e t a l., P loS  O ne, 2011 

D iffe ren tia tion  o f hP S C s in to  o ligodendrocyte  lineage 



B aharvand e t a l., D iffe ren tia tion, 2004  

H um an p lu ripo ten t s tem  ce ll-derived  card iom yocytes 



D iffe ren tia ted  A lbum in  pos itive  ce lls  



B lo o d  c e l l s  

E n d o th e l ia l  c e l l s  

B lood  ce lls  and  endo the lia l ce lls  d iffe ren tia ted  



N ish ikaw a et al., Nature Biotech, 2008 

P ossib le  app lica tions o f p lu ripo ten t s tem  ce lls  



9s norm al 39s nbM  les ioned 22s P N P C  transp lanted 

M oghadam  et a l., D iffe rentia tion , 2009 

Transp lan ta tion  o f E S C -N P s Im proves C ogn itive  Function  in  
A lzhe im erian  R ats 
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*** 
 

H ajizadeh-S affa r e t a l., S c ien tific  reports , 2015 

Inducib le  V E G F E xpress ion  by hE S C -M S C s R everses D iabetes 
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Inducib le  V E G F E xpress ion  by hE S C -M S C s R educes the  M in im a l 
Is le t M ass R equ ired  to  R everse  D iabetes 



D esired  ce lls  

P rogram m ing  

E m bryon ic  s tem  
ce lls  

P re im p lan ta tion  
em bryo  
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T r an s d i f fe r en t ia t io n / l in eag e r ep r o g r am in g : D irec t fa te  sw itch ing  from  one som atic  m ature  ce ll 
type  to  ano ther functiona l m ature  o r p rogen ito r ce ll type  w ithou t fi rs t undergo ing  reprogram m ing 
in to  o r th rough a  p lu ripo ten t in te rm ed ia te . 

Pournasr et al., Stem Cells, 2011 

C ould  transcrip tion  facto rs  d irectly  induce o ther de fined  som atic  
ce ll fa tes w ithout  go ing  back to , o r th rough, a   p lu ripo ten t s tage? 



F ib r o b las ts  N eu r a l  s tem  c e l l s  

TU J1/D A P I G FA P /D A P I O 4/D A P I 

Transd iffe ren tia tion  o f hum an fib rob lasts  to  N eura l S tem   



E  

Nrl knock 
dow n 

C one ce lls  

R od ce lls  

F  
  

V ira l vec tor 
(Atoh1)  S ensory  

aud ito ry  
ha ir 
ce lls  

N on-sensory  
ce lls  

  N on-neurona l     
ce lls  

H  V ira l vec tor (Ngn2) + 
bFGF, EGF 

iN s  

V ira l vec tor (Sox2) + BDNF, 
Noggin or VPA  

G  

A strocy tes  iN s 

M irakhori e t a l., J  C e ll P hys io l. 2014 

The proo f o f p rinc ip le  fo r therapeutic  app lica tion  o f transd iffe ren tia tion  has been estab lished by 
trea ting  d iseases in  an im a l m ode ls .   
For exam ple ,  transp lan ta tion   o f inner  ear  ha ir  ce lls  converted  from  nonsensory  ce lls  by  Atoh1 
(Math1), in  dea f an im a ls  substan tia lly  im proves hearing  th resho lds  (Izum ikaw a e t a l. N a t M ed 
2005).  

S chem atic  illus tra tion  o f lineage convers ion  in  v ivo  



•The convers ion o f as trocytes  to  neu rob las ts  ho lds  g rea t p rom ise  fo r trea tm en t o f 
neurodegenera tive  and  traum atic  b ra in  d iseases.  

A dm in is tra tion  o f G FP and m iR -302/367 express ing  len tiv ira l partic les  in to  the  s tria tum   

In  v ivo  reprogram m ing: C onvers ion  o f A strocytes to  neurona l ce lls  

G hasem i e t a l., P los O ne. 2015 



D oublecortin  (D C X +) ce lls  w ere  detected a t 14  (dp i) in  an im als  pre-trea ted w ith  V PA tha t 
a fte rw ards rece ived m iR -302/367. n=3 m ice  per g roup. S ca le  bar: 30  µm . 

m iR -302/367 and va lp ro ic  ac id  converted  the  transducted  ce lls  
in to  neurob lasts  



S cale  bar: 50  µm .  

In  v ivo  reprogram m ing: C onvers ion  o f m ouse A strocytes to  
neurona l fa te  



(C  an d  D ) W hole  ce ll pa tch  c lam p record ing  from  induced neuron-like  ce lls  a t s ix  w eeks 
post-transduction  (n=25) show ed s ing le  action  potentia l-like  sp ikes. (E )  S im ila r 
record ing  a t ten  w eeks post-transduction  (n=10) show ed repetitive  sp ike  firing . (F ) 
Treatm ent w ith  1  µM  TTX  as sod ium  channe l b locker, inh ib ited  sp ike  firing .  **p<  0 .01.  

Induced neurons show ed m ature  neurona l p roperties a t s ix  and 
ten  w eeks a fte r transduction  in  v itro  



• There  a re  now  11  approved tria ls  invo lv ing  p lu ripo ten t s tem  ce ll-based therap ies  on  
the  c lin ica l tria ls  w ebs ite , (w w w.c lin ica ltria ls .gov), and  n ine  fo r ocu la r ind ica tions 
(e igh t from  hE S C s, one  from  induced p lu ripo ten t s tem  ce ll (iP S C s), one  fo r d iabe tes 
and  one fo r severe  heart fa ilu re . 
 

• Th is  is  no t surpris ing  s ince , com pared  w ith  o ther o rgans and tissues, the  eye  is  
particu la rly  w e ll su ited  fo r firs t-in -m an ce llu la r therap ies . It is  a  re la tive ly  
im m unopriv ileged s ite , a llow ing  non-H LA m atched ce lls  to  be  in jec ted  in to  
pa tien ts ’eyes w ith  reduced risk  o f im m une re jec tion  and  prov id ing  an  iso la ted  
env ironm ent fo r con ta inm ent o f in jec ted  ce lls , thus lim iting  the  po ten tia l a rea  in  w h ich  
ce lls  m ay trave l o r fo rm  tum ors . 

S chw artz e t a l.,  Lance t. 2015  
S chw artz e t a l., Lance t. 2012  

H um an c lin ica l tria ls  us ing  hum an p lu ripo ten t s tem  ce lls   



Tissue-spec ific  s tem  ce lls  



L im ba l s tem  ce ll transp lan ta tion  

B aradaran e t a l., C ornea, 2010, Labafine jad  hosp ita l 



R epigm enta tion  by ce ll transp lan ta tion  



R econstruction  o f hum an m and ibu lar continu ity  de fects  w ith  a llogen ic  sca ffo ld  and 
auto logous m arrow  m esenchym al s tem  ce lls 

Zam iri e t a l., J  C ran io fac S urg . 2013 
S h iraz un ivers ity  o f M ed ica l S c iences 

A, Preoperative spiral CT scan of mandibular continuity defect that is 
bridged with a reconstruction plate. B, Postoperative spiral CT scan showing 
normal bone healing and osteointegration to the adjacent host bone after 
reconstruction with MSCs reinforced allograft. 



Transp lan ta tion  o f M N C s in  pa tien ts  w ith  advanced low er lim b 
ischem ia  

Zafarghand i e t a l., C yto therapy, 2010, Tehran  U n ivers ity  o f M ed ica l S c ience , S ina  H osp ita l 



Zafarghand i e t a l., C yto therapy, 2010, Tehran  U n ivers ity  o f M ed ica l S c ience , S ina  H osp ita l 

L im b sa lvage a fte r au to logous B M -M N C  therapy 



H ow  to  p roduce la rge  sca le  o f transp lan ting  N S C s/N P C s? 

D esired  ce lls  

P rogram m ing  

E m bryon ic  s tem  
ce lls  

P re im p lan ta tion  
em bryo  

Induced p lu ripo tent 
s tem  ce lls  

S om atic  ce lls  such  
as sk in  ce lls  

D irected  d iffe ren tia tion 

Transp lanta tion 

T rans la tional 
m ed ic ine  

S ca le  up  
cu ltu re  
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C ell eng ineering  



C ell eng ineering : S ca le  up  cu ltu re  



“The two communities—biologists and engineers—
have been disconnected for a very long time but are 
now starting to effectively communicate in order to 

establish an entirely new interdisciplinary field of 
stem cell bioengineering.” 

Gordana Vunjak-Novakovic et al. Cell Stem Cell 2011 



O varian  tissue  

D ay 2  

C o-cu ltu re  w ith  M E F  

O ogon ia l s tem  ce lls  



m erg e 

O c t -4  D A ZL  

 DAPI 

S aberi e t a l., U npub lished data  

O ogon ia l s tem  ce lls  
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S i ze  o f  O L C s  

D irec t
D iffe rentia tion

Spontoneous
D iffe rentia tion

C  

S aberi e t a l., U npub lished data  

O ogon ia l s tem  ce lls  
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P lanaria : K ing  o f R egenera tive  b io logy 
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R egenera tion  in  P lanaria 



• It is  im portan t to  acknow ledge  tha t s tem  ce ll fie ld  is  
s till in  in fancy and  the  in itia l s tud ies a re  p rom is ing . 

• C u r r en t  m ed ic in e  is based on  drug  therapy 
dom inated  by an tib io tics , chem otherapy, an tipsychotic  
agents, and o ther pharm aceutica l. 

• S c ien t i f i c  m ed ic in e  o f  th e  fu tu r e  
w ill like ly  be  based upon ce llu la r therap ies, focused on  
repa ir and  regenera tion  o f tissues by transp lan ta tion . 

C onclus ion  1  



C onclus ion  2  



• Im poss ib le  to  assess the  
m agn itude  o f an  ob ject on  
the  horizon  
 

• S im ila rly, d ifficu lt to  
assess the  u ltim ate  e ffec t 
o f a  new  s tudy o r 
p rocedure  w hen it firs t 
appears  on  the  ‘horizon ’  

 

C onclus ion  3 : V is ion  (P onzo e ffect) 
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Transp lan ta tion  o f B M -H S C s in  C A B G  cand ida ts  
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