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What	
  is	
  Regenera've	
  Medicine?	
  

•  Regenera've	
  Medicine	
  is	
  the	
  "process	
  of	
  
replacing	
  or	
  regenera'ng	
  human	
  cells,	
  'ssues	
  or	
  
organs	
  to	
  restore	
  or	
  establish	
  normal	
  func'on”.	
  It	
  
refers	
  to	
  a	
  group	
  of	
  biomedical	
  approaches	
  to	
  
clinical	
  therapies	
  that	
  may	
  involve	
  the	
  use	
  of	
  
stem	
  cells.	
  
– Grow	
  organs	
  in	
  vitro	
  
– Mobilize	
  endogenous	
  repair	
  processes	
  
– Tissue	
  engineering	
  
– Personalized	
  Medicine	
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Number of Publications trends are different 
among Cell Therapy tissues 

Source: PubMed 



Public 

* ALLO  

• Minimally Manipulated 

• Device 

• Nutraceutical 

* AUTO 

• Storage 

Private 

• Manipulated 

* ALLO  * AUTO 

• Mixed 

• Gene therapy 

• Stemkine 

• Cytori 
• Artecell 

• Nuvasive 

• Fibrocell 

• NYCBC 

• CBR 

• Aastrom • Athersys 

• Lentigen 

• Horizon 

The	
  Field	
  of	
  Regenera've	
  Medicine	
  

• Genzyme 
• Mesoblast 

• Dendreon 

• Stem cell Inc 
• Neural Stem • Q Therapeutics • Wake Forest 

• Atherix 

• Tengion 

• Organogenesis 

• Pluristem 



  
STEM-­‐KINE	
   	
  	
  

	
  

•  Stem-Kine is not a drug. Rather it is a food supplement that increases the number 
of circulating stem cells through a proprietary combination of 
ingredients that cause the release of stem cells from their source, the bone 
marrow. 
 
Stem-Kine was developed by stem-cell scientists and has been validated in peer-
reviewed publications by leading researchers in the field. 
 
Stem-Kine contains all natural ingredients and has no reported side effects. 
 
Stem-Kine is a food supplement only. It is not evaluated by the FDA and it is not 
intended to cure, treat or prevent any disease or condition.   

StemCello 





Face	
  and	
  Hand	
  	
  transplant	
  



Abingdon man first in the U.S. to get 
synthetic trachea transplant: 30-year-
old credits surgery in Sweden with 
saving his life from rare cancer 
|By Andrea K. Walker, The Baltimore Sun 
 
Doctors in America told Chris Lyles a 
cancerous tumor on his windpipe was 
inoperable, but he and his family wouldn't 
take no for an answer. 
They wrote surgeons all over the world, 
pleading for someone to take his case. 
Then during an Internet search, Lyles' 
brother-in-law stumbled upon a doctor in 
who recently implanted a synthetic trachea 
in a man in Eritrea. 

The windpipe, or trachea, 
made from minuscule plastic 
fibers and covered in stem 
cells taken from the man’s 
bone marrow was implanted in 
Novemebr 2011. 

(Kenneth K. Lam, Baltimore 
Sun) January 13, 2012 

Tracheal	
  transplant	
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Cell therapy overview 

Cell Therapy 
Organogenesis - Apligraf 
•  Diabetic & venous ulcers 
•  Launched 2000 
•  2007 revenue - $60m 

Dendreon - Provenge 
•  Prostate cancer 
•  Pivotal trial on-going 
•  BLA enabling results 2009 

Osiris – Prochymal 
•  GvHD 
•  Phase III underway 
•  Potential 2012 launch 

Viacell - Viacord 
•  Bone marrow alternate for leukemia 
•  Service launched 2000 
•  2007 revenue - $60m 

Tissue Immunotherapy 

Stem cells Cord blood 



APPLICATIONS 
 

Basic Biology 
Cancer Biology 
Genomics 
Drug Discovery 
Cell Therapy 

CHARACTERIZATION 
 

CD Surface Antigens 
Chemokine Receptors 
Cytokines 
Mitogens 
Immunological Features 

SOURCE 
 

Bone Marrow 
Adipose Tissue 
Umbilical Cord 
Amniotic Fluid 
Skeletal Muscle 
& Others 

ESC/iPSC 

Multi-lineage Adult Stem Cells                            
(i.e. MAPC, MPLC, MIAMI, etc.)  

MESODERM DIFFERENTIATION 

EXPANSION ISOLATION 

Chondrocyte 
(cartilage) 

Osteocyte 
(bone) 

Adipocyte 
(fat) 

Myoblasts 
(muscle) 

TRANSDIFFERENTIATION 
 

Neural 
Hepatic 
Endothelial 

Tenocyte 
(tendon) 

Mesenchymal	
  Stem	
  Cells	
  



Regenerative Medicine Stock Index 



And	
  we	
  have	
  crimminal	
  ac'vity	
  



Cell	
  Based	
  therapy	
  

• Tissue Sourcing E 
N 
G 
I 
N 
E 
E
R 
I 
N
G 

• PSC derivation 

• PSC derived 
product manufacture 

• Preclinical studies 

• Clinical studies 

• BLA license and 
commercialization 

 
1: The Cosmeceutical Industry 
2: More than 250 Stem cell related trials 
3: Medical Tourism  
4: Some adult stem cell products introduced 
5: At least two pluripotent stem cell IND’s approved 
6: More than 20 MSC companies and a similar number of 
neural therapy companies 
7: Larger Pharma companies making investments in cell 
therapy companies 
8: Several clinical translational centers set up at various 
Universities worldwide 
 
 
	
  	
  

1: 	
  Bio'me	
  
2: 	
  ACT	
  
3: 	
  Neural	
  Stem	
  cell	
  efforts	
  -­‐	
  tumors,	
  spinal	
  cord	
  injury,	
  etc.	
  
5:	
   	
  RPE	
  efforts	
  
6:	
   	
  TRANSNEURO,	
  Eurostem	
  
7: 	
  Limbal	
  cells,	
  MSC	
  and	
  MSC-­‐like	
  	
  (Mesoblast,	
  Osiris,	
  Athersys,	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  Stempeu'cs,	
  MediStem,	
  etc.)	
  
8: 	
  Numerous	
  autologous	
  efforts	
  
9: 	
  Adop've	
  immunity,	
  bone,	
  car'lage,	
  skin,	
  bladder	
  
10: 	
  Tissues,	
  scaffolds	
  and	
  bioengineering	
  
11: 	
  Ini'a'ves	
  in	
  PSC,	
  macrophages,	
  amnio'c	
  fluid	
  cells	
  and	
  other	
  

	
  	
  	
   	
  	
  	
  	
  	
  	
  products	
  
	
  	
  



 
Autologous Cells 

No Storage  
No Culture 
No Shipment 

 

 
 

Ex Vivo Expansion of 
Autologous Cells 

 
 

 
 

Ex Vivo Expansion 
 Allogeneic Cells 

 
 

Current Regulatory Environment on the Stem Cell Therapy Highway  
 

Gene Therapy 
Stem Cells 

 
 

 
 

ESC 
 
 

FDA 
No Speeding 

Allowed 

 
 

iPSC  
 
 

Litigation FDA.and RegenScience 



Current Cell Therapy Related Businesses Appear To 
Fall Into Three Different Models… 

Autologous	
  Service	
  Based	
  
(Centralized)	
   Allogeneic	
  Model	
  (~Centralized)	
  Autologous	
  Systems	
  Based	
  

(Decentralized)	
  

Current	
  
Examples	
  

Genzyme (Carticel): 
• Harvest  cartilage from 

patient 
• Ship cells to processing 

facility 
• Off-site processing: 

chrondrocyte expansion 
• Ship cells to hospital 
• Cartilage grafted to patient 

Osiris (Osteocell): 
• Harvest cells from deceased 

donor 
• Mesenchymal stem cell 

expansion 
• Grafting onto recipient patient 

Cytori (Celution System): 
• Harvest adipose tissue from 

patient 
• On-site processing: Cellution 

System used to separate / 
concentrate stem cells 

• Cells transplanted back 
patient 

Process	
  

• Cells extracted from end user 
• Off-site processing 
• End user administration 

• Cells extracted from donor 
• Processing (off-site or on-

site) 
• End user administration 

• Cells extracted, usually from 
end user 

• On-site processing (POC) 
• End user administration 

Clinical	
  
Pros/Cons	
  

Pros: 
•  Low risk of immune response 

Cons: 
• Multiple procedures; up to 1 

month time delay 
• Risk of contamination 
• Not scalable 

Pros: 
•  Fully scalable 

Cons: 
• Risk of immune response 
• Risk of contamination 

Pros: 
• Single procedure; no time 

delay 
•  Lower risk of contamination 
•  Low risk of immune response 

Cons: 
•  Limited scalability 

2	
   3	
  1	
  



Cell	
  Based	
  therapy	
  

• Tissue Sourcing E 
N 
G 
I 
N 
E 
E
R 
I 
N
G 

• PSC derivation 

• PSC derived 
product manufacture 

• Preclinical studies 

• Clinical studies 

• BLA license and 
commercialization 
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Pluripotent cells solve the source issue 



Passage 

iPSC 
ESC 

EB 
Somatic cell 

Dopaminergic neurons 

Sort 

Dopaminergic precursors – DA2 Purified dopaminergic precursors 

Purified dopaminergic neurons 

ESC culture medium 

Dopaminergic induction medium 

NSC induction medium 

Dopaminergic maturation medium 

Stage 1 

Stage 3 

Stage 4 
(product) 

Stage 5 
(test) 

For testing 

NSC Passage 

NSC culture medium 

Dopaminergic induction medium 

Stage 2 

Dopaminergic	
  neuron	
  culture	
  in	
  GMP	
  facility	
  	
  

Passage 

Midbrain precursors – DA1 

Dopaminergic differentiation medium 

ESC, iPSC starter sample enters 
GMP facility 



Demonstrating scalable production 
• Receive Seed bank 

• Use Growth Factors  
• Or 

• Expose to PA6 CM 

• Prepare Master bank 

• Prepare working bank 

• Prepare NSC 

• Initiate neurogenesis 
• Enhance dopaminergic 
differentiation 

• Validate tests for 
• Lot release 
• Efficacy 
• Viability  
• Growth characteristics 
• Freeze thaw viability 
• Contaminants 

• Shipping and 
delivery to site 
for  use 

• Verify  SOP’s 
• Verify staff  training 
• Verify receiving and  
storage process 

• Selection protocols 
• Depletion protocols 

• Transplantable 
product 

• Store in validated storage facility 

• Test and store master bank 

• Define passage number to be used 

• Define passage number to be used 

• Endpoint 
testing 

• Define time point for harvesting 

• Validate process 
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iPSC Solve the immune issue 



The	
  same	
  process	
  can	
  be	
  used	
  for	
  iPSC	
  lines	
  as	
  for	
  ESC	
  



ESC/iPSC-­‐derived	
  dopaminergic	
  neurons	
  for	
  
therapy	
  for	
  PD-­‐	
  where	
  we	
  are	
  

•  Documenta'on	
  of	
  clinical-­‐grade	
  lines:	
  consent,	
  donor	
  and	
  
acquisi'on	
  tests,	
  xeno	
  exposure	
  tests,	
  karyotype,	
  iden'ty,	
  tracking	
  
documenta'on,	
  etc	
  	
  (CIRM	
  funded)	
  

•  Established	
  a	
  GMP-­‐compa'ble	
  scalable	
  process	
  of	
  producing	
  
transplant	
  ready	
  dopaminergic	
  neurons	
  from	
  hESC	
  and	
  iPSC	
  

•  Transferred	
  the	
  process	
  to	
  City	
  of	
  Hope’s	
  GMP	
  facility	
  and	
  banked/
manufactured	
  cells	
  at	
  NSC	
  and	
  DA	
  stages	
  for	
  one	
  clinical	
  ESC	
  line	
  
under	
  CIRM	
  funded	
  grant	
  

•  Ongoing	
  animal	
  studies	
  using	
  cells	
  manufactured	
  at	
  COH:	
  Safety	
  
studies	
  with	
  Jackson’s	
  Laboratory;	
  efficacy	
  studies	
  at	
  the	
  Buck	
  
under	
  CIRM	
  funded	
  grant	
  

•  In	
  discussion	
  	
  with	
  the	
  NIH	
  Clinic	
  Center	
  (Dr.	
  Lonser)	
  on	
  using	
  
autologous	
  and/or	
  allogeneic	
  iPSC-­‐derived	
  cells	
  for	
  a	
  Phase	
  I	
  trial	
  

•  Other	
  clinical	
  partners-­‐	
  Europe-­‐	
  Parkinsons	
  Ini'a've	
  (with	
  Dr.	
  Rao)	
  
•  Other	
  industrial	
  partners	
  –	
  eg	
  Lonza	
  



Table	
  1.	
  Current	
  Roadblocks	
  to	
  Stem	
  Cell	
  Therapy	
  

1.	
   Periods	
  of	
  limited	
  government	
  involvement	
  due	
  to	
  legal,	
  
poli'cal	
  and	
  ethical	
  issue	
  

2.	
   	
  Lack	
  of	
  mature	
  regulatory	
  policy	
  

3.	
  	
   Absence	
  of	
  uniform	
  regula'ons	
  and	
  ac'vity	
  across	
  countries	
  

4.	
  	
   Absence	
  of	
  uniform	
  global	
  patent	
  interpreta'ons	
  on	
  pluripotent	
  stem	
  cells	
  

5.	
  	
   Absence	
  of	
  standards	
  and	
  controls	
  

6.	
   Lack	
  of	
  successful	
  business	
  models	
  thus	
  far	
  for	
  autologous	
  therapy	
  

7.	
  	
   Limited	
  availability	
  of	
  investment	
  in	
  new	
  business	
  models	
  

8.	
   Issues	
  of	
  consent	
  and	
  sourcing	
  related	
  to	
  cell-­‐based	
  manufacture	
  

9.	
   Limited	
  exper'se	
  in	
  scaled-­‐up	
  cell	
  manufacturing	
  

10.	
   Issues	
  of	
  risk	
  management,	
  reimbursement,	
  and	
  long-­‐term	
  follow-­‐up	
  in	
  cell-­‐
based	
  therapy	
  trials	
  

Obstacles to translation of novel findings to cell-based therapy. 
The NIH Center for Regenerative Medicine may be able to assist, as 
an unbiased arbiter, to resolve some of these issues. 



Broadly	
  Relevant	
  Procedural,	
  
Regulatory	
  Challenges	
  

Addressed	
  	
  

Biomedical 

Research  

Community 

CRM  
Collaborative  

Projects 

A resource for the entire community 

iPS Cells from 
many genotypes 

Differentiated 
Cells 

Policies, 
Standards, 

Training 

NIH Center for Regenerative 
Medicine 

NIH CRM 

External	
  
Scien'fic	
  
Panel	
  

Community	
  
Input	
  



What	
  Next	
  

Gene'c	
  Correc'on	
  
Personalized	
  Medicine	
  



Clinical	
  grade	
  iPSC	
  from	
  fibroblasts	
  



IPSC	
  from	
  a	
  clinically	
  accessible	
  source	
  



ESC/iPSC	
  to	
  HSC	
  



iPSC	
  from	
  blood	
  or	
  	
  cord	
  blood	
  

• Fresh 
Harvest 

• CD34+ cells or mononuclear 
fraction 

• Confirm consent 
• Data Anonymization 
Issues 
• HLA typing data 

• iPSC generation 

• 50,000 cells 
• Sendai 
• Electroporation 
• Vectors 
• IP issues 
• 96 well format 
• Media and timeline 

• At time of 
use of unit 

• From designed bag or 
tubing 
• / Non Ficoll process 

• Cord  Bank 

• Receive at iPSC site 

• Shipping 
• Tracking 
• Identity 

• iPSC testing 
• Pluripotency 
• Differentiation 
• Karyotype 

• Ship and 
store 



ESC/iPSC	
  to	
  MSC	
  



Why	
  	
  source	
  from	
  cord	
  blood	
  banks	
  
1:	
  Tissue	
  sourcing	
  is	
  well	
  organized	
  and	
  validated	
  

2:	
  HLA	
  typing	
  data	
  is	
  already	
  being	
  collected	
  by	
  banks	
  

3:	
  	
  Exis'ng	
  samples	
  can	
  be	
  used	
  without	
  compromising	
  their	
  ul'mate	
  use	
  

4:	
  	
  A	
  renumera'on	
  model	
  already	
  exists	
  

5:	
  	
  Zerofootprint	
  methods	
  work	
  	
  well	
  with	
  cord	
  blood	
  cells	
  

6:	
  A	
  Xenofree	
  media	
  and	
  protocol	
  has	
  been	
  developed	
  so	
  clinical	
  grade	
  iPSC	
  lines	
  	
  
	
  can	
  be	
  made	
  

7:	
  	
  Cord	
  blood	
  is	
  the	
  youngest	
  source	
  of	
  stem	
  cells	
  one	
  may	
  obtain	
  reliably	
  and	
  
	
  easily	
  

8:	
  Stem	
  cells	
  in	
  general	
  have	
  specific	
  mechanisms	
  to	
  maintain	
  genomic	
  integrity	
  ,	
  
	
  delay	
  senescence	
  and	
  protect	
  against	
  transforma'on.	
  

9:	
  	
  The	
  process	
  can	
  be	
  easily	
  extended	
  to	
  blood	
  banks	
  and	
  marrow	
  derived	
  CD34	
  
	
  cells	
  using	
  the	
  same	
  infrastructure	
  

10:	
  Soma'c	
  memory	
  and	
  differen'a'on	
  bias	
  may	
  work	
  in	
  our	
  favor	
  for	
  early	
  
	
  therapeu'c	
  efforts	
  

11:	
  	
  May	
  revive	
  the	
  cord	
  blood	
  banking	
  business	
  

Table	
  1:	
  	
  The	
  	
  rela've	
  advantages	
  of	
  making	
  iPSC	
  from	
  either	
  a	
  private	
  or	
  a	
  public	
  cord	
  blood	
  
bank	
  are	
  listed.	
  
	
  



Thank	
  You	
  

Ques'ons-­‐	
  email	
  
Mahendra,rao@nih.gov	
  

	
  


