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Research	  interest:	  	  
Regenera.ve	  poten.al	  of	  MSCs	  
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Research	  interests	  
•  Stem	   cells	   signaling	   pathways	   that	   dictate	   differen.a.on	   into	  

osteogenic	  lineage	  
J	  Cell	  Physiol.	  2015.	  Mar	  9.	  [Epub	  ahead	  of	  print].	  Impact	  factor	  =	  3.87	  
PLoS	  One.	  2014.	  9:e103060.	  	  Impact	  factor	  =	  	  3.534	  
Growth	  Factors.	  2012.	  30:333-‐343.	  Impact	  factor	  =	  3.088	  
J	  Orthop	  Res.	  2012.	  30:1051-‐1057.	  Impact	  factor	  =	  2.972	  

•  Stem	   cells	   surface	   markers,	   their	   func.ons,	   use	   of	   stem	   cells	  
surface	  markers	  for	  selec.on	  of	  osteogenic	  stem	  cells	  

J	  Orthop	  Res.	  2015.	  33(5):625-‐632.	  Impact	  factor	  =	  2.972	  

•  Bone	  .ssue	  engineering	  using	  gene	  therapy	  and	  stem	  cells	  
Cell	  and	  Sssue	  research.	  2015.	  Accepted	  for	  publicaSon.	  Impact	  factor	  =	  3.333	  
Bone	  Marrow	  Res.	  2013.	  2013:737580.	  	  Impact	  factor	  =	  Open	  access	  journal	  
Curr	  Pharm	  Des.	  2013.	  19:3374-‐3383.	  Impact	  factor	  =	  3.55	  
Growth	  Factors.	  2011.	  29:36-‐48.	  Impact	  factor	  =	  3.088	  
Growth	  Factors.	  2010.	  28:306-‐317.	  Impact	  factor	  =	  3.088	  

•  Interac.on	   between	   immune	   cells	   and	   stem	   cells	   during	  
osteogenesis	  :	  use	  of	  allogeneic	  stem	  cells	  for	  bone	  regenera.on	  

Journal	  of	  Immunology	  Research.	  2015.	  2015:ID	  752510.	  Impact	  factor	  =	  2.934	  
Journal	  of	  Immunology	  Research.	  2015.	  2015:ID	  192415.	  Impact	  factor	  =	  2.934	  	  
J	  Orthop	  Res.	  2013.	  31:227-‐234.	  Impact	  factor	  =	  2.972	  
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Why	  study	  MSCs?	  	  

•  Deficiencies associated with fracture non-unions 
• Defective Mesenchymal stem cells (MSCs): 
-Decreased osteogenesis, increased cell senescence and elevated Dickkopf-1  
 (Dkk-1) secretion.  
-Decreased number in bone marrow, decreased proliferation.  
 

• Defective Bone morphogenetic proteins (BMPs) signaling in MSCs: 
- Downregulation of gene expression of BMPs-2,3,4,6,7; noggin, germlin, sclerostin,  
  BAMBI  in experimental atrophic nonunions in rats.  
-Downregulation of gene expression of BMP-7 
-Balance between local presence of BMPs and BMP-inhibitors; total absence of 
pSmads 1/5/8 in cartilage.  
 

• Defective induction of bone formation by MSCs in presence of 
immune cells – new concept 

-T cells inhibit bone formation induced by MSCs 
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Why	  study	  MSCs?	  Clinically	  speaking	  -‐	  

AMERICAN	  ACADEMY	  OF	  ORTHOPAEDIC	  SURGEONS	  
77TH	  ANNUAL	  MEETING,	  MARCH	  9	  -‐	  13,	  2010	  

NEW	  ORLEANS,	  LOUISIANA	  
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Why	  study	  MSCs?	  Clinically	  speaking	  -‐	  
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Poten.al	  need	  for	  allogeneic	  MSCs	  

Pre-‐made	  
Ready	  to	  use	  
Off-‐the-‐shelf	  

Osteoconduc.ve	  
Allogeneic	  MSCs	  

Derived	  from-‐	  young	  
healthy	  males	  

Fracture	  
non-‐unions	  

Older	  
pa.ents	  

People with 
osteoporosis, 
osteonecrosis, 

multiple myeloma, 
lupus, ALS, 

myelodysplastic 
syndromes, obesity	  

Females	  

Individuals	  on	  
prescrip.on	  
medica.ons	  
(An.diabe.c	  -‐	  
Rosiglitazone,	  

thiazolidinediones;	  
NSAID	  COX-‐2	  
inhibitors)	  

People	  
consuming	  
alcohol	  in	  
excess	  

Basic	  &	  clinical	  research,	  clinical	  trials,	  FDA-‐approval	  
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Currently	  available	  FDA-‐approved	  MSCs-‐based	  cellular	  bone	  
matrices	  (CBMs)	  (all	  data	  is	  shown	  exactly	  as	  reported	  by	  the	  
individual	  companies;	  no	  extrapola.ons	  have	  been	  made)	  

Product	   Osteocel	  Plus	   Trinity	  
Evolu.on	  

Cellentra	  
VCBM	  

AlloStem	   Ova.on	  

Manufacturer	   NuVasive,	  Inc.	  
(San	  Diego,	  CA,	  USA)	  

Orthofix	  
(Lewisville,	  TX,	  USA)	  

Biomet	  (Warsaw,	  
IN,	  USA)	  

AlloSource	  
(Centennial,	  CO,	  USA)	  

Osiris	  
TherapeuScs,	  
Inc.	  (Columbia,	  MD,	  

USA)	  

Source	  of	  MSCs	   Cadaveric	  
bone	  

Cadaveric	  bone	  Cadaveric	  bone	   Cadaveric	  
adipose	  Sssue	  

Live	  donor	  
placenta	  

chorion	  layer	  
Osteoinduc.ve	  

cytokines	  
Naturally	  

occurring	  in	  
bone	  

Naturally	  
occurring	  in	  

bone	  

BMP-‐2,	  4,	  7;	  
VEGF;	  TGF-‐β;	  
PDGF;	  IGF-‐1;	  

FGF	  

Naturally	  
occurring	  in	  

bone	  

BMP-‐2,	  7;	  
PDGF;	  VEGF;	  
FGF;	  IGF-‐1;	  
TGF-‐β;	  PIGF	  

Osteoconduc.ve	  
carrier	  

Cancellous	  
bone	  chips	  

Demineralized	  
bone	  

Cancellous	  
bone	  matrix	  

Demineralized	  
bone	  

None	  (product	  
can	  be	  added	  
to	  any	  carrier)	  

Price	  for	  1	  cc	   $460.00	   $540.00	   $620.00	   $540.00	   $7,150	  
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Caveats	  of	  current	  MSCs-‐based	  CBMs	  

•  The	  manufacturers	  claimed	  that	  efficacy	  of	  the	  product	  
did	  not	  depend	  on	  MSCs	  –	  probably	  only	   to	  avoid	  FDA	  
premarket	  applicaSon	  (PMA)	  

•  Since	   the	   currently	   marketed	   CBMs	   bypassed	   FDA	  
premarket	   review,	   they	  did	  not	  undergo	  clinical	   trials	   -‐	  
safety	  and	  efficacy	  is	  elusive.	  	  

•  All	   are	   allogeneic	   MSCs-‐based	   –	   effecSveness	   of	  
allogeneic	  MSCs	  is	  controversial	  	  

The	   most	   expensive	   and	   only	   CBM	   using	   live	   source	  
received	  warning	  from	  FDA	  in	  2013	  that	  OvaSon	  does	  not	  
meet	  21	  CFR	  Part	  1271.10	  –	  the	  producSon	  will	  stop	  in	  1-‐2	  
years	  based	  on	  reports	  of	  FDA	  this	  year.	  
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Allogeneic	  MSCs	  do	  not	  work	  

Mesenchymal	  stem	  cells	  

3	  weeks	  	  	  	  	  	  	  	  	  	  	  6	  weeks	   3	  weeks	  	  	  	  	  	  	  	  	  	  	  6	  weeks	   3	  weeks	  	  	  	  	  	  	  	  	  	  	  6	  weeks	  

Syngeneic	   Allogeneic	   Allogeneic	  
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T	  cells	  inhibit	  osteogenesis	  
Treg	  cells	  promote	  osteogenesis	  
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•  Our	   long	   term	   goal	   is	   to	   produce	   an	   op.mum	  
(osteoconduc.ve,	   osteoinduc.ve,	   T	   cells-‐inhibi.ng,	  
providing	   structural	   strength)	   deliverable,	   FDA-‐
approved	  bone	  graW	  subs.tute	  for	  bone	  regenera.on	  	  

Goals	  
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Thank	  You	  


