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Stem	
  cells:	
  unspecialized	
  cells	
  that	
  can	
  differen'ate	
  and	
  self	
  renew	
  
	
  
e.g.	
  hematopoie)c	
  stem	
  cell,	
  embryonic	
  stem	
  cells,	
  induced	
  pluripotent	
  
stem	
  cells	
  



What	
  are	
  the	
  Normal	
  Uses	
  of	
  Stem	
  Cells?	
  

Development	
  

Tissue	
  repair	
  following	
  injury	
  

Tissue	
  homeostasis	
  





Early	
  Embryonic	
  Development	
  



Cleavage:	
  cell	
  division	
  without	
  
growth	
  
	
  
Cells	
  up	
  to	
  the	
  morula	
  stage	
  
are	
  to)potent	
  





Trophoblast:	
  forms	
  placenta	
  and	
  
other	
  extraembryonic	
  structures	
  
	
  
Inner	
  cell	
  mass:	
  develops	
  into	
  
the	
  fetus,	
  pluripotent	
  



Implanta)on	
  of	
  
the	
  Blastocyst	
  
6-­‐12	
  days	
  aQer	
  ovula)on	
  
	
  
Allows	
  embryo	
  to	
  obtain	
  oxygen	
  
and	
  nutrients	
  for	
  it	
  to	
  grow	
  
	
  
Steps:	
  
1.  Hatching	
  
2.  Apposi)on	
  (loose	
  

associa)on)	
  
3.  Adhesion—penetrates	
  

endometrium	
  
4.  Invasion—secre)on	
  of	
  

human	
  choronic	
  
gonadotropin	
  (HCG)—
posi)ve	
  pregnancy	
  test!	
  



Gastrula)on	
  

Inner	
  cell	
  mass	
  organized	
  into	
  disc	
  composed	
  of	
  epiblast	
  and	
  hypoblast	
  
Hypoblast—extra	
  embryonic	
  endoderm	
  
Epiblast—fetus	
  
	
  
Movement	
  and	
  reorganiza)on	
  of	
  cells	
  in	
  the	
  embryo,	
  begins	
  at	
  anus	
  and	
  moves	
  
anteriorly	
  
Resul)ng	
  embryo	
  has	
  3	
  germ	
  layers:	
  endoderm,	
  mesoderm,	
  ectoderm	
  



Cells	
  of	
  different	
  germ	
  layers	
  develop	
  into	
  different	
  parts	
  of	
  the	
  body	
  

Endoderm:	
  Internal	
  layer	
  
Mesoderm:	
  Middle	
  layer	
  
Ectoderm:	
  External	
  layer	
  



Organogenesis-­‐-­‐Neurula)on	
  

Organogenesis:	
  forma)on	
  of	
  organs	
  
Neurula)on:	
  forma)on	
  of	
  neural	
  tube,	
  
which	
  develops	
  into	
  the	
  brain	
  and	
  spinal	
  
cord	
  

Organogenesis	
  takes	
  place	
  from	
  3-­‐8	
  weeks	
  aQer	
  
fer)liza)on	
  



Major	
  events	
  in	
  organogenesis	
  
Week	
  4:	
  	
  
•  Primi)ve	
  heart	
  starts	
  to	
  beat	
  
•  Eyes,	
  ears,	
  liver,	
  blood	
  and	
  arms	
  beginning	
  to	
  

form	
  
	
  
Weeks	
  5	
  and	
  6:	
  	
  
•  Muscle,	
  liver,	
  stomach,	
  pancreas,	
  lung,	
  kidneys	
  

start	
  to	
  develop	
  

Week	
  7:	
  
•  Sex	
  development	
  begins	
  
•  Fingers	
  appear	
  
	
  
Week	
  8:	
  	
  
•  Major	
  organ	
  development	
  is	
  complete	
  
•  Dis)nctly	
  human,	
  head	
  s)ll	
  large,	
  tail	
  small	
  
•  At	
  the	
  end	
  of	
  week	
  8	
  embryonic	
  development	
  is	
  

complete	
  and	
  embryo	
  is	
  called	
  a	
  fetus	
  
•  Probability	
  of	
  miscarriage	
  decreases	
  
•  Approximately	
  2.5	
  cm	
  

5	
  

6	
  

7	
  

8	
  



Where	
  can	
  stem	
  cells	
  be	
  found?	
  

Adult	
  



Progressive	
  Restric'on	
  of	
  Developmental	
  
Poten'al	
  

Adult	
  
	
  
Fer'liza'on	
  
	
  

	
  	
  	
  Fetal	
  &	
  Adult	
  
	
  	
  	
  Stem	
  Cell	
  

• 	
  	
  To'potency	
  

Differen)a)on	
  poten)al	
  

	
  	
  	
  Embryonic	
  
	
  	
  	
  Stem	
  Cell	
  

• 	
  	
  Pluripotency	
   • 	
  	
  Mul'potency	
  



Stem	
  cells	
  have	
  different	
  developmental	
  poten)als	
  



Discovery	
  of	
  stem	
  cells	
  



Alexander	
  Maximow	
  1909	
  
	
  
	
  
	
  
	
  
Unitarian	
  theory	
  of	
  hematopoiesis	
  (blood	
  forma)on)	
  

	
  -­‐all	
  blood	
  cells	
  descended	
  from	
  a	
  common	
  
	
  	
  precursor	
  “stem”	
  cell	
  

	
  
	
  
	
  



McCulloch	
  and	
  Till	
  were	
  the	
  first	
  
to	
  demonstrate	
  the	
  existence	
  of	
  
mul)potent	
  stem	
  cells!	
  

Analysis	
  of	
  the	
  cells	
  in	
  the	
  spleen	
  demonstrated	
  that	
  the	
  
cells	
  in	
  each	
  nodule	
  were	
  clones	
  

1961	
  



Discovery	
  of	
  pluripotent	
  stem	
  
cells	
  



Mouse	
  lines	
  are	
  inbred	
  and	
  
therefore	
  gene)cally	
  iden)cal!	
  

Leroy	
  Stevens	
  

Strain	
  129!	
  



Isolate	
  cells	
  from	
  mouse	
  embryos	
  

Transplant	
  into	
  adult	
  	
  
mouse	
  testes	
  

Teratomas!	
  

Tumors	
  develop	
  from	
  pluripotent	
  stem	
  cells	
  
in	
  the	
  mouse	
  gonad	
  

Pluri=several	
  



Pluripotent	
  stem	
  cells	
  have	
  the	
  poten)al	
  to	
  develop	
  
into	
  any	
  cell	
  in	
  the	
  human	
  body!	
  

ES	
  cells	
  are	
  pluripotent	
  stem	
  cells!	
  





How	
  are	
  ES	
  cells	
  derived?	
  



Fetus	
  develops	
  from	
  cells	
  of	
  the	
  inner	
  cell	
  mass	
  

Embryonic	
  stem	
  (ES)	
  cells	
  are	
  derived	
  
from	
  the	
  cells	
  of	
  the	
  inner	
  cell	
  mass	
  
(ICM)	
  



Embryos	
  for	
  ES	
  cell	
  research	
  are	
  obtained	
  through	
  in	
  
vitro	
  fer)liza)on	
  

Accounts	
  for	
  99%	
  of	
  ART	
  procedures	
  
Es)mated	
  3	
  million	
  worldwide	
  (2%	
  of	
  all	
  US	
  births)	
  





Bea)ng	
  heart	
  muscle	
  from	
  ES	
  cells!	
  



Why	
  do	
  we	
  need	
  more	
  ES	
  cell	
  lines?	
  	
  
Aren’t	
  the	
  ones	
  we	
  have	
  sufficient?	
  
And	
  how	
  does	
  cloning	
  fit	
  into	
  the	
  

picture?	
  



Our	
  bodies	
  can	
  recognize	
  
	
  self	
  vs	
  non-­‐self	
  

What	
  confers	
  this	
  ability?	
  



*
*

*

Human	
  MHC	
  genes	
  are	
  highly	
  polymorphic	
  

What	
  is	
  the	
  probability	
  that	
  a	
  full	
  sibling	
  will	
  be	
  a	
  gene)c	
  match?	
  



Probability	
  of	
  finding	
  bone	
  marrow	
  match	
  	
  
in	
  the	
  general	
  popula)on	
  

Probability	
  of	
  finding	
  a	
  match	
  is	
  greatest	
  within	
  own	
  ethnic	
  group	
  
	
  
Mixed-­‐race	
  individuals	
  face	
  greater	
  challenges	
  



Generate	
  or	
  obtain	
  
	
  fer)lized	
  eggs	
  

Development	
  
	
  in	
  vitro	
  

SCNT	
  vs.	
  ES	
  cell	
  bank	
  



Solu)ons	
  to	
  the	
  Tissue	
  Rejec)on	
  
Problem	
  

•  Have	
  a	
  bank	
  of	
  ES	
  cells	
  of	
  different	
  HLA	
  
haplotypes	
  representa)ve	
  of	
  different	
  
popula)ons	
  	
  
–  similar	
  to	
  bone	
  marrow	
  registry	
  where	
  chances	
  of	
  a	
  
match	
  is	
  related	
  to	
  what	
  is	
  available	
  in	
  the	
  bank	
  

•  Obtain	
  ES	
  cell	
  lines	
  for	
  each	
  individual	
  through	
  
soma)c	
  cell	
  nuclear	
  transfer	
  (SCNT)	
  or	
  cloning	
  
–  Personalized	
  medicine!	
  



How	
  do	
  you	
  “clone”	
  a	
  human	
  embryo?	
  



Reproduc)ve	
  vs.	
  Therapeu)c	
  Cloning	
  



Human	
  Cloning	
  Laws	
  

Reproduc've	
  
Cloning	
  Ban	
  

Reproduc've	
  and	
  
Therapeu'c	
  
Cloning	
  Ban	
  

Ban	
  on	
  State	
  
Funding	
  for	
  Cloning	
  
Related	
  Research	
  

State	
  Funding	
  
Allowed	
  for	
  ES	
  Cell	
  
Research	
  (IVF	
  and	
  
Cloning)	
  

California,	
  
Connec)cut,	
  Illinois,	
  
Iowa,	
  Maryland,	
  
Massachusems,	
  
Missouri,	
  Montana,	
  
New	
  Jersey	
  	
  

Arizona,	
  Arkansas,	
  
Indiana,	
  Michigan,	
  
North	
  Dakota,	
  
Oklahoma,	
  South	
  
Dakota,	
  Virginia	
  

Arizona,	
  Indiana,	
  
Louisiana,	
  Michigan	
  

California,	
  Illinois,	
  
Missouri,	
  Maryland,	
  
New	
  York	
  

5/2011	
  

There	
  is	
  no	
  federal	
  law	
  banning	
  reproduc)ve	
  cloning	
  



No	
  need	
  for	
  an)-­‐rejec)on	
  medica)on!	
  

Using	
  Cloned	
  ES	
  Cells	
  
to	
  Treat	
  Disease	
  



What	
  are	
  some	
  challenges	
  to	
  using	
  
SCNT	
  to	
  generate	
  pluripotent	
  stem	
  

cells?	
  



Why	
  is	
  there	
  controversy	
  surrounding	
  
human	
  ES	
  cell	
  research?	
  



Moral	
  Status	
  

•  Have	
  protec)on	
  afforded	
  by	
  moral	
  norms	
  
– Owe	
  obliga)on	
  to	
  such	
  individuals	
  

•  Who	
  should	
  have	
  moral	
  status?	
  
•  What	
  criteria	
  should	
  be	
  used	
  to	
  determine	
  
whether	
  a	
  person	
  has	
  moral	
  status?	
  



When	
  do	
  you	
  think	
  personhood	
  
begins?	
  

A.  Fer)liza)on	
  
B.  Implanta)on	
  in	
  uterus	
  
C.  End	
  of	
  embryogenesis	
  (has	
  human	
  body	
  

plan)	
  
D.  Viability	
  outside	
  uterus	
  
E.  Birth	
  



What	
  criteria	
  should	
  we	
  use	
  to	
  
define	
  personhood?	
  



Roe	
  v.	
  Wade	
  (1973)	
  

•  Right	
  to	
  privacy	
  extends	
  to	
  a	
  woman’s	
  
right	
  to	
  have	
  an	
  abor)on	
  

•  Right	
  must	
  be	
  balanced	
  against	
  the	
  
protec)on	
  of	
  prenatal	
  life	
  and	
  mother’s	
  
health	
  



What	
  does	
  Roe	
  v.	
  Wade	
  say	
  about	
  
moral	
  status	
  and	
  when	
  personhood	
  

begins	
  
•  Original	
  opinion:	
  
•  The	
  state	
  could	
  not	
  restrict	
  abor)on	
  in	
  the	
  first	
  trimester	
  
•  In	
  second	
  trimester,	
  the	
  state	
  can	
  issue	
  regula)ons	
  “that	
  
are	
  reasonably	
  related	
  to	
  maternal	
  health”	
  

•  In	
  third	
  trimester,	
  the	
  state	
  and	
  regulate	
  or	
  prohibit	
  
abor)on	
  except	
  “where	
  it	
  is	
  necessary,	
  in	
  appropriate	
  
medical	
  judgment,	
  for	
  the	
  preserva)on	
  of	
  the	
  life	
  or	
  
health	
  of	
  the	
  mother”	
  

•  Planned	
  Parenthood	
  v.	
  Casey	
  (1992)	
  
•  Supreme	
  court	
  rejected	
  rigid	
  trimester	
  formula,	
  rather	
  it	
  
asserted	
  viability	
  as	
  the	
  point	
  where	
  the	
  protec2on	
  of	
  the	
  
life	
  of	
  the	
  fetus	
  outweighs	
  the	
  rights	
  of	
  the	
  woman	
  and	
  
abor)on	
  can	
  be	
  banned	
  “except	
  where	
  it	
  is	
  necessary,	
  in	
  
appropriate	
  medical	
  judgment,	
  for	
  the	
  preserva)on	
  of	
  the	
  
life	
  or	
  health	
  of	
  the	
  mother”	
  



Can	
  we	
  generate	
  pluripotent	
  stem	
  
cells	
  without	
  destroying	
  an	
  embryo?	
  



Grow	
  biopsied	
  
blastomere	
  in	
  culture	
  
	
  
Can	
  develop	
  into	
  ES	
  cells	
  
and	
  trophoectoderm	
  

ES	
  cells	
  can	
  be	
  derived	
  from	
  a	
  single	
  blastomere	
  

Uses	
  same	
  technique	
  as	
  that	
  for	
  PGD	
  
No	
  babies	
  have	
  been	
  born	
  from	
  biopsied	
  embryos	
  



Deac)vated	
  viruses	
  
have	
  viral	
  genes	
  
replaced	
  with	
  targeted	
  
human	
  gene	
  

Human	
  gene(s)	
  are	
  
inserted	
  into	
  the	
  
chromosome	
  of	
  the	
  
infected	
  cell	
  and	
  
directs	
  the	
  expression	
  
of	
  the	
  inserted	
  gene	
  







SCNT	
  vs.	
  IPS	
  cells	
  



Use	
  iPS	
  
cells	
  to	
  
study	
  
diseases!	
  



What	
  about	
  “adult”	
  stem	
  cells?	
  



Adult	
  stem	
  cells	
  are…	
  

•  Also	
  present	
  in	
  children	
  
•  Have	
  limited	
  differen)a)on	
  poten)al,	
  usually	
  
restricted	
  to	
  a	
  few	
  cell	
  types	
  



Stem	
  Cells	
  in	
  the	
  Hair	
  Follicle	
  

Sorry	
  Rapunzel!	
  





Hair	
  Transplanta)on	
  is	
  Stem	
  Cell	
  Therapy!	
  



Limita)ons	
  of	
  mul)potent	
  stem	
  
cells	
  

•  Limited	
  developmental	
  poten)al	
  
•  Difficult	
  to	
  find	
  and	
  isolate	
  
•  Difficult	
  to	
  grow	
  in	
  culture	
  



What	
  is	
  the	
  current	
  stem	
  cell	
  
policy	
  in	
  the	
  United	
  States?	
  



Policy	
  under	
  Barack	
  Obama	
  
March	
  9,	
  2009	
  
Execu've	
  order	
  13505	
  
•  The	
  Secretary	
  of	
  Health	
  and	
  Human	
  

Services	
  (Secretary),	
  through	
  the	
  
Director	
  of	
  NIH,	
  may	
  support	
  and	
  
conduct	
  responsible,	
  scien)fically	
  
worthy	
  human	
  stem	
  cell	
  research,	
  
including	
  human	
  embryonic	
  stem	
  cell	
  
research,	
  to	
  the	
  extent	
  permimed	
  by	
  
law.	
  

•  The	
  Presiden)al	
  statement	
  of	
  August	
  9,	
  
2001,	
  limi)ng	
  Federal	
  funding	
  for	
  
research	
  involving	
  human	
  embryonic	
  
stem	
  cells,	
  shall	
  have	
  no	
  further	
  effect	
  
as	
  a	
  statement	
  of	
  governmental	
  policy.	
  

•  Execu)ve	
  Order	
  13435	
  of	
  June	
  20,	
  2007,	
  
which	
  supplements	
  the	
  August	
  9,	
  2001,	
  
statement	
  on	
  human	
  embryonic	
  stem	
  
cell	
  research,	
  is	
  revoked.	
  



NIH	
  Guidelines	
  (July	
  2009)	
  
ES	
  cell	
  research	
  eligible	
  for	
  NIH	
  funding	
  if:	
  
1.  that	
  were	
  created	
  using	
  in	
  vitro	
  fer)liza)on	
  for	
  reproduc)ve	
  purposes	
  and	
  were	
  no	
  longer	
  

needed	
  for	
  this	
  purpose	
  
2.  that	
  were	
  donated	
  by	
  individuals	
  who	
  sought	
  reproduc)ve	
  treatment	
  (hereaQer	
  referred	
  to	
  as	
  

"donor(s)")	
  and	
  who	
  gave	
  voluntary	
  wrimen	
  consent	
  for	
  the	
  human	
  embryos	
  to	
  be	
  used	
  for	
  
research	
  purposes	
  

3.  No	
  payments,	
  cash	
  or	
  in	
  kind,	
  were	
  offered	
  for	
  the	
  donated	
  embryos.	
  
4.  Decisions	
  related	
  to	
  the	
  crea)on	
  of	
  human	
  embryos	
  for	
  reproduc)ve	
  purposes	
  should	
  have	
  been	
  

made	
  free	
  from	
  the	
  influence	
  of	
  researchers	
  proposing	
  to	
  derive	
  or	
  u)lize	
  hESCs	
  in	
  research.	
  	
  
	
  
Research	
  NOT	
  eligible	
  for	
  NIH	
  funding:	
  
1.  NIH	
  funding	
  of	
  the	
  deriva)on	
  of	
  stem	
  cells	
  from	
  human	
  embryos	
  is	
  prohibited	
  by	
  the	
  annual	
  

appropria)ons	
  ban	
  on	
  funding	
  of	
  human	
  embryo	
  research	
  (Sec)on	
  509,	
  Omnibus	
  Appropria)ons	
  
Act,	
  2009,	
  Pub.	
  L.	
  111-­‐8,	
  3/11/09),	
  otherwise	
  known	
  as	
  the	
  Dickey	
  Amendment.	
  

2.  Research	
  using	
  hESCs	
  derived	
  from	
  other	
  sources,	
  including	
  soma)c	
  cell	
  nuclear	
  transfer,	
  
parthenogenesis,	
  and/or	
  IVF	
  embryos	
  created	
  for	
  research	
  purposes,	
  is	
  not	
  eligible	
  for	
  NIH	
  
funding.	
  



Dickey-­‐Wicker	
  Amendment	
  (1995)	
  

Prohibits	
  Dept	
  HHS	
  appropria)ons	
  for:	
  
(1)	
  the	
  crea)on	
  of	
  a	
  human	
  embryo	
  or	
  embryos	
  
for	
  research	
  purposes;	
  or	
  

(2)	
  research	
  in	
  which	
  a	
  human	
  embryo	
  or	
  
embryos	
  are	
  destroyed,	
  discarded,	
  or	
  
knowingly	
  subjected	
  to	
  risk	
  of	
  injury	
  or	
  death	
  
greater	
  than	
  that	
  allowed	
  for	
  research	
  on	
  
fetuses	
  in	
  utero	
  



Sherley	
  v.	
  Sebelius	
  
•  8/19/2009—complaint	
  filed	
  challenging	
  the	
  legality	
  of	
  NIH	
  guidelines	
  
•  8/23/2010—preliminary	
  injunc)on	
  from	
  DC	
  District	
  court	
  blocking	
  

implementa)on	
  of	
  NIH’s	
  2009	
  guidelines,	
  saying	
  that	
  it	
  violates	
  the	
  
Dickey-­‐Wicker	
  amendment	
  	
  

•  9/9/2010—preliminary	
  injunc)on	
  liQed	
  pending	
  decision	
  from	
  US	
  court	
  of	
  
appeals	
  

•  4/29/2011—injunc)on	
  vacated	
  by	
  US	
  court	
  of	
  appeals.	
  	
  Using	
  the	
  Chevron	
  
doctrine,	
  the	
  court	
  concluded	
  that	
  the	
  Dickey-­‐Wicker	
  amendment	
  is	
  
ambiguous	
  and	
  that	
  NIH	
  has	
  acted	
  reasonably	
  in	
  concluding	
  that	
  public	
  
funds	
  could	
  be	
  used	
  for	
  human	
  embryonic	
  stem	
  cell	
  research.	
  	
  Also,	
  the	
  
panel	
  that	
  the	
  government	
  would	
  be	
  harmed	
  by	
  the	
  injunc)on	
  more	
  than	
  
the	
  plain)ffs	
  by	
  not	
  having	
  one.	
  

•  1/7/13—US	
  Supreme	
  court	
  refuses	
  to	
  hear	
  appeal	
  



Stem	
  cell	
  research	
  policy	
  by	
  state:	
  



California	
  Ins)tute	
  for	
  Regenera)ve	
  Medicine	
  
(CIRM)	
  

•  Created	
  in	
  2004	
  through	
  the	
  passage	
  of	
  prop	
  71	
  (59%	
  of	
  vote)	
  
–  Allocates	
  grant	
  money	
  for	
  research	
  purposes	
  
–  Sets	
  appropriate	
  regulatory	
  standards	
  

•  Prop	
  71:	
  
–  Makes	
  conduc)ng	
  stem	
  cell	
  research	
  a	
  cons)tu)onal	
  right	
  
–  Uses	
  general	
  obliga)on	
  bonds	
  to	
  fund	
  scien)fic	
  research	
  (normally	
  for	
  

brick	
  and	
  mortar	
  projects)	
  
–  Takes	
  on	
  typical	
  federal	
  government	
  role	
  of	
  funding	
  scien)fic	
  research	
  
–  Represents	
  a	
  unique	
  example	
  where	
  the	
  public	
  decided	
  to	
  fund	
  scien)fic	
  

research	
  
•  Issues	
  3	
  billion	
  in	
  grants	
  funded	
  by	
  bonds	
  over	
  10	
  years	
  

–  Money	
  can	
  be	
  used	
  for	
  all	
  stem	
  cell	
  research,	
  with	
  priority	
  for	
  human	
  
embryonic	
  stem	
  cell	
  research	
  

•  First	
  research	
  grants	
  were	
  awarded	
  in	
  2007	
  
•  Funding	
  through	
  prop	
  71	
  expected	
  to	
  end	
  by	
  2017	
  



The	
  Promise	
  of	
  Regenera)ve	
  Medicine	
  



Cost	
  of	
  Developing	
  a	
  New	
  Drug	
  





Clinical	
  Trials	
  

•  Phase	
  I:	
  Safety	
  
•  Usually	
  includes	
  healthy	
  (paid)	
  volunteers	
  

•  Phase	
  II:	
  Efficacy	
  
•  Pa)ents	
  are	
  involved	
  
•  Usually	
  where	
  drug	
  fails	
  

•  Phase	
  III-­‐-­‐-­‐Randomized	
  controlled	
  trial	
  
•  Involves	
  larger	
  numbers	
  of	
  pa)ents	
  
•  Compares	
  efficacy	
  of	
  drug	
  against	
  current	
  “gold	
  
standard”	
  treatment	
  

•  Expensive	
  

There	
  are	
  currently	
  2	
  clinical	
  trials	
  using	
  ES	
  cell	
  derived	
  therapy	
  



Hurdles	
  to	
  using	
  stem	
  cells	
  for	
  disease	
  
treatment	
  

•  Reproducibly	
  proliferate	
  and	
  generate	
  sufficient	
  )ssue	
  
•  Reproducibly	
  differen)ate	
  into	
  the	
  desired	
  cell	
  type	
  
•  Delivery	
  to	
  desired	
  organ	
  
•  Survive	
  in	
  the	
  recipient	
  aQer	
  transplant	
  
•  Integrate	
  into	
  the	
  surrounding	
  )ssue	
  
•  Func)on	
  properly	
  
•  No	
  harm	
  (esp.	
  ESC)	
  



Using	
  Stem	
  Cells	
  to	
  Treat	
  2	
  Diseases	
  
of	
  the	
  Hematopoie)c	
  System—SCID	
  

and	
  Sickle	
  Cell	
  Anemia	
  





Using	
  Stem	
  Cell	
  Therapy	
  to	
  Treat	
  
Immune	
  System	
  Disorders	
  

•  Certain	
  characteris)cs	
  of	
  the	
  hematopoie)c	
  (blood)	
  system	
  
make	
  its	
  diseases	
  good	
  candidates	
  for	
  stem	
  cell	
  therapy	
  
–  Hematopoie)c	
  stem	
  cells	
  have	
  been	
  well	
  studied	
  
–  Long	
  history	
  of	
  using	
  the	
  hematopoie)c	
  stem	
  cell	
  to	
  treat	
  
disease	
  (bone	
  marrow	
  transplant)	
  

–  Easy	
  to	
  isolate,	
  manipulate	
  and	
  replace	
  

•  2	
  diseases:	
  
–  SCID	
  
–  Sickle	
  cell	
  anemia	
  

•  Both	
  from	
  research	
  done	
  in	
  Donald	
  Kohn’s	
  lab	
  here	
  at	
  
UCLA!	
  



Severe	
  Combined	
  Immune	
  Deficiency	
  (SCID)	
  
• Bubble	
  boy	
  disease	
  
• Defect	
  leads	
  to	
  lack	
  of	
  func)onal	
  	
  B	
  or	
  T	
  cells	
  of	
  the	
  immune	
  system	
  
• SCID	
  babies	
  generally	
  die	
  in	
  the	
  first	
  year	
  of	
  life	
  	
  
• Many	
  different	
  muta)ons	
  can	
  lead	
  to	
  disease,	
  caused	
  by	
  a	
  loss	
  of	
  func)on	
  of	
  
the	
  protein	
  

David	
  Vemer—the	
  “bubble	
  boy”	
  
1971-­‐1984	
  



Gene	
  Therapy	
  Using	
  Hematopoie)c	
  
Stem	
  Cells	
  



18	
  children	
  have	
  been	
  cured	
  of	
  the	
  disease	
  using	
  gene	
  therapy	
  carried	
  out	
  at	
  
UCLA	
  and	
  NIH	
  



Sickle	
  Cell	
  Anemia	
  

Sickle	
  cell	
  anemia	
  is	
  more	
  difficult	
  to	
  treat	
  because	
  it	
  is	
  not	
  caused	
  by	
  the	
  lack	
  
of	
  a	
  protein,	
  but	
  the	
  incorrect	
  func)on	
  of	
  a	
  mutated	
  protein	
  



• Muta)on	
  causes	
  the	
  hemoglobin	
  
protein	
  to	
  form	
  long	
  s)ff	
  rods,	
  leading	
  
the	
  sickle	
  shape	
  
• Lifespan	
  of	
  a	
  pa)ent	
  with	
  sickle	
  cell	
  
anemia	
  is	
  under	
  40	
  years	
  
• Clinical	
  trials	
  currently	
  under	
  way	
  






