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What	
  is	
  a	
  Stem	
  Cell?	
  	
  What	
  do	
  they	
  do?	
  

Ability	
  to	
  differen@ate	
  into	
  different	
  cell	
  types	
  
Ability	
  to	
  self	
  renew	
  



Where	
  can	
  stem	
  cells	
  be	
  found?	
  



Stem	
  cells	
  have	
  different	
  developmental	
  poten@als	
  



Progressive	
  Restric.on	
  of	
  	
  
Differen.a.on	
  Poten.al	
  

Adult	
  
	
  
Fer.liza.on	
  
	
  

	
  	
  	
  Fetal	
  &	
  Adult	
  
	
  	
  	
  Stem	
  Cell	
  

• 	
  	
  To.potency	
  

Differen@a@on	
  poten@al	
  

	
  	
  	
  Embryonic	
  
	
  	
  	
  Stem	
  Cell	
  

• 	
  	
  Pluripotency	
   • 	
  	
  Mul.potency	
  



How	
  were	
  stem	
  cells	
  discovered?	
  



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

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

	
  
	
  
	
  



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!	
  



McCulloch	
  and	
  Till	
  were	
  the	
  first	
  
to	
  idenfity	
  stem	
  cells!	
  

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



How	
  are	
  embryonic	
  stem	
  (ES)	
  
cell	
  lines	
  created?	
  



What	
  developmental	
  stage	
  is	
  a	
  blastocyst?	
  



Organism	
  develops	
  from	
  cells	
  of	
  the	
  inner	
  cell	
  mass	
  



In	
  vitro	
  fer@liza@on	
  

Accounts	
  for	
  99%	
  of	
  ART	
  procedures	
  
Es@mated	
  3	
  million	
  worldwide	
  (1%	
  of	
  all	
  US	
  births)	
  



In	
  vitro	
  fer@liza@on	
  



Embryos	
  for	
  human	
  embryonic	
  stem	
  cell	
  research	
  are	
  
obtained	
  through	
  in	
  vitro	
  fer@liza@on	
  



ES	
  cell	
  lines	
  can	
  be	
  induced	
  to	
  generate	
  different	
  cell	
  types	
  



Bea@ng	
  heart	
  muscle	
  from	
  ES	
  cells!	
  



If	
  we	
  already	
  have	
  stem	
  cell	
  lines,	
  
why	
  do	
  we	
  need	
  to	
  create	
  more	
  ES	
  

lines	
  or	
  clone	
  embryos?	
  



Our	
  bodies	
  can	
  recognize	
  
	
  self	
  vs	
  non-­‐self	
  



*	
  
*	
  

*	
  

Human	
  MHC	
  genes	
  are	
  highly	
  polymorphic	
  



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	
  we	
  “clone”	
  a	
  human	
  
embryo?	
  



(IVF)	
   (SCNT)	
  

How	
  do	
  you	
  “clone”	
  a	
  human	
  embryo?	
  



Reproduc@ve	
  vs.	
  Therapeu@c	
  Cloning	
  



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



Human	
  Reproduc@ve	
  Cloning	
  Laws	
  

•  15	
  states	
  have	
  laws	
  rela@ng	
  to	
  reproduc@ve	
  cloning	
  
•  They	
  are:	
  
•  AR,	
  CA,	
  CT,	
  IN,	
  IA,	
  MD,	
  MA,	
  MI,	
  NJ,	
  ND,	
  RI,	
  SD,	
  VA	
  
have	
  banned	
  reproduc@ve	
  cloning	
  

•  AZ	
  and	
  MO	
  prohibits	
  use	
  of	
  public	
  monies	
  for	
  
reproduc@ve	
  cloning	
  

•  There	
  is	
  currently	
  no	
  Federal	
  ban	
  



Generate	
  or	
  obtain	
  
	
  fer@lized	
  eggs	
  

Development	
  
	
  in	
  vitro	
  

Using	
  ES	
  cells	
  to	
  treat	
  disease	
  



How	
  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	
  





Hair	
  Transplanta@on	
  is	
  Stem	
  Cell	
  Therapy!	
  



If	
  we	
  have	
  adult	
  stem	
  cells,	
  why	
  
do	
  we	
  need	
  ES	
  cells?	
  

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



Since	
  the	
  nucleus	
  contains	
  all	
  the	
  
gene@c	
  informa@on	
  to	
  create	
  a	
  new	
  

organism,	
  can	
  we	
  get	
  a	
  fully	
  
differen@ated	
  cell	
  to	
  become	
  

pluripotent?	
  





SCNT	
  vs.	
  IPS	
  cells	
  





Use	
  iPS	
  
cells	
  to	
  
study	
  
diseases!	
  



Why	
  is	
  there	
  controversy	
  
surrounding	
  human	
  ES	
  cell	
  

research?	
  



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	
  



background	
  
¢ 1969,	
  Norma	
  McCorvey	
  was	
  pregnant	
  with	
  her	
  third	
  
child	
  
�  Tried	
  to	
  obtain	
  a	
  legal	
  abor@on	
  by	
  saying	
  she	
  was	
  raped	
  
�  Tried	
  to	
  obtain	
  an	
  illegal	
  abor@on	
  without	
  success	
  
�  Eventually	
  gave	
  birth	
  to	
  the	
  child	
  before	
  the	
  case	
  was	
  
resolved	
  

¢ Sued	
  in	
  US	
  district	
  court	
  in	
  Texas	
  under	
  alias	
  Jane	
  Roe	
  	
  
�  Wade	
  was	
  Dallas	
  county	
  district	
  alorney	
  Henry	
  Wade	
  

¢ Court	
  declined	
  to	
  issue	
  an	
  injunc@on	
  against	
  
enforcement	
  of	
  laws	
  barring	
  abor@on	
  

¢ Reached	
  supreme	
  court	
  on	
  appeal,	
  where	
  it	
  was	
  ruled	
  
7-­‐2	
  in	
  favor	
  or	
  Roe,	
  deeming	
  abor@on	
  a	
  fundamental	
  
right	
  under	
  US	
  cons@tu@on	
  



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	
  protec@on	
  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”	
  



Policy	
  under	
  George	
  W.	
  Bush	
  
August	
  9,	
  2001	
  
Federal	
  funds	
  may	
  be	
  awarded	
  for	
  research	
  using	
  human	
  

embryonic	
  stem	
  cells	
  if	
  the	
  following	
  criteria	
  are	
  met:	
  
•  The	
  deriva@on	
  process	
  (which	
  begins	
  with	
  the	
  

destruc@on	
  of	
  the	
  embryo)	
  was	
  ini@ated	
  prior	
  to	
  9:00	
  
P.M.	
  EDT	
  on	
  August	
  9,	
  2001.	
  

•  The	
  stem	
  cells	
  must	
  have	
  been	
  derived	
  from	
  an	
  embryo	
  
that	
  was	
  created	
  for	
  reproduc@ve	
  purposes	
  and	
  was	
  no	
  
longer	
  needed.	
  

•  Informed	
  consent	
  must	
  have	
  been	
  obtained	
  for	
  the	
  
dona@on	
  of	
  the	
  embryo	
  and	
  that	
  dona@on	
  must	
  not	
  
have	
  involved	
  financial	
  inducements.	
  

June	
  22,	
  2007	
  
Execu.ve	
  order	
  13435	
  
•  For	
  purposes	
  of	
  this	
  order,	
  the	
  term	
  ‘‘human	
  embryo’’	
  

shall	
  mean	
  any	
  organism,	
  not	
  protected	
  as	
  a	
  human	
  
subject	
  under	
  45	
  CFR	
  46	
  as	
  of	
  the	
  date	
  of	
  this	
  order,	
  
that	
  is	
  derived	
  by	
  fer@liza@on,	
  parthenogenesis,	
  
cloning,	
  or	
  any	
  other	
  means	
  from	
  one	
  or	
  more	
  human	
  
gametes	
  or	
  human	
  diploid	
  cells.	
  

Fer@liza@on	
  to	
  implanta@on!	
  



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	
  permiled	
  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	
  (hereaoer	
  referred	
  to	
  as	
  

"donor(s)")	
  and	
  who	
  gave	
  voluntary	
  wrilen	
  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	
  lioed	
  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.	
  



State	
  restric@ons	
  to	
  research	
  on	
  
embryos	
  

•  AR,	
  IN,	
  LA,	
  MI,	
  and	
  ND	
  have	
  banned	
  research	
  on	
  
cloned	
  embryos	
  

•  MO,	
  MN,	
  OH	
  and	
  PA	
  have	
  laws	
  against	
  research	
  on	
  
embryos	
  

•  AZ	
  and	
  NE	
  prohibits	
  use	
  of	
  public	
  monies	
  for	
  
reproduc@ve	
  cloning	
  



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	
  





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	
  











Trial	
  discon@nued	
  
in	
  November	
  2011	
  



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	
  aoer	
  transplant	
  
•  Integrate	
  into	
  the	
  surrounding	
  @ssue	
  
•  Func@on	
  properly	
  
•  No	
  harm	
  (esp.	
  ESC)	
  


