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Cancer	
  Stem	
  Cells	
  

•  What	
  is	
  a	
  cancer	
  stem	
  cell?	
  Is	
  it	
  a	
  disEnct	
  
enEty	
  or	
  a	
  potenEal	
  state	
  arising	
  from	
  
epigeneEc	
  plasEcity?	
  

•  What	
  is	
  the	
  cell	
  of	
  origin	
  and	
  how	
  does	
  this	
  
relate	
  to	
  the	
  cancer	
  stem	
  cell	
  hypothesis?	
  

•  What	
  are	
  alternaEve	
  explanaEons	
  for	
  tumour	
  
heterogeneity?	
  



If	
  every	
  cell	
  has	
  the	
  same	
  DNA,	
  do	
  all	
  cells	
  have	
  
the	
  same	
  potenEal	
  and	
  if	
  they	
  have	
  the	
  same	
  
potenEal,	
  do	
  they	
  have	
  the	
  same	
  fate?	
  



DifferenEaEon	
  is	
  a	
  Reversible	
  Process	
  Regulated	
  EpigeneEcally	
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Induced	
  Pluripotent	
  Stem	
  Cells	
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StochasEc	
  EpigeneEc	
  Events	
  in	
  Cellular	
  
Reprogramming	
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Conclusion	
  

DifferenEaEon	
  is	
  regulated	
  through	
  epigeneEc	
  mechanisms	
  and,	
  
due	
  to	
  the	
  reversible	
  nature	
  of	
  epigeneEc	
  changes,	
  it	
  is	
  possible	
  to	
  
reverse	
  the	
  differenEaEon	
  process	
  and	
  restore	
  a	
  pluripotent	
  state.	
  	
  	
  

EpigeneEc	
  processes	
  can	
  contribute	
  to	
  the	
  generaEon	
  of	
  human	
  
cancers	
  by	
  inacEvaEng	
  tumor	
  suppressor	
  genes	
  and	
  acEvaEng	
  
growth	
  promoEng	
  genes.	
  	
  	
  



Cancer	
  Therapy	
  

•  Historically	
  has	
  targeted	
  proliferaEon	
  based	
  
on	
  the	
  assumpEon	
  that	
  cancer	
  cells	
  are	
  
engaged	
  in	
  uncontrolled	
  proliferaEon.	
  

•  Assumes	
  that	
  a	
  sensiEve	
  cancer	
  is	
  inherently	
  
sensiEve	
  in	
  a	
  homogeneous	
  manner	
  unless/
unEl	
  resistance	
  develops.	
  	
  This	
  is	
  true	
  even	
  
with	
  molecularly	
  targeted	
  therapies	
  (e.g.,	
  
HercepEn).	
  



Historical	
  ObservaEons 	
  	
  
•  Solid	
  and	
  “liquid”	
  cancers	
  exhibit	
  significant	
  heterogeneity	
  
•  Although	
  the	
  first	
  tumor	
  gra_s	
  were	
  generated	
  by	
  transplantaEon	
  of	
  a	
  single	
  tumour	
  cell	
  (mouse	
  

leukemia)	
  (Am.	
  J.	
  Cancer,	
  1937,	
  31:276-­‐282),	
  subsequent	
  studies	
  showed	
  that	
  transplantaEon	
  was	
  
o_en	
  inefficient,	
  requiring	
  up	
  to	
  thousands	
  of	
  cells	
  

•  Cell	
  proliferaEon	
  studies	
  in	
  the	
  40s-­‐70s	
  revealed	
  that	
  only	
  a	
  small	
  fracEon	
  of	
  cells	
  were	
  
proliferaEve	
  and	
  that	
  there	
  were	
  two	
  subpopulaEons	
  of	
  proliferaEve	
  cells:	
  one	
  that	
  cycled	
  rapidly	
  
and	
  was	
  responsible	
  for	
  generaEng	
  the	
  bulk	
  of	
  the	
  cells	
  and	
  one	
  that	
  cycled	
  very	
  slowly.	
  	
  Based	
  on	
  
the	
  similarity	
  with	
  hematopoieEc	
  stem	
  cells,	
  the	
  slow	
  cycling	
  cells	
  were	
  proposed	
  to	
  be	
  cancer	
  
stem	
  cells	
  (Clarkson,	
  1974.	
  	
  Control	
  of	
  ProliferaEon	
  in	
  Animal	
  Cells.	
  	
  New	
  York,	
  NY:	
  Cold	
  Spring	
  
Harbor	
  Laboratory;	
  1974	
  p.	
  945-­‐972).	
  

•  Observed	
  that	
  Leukemic	
  Stem	
  Cells	
  enter	
  the	
  cell	
  cycle	
  in	
  response	
  to	
  cellular	
  depleEon	
  of	
  the	
  
tumor	
  during	
  treatment.	
  	
  	
  

•  Focus	
  shi_ed	
  to	
  the	
  proliferaEve	
  fracEon	
  and	
  AML-­‐CFU	
  cells	
  were	
  isolated	
  and	
  these	
  were	
  
morphologically	
  disEnct	
  from	
  the	
  bulk	
  of	
  the	
  colony	
  that	
  they	
  formed.	
  

•  Till	
  and	
  McCulloch	
  (1961)	
  (RadiaEon	
  Research	
  14:213-­‐222)	
  demonstrated	
  the	
  existence	
  of	
  a	
  single	
  
hematopoieEc	
  stem	
  cell	
  that	
  was	
  capable	
  of	
  reconsEtuEng	
  all	
  hematopoieEc	
  lineages.	
  	
  This	
  
contrasted	
  with	
  the	
  view	
  at	
  the	
  Eme	
  that	
  there	
  were	
  separate	
  stem	
  cells	
  for	
  each	
  lineage.	
  	
  	
  	
  

•  The	
  development	
  of	
  cells	
  surface	
  anEgens	
  and	
  fluorescence	
  acEvate	
  cell	
  sorEng	
  (FACS)	
  to	
  separate	
  
cells	
  with	
  different	
  surface	
  anEgens	
  was	
  criEcal	
  in	
  establishing	
  lineages	
  in	
  hematopoiesis.	
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Basis	
  of	
  heterogeneity-­‐AssumpEons	
  of	
  
Classical	
  Models	
  

•  Intrinsic	
  and	
  extrinsic	
  but	
  largely	
  stochasEc	
  
events	
  are	
  responsible	
  for	
  creaEng	
  heterogeneity	
  

•  Stem	
  cell	
  populaEon	
  that	
  is	
  biologically	
  disEnct	
  
and	
  maintains	
  itself	
  	
  through	
  a	
  self-­‐renewal	
  
process.	
  	
  The	
  disEnct	
  funcEonal	
  and	
  phenotypic	
  
differences	
  between	
  cells	
  is	
  thought	
  to	
  be	
  
primarily	
  epigeneEc	
  in	
  nature.	
  	
  The	
  Stem	
  Cell	
  
Hypothesis,	
  then,	
  mirrors	
  aspects	
  of	
  normal	
  
development.	
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CriEcal	
  to	
  the	
  development	
  of	
  the	
  Cancer	
  Stem	
  Cell	
  
Hypothesis	
  is	
  the	
  idenEficaEon	
  of	
  cell	
  surface	
  
markers	
  that	
  can	
  disEnguish	
  cells	
  with	
  tumour	
  
iniEaEng	
  potenEal	
  from	
  those	
  that	
  do	
  not.	
  	
  Without	
  
disEnct	
  features	
  idenEfying	
  these	
  cancer	
  stem	
  cells,	
  
there	
  is	
  no	
  way	
  of	
  disEnguishing	
  between	
  the	
  clonal	
  
selecEon	
  hypothesis	
  and	
  the	
  stem	
  cell	
  hypothesis.	
  	
  
	
  
How	
  important	
  is	
  the	
  model	
  system	
  (NOD/SCID	
  
mice)	
  in	
  the	
  idenEficaEon	
  of	
  a	
  subset	
  of	
  cells	
  as	
  the	
  
tumour	
  iniEaEng	
  populaEon?	
  	
  



Quintana	
  et	
  al.	
  (2008).	
  	
  Nature	
  456:593-­‐598	
  



Quintana	
  et	
  al.	
  (2008).	
  	
  Nature	
  456:593-­‐598	
  



Shackleton	
  et	
  al.	
  (2009)	
  Cell	
  138:822-­‐829	
  



Shackleton	
  et	
  al.	
  (2009)	
  Cell	
  138:822-­‐829	
  



Shackleton	
  et	
  al.	
  (2009)	
  Cell	
  138:822-­‐829	
  









Epithelial	
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Take	
  Home	
  Messages	
  	
  
•  The	
  cancer	
  stem	
  cell	
  hypothesis	
  was	
  developed	
  as	
  an	
  alternaEve	
  

explanaEon	
  for	
  heterogeneity	
  within	
  tumours	
  with	
  respect	
  to	
  
phenotypic	
  or	
  funcEonal	
  markers	
  (e.g.,	
  morphology,	
  cell	
  surface	
  
markers,	
  proliferaEon	
  rate	
  and	
  resistance	
  to	
  therapy)	
  

•  The	
  cell	
  of	
  origin	
  and	
  the	
  cancer	
  stem	
  cell	
  are	
  not	
  interchangeable.	
  	
  
In	
  some	
  cases,	
  there	
  is	
  compelling	
  evidence	
  for	
  normal	
  mulEpotent	
  
stem	
  cells	
  being	
  the	
  cell	
  of	
  origin.	
  	
  	
  

•  The	
  epigeneEc	
  state	
  of	
  the	
  cell	
  may	
  be	
  far	
  more	
  plasEc	
  than	
  
previously	
  recognized.	
  	
  	
  

•  EMT	
  is	
  a	
  normal	
  developmental	
  process	
  that	
  provides	
  one	
  pathway	
  
for	
  de-­‐differenEaEon	
  that	
  may	
  be	
  exploited	
  in	
  solid	
  tumours.	
  	
  

•  Clonal	
  evoluEon	
  and	
  cancer	
  stem	
  cells	
  are	
  not	
  mutually	
  exclusive	
  
hypotheses.	
  	
  The	
  plasEcity	
  of	
  the	
  epigeneEc	
  state	
  further	
  obscures	
  
disEncEons	
  between	
  the	
  two	
  models	
  to	
  explain	
  heterogeneity	
  in	
  
response	
  to	
  therapy.	
  	
  	
  	
  


