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Overview	  

1.	  Background	  –	  basics	  of	  apoptosis	  

2.	  Cardiovascular	  disease,	  experimental	  model	  

3.	  Hippo	  signaling	  pathway	  

4.	  New	  mechanisPc	  findings	  of	  heart	  injury	  
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Accidental	  versus	  programmed	  cell	  death	  

A	  fly	  hits	  the	  windshield	  of	  a	  car	  on	  the	  highway…	  

Accidental	  cell	  death	  (ACD)	  –	  death	  caused	  by	  severe	  
insult	  such	  as	  extreme	  physical,	  chemical	  or	  mechanical	  
sPmuli,	  is	  virtually	  immediate	  and	  does	  not	  involve	  
specific	  molecular	  machinery	  

Programmed	  cell	  death	  (PCD)	  –	  death	  that	  requires	  
genePcally	  encoded	  molecular	  machinery,	  can	  be	  
altered	  genePcally	  or	  pharmacologically,	  and	  occurs	  
relaPvely	  slower	  than	  ACD	  	  



Two	  main	  forms	  of	  programmed	  cell	  death	  



Apoptosis	  

Morphological	  
Features	  

Biochemical	  
Features	  

Necrosis	  

1.  Cytoplasmic	  shrinkage	  
2.  ChromaPn	  condensaPon	  
3.  Nuclear	  fragmentaPon	  
4.  Blebbing,	  PM	  intact	  
5.  ApoptoPc	  bodies	  

1.  Cytoplasmic	  swelling	  
2.  Organelle	  swelling	  
3.  Irregular	  chromaPn	  structure	  
4.  DilataPon	  of	  nuclear	  

membrane	  

1.  Caspase-‐dependent	  
2.  ATP-‐dependent	  
3.  PhosphaPdylserine	  PM	  

exposure	  

1.  Caspase-‐independent	  
2.  RIPK1,3	  and	  MLKL-‐dependent	  



Regulated	  necrosis	  –	  “Necroptosis”	  



The	  word	  "apoptosis"	  (ἀπόπτωσις)	  was	  used	  in	  Greek	  to	  describe	  the	  "dropping	  
off"	  or	  "falling	  off"	  of	  petals	  from	  flowers,	  or	  leaves	  from	  trees.	  

vacuoles	   blebbing	  

Apoptosis	  



The	  2002	  Nobel	  Prize	  in	  Medicine	  was	  awarded	  to	  
Sydney	  Brenner,	  H.	  Robert	  Horvitz	  and	  John	  E.	  
Sulston	  for	  their	  work	  idenPfying	  genes	  that	  
control	  apoptosis	  using	  the	  model	  organism	  C.	  
elegans.	  

Apoptosis	  –	  Nobel	  Prize	  



Overview	  of	  apoptoEc	  signaling	  



Common	  assays	  for	  Apoptosis	  
TUNEL	  

Caspase-‐3	  and	  PARP	  cleavage	  

Flow	  
Cytometry	  

DNA	  laddering	  



Why	  study	  heart	  disease?	  
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Why	  study	  heart	  disease?	  

83,600,000	  with	  CVD	  
	  
787,650	  deaths	  
	  
5,802,000	  hospital	  discharges	  
	  
Cost:	  $315.2	  billion	  

In	  the	  United	  States	  (2010)	  

Go	  et	  al.	  2014.	  Heart	  Disease	  and	  Stroke	  StaPsPcs—2014	  Update	  -‐	  A	  
Report	  From	  the	  American	  Heart	  AssociaPon.	  Circula8on.	  
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Relevance	  of	  apoptosis	  to	  heart	  disease	  



Acute	  myocardial	  infarcEon	  –	  major	  contributor	  to	  heart	  failure	  

•  Stop	  in	  blood	  flow	  causes	  
heart	  muscle	  injury	  

•  Reperfusion	  therapy	  sPll	  gold	  
standard	  of	  treatment	  

•  ResulPng	  scar	  contributes	  to	  
arrhythmia	  (electrical)	  and	  
reduced	  contracPle	  funcPon	  
(mechanical)	  



Acute	  myocardial	  infarcEon	  –	  major	  contributor	  to	  heart	  failure	  



Ischemic	  	  
Area	  	  
	  

Non-‐ischemic	  	  
Area	  	  
	  

Ischemia-‐Reperfusion	  model	  

Coronary	  artery	  occlusion	  
(20-‐45	  min)	  

Reperfusion	  period	  
(24	  hrs)	  

Measure	  
Infarct	  
(TTC)	  



“Although	  improvements	  in	  myocardial	  
reperfusion	  conPnue	  to	  take	  place	  in	  terms	  of	  
new	  anPplatelet	  and	  anPthromboPc	  agents,	  
there	  is	  sPll	  no	  effecPve	  therapeuPc	  strategy	  
for	  prevenPng	  myocardial	  reperfusion	  injury.”	  
	  

-‐	  Derek	  J.	  Hausenloy	  and	  Derek	  M.	  Yellon	  
University	  College	  London	  

	  

Why	  study	  heart	  disease?	  

Myocardial	  ischemia-‐reperfusion	  injury:	  a	  neglected	  therapeuPc	  target.	  
Hausenloy	  DJ,	  Yellon	  DM.	  

J	  Clin	  Invest.	  2013	  Jan	  2;123(1):92-‐100.	  	  



New	  and	  improved	  therapies	  for	  trea8ng	  pa8ents	  with	  acute	  MI	  are	  needed	  

Why	  study	  heart	  disease?	  



The	  HIPPO	  signaling	  pathway	  

•  Discovered	  in	  Drosophila	  -‐	  mutant	  
screen	  for	  overgrowth	  phenotype	  

•  Highly	  conserved	  from	  flies	  to	  
mammals	  

•  Regulates	  cell	  proliferaPon	  and	  survival	  
•  Important	  modulator	  of	  organ	  size	  
•  Involved	  in	  human	  disease	  -‐	  cancer	  

hpo	  =	  Mst1/Mst2	  

(fly)	   (mammals)	  



Overview	  of	  the	  HIPPO	  signaling	  pathway	  in	  mammalian	  cells	  

(Badouel	  and	  McNeill	  2011)	  



NTg	   Tg	  -‐	  Mst1	  

1mm	  

NTg	   Tg	  -‐	  Mst1	  

1mm	  1mm	   1mm	  

NTg	   Tg	  -‐	  Mst1	  

1mm	  1mm	  

NTg	   Tg	  -‐	  Mst1	  

Overexpression	  of	  Mst1	  causes	  dilated	  cardiomyopathy	  with	  increases	  in	  
apoptosis	  

	  

(Yamamoto	  et	  al	  JCI	  2003)	  
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Ischemic	  	  
area	  (I)	  

	  

Non-‐ischemic	  	  
area	  (N)	  

	  

Mst1	  is	  acNvated	  by	  ischemia-‐reperfusion	  (I/R)	  

GAPDH	  

Sham	   I/R	  	  

Mst1	  

p-‐Mst	  

Mst1 
P	  

=	  AcEvated	  



InhibiNon	  of	  Mst1	  aSenuates	  apoptosis	  and	  decreases	  injury	  caused	  by	  
ischemia/reperfusion	  

(Yamamoto	  et	  al	  JCI	  2003)	  

Mst1	  is	  a	  criEcal	  mediator	  of	  ischemia/reperfusion	  injury	  and	  a	  potenEal	  
therapeuEc	  target	  

How	  is	  Mst1	  regulated	  in	  the	  heart	  during	  stress?	  
What	  are	  the	  downstream	  targets	  of	  Mst1?	  



RASSF1A	  promotes	  acNvaNon	  of	  Mst1	  in	  cardiomyocytes	  and	  mouse	  heart	  

cardiomyocytes 

Transgenic mouse 
hearts 
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What	  lies	  upstream	  of	  RASSF1A-‐Mst1?	  	  Ras	  proteins?	  

Pressure	  Overload	  

Hypertrophy	  

Mst1	  

Apoptosis	  

Ischemia/Reperfusion	   	  Heart	  Failure	  

Mammalian	  Hippo	  Pathway	  

?	  

RASSF1A	  



(Cox	  and	  Der	  Oncogene	  2003)	  

Ras proteins can stimulate both survival and apoptotic 
signaling 
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Are	  Ras	  isoforms	  acNvated	  by	  oxidaNve	  stress	  in	  the	  heart?	  
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Is	  Ras	  acNvaNon	  mediated	  by	  oxidaNon?	  
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Cardiomyocytes	  
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Ischemia/reperfusion	  
OxidaEve	  Stress	  

ROS	  

Mitochondria	  as	  a	  source	  of	  reacNve	  oxygen	  species	  (ROS)	  

mitochondrion	  
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Intrinsic	  pathway	  of	  apoptosis	  
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What	  is	  the	  funcNon	  of	  Mst1	  at	  mitochondria?	  



Bcl-‐2	  family	  members	  
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What	  is	  the	  mitochondrial	  target	  of	  Mst1?	  
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Mst1 phosphorylates the BH4 domain of Bcl-xL 

Dr	  Hong	  Li,	  Proteomics	  Core,	  NJMS	  
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Summary	  

•  Hippo	  signaling	  is	  an	  important	  regulator	  
of	  heart	  injury	  and	  failure	  

•  K-‐Ras	  is	  acEvated	  during	  I/R	  through	  an	  
oxidaEve	  dependent	  mechanism	  

•  K-‐Ras	  and	  H-‐Ras	  show	  selecEve	  signal	  
transducEon	  in	  cardiomyocytes	  

•  K-‐Ras/RASSF1A/Mst1	  form	  a	  complex	  at	  
mitochondria	  leading	  to	  Mst1	  acEvaEon	  

•  Mst1	  phosphorylates	  the	  BH4	  domain	  of	  
Bcl-‐xL	  leading	  to	  acEvaEon	  of	  Bax	  and	  
cardiomyocyte	  apoptosis	  

•  InhibiEon	  of	  endogenous	  K-‐Ras	  in	  vivo	  
amenuates	  Mst1	  acEvaEon	  and	  confers	  
cardioprotecEon	  



More	  QuesNons	  –	  Future	  DirecNons	  

•  Why	  is	  K-‐Ras	  at	  mitochondria	  of	  cardiomyocytes	  and	  not	  other	  cell	  types?	  

•  How	  does	  phosphorylaPon	  of	  Serine	  14	  of	  Bcl-‐xL	  prevent	  Bax	  associaPon?	  

•  Are	  there	  addiPonal	  subcellular	  localizaPons	  of	  Hippo	  signaling?	  



PotenNal	  TherapeuNc	  ImplicaNons	  

•  Is	  it	  possible	  to	  target/inhibit	  this	  pathway?	  

•  Can	  Mst1	  acPvaPon	  be	  prevented?	  RASSF1A	  binding?	  Kinase	  acPvity?	  

•  OpPmal	  Pming	  of	  treatment	  for	  MI	  paPents?	  Reperfusion?	  


