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Autophagy	
  from	
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He	
  has	
  iden+fied	
  most	
  of	
  the	
  proteins	
  and	
  pathways	
  involved	
  in	
  the	
  autophagy	
  process,	
  
demonstrated	
  how	
  they	
  are	
  regulated	
  by	
  proteins	
  that	
  sense	
  cells’	
  metabolic	
  states	
  

“I	
  am	
  not	
  very	
  compe::ve,	
  so	
  I	
  always	
  look	
  for	
  a	
  new	
  subject	
  to	
  study,	
  even	
  if	
  it	
  is	
  not	
  
so	
  popular.”	
  

“If	
  you	
  start	
  from	
  some	
  sort	
  of	
  basic,	
  new	
  observa:on,	
  you	
  will	
  have	
  plenty	
  to	
  work	
  
on.”	
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1)	
  INDUCED,	
  NON	
  SELECTIVE	
  AUTOPHAGY:	
  
GENERATES	
  ENERGY	
  DURING	
  	
  NUTRIENT	
  

SHORTAGE	
  

STARVATION	
  



2)	
  BASAL,	
  SELECTIVE	
  AUTOPHAGY:	
  	
  
IS	
  A	
  QUALITY	
  CONTROL	
  PROCESS	
  



SUBSTRATES	
  ARE	
  RECOGNIZED	
  VIA	
  RECEPTOR-­‐
MEDIATED	
  PROCESSES	
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AUTOPHAGOSOME/	
  COLLAGEN	
   LYSOSOME/	
  COLLAGEN	
  

CURRENTLY	
  LOOKING	
  FOR	
  THE	
  COLLAGEN	
  RECEPTOR	
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REGULATION	
  OF	
  LYSOSOMAL	
  	
  
AUTOPHAGY	
  PATHWAY	
  	
  



SIGNAL	
  	
  
	
  

(STARVATION,	
  HYPOXIA,	
  STRESS,	
  DAMAGE,	
  OXIDATION..	
  ETC)	
  	
  

REGULATION	
  OF	
  KINASE/PHOSPHATASE	
  
(mTORC1,	
  JNK,	
  CALCINEURIN,	
  JUMPY)	
  

POST-­‐TRANSLATIONAL	
  

TRANSCRIPTIONAL	
   OTHERS	
  
(epigene+c,	
  miRNA)	
  

(Fast,	
  minutes)	
  	
  



mTORC1	
  SIGNALING	
  IS	
  REGULATED	
  BY	
  NUTRIENTS	
  ON	
  
LYSOSOMAL	
  SURFACE	
  

works	
  from	
  Saba\ni	
  lab	
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mTORC1	
  SUPPRESSES	
  AUTOPHAGOSOME	
  
BIOGENESIS	
  	
  



SIGNAL	
  	
  
	
  

(STARVATION,	
  HYPOXIA,	
  STRESS,	
  DAMAGE,	
  OXIDATION..	
  ETC)	
  	
  

REGULATION	
  OF	
  KINASE/PHOSPHATASE	
  
(mTORC1,	
  JNK,	
  CALCINEURIN,	
  JUMPY)	
  

POST-­‐TRANSLATIONAL	
  

TRANSCRIPTIONAL	
  
	
  

OTHERS	
  
(epigene+c,	
  miRNA)	
  (Slow,	
  Hours)	
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TFEB-­‐GFP	
  +STARVATION	
  

STARVATION	
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PHYSIOLOGICAL	
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  TRANSCRIPTIONAL	
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-­‐  Autophagy	
  relies	
  on	
  the	
  biogenesis	
  of	
  two	
  organelles,	
  the	
  
lysosome	
  and	
  the	
  autophagosome	
  	
  

-­‐  Induced	
  autophagy	
  is	
  required	
  to	
  generate	
  energy	
  during	
  
starva+on	
  or	
  fas+ng	
  periods	
  

-­‐  Basal	
  autophagy	
  is	
  required	
  for	
  turnover	
  of	
  cellular	
  
components	
  and	
  maintains	
  cellular	
  homeostasis	
  

-­‐  Autophagy	
  is	
  regulated	
  through	
  both	
  transcrip+onal	
  and	
  
post-­‐transcrip+onal	
  mechanisms.	
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DEVELOPMENTAL	
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  OF	
  AUTOPHAGY	
  



CHONDROCYTES	
  REGULATE	
  BONE	
  GROWTH	
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ACTIVATION	
  OF	
  AUTOPHAGY	
  DURING	
  POST-­‐NATAL	
  BONE	
  GROWTH	
  

TG-­‐GFPLC3	
  



FGF18	
  REGULATES	
  AUTOPHAGY	
  IN	
  VITRO	
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FGF18	
  REGULATES	
  AUTOPHAGY	
  IN	
  VIVO	
  	
  
	
  



FGF	
  SIGNALING	
  IN	
  THE	
  GROWTH	
  PLATE	
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FGF18	
  REGULATES	
  AUTOPHAGY	
  THROUGH	
  FGFR4	
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  ACTIVITY	
  
	
  
	
  



DEFECTIVE	
  COL2	
  IN	
  Fgf18+/-­‐	
  AND	
  Fgfr4-­‐/-­‐	
  GROWTH	
  PLATES	
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BECLIN	
  1	
  ACTIVATION	
  RESCUES	
  AUTOPHAGY	
  IN	
  Fgf18	
  +/-­‐	
  GROWTH	
  
PLATES	
  	
  	
  

	
  



BECLIN	
  1	
  ACTIVATION	
  RESCUES	
  COLII	
  DEFECTS	
  IN	
  Fgf18	
  +/-­‐	
  	
  AND	
  	
  
Fgfr4	
  -­‐/-­‐	
  GROWT	
  PLATES	
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-­‐  Autophagy	
  is	
  a	
  developmentally	
  regulated	
  process	
  

-­‐  Growth	
  factor	
  signaling	
  can	
  modulate	
  autophagy	
  	
  

-­‐  Post	
  natal	
  induc+on	
  of	
  autophagy	
  controls	
  Col2	
  levels	
  
	
  	
  	
  	
  in	
  car+lage.	
  	
  
	
  
-­‐  Autophagy	
  may	
  be	
  implicated	
  in	
  the	
  pathogenesis	
  of	
  
skeletal	
  diseases	
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HOW	
  TO	
  MONITOR	
  AUTOPHAGY	
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MONITORING	
  AV-­‐LYS	
  FUSION	
  in	
  vivo	
  



MONITORING	
  AUTOPHAGY	
  BY	
  P62/SQSTM1	
  
DEGRADATION	
  



MONITORING	
  AUTOPHAGY	
  BY	
  LONG	
  LIVED	
  	
  
PROTEIN	
  DEGRADATION	
  



HOW	
  TO	
  MODULATE	
  AUTOPHAGY	
  	
  



New	
  modulators	
  (MORE	
  SPECIFIC):	
  	
  
	
  
TAT-­‐BECLIN1	
  (inducer)	
  (ALSO	
  IN	
  VIVO)	
  
SPAUTIN1	
  (inhibitor)	
  
VPS34	
  inhibitors	
  	
  
ULK1	
  inhibitors	
  

PHARMACOLOGICAL	
  MODULATION	
  OF	
  AUTOPHAGY	
  


