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. Assessing the Current Road Map for 
Developing Disease Modifying 

Therapies for Neurodegenerative 
Diseases . 



Strategic	
  thinking	
  about	
  the	
  next	
  10	
  years	
  of	
  AD	
  
research	
  (My	
  original	
  Intent	
  )	
  

•  How	
  do	
  we	
  maximize	
  our	
  likelihood	
  of	
  developing	
  disease	
  
modifying	
  therapies	
  including	
  	
  treatment	
  (as	
  opposed	
  to	
  
preven;on)	
  	
  for	
  AD	
  and	
  related	
  demen;as?	
  

•  Strengths,	
  Weaknesses,	
  Opportuni;es	
  and	
  Threats	
  of	
  our	
  
current	
  road	
  map	
  

•  An	
  invita;on	
  to	
  send	
  me	
  your	
  thoughts	
  and	
  par;cipate	
  as	
  a	
  
co-­‐author	
  in	
  a	
  manuscript	
  

•  List	
  your	
  top	
  5	
  Strengths,	
  Weaknesses,	
  Opportuni;es	
  and	
  
Threats	
  and	
  send	
  them	
  to	
  me	
  at	
  tgolde@ufl.edu	
  

•  If	
  a	
  sufficient	
  number	
  of	
  you	
  contribute	
  I’ll	
  compile	
  draO	
  a	
  
manuscript	
  and	
  engage	
  all	
  contributors	
  to	
  finalize	
  

•  I’ll	
  likely	
  submit	
  to	
  Alzheimer’s	
  Research	
  and	
  Therapy	
  (where	
  
I	
  am	
  a	
  co-­‐editor	
  in	
  chief)	
  



Introduc>on	
  
•  We	
  need	
  to	
  think	
  laterally	
  about	
  Neurodegenera;ve	
  Diseases:	
  

not	
  in	
  disease-­‐specific	
  	
  silos	
  (see	
  Golde	
  et	
  al	
  JCI	
  2013)	
  	
  
•  There	
  has	
  been	
  an	
  amazing	
  convergence	
  in	
  terms	
  of	
  understanding	
  

disease	
  triggers	
  but	
  this	
  convergence	
  has	
  not	
  yet	
  been	
  fully	
  leveraged	
  
for	
  therapeu8c	
  discovery	
  

•  Working	
  Hypothesis:	
  “Aspects	
  of	
  the	
  	
  proteinopathy	
  driven	
  
neurodegenera;ve	
  cascade	
  are	
  	
  shared	
  between	
  various	
  
diseases	
  (AD,	
  FTLD,	
  PD,	
  ALS,	
  SCAs,	
  HD)”	
  

•  Understanding	
  these	
  shared	
  pathways	
  may	
  lead	
  to	
  therapeu;c	
  
strategies	
  that	
  can	
  be	
  effec;ve	
  in	
  more	
  than	
  one	
  disease	
  and	
  
work	
  as	
  true	
  therapeu;cs	
  as	
  opposed	
  to	
  prophylac;cs	
  

•  Evolu>on	
  of	
  	
  >7	
  years	
  of	
  ac>vity	
  in	
  	
  trying	
  to	
  iden>fy	
  new	
  
therapeu>c	
  strategies	
  for	
  neurodegenera>ve	
  diseases	
  	
  

•  Trying	
  to	
  answer	
  the	
  ques>on	
  “	
  How	
  do	
  we	
  accelerate	
  	
  
preclinical	
  studies	
  that	
  are	
  designed	
  to	
  provide	
  target	
  
valida>on	
  and	
  simultaneously	
  a	
  biologic	
  lead	
  therapeu>c”	
  	
  



The	
  Proteinopathy	
  Hypothesis	
  of	
  	
  Neurodegenera>on	
  
Mutation     Overexpression     Ineffective Removal      

(Stress)ors?  Time (Aging?) 

Misfolded Protein Aggregates 
(Oligomeric or Fibrillar) 

Widespread or Regional Brain Organ Failure 

Direct Toxicity? 
Synaptic toxicity? 

Innate Immune activation 
 and Inflammation? 

Mass Effects? 

Induction of Secondary 
Proteinopathies? 

 

ROS, Mitochondrial 
Dysfunction? 

 
Sequestration of protein 

or binding partners?  
 

Neuronal Demise 

Membrane Damage?  
 

Organelle Dysfunction ?  
 



The	
  Proteinopathy	
  Hypothesis	
  of	
  Neurodegenera>on	
  

Human	
   Mouse	
  



Toxicity	
  in	
  Most	
  	
  Models	
  Correlates	
  with	
  Aggrega>on	
  



Complex	
  Inclusion	
  Pathology	
  in	
  Most	
  Human	
  CNS	
  
Proteinopathies	
  

Reviewed	
  in	
  	
  Golde	
  et	
  al	
  JCI	
  2013	
  



Intervention in  
Symptomatic Patient 

with Trigger Targeting Rx?  
 

Optimal  
Prophylactic Rx 

The	
  Dilemma	
  of	
  Treatment	
  versus	
  Preven>on	
  
(see	
  Golde,	
  Schneider	
  and	
  Koo,	
  Neuron	
  2011)	
  
	
  

Efficacy	
  of	
  trigger	
  targe>ng	
  therapy	
  will	
  
decline	
  as	
  pathology	
  progresses!	
  We	
  should	
  
avoid	
  Kobayashi	
  Maru	
  Scenarios	
  	
  



Success	
  in	
  trigger	
  targe>ng	
  therapy	
  is	
  unlikely	
  to	
  
obviate	
  the	
  need	
  for	
  therapies	
  that	
  target	
  
downstream	
  pathways	
  	
  

•  We	
  need	
  to	
  develop	
  interven>ons	
  that	
  may	
  modify	
  disease	
  
course,	
  even	
  later	
  in	
  the	
  disease.	
  This	
  is	
  challenging	
  as:	
  

•  	
  the	
  biology	
  is	
  	
  much	
  less	
  certain	
  
•  animal	
  models	
  used	
  in	
  preclinical	
  studies	
  are	
  oZen	
  
poor	
  phenocopies	
  of	
  downstream	
  events	
  in	
  the	
  
human	
  disease	
  
• Would	
  a	
  therapy	
  that	
  works	
  in	
  mul>ple	
  models	
  be	
  
more	
  translatable?	
  
•  Can	
  we	
  harness	
  innate	
  immunity	
  to	
  treat	
  mul>ple	
  
neurodegenera>ve	
  disorders?	
  

	
  



Ra>onale	
  for	
  Targe>ng	
  Innate	
  Immunity	
  in	
  Neurodegenera>on	
  

Mutation     Overexpression     Ineffective Removal      
(Stress)ors?  Time (Aging?) 

Misfolded Protein Aggregates 
(Oligomeric or Fibrillar) 

Widespread or Regional Brain Organ Failure 

Direct Toxicity? 
Synaptic toxicity? 

Innate Immune activation 
 and Inflammation 

Mass Effects? 

Induction of Secondary 
Proteinopathies? 

 

ROS, Mitochondrial 
Dysfunction? 

 

Sequestration of protein 
or binding partners?  

 
Neuronal Demise 

Membrane Damage?  
 

Organelle Dysfunction ?  
 

Induction of Secondary 
Proteinopathies? 

 

ROS, Mitochondrial 
Dysfunction? 

 



	
  

Name	
  that	
  Image	
  

Lysozyme	
  Amyloid	
  	
  
and	
  Protofibrils	
  AFM	
   Tobacco	
  Etch	
  Virus	
  

AFM	
  

Potato	
  Virus	
  AFM	
   rAAV	
  EM	
  

Aβ	
  Oligomers	
  EM	
  

Aβ Protofibrils	
  	
  
AFM	
  

A	
  normal	
  protein	
  (self)	
  	
  folded	
  into	
  a	
  protein	
  aggregate	
  becomes	
  a	
  
danger	
  associated	
  molecular	
  pabern	
  (non-­‐self)	
  that	
  can	
  ac>vate	
  
innate	
  immunity	
  like	
  a	
  virus	
  or	
  bacteria.	
  	
  



	
  Aβ	
  and	
  other	
  amyloids	
  are	
  DAMPs	
  

Both	
  fibrillar	
  Aβ	
  and	
  α-­‐synuclein	
  	
  ac>vate	
  innate	
  immunity	
  as	
  
assessed	
  by	
  Nanostring	
  Gene	
  Counter	
  Arrays	
  



	
  2012-­‐13	
  Gene>cs	
  Implicates	
  Innate	
  Immunity	
  in	
  AD	
  

TREM2	
  (Triggering	
  receptor	
  Expressed	
  on	
  
Myeloid	
  cells	
  2)	
  is	
  an	
  innate	
  immune	
  

receptor	
  thought	
  to	
  be	
  involved	
  in	
  microglial	
  
ac>va>on	
  	
  though	
  specific	
  ligands	
  are	
  

unknown	
  

TREM2	
  variants	
  	
  have	
  previously	
  been	
  associated	
  
with	
  Nasu	
  Hakola	
  disease	
  (PLOSL)	
  and	
  recently	
  
have	
  been	
  associated	
  with	
  ALS,	
  FTD	
  and	
  PD	
  

(Paloneva	
  et	
  al	
  Am	
  J	
  Hum	
  Genet.	
  2002,Rayaprolu	
  
et	
  al,	
  Mol	
  Neurodegener.	
  2013,	
  Cady	
  et	
  al	
  JAMA	
  

Neurol.	
  2014	
  Apr	
  1;71(4):449-­‐53.	
  2013 



Beta	
  Tes>ng	
  a	
  Neologism:	
  Immunoproteostasis	
  

	
  •  Aggregated	
  proteins	
  that	
  form	
  the	
  inclusions	
  found	
  in	
  
many	
  neurodegenera;ve	
  diseases	
  can	
  ac;vate	
  the	
  
innate	
  immune	
  system	
  	
  
–  i.e.,	
  they	
  are	
  Danger	
  Associated	
  Molecular	
  Paberns	
  (DAMPs)	
  
that	
  can	
  ac;vate	
  both	
  intra	
  and	
  extracellular	
  pabern	
  
recogni;on	
  receptors	
  	
  (PRRs)	
  

•  In	
  turn,	
  innate	
  immune	
  ac;va;on	
  can	
  contribute	
  to	
  the	
  
degenera;ve	
  cascade	
  and	
  cogni;ve	
  dysfunc;on.	
  	
  	
  
–  Best	
  example	
  is	
  HIV	
  demen;a	
  

•  Innate	
  immune	
  signaling	
  in	
  the	
  brain	
  can	
  also	
  play	
  a	
  key	
  
role	
  in	
  regula;ng	
  proteostasis	
  of	
  key	
  pathogenic	
  proteins	
  
linked	
  to	
  neurodegenera;ve	
  disorders.	
  

•  I’d	
  like	
  to	
  propose	
  that	
  we	
  term	
  this	
  complex	
  interplay	
  
between	
  the	
  innate	
  immune	
  system	
  and	
  the	
  
proteinopathy,	
  immunoproteostasis.	
  

	
   Chakrabarty	
  et	
  al	
  Neuron	
  2015	
  in	
  press	
  



Can	
  we	
  harness	
  immunoproteostasis	
  to	
  treat	
  AD	
  
and	
  other	
  neurodegenera>ve	
  disorders?	
  

	
  •  Challenges:	
  
– Delicate	
  balance	
  between	
  posi>ve	
  and	
  nega>ve	
  
effects	
  of	
  innate	
  immune	
  signaling	
  on	
  proteostasis,	
  
neurodegenera;on	
  and	
  cogni;ve	
  func;on	
  

–  This	
  balance	
  may	
  be	
  contextually	
  dependent	
  on	
  the	
  
nature,	
  strength	
  and	
  >ming	
  	
  of	
  the	
  Innate	
  Immune	
  	
  
Signals	
  

–  Immunoproteostasis	
  	
  in	
  mice	
  may	
  be	
  different	
  
then	
  in	
  aged	
  humans	
  
•  Aging	
  skews	
  the	
  human	
  brain	
  	
  towards	
  a	
  
“proinflammatory”	
  	
  state	
  in	
  the	
  apparent	
  absence	
  of	
  
underlying	
  proteinopathy	
  (Cribbs	
  et	
  al	
  	
  JNI	
  2012)	
  

–  Poten;al	
  for	
  “untoward”	
  systemic	
  effects	
  
	
  

	
  



Can	
  we	
  harness	
  immunoproteostasis	
  to	
  treat	
  AD	
  
and	
  other	
  neurodegenera>ve	
  disorders?	
  

	
  •  Opportuni;es:	
  
–  Poten>al	
  for	
  disease	
  modifica>on	
  in	
  later	
  stages	
  of	
  disease	
  –i.e.,	
  

downstream	
  of	
  trigger	
  
–  Efficacy	
  in	
  Mul>ple	
  Diseases?	
  

•  Evidence	
  that	
  innate	
  immune	
  ac;va;on	
  may	
  be	
  similar	
  in	
  mul;ple	
  CNS	
  
proteinopathies	
  

•  	
  Possibility	
  of	
  cogni;ve	
  effect	
  in	
  absence	
  of	
  disease	
  modifica;on	
  
•  Possibility	
  of	
  beneficial	
  effect	
  in	
  auto-­‐immune	
  inflammatory	
  condi;ons	
  

–  Lots	
  of	
  targets	
  that	
  can	
  be	
  manipulated	
  in	
  non-­‐cell	
  autonomous	
  
manner	
  

–  Ability	
  to	
  conduct	
  parallel	
  	
  biologic	
  agonist	
  antagonist	
  studies	
  
–  Strong	
  likelihood	
  of	
  theragnos;c	
  biomarker	
  development	
  	
  to	
  assess	
  

target	
  engagement	
  

	
  

	
  



Taking	
  Risks	
  

	
  •  When	
  we	
  began	
  this	
  endeavor	
  we	
  had	
  to	
  deal	
  
with	
  a	
  lot	
  of	
  uncertainty	
  about	
  what	
  immune	
  	
  
targets	
  to	
  manipulate	
  

•  We	
  also	
  had	
  no	
  choice	
  but	
  to	
  do	
  this	
  in	
  vivo	
  
–  Skep8cal	
  of	
  any	
  “brain	
  in	
  a	
  dish	
  assay”	
  	
  

•  We	
  have	
  used	
  rAAV	
  “soma;c	
  transgenesis”	
  as	
  a	
  
technology	
  accelerator	
  to	
  	
  cost	
  effec;vely	
  
evaluate	
  poten;al	
  targets	
  and	
  possibly	
  iden;fy	
  
lead	
  biologic	
  therapeu;cs	
  	
  in	
  vivo	
  
–  a	
  modest	
  throughput	
  in	
  vivo	
  phenotypic	
  screen	
  in	
  
relevant	
  proteinopathy	
  models	
  

	
  



Soma>c	
  Brain	
  and	
  Spinal	
  Cord	
  Transgenesis	
  



Soma>c	
  Brain	
  and	
  Spinal	
  Cord	
  Transgenesis	
  



Manipula>ng	
  innate	
  immune	
  ac>va>on	
  states	
  in	
  the	
  brain	
  
can	
  produce	
  interes>ng	
  and	
  unexpected	
  phenotypes	
  

Chakrabarty	
  P,	
  et	
  al.	
  Interferon-­‐gamma	
  induces	
  
progressive	
  nigrostriatal	
  degenera>on	
  and	
  basal	
  
ganglia	
  calcifica>on.	
  Nat	
  Neurosci.	
  2011;14(6):
694-­‐6.	
  



Manipula>ng	
  Innate	
  Immune	
  Ac>va>on	
  States	
  in	
  the	
  
APP	
  mouse	
  brain	
  P0	
  studies	
  in	
  CRND8	
  mice	
  (rAAV1)	
  

•  Il-­‐6	
  Chakrabarty	
  et	
  al	
  FASEB	
  2010	
  
•  INF-­‐γ	
  Chakrabarty	
  et	
  al	
  J.	
  Immunology	
  2010	
  
•  TNF-­‐α	
  Chakrabarty	
  et	
  al	
  Mol.	
  Neurodegenera;on	
  2011	
  
•  Il-­‐4	
  Chakrabarty	
  et	
  al	
  Mol.	
  Neurodegenera;on	
  2012	
  
•  Il-­‐10	
  Chakrabarty	
  et	
  al	
  Neuron	
  in	
  Press	
  2015	
  



A	
  closer	
  look	
  at	
  the	
  Il-­‐10	
  studies	
  	
  



Systems	
  Analysis	
  of	
  Nanostring	
  Based	
  RNA	
  quan>fica>on	
  	
  data	
  
iden>fy	
  APOE	
  as	
  a	
  possible	
  factor	
  in	
  media>ng	
  the	
  IL10	
  
phenotype	
  
	
  	
  



IL-­‐10	
  increases	
  the	
  levels	
  of	
  plaque	
  associated	
  APOE	
  	
  
	
  	
  



IL-­‐10	
  increases	
  the	
  levels	
  of	
  plaque	
  associated	
  APOE	
  	
  
	
  	
  



APOE	
  binds	
  aggregated	
  Aβ	
  and	
  impairs	
  microglial	
  phagocytosis	
  
	
  	
  



Il-­‐10	
  study	
  implica>ons	
  

	
  •  Without	
  u;lizing	
  the	
  less	
  biased	
  transcriptomic	
  
approach,	
  we	
  would	
  not	
  have	
  	
  understood	
  IL-­‐10’s	
  
pro-­‐amyloidogenic	
  effect.	
  

•  Innate	
  Immunity	
  may	
  interact	
  with	
  genotype	
  	
  in	
  
humans	
  to	
  have	
  divergent	
  effects	
  
-­‐IL-­‐10	
  in	
  APOE4	
  –harmful	
  
-­‐IL-­‐10	
  in	
  APOE2	
  –beneficial	
  
-­‐Il-­‐10	
  in	
  APOE3	
  –hard	
  topredict	
  

	
  
	
  	
  



	
  Harnessing	
  Toll	
  Like	
  Receptors	
  as	
  AD	
  therapeu>cs?	
  

Takeda et al. Sem.  Immunol 2004 

TLRs	
  are	
  primary	
  sensors	
  of	
  
pathogen	
  and	
  danger	
  associated	
  
molecular	
  paberns	
  (PAMPs	
  and	
  
DAMPs)	
  



	
  Aβ	
  and	
  other	
  amyloids	
  are	
  DAMPs	
  and	
  Bind	
  TLRs	
  2,4,6	
  

•  Aβ	
  binds	
  and	
  ac+vates	
  select	
  TLRs	
  with	
  CD36.	
  Stewart	
  et	
  al.,	
  Nat	
  Immunolgy	
  
2010;	
  Fassbender	
  et	
  al.,	
  FASEB	
  J	
  2004	
  	
  

TLRs	
  modulate	
  Aβ	
  pathology	
  
	
  
•  TLR/TLR	
  agonists	
  reduce	
  Aβ	
  plaque	
  pathology.	
  Richard	
  et	
  al.,	
  J.	
  Neurosci	
  2008;	
  

Chen	
  et	
  al.,	
  J	
  Biol	
  Chem	
  2006;	
  Reed-­‐Geaghan	
  et	
  al.,	
  J.	
  Neurosci	
  2009;	
  Scholtzova	
  
et	
  al.,	
  J	
  Neurosci	
  2009.	
  

•  TLRs	
  are	
  upregulated	
  in	
  mouse	
  models.	
  	
  Wirths	
  	
  et	
  al.,	
  Neurobiol	
  Aging	
  2010	
  
•  TLR4	
  deficiency	
  increases	
  Aβ	
  plaque	
  pathology	
  but	
  Myd88	
  deficiency	
  reduces	
  	
  

plaque	
  pathology.	
  Tahara	
  et	
  al.	
  Brain	
  2006;	
  Lim	
  et	
  al.,	
  Am	
  J.	
  Path	
  2011;	
  Hao	
  et	
  
al.,	
  Brain	
  2011.	
  

•  Myd88	
  knockdown	
  inhibits	
  Aβ42	
  induced	
  inflammatory	
  signaling.	
  Jana	
  et	
  al.,	
  
J.	
  Immunol	
  2008.	
  

•  TLR4	
  and	
  TLR2	
  exacerbates	
  Aβ	
  induced	
  neuronal	
  injury.	
  Walter	
  et	
  al.,	
  Cel	
  
Physiol	
  Biochem	
  2007;Tang	
  et	
  al.,	
  Exp	
  Neurol	
  2008;	
  Liu	
  et	
  al.,	
  J	
  Immunol	
  2012.	
  

	
  



	
  Harnessing	
  	
  soluble	
  Toll	
  Like	
  Receptors	
  (sTLRs)	
  	
  as	
  
AD	
  therapeu>cs	
  

• Select	
  sTLRs	
  might	
  bind	
  Aβ	
  aggregates	
  but	
  also	
  dampen	
  inflamma>on.	
  
• What	
  will	
  they	
  do	
  to	
  pathology?	
  
• In	
  addi>on	
  to	
  sTLR	
  2,4,6	
  we	
  tested	
  sTLR5	
  	
  as	
  it’s	
  only	
  known	
  ligand	
  is	
  flagellin	
  
• All	
  of	
  these	
  TLRs	
  are	
  expressed	
  at	
  low	
  levels	
  	
  the	
  mouse	
  and	
  human	
  brain	
  
	
  



Ini>al	
  Pilot	
  studies	
  showed	
  that	
  sTLRs	
  4	
  and	
  5	
  
abenuate	
  Aβ	
  deposi>on	
  and	
  	
  block	
  Aβ	
  toxicity	
  



rAAV-­‐sTLR-­‐FcV5	
  tranduciton	
  	
  drama>cally	
  reduces	
  	
  Aβ	
  
plaque	
  pathology	
  and	
  associated	
  micogliosis	
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sTLR5FcV5	
  expression	
  leads	
  to	
  reduc;on	
  in	
  Aβ	
  plaque	
  load	
  compared	
  to	
  control	
  mice	
  



sTLR-­‐FcV5	
  fusion	
  expression	
  drama>cally	
  alters	
  Aβ	
  
plaque	
  pathology	
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How	
  is	
  sTLR5	
  	
  working?	
  

Direct	
  Binding	
  of	
  Aβ



Aβ	
  modulates	
  TLR5	
  ac>va>on	
  by	
  Flagellin,	
  but	
  does	
  
not	
  ac>vate	
  TLR5	
  by	
  itself	
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  sTLR5Fc	
  as	
  novel	
  AD	
  immunotherapies?	
  

•  It	
  appears	
  to	
  work	
  but	
  how?	
  
–  Ac>ng	
  like	
  an>bodies	
  ?	
  
–  Blocking	
  aggrega;on?	
  
–  Blocking	
  Inflamma;on?	
  
–  Neutralizing	
  toxicity?	
  

•  Can	
  it	
  work	
  when	
  administered	
  peripherally?	
  
•  Can	
  it	
  work	
  as	
  therapeu;cs	
  as	
  opposed	
  to	
  prophylac;cs?	
  

–  Some	
  preliminary	
  data	
  says	
  yes	
  
•  Can	
  it	
  work	
  in	
  other	
  neurodegenera;ve	
  proteinopathies?	
  

–  Tau	
  studies	
  are	
  underway	
  
•  What	
  about	
  other	
  sTLRs?	
  

–  sTLR4	
  did	
  not	
  reproduce	
  
–  sTLR4Fc	
  also	
  showed	
  no	
  clear	
  effect	
  

	
  



Targe>ng	
  Innate	
  Immunity	
  in	
  fALS	
  mutant	
  
SOD1	
  models	
  	
  

	
  •  There	
  is	
  a	
  massive	
  altera;on	
  in	
  innate	
  immune	
  gene	
  expression	
  
accompanying	
  a	
  massive	
  gliosis	
  in	
  SOD1	
  fALS	
  models	
  (Buovsky	
  et	
  al	
  JCI	
  	
  
2012)	
  that	
  may	
  be	
  similar	
  to	
  both	
  	
  human	
  fALS	
  and	
  sALS	
  

•  Mul;ple	
  innate	
  immune	
  pathways	
  are	
  upregulated	
  drama;cally	
  
(complement,	
  chemokines,	
  acute	
  phase	
  proteins,	
  cytokines,	
  toll-­‐like	
  
receptors)	
  

•  Mutant	
  SOD1	
  mice	
  are	
  an	
  excellent	
  phenocopy	
  of	
  human	
  ALS	
  mediated	
  
by	
  SOD1	
  

	
  

Where 



So	
  many	
  targets,	
  but	
  which	
  one?	
  

	
  
	
  

•  We	
  chose	
  IL-­‐10	
  as	
  a	
  “master”	
  an;-­‐inflammatory	
  cytokine	
  
that	
  acts	
  in	
  a	
  non-­‐cell	
  autonomous	
  fashion	
  
–  Also	
  because	
  recombinant	
  Il-­‐10	
  was	
  well	
  tolerated	
  	
  but	
  lacked	
  

efficacy	
  in	
  human	
  	
  HCV/hepa;;s	
  trials	
  and	
  we	
  had	
  shown	
  in	
  vivo	
  
effects	
  of	
  rAAV-­‐IL-­‐10	
  in	
  APP	
  mouse	
  models	
  	
  

–  In	
  primary	
  mixed	
  neuroglial	
  culture	
  rAAV2/1-­‐IL-­‐10	
  can	
  
drama;cally	
  suppress	
  innate	
  immune	
  gene	
  ac;va;on	
  
induced	
  by	
  Aβ,	
  synuclein	
  or	
  LPS	
  

	
  

Where 



Study	
  design	
  

	
  
	
  

•  Intraspinal	
  rAAV2/1-­‐murine	
  IL-­‐10	
  injected	
  into	
  
SOD1	
  G93A	
  model	
  at	
  P0	
  

•  Survival	
  Study	
  (mice	
  aged	
  ;ll	
  they	
  are	
  moribund	
  
due	
  to	
  paralysis)	
  

•  Ini;al	
  Goal	
  	
  >25%	
  increase	
  in	
  lifespan	
  

	
  

Where 



G93A	
  SOD1	
  mice	
  develop	
  a	
  motor	
  	
  phenotype	
  

	
  
	
  

Where 



rAAV2-­‐IL-­‐10	
  Prolongs	
  survival	
  (Ayers	
  et	
  al	
  2014	
  Molecular	
  
Therapy)	
  

	
  
	
  

	
  

Where 



Targe>ng	
  Innate	
  Immunity	
  in	
  fALS	
  

•  Il-­‐10	
  is	
  not	
  yet	
  a	
  breakthrough	
  as	
  we	
  did	
  not	
  even	
  	
  reach	
  the	
  
25%	
  life	
  span	
  extension	
  target:	
  Can	
  we	
  op;mize	
  
–  Dose	
  finding	
  studies	
  
–  Peripheral	
  delivery	
  (recombinant	
  or	
  viral)	
  
–  Therapeu;c	
  as	
  opposed	
  to	
  Prophylac;c	
  delivery	
  

•  Nevertheless,	
  first	
  POC	
  that	
  innate	
  immunity	
  could	
  be	
  
harnessed	
  to	
  provide	
  disease	
  modifica;on	
  in	
  fALS	
  

•  Illustrates	
  complexity	
  of	
  manipula;ng	
  innate	
  immunity	
  
–  Effects	
  may	
  strongly	
  influenced	
  by	
  context	
  

•  Establishment	
  	
  of	
  a	
  cost-­‐effec;ve	
  technology	
  plaporm	
  to	
  
evaluate	
  mul;ple	
  	
  individual	
  targets	
  or	
  even	
  combina;on	
  
therapies	
  	
  

•  rAAV	
  based	
  therapies	
  can	
  be	
  directly	
  on	
  the	
  clinical	
  
development	
  path	
  
–  Delivery	
  and	
  scale	
  up	
  issues	
  s;ll	
  need	
  to	
  be	
  completely	
  solved	
  



A	
  Systems	
  Approach	
  to	
  Harnessing	
  Innate	
  immunity	
  for	
  
Neurodegenera>ve	
  Proteinopthies	
  

	
  



Intervention in  
Symptomatic Patient 

with Trigger Targeting Rx?  
 

Optimal  
Prophylactic Rx 

The	
  Dilemma	
  of	
  Treatment	
  versus	
  Preven>on	
  
(see	
  Golde,	
  Schneider	
  and	
  Koo,	
  Neuron	
  2011)	
  
	
  

Efficacy	
  of	
  trigger	
  targe>ng	
  therapy	
  will	
  
decline	
  as	
  pathology	
  progresses!	
  We	
  should	
  
avoid	
  Kobayashi	
  Maru	
  Scenarios	
  	
  



The	
  Proteinopathy	
  Hypothesis	
  of	
  	
  Neurodegenera>on	
  
Mutation     Overexpression     Ineffective Removal      

(Stress)ors?  Time (Aging?) 

Misfolded Protein Aggregates 
(Oligomeric or Fibrillar) 

Widespread or Regional Brain Organ Failure 

Direct Toxicity? 
Synaptic toxicity? 

Innate Immune activation 
 and Inflammation? 

Mass Effects? 

Induction of Secondary 
Proteinopathies? 

 

ROS, Mitochondrial 
Dysfunction? 

 
Sequestration of protein 

or binding partners?  
 

Neuronal Demise 

Membrane Damage?  
 

Organelle Dysfunction ?  
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