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Last	  ~30	  years	  
Studies	  in	  animal	  models	  and	  clinical	  observa>ons	  

have	  been	  used	  to	  iden>fy	  drug	  targets	  

Slow	  process,	  usually	  conducted	  	  in	  academic	  and	  clinical	  sePngs	  



EXAMPLE: Alzheimer’s disease (AD)	  

Alois	  Alzheimer	  	  	  	  -‐	  	  	  	  	  3	  November	  1906	  



Familial	  AD:	  	  caused	  by	  inheritance	  of	  specific	  muta>ons	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Sporadic	  AD:	  	  unknown	  causes,	  contribu>on	  from	  both	  
gene>c	  and	  environmental	  factors	  



The	  brain	  changes	  as	  we	  age	  

Healthy	  2	  weeks	  

Healthy	  46	  years	  
Healthy	  70	  years	   Alzheimer’s	  86	  years	  

Hippocampal	  atrophy	   Temporal	  lobe	  atrophy	  

Alzheimer’s	  Associa>on	  



Alzheimer’s	  disease	  causes	  degenera>on	  of	  
certain	  areas	  of	  the	  brain	  



Alzheimer’s	  disease	  pathophysiology	  



Generation of β-amyloid (Aβ) from APP

Membrane APP �
Normal

Alzheimer’s

Aβ Accumulation = Production versus Clearance



2013:	  	  10	  YEARS	  OF	  THE	  HUMAN	  GENOME	  

APRIL	  14,	  2003	  
•  First	  human	  genome	  
•  Cost:	  	  $1	  billion	  
	  	  	  	  	  (3	  billion	  bases)	  
•  8	  years	  

APRIL	  15,	  2013	  
•  >33,000	  genomes	  
•  $	  4,000-‐5,000	  	  
(46	  chromosomes,	  6	  billion	  bases)	  
•  2	  days	  per	  genome	  



Early	  2000’s:	  Thousands	  of	  genes	  with	  
unknown	  func>ons	  



Genomes	  of	  higher	  organisms	  are	  very	  homologous	  
The	  human	  and	  the	  fly	  genomes	  are	  60%	  homologous	  

Won	  for	  All:	  How	  the	  Drosophila	  Genome	  was	  Sequenced	  
by	  Michael	  Ashburner	  
Cold	  Spring	  Harbor	  Laboratory	  Press:	  2006.	  107	  pp.	  $19.95	  



Drosophila	  as	  a	  model	  organism	  



The	  Drosophila	  brain	  

Confocal	  
(autofluorescence)	  
Parafin	  sec>on	  

Confocal	  
(synap>c	  terminal	  Ab)	  

Whole	  mount	  

Confocal	  
(tyrosine	  hydroxylase,	  DA	  neurons)	  

Whole	  mount	  



Assay for drug treatment in flies

drug enhances a movement disorder in a concentration-dependant and 
age-related manner



Assay	  for	  motor	  neuron	  diseases	  in	  flies	  





•    expression of  Aβ peptides in flies leads  to neurodegenerative phenotypes 

•    Aβ expression in flies perturbs novel and known pathways  

Drosophila	  model	  for	  Alzheimer’s	  disease	  
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Vacuolization in 21d fly brains expressing Aβ42 

control Aβ42 NCB
PI

Brain morphology of  Aβ42-expressing flies 

Human	  brain	  

Fly	  brain	  



Phenotypes	  caused	  by	  >ssue-‐specific	  expression	  of	  Aβ

Wildtype	   Abeta/+	  

human	  Aβ	  expressed	  in	  fly	  eyes	   human	  Aβ	  expressed	  in	  fly	  CNS	  
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Aβ42 overexpression causes 
dose-dependent eye 

phenotypes

K1 K3 vect Ab 52/53 

GMR:Ab42 Transgenic Lines 

Drosophila model for Aβ toxicity
Eye expression

vector K1 

K3 52/53 



Genetic analysis leads to elucidation of disease pathways 	  

•  A	  strain	  carrying	  a	  random	  muta>on	  is	  crossed	  with	  a	  strain	  that	  exhibits	  a	  disease	  
phenotype	  

•  Modifica>on	  of	  a	  disease	  phenotype	  implies	  a	  gene>c	  interac>on	  between	  the	  
disease	  gene	  and	  the	  muta>on	  that	  is	  being	  tested	  

•  A	  gene>c	  interac>on	  suggests	  that	  the	  mutated	  gene	  is	  ac>ve	  in	  the	  disease	  
pathway	  



FKBP59c01413 Abeta	  only Abeta/FKBP59c01413 Abeta/FKBP59Ey03538

Genetic modifier screen



Green=Aβ42, Red=Phalloidin

Photoreceptor 
cells Control 
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Finelli et al, 2004

Genetic modifier screens in model organisms identify new disease factors

Neprilysin overexpression degrades Aβ



Genetic modifier screens in model organisms 
identify new disease factors

50% survival
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Conclusion:	  Neprilysin	  is	  a	  protein	  that	  can	  
degrade	  Aβ and	  improve	  Alzheimer’s	  
phenotypes	  	  



MutaOons	  in	  23	  genes,	  out	  of	  ~2,000	  genes	  screened,	  were	  
idenOfied	  as	  modifiers	  of	  the	  Abeta	  phenotype	  in	  
Drosophila.	  	  Several	  new	  biochemical	  pathways	  were	  found	  
to	  be	  implicated	  in	  AD	  



New	  genomic-‐era	  technologies	  used	  in	  
drug	  discovery	  

•  Large-‐scale	  differen>a>on	  of	  iPSC-‐derived	  
cells	  

•  CRISPR	  engineering	  used	  to	  model	  disease	  in	  
cells	  or	  mouse	  

•  Nextgen	  sequencing	  to	  get	  transcriptome	  
maps	  in	  healthy	  and	  disease	  >ssue	  and	  
understand	  mechanism	  of	  ac>on	  



iPS	  cells	  can	  make	  any	  cell	  type	  in	  any	  
gene>c	  background	  to	  be	  used	  for	  

phenotypic	  screening	  	  

•  renewed	  approach	  for	  lead	  discovery.	  
•  may	  improve	  the	  success	  rate	  of	  drug	  
approval.	  

•  New	  drug	  targets	  can	  be	  iden>fied	  from	  
phenotypic	  screening	  of	  known	  drug	  library.	  

•  Pa>ent	  derived	  iPS	  cells	  can	  generate	  bener	  
phenotypic	  cell-‐based	  disease	  models.	  

Wei	  Zheng,	  ,	  Natasha	  Thorne,	  John	  C.	  McKew,	  2013	  



Phenotypic	  screening	  in	  drug	  discovery	  is	  not	  	  new	  thing!	  

Wei	  Zheng,	  ,	  Natasha	  Thorne,	  John	  C.	  McKew,	  2013	  





Cell-‐based	  phenotypic	  assays	  use	  specific	  cell	  types	  
differen>ated	  from	  induced	  pluripotent	  stem	  cells	  (iPSCs)	  
derived	  from	  pa>ent	  or	  normal	  human	  cells	  

iPS	  cells	  speed	  up	  the	  availability	  of	  different	  cell	  types	  



Examples	  of	  cell	  types	  used	  in	  phenotypic	  screens	  



CRISPR	  	  

hnp://www.nature.com/news/crispr-‐the-‐disruptor-‐1.17673	  

•  Can	  produce	  appropriate	  cell	  lines	  and	  transgenic	  mice	  to	  
use	  in	  disease	  modeling	  

•  	  ~73,000	  single	  guide	  RNAs	  (sgRNAs)	  targe>ng	  human	  
genes	  to	  screen	  (Saba>ni	  group)	  



CRISPR	  overview	  	  



Ex	  vivo	  and	  in	  vivo	  strategies	  for	  
therapeuOc	  genome	  ediOng	  

Maeder	  and	  Gersbac,	  2016	  



CRISPR	  used	  to	  model	  diseases	  in	  
mammalian	  cells	  



CRISPR	  used	  to	  model	  diseases	  in	  mice	  

Francisco	  J.	  Sánchez-‐Rivera	  and	  Tyler	  Jacks,	  2015	  



•  Massive	  parallel	  sequencing	  technology	  	  
•  Genomic	  DNA	  is	  extracted,	  fragmented,	  and	  linked	  to	  
adapters	  and	  primers	  for	  the	  amplifica>on	  reac>on	  
(PCR)	  to	  generate	  a	  library	  

•  DNA	  fragments	  in	  the	  library	  are	  simultaneously	  
sequenced	  in	  a	  maner	  of	  days.	  The	  data	  obtained	  is	  
processed	  with	  bioinforma>cs	  sorware	  and	  
interpreted	  

•  NGS	  can	  also	  help	  with	  the	  characteriza>on	  of	  DNA-‐
protein	  interac>ons,	  DNA	  methyla>on	  analysis,	  and	  
more.	  

NextGen	  sequencing	  (NGS)	  



NextGen	  sequencing	  (NGS)	  

•  Used	  for	  large-‐scale	  screening	  of	  SNPs	  to	  ul>mately	  determine	  if	  a	  
drug	  candidate	  will	  be	  effec>ve	  and	  safe.	  	  

•  	  Iden>fy	  unique	  biomarkers	  so	  that	  drug	  targets	  can	  be	  discovered	  	  
•  Iden>fy	  gene	  expression	  level	  differences	  between	  disease	  and	  
healthy	  >ssue	  

EASIER	  and	  FASTER	  to	  understand	  Mechanism	  of	  Ac>on	  



Massive sequencing capabilities have facilitated the comparison of 
whole human genomes of people with and without Alzheimer’s

NGS	  and	  Alzheimer’s	  disease	  





A	  new	  analysis	  finds	  that	  between	  1998	  and	  2014,	  
there	  were	  123	  unsuccessful	  aUempts	  to	  develop	  
drugs	  to	  treat	  Alzheimer’s	  –	  or	  as	  some	  call	  them	  
“failures.”	  In	  that	  >meframe,	  four	  new	  medicines	  
were	  approved	  to	  treat	  the	  symptoms	  of	  
Alzheimer’s	  disease;	  for	  every	  research	  project	  that	  
succeeded,	  about	  30	  failed	  to	  yield	  a	  new	  medicine.	  	  



Number	  of	  Americans	  Age	  65	  and	  Older	  Living	  with	  
Alzheimer’s	  Disease,	  2015-‐2050	  	  



Projected	  Impact	  of	  a	  Medicine	  that	  Delays	  Alzheimer's	  
Disease	  Onset	  by	  5	  Years,	  2015-‐2050	  	  

�Source:	  Alzheimer’s	  Associa>on,	  “	  



Researchers	  are	  currently	  working	  on	  59	  
medicines	  in	  development	  for	  Alzheimer’s	  

and	  other	  demen>as.	  	  
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