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June	  14,	  2016	  
Can	  You	  Teach	  Old	  Drugs	  New	  Tricks?	  
Nicola	  Nosengo,	  Nature	  News	  



Can	  we	  use	  genomics	  to	  predict	  drugs	  that	  
will	  correct	  complex	  disorders	  (like	  
alcoholism)?	  

Dudley	  et	  al.,	  2011.	  ComputaBonal	  reposiBoning	  of	  the	  anBconvulsant	  topiramate	  for	  
inflammatory	  bowel	  disease.	  Sci	  Transl	  Med.	  	  

	  Used	  gene	  expression	  data	  from	  IBD	  pa=ent	  intes=ne	  biopsies	  to	  predict	  drugs	  to	  treat	  
	  IBD–	  found	  topiramate	  which	  was	  validated	  in	  vivo.	  

	  
Liu	  et	  al.,	  2015.	  Treatment	  of	  obesity	  with	  celastrol.	  Cell	  

	  Used	  gene	  expression	  data	  to	  predict	  celastrol,	  which	  led	  to	  a	  45%	  weight	  loss	  in	  diet-‐
	  induced	  obese	  (DIO)	  mice	  

	  



LINCS Dataset 
5	  neuronal	  	  
cell	  types	  

Includes	  many	  	  
FDA-‐approved	  
Drugs	  
(e.g.,	  naltrexone)	  

9-‐78	  cell	  types	  

>	  19,000	  >	  3,000	  

>	  12,000	  



LINCS	  

Disease	  
signature	  

Candidate	  
Drugs	  

Test	  
candidates	  
in	  vivo	  

1.  Generate	  a	  “disease	  
signature,”	  i.e.,	  a	  list	  
of	  genes	  that	  have	  
increased	  or	  
decreased	  expression	  
in	  human	  alcoholics	  
or	  animal	  model	  vs	  
controls	  

2.  Iden=fy	  compounds	  
with	  signatures	  that	  
have	  a	  strong	  
connec=vity	  to	  the	  
disease	  signature	  	  

3.  Test	  the	  compounds	  
in	  preclinical	  model	  

Iden=fying	  a	  compound	  to	  treat	  
alcoholism	  

PrioriBze	  
compounds	  

Datasets	  

Species	   Brain	  area(s)	   Treatment	  

HDID	  mice	   PFC,	  NacC,	  
NacSh,	  BNST,	  
BLA,	  CeA,	  VTA,	  
VS,	  OC	  

etoh	  naïve	  	  

C57Bl/6J	  mice	   PFC	   Con=nuous	  2BC	  
DID	  2BC	  
EOD	  2BC	  

Macaque	   PFC,	  CeA	   chronic/
withdraw	  

Human	   FC,	  CeA,	  BLA	   Alcoholics	  

Rat	   various	   various	  



LINCS	  

Candidate	  
Drugs	  

Test	  
candidates	  
in	  vivo	  

1.  Generate	  a	  “disease	  
signature,”	  i.e.,	  a	  list	  
of	  genes	  that	  have	  
increased	  or	  
decreased	  expression	  
in	  human	  alcoholics	  
or	  animal	  model	  vs	  
controls	  

2.  Iden=fy	  compounds	  
with	  signatures	  that	  
have	  a	  strong	  
connec=vity	  to	  the	  
disease	  signature	  	  

3.  Test	  the	  compounds	  
in	  preclinical	  model	  

Iden=fying	  a	  compound	  to	  treat	  
alcoholism	  

PrioriBze	  
compounds	  

Disease	  
signature	  

SCIENCE	  VOL	  313	  29	  SEPT	  2006	  
The	  ConnecBvity	  Map:	  Using	  Gene-‐Expression	  Signatures	  to	  Connect	  	  Small	  
Molecules,	  Genes,	  and	  Disease	  
Jus=n	  Lamb,	  	  (Eric	  Lander,	  Todd	  Golub),	  et	  al.	  	  Harvard/MIT/Broad	  
	  
	  
	  
	  
	  
	  
	  

Kolmogorov	  Smirnov	  non-‐parametric	  rank	  sta=s=c	  
	  

hgp://www.broadins=tute.org/cmap/help_topics_linkified.jsp#how	  connec=vity	  
score	  is	  calculated	  



Current	  Algorithm	  

Even	  though	  the	  up	  score	  is	  very	  high	  
Score	  =	  0	  
Because	  the	  up	  and	  down	  genes	  are	  
being	  changed	  in	  the	  same	  direc=on	  
overall	  	  



Beger	  Algorithm?	  

Take	  max	  between	  up	  and	  down	  
score	  



2	  ways	  to	  query	  LINCS	  
Query	  using	  the	  web	  app	  
hgp://apps.lincscloud.org/query	  

Query	  using	  C3	  –	  Compute	  	  
Connec=vity	  on	  the	  Cloud	  



Query	  with	  web	  app	  	  
Summly	  (not	  corrected)	  

Query	  with	  C3	  
Gutc	  (corrected)	  

Which	  experiments	  are	  
used	  for	  analyses	  

perturbagens	  that	  give	  
reproducible	  signatures	  
	  

well-‐characterized	  
perturbagens	  that	  give	  
reproducible	  signatures	  
('touchstone'	  set)	  

Whether	  scores	  include	  
correc=on	  

None	   provides	  a	  measure	  of	  how	  
unusual	  the	  connec=vity	  
score	  for	  a	  given	  drug	  is,	  
rela=ve	  to	  that	  drug’s	  score	  
across	  all	  cell	  lines,	  =mes	  
and	  doses	  

How	  scores	  are	  
summarized	  and	  reported	  	  

summarizes	  results	  in	  the	  
2,	  4,	  and	  6	  cell	  lines	  in	  
which	  the	  connec=ons	  
have	  strongest	  magnitude	  

uses	  the	  max	  quan=le	  
summariza=on	  method,	  so	  
it	  produces	  just	  a	  single	  
score	  
	  



Parameter	   OpBons	  

Input	  gene	  signature	  	   •  All	  DE	  genes	  
•  Top	  100	  DE	  genes	  
•  L1000	  landmark	  genes	  
•  DE	  genes	  within	  modules	  or	  pathways	  

of	  interest	  	  

Genes	  in	  LINCS	  database	   •  L1000	  landmark	  genes	  
•  “bing”	  (best	  inferred)	  genes	  
•  All	  

Cell	  types	   •  Brain	  cell	  types	  
•  All	  cell	  types	  	  

Experiments	  	   •  Touchstone	  
•  Gold	  
•  All	  
•  (“touchstone”	  and	  “gold”	  are	  subsets	  

of	  experiments	  that	  the	  BROAD	  has	  
determined	  are	  the	  most	  reproducible)	  	  



LINCS	  API	  
hgp://api.lincscloud.org/	  

Lots	  of	  meta-‐data	  –	  you	  could	  answer	  a	  lot	  of	  interesBng	  quesBons	  just	  by	  
querying	  the	  LINCS	  meta-‐data!	  
	  
Query	  examples:	  
•  Lookup	  expression	  of	  a	  gene	  across	  core	  cell	  lines	  

/a2/geneinfo?q={"pr_gene_symbol":”OPRM1"}&l=1	  

•  Return	  meta-‐informaBon	  for	  terreic-‐acid	  
	  	  	  	  	  
/a2/per=nfo?q={"pert_iname":”terreic-‐acid"}	  

•  Return	  only	  the	  specified	  fields	  –	  for	  a	  drug	  get	  signature	  cell	  ids,	  signature	  
strength,	  and	  top	  regulated	  genes	  

	  	  	  	  	  
/a2/siginfo?q={"pert_desc":”terreic-‐acid"}&f={"cell_id":1,”dis=l_ss":1,	  “up50_lm”:
1,	  “dn50_lm”:1}	  
	  
	  
	  
	  



LINCS	  

Disease	  
signature	  

Candidate	  
Drugs	  

Test	  
candidates	  
in	  vivo	  

1.  Generate	  a	  “disease	  
signature,”	  i.e.,	  a	  list	  
of	  genes	  that	  have	  
increased	  or	  
decreased	  expression	  
in	  human	  alcoholics	  
or	  animal	  model	  vs	  
controls	  

2.  Iden=fy	  compounds	  
with	  signatures	  that	  
have	  a	  strong	  
connec=vity	  to	  the	  
disease	  signature	  	  

3.  Test	  the	  compounds	  
in	  preclinical	  model	  

Iden=fying	  a	  compound	  to	  treat	  
alcoholism	  

•  Exis=ng	  FDA	  approval	  /	  clinical	  trial	  
•  Cross	  BBB	  –	  brain	  access	  
•  Acceptable	  side	  effects	  
•  Predicted	  to	  be	  effec=ve	  in	  mul=ple	  

brain	  areas	  or	  across	  species	  

PrioriBze	  
compounds	  



HDID	  MICE	  
Proof-‐of-‐principle	  	  



HDID	  mice	  
(High	  Drinking	  in	  the	  Dark	  mice)	  

Gene=c	  model	  for	  “binge-‐
drinking”	  
	  
•  Drinking	  in	  the	  Dark	  
•  Selected	  for	  high	  BEC	  

	  



LINCS	  

Disease	  
signature	  

Candidate	  
Drugs	  

Test	  
candidates	  
in	  vivo	  

etoh	  naïve	  	  
HDID	  mice	  
	  
PFC,	  NacC,	  NacSh,	  
BNST,	  BLA,	  CeA,	  
VTA,	  VS,	  OC,	  whole	  
brain	  
	  

1.  Generate	  a	  “genomic	  
signature,”	  i.e.,	  a	  list	  
of	  genes	  that	  have	  
increased	  or	  
decreased	  expression	  
in	  etoh	  naïve	  HDID	  
mice	  vs	  controls	  

2.  Iden=fy	  compounds	  
with	  signatures	  that	  
have	  a	  strong	  
connec=vity	  to	  the	  
disease	  signature	  	  

3.  Test	  the	  compounds	  
in	  HDID	  mice	  

Iden=fying	  a	  compound	  to	  decrease	  excessive	  
ethanol	  consump=on	  in	  HDID	  mice	  

PrioriBze	  
compounds	  



Absolute	  
Product	  Meta	  

Analysis	  

LINCS	  
output	  of	  
ranked	  
drug	  list	  

Consensus	  
ranked	  
drug	  list	  

X	   X	   =	  

Fortney	  et	  al.,	  2015.	  PrioriBzing	  TherapeuBcs	  for	  Lung	  Cancer:	  An	  IntegraBve	  
Meta-‐analysis	  of	  Cancer	  Gene	  Signatures	  and	  Chemogenomic	  Data.	  PLOS	  Comp	  Bio	  
	  
Liu	  et	  al.,	  2015.	  Treatment	  of	  obesity	  with	  celastrol.	  Cell	  
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Terreic	  acid	  



TERREIC	  ACID	  
Proof-‐of-‐principle	  	  

Aspergillus	  terreus	  

•  Selec=ve	  Bruton’s	  tyrosine	  kinase	  (BTK)	  inhibitor	  	  
–  Kawakami,	  Y.,	  et	  al.,	  Proc	  Natl	  Acad	  Sci	  U	  S	  A,	  1999.	  

•  BTK	  is	  essen=al	  for	  NLRP3	  inflammasome	  ac=va=on	  and	  contributes	  to	  
ischaemic	  brain	  injury	  	  

–  Ito	  M,	  et	  al.	  Nat	  Commun	  2015	  

•  TA	  inhibits	  the	  transcrip=on	  of	  TNFα	  and	  IL-‐2	  	  
–  Kawakami,	  Y.,	  et	  al.,	  Proc	  Natl	  Acad	  Sci	  U	  S	  A,	  1999.	  

•  TA	  has	  an=oxidant	  proper=es	  	  
–  Dewi	  RT,	  et	  al.,	  J	  Microbial	  Biochem	  Technol,	  2012.	  

**	  Compound	  that	  would	  not	  have	  been	  picked	  by	  tradi=onal	  approaches.	  No	  neuropharm	  
of	  compound….no	  known	  func=on	  for	  btk	  in	  alcholism….etc	  	  



Tes=ng	  terreic	  acid	  in	  vivo	  

2	  hr	  EtOH	   2	  hr	  EtOH	  2	  hr	  EtOH	   2	  hr	  EtOH	  
=	  BEC	  sample	  

=	  Drug/Vehicle	  
	  	  	  Treatment	  

30	  mins	  prior	   2	  hr	  

N=17,	  	  
5-‐6	  per	  dose	  

Day	  1	   Day	  2	   Day	  3	   Day	  4	  



2	  hr	  EtOH	   2	  hr	  EtOH	  2	  hr	  EtOH	   2	  hr	  EtOH	  
=	  BEC	  sample	  

=	  Drug/Vehicle	  
	  	  	  Treatment	  

30	  mins	  prior	   2	  hr	  

*	  

*	  	  	  	  	  	  P	  <	  0.05	  
N=5-‐6	  per	  dose	  

*	  

*	   *	  

Graphs	  by	  John	  Crabbe	  and	  colleagues	  	  



Day	  4	  Saccharin	  Preference	  

Graph	  by	  John	  Crabbe	  and	  colleagues	  	  

Note	  that	  there	  was	  a	  decrease	  in	  overal	  saccharin	  consump=on	  that	  is	  being	  inves=gated…	  



Summary	  
•  We	  used	  gene	  expression	  signatures	  of	  HDID	  
mouse	  brain	  and	  gene	  expression	  signatures	  of	  
compounds	  from	  the	  LINCS	  database	  to	  predict	  
drugs	  that	  might	  decrease	  BALs	  in	  HDID	  mice	  

•  Terreic	  acid	  emerged	  as	  a	  top	  hit	  from	  our	  drug	  
predic=on	  analyses	  	  

•  When	  tested	  in	  vivo,	  terreic	  acid	  decreased	  BALs	  
by	  ~100%	  



Future	  Direc=ons	  
•  Use	  qPCR	  to	  determine	  if	  genes	  we	  predicted	  to	  be	  

“corrected”	  by	  terreic	  acid	  are	  being	  “corrected”	  

•  Determine	  if	  terriec-‐acid’s	  effects	  on	  a	  2-‐bogle-‐choice	  test	  
(20%	  EtOH	  vs	  H2O)	  

•  Select	  other	  drugs	  for	  HDID	  mice	  using	  different	  
computa=onal	  strategies	  

	  
Conclusion	  
Our	  successful	  POC	  suggests	  these	  algorithms	  could	  
predict	  other	  drugs	  for	  alcohlism	  and	  other	  
psychiatric	  illnesses	  	  



Thank	  you!	  
People 	  	  

•  Dr. Adron Harris 
•  Dr. Dayne Mayfield 
•  Dr. Igor Ponomarev 
•  Dr. John Crabbe 
•  Dr. Angela Ozburn 
•  Ted Natoli 
•  Lab mates 
•  Waggoner Center  
•  INS 
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