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Will	
  understanding	
  neurobiology	
  lead	
  to	
  improvements	
  
in	
  diagnosis,	
  treatment,	
  prevenFon,	
  quality	
  of	
  life?	
  

Why	
  do	
  we	
  need	
  to	
  understand	
  typical	
  
and	
  atypical	
  neurodevelopment?	
  



Neurodevelopmental	
  disorders	
  

•  CommunicaFon	
  disorders	
  
•  Learning	
  disorders	
  
•  AuFsm	
  
•  Chronic	
  Fc	
  disorders	
  
•  ADHD	
  
•  Schizophrenia	
  
•  Psychosis	
  

Categorical	
  diagnoses	
  
in	
  DSM	
  5	
  

	
  
Deficits	
  -­‐	
  language,	
  social	
  cogniFon,	
  aPenFon,	
  sensory-­‐motor	
  
funcFoning	
  	
  	
  



What	
  have	
  we	
  learned	
  about	
  atypical	
  
neurodevelopment?	
  

•  Example	
  from	
  ReP	
  Syndrome	
  
•  AuFsm	
  Spectrum	
  Disorders	
  
•  Converging	
  neurobiology	
  of	
  
neurodevelopmental	
  disorders	
  

•  Challenges	
  to	
  integraFng	
  understanding	
  
neurodevelopment	
  

•  AspiraFons	
  for	
  the	
  future	
  of	
  
neurodevelopmental	
  research	
  



ReP	
  Syndrome	
  

•  Early	
  onset	
  neurodevelopmental	
  disorder	
  
•  SimilariFes	
  to	
  ASD	
  
•  Predominantly	
  girls	
  
•  Well	
  defined	
  syndrome	
  –	
  4	
  clear	
  stages	
  of	
  
progression:	
  
1  StagnaFon	
  	
  
2  Regression	
  (6-­‐18	
  months)	
  	
  
3  Seizure	
  development	
  	
  
4  Late	
  motor	
  deterioraFon	
  



ReP	
  Syndrome	
  –	
  A	
  Rare	
  Neurodevelopmental	
  
Syndrome	
  with	
  a	
  GeneFc	
  AeFology	
  

•  Physical	
  phenotype	
  	
  
–  Small	
  hands	
  and	
  feet	
  
–  DeceleraFon	
  of	
  head	
  growth	
  (à	
  

microcephaly)	
  
•  Behavioural	
  phenotype	
  

–  social	
  withdrawal,	
  	
  
–  repeFFve	
  hand	
  movements,	
  	
  
–  avoidance	
  of	
  eye	
  contact	
  
–  lack	
  of	
  social/emoFonal	
  reciprocity	
  
–  Impaired	
  nonverbal	
  behaviors	
  
–  Breathholding	
  

•  Physical	
  phenotype	
  
–  GI	
  disturbances	
  
–  Seizures	
  
–  Sensory	
  disturbances	
  

	
  Andreas	
  ReP,	
  1966	
  



Discovery	
  of	
  a	
  gene	
  for	
  ReP	
  

•  MECP2	
  (xq28)	
  –	
  de	
  
novo	
  or	
  germline	
  
mutaFons	
  

•  CDKL5,	
  FOXG1	
  ~	
  10%	
  
cases	
  

•  DuplicaFon	
  of	
  MECP2	
  in	
  
males	
  

•  MECP2	
  –	
  Methyl-­‐CpG	
  
binding	
  protein	
  –	
  3	
  
binding	
  domains	
  	
  

Zoghbi	
  et	
  al,	
  1999	
  



From	
  Shahbazian	
  and	
  Zoghbi,	
  2002	
  

ReP	
  syndrome	
  –	
  phenotypic	
  
differences	
  



Re#	
  syndrome	
  -­‐	
  Neurochemistry	
  
•  Pon4ne	
  noradrenergic	
  deficits	
  

–  ê	
  NA	
  funcFoning,	
  NA	
  excitability	
  in	
  locus	
  coeruleus	
  
–  ê TH	
  mRNA	
  expression	
  in	
  mouse	
  models	
  (-­‐/-­‐	
  male	
  	
  and	
  -­‐/+	
  female)	
  
–  	
  ê TH	
  expressing	
  neurons	
  and	
  density	
  of	
  dendriFc	
  arborizaFons	
  –	
  immature	
  

neurons	
  
–  Implicated	
  in	
  both	
  respiratory	
  and	
  cogniFve	
  dysfuncFons	
  

•  Midbrain	
  dopaminergic	
  disturbances	
  
–  Nigrostriatal	
  dopaminergic	
  deficits	
  –	
  hypothesised	
  to	
  underpin	
  motor	
  

abnormaliFes	
  
–  	
  ê TH	
  immunoreacFvity	
  in	
  caudate-­‐putamen	
  om	
  -­‐/-­‐	
  mouse	
  model	
  
–  ê DA	
  –	
  midbrain	
  and	
  striatal	
  regions	
  –	
  PM	
  animal	
  studies	
  -­‐/-­‐	
  model	
  
–  Changes	
  remain	
  staFc	
  but	
  behavioural	
  phenotype	
  and	
  deficits	
  progress	
  
–  Oral	
  L-­‐DOPA	
  administered	
  to	
  mouse	
  model	
  -­‐-­‐-­‐-­‐	
  amelioraFon	
  in	
  some	
  motor	
  

deficits	
  



ReP	
  –	
  brain	
  structure	
  

•  Global	
  brain	
  atrophy	
  –	
  frontal,	
  occipital	
  and	
  
dorsal	
  parietal	
  

•  Structural	
  neuroimaging	
  -­‐	
  ê	
  FA	
  in	
  leh	
  
peripheral	
  white	
  maPer	
  areas	
  -­‐	
  middle	
  
temporal,	
  middle	
  occipital,	
  pre-­‐cuneus	
  and	
  
post-­‐central	
  white	
  maPer	
  

Oishi	
  et	
  al,	
  2013	
  







Human	
  Clinical	
  Trials	
  of	
  IGF-­‐1	
  
Clinical	
  
DescripFon	
  	
  
1966	
  

IdenFficaFon	
  
of	
  MECP2	
  
1999	
  

Rate	
  of	
  progress	
  towards	
  potenFal	
  
treatments	
  for	
  ReP	
  Syndrome	
  

Expanding	
  phenotype	
  	
  
descripFons	
  

MECP2	
  structure	
  and	
  fxn	
  
MECP2	
  animal	
  models	
  

PM	
  studies,	
  neurophysiology	
  
Downstream	
  molecules	
  
-­‐	
  Animal	
  trials,	
  e.g.	
  BDNF	
  
	
  



Autistic Spectrum Disorders 

Language impairment 
	
  

Cognitive impairment 
	
  

Social impairment 
	
  

Other behaviours 
	
  



Autism Genetics 

Higher	
  rates	
  
of	
  auFsm	
  in	
  
MZ	
  twins	
  
compared	
  
with	
  DZ	
  
twins	
  

Higher	
  rates	
  
of	
  auFsm	
  in	
  
first-­‐degree	
  
family	
  
members	
  

Chromosomal	
  
anomalies	
  
known	
  to	
  
cause	
  auFsm	
  



GeneFc	
  risk	
  factors	
  

1 Copy 
Duplicatio

n  
Copy 

Number 3 

Normal 
Copy 

Number 2 

1 Copy 
Deletion 

Copy 
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2 Copy 
Deletion 

Copy 
Number 0 

Amplifica
tion 
Copy 

Number 6 

Changes	
  in	
  coding	
  sequence	
  

Changes	
  in	
  chromosome	
  structure	
  

Common	
  –	
  Greater	
  frequency	
  in	
  populaFon	
  
with	
  a	
  trait	
  compared	
  with	
  controls,	
  mild	
  
increase	
  in	
  the	
  odds	
  of	
  having	
  a	
  trait	
  
	
  
	
  
Rare	
  –	
  Very	
  low	
  frequency	
  –	
  Significantly	
  
increase	
  the	
  odds	
  of	
  having	
  a	
  trait	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

controls	
   cases	
  



Identifying the genetic risk 
factors in ASD 

•  Given a heritable component, how have we 
attempted to discover the genetic risk loci 
underpinning the family and heritability 
data? 

1.  Gross chromosomal anomalies (Syndromal 
autism) 

2.  Linkage 
3.  Association 
4.  Structural variation 
5.  Sequence variation 



11	
   12	
  2	
   5	
   9	
   10	
  4	
   8	
  6	
  3	
   13	
  1	
   7	
  

14	
   20	
   21	
   22	
   Y	
  15	
   16	
   18	
   X	
  17	
   19	
  

Transloca4on	
  	
  

Dele4on	
  

Inversion	
  	
  

Duplica4on	
  	
  

Cytogenetically-visible breakpoints in autism 

Source: http://projects.tcag.ca/autism/	



BREAKPOINTS	
  



Genome-­‐wide	
  AssociaFon	
  Studies:	
  
Major	
  Findings	
  

Manuscript
 Sample  Size
 Array  Size
 Major  Findings

Wang  et  al.,  2009
 >900
 500K
 CDH9/CDH10

Weiss  et  al.,  2009  
 >800
 500K
 TAS2R1/

SEMA5A

Anney  et  al.,  2010
 >1300
 1M
 MACROD2

Devlin,  Anney.,  in  prep
 +1000
 1M

PGC.,  in  prep
 >5000
 >1M






Carter	
  and	
  Scherer,	
  2013	
  

ImplicaFons	
  for	
  diagnosis	
  
•  Specific	
  geneFc	
  aeFology	
  in	
  up	
  to	
  

15%	
  
•  Single	
  gene	
  disorders	
  -­‐	
  Fragile	
  X	
  

syndrome,	
  ReP	
  syndrome,	
  TS,	
  PTEN	
  
mutaFons	
  

•  Microscopic	
  –	
  Trisomy	
  15q,	
  sex	
  ch	
  
aneuploidy,	
  lg	
  deleFons,	
  duplicaFons	
  

•  Submicroscopic	
  à	
  CNV	
  at	
  16p11.2,	
  
15q11-­‐13,	
  22q11.2,	
  Rare	
  ‘de	
  novo’	
  
CNV	
  

•  ‘ASD	
  plus’	
  à	
  syndromic	
  or	
  ‘complex’	
  
•  Non-­‐syndromic	
  à	
  non-­‐syndromic,	
  

healthy,	
  normal	
  growth,	
  no	
  major	
  
congenital	
  abnormaliFes	
  



Rare	
  sequence	
  variants	
  

Rare	
  funcFonal	
  mutaFon	
  	
  



Family-­‐based	
  re-­‐sequencing	
  of	
  NLGN3	
  
and	
  NLGN4	
  

•  Jamain	
  et	
  al.,	
  2003,	
  Nature	
  GeneFcs	
  
	
  



Family-­‐based	
  re-­‐sequencing	
  of	
  
SHANK3	
  

•  Durand	
  et	
  al.,	
  2007	
  Nature	
  GeneFcs	
  



Family-­‐based	
  re-­‐sequencing	
  of	
  
SHANK3	
  

•  Durand	
  et	
  al.,	
  2007	
  Nature	
  GeneFcs	
  



FuncFonal	
  implicaFons	
  of	
  MutaFon	
  

Impact  on  Synapse  validation

"  Chih  et  al.,  Hum.  Mol.  Genetics,  2004


Impact  on  Neuronal  wiring?

"  Durand  et  al.  Nature  Genetics  2007


Courtesy  of  Thomas  Bourgeron.  INSERM,  Paris




Emerging	
  models	
  of	
  synapFc	
  proteins	
  



Animal	
  models	
  of	
  
neurodevelopmental	
  disorders	
  and	
  

therapeuFcs	
  



Challenges	
  to	
  integraFng	
  what	
  we	
  
have	
  learned	
  	
  

•  GeneFcs	
  -­‐	
  ReplicaFon	
  and	
  further	
  discovery	
  will	
  
require	
  10s	
  of	
  1000s	
  of	
  samples	
  

•  Imaging	
  the	
  brain	
  provides	
  correlaFonal	
  findings	
  
that	
  are	
  difficult	
  to	
  integrate	
  with	
  geneFc	
  data	
  

•  Overlapping	
  neurobiology	
  between	
  disorders	
  –	
  is	
  
there	
  any	
  specificity	
  to	
  symptoms?	
  

•  Brain	
  is	
  an	
  inaccessible	
  organ.	
  Inadequate	
  model	
  
systems	
  –	
  neuroblastoma	
  cells/	
  mouse	
  models	
  



Date	
  of	
  download:	
  	
  
7/8/2013	
  

Copyright	
  ©	
  American	
  Psychiatric	
  AssociaFon.	
  All	
  
rights	
  reserved.	
  

From:	
  Genomewide	
  Associa4on	
  Studies:	
  History,	
  Ra4onale,	
  and	
  Prospects	
  for	
  Psychiatric	
  Disorders	
  

Am	
  J	
  Psychiatry.	
  2009;166(5):540-­‐556.	
  doi:10.1176/appi.ajp.2008.08091354	
  

• 	
  	
  	
  Large	
  clinical	
  databases	
  
• 	
  	
  	
  InternaFonal	
  samples	
  
• 	
  	
  	
  ReducFon	
  in	
  phenotype	
  definiFon	
  –	
  increase	
  phenocopies	
  



Evidence	
  for	
  altered	
  brain	
  connecFvity	
  
in	
  auFsm	
  

•  Long	
  range	
  
hypoconnecFvity	
  

•  Short	
  range	
  
hyperconnecFvity	
  

•  ResFng	
  state	
  -­‐	
  
hypoconnecFvity	
  

McGrath	
  et	
  al	
  



ResFng	
  state	
  hypoconnecFvity	
  
•  ê	
  corFco-­‐corFcal	
  iFC	
  –	
  esp	
  

paralimbic	
  and	
  unimodal	
  
associaFon	
  areas	
  (FG,	
  STG) 

•  ê lobar	
  conneciFvity	
  –	
  
esp	
  temporal	
  

•  é	
  ConnecFvity	
  sub-­‐corFcal	
  
regions	
  –primary	
  parietal	
  
sensorimotor	
  regions	
  

•  AlteraFons	
  in	
  
interhemispheric	
  
connecFvity	
  

•  SuggesFve	
  of	
  maturaFonal	
  
abnormaliFes	
  in	
  ASD	
  

Di	
  MarFno	
  et	
  al,	
  2013	
  



Craddock	
  and	
  Owen,	
  2010	
  

ID/	
  ASD	
  
	
  

ADHD	
  
	
  Tics	
  

	
  

Asperger	
  syn	
  
	
  

Psychoses	
  
	
  

Prenatal/	
  infancy	
   Early-­‐mid	
  childhood	
   Adolescence/	
  early	
  
adulthood	
  



Normal	
  brain	
  development	
  



Induced	
  pluripotent	
  stem	
  cells	
  (iPS	
  cells)	
  

adult	
  cell	
  

‘geneFc	
  reprogramming’	
  
=	
  add	
  certain	
  genes	
  to	
  the	
  cell	
  

induced	
  pluripotent	
  stem	
  (iPS)	
  cell	
  
behaves	
  like	
  an	
  embryonic	
  stem	
  cell	
  

Advantage:	
  no	
  need	
  for	
  embryos!	
   all	
  possible	
  types	
  of	
  
specialized	
  cells	
  

culture	
  iPS	
  cells	
  in	
  the	
  lab	
  

differenFaFon	
  



Future directions – Induced 
pluripotent stem cells 

Molecular	
  gene4cs	
  
CNV	
  data	
  
Sequence	
  data	
  
Gene	
  expression	
  data	
  
Animal	
  models	
  
EpigeneFcs	
  

Phenotype	
  data	
  
Behavioural	
  
Environmental	
  
Physical/	
  medical	
  
Neuroimaging	
  
Electrophysiology	
  

Longitudinal	
  trajectory	
  



Disrup4on	
  of	
  Neurexin	
  1	
  gene	
  in	
  Irish	
  Families	
  



Stem	
  cells	
  –	
  Neurexin	
  1	
  deleFon	
  

Indepth	
  phenotyping	
  pa4ents:	
  
	
  -­‐	
   	
  NeurocogniFve	
  
	
  -­‐	
   	
  Neuroimaging	
  
	
  -­‐	
   	
  Physical	
  
	
  -­‐	
   	
  Behavioural	
  	
  
	
  

Cell	
  line	
  phenotyping:	
  
-­‐ 	
  Electrophysiology	
  
-­‐ 	
  Molecular	
  –	
  test	
  molecular	
  compounds	
  
-­‐ 	
  Morphology	
  



Summary	
  
•  GeneFcs	
  research	
  has	
  not	
  been	
  in	
  vain!	
  –	
  Emerging	
  neurobiology	
  of	
  

neurodevelopmental	
  disorders	
  
•  GeneFc	
  diagnosis	
  is	
  a	
  reality	
  for	
  a	
  small	
  number	
  of	
  individuals	
  with	
  

ASD	
  
•  Convergence	
  between	
  the	
  emerging	
  neurobiology	
  and	
  changes	
  

observed	
  in	
  funcFonal	
  and	
  structural	
  neuroimaging	
  
•  PotenFal	
  new	
  technologies	
  to	
  interrogate	
  brain	
  funcFon	
  and	
  

possibly	
  aid	
  the	
  development	
  of	
  new	
  therapies	
  
•  CauFon!	
  –	
  we	
  sFll	
  need	
  to	
  understand	
  the	
  role	
  of	
  development	
  and	
  

the	
  relaFonship	
  between	
  perturbaFons	
  in	
  the	
  neurobiology	
  and	
  
symptoms	
  

•  Dimensional	
  approach	
  to	
  symptoms	
  –	
  may	
  aid	
  our	
  understanding	
  
of	
  the	
  co-­‐occurrence	
  of	
  symptoms	
  between	
  disorders	
  but	
  we	
  need	
  
to	
  figure	
  out	
  why	
  the	
  symptoms	
  are	
  different	
  too!	
  



“Genes	
  and	
  family	
  may	
  determine	
  the	
  
founda<on	
  of	
  the	
  house	
  but	
  <me	
  and	
  place	
  

determine	
  its	
  form”	
  
	
  

(Jerome	
  Kagan)	
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