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Alzheimer’s	
  disease:	
  2	
  people	
  out	
  of	
  10	
  beyond	
  the	
  age	
  of	
  80;	
  	
  
dependent	
  within	
  3-­‐5	
  years	
  of	
  onset.	
  
	
  	
  
	
  
Depression:	
  the	
  second	
  most	
  common	
  condiAon	
  in	
  the	
  world	
  (WHO):	
  	
  
6	
  per	
  cent	
  of	
  the	
  populaAon	
  in	
  the	
  Western	
  world.	
  
	
  	
  
	
  
Cerebral	
  vascular	
  accidents:	
  first	
  cause	
  of	
  adult	
  motor	
  disability.	
  
75	
  per	
  cent	
  suffer	
  residual	
  disability.	
  
	
  	
  
	
  
Parkinson’s	
  disease:	
  second	
  cause	
  of	
  motor	
  disability.	
  	
  
Affects	
  2	
  out	
  of	
  1,000	
  people. 
  
	
  
MulAple	
  sclerosis:	
  mainly	
  young	
  people	
  with	
  dependency	
  in	
  30	
  per	
  cent. 
  
	
  
Epilepsy:	
  50	
  million	
  people	
  globally	
  of	
  which	
  almost	
  half	
  	
  aged	
  <	
  10.	
  	
  
Social	
  and	
  familial	
  repercussions	
  are	
  lifelong. 

MOTIVATION	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



ALZHEIMER’S	
  DISEASE	
  -­‐	
  DO	
  WE	
  NEED	
  TO	
  THINK	
  AGAIN?	
  

WHAT	
  CAUSES	
  IT?	
  
	
  
What	
  mechanisms?	
  
Role	
  of	
  genes?	
  
Abnormal	
  proteins	
  –	
  amyloid?	
  
Abnormal	
  neurotransmission	
  –	
  acetyl	
  choline?	
  
	
  
What	
  pathophysiological	
  abnormali`es	
  are	
  causes	
  and	
  which	
  effects?	
  

HOW	
  DO	
  WE	
  PREVENT	
  IT?	
  AND	
  TREAT	
  IT?	
  
	
  
Can	
  we	
  diagnose	
  it? 	
   	
   	
   	
   	
   	
   	
  -­‐	
  NO	
   	
  	
  
Do	
  symptoms	
  maTer?	
   	
   	
   	
   	
   	
   	
   	
  -­‐	
  A	
  LITTLE	
  
What	
  weight	
  to	
  pathology? 	
   	
   	
   	
   	
   	
  -­‐	
  END	
  STAGE	
  
Do	
  we	
  compensate?	
   	
   	
   	
   	
   	
   	
   	
  -­‐	
  REDUNDANCY	
  
What	
  about	
  pre-­‐symptomaAc	
  diagnosis? 	
   	
   	
  -­‐	
  ???	
  
Why	
  don’t	
  the	
  treatments	
  work? 	
   	
   	
   	
   	
  -­‐	
  TREAT	
  WHAT	
  
And	
  what	
  about	
  prevenAve	
  treatment?	
   	
   	
   	
  -­‐	
  ???	
  



HISTORY	
  from	
  the	
  pa`ent	
  
	
  

Always	
  interrogate	
  the	
  partner,	
  a	
  close	
  friend,	
  or	
  a	
  nurse	
  who	
  knows	
  the	
  pa`ent	
  

§  US	
  President	
  1981-­‐1989	
  
§  Oldest	
  US	
  President	
  on	
  record	
  
§  Public	
  announcement	
  that	
  the	
  

President	
  was	
  suffering	
  from	
  AD	
  



ALZHEIMER’S	
  DISEASE	
  -­‐	
  DO	
  WE	
  NEED	
  TO	
  THINK	
  AGAIN?	
  

WHAT	
  CAUSES	
  IT?	
  
	
  
What	
  mechanisms?	
  
Role	
  of	
  genes?	
  
Abnormal	
  proteins	
  –	
  amyloid?	
  
Abnormal	
  neurotransmission	
  –	
  acetyl	
  choline?	
  
	
  
What	
  pathophysiological	
  abnormali`es	
  are	
  causes	
  and	
  which	
  effects?	
  

HOW	
  DO	
  WE	
  PREVENT	
  IT?	
  AND	
  TREAT	
  IT?	
  
	
  
Can	
  we	
  diagnose	
  it? 	
   	
   	
   	
   	
   	
   	
  -­‐	
  NO	
   	
  	
  
Do	
  symptoms	
  maTer?	
   	
   	
   	
   	
   	
   	
   	
  -­‐	
  A	
  LITTLE	
  
What	
  weight	
  to	
  pathology? 	
   	
   	
   	
   	
   	
  -­‐	
  END	
  STAGE	
  
Do	
  we	
  compensate?	
   	
   	
   	
   	
   	
   	
   	
  -­‐	
  REDUNDANCY	
  
What	
  about	
  pre-­‐symptomaAc	
  diagnosis? 	
   	
   	
  -­‐	
  ???	
  
Why	
  don’t	
  the	
  treatments	
  work? 	
   	
   	
   	
   	
  -­‐	
  TREAT	
  WHAT	
  
And	
  what	
  about	
  prevenAve	
  treatment?	
   	
   	
   	
  -­‐	
  ???	
  



THE	
  DECLINING	
  INTEREST	
  OF	
  PHARMA	
  



NEUROSCIENCE METHODS 



MOTIVATION	
  2	
  -­‐	
  DATA	
  FEDERATION	
  &	
  INTEGRATION	
  

Number	
  of	
  Peer	
  Reviewed	
  	
  
Publica`ons	
  on	
  the	
  Brain	
  /yr	
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Reality	
  check	
  
1.  Data	
  and	
  knowledge	
  is	
  growing	
  

exponen`ally	
  
2.  Data	
  and	
  knowledge	
  is	
  

increasingly	
  fragmented	
  
3.  Benefits	
  for	
  society	
  seem	
  to	
  be	
  

decreasing	
  (diagnosAc	
  accuracy,	
  
treatments,	
  drugs)	
  

4.  Economic	
  burden	
  increasing	
  
rapidly	
  to	
  unsustainable	
  levels	
  

	
  
What	
  we	
  lack	
  
1.  No	
  integraAon	
  plan	
  
2.  No	
  data	
  curaAon	
  plan	
  
3.  No	
  plan	
  to	
  link	
  across	
  levels	
  
4.  No	
  plan	
  to	
  transfer	
  knowledge	
  

from	
  animal	
  to	
  human	
  
5.  No	
  plan	
  to	
  go	
  beyond	
  symptom-­‐

based	
  classificaAon	
  of	
  diseases	
  

54 Scientific American, June 2012

stellation of symptoms, matches what we 
see in real life, that virtual chain of events 
becomes a candidate for a disease mecha-
nism, and we can even begin to look for 
potential therapeutic targets along it.

This process is intensely iterative. We 
integrate all the data we can find and pro-
gram the model to obey certain biological 
rules, then run a simulation and compare 
the “output,” or resulting behavior of pro-
teins, cells and circuits, with relevant ex-
perimental data. If they do not match, we 
go back and check the accuracy of the data 
and refine the biological rules. If they do 
match, we bring in more data, adding ever 
more detail while expanding our model to 
a larger portion of the brain. As the soft-
ware improves, data integration becomes 
faster and automatic, and the model be-
haves more like the actual biology. Model-
ing the whole brain, when our knowledge 
of cells and synapses is still incomplete, no 
longer seems an impossible dream.

To feed this enterprise, we need data 
and lots of them. Ethical concerns restrict 
the experiments that neuroscientists can 
perform on the human brain, but fortu-
nately the brains of all mammals are built 
according to common rules, with species-
specific variations. Most of what we know 
about the genetics of the mammalian brain 
comes from mice, while monkeys have giv-
en us valuable insights into cognition. We 
can therefore begin by building a unifying 
model of a rodent brain and then using it 
as a starting template from which to de-
velop our human brain model—gradually 
integrating detail after detail. Thus, the 
models of mouse, rat and human brains 
will develop in parallel.

The data that neuroscientists generate 
will help us identify the rules that govern 
brain organization and verify experimen-
tally that our extrapolations—those pre-
dicted chains of causation—match the bi-
ological truth. At the level of cognition, we 
know that very young babies have some 
grasp of the numerical concepts 1, 2 and 3 
but not of higher numbers. When we are 
finally able to model the brain of a new-
born, that model must recapitulate both 
what the baby can do and what it cannot.

A great deal of the data we need al-
ready exist, but they are not easily accessi-
ble. One major challenge for the HBP will 
be to pool and organize them. Take the 
medical arena: those data are going to be 
immensely valuable to us not only be-
cause dysfunction tells us about normal 

Illustration by Emily Cooper

Deconstructing the Brain
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MOTIVATION	
  3	
  -­‐	
  INFORMATION	
  TECHNOLOGY	
  

VON	
  NEUMANN	
  MACHINES	
  
	
  
	
  
MOORE’S	
  LAW	
  
	
  
ENERGY	
  LIMITATIONS	
  
	
  
	
  
INTERNET	
  
	
  
DATABASE	
  MANAGEMENT	
  
	
  
CLOUD	
  ENVIRONMENT	
  
	
  
DATABASE	
  QUERYING	
  &	
  ADDRESSING	
  
	
  
REAL-­‐TIME	
  VISUALISATION	
  

	
  
	
  
	
  
SUPERCOMPUTING	
  
	
  
BEYOND	
  EXASCALE	
  
	
  
	
  
BANDWIDTH	
  &	
  ROUTING	
  [HTML5,	
  Cisco]	
  
	
  
DISTRIBUTED	
  [Oracle]	
  
	
  
SECURITY	
  [Amazon,	
  Dropbox,	
  iCloud]	
  
	
  
LOCAL	
  [Google]	
  vs	
  REMOTE	
  [EPFL]	
  
	
  
FOR	
  SUPERCOMPUTING	
  [IBM,	
  CRAY]	
  
	
  
	
  
NEUROMORPHIC	
  COMPUTING	
  



Future	
  and	
  Emerging	
  Technology	
  	
  
Flagships	
  (FET)	
  	
  
	
  

Are	
  ambiAous	
  large-­‐scale,	
  informaAcs-­‐driven,	
  research	
  	
  

IniAaAves	
  that	
  aim	
  to	
  achieve	
  a	
  visionary	
  goal.	
  	
  

	
  

The	
  scienAfic	
  advance	
  should	
  provide	
  a	
  strong	
  and	
  broad	
  	
  

Basis	
  for	
  future	
  technological	
  innovaAon	
  and	
  economic	
  

ExploitaAon	
  in	
  a	
  variety	
  of	
  areas,	
  as	
  well	
  as	
  novel	
  benefits	
  	
  

for	
  society.	
  

	
  

The	
  research	
  is	
  collaboraAve,	
  internally	
  non-­‐compeAAve,	
  	
  

inter-­‐	
  and	
  trans-­‐disciplinary,	
  driven	
  by	
  a	
  commonly	
  agreed	
  	
  

road-­‐map	
  

BLUE	
  BRAIN	
  PROJECT	
  +	
  NEUROIMAGING	
  COMMUNITY	
  



Develop informatics technology  
to unify our understanding of  the human brain 

GOAL	
  



However, 

!

HBP is NOT primarily a data 
generation project


!

It IS a data integration project.



Figure 38: Scientists identified to participate in the HBP. The scientists listed have agreed to participate in the HBP, if it is approved as a FET Flagship

•  80 Institutions 
•  150 PIs 
•  2000 PhDs 

•  50% Core 
•  50% Grants 

The Consortium 

•  20 European 
 Countries 

•  USA 
•  Israel 
•  Japan 
•  China 
•  Canada 



THE	
  CORE	
  CONSORTIUM	
  &	
  INDUSTRIAL	
  PARTNERS	
  



SIMULATING	
  AND	
  CONSTRUCTING	
  	
  
A	
  BLUEPRINT	
  FOR	
  THE	
  BRAIN	
  

AT	
  ALL	
  SPATIAL	
  SCALES	
  
FROM	
  BASE	
  PAIRS	
  TO	
  COGNITION	
  



In	
  vitro	
   In	
  silico	
  

Markram	
  et	
  
al.,	
  Nature	
  
Reviews	
  
Neuroscien
ce,	
  2004	
  

~	
  4,000,000	
  
Electrical	
  compartments	
  

(Rall	
  EquaAons)	
  

10,000	
  neurons	
  

(Hodgkin-­‐Huxley	
  EquaAons)	
  

(Tsodyks-­‐Markram	
  EquaAons)	
  

10,000,000	
  Synapses	
  

NEURONS	
  

ION	
  CHANNELS	
  

SYNAPSES	
  

80,000,000	
  Ion	
  	
  Channels	
  

MODELS	
  ARE	
  DATA	
  DRIVEN	
  
	
  
MODELS	
  ARE	
  MATHEMATICALLY	
  EXPRESSED	
  
	
  
MODELS	
  ARE	
  BIOLOGICALLY	
  VALIDATED	
  



A	
  SIMULATED	
  PYRAMIDAL	
  NEURON	
  



Sensory	
  Input	
   Motor	
  Output	
  

NEURAL	
  COMPUTATION:	
  	
  
CAUSAL	
  CHAIN	
  OF	
  EVENTS	
  LEADING	
  TO	
  COGNITION	
  Processor	
  

Sensing,	
  Learning,	
  Memory,	
  AdaptaAon,	
  Decisions,	
  CogniAon,	
  Behavior	
  



MEDICINE	
  AT	
  A	
  TIPPING	
  POINT	
  

SYNDROMIC	
  DIAGNOSIS	
  
	
  
	
  
HUMAN	
  GENOME	
  
	
  
MODERN	
  NEUROSCIENCE	
  
	
  
MODERN	
  CLINICAL	
  NEUROSCIENCE	
  
	
  
MODERN	
  INFORMATION	
  TECHNOLOGY	
  
	
  
MODERN	
  MATHEMATICS	
  
	
  
	
  
DISEASE	
  SIGNATURES	
  

REACHED	
  ITS	
  LIMITS	
  
	
  
	
  
BUILDING	
  BLOCKS	
  OF	
  ORGANIC	
  MATTER	
  
	
  
FRAGMENTED	
  AND	
  ATHEORETIC	
  
	
  
INCREASINGLY	
  SOPHISTICATED	
  
	
  
MOORE’S	
  LAW	
  BUT	
  ENERGY	
  LIMITED	
  
	
  
FACILITATED	
  BY	
  CALCULATION	
  POWER	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MECHANISTIC	
  DIAGNOSIS	
  

THE	
  HUMAN	
  BRAIN	
  PROJECT	
  
	
  
	
  
	
  



MEDICAL	
  
INFORMATICS	
  
PLATFORM	
  





THE	
  DISEASEOME	
  HUMAN	
  “NEURO-­‐DISEASOME”	
  –	
  DISEASE	
  SPACE	
  AS	
  A	
  FUNCTION	
  OF	
  GENETIC	
  ASSOCIATIONS	
  

THE	
  POWER	
  OF	
  
DATA	
  MINING	
  



PRE-­‐SYMPTOMATIC	
  DIAGNOSIS	
  	
  -­‐	
  	
  	
  BRAIN	
  RESERVE	
  

HUNTINGTON’S	
  	
  

HUNTINGTON’S	
  DISEASE	
  
	
  
COMPENSATED	
  ATROPHY	
  



GROUP	
  STUDIES	
  
	
  	
  
	
  
Samples	
  
	
  
Averaging	
  
	
  
ContrasAng	
  
	
  
Univariate	
  staAsAcs	
  
	
  
GeneralisaAon	
  
	
  
KNOWLEDGE	
  

INDIVIDUAL	
  STUDIES	
  
	
  
	
  
Single	
  subjects	
  
	
  
ClassificaAon	
  
	
  
Binary	
  or	
  probabilisAc	
  
	
  
PotenAally	
  mulAvariate	
  
	
  
Diagnosis	
  &/or	
  prognosis	
  
	
  
MEDICINE	
  

ESSENTIALS	
  OF	
  TRANSLATION	
  



SUPPORT	
  VECTOR	
  MACHINE	
  
CLASSIFICATION	
  

COMPUTER	
  ASSISTED	
  IMAGE	
  CLASSIFICATION	
  



TESTING	
  CLINICAL	
  VS	
  IMAGING	
  BIOMARKER	
  DIAGNOSIS	
  

Specificity	
  85%	
  

SensiAvity	
  75%	
  

SVM	
  trained	
  on	
  pathologically	
  proven	
  AD	
  

ADNI	
  AD	
   ADNI	
  HC	
   Total	
  

AD	
  by	
  SVM	
   15	
   3	
   18	
  

HC	
  by	
  SVM	
   5	
   17	
   22	
  

Total	
   20	
   20	
   40	
  



PARADIGM	
  SHIFT	
  –	
  BRAIN	
  TISSUE	
  CHARACTERISATION	
  (VBQ)	
  

Water	
   Myelin	
  
	
  

Water	
  mo`lity	
   Iron	
  

Proton	
  density	
   Magne`sa`on	
  
transfer	
   R1	
  (1/T1)	
   R2*	
  (1/T2*)	
  

Frac`onal	
  
anisotropy	
   Mean	
  diffusivity	
  

White	
  maper	
  «	
  integrity	
  »	
  

!	
  
Interpreta`on	
  

Thickness/Volume	
  

Sta`s`cal	
  
inferences	
  

Interpreta`on	
  

T1-­‐weighted	
   ?	
  

QuanAtaAve	
  and	
  diffusion	
  MRI	
  

	
  by	
  A.	
  Ruef	
  



A	
  review	
  of	
  the	
  enAre	
  
tract-­‐tracing	
  literature	
  of	
  

the	
  STN	
  between	
  
1947-­‐2011	
  reveals	
  

connecAvity	
  between	
  a	
  
broad	
  array	
  of	
  corAcal,	
  

sub-­‐corAcal	
  and	
  
brainstem	
  structures.	
  

	
  
	
  
	
  
	
  

BLUE	
  =	
  EFFERENT	
  
RED	
  =	
  AFFERENT	
  

Lambert	
  et	
  al.,	
  ConfirmaAon	
  of	
  funcAonal	
  zones	
  within	
  the	
  human	
  subthalamic	
  nucleus:	
  PaTerns	
  of	
  connecAvity	
  and	
  sub-­‐parcellaAon	
  using	
  diffusion	
  weighted	
  imaging	
  	
  NeuroImage	
  Volume	
  60,	
  	
  2012	
  83–94	
  

BASAL	
  GANGLIA	
  ARCHITECTURE	
  



The posterior aspect of the STN projects to 
structures consistent with a motor structure:	



Posterior putamen 	


Posterior GPe 	



Mid caudate nucleus	


Ventro-lateral thalamic nuclei	



Posterior Insula	


Posterior hippocampus	



The anterior aspect of the STN projects to 
structures consistent with a limbic structure:	



Baso-lateral amygdala	


Posterio-medial GPi	


Inferio-mid putamen	



Mid-GPe	


Ventral-anterior and ventral-lateral thalamus	



Anterior Insula	


Anterior hippocampus	



The middle “associative” STN projects to 
regions encompassing both the motor and 

limbic projections	



FUNCTIONAL	
  IMPLICATIONS	
  



IMAGES	
  –	
  IMAGES	
  -­‐	
  IMAGES	
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  INFORMATICS	
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  DIAGNOSIS	
  AND	
  TREATMENT	
  
OF	
  BRAIN	
  DISEASES	
  

1.   Increase	
  the	
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  of	
  clinical	
  records	
  &	
  data	
  
2.   Catalyse	
  a	
  massive	
  collabora`on	
  of	
  hospitals	
  
3.  Federate	
  and	
  integrate	
  knowledge	
  and	
  data	
  

about	
  human	
  diseases	
  –	
  IT	
  based	
  atlas-­‐
encyclopaedia	
  	
  

4.   Derive	
  biologically-­‐grounded	
  brain	
  disease	
  
signatures	
  for	
  novel	
  diagnosAc	
  methods	
  

5.  Understand	
  the	
  biological	
  similariAes	
  and	
  
differences	
  between	
  brain	
  diseases	
  

6.   Provide	
  new	
  discovery	
  pipelines	
  for	
  therapy	
  
to	
  prevent,	
  diagnose	
  and	
  treat	
  brain	
  
disorders	
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  biological	
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Federating different sources of clinical data

Figure 50: Medical Informatics in the HBP: federating different sources of clinical data; data mining; deriving biological signatures of disease;  
delivering services for personalised medicine
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stellation of symptoms, matches what we 
see in real life, that virtual chain of events 
becomes a candidate for a disease mecha-
nism, and we can even begin to look for 
potential therapeutic targets along it.

This process is intensely iterative. We 
integrate all the data we can find and pro-
gram the model to obey certain biological 
rules, then run a simulation and compare 
the “output,” or resulting behavior of pro-
teins, cells and circuits, with relevant ex-
perimental data. If they do not match, we 
go back and check the accuracy of the data 
and refine the biological rules. If they do 
match, we bring in more data, adding ever 
more detail while expanding our model to 
a larger portion of the brain. As the soft-
ware improves, data integration becomes 
faster and automatic, and the model be-
haves more like the actual biology. Model-
ing the whole brain, when our knowledge 
of cells and synapses is still incomplete, no 
longer seems an impossible dream.

To feed this enterprise, we need data 
and lots of them. Ethical concerns restrict 
the experiments that neuroscientists can 
perform on the human brain, but fortu-
nately the brains of all mammals are built 
according to common rules, with species-
specific variations. Most of what we know 
about the genetics of the mammalian brain 
comes from mice, while monkeys have giv-
en us valuable insights into cognition. We 
can therefore begin by building a unifying 
model of a rodent brain and then using it 
as a starting template from which to de-
velop our human brain model—gradually 
integrating detail after detail. Thus, the 
models of mouse, rat and human brains 
will develop in parallel.

The data that neuroscientists generate 
will help us identify the rules that govern 
brain organization and verify experimen-
tally that our extrapolations—those pre-
dicted chains of causation—match the bi-
ological truth. At the level of cognition, we 
know that very young babies have some 
grasp of the numerical concepts 1, 2 and 3 
but not of higher numbers. When we are 
finally able to model the brain of a new-
born, that model must recapitulate both 
what the baby can do and what it cannot.

A great deal of the data we need al-
ready exist, but they are not easily accessi-
ble. One major challenge for the HBP will 
be to pool and organize them. Take the 
medical arena: those data are going to be 
immensely valuable to us not only be-
cause dysfunction tells us about normal 
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The Medical Platform will build on existing work to establish what will ultimately become a 
completely new, information- and simulation-based approach to brain disease.  
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Federate	
  very	
  large	
  volumes	
  of	
  data	
  about	
  diseases	
  of	
  the	
  brain	
  (imaging,	
  data	
  from	
  
Assue	
  and	
  blood	
  samples,	
  clinical	
  data,	
  medical	
  histories,	
  genomic	
  data,	
  etc.)	
  

Use	
  this	
  data	
  to	
  discover	
  meaningful	
  correlaAons	
  within	
  and	
  between	
  eAological,	
  
diagnosAc,	
  pathogenic,	
  treatment,	
  and	
  prognosAc	
  parameters	
  

Analyze	
  similariAes	
  and	
  differences	
  between	
  brain	
  disorders	
  and	
  across	
  individual	
  
paAents;	
  

Use	
  this	
  knowledge	
  to	
  build	
  and	
  constrain	
  models	
  of	
  the	
  healthy	
  brain	
  

Simulate	
  disorders	
  of	
  the	
  brain	
  and	
  test	
  hypotheses	
  of	
  causaAon	
  

Develop	
  novel	
  diagnosAc	
  tools,	
  exploiAng	
  new	
  screening,	
  data	
  analysis,	
  informaAcs	
  
and	
  modeling	
  techniques	
  to	
  diagnose	
  disease	
  at	
  the	
  pre-­‐symptomaAc	
  stage;	
  

Simulate	
  beneficial	
  and	
  undesirable	
  effects	
  of	
  proposed	
  treatments.	
  


