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NEUROSCIENCE	  ACROSS	  SCALES	  



Number	  of	  Peer	  Reviewed	  	  
PublicaTons	  on	  the	  brain	  /yr	  
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The	  facts:	  
1.  Data	  and	  knowledge	  is	  growing	  

exponen5ally	  
2.  Data	  and	  knowledge	  are	  

increasingly	  fragmented	  
3.  Benefits	  for	  society	  seem	  to	  be	  

decreasing	  	  
4.  Economic	  burden	  increasing	  to	  

unsustainable	  levels	  

	  
The	  causes:	  
1.  No	  integra5on	  plan	  
2.  No	  data	  cura5on	  plan	  
3.  No	  plan	  to	  link	  across	  levels	  
4.  No	  plan	  to	  transfer	  knowledge	  

from	  animal	  model	  to	  human	  
5.  No	  plan	  to	  go	  beyond	  tradi5onal	  

classifica5on	  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 
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MOTIVATION	  1	  -‐	  DATA	  FEDERATION	  &	  INTEGRATION	  



	  
NEUROANATOMY	   	   	   	   	  Golgi	  &	  Ramon	  y	  Cajal	  
NEUROPHYSIOLOGY 	   	   	   	  Pavlov	  

	   	   	   	   	   	   	  Barany	  
	   	   	   	   	   	   	  Sherrington	  &	  Adrian	  
	   	   	   	   	   	   	  Von	  Bekesy	  
	   	   	   	   	   	   	  Eccles,	  Hodgkin	  &	  Huxley,	  Weisel 	   	   	   	  	  
	   	   	   	   	   	   	  Neher	  &	  Sakmann	  

NEUROPHARMACOLOGY 	   	   	  Dale	  &	  Loewi	  
	   	   	   	   	   	   	  Katz	  &	  von	  Euler	  
	   	   	   	   	   	   	  Black	  
	   	   	   	   	   	   	  Carlsson	  

NEUROIMAGING 	   	   	   	   	  Josephson	  
	   	   	   	   	   	   	  Hounsfield	  
	   	   	   	   	   	   	  Mansfield 	   	   	   	  	  

NEUROSURGERY 	   	   	   	   	  Moniz	  
SOCIAL	  &	  COGNITIVE	  NEUROSCIENCE 	  Von	  Frisch,	  Lorenz	  &	  Tinbergen	  

	   	   	   	   	   	   	  Kahneman	  
	  
GENETICS 	   	   	   	   	   	  Crick	  &	  Wilkins	  

	   	   	   	   	   	   	  Sanger	  
	   	   	   	   	   	   	  Sulston	  

IMMUNOLOGY 	   	   	   	   	  Jerne,	  Milstein	  &	  Kohler	  
CELL	  BIOLOGY 	   	   	   	   	  Levi-‐Montalcini	  

	   	   	   	   	   	   	  Evans	  
	  

NOBEL	  CONTRIBUTIONS	  TO	  NEUROSCIENCE	  



Alzheimer’s	  disease:	  20	  per	  cent	  beyond	  the	  age	  of	  80;	  dependent	  within	  
3-‐5	  years	  of	  onset.	  
	  	  
	  
Depression:	  the	  second	  most	  common	  condi5on	  in	  the	  world	  (WHO):	  	  
6	  per	  cent	  of	  the	  popula5on	  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	  0.2	  per	  cent	  
of	  the	  popula5on. 
  
	  
MulTple	  sclerosis:	  mainly	  young	  people	  with	  dependency	  in	  30	  per	  cent. 
  
	  
Epilepsy:	  50	  million	  people	  globally	  of	  which	  almost	  50	  per	  cent	  are	  aged	  <	  
10	  years.	  Social	  and	  familial	  repercussions	  are	  lifelong. 

MOTIVATION	  2	  –	  THE	  MEDICO-‐SOCIAL	  CHALLENGE	  



CLINICAL	  SYNDROMES	  AND	  FINAL	  PATHOLOGY	  IN	  CASES	  BEGINNING	  WITH	  FTD	  

Kertesz	  et	  al,	  Brain	  2005	  

HAS	  PHENOMENOLOGY	  REACHED	  A	  DEAD	  END?	  



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

•  US	  President	  1981-‐1989	  
•  Oldest	  US	  President	  
•  1994:	  AD	  admihed	  publicly	  
	  

MOTIVATION	  3	  –	  DISCOVERING	  CAUSES	  OF	  DISEASE	  

HOW	  DO	  WE	  PREVENT	  IT?	  AND	  TREAT	  IT?	  
	  
Can	  we	  diagnose	  it? 	   	   	   	   	   	   	  -‐	  NO	   	  	  
Do	  symptoms	  macer?	   	   	   	   	   	   	   	  -‐	  A	  LITTLE	  
What	  weight	  to	  pathology? 	   	   	   	   	   	  -‐	  END	  STAGE	  
Do	  we	  compensate?	   	   	   	   	   	   	   	  -‐	  REDUNDANCY	  
What	  about	  pre-‐symptoma5c	  diagnosis? 	   	   	  -‐	  ???	  
Why	  don’t	  the	  treatments	  work? 	   	   	   	   	  -‐	  TREAT	  WHAT	  
And	  what	  about	  preven5ve	  treatment?	   	   	   	  -‐	  ???	  



Future	  and	  Emerging	  Technology	  	  
Flagships	  (FET)	  	  
	  

Are	  ambi5ous	  large-‐scale,	  informa5cs-‐driven,	  research	  	  

Ini5a5ves	  that	  aim	  to	  achieve	  a	  visionary	  goal.	  	  

	  

The	  scien5fic	  advance	  should	  provide	  a	  strong	  and	  broad	  	  

Basis	  for	  future	  technological	  innova5on	  and	  economic	  

Exploita5on	  in	  a	  variety	  of	  areas,	  as	  well	  as	  novel	  benefits	  	  

for	  society.	  

	  

The	  research	  is	  collabora5ve,	  internally	  non-‐compe55ve,	  	  

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

road-‐map	  

BLUE	  BRAIN	  PROJECT	  +	  NEUROIMAGING	  COMMUNITY	  

WHAT	  IS	  A	  FLAGSHIP	  OF	  ENTERPRISE	  AND	  TECHNOLOGY?	  



IMPACT	  OF	  ICT	  

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	  



HBP	  –	  A	  NEUROINFORMATICS	  PROJECT	  

10	  

Future  
Neuroscience 

Future  
Medicine 

Future  
Computing 

6	  OPEN	  ACCESS	  PLATFORMS	  
HIGH	  PERFORMANCE	  COMPUTING	  
NEUROMORPHIC	  COMPUTING	  
NEURAL	  THEORY	  (EIT)	  
SIMULATION	  
NEUROINFORMATICS	  
MEDICAL	  INFORMATICS	  

	  
CONTRACT	  
	  
ACCREDITATION	  



THE	  DISEASEOME	  

THE	  POWER	  OF	  
DATA	  MINING	  

DISEASE	  SPACE	  AND	  GENETIC	  ASSOCIATIONS	  



A	  review	  of	  the	  en5re	  
tract-‐tracing	  literature	  of	  

the	  STN	  between	  
1947-‐2011	  reveals	  

connec5vity	  between	  a	  
broad	  array	  of	  cor5cal,	  

sub-‐cor5cal	  and	  
brainstem	  structures.	  

	  
	  
	  
	  

BLUE	  =	  EFFERENT	  
RED	  =	  AFFERENT	  

Lambert	  et	  al.,	  Confirma5on	  of	  func5onal	  zones	  within	  the	  human	  subthalamic	  nucleus:	  Pacerns	  of	  connec5vity	  and	  sub-‐parcella5on	  using	  diffusion	  weighted	  imaging	  	  NeuroImage	  Volume	  60,	  	  2012	  83–94	  

INFORMATICS	  INTEGRATE	  DATA	  
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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	  CONNECTIONS	  
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PRE-‐SYMPTOMATIC	  DIAGNOSIS	  	  -‐	  	  	  BRAIN	  RESERVE	  

HUNTINGTON’S	  	  

HUNTINGTON’S	  DISEASE	  
	  
COMPENSATED	  ATROPHY	  

STRUCTURAL	  SYSTEMS	  



Water	   	  	  	  Myelin	  

Proton	  density	   MagneTsaTon	  
transfer	   R1	  (1/T1)	   R2*	  (1/T2*)	  

FracTonal	  
anisotropy	   Mean	  diffusivity	  

White	  maher	  «	  integrity	  »	  

!	  
InterpretaTon	  

Thickness/Volume	  

StaTsTcal	  
inferences	  

InterpretaTon	  

T1-‐weighted	   ?	  

QuanTtaTve	  and	  diffusion	  MRI	  

	  by	  A.	  Ruef	  
Water	  moTlity Iron	  

STRUCTURAL	  CHARACTERISATION	  
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COMPUTER-‐BASED	  IMAGE	  CLASSIFICATION	  

SUPPORT	  VECTOR	  MACHINE	  
CLASSIFICATION	  

CLASSIFICATION	  &	  CONNECTIONS	  



Specificity	  85%	  

Sensi5vity	  75%	  

	  
ADNI	  AD	  

	  
ADNI	  HC	  

	  
Total	  

	  
AD	  by	  SVM	  

	  
15	  

	  
3	  

	  
18	  

	  
HC	  by	  SVM	  

	  
5	  

	  
17	  

	  
22	  

	  
Total	  

	  
20	  

	  
20	  

	  
40	  

SVM	  trained	  on	  pathologically	  proven	  AD	  
	  

INFORMATICS	  REFINE	  PATTERN	  ANALYSES	  



ANATOMICAL	  CONNECTOMICS	  



CONFRONTING	  PARADIGMS	  

CARTESIAN	  MODEL	  (TOP	  DOWN)	  
	  
Mental	  theory	  	  
Mathema5cally	  expressed	  model	  	  
Confronta5on	  with	  “relevant”	  data	  
Parameterisa5on	  and	  op5misa5on	  of	  model	  
Facts	  

SIMULATION	  MODEL	  (BOTTOM	  UP)	  
	  
Mul5modal	  and	  mul5variate	  data	  
Mining	  to	  demonstrate	  structures	  by	  correla5on	  &/or	  classifica5on	  
Mathema5cally	  expressed	  model	  	  
Explora5on	  of	  structures	  to	  generate	  hypotheses	  
Inves5ga5on	  of	  hypotheses	  
Knowledge	  



CONSTRUCTING	  A	  BLUEPRINT	  FOR	  THE	  BRAIN	  
AT	  ALL	  SPATIAL	  SCALES	  

BY	  SIMULATION	  

-‐  THE	  ULTIMATE	  CONNECTION	  SET	  
-‐  FROM	  BASE	  PAIRS	  TO	  COGNITION	  



FUTURE	  MEDICINE	  

The Medical Informatics Platform 
 

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	  DECLINING	  INTEREST	  OF	  PHARMA	  



CONNECTIONS	  BETWEEN	  BIOLOGY	  &	  DIAGNOSIS	  



DATA	  SOURCES	  AND	  CHALLENGES	  	  

    CLINICAL DATA 

DATA VOLUME 

D
AT

A 
Q

U
A

LI
TY

 

RE
SE

A
RC

H
 D

AT
A 

HOSPITAL DATABASES 

•  NOT COMPLETE 

•  NOT STRUCTURED 

•  NOT STANDARDISED 

•  NOT CLEAN 

•  PROTECTED FOR PRIVACY 

•  PROTECTED AGAINST 
CORRUPTION 

RESEARCH DATABASES 

•  PROTECTED CULTURALLY 

PHARMACEUTICAL DATABASES 

•  PROTECTED COMMERCIALLY 



ETHICAL	  CHALLENGES	  

PRIVACY 

•  DE-‐PERSONALISATION	  

•  AGGREGATION 

CONSENT 

•  BROAD CONSENT 

•  RETROSPECTIVE – PROSPECTIVE 

MANAGEMENT OF ETHICS 

•  LOCAL ETHICS COMMITTEES 

•  VALUE AND CREDIBILITY OF SCIENCE 



DATA	  BASE	  1…n	  
	  no	  move	  
	  no	  corrupt	  

	  

ARCHIVE	  COPY	  
	  uniform	  files	  
	  real-‐5me	  	  
	  de-‐personalised	  

PRE-‐PROCESSING	  
	  de-‐noising	  
	  standardisa5on	  
	  anatomical	  normalisa5on	  
	  numerical	  normalisa5on	  

TRANSFER	  
	  aggrega5on	  
	  encryp5on	  
	  output	  filter	  

UNIFIED	  PORTAL	  
	  2nd	  aggrega5on
	  accredita5on	  
	  security	  

RESULT	  
	  Disease	  signature	  refinement	  
	  Data	  visualisa5on	  
	  Data	  analysis	  

SELECTION	  
	  all	  data	  –	  data	  mining	  
	  selected	  data	  –	  research	  

FINALLY	  
	  store	  provenance	  
	  store	  processing	  history	  
	  delete	  data	  

HOSPITAL	  SECURITY	  PROCEDURES	  -‐	  FIREWALL	  

MEDICAL	  INFORMATICS	  PLATFORM	  
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RESEARCH 

•  HYPOTHESIS TESTING 

•  CLINICAL TRIALS 

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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Informatics-based characterisation of brain diseases 
 
 •  Unlocks added value of clinical records & data 

•  Catalyses a major collaboration of hospitals 

•  Federates and integrates knowledge and data about 
human diseases – IT based atlas-encyclopedia 

•  Analyses and Derives biologically-grounded brain 
disease signatures for new diagnostic classification 

•  Understanding biological similarities and differences 
between brain diseases 

•  Providing new discovery pipelines to prevent, diagnose 
and treat brain disorders 
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