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Mapping the Brain with Neuroimaging
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fMRI Activation Studies
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Brain mapping uses a universal coordinate space
“MNI Space”

- Labs around the world repeat experiments, compare results directly

- Raw image data and processed maps readily shared among labs

- Results are reproducible

- Networks of laboratories sharing data and/or algorithms become feasible

- Data repositories for global scientific community can be placed on the Web

- New questions can be asked of mapped data, long after primary research completed
- New or improved algorithms can easily be applied to old questions

- Adaptable to any species, imaging modality or organ — N.B.
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14 sites ; 508 patients (RR) ; 1800 studies

T1, T2, PD volumes at each study

T1: 3D GE, 60 x 3mm, TR=35,TE=min, flip = 45
T2/PD: 2D multi-slice, double SE, TR=3000,TE=30,80



MS lesion map (425 patients)




NIH MRI Study of
Normal Brain Development (N=500)

The MRI study of normal brain development

Sponsored by The National Institutes of Health

What does it feel like inside
the scanner?

Behavior/MRI for ages 0-18 yrs

Structure-behavior relationships

Disseminate results

DTI Fiber Orientations

: A\ i ""“ X )‘

\

Fractional Anisotropy . . . ‘
Y P\
~ P\ g

N B o

"N“ Sﬂ' ‘1 ;f | y

1 week 3 months 1year 2years 10 years




NIHPD Network Architecture
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Objective

visit

stores data for a battery

contains
data on multiple
visits

of administered MRI procedures
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Clinical Neurobehavioral Battery |fg

NIC-D

1. Handedness: Performance Task

2. 1Q - Age dependent
Differential Ability Scales (DAS)
Wechsler Abbreviated Scale of Intelligence (WASI)
. Achievement: Woodcock —Johnson 111 (WJ-111)
Physical/Neurological Examination

. Tanner Staging Questionnaire

. Verbal Fluency (NEPSY) -Semantic & Phonemic

3

4

5

6. Saliva & Urine sample Collection

7

8. California Verbal Learning Test-Children’s Version (CVLT-C) or CVLT-II
9. CANTAB: Motor Screening, Spatial Span, Spatial Working Memory

10. Purdue Pegboard

11. Junior Temperament and Character Inventory (JTCI)

12. Behavior Rating Inventory of Executive Function (BRIEF)

13. MRI Questionnaire — music, sports, leisure activities, medication exposure



MRI Study of normal brain development
Behavioral characterization (Objective 1)

Journal of the International Neuropsychological Society (2007), 13, 1-18.
Copyright © 2007 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.1017/S1355617707070841

The NIH MRI study of normal brain development:
Performance of a population based sample

of healthy children aged 6 to 18 years

on a neuropsychological battery

DEBORAH P. WABER,! CARL DE MOOR,"? PETER W. FORBES,? C. ROBERT ALMLI,?

KELLY N. BOTTERON,* GABRIEL LEONARD,? DENISE MILOVAN, TOMAS PAUS >

JUDITH RUMSEY,” anp THE BRAIN DEVELOPMENT COOPERATIVE GROUP

'Department of Psychiatry, Children’s Hospital, Harvard Medicat School, Boston, Massachusetts

2Clinical Research Program, Children’s Hospital, Harvard Medical School, Boston, Massachusetts

3Program of Occupational Therapy, Neurology and Psychology, Washington University School of Medicine, St. Louis, Missouri
*Department of Psychiatry, Washington University School of Medicine, St. Louis, Missouri

SCognitive Neuroscience Unit, McGill University, Montreal, Quebec, Canada

®Brain and Body Centre, University of Nottingham, Nottingham, UK

"Neurodevelopmental Disorders Branch, National Institute of Mental Health, Bethesda, Maryland

(RECEIVED May 8, 2006: FINAL REVISION February 2, 2007; AcCEPTED March 2, 2007)

Abstract

The National Institutes of Health (NIH) Magnetic Resonance Imaging (MRI) Study of Normal Brain Development
is a landmark study in which structural and metabolic brain development and behavior are followed longitudinally
from birth to young adulthood in a population-based sample of healthy children. The neuropsychological assessment
protocol for children aged 6 to 18 years is described and normative data are presented for participants in that age




A CVLT-C Total Words Trials 1to 5
by Sex
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Fig. 3. Estimated relationship of age to raw scores for California
Verbal Learning Test for Children (CVLT-C). In addition to linear
effects of age. there were significant quadratic effects for all out-
comes (p < .01). (A) Estimated relationship of age to raw scores
for Total Words Trials 1-5 displayed separately for males and
females (adjusted for income) and (B) Estimated relationship of
age to raw scores for Trial 5. Long Delay Free and Long Delay
Cued Recall. Although the Age X Sex interaction is not displayed
the CVLT variables in Fig. 3B in the interest of simplicity, this
interaction was in fact significant for each of them and the shape
of the functions for males and females is very similar to that
displayed in 3A for Total Words Trials | to 5.
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Fig. 4. Estimated relationship of age to mImhcr of pegs correctly placed on Purdue Pegboard. (A) Estimated relation-
ship of age to number of pegs for preferred hand. non-preferred hand, and both hands adjusted for sex and income level.
In addition to linear effects of age, there were significant quadratic effects for the preferred and both conditions ( p <
.05): a significant cubic effect was documented for the non-preferred condition ( p << .05). Interactions of age with sex
and income level were observed for the Preferred Hand condition only. (B) Estimated relationship of age to number of
pegs correctly placed with preferred hand displayed separately for income level (adjusted for sex). (C) Estimated
relationship of age to number of pegs correctly placed with preferred hand displayed separately for males and females

(adjusted for income).




Objective 2 Battery (0.0-4.5 yrs)

Neurological Examination (NEURO) 00to45

Bayley Scales of Infant Development-11 {(BSID-I)
Mental Scale 03to26
Maotor Scale 0:3to 310
Behavior Rating Scale 03026

Preschool Language Scale-3 (PLS-3)
Auditory Comprehension Subscale 03to4:5
Expressive Communication Subscale 03to4d5
Total Language 03to4d5

Differential Abilities Scale (DAS)
Block Building 301035
Verbal Comprehension 3045
Picture Similarities 30to45
Naming Vocabulary J0to45
Pattern Construction 36to4b
Early Number Concepts 361045
Copying 3610435
General Conceptual Ability 30to4:5

Handedness-1:0 (HAND-1) 1:0t0 2:11
Handedness-3:.0 (HAND-3) 30to435

Verbal Fluency (NEPSY) 301045

Purdue Pegboard (PEG)™ 30to4d5

Cambridge Neuropsychological Test Automated Battery (CANTAB)
Motor Screening 401045
Spatial Span 40to 45
Spatial Working Memory 401045
Big Circle-Little Circle 40to 45
Intra/Extra Dimensional Set-Shift 40to4:5

neurological development

mental development
motor development
behavioral development™

receptive language
expressive language
total language

fine motor, visual perceptual
receptive language
reasoning, recognition
expressive language
visual-spatial orientation
math concepts/skills

fine motor, visual perceptual
intelligence

hand preference
hand preference

semantic fluency

fine motor coordination

reaction time/accuracy
figure/sequence memaory
memory/plan/monitor
category rule/reversal
rule shifting/interference

*Administration Ages—years:months (e.g., 2°6 = Zyears, 6-months)

**Behavioral Development includes: attention, engagement, emotional regulation, motor quality, etc.

*Half-Board Version




Normal brain growth from 0-48 months (N=50)

T1 T2 PD




MRI Study of Normal Brain Development
Objective 2 - annual tissue growth rate
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NIH MRI Study of Normal Brain Development

www.bic.mni.mcgill.ca/nihpd/info

The NIH MRI Study of Normal Brain Development
A project sponsored by the National Institutes of Health

Welcome to the Pediatric MRI Data Repository Website. This site provides information about the NIH MRI Study of Mormal Brain
Development (Pediatric MRI Study) and resulting Pediatric MRI Data Repository. This website serves as the portal through which data can be
obtained by qualified researchers. The overarching goal of the Pediatric MRl Study is to foster a better understanding of normal brain
maturation as a basis for understanding atypical brain development associated with a variety of disorders and diseases.

Project overview:

This multi-site longitudinal study uses technologies (anatomical MRI, diffusion tensor imaging (OTI), and MR spectroscopy (MRS)) to map
pediatric brain development and is organized around two Objectives. Data collection began in Movember 2001 and will continue through
August 2007. Data will be released in stages... read more —+

Protocols:

A collaborative effort among the participating centers and NIH resulted in age-appropriate MRI protocols and clinical/behavioral batteries of
instruments... read more —

Publications:
Published papers from the project are available... read more —+

Data access:

Qualified researchers may apply by completing the Data Use Certification, available through this website. Full and partial data sets of
clinical/behavioral and image data are available for download... read more —




MRI Study of normal brain development

Evolution of hemispheric asymmetry from 0-54 months
(N=90)

Colours show hemispheric difference in surface position (L > R)

15mm

7.5mm

Omm




Delay in attaining peak cortical thickness in ADHD

Dark colors — inappropriate quadratic model (peak age not calculable or outside age range).

Groups show similar sequence of regions attaining peak thickness, but ADHD is delayed.
Shaw P et al., PNAS, 2008



Early cortical maturation in ADHD

indicated by younger age of attaining peak cortical thickness

Shaw P et al., PNAS, 2008



Brain Networks

Brain Development in Autism:
Infant Siblings

StudyanT What is MRI? Why Study Siblings? Srudy Sites

Thhis study of very early brain development in autism has the potential to provide important
y Ty carly p p p p

clues relevant to early detection of autism and discovering the early changes in the brain for

young children with autism.

Who Are We Looking For?

Youngcr {under 12 months of ,u,n_) »Il)lllu{.\ {l)mthu» (m(l sisters) uI
children with a diagnosis ol autism.

l’.u lu'lpd.nb. ““11[ L| l\Ll lu lhul
closest study location to receive
developmental and behavioral
assessments, an MRI scan of the
brain and sereening for Fragile X
syndrome. Participants will be
reimbursed lor travel and related
expenses. Assessment and MRI
scans assoctated with the project are
provided at no cost to the family,
and participants will be given any

S =" ! =1
International Consortiurn for Brain Mapping

The International Consortium for Bram

Slapment oE-a/prababilistc refersrcd
ystern for the human brain, More

Databases

new information gained upon g57R), The ICBM Subject Database is
. - e a web-based database
completion of the study. Families ¥ infrastructure that simplifies

image dataset collection,
organization and

on. A web interface
s to query

of children at high risk for
developing symptoms of autism will
receive assistance with referrals for
local services.

Click on your location (o visit your area's
study site.

BIRN - Biomedical Informatics Research Network

What does it feel like inside
the scanner?

The MRI Study
of
Normal Brain
Development

Sponsored by

The National Institute of Mental Home Research Contact Us

Laboratory of
Neure Imaging,
ucLA

o
 McConnell Brain
Imaging Centre

B\ University of Texas

Ml =t San Antonio
Research Imaging
Center

C 20 Vogt
Institute of Brain
Research &

The Insitute of

Medicine in Juelich

http://www .nbirn.net/

Search

“ BIRN www

BIRN Portal

_/ United States, Departmient of
Health ~ Human Services

Health

The National Institute of Child Health
and Human Development

The National Institute of Neurological
Disorders and Stroke

BIRN Research BIRN Tools
BIRN Coordinating Center

BIRN Collaborations
BIRN Muiti-site Collaborations

Parents may accompany their child into the
scanning area.

Browse Our Tools

Information on NIH Program Morphometry BIRN Use Our Tools
cLOESnan Function BIRN Share Your Tools
News and Events Mouse BIRN
Comments and Suggestions

'~ The MRI study of normal brain development AboutUs _ Copyright  Privacy  SteMap  Contact  User Survey

BIRNis supparted by NIH Grants to the BRN Coordinating Center (U24-RR019701), Function BIRN (U24-RR021992), Morphometry BIRN (U24-RR021382), and Mouse BIRN (U24-RR021760)

BIRN Data Regosntog
View Data Currently Available
Preview Data Coming Soon
Data Use
Share Your Data



CANARIE
CANADA'S ADVANCED RESEARCH AND INNOVATION NETWORK

“& CANARIE | | Home

ABOUT CANARIE
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- CANARIE NETWORK
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Research and Education Networks
North America
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CBRAIN

. Canadian Distributed Neuroimaging Platform (5 Canadian Centers)
. Prototype Collaborative 3D Visualization of a High Resolution Brain
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CBRAIN HPC Roadmap

(20,000 — 30,000 CPUs)
N

canarie

o compute « calcul
CANADA

~ 1 Petaflop

ACENet _ Dalhousie
(~3000 cores)

AJ‘,' .& > RQCHP - U.Sherbrooke

A W' (2112 cores)
SHARCNET Saw - UWO N HPVLC- Queens 2
2704 cores) -é : (2000 crs)

Westgrid Orcinus — UBC
(3072 cores)




International Links

* Indian Brain Imaging Rese€g
* [ranian National Neuroima

« U.S. Autism Centre of Exce \ Network
« U.S. Tourette’s Syndrome A euroimaging Ct
« Réseau provincial de recher magerie cérébrale
» Montreal Consortium for Braifiiaging Research (MCBIF
« Canadian Brain Mapping Ne (CBRAIN)

* High-bandwidth link with UG
» Singapore TCR brain develd

SANIC)
RIC) — Québec network
= McGill network




Singapore Birth Cohort Study

H1: Epigenetic changes in conceptual tissues obtained at birth reflect fetal environment.
H2: Pattern of epigenetic marks in gene promotors in DNA of birth tissues, along with genotype,
phenotype, and early environmental exposures predict risk of obesity and metabolic disease.

1200 mothers (200 Indian, 200 Malay, 800 Chinese) through regnancy until the child 3yr of age.

Vanguard group of 100 mothers (60 Chinese, 20 Malay and 20 Indian) recruited from June 2009

Measure fetal/child growth and influences on epigenetic factors



Canada-Europe Brain Network Links

Innomed / AddNeuroMed
Alzheimer’s Disease

NeuGrid — Grid Computing
Distributed processing
Distributed databasing

neuGRID

= infrastructure



Cortical atrophy in Alzheimer’s Disease
(Lerch J et al., Cerebral Cortex 2005)

Year: 0.00




Latin American Brain Mapping Network (LABMAN)

Meumlmage 47 (2009) 312-313

Contents lists available at ScienceDirect

Neurolmage

journal homepage: www.elsevier.com/locate/ynimg

Comments and Controversies
Latin American Brain Mapping Network (LABMAN)

K. Uludag **, A.C. Evans®, V. Della-Maggiore ¢, S. Kochen ¢, E. Amaro ®/, 0. Sierra¥, P. Valdés-Hernandez ",
V. Medina’, P. Valdés-Sosa "*

ok Institu

» for Biol il Cyb = Spema

abana, FOB 6412/6414, Cuba

ARTICLE INFO ABSTRACT

Article history: On March 8, 2008 in Havana, the Latin American Network for Brain Mapping (LABMAN) was created with

10 March 2 participants from Argentina, Brazil, Colombia, Cuba and Mexico. The focus of LABMAN is t©o promaote

16 ManS 2008 neurcimaging and systems neuroscience in the region through the implementation of training and exchange

Available online 24 March 2009 programs, and to increase public awareness of the Latin American potential to contribute both m basic and
applied research in human brain mapping.

€ 2009 Elsevier Inc. All rights reserved.




Cuban Brain Mapping Project

Screening for general pathologies

Age Range: 18-81 N =1574
Causes of Exclusion Quantity. % respecting to the
screened sample

Pathologies 705 44.79

Arterial Hypertension 224 14.23

Neurological Diseases 209 13.28

Athma 69 4.39

Psychiatric disorders 04 4.07

Other systemic diseases 59 3.75
. Diabetes Mellitus 37 2.35

Random Samp“ng from Cardiovascular diseases 29 1.84
general population N=20,209 Malignant neoplasia g 03
Age Range: 0-90 Ame 6 -
Others 277 17.6

Both Genders



Cuban Dementia and Alzheimer Study

Playa Municipality, Havana & Santa Clara, Villa

Total Municipalities Population Studied Over 65 years old
approximately 40 000 inhabitants

Prevalence for each 100 inhabitants
Playa Santa Clara

Normal Aging

Mild Cognitive Impairment

! 8 1

L

m2 Dementia Sindrome

s Mild Cognitive Impairment (Risk population) Dementia Disease Dementia




Indian National Brain Research Centre
Manesar, Haryana

Drs. Vijayalakshmi Ravindranath, Prasun Roy, Shobini Rao
Dr. Sumitra Purkayastha (Indian Statistical Institute)
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#4) JGLICH

INSTITUTE OF NEUROSCIENCE AND MEDICINE (INM)

Institute Home [ mprint
Search | deutsch
O i Homepage
B Structure Institute of Neuroscience and Medicine (INM)
B sttt
B Publications

The INM is devoted to brain research. The analysis ofthe normal and pathologically impaired structure and function of he nervous system

with particular emphasis on mechanisms atthe molecular, cellular, and systems level as well as the development of novel diagnostic

and therapeutic techniques is the main goal of our instiute

Ah w0 Ta reach this goal the INM cooperates with a number of universities, among them the universities of Kol
g a5 the RWTH Aachen University I the framework of Julich Aachen Research Alllance - Brain (& 147

Bonn and Disseldorf as well
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McGill Centre for Neuroinformatics and Genomics (MCNG)
Existing Strengths

- Well-defined global target community

- Spatial framework for combining results from brain mapping experiments
- Computational emphasis of the brain mapping field

- High profile neuroscience community

- Software infrastructure from for databasing and pipeline analysis
- High-bandwidth transfer capabilities from CANARIE

- CLUMEQ Supercomputing Facility

- Supercomputing resources across Canada (LRP)

- CBRAIN/GBRAIN

- High-bandwidth partners in US, Europe, Asia

-Commercial links already in place - Biospective



McGill Centre for Neuroinformatics and Genomics (MCNG)
Functions

- Database storage of brain mapping/genomic data (private or public)

- Creation/dissemination of gold-standard datasets for normal and disordered brain
- Processing of brain mapping data using BIC image-processing pipelines

- Statistical analysis of processed images, clinical/behavioural data

- Genomic analysis at every 3D voxel
- Training with brain image analysis methods for visiting scientists/students/HQP

Immense computation - Grid-computing, e.g. NeuGrid www.infoalzheimer.it/neugrid
Use CANARIE backbone and the HPC National Platforms www.c3.ca
Staff: 2 database managers, 2 IP specialists, 1 facilities manager, 1 financial manager

N.B. not restricted to human brain MRI
Species: human, primate, rodent
Organs: brain, heart, liver
Modalities: (PET, fMRI, histology, IHC, DNA/RNA)


http://www.infoalzheimer.it/neugrid
http://www.c3.ca/




