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Databasing Molecular Imaging

Databasing Molecular Imaging

Databasing =
Here!

Representation, retrieval and (meta-)analysis

of results from the literature

Molecular neuroimaging =

Positron emission tomography or autoradiography+

neurotransmitter receptors, . . .
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Brede database

Figure 1: Screenshot of main window of Matlab program
for data entry of (Okazawa et al., 2000).

Brede neuroinformatics database

(Nielsen, 2003).

Main components: “locations”,

i.e., stereotaxic coordinates re-

ported in standardized “Ta-

lairach” space (Talairach and

Tournoux, 1988).

Linked to PubMed, MeSH, fM-

RIDC, SenseLab, NeuroNames.

“Poor man’s XML” (pXML):

Database kept in a simplified ver-

sion of XML, distributable on the

internet.
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Brede data model inspired by

BrainMap database (Fox and

Lancaster, 1994): Paper (bib-

liographic information), ex-

periment (summary image,

tracer, scanner, paradigm,

stimulus/response), location

(stereotactic coordinates).

Data entry with a Matlab

program for the information

in “experiments” and “loca-

tions”.
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“External components”

WOEXT: 1 
Mental process

WOEXT: 2 
Cognition

WOEXT: 3 
Emotion

WOEXT: 4 
Motion, movement, locomotion

WOEXT: 5 
Perception

WOEXT: 6 
Attention

WOEXT: 7 
Language

WOEXT: 8 
Mathematics

WOEXT: 9 
Memory

WOEXT: 11 
Music

WOEXT: 25 
Imagery

WOEXT: 33 
Learning

WOEXT: 35 
Anxiety

WOEXT: 54 
Romantic love

WOEXT: 10 
Execution

WOEXT: 12 
Preparation

WOEXT: 13 
Speech

WOEXT: 14 
Audition

WOEXT: 15 
Gustation

WOEXT: 16 
Olfaction

WOEXT: 17 
Somesthesis

WOEXT: 18 
Vision (visual perception)

WOEXT: 21 
Second language acquisition

WOEXT: 29 
Reading

WOEXT: 46 
Rhyme judgment

WOEXT: 47 
Prosody perception

WOEXT: 60 
Word identification

WOEXT: 62 
Productive language

WOEXT: 63 
Receptive language

WOEXT: 64 
Syntactic processing

WOEXT: 19 
Short-term memory

WOEXT: 24 
Memory retrieval

WOEXT: 49 
Episodic memory

WOEXT: 51 
Musical information processing

WOEXT: 85 
Articulation

WOEXT: 40 
Pain

WOEXT: 56 
Saccadic eye movements

WOEXT: 20 
Precategorical acoustic storage

WOEXT: 22 
Object recognition

WOEXT: 23 
Face recognition

WOEXT: 26 
Visual associative

WOEXT: 27 
Sexual arousal

WOEXT: 28 
Motivation

WOEXT: 30 
Word recognition

WOEXT: 31 
Sentence comprehension

WOEXT: 32 
Text comprehension

WOEXT: 34 
Category learning

WOEXT: 36 
Phobia

WOEXT: 80 
Agoraphobia

WOEXT: 37 
Navigation

WOEXT: 38 
Spatial navigation

WOEXT: 39 
Non-spatial navigation

WOEXT: 41 
Cold pain

WOEXT: 69 
Hot pain

WOEXT: 70 
Headache

WOEXT: 42 
Self-initiation

WOEXT: 43 
Dreaming

WOEXT: 44 
Phonological retrieval

WOEXT: 45 
Object naming

WOEXT: 48 
Speaker identification

WOEXT: 50 
Phonetic information processing

WOEXT: 52 
Musical chord processing

WOEXT: 68 
Musical syntax

WOEXT: 53 
Obsessive compulsive disorder

WOEXT: 55 
Micturition

WOEXT: 57 
Self-generated eye movements

WOEXT: 58 
Religion

WOEXT: 59 
Self-destructive

WOEXT: 61 
Allesthesia

WOEXT: 84 
Word production

WOEXT: 65 
Set shifting

WOEXT: 66 
Sensation seeking

WOEXT: 67 
Impulsivity

WOEXT: 71 
Cloninger’s temperament and character inventory (TCI)

WOEXT: 72 
Harm avoidance

WOEXT: 73 
Novelty seeking

WOEXT: 74 
Reward dependence

WOEXT: 75 
Persistence

WOEXT: 76 
Self-directedness

WOEXT: 77 
Cooperativeness

WOEXT: 78 
Self-transcedence

WOEXT: 79 
Disease

WOEXT: 82 
Psychiatric disorders

WOEXT: 83 
Neurological disorder

WOEXT: 81 
Personality

WOEXT: 86 
Phonetic encoding

WOEXT: 87 
Phonological encoding

External components, e.g., cogni-

tive components, “Cold pain”, “Alz-

heimer’s disease”, “BZ site GABA-A

receptor”

External components represented in

a directed acyclic graph (causal net-

work).

Corresponding to MeSH (NLM Medi-

cal Subject headings), linking to MeSH

and Wikipedia, bioinformatics services

where equivalent items exist.

Presently 438 components.
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Web-pages generated

for each component

Corner Cube visual-

ization (Rehm et al.,

1998) with experi-

ments that relates to

the specific external

component.

Clickable graphs gen-

erated with dot (Kout-

sofios and North, 1996).
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Modeling locations and volumes

Volume

Local Maximum / Center of gravity

Voxelization

Locations

Regard the “locations” as being generated

from a distribution p(x), where x is in 3D Ta-

lairach space (Fox et al., 1997).

Kernel methods (N kernels centered on each

object: µn) with homogeneous Gaussian kernel

in 3D Talairach space x

p̂(x) =
(2πσ2)−3/2

N

N
∑

n
e
− 1
2σ2

(x−µn)
2

σ2 fixed or optimized with leave-one-out cross-

validation (Nielsen and Hansen, 2002).

Condition on, e.g., anatomical label, behavioral

domain c: p(x|c)
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Finding related volumes

Each experiment a volume:

p(x|experiment = WOBIB 89)

sampled on a fixed 8mm grid.

Sorted list of similar volumes

(Nielsen and Hansen, 2004)

Figure shows result page with

automatically generated corner

cube visualization of an exper-

iment (Epstein and Kanwisher,

1998).
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However . . .

Most molecular imaging studies are not based on stereotaxic coordinates.

Most molecular imaging studies relies on analysis of values from brain

regions and report descriptive statistics for these values.

Regions differ between studies: E.g., some include values for “temporal

cortex” others do not.

Measured and reported values differ between studies and they are not

comparable: Tracers and receptors; transport rates (e.g., K1), distribu-

tion volume, binding potentials; different methods to compute the values.
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Brain anatomy description

To handle the dif-

ference between brain

region schemes a tax-

onomy (simple ontol-

ogy) of brain regions

is constructed.

Records which brain

areas are a part of

other brain areas.

Links to NIH MeSH,

BrainInfo (Neuro-

Names), segmented

volumes, Wikipedia.
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Clustering

ACC Cx TL FL PL OL Cb Th Amg Pu Cd Pons Brain
stem

WM

Altanserin 0.42 — — — 0.73 1.09 -1.79 -0.90 — — -1.17 -1.44 — —

Age depend -0.84 — — — 0.62 — — — — — — — — —

Radiactivi — — -0.81 -0.93 -0.34 0.01 -1.04 1.77 — — — — — —

Distributi — — -0.43 -0.87 0.76 -0.72 -1.32 1.50 — — — — — —

Altanserin — — — — — — -1.52 -0.69 -0.83 -0.91 -0.78 — — —

Mu-opioid -0.04 — -0.28 — -0.60 -1.71 -1.00 1.31 0.67 0.99 1.47 -0.44 — —

Mu-opioid -0.09 — -0.31 — -0.67 -1.83 -0.67 1.36 0.71 0.71 1.58 -0.38 — —

Time to pe — 0.77 1.13 0.42 0.42 0.77 -0.63 -1.29 — 0.77 — — -1.78 -0.59

Distributi — 0.05 0.03 0.00 0.23 0.09 0.83 0.97 — 0.86 — — -0.57 -2.50

Distributi — 0.29 0.37 0.24 0.39 0.15 0.62 0.60 — 0.97 — — -1.42 -2.20

Fluroethyl — — 0.29 0.39 — 1.34 0.09 -0.44 — — — -1.66 — —

Fluroethyl — — 0.29 0.41 — 1.33 0.10 -0.46 — — — -1.66 — —

Flumazenil — — 0.72 0.56 — 1.16 -0.40 -0.48 — — — -1.56 — —

Flumazenil — — 0.71 0.56 — 1.16 -0.39 -0.48 — — — -1.56 — —

Flumazenil — -0.86 — -0.86 — 0.39 -0.55 1.33 — 1.33 0.39 -1.17 — —

Data matrix X(experiments× regions).

Clustering of studentized values with the K-means algorithm in a version

capable of handling missing values: X = AC+U or X = CA+U
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Summary

Modeling 3D Talairach coordinates with kernel density estimators.

Modeling of regional data.

Brede neuroinformatics toolbox: Primarily written in Matlab. Includes the

Brede database in XML. http://hendrix.imm.dtu.dk/software/brede/.

Results available on the Internet from hendrix.imm.dtu.dk more specifi-

cally http://hendrix.imm.dtu.dk/services/jerne/.

Finn Årup Nielsen 12 September 16, 2004



Databasing Molecular Imaging

Altanserin cluster

Three independent al-

tanserin studies cluster

(Adams, 2003; Forutan

et al., 2002; Sheline

et al., 2002)

Occipital and parietal

lobe the area of highest

binding.
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