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Databasing Molecular Imaging

Databasing = Representation, retrieval and (meta-)analysis
ere!

of results from the literature

Molecular neuroimaging =
Positron emission tomography or autoradiography —|—
neurotransmitter receptors, ...
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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, SenselLab, NeuroNames.

“Poor man’'s XML" (pXML):
Database kept in a simplified ver-
sion of XML, distributable on the
internet.
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WOEXP: 390 - Increased benzodiazepine receptor

[ WOEXP_330

panic disorder.
disorder in panic disorder patients versus novmal control subjects.

WOERP: 390,

I.D. Bremner; R.
L. Staib; E. Stern;

EZS]&omczzei@ei measirement of the tor in panic disorder
Biel Feychiatry 47(21:96-106, 2000. PMID: 10664825 WOBIB: 126.

Disease - Panic
WOEXT: 234,
WOEXT: 280,

Ilodality:

IMeasured variable: Distribution volume

Tracer:
Scanner:

MNumber of subjects: 29

Agymmetry: -0,
X | ¥ |2
Bt

-8 75| 18

. . . . .
binding in panic disorder
Bib ->» Asymmerry | Author | IC4 | NMF | Novelty | Stadstics | SVD | Title | WOBIB ]
Exp -» Alphabetic | Asyrometry | ICA | NME | Novelty | VD | WOEXP | WOEXT ]
Ext-» Alphabeticindex | Map | Roots | [ Brede ] Loc - Statistics |

] Increased benzodiazepine receptor binding in
fncreased benzodinzepine receptor binding in panic

B. Innis; T. White; M. Fujita; D. Silbersweig; A. W. Goddard; i =7
& Cappiello; 8. Woods; R Baldwn D& Chamey SF’EC'T[f

disorder

SPECT/MRI

[-122 Jomazenil
Digital Scintigraphics CERASFECT

27344 (left: -1, right: +1)

[ PNG | VRML (37Kb) |

Lobar anatomy 5;‘;““’““"' 'WOROI [Value

Right caudate | |
Cuneus (occipital
cortex)

Right middle
fromtal gyrus

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”
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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.

Finn Arup Nielsen
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Web-pages generated

WOEXET: 22, Face recognition.
Processing of face images. WOEXT: 126 WOEXT: 23
Wisual object recognitior Face recognition for ea Ch Com pon ent

Parents |Siblings| Children
Wisual object recognition

Experiments:

Corner Cube visual-

1. Face visual object. [¥sual ofjects: Faces versus L e |Zatlon (Rehm et al’
&m’fd-:’n:g.WOEKPI:H- . | . .
%ﬁ:&%ﬁﬁ%&%ﬁiﬁﬂéﬁ%@cz%gfmﬂ 1998) with experi-
BHIID 11519565 WOBIB 5, [T PRV AT S AN ments that relates to
the specific external

component.

2. Photographs of faces versus houses and
chairs. Cenjunction between passive viewing and
delnved match-to sample of grag—soale
photographs versus sorambled pictures and faces
versus houses and chairs, widh malching choice
indicated &y pressing o budton with the right of
feft thumd WOEXP: 91,

A, Ishai; L. G, Ungerleider; A, Wartin; . ¥,
Haxby, The representation of objects in the
Auman eccipited and temporal cortex.. J Cogn
MNewroser 12 Suppl 2:35-51, 2000,

PMID: 11508648, FMRIDCID: 2-2000-1113D,
WOBIB: 28.

3. Front-face. Line drowings of front face versus T
fine dirowings of tumblers, WOEXP: 123, &

. Hasson; T. Hendler; D, Ben Bashat; R, IMalach,
Vare or face ? A pewral correlate of
shope—selective grouping processes in the humon
bragn.. S Cogr Nenroser 1306774453, 2001.
PMID: 11554319, FMRIDCID: 2-2001-111P8.
WOBIE: 36.

Clickable graphs gen-
erated with dot (Kout-
sofios and North, 1996).

Finn Arup Nielsen 5 September 16, 2004



Databasing Molecular Imaging G0 6™

Mme

Modeling locations and volumes

Local Maximum / Center of gravity

N

Volume Locations

NS

Voxelization

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 (NN kernels centered on each
object: u,,) with homogeneous Gaussian kernel
in 3D Talairach space x

(2m02) 32 &N L (x—pa)?

o0 =TT Y e

n

o2 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)

Finn Arup Nielsen
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Finding related volumes

[WOEXP 89 ] Passively viewed scenes.
Fassive viewing of cutdeor scenes,
Jurnished rooms, landscopes and
fandmarks. WOEXP: 82,

E.Epstein; M. Kanwisher. A cordoal representanion of the s
focad wiznad envivommens . Morwre 302{GATE 508 - 601,
1092, PMID: 9560155, DOIL: 10.1038/33402, WOEIE: 27,

Perception, ¥ision — Places

Modality: fMRI

Asyrnrmetry: 0.00000 (left: -1, right: +1)
YVRMLEY file (61 Kb}

X ﬂﬂLobar ‘Flmctiunalarea

Parahippocampal
place area

_34/|—42 ﬂ Parahippocampal
place area

Related — positive correlated volumes

+2: 0.80010 {12 Buildings visual ohjects. Visua! odrect stimuli: Building versus faces, WOEXP: 12,
I Lewy; U Hassor, G Awidan; T Hendler; R Malach. Senter-perplery arganization of kunan adjest areas.  WotNewrasel d(5)533-9 2001,
FMIID: 11319563 DOI: 10.1038/87490. WOEIB: 5.

+3: 049922 (12 Attention to musical instruments versus attention to consonant-vowels. Aizesd fo
sound and press a button when the target stimulus qppeared, WOEXP: 42,

K. Hugdabl; I. Law, 5. Evllingsback; K. Bronnick; & . Gade; 0. B. Paulson. Sffecer afartension on dichogic Seteadng: an J30-FET study. . S Srain
Bdapp 10(2) 8797, 2000, PMID: 10864233, WOEIE: 14.

+4: 045377 (97 Visual ohject decision. Visua! object decizion with novel and clhimeric, Raturad and
artefact line drawings versus pattern discrimination, WOEXP: 98,

C. Gerlach; I Law; &. Gade; 0. B, Paulson. Perceprual differentionion and category effects ia normal odject vecogaivion: a PET stwdy. . Srain 122 (Pt
11):2159-70, 1999, PMID: 10545400, WOETE: 29,

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.

Finn Arup Nielsen 8 September 16, 2004
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Brain anatomy description

. WOROI: 3 - Posterior cingulate gyrus

Bib -> Asymmetry | Author | ICA | NMF | Novelty | Stadstics | SVD | Tide | WO BIB ]
Roi-» Alphabetic | Hammers | Tzourio-IWazoyer |

WOROI: 5 - Posterior cingulate gyrus

Abbreviation: PCgG

Wariation: pesterior cingulate
Yariation: posterior cingulate aren
Yariation: posterior gyrus cinguli

Brainlnfo: 144

Parents iblings [Children

Cingulate s Lz?ft postemolr c1r1lgu1aj:e SYTUS
=INENALS SIS Rizht posterior cingulate oyrus

Talairach coordinates

[ Brede ]

Posterior cingulate gyrus,

'x [y [z [Lobar anatomy [WOBIB[WOEXP

’7@@ |R ight posterior cingulate gyrus and precuneus | 21 | 66
’_QWW |R ight posterior cingulate gyrus | 22 | 109
’_ﬂ’?m |R ight posterior cingulate gyrus | 2 | 110
’_2 m m |Posterior cingulate gyrus | 25 | 17
W@@ |R ight posteentral gyrus/posterior cingulate gyrus | 5 | 119
’_—Al ’E ’_24 |Left posterior cingulate gyrus | 41 | 135
’_—Al ’ﬁ ’E |Left posterior cingulate gyrus | 41 | 137
’_—Al ’ﬁ m |Left posterior cingulate gyrus | 41 | 138
’_O ’E ’E |Posterior cingulate gyrus | 41 | 140
’_—2 ’E m |Left posterior cingulate gyrus | 48 | 164
’_—9 @ ’E |Posterior cingulate gyrus | 57 | 183
’_OWW |R ight posterior cingulate gyrus | a0 | 186

| 71| 223

’_3@’? |R ight posterior cingulate gyrus

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.

Finn Arup Nielsen
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ACC Cx TL FL PL OL Cb Th Amg Pu Cd Pons Brain WM

stem

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 0.99 147 -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 x 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

Finn Arup Nielsen 10 September 16, 2004
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Altanserin binding to 5-HT2A receptors. Altanserin binding to 5-HT24 receptors as partial volume corvected distribut ion ; ; ; ; ;
volume (DV'3 ) with cerebellum as reference vegion.

Age dependence on altanserin binding to 5-HT2A receptors. Age dependence on altanserin binding to 5-HTZA receptors as ;;;E‘l_
partial volume corrected distribution volume with cerebellum as reference region,

Radiactivity distribution of vinpocetine. Ratio of radiactivity distribution values of vincepoteine in the period from 9 to 57 ;; I ; ;
miinittes after administration with cerebellum as the reference region,

Distribution volume ratio of vinpocetine. D istribution volume ratio of vinpocetine with cerebellum as the reference region. oot
Altanserin binding to 5-HT(2A) receptor. Alfansering binding fo 5-HT(2A) recepior. ool
Mu-opioid receptor binding in men. Afu-opioid receplor binding potential in men. oot
Mu-opioid receptor binding in women, Mi-opicid recepior binding potential in women. ool
Time to peak for MTHA. Kinetics time to peak for MTHA (methyl-tetrafydro-aminoacridine) after nfection, oofoftfo
Distribution of MTHA at peak. Distribution of MTHA (methyl-tetrabivdro-aminoacridine) at peak of concentration. o[tof
Distribution of MTHA between 50-70 minutes. D'istribution of MTHA (methy-tetrahydro-aminoacridine) between 50-70 after ;;;E;
injection.

Fluroethylflumazenil distribution volume for the benzodiazepine receptor. Fluroethylflumazenil distribution volume for the ;; ; ; 1_
benzodinzep ine receptor.

Fluroethylflumazenil binding to the benzodiazepine receptor. Flwroethylfivmazenil binding potential for the benzodiazepine E ; ; ; 1_
recepior With pons as the reference region.

Flumazenil distribution volume for the benzodiazepine receptor. Flumazenil distribution volume for the benzodiazepine E ; ; ; 1_
receplor.

Flumazenil binding to the benzodiazepine receptor. Flumazenil binding potential for the benzodiazepine receptor with pons as E ; ; ; 1_
the veference region.

Flumazenil K1 rate constant for the benzodiazepine receptor, first experiment. Flumazenil K rate konstant for the ;;I;;
benzodiazep ine receplor.

Flumazenil distribution volume for the benzodiazepine receptor, first experiment. Flumazenil distribut ion volume for the ol E 0 ,1_
benzodiazep ine receptor.

Finn Arup Nielsen 11 September 16, 2004
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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 Arup Nielsen 12 September 16, 2004
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Altanserin cluster

1.000%*, Altanserin binding to 5-HT2A 0.898-. WOROI: 26 - Occipital lobe
receptors. Altanserin binding to 5-HI24 0.727%*. WOROI: 21 - Parietal lobe

receptors as partial volume corrected 0.517*. WOROI: 8 - Anterior cingulate gyrus
distribution volume (DV'3) with cerebellimm  [0.000-. WOROI: 14 - Cerebral Cortex
as reference region. 0.000-. WOROI: 15 - Temporal lobe

1.000%. Altanserin binding to 5-HT(2A) 0.000-. WOROI: 18 - Frontal lobe
receptor. Altanserin binding to 5- HT{2A) 0.000-. WOROI: 80 - Brain stem
receptor. 0.000-. WOROI: 219 - White matter
1.000*. Altanserin binding to the 5-HT2A |-0.792-. WOROI: 34 - Thalamus
receptor. Altanserin binding to the 5-HT24A  |-0.822-. WOROI: 40 - Hippocampus
receptor with a 4-compartinental analysis

and cerebellum as the reference region.

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.

Finn Arup Nielsen 13
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Altanserin binding to S-HT2A receptors. Alfanserin binding to 3-HI2A receptors as partial volume corrected
distribution volume (DV'3) with cerebellum as reference region.

Earen H. Adams; Lars H. Pinborg; Claus Svarer; Steen G. Hasselbalch; Soren Holn; Steven Haugbol; Karine IMadsen; Wibe Frokjaer;
Lars Martny; Olaf B. Paulson; Gitte M. Enudsen. 4 dadadase of /{18 )F ] -altanserin binding to 5-HT{24) receptors in nonmnad
volunteers: normadive data and relationship o physivlogicnd and demographic variadles, Newrommagze 21(3:1105-13, 2004,

PMID: 15006678, DOI: 10.1016/] neuroimage. 2003.10.048.

WOEXT, 298,

Modality FET/MEI

Ieasured variable: Distribution wolume

Tracer: F-18 Altanserin

SCAnner: GE Medical Systems, Advance

Number of subjacts: 52

Felated - positive correlated volumes

+1: 1.00000 Altanserin binding to 5-HT2A receptors. Altanserin binding to 3-HT2A4 receptors as partial volume
corrected distribution volume (DV'3 ) with cerebellum as reference vegion.

Earen H. Adams; Lars H. Pinborg; Claus Svarer; Steen G. Hasselbalch; Soren Holn; Steven Haugbol; Karine IMadsen; Wibe Frokjaer;
Lars Martny; Olaf B. Paulson; Gitte M. KEnudsen. A dadadase of /{18 )F ] -addanserin binding fo 5-HT{24) recepiars in nonned
volunteers: Rormalive data and relationship o physivlogicad and demographic variables,. Nevrommage 21(3):1105-13, 2004,

PMID: 15005678, DOI: 10,1016/ neurpimage. 2002.10.045.

+2: 0.98525 Altanserin binding to 5-HT(2A) receptor. Alfanserin binding to 3-HT(24) receptor.

F. Forutan; 5. Estalji; M. Beu; 5. Nikelaus; K. Hamacher; H. H. Coenen; H. Vosberg; H. W, Muller-Garmer; B, Larisch. Disdribation
of SHT2A recepiors in the Ruman bragn: comparison of dada ir vive and poss mordem.. Makleqmedizin 31(4):157-201, 2002,

FMID: 12324404

+3: 0.98809 Altanserin binding to the 5-HT2A receptor. Alfanserin binding to the 5-HT24 receptor with a 4-
compartmental analysis and cerebellum as the reference region.

Ywette [ Sheline; Mark A Mintn; Stephen M. Moerlein; Abraham Z. Snyder. Greater loss of 5-HT{24) recepiors in midiife than in
fate iife. American Jouwrpal of Prypchinty 159(3%:430-435, 2002, PMID: 11870007 . FMRIDCID: .

Finn Arup Nielsen 14 September 16, 2004
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