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Molecular Imaging

Definition:
Molecular imaging is the
visualization, the characterization
and the measurement of biological
processes at the molecular and
cellular levels in living systems

MICoE, SNM 07/2007




Translational

Live Cell Molecular Imaging

-

Ty

Small Animal Molecular Imaging

FRET/FRAP |
... ' I." A
AN | I Clinical Molecular Imaging
| -
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In vitro Molecular Imaging

Imaging molecular interactions in living cells using fluorescence

- FRET/FRAP

- 0.1 micron resolution

- High speed digital camera
- High resolution camera
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In vitro Molecular Imaging

Cell sorting and imaging based on molecular interactions in living cells

- Six channel CCD

- Morphologic and
molecular information of
each cell

- 10.000 cells per minute
- Signaling pathways
- Apoptosis

. ‘ - Cell classification
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In vitro Molecular Imaging

Real time imaging of live cells using holographic microscopy

- Experimental platform
- Real time imaging

- Analysis of 3D cell cultures
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Small Animal Molecular Imaging

Disease Progression

imaglging
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Biological question

PET_“ | MR - Anatomy

- Physiology
- Cell imaging (migration, survival)

- Molecular imaging
CT (gene-expression, protein function)

Optical Multi-moc&ity imaging




In Vivo Molecular Imaging

- Dynamic imaging

- Extremely sensitive
-2D

- Bioluminescence

- Fluorescence

- Cell tracking

- Oncology




In Vivo Molecular Imaging

- Dynamic imaging
- Extremely sensitive
-2D

- Bioluminescence

Luciferin

- Fluorescence

- Cell tracking

Promoter Luciferase
e - . Oncology

Bioluminescence RG
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In Vivo Molecular Imaging

- Dynamic imaging

- Extremely sensitive
-2D

- Bioluminescence

- Fluorescence

- Cell tracking
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In Vivo Molecular Imaging

- Dynamic imaging

- Extremely sensitive
-2D

- Bioluminescence

- Fluorescence

- Cell tracking

- Oncology
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In Vivo Molecular Imaging
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In Vivo Molecular Imaging

Fluorescence imaging

excitation




In Vivo Molecular Imaging

Fluorescence imaging

- 2D method
- limited reproducibility
- quantification is difficult

- new generation of machines is
expected

Imaging of amyloid- plaques in AD model mice using
newly developed probes by near-infrared fluorescence
imaging
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In vivo Molecular Imaging

MicroSPECT/CT and MicroPET/CT

Single Photon Emission Tomography

- resolution 0,35 mm
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Positron Emission Tomography

- resolution 1,2 mm
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3D imaging and Quantitative




In vivo Molecular Imaging
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Nanobody Imaging

Molecular imaging probes for disease related cell surface biomarkers

Heavy-chain I
Y 5 Nanobody® Imaging Probe

(15 kDa)
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Nanobody Imaging Program

Development of Imaging Probes for
disease related biomarkers

MicroCT Fusion




Nanobody Imaging Program




Nanobody Imaging Program

Development of Imaging Probes for
disease related biomarkers

- Organ biodistribution and targeting
- Pharmaco-kinetics

- Intra-individual comparison

- Serial intra-individual monitoring




Preclinical Cardiac Imaging

Serial measurement of myocardial infarct size and
myocardial function

Region Extent
LAD 38%
LCX 14%
RCA 10%

TOT 25%




Preclinical Cardiac Imaging

Serial measurement of myocardial infarct size and
myocardial function




Myocardial perfusion

Fusion image

Preclinical Cardiac Imaging

Imaging cell therapy -.-
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Preclinical Cardiac Imaging

Imaging therapeutic effect

- 2 months - 1 month + 1 month + 3 months




Conclusion: Imaging & 3R

Imaging methods are non-invasive and allow
repetitive measurements

— The animal is treated as a patient

Intra-individual comparison reduces the
variability of the measurements

- Lower number of animals needed for obtaining statistical
relevant results

Disease related parameters can be measured at
early stages




Molecular Imaging in Drug Development

Discovery

Enhance pathway
and target
identification

in living systems

Preclinical
Development

Proof of mechanism
Species differences
PK/PD

ADME

Safety

Dose ranging

Drug delivery
Efficacy

Enhance the quality of
lead compound selection
in living systems

Clinical Development

Phase 0 microdosing
Phase I-lll trials
Efficacy

Safety

Human PK

Dose Selection
Bioavailability
Patient selection
Surrogate endpoints

Early identification of failure or succes

Phase IV

Safety

Diagnosis & staging
Patient selection
Treament planning

Molecular therapy and
imaging package for
clinical application
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