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Optical Molecular Imaging

imaging of location and expression levels of

specific genes and proteins that are part in
the molecular pathways of disease

targeted fluorescent probes

early disease




Optical Molecular Imaging

Cells incubated with green-fluorescent Alexa Fluor 488 transferrin, then fixed and permeabilized. Transferrin
receptors were identified with anti-transferrin receptor, mouse IgG1 monoclonal antibody and visualized with
red-fluorescent Alexa Fluor 555 goat anti-mouse IgG antibody. Yellow fluorescence indicates regions of co-

localization. Nuclei were stained with DAPI. (Source: Invitrogen) © Klose 4
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Radiative Transfer Models - Benefits vs. Costs

transport solution

high-order
Sy and P equations

large

small

SP-, equations .
Computational

Model Error

SP; equations

large SP, equations small

diffusion equation
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Linear: Algebraic Reconstruction

basis function q, B
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Linear: Algebraic Reconstruction
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Linear: Algebraic Reconstruction
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Phantom Experiment

3 cm

solid phantom:
us = 11.6 cm-!

u, = 0.01 cm-!

fluorophore:

7= 0.06

X—>m
H, =0.013 cm-!
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Phantom Experiment

laser
diode

wavelength:

A = 740 nm

3 cm

1) Excitation
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Phantom Experiment

wavelength:

A = 740 nm

A" = 802 nm

3 cm

2) Emission
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Phantom Experiment

3 cm
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Small Animal Fluorescence Imaging

1.8 mm3, 400nM Cy5.5

(o

0.5cm

Cyb.5
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Cy5.5-Gly-ProIle-Cys-Phe-Phe-Arg-Leu-Gly-Lys-




In Vivo Experiments

M ith Lewis Lung Carcinoma (LLC
ouse with Lewis Lung Carcinoma (LLC) Cch camera

surface-weighted image 46 source fibers

Experimental data were provided by V. Ntziachristos, MGH S s



In Vivo Experiments

=

fluorophore
absorption =0 - 0.032 cm1
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In Vivo Experiments

oy

fluorophore
absorption =0 - 0.032 cm1

top view
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Bioluminescence Tomography

Ui}{jﬂﬂﬂﬁ
luciferase
+ O, + ATP

exogenous
luciferin
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Results - Simulations

L.

©Klose

Tomographic reconstruction of fwo bioluminescent sources.
Optical property maps are based on MRTs.
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Summary

Biological tissue is highly scattering
» Equation of Radiative Transfer
» Diffusion/ Simplified Spherical Harmonics

Inverse source problem: linear/nonlinear
 optimization methods
- gradient techniques (Adjoint Differentiation)
- Evolution Strategy
» algebraic reconstruction

Computationally very expensive

» cluster computing/efficient processor architecture
© Klose 56






