
INTRODUCTION

Molecular imaging = characterization and measurement of
biologic processes at the cellular and molecular level
(Weissleder R, Mahmood U, Molecular imaging, Radiology,
219, 2001, 316-333).
Criteria to image specific molecules in vivo (Figure 1):

 availability and reasonable pharmacodynamics
 ability to overcome biologic delivery barriers
(vascular, interstitial, cell membrane)
 use of amplification strategies (chemical or
biological)
 availability of sensitive, fast, high-resolution
imaging techniques

Molecular contrast agents for MRI
Conventionally accepted:
 tissue concentration of receptors (moles/g): 10-9 - 10-13 M
 minimum concentration for visibility by MRI:

• 6th generation dendrimer with max relaxivity
(moles/g): 5.2 x 10-12

• superparamagnetic iron oxide (moles of
particles/g): 1.6 x 10-11

MR contrast agents as biochemical reporters:
• enzyme activated
• calcium activated
• pH-activated
• pO2 activated
• protein bound
• T2 activated
• chemical exchange saturation transfer

ACKNOWLEDGEMENTS

This work was financially supported by the ARC program of the French Community of Belgium (research contract no. 00-
05/258), by the DGTRE (Region of Wallonia, NOMADE project), and by the project of co-operation CNRS/CGRI-FNRS
(research contract no. 12/02/2003-022-5, ref. PV/EJ/FR/1522/ng dossier 03/007).

New Perspectives in Magnetic Resonance Molecular Imaging

Carmen Burtea, Sophie Laurent, Luce Vander Elst, Robert N Muller
Department of Organic and Biomedical Chemistry, NMR and Molecular Imaging Laboratory

University of Mons-Hainaut, 24 Avenue du Champ de Mars, B-7000 Mons, Belgium
Robert.Muller@umh.ac.be

1. Target
screening

2. Biocompatible
suitable ligands

3. Targeting
delivery
barriers 4. Amplification

strategies

5. Imaging systems:
• Experimental
• Clinical

Figure 1. Criteria to image specific molecules in vivo.

MRI applications of molecular contrast agents
In vivo applications:
 diagnosis of a particular pathology:

• atherosclerosis (cathepsin B, fibrin)
•inflammation (E-selectin)
•cancer (angiogenesis)

 monitoring of gene therapy and chemotherapy:
• detection of apoptosis
• gene expression as a reporter of gene therapy

In vitro applications: :
• contrast agents as magnetic relaxation switches
(sensing of molecular interactions)
• high throughput screening

MR molecular contrast agents developed by our team
In vitro applications:
 C-MALISA: application of C-ELISA for MRI
 Streptavidin-biotin interaction as an amplification system:

• MR relaxometry
• MALISA

In vivo applications:
 Molecular targeting of atherosclerotic plaque with a small
molecular weight non-peptidic RGD mimetic grafted to:

• USPIO
• Gd-DTPA

(C-)MALISA (Cellular Magnetic-Linked Immunosorbent Assay)

Principle

Burtea C, Laurent S, Roch A, Vander Elst L, Muller RN, J. Inorg. Biochem. 99 (2005) 1135-1144.
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C-MALISA: Method

2*106 cells/well

Jurkat cells or
mononuclear

cells

Blocking Rinsing

Digestion

Incubation

with the
contrast agent

Rinsing

Fixation

Bruker AVANCE-

200, 4.7 T, TR/TE =
3000/20-2000 ms
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C-MALISA: Results
The apparent dissociation constants (K*d) of USPIO-g-FN and of USPIO-g-GRGD

for the integrins expressed on the surface of Jurkat cells.
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USPIO-g-FN

K*d activated = 1.22 10-7 M

K*d non-activated = 1.81 10-7 M

Log free USPIO-g-GRGD (moles particles/L)

-8.4 -8.0 -7.6 -7.2 -6.8 -6.4 -6.0

B
o
u

n
d

U
S

P
IO

-g
-G

R
G

D
(m

o
le

s
p
a
rt

ic
le

s
/L

)

0e+0

2e-8

4e-8

6e-8

8e-8

USPIO-g-GRGD

K*d activated = 7.00 10-8 M

K*d non-activated = 9.32 10-7 M

Streptavidin - biotin:
highly sensitive detection system
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= Molecule to be detected

= Biotinylated ligand

= Streptavidin-peroxidase

conjugate

Streptavidin - biotin and MR relaxometry:

Streptavidin-based magnetic nanosensors
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USPIO-g-Strp USPIO-g-Bt

IgG-Bt

Low R2

High R2

Burtea C, Laurent S, Vander Elst L, Mul ler RN, ES MRMB, Copenhagen, Denmark (2004).

Streptavidin - biotin: Results
The calibration curve obtained by incubating various concentrations of IgG-Bt with 10 µM
USPIO-g-Strp and 40 µM USPIO-g-Bt (60 MHz, 37°C, TE = 0.4 ms, TR = 10 s, 500 echoes).
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H2O, CA = contrast agent
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Streptavidin - biotin and MALISA:

The MRI estimation of K*d for Strp – Bt interaction
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A1:B4 = ranges of [IgG-Bt] incubated with 1 mM USPIO-g-Strp and 4 mM USPIO-g-Bt

C2 = USPIO 0.025 mM in 0.2 M Gly + 1 M Tris-HCl

C3 = 0.2 M Gly + 1 M Tris-HCl

1 2 3 4
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K*d = 1.38 10-8 M
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Targeting of atherosclerotic plaques
Cellular immunity and inflammation in atherosclerosis
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www.hosppract.com/issues/2000/03

Targeting of angiogenic vessels in atherosclerotic plaques:
Structure of the RGD mimetic
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Sulyok GAG et al, J Med Chem 44 (2001): 1938-1950.

The RGD mimetic grafted to:

•USPIO (USPIO-g-mimRGD

•Gd-DTPA (Gd-DTPA-g-mimRGD)

• Burtea C, Laurent S, Vander Elst L,

Muller RN, Proc. Intl. Soc. Mag. Reson.
Med, 11, p 1706, ISMRM, Kyoto, Japan
(2004).

•Bur tea C, Laurent S, V ander Elst L,
Muller RN, ESMRMB, Copenhagen,
Denmark (2004).

Molecular targeting of atherosclerotic plaque with Gd-DTPA-g-mimRGD

Avance-200 system, 4.7 T, RARE (TR/TE = 1050/9.6 ms, NEX = 4, FOV = 23 mm, slice
thickness = 0.8 mm, matrix = 256, spatial resolution = 90 µm)
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RARE
Pre-contrast

10’ post Gd-DTPA-g-mimRGD

Atheromata

50’ post Gd-DTPA-g-mimRGD 80’ post Gd-DTPA-g-mimRGD

CONCLUSIONS

C-MALISA:

 high-throughput setting

 allows the accurate detection and quantification of the cell surface receptors

 offers a second application for the contrast agents

Streptavidin-based magnetic nanosensors (MRI and relaxometry):

 highly sensitive to IgG-Bt concentrations in the nanomolar range

can be used to sense various molecular interactions

MRI detection of vulnerable atherosclerotic plaques:

 mimRGD-based contrast agent contributes to the high-resolution in vivo molecular imaging
and visualisation of unstable atherosclerotic lesions


