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Why do we want to image
transplanted islets?

e Difficult to image endogenous islets

e Lack of knowledge about specific beta-cell surface markers
* Nonexistent target-specific agents

e Easy to label exogenous islets

e In vivo imaging as a way to to monitor
transplantation efficiency and graft
survival




Tabke 1 | Overview of high-resolution, small-animal imaging systems

Techniquz  Resolution Depth Time Imaging agents Target® Primary small- Clinical
animal use Lse

MR 100 wm Mo limit Minutes-hours Gadclinium, A EM Versatieimaging Yas

L, medalitywath high
ron axde particlks soft-tissue contrast

CT Elum Mo limit Minutes |cdine AP Lung and bone imagng - Yes

Elum Mllimatres  Minutes Micrcbubbles Vascular and Yas
nitervertional imaang
1-2mm Mo limit Minwites HETIZ R0 ] Viersatieimaging Yas
medalitywath many
ciflerant fracers

1-2mm MNi limit Minutes “nfz 'hchebtes P Cammanly usadto Yas
image labelled antbodies,
peptides and so on

2-3mm =1 om ceconds-mirutes  Photoprotens (GHP), P Rapid =creening of Denelopment
NIF flucmchromes molecuar svertsin
srface-based tumours

1mm ceconds-minutes IR fuoochromes , Cuartitativeimagingef  Development
targeted or 'smart’
flucrachrome reporters
N deap umours

BLI Several Cenfimatres Lucifaring b b Gene expression, cell Mo
milimetres and bactard tracking

Intravital 1um =400 um Photoprateine (GFP), P, M b Al of the doove &t highar  Limited
micrascopy Fucrachiomes reeobtions but atlimited  development
(confocal, depths and coverage sk
multiphoton)

‘Primary area that a given imagng moddity nterogates: A, aratomicat M, molecuar F phyaickogcal Hooet of system: & <100,000; 85 100-300,000; $88: »300,000.

BLI, bicluminescence maging; CT, X-rey computed tomagrapty; FMT, fluceecence-mediated molecular tomography; FH, fluorescence reflectance maging; GFR gresn
flucrescent proten; NIF; near-infrared; MA, magnetic resorance; PET, poattron emission tamography; SPECT, sngle-photon emiesion computed tomography

Massoud and Gambhir, 2003




Body window-enabled imaging of transplanted islets
expressing an insulin-Timer fusion protein

Ins-C-Timer
1slet

Same islet after

24h exposure to
IL-1P3

Bertera S et al, BioTechniques,
2003, 35:718-722




In-vivo bioluminescence imaging
of transplanted human islets
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Longitudinal BLI of
transplanted islets

Cao YA et al, Transplantation, 2005, 80: 134




PET imaging of islet grafts
Islets express Adeno-sr39tk and probed with [1SF]FHBG

- -
- -~ # -~
Y

G Head

*

- Gallbladder
e ROI

HETN0=5]

coooeee
o=SSIERRI R

0 5 10 15 20 25 30 35
Days Post-transplantation

FHBG Accumulation
in Liver (%ID/g)

-a0- Admo-uc

-

Lu Y et al, PNAS, 2006, 103:11294




MRI of encapsulated transplanted 1slets
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Barnett B et al, Nat Med, 2007, 13:986-991




Imaging of islets transplanted into the anterior chamber of
the eye.

Speier et al, Nat Med, 2008, 14:574




Magnetic nanoparticles-CyS.5
for islets labeling (MN-Cy35.5)

labeled unlabeled

MR imaging

Near infrared fluorescence imaging (NIRF)

bright light NIRF overlay NIRF+bright
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Feasibility MR imaging (4.77T)
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Evgenov N., et al. In vivo imaging of islet transplantation. Nature Medicine, 2006, 12:144-148




Optical imaging of transplanted islets

A bright light near-infrared color-coded
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Evgenov N., et al. In vivo imaging of islet transplantation. Nature Medicine, 2006, 12:144-148




In order to go to clinical trials:

1. Apply commercially available,
FDA-approved contrast agent

Feridex®

2. Apply clinically-relevant intrahepatic model
of islet transplantation




MRI of intrahepatic transplantation of
islets labeled with FERIDEX®
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Evgenov N et al, Diabetes, 2006, 55:2419-2418.




MRI of intrahepatic transplantation
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Evgenov N et al, Diabetes, 2006, 55:2419-2418.




Quantitation of islet loss

Islet number, % change

1 2 3 4 5 6 10 14

Days after Tx

Evgenov N et al, Diabetes, 2006, 55:2419-2418.




Challenges for translation: from mice
to man (from 4.7T to 1.5T) 5
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PROBLEMS:
Signal-to-noise ratio (SNR)
Magnetic susceptibility
Resolution (50x50x50 zm vs. 1x1x1 mm)
Field of view
Clinical grade coils
Data analysis







Summary

Safe and effective way of islet labeling
with superparamagnetic iron oxide
nanoparticles

Long-term monitoring by in vivo imaging
Validation in non-human primate model
Future: Clinical trials
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