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In vivo MRI multicontrast kinetic analysis of intracellular trafficking of liposomes

Aime S., Delli Castelli D., Dastru W., Terreno E., Cittadino E., Torres E., Mainini F., Spadaro M. .

University of Torino, Italy

silvio.aime@unito.it

Introduction: Liposomes are mainly used in the
pharmaceutical field as drug delivery systems.
Despite their large use, there is still a lack of
information about the interaction between the
nanovesicles and the cells in tumor environments
and their intracellular fate after the cellular uptake.
Most of the information on this topic comes out from
in vitro cellular studies that are not always reliable
models for mimicking the in vivo system. The aim
of this work is the visualisation of the metabolic
pathway of these vesicles directly in vivo by means
of MRI. Since MRI does not provide enough spatial
resolution to directly observe events at subcellular
level, we have developed a multicontrast analysis
that provides indirect evidence about the uptake
and the intracellular trafficking of the nanovesicles.
The method relies on the peculiarity of nanovesicles
encapsulating paramagnetic Ln(IIT)-based complexes
that may act as T1, T2, and CEST agents. In order to
account for the observed MRI data, a kinetic model
able to describe the underlying biological processes
has been developed. The fit of the data provides a
rough estimate of the kinetic constants for each
process considered in the model.

Methods: Non targeted, stealth or pH-sensitive,
liposomes encapsulating paramagnetic
lanthanide(III) complexes were prepared and in vitro
characterized. The liposomes were locally injected in
B16 melanoma tumor xenografted on C57 mice. The
temporal evolution of T1, T2 and CEST MR contrast
was followed at 7 T until 48 h post-injection.

Results. The evolution over time is different among
the three contrast modes (T1,T2, CEST). The process
taking place (cellular uptake, intracellular release,
esocytosis, and wash out) have been modeled and
rough estimates for the kinetic constants have been
determined upon the simultaneous interpolation of
all the data. Moreover, the intracellular trafficking of
stealth vs pH sensitive liposomes has been compared.

The comparison among the evolution of the three
contrast modalities for the two different liposomes
is quite different. In particular, the maximum T1
contrast was observed at 5hrs post injection while for
the stealth one it occurs at 24hrs post injection.

Conclusions: The MRI multicontrast analysis
developed in this work represents an innovative way
to get deeper insight into the in vivo detection of
sub-cellular process. In particular, the intracellular
trafficking of two liposomal formulations (pH-
sensitive and conventional stealth) of great relevance
inthe field of drug delivery have been compared. The
kineticanalysisrevealed thatbothliposomesaretaken
up quite fast from Tumor Associated Macrophages
but the intracellular release of the imaging
reporters is much faster for the pH sensitive one.
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Diffusion-weighted MRI for differentiation of breast lesions at 3.0 Tesla: a new biomarker for

breast imaging

Bogner W., Gruber S., Pinker K., Grabner G., Moser E., Trattnig S., Stadelbauer A., Helbich T..

Department of Radiology, Vienna, Austria

thomas.helbich@akhwien.at

Introduction: To compare the diagnostic quality of
different diffusion weighting schemes with regard
to apparent diffusion coefficient (ADC) accuracy,
ADC precision, and diffusion-weighted image
(DWI) contrast-to-noise ratio (CNR) for different
types of lesions and breast tissue. Based on these
assessments a new biomarker for breast imaging
will be defined.

Materials and Methods: Institutional Review Board
approval and written, informed consent were
obtained. Fifty-one patients with histopathologic
correlation or follow-up were included in this study
on a 3.0 Tesla MR scanner. There were 112 regions
of interest (ROIs) drawn in 24 malignant, 17 benign,
20 cystic, and 51 normal tissue regions. ADC maps
were calculated for combinations of ten different
diffusion-weightings (b-values), ranging from 0
to 1250 s/mm?>. Differences in ADC among tissue
types were evaluated. The CNR of lesions on DWI
was compared for all b-values. A repeated measure
ANOVA was used to assess lesion differentiation.
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Results: ADC (mean+SD x10-3mm?/s) values
calculated from b=50 and 850 s/mm’ were
0.99+0.18, 1.47+0.21, 1.85%0.22, and 2.64+0.30
for malignant, benign, normal, and cystic tissue,
respectively. An ADC threshold of 1.25 x10-3mm?/s
allowed discrimination of malignant from benign
lesions with a diagnostic accuracy of 95% (p<.001).
ADC calculations using multiple b-values were not
significantly more precise than calculations using
two b-values. We found an overestimation of ADC
for maximum b-values of up to 1000 s/mm?*. The
best CNR for tumors was identified at 850 s/mm?.

Conclusion: Optimum ADC determination and
DWI quality at 3.0 Tesla was found for a combination
of two b-values: 50 and 850 s/mm?. The assessed
value provides a high accuracy for differentiation of
benign and malignant breast tumors and represents
a new biomarker for imaging.

P-002

PosTER

>
(U]
=
o
[aa]
oc
T
v
b
<
|9
£
=




P-003

WaRrsaw, PoLAND MmAY 26 - 29, 2010

Imaging tumour apoptosis with 68Ga-labelled AnnexinA5 derivatives early after cancer

therapy

De Saint-Hubert M. @, Bauwens M. ), Devos E. ", Deckers N. @, Reutelingsperger C. ?, Verbruggen A. , Mortelmans L. ),

Mottaghy F. ©.

KULeuven, Heverlee, Belgium
@ University Maastricht, The Netherlands
BIRWTH Aachen, Germany

marijke.desainthubert@med.kuleuven.be

Introduction: Molecular imaging of apoptosis of-
fers a direct and early measurement of response to
cancer therapy which allows a fast decision mak-
ing in cancer treatment. One of the early charac-
teristics of apoptosis is externalization of phos-
phatidylserine (PS) on cell membranes. Annexin V
(AnxA5) binds with a high affinity to membrane-
bound PS. Due to suboptimal imaging quality of
#mTc labelled AnxA5 we aimed to specifically label
AnxA5 with an emerging radioisotope, ®*Ga, allow-
ing Positron Emission Tomography (PET).

Methods: We radiolabelled AnxA5 with **Ga using
two mutated forms of AnxA5 with a single cysteine
residue at position 2 or 165, respectively Cys2-
AnxA5 and Cys165-AnxA5, allowing site-specific
coupling of ®Ga-Dota-maleimide. In vitro cell
binding of both radiotracers was studied in healthy
and anti-Fas treated Jurkat cells. Biodistribution
and pharmacokinetics were studied with pPET in
healthy mice and in a hepatic apoptosis model (an-
ti-Fas Ab treated) up to 60 min p.i.. Daudi (Burkitt
lymphoma) tumour bearing mice were scanned
before and after treatment with combined chemo-
therapy (125 mg/g Endoxan) and radiotherapy (10
Gy/tumour) using uPET and pMRI. Tracer uptake
was measured and imaged ex vivo using autoradi-
ography and correlated to histological evidence of
apoptosis (TUNEL).

Results: ®*Ga-Dota-maleimide labelling yield was at
least 98% and coupling yield of ®Ga-Dota-maleim-
ide to Cys2-AnxA5 and Cys165-AnxA5 was ~70%.
Labelling and purification took about 60 min, with
a final radiochemical purity of at least 98%. In vitro
binding of ®Ga-Cys2-AnxA5 and “Ga-Cys165-
AnxAS5 to anti-Fas treated tumour cells was 5 times
higher compared to normal cells.

Dynamic PET images in normal mice revealed that
both tracers showed a fast clearance from the blood
towards the kidneys, with no significant change in
biodistribution from 30 min p.i. on. Dissection data
confirmed clearance was mainly via the urinary tract.

Dynamic PET images of anti-Fas treated animals
revealed a major shift of radioactivity from the
kidneys to the (apoptotic) liver for both *Ga-
Cys2-AnxA5 and ®Ga-Cys165-AnxA5. Compared
to normal mice anti-Fas treated animals showed a
7 to 9 times higher liver uptake (for respectively
%Ga-Cys2-AnxA5 and *Ga-Cys165-AnxA5) as
compared to healthy animals. Autoradiography
images confirm the higher uptake in anti-Fas
treated livers, corresponding to TUNEL positive
cells.

MRI-PET fusion images allowed clear delineation
of each tumor. Using this technique, we noted that
the post-therapy SUV values significantly exceed-
ed those prior to therapy. The absolute tumour up-
take of ®Ga-Cys2-AnxA5 and *Ga-Cys165-AnxA5
was respectively only 0.5 + 0.1 % ID/g and 1.0 +
0.3 % ID/g and significantly increased to 1.5 + 0.2
% ID/g and 1.6 + 0.1 % ID/g after therapy. Au-
toradiography confirms an increased activity in
treated tumors with several regions showing 10-20
times higher uptake compared to the tumor up-
take prior to treatment while other regions were
found relatively unaffected. The same heteroge-
neous distribution of apoptosis was observed with
TUNEL stainings.

Conclusions:  **Ga-Cys2-AnxA5 and *Ga-
Cys165-AnxA5 can be prepared with a high yield
and within a reasonable time period. Apoptosis
targeting capacity was clearly demonstrated in
a model of hepatic apoptosis. PET-MRI fusion
images demonstrated a higher tumor uptake af-
ter cancer therapy, indicating that ®*Ga-AnxA5
may be useful for the early evaluation of tumor
therapy.

Acknowledgement: This work was financially
supported by the European Union through the
grant Euregional PACT II by the Interreg IV pro-
gram of Grensregio Vlaanderen-Nederland (IVA-
VLANED-1.20).
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**Ga-RGD-based PET tracers for imaging a B, expression: a comparative study

Dumont R. M, Maecke H. ", Haubner R. @, Behe M. ™, Weber W. ™, Fani M. ™,

M University Clinic Freiburg, Germany
@ Medical University Innsbruck, Austria

rebecca.dumont@uniklinik-freiburg.de

Introduction: The integrin a f, is a cellular ad-
hesion molecule that is frequently expressed on
malignant tumors and acts as an important recep-
tor affecting tumor angiogenesis, local invasive-
ness, and metastatic potential. For imaging of the
a B, integrin, cyclic pentapeptides containing the
tripeptide sequence arginine-glycine-aspartate
(RGD) have been developed. These peptides spe-
cifically bind to a B, in its activated state and re-
cent clinical trials have shown that PET imaging
with radiolabelled RGD peptides allows quanti-
tative determination of activated a f, integrin in
patients with various malignant tumors [1,2]. De-
velopment of a ®®Ga-RGD-based tracer would be
of great clinical utility given the increasing clinical
importance of oncologic PET imaging and the ex-
cellent imaging properties and availabilty of ®#Ga.
Thus, we developed [**Ga]-DOTA-c(RGD{K) [3]
and most recently [**Ga]-NODAGA-c(RGD{K)
[4]. The aim of this study was to compare the
tracer properties in a U87MG human glioblastoma
xenograft model.

Methods: The conjugate DOTA-c(RGDfK) was
synthesised according to the literature [3]. An
alternative head-to-tail cyclization protocol of
the linear RGDfK was followed for the conju-
gate NODAGA-c(RGDfK) using a 50% solution
of 1-propanephosphonic acid cyclic anhydride
(T3P), triethylamine, and 4-di(methylamino)py-
ridine (DMAP). The two conjugates NODAGA-
c¢(RGDfK) and DOTA-c(RGDfK) were labelled
with **Ga in sodium acetate buffer 0.2 N, pH 4.0
using the Modular-Lab PharmaTracer module by
Eckert & Ziegler. Biodistribution studies were per-
formed in balb-c nude mice bearing subcutaneous
U87MG human glioblastoma xenografts 1 h post-
injection of the radiotracers (600 pmol / 4 MBq /
mouse). To evaluate specificity of the compounds,
blocking studies were done with an excess of the
commercially available ¢(RGDfV). Static images
were concurrently accquired with a microPET Fo-
cus small animal scanner and all results were eval-
uated comparatively.

Results: Both conjugates were labelled with ®Ga
with radiochemical purity > 97% and specific ac-
tivity of 8-10 MBg/nmol at room temperature
(NODAGA-c(RGD1K)) or elevated temperatures
(DOTA-c(RGDfK)). The biodistribution profile
of the two radio-conjugates was similar. However,
[®Ga]-NODAGA-c(RGDfK) showed faster blood
clearance and higher tumor uptake compared to
[**Ga]-DOTA-c(RGDfK) (5.2 + 1.4 %IA/g vs 3.5
0.8 %IA/g) and improved tumor-to-blood and tu-
mor-to-kidney ratios (27.7 £ 7.0 vs 9.2 + 1.1 and 2.6
£ 0.3 vs 1.6 £ 0.1, respectively). Specificity of both
tracers was demonstrated by successful blocking of
tumor uptake in the presence of excess c(RGDfV),
present on both biodistribtion and imaging studies.
PET imaging quantitatively confirmed tumor target-
ing and biodistribution results of both conjugates.

Conclusions: Compared to [®*Ga]-DOTA-c(RGD{K),
the superior labelling conditions and in vivo pro-
file of [*®*Ga]-NODAGA-c(RGDfK) make this
compound a compelling radiotracer candidate
for use in PET imaging of a fB,-expressing tumors.

References:

1. Haubner R et al.,, PLoS Med. 2:e70 (2005)
. Beer AJetal., Clin Cancer Res. 12:3942-9 (2006)
3. Decristoforo C et al., Eur J Nucl Med Mol Imaging.
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Influence of anaesthetics on tumor tracer uptake in radiopeptide receptorimaging (PRI) and

radionuclide therapy (PRRT)

Haeck J., De Poel M., Bijster-Marchand M., Verwijnen S., De Swart J., Bernsen M., De Jong M. .

Erasmus Medical Centre, Oegstgeest, The Netherlands

j-haeck@erasmusmc.nl

Introduction: Neuro-endocrine tumors originating
from various organs are known to over express so-
matostatin receptors (SSR) on the cell membrane (1).
PRI and PRRT enable selective imaging and treat-
ment of tumor cells over expressing SSR using ra-
diolabelled somatostatin analogues, e.g. the SPECT
tracer ""'In-DTPA-octreotide. In experimental stud-
ies, in vivo imaging and measurement of tracer up-
take in tumors and in normal organs is generally
performed in anaesthetised laboratory animals. Dif-
ferent methods of anaesthesia are used according to
the possibilities, experience and common practice
in a laboratory. However, in many in vivo experi-
ments the influence of changes in physiology due to
anaesthetics is not taken into account. The aim of
the current study was to determine the influence of
different anaesthetics on bio-distribution of radioac-
tive 'In-DTPA-octreotide, a somatostatin analogue,
in rats bearing SSR positive tumors.

Methods: Lewis rats (n=8) were inoculated with 0.5
million CA20948 (SSR-positive) pancreatic tumor
cells in the flank. The tumors were grown to approxi-
mately 1.5 cm? before imaging. Prior to i.v. injection
of the radiolabelled peptide (50 MBq in 0.4 pg) the
animals were anaesthetized with either inhalant-an-
aesthetic isoflurane (n=4) or a mixture of injectable
anaesthetics consisting of sufentanil (300ug/kg) and
medetomidine (300ug/kg) injected intra-peritoneally
(n=4). The rats were kept under anaesthesia during 1h
tracer circulation and subsequent SPECT/CT imaging.
After imaging the rats were euthanized and tumor and
organs were removed to study the peptide biodistribu-
tion ex-vivo. Biodistribution was performed at 3h p.i.

Results: A significantly higher tumor uptake of
"In-DTPA-octreoscan was found when the rats
were anaesthetized with isoflurane in comparison
to medetomidine/sufentanil (figure 1), p<0,05.
This was shown in tumors on either flank, and
the mean uptake of both tumors, over all rats.
There was no significant difference between left
and right tumor under the same anaesthetic. In
several other organs, such as SSR-positive pan-
creas and stomach, the extent of tracer uptake was
also dependent on the type of anaesthesia used

Conclusions: There is a significant influence of
anaesthetics on the binding of radiolabelled so-
matostatin analogue to SSR on tumor cells. This
influence is not subtle and therefore has an effect
on the experimental outcome. When conducting
a study on PRI or PRRT in tumors the effects of
anaesthetics on the behaviour of the tracer bind-
ing has to be taken into account.

Acknowledgement: Funding was provided by the
Dutch Cancer Society grant no. 2008-4037 (KWF
kankerbestrijding) and Erasmus MC - Univer-
sity Medical Center Rotterdam, The Netherlands
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Optical imaging of oral squamous cell carcinoma and cervical lymph node metastasis using
near-infrared fluorescent probes in a mouse model - a pilot study

Keereweer S. ™, Mol I. @, Snoeks T. @, Kerrebijn J. ™, Van Driel P. @, Xie B. @, Kaijzel E. ¥, Baatenburg De JongR. J. ",

Lowik CW.G.M. @,

(M Erasmus Medical Center, Rotterdam, The Netherlands
@1 eiden University Medical Center, The Netherlands

s.keereweer@erasmusme.nl

Introduction: In head and neck cancer surgery, in-
tra-operative assessment of the tumor-free margin
is critical to completely remove the tumor, thereby
improving the prognosis of the patient. Currently,
this mostly relies on visual appearance and palpa-
tion of the tumor. However, optical imaging tech-
niques provide real-time visualization of the tu-
mor, warranting intra-operative, image-guided
surgery. The use of the near-infrared (NIR) light
spectrum offers two additional advantages: in-
creased tissue penetration of light and an increased
signal-to-background-ratio of contrast agents. We
performed a pilot study to assess the possibili-
ties of optical imaging of oral squamous cell car-
cinoma and cervical lymph node metastasis using
near-infrared fluorescent probes in a mouse model.

Fig1. A. Bioluminescence image of oral carcinoma and cervical
lymph node metastasis. B. Fluorescence image showing increased
signal of Prosense680TM in the tongue and cervical lymph nodes.

Methods: An oral tumor model was developed using
luciferase-bearing OSC19 (human oral squamous
cell carcinoma) cells that were injected directly into
the tongue of 8 Balb/C nu/nu female mice. Tumor
progression was followed by bioluminescence imag-
ing (BLI) using the IVIS-100™ (Caliper LS) and by

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

inspection of the tongue. At day 21, different NIR
fluorescent probes were systemically injected, tar-
geting cathepsins (Prosense680TM, VisEn Medi-
cal), matrix metalloproteinases (MMPsense 680TM,
VisEn Medical), increased glucose uptake (800CW
2-DG™, LI-COR) and increased epidermal growth
factor expression (800CW EGF™, LI-COR) of the tu-
mor. Fluorescence imaging of the mouse and organs
(after surgical removal) was performed using the
Maestro™ (CRi) and Odyssey™ (LI-COR). A control
group of 8 Balb/C nu/nu mice without tumor was
used to compare light intensity between healthy and
cancer tissue.

Results: After 7 days, oral squamous cell carcino-
ma was established in all 8 mice. After 11 days, all
mice had developed cervical lymph node metastasis,
which was confirmed by a BLI signal (figure 1,A).
The primary tumor and cervical lymph node metas-
tases were successfully detected by the use of all NIR
fluorescent probes, with increased tumor-to-control
ratios that varied per probe (figure 1,B).

Conclusions: This preliminary study shows the es-
tablishment of an oral squamous cell carcinoma
mouse model, which progress could be followed by
bioluminescence. Moreover, real-time visualization
of the primary tumor and cervical lymph node me-
tastases was achieved by fluorescence imaging us-
ing various NIR fluorescent probes. This technique
can be used for intra-operative, image-guided sur-
gery, which could improve complete removal of oral
squamous cell carcinoma.
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Spectral unmixing of red and green luciferases for in vivo bioluminescence imaging

Mezzanotte L. M, Kaijzel E. @, Michelini E. ™, Que I. @, Calotti F. @, Hoeben R. @, Roda A. ", Lowik C. W.G.M.?,

M University of Bologna, Bologna, Italy
@1 eiden University Medical Center, Leiden, The Netherlands

laura.mezzanotte@libero.it

Introduction: Amongst the numerous luciferase re-
porter genes cloned from different animal species
and mutated to achieve different emission properties
only a few have been employed for in vivo biolumi-
nescence imaging (BLI). Good thermostability, high
and stable photon emission and codon optimization
of the luciferase gene are required (1,2). Moreover,
spectral overlap prevents them from being mea-
sured simultaneously. Recently, spectral unmixing
methodologies have been employed to unmix and
quantify signals from images obtained from the
collection of light emitted from proteins with dif-
ferent emission spectra (3,4). Here we investigated
the combined use of green click beetle luciferase
(CBGYY, max. emission 537nm) and a red codon-
optimized mutant of P.pyralis (Ppy-RE8, max emis-
sion 618nm) for in vivo BLI purposes.

Methods: Both in vitro and in vivo studies were car-
ried out to analyse the different luciferases. Lenti-
viruses expressing Red Ppy-RE8 and Green CBG99
luciferase reportergenes were generated and human
embryonic kidney (Hek293) cells were subsequently
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Fig1.: CBG99 and PpyRE8 expressing cells were mixed in differ-
ent ratios and measured in vitro (a) and in vivo at 540nm (c) and
620nm (d).The graph (b) shows the max. emission peaks of the
different luciferases.

transduced to express the different variants of lu-
ciferase. Cell population of red and green emitting
were mixed in different proportions and BLI mea-
surements were carried out in a plate luminometer
with appropriate filters.

In addition, Hek293 cells co-expressing the mentioned
luciferases were imaged using the IVIS Spectrum sys-
tem (Caliper LS) by collecting BLI signals at different
wavelengths. Finally, the cells expressing Ppy-RES8 or
Green CBGY99 were injected subcutaneously into im-
munodeficient mice and BLI imaging was performed
in vivo using the same system. Signals from the two
luciferases were unmixed using Living Image 3.2
software.

Results: Both in vitro as in vivo results demonstrated
the feasibility to use Red Ppy-RE8 and Green CBG99
luciferase reporter genes, simultaneously. These lu-
ciferase variants demonstrated to be a good couple for
dual luciferase applications employing the same sub-
strate luciferin. Using a pair of band pass filter (535nm
and 628nm) contributions of red- and green-emitting
luciferases can be calculated using a luminometer.
Confirmative results were obtained using the Living
image software to spectrally unmix the images com-
posed by the signals of the two different luciferases and
obtained from both in vitro and in vivo experiments.

Conclusions: The possibilities of a combined use of
the selected red and green luciferases have been dem-
onstrated. Preliminary in vivo data envisage the future
application of these couple of luciferases for monitor-
ing of multiple events simultaneously by means of bio-
luminescence imaging.
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High resolution redox imaging of intact cells by rxYFP, a ratiometric oxidation- sensitive
fluorescent protein
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Introduction: Plasmid encoded redox sensitive
fluorescent probes promise to pave new avenues
for realt time imaging of oxidative signaling in live
cells. We have recently shown that rxYFP, a redox-
sensitive variant of the Yellow Fluorescent Protein,
can be used ratiometrically to construct high resolu-
tion redox maps of live cells. Confocal analysis of
cell fluorescence at two excitation wavelenghts al-
lows in fact to monitor, voxel by voxel, the distribu-
tion of the probe between its reduced and oxidised
states, while normalizing fror probe concentration
and photobleaching.

Methods: rxYFP was transiently transfected in 293T
human kidney carcinoma and B16F10 murine mel-
anoma cells plated on glass bottom dishes (IbiDi).
Cell fluorescence was analysed by confocal micros-
copy at two different excitation wavelengths (450
and 488nm) and fluorescence ratios calculated by a
dedicated software and converted into pseudocolors
to construct redox-based cell maps.

Results: By imaging cells based on rxYFP distribu-

tion between reduced and oxidised states, we were

able to confirm that, in human and murine malignant  References:

cells, the nucleus is significantly more reduced than

the cytosol; additionally, simple deconvolution of re- 1. Maulucci G, Labate V, Mele M, Panieri E, Arcovito G,

dox images constructed with untargeted rxYFPallows Galeotti T, @stergaard H, Winther JR, De Spirito M and
to identify hypereduced perinuclear spots that corre- Pani G High resolution imaging of redox signaling
spond to mitochondria, as further confirmed by the in live cells through an oxidation-sensitive yellow
use of a mitochondrially targeted form of the probe. fluorescent protein Sci. Signal. 1, pl3 (2008).
In 2D scans, the cell border of adherent cells consis- 2. Maulucci G, Pani G, Labate V, Mele M, Panieri E, Papi M,
tently appears to be significantly more oxidised than Arcovito G, Galeotti T, De Spirito M. 2009 Investigation
the inner cytosol, while 3D cell reconstruction oxida- of the spatial distribution of glutathione redox-balance
tion is polarized towards the bottom of the cells; final- in live cells by using Fluorescence Ratio Imaging
ly, in a spontaneously migrating cell the leading edge Microscopy. Biosens Bioelectron. 25:682-687.
appears to me more oxidised than the trailing one. 3. MaulucciG, PaniG, Fusco S, Papi M, Arcovito G, Galeotti
T,Fraziano M, De Spirito M. 2009 Compartmentalization
Conclusions: This set of obserbations suggests, in of the redox environment in PC-12 neuronal cells. Eur
keeping with our previous biochemical studies, that Biophys J. in press
integrin signaling and cuytoskeleton rearrangement 4. P.Chiarugi, G. Pani, E. Giannoni, L. Taddei, R. Colavitti,
are associated with increased prooxidant activity, with G. Raugei, M. Symons, S. Borrello, T. Galeotti, and G.
relevant implications for cell invasion and metastasis. Ramponi 2003 Reactive oxygen species as essential
mediators of cell adhesion:The oxidative inhibition of a
Acknowledgement: Work partially supported by DiMI FAK tyrosine phosphatase is required for cell adhesion
FP6 European NoE DiMI (LSHB-CT-2005-512146) J. Cell. Biol. 161, 933-944
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Assessment of antiangiogenic therapy effects in preclinical tumour models: Implementation
of a novel contrast - enhanced 3 D scanning technique and comparison to established

ultrasound imaging protocols
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Introduction: Assessment of antiangiogenic therapy
effects in rodent tumours plays an important role
in drug development. Different ultrasound imaging
protocols are described, predominantly using 2 D
contrast-enhanced techniques. However, a limita-
tion of 2 D scans is the reduced reproducibility of
the data. Even if the acquired slice might be repre-
sentative for the entire tumour, it will be impossible
to find the identical slice position in longitudinal
studies. In our study, we implemented a novel con-
trast-enhanced 3 D scanning technique, evaluated
its sensitivity and compared it to established 2 D
and 3 D ultrasound imaging protocols.

Methods: S.c epidermoid carcinoma xenografts in
nude mice were scanned using a small animal ul-
trasound system (40 MHz). B-mode images with a
low mechanical index and a slice thickness of 300
pum were acquired and merged into a 3 D dataset.
Prior to administration of the contrast agent, only
one image was acquired per slice. During stable
blood levels of polybutylcyanoacrylate-microbub-
bles, 5 frames per slice were acquired (frame rate: 8
Hz). The maximum intensity of each voxel per slice
was recorded and compared to the pre-contrast
dataset. To compare the potential role of this tech-
nique, a non contrast-enhanced 3 D Power Dop-
pler scan (HF-VPDU: High frequency - volumetric
power Doppler ultrasound [1]) and a 2 D dynamic
contrast-enhanced scan (analyzed using the MIOT
post-processing technique [2]) were performed.
The sensitivity of all methods for assessing the an-
tiangiogenic effects of SU11248 were examined at
day 0, 1, 2 and 4 after treatment start. Tumour vas-
cularisation was validated by determining the ves-
sel density on corresponding histological sections.
Mann-Whitney test was used for statistical analysis.

Results: The novel 3 D contrast-enhanced imaging
protocol could be applied to all animals success-
fully. The vascularisation of untreated control tu-
mours slowly increased during the study, whereas
a reduction was observed in tumours of treated
animals. Differences in vascularisation between

both groups were significant at day 1 (p<0.05) and
highly significant at day 2 and 4 (p<0.01).Similar
significant (dayl) and highly significant (day2 and
4) differences in vascularisation between control
and treated tumours were measured using the 2D
MIOT technique, indicating its high accuracy. The
sensitivity of the HF-VPDU was not high enough
for assessing very early changes in vascularisation
in response to the antiangiogenic therapy. Immu-
nohistochemistry confirmed the findings of the 2 D
and 3 D contrast-enhanced scans, showing a signifi-
cantly reduced area of CD31 positive blood vessels
in treated tumours (p<0.01).

Conclusions: The newly implemented 3 D scanning
protocol allows a sensitive assessment of early an-
tiangiogenic therapy effects. Surprisingly, a compa-
rable sensitivity can be obtained using the 2 D MIOT
technique. This may be explained by a homogenous
vascularisation in the A431 tumours. The accuracy
of a 2 D imaging technique might be lower in tu-
mors with a more heterogenous vascularisation.

Acknowledgement: This work is supported by the

German Federal Ministry of Education and Research
(BMBF-0315017).
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Influence of the BMP pathway on cell cycle regulation and its differentiation inducing

potential on brain tumor initiating cells
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Introduction: Glioblastoma multiforme is the
most common type of brain tumor, and several al-
terations of the cell cycle and DNA repair mecha-
nisms have led to increasing resistance against
chemotherapy. Latest findings suggest that a sub-
set of tumor cells, the brain tumor initiating cells
(BTIC) with stem cell like properties, are respon-
sible for initiation and maintenance of the dis-
ease. Approximately 1-1000 out of 1.000.000 cells
within a glioma is a BTIC. These cells are thought
to bring about relapse and metastasis through
their tumorigenic potential and chemotherapeu-
tic resistancel,2. Design of a specific therapeutic
strategy against BTICs may improve overall sur-
vival and quality of life for patients with gliomas.
The aim is to examine a novel, experimental ther-
apy against malignant gliomas by differentiating
their BTIC population. Building on our previous
work3, where we demonstrated that BMP-7 treat-
ment decreases the proliferation of Gli36AEGFR-
LITG glioma cells up to 50% via a cell cycle ar-
rest in G1 phase, we will further characterize and
compare the effect of the BMP-pathway on cell
cycle regulation of different glioma cell lines and
“glioma stem cells”.

Methods: We want to determine (i) whether BMP
treatment, alone or in combination with state-of-
the-art chemotherapeutic agents, could be applied
in a disease-tailored therapy against gliomas by
depleting their BTIC pool and (ii) whether our
reporter construct (LITG) can quantify the re-
sponses to such a treatment in culture and in vivo.
Glioma cell lines, primary glioma cell cultures
and BTICs with different genetic profiles are be-
ing utilized to analyze the influence of BMP-7
and BMP pathway inhibitors on cell cycle regulat-
ing protein expression, cell viability and caspase
activation as well as its differentiation-induction
potential in culture. BTIC will be transduced
with lentiviral reporter vectors to image chang-
es in cell cycle regulation, differentiation status
and BMP pathway activity non-invasively in vivo
upon treatment.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Results: Western blot data indicates that BMP-7
treatment causes an arrest in cell cycle progression
in the established glioma cell line A172 by influenc-
ing the expression of the key cell cycle regulators
(p53K, p21KE2F-1K). Furthermore we have shown
the differentiation-induction potential of BMP-7 on
BTICs in culture optically and on the protein level.
Upon BMP-7 treatment and respective growth-fac-
tor withdrawal the expression of the neural stem cell
marker Mshil is clearly downregulated. Currently
we focus on the design of a lentiviral reporter vector
for imaging the observed BMP-Pathway reponses.

Conclusions: Antagonizing the proliferative poten-
tial of BTICs by targeting the BMP pathway, thereby
triggering cellular differentiation of malignant stem
cells, could provide a promising means of improv-
ing the prognosis for patients with gliomas.

Acknowledgement: This work is supported in part by
the FP6 European NoE DiMI (LSHB-CT-2005-512146).
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A near infrared fluorescent-based method for imaging breast cancer induced osteolysis
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Introduction. In vivo bioluminescence imaging
(BLI) of luciferase (Luc) expressing tumor cell lines
has become a well accepted method to quantita-
tively follow tumor growth over time. Fluorescence
imaging (FLI) can be used to visualize and quantify
specific structures, molecules and even enzymatic
activity using targeted dyes and enzyme activated
smart probes. Two of such targeted fluorescent dyes
are OsteoSense-680TM (VisEn Medical) and Bone-
Tag-680TM (LI-COR Biosciences) both of which are
directed specifically to bone.

Traditionally, osteolytic lesions and subsequent bone
loss are quantified using x-ray radiographs and p-CT
scans. These procedures are often time consuming
and both methods possibly irradiate the animal lim-
iting the number of repeated measurements.

The aim of this study was to assess the possibility
to quantify osteolysis by a loss of fluorescent signal
after pre-labelling the skeleton with a bone-specific
fluorescent probe. In this setup, we compared the
performance of the two aforementioned commer-
cially available bone specific fluorescent probes;
OsteoSense-680TM and BoneTag-680TM.

Methods. Immunodeficient mice received an in-
tra venous injection with either OsteoSense-680 (2
nmol, n=5) or BoneTag-680 (8 nmol, n=5). Three
days after injection of the fluorescent probes the
human breast cancer cell line MDA-BO2-Luc was
inoculated in the femur bone marrow cavity of the
right leg to form an osteolytic tumor. Tumor growth
was followed by weekly BLI measurements using the
IVIS Spectrum (Caliper LifeSciences) over a period
of 6 weeks. Fluorescent data was obtained weekly us-
ing the IVIS Spectrum and at day 2, 8, 19 and 42 us-
ing the Pearl Imager (LI-COR Biosciences). In addi-
tion, uCT scans of each animal were made at day 21
and 42 using the SkyScan-1076 pCT (SKYSCAN).

Results. All inoculated mice developed a tumor in
the right leg confirmed with BLI. Both bone specific
probes remained detectable throughout the experi-
ment, 45 days after injection, in the healthy leg. The
fluorescence signal decreased faster in the tumor
bearing legs than in the healthy legs, this loss of sig-
nal could be quantified (Fig 1). The analysis of the
x-ray and pCT data and the subsequent correlation
between oslteolytic lesion size and the loss of fluo-
rescence signal is still ongoing.
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Figl.. Decrease of fluorescence signal on osteolysis.
Representative mouse labelled with BoneTag-680, imaged with
the Pearl imager. A) Background FLI image before labelling
with BoneTag-680. B-E) FLI images at day 2, 8, 19 and 42 after
tumor cell inoculation in the right leg (*). F) Quantification of
the fluorescent signal of the tumor bearing leg compared to
the healthy leg.

Conclusions. Preliminary results show the possibil-
ity to follow osteolysis over time using an animal
pre-labelled with a bone specific probe.

Acknowledgement: Supported by the Dutch Cancer
Society (Grant UL2007-3801)
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Near infrared fluorescent probes for whole body optical imaging of 4T1-luc2 mouse breast
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Introduction: The rapid development of molecular
imaging has improved early diagnosis and treat-
ments for various diseases including cancer. The
imaging modalities vary broadly in their sensitivi-
tie, and the high sensitivity of optical imaging, es-
pecially near infrared fluorescent (NIRF) imaging,
makes it an excellent experimental tool for imaging
small animals like mice. NIRF light has advantages
such as considerably low tissue absorption coeffi-
cient in the NIR region (700-900 nm) and low tissue
autofluorescence so that deeper light penetration
can be achieved. These advantages make NIR light
ideal for whole body optical imaging. Furthermore,
NIRF probes are becoming available for clinical ap-
plications, e.g. imaging-guided surgery. In the cur-
rent work, we have implanted mouse mammary
gland cancer cell line 4T1-luc2 in nude mice, and
then assessed 2 commercially available NIRF probes
in their ability and specificity of detecting tumor
progression and metastasis by whole body FLI in
comparison with BLI.

Methods: The following NIRF probes were tested
and validated on detecting the mouse mammary
gland cancer cell line 4T1-luc2 both in vitro and in
vivo: Prosense680™(VisEn Medical) and 800CW

Figure: Upper panel shows BLI and FLI Prosense680TM imaging.
Lower panel shows BLI and FLI Prosense680TM imaging of LNs.
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2-DG™(LI-COR Biosciences). In vitro, studies in-
cluded cell-based fluorescent assay by Odyssey meas-
urements, flow cytometry analysis, and visualization
of probe uptake by confocal laser scan microscopy
analysis. In vivo, 20.000 4T1-luc2 cells were im-
planted into the upper mammary fat pad (MFP) of
immunodeficient mice. BLI was used as an internal
control to evaluate the luciferase expression level in
tumor areas, and also for co-locolization of the NIRF
probes. After time-dependent BLI and FLI meas-
urements, thoracic cavities of mice bearing tumors
were surgically opened and reimaged to reveal the
metastasis of surrounding tissues and axial lymph
nodes (LNs). Organs were quickly removed, and ex
vivo BLI and FLI were performed. Tissues with posi-
tive signals were further analyzed by histochemistry.

Results: Both tested probes could successfully vis-
ualize 4T1-luc2 mouse breast cancer cells, both in
vitro and in vivo. Our in vivo data showed that there
was already a nice increase in the BLI signal 3 days
after implanting 4T1-luc2 cells in the MFP of nude
mice. We could also detect the tumor progression
using the NIRF probes in intact animals. At the end
of the experiment (18 days) the animals were surgi-
cally opened up, and we could clearly detect lung and
axial LNs metastases, both by BLI and FLI. This was
confirmed by ex vivo imaging and histochemistry.

Conclusions: This preliminary study of 4T1-luc2
mouse breast cancer indicates that the development
and metastasis of cancer can not only be detected
by BLI but also by FLI, using commercially avail-
able NIRF probes, especially after surgically opening
up the animals. This should pave the way for real-
time visualization of tumor tissues during operation,
making radically removal of all tumor tissues and
local metastases possible.

Acknowledgement: This study is supported by the
Dutch CTMM Project MUSIS
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Improved animal

models to study tumor growth and spontaneous metastases:

bioluminescence imaging characterization of the HT-29 human colorectal cancer cell line
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Introduction: The main problem in the treatment of
colorectal cancer (CRC) is not so much the eradi-
cation of the primary tumor, but rather the forma-
tion of incurable metastases. To improve survival of
these patients, there is an urgent need for new treat-
ment strategies. For this purpose, the development
of reliable, reproducible, clinically-relevant and
inexpensive mouse models that fulfill tumor pro-
gression, invasion and metastasis of human CRC is
needed. A new era of modeling cancer metastasis
involves the use of optical imaging technologies to
monitor tumor growth and colonization after intro-
duction of cancer cells into the animals. The pur-
pose of this study was to characterize the behavior
of the human colon cancer cell line HT-29 in a sub-
cutaneous, experimental metastases and orthotopic
mouse models using non-invasive bioluminescence
imaging (BLI) technologies, thereby providing an
additional method to study CRC disease.

Methods: Luciferase expressing HT-29 cells were in-
jected subcutaneously, into the left ventricle and or-
thotopically into the cecal wall of immunodeficient
nude mice. The tumor growth and metastatic dis-
semination patterns were quantitatively and continu-
ously followed up via BLI. Non-invasive monitoring
of tumorigenicity and metastasis was also compared
to the traditional assays of tumor volume, weight or
histology. Ex vivo BLI and histological analyses were
performed to further identify the exact nature and lo-
cation of lesions. BLI results were also validated us-
ing the positron emission tomography (PET) imaging.

Results: We show that BLI has been successfully
used to monitor colorectal tumor growth and me-
tastases in vivo, and even helps to identify new
metastatic sites. In the subcutaneous mouse mod-
el, BLI production and traditional tumor volume
measurements show a strong correlation, demon-
strating that BLI is an appropriate method to non-
invasively quantify tumor burden. The left cardi-
ac ventricle injection resulted in colonic tumor
colonies in most organs, including the skeletal
system of mice. In orthotopic implants, locore-
gional tumor growth and distant metastases oc-
cur spontaneously and rapidly, closely resembling

clinical human disease progression that includes
lymphatic, hematogenous and celomic dissemi-
nation. Ex vivo BLI confirmed the localization of
metastases and dictated which tissues were going
to be analyzed by histopathology reducing the
number of histology rounds required to eventu-
ally detect all the small micrometastases identi-
fied by BLIL

Conclusions: Our findings show that BLI im-
proves upon and refines traditional animal cancer
models by using fewer animals, offering a rapid,
sensitive and less invasive monitoring of early
neoplastic growth and metastases. Moreover, it
provides an accurate and temporal assessment in
the same animal over time increasing the statisti-
cal power of the model. In conclusion, BLI is a
powerful tool for high-throughput longitudinal
monitoring of tumor load in small animals and
allows the implementation of more advanced or-
thotopic tumor models in therapy intervention
studies with almost the same simplicity as when
measuring traditional ectopic models. The avail-
ability of these bioluminescent models are pow-
erful and reliable tools with which to investigate
metastatic human CRC and novel therapeutic
strategies directed against it.

Acknowledgement: We are grateful to the Spanish
Ministry of Science and Innovation for support-
ing laboratory technician and pre-doctoral per-
sonal, and CIBER-BBN for funding the project.
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Development of dorsal skin-fold window chamber for the analysis of blood vessel
modifications induced by electropermeabilization
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Introduction: Recent developments in intravital mi-
croscopy (IVM) enable studies of tumour angiogen-
esis and microenvironment at the cellular level after
different therapies. Preparation of skin fold chamber
enables to follow fluorescent events on live animal.

Electroporation/electropermeabilization, i.e. applica-
tion of electric pulses to tissues, is a physical method
for delivery of exogenous molecules. It is already used
in clinical therapies of cancer, for electrochemother-
apy of tumors (ECT). Its use was recently developed
in electrogene therapy (EGT). In vivo, “electropora-
tion” is associated with a blood -flow modifying ef-
fect resulting in decreased blood flow.

The aim of our study was to observe directly on the
living animal the effects of “electropermeabilization”
on subcutaneous normal blood vessels by monitor-
ing changes in morphology (diameter) and dynamics
(vasomotricity, permeability and recovery).

Methods: These parameters were measured us-
ing fluorescently labelled dextrans injected in the
blood vessels observed via a dorsal skin fold win-
dow chamber, intravital digitized stereomicroscope,
in vivo intravital biphoton microscopy and custom
image analysis. A mathematical modelling gave ac-
cess to the changes in permeability from the time
lapse observation. Delivery of electric pulses was
operated on the microscope stage directly on the
animal under anaesthesia.

Results: It resulted in immediate constriction of
blood vessels that was more pronounced for arteri-
oles (up to ~65%) compared to venules (up to ~20%).
A rapid increase in vascular permeability was present
that gradually decreased to basal (control) levels at
1 h post-treatment. The decay of the high increase
in vascular permeability was biphasic with an initial
fast decrease, but was still present at 1h post-treat-
ment. Furthermore, vasoconstriction of arterioles af-
ter “electropermeabilization” resulted in a “vascular
lock” that remained for at least 6 minutes. This cor-
related approximately with the duration of decreased
diameters of arterioles that lasted for 8 minutes.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Conclusions: the results of our study provided
direct in vivo monitoring of a vascular effect of
electric pulses on normal vessels. The observed
increase in permeability of vessels associated
with delayed perfusion induced by electric pulses
explains the improved delivery of molecules into
tissues induced by this method after systemic
delivery.

Acknowledgement: CNRS, Region Midi Pyrenees,

ARC, canceropole GSO, ANR “Cemirbio”, Slove-
nian French Proteus
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Characterization and evaluation of a tumor specific RGD optical probe for time-domain

near-infrared fluorescence imaging
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Introduction: RGD peptides provide useful tools
for specific targeting of tumors overexpressing
« f3, integrins. We used a cyclic RGDfK peptide,
coupled to the near-infrared fluorophore, Cy5.5,
via an aminohexaonic spacer (RGD-Cy5.5) for
functional imaging of « 8, integrins on tumors in
vivo. To assess the suitability and the achievable
sensitivity of RGD-Cy5.5 for tumor imaging
we characterized the spectroscopic properties
of the optical probe and applied time-domain
near-infrared fluorescence (NIRF) imaging for
noninvasive and specific tumor targeting in vivo.

Methods: Application-relevant properties like the
fluorescence quantum yield, lifetime and the ther-
mal stability of the cyclic RGD{K peptide coupled
to Cy5.5 via an aminohexanoic acid spacer and its
parent fluorophore, Cy5.5 were analyzed spectro-
scopically. For in vivo imaging, human « 8, inte-
grin-expressing glioblastoma cells, U87MG, were
subcutaneously implanted into nude mice. Imag-
ing was performed using the time-domain fluores-
cence imager, Optix MX2 (ART, Montreal, Canada).

Results: RGD-Cy5.5 shows excellent spectroscopic
properties making it a useful tool for in vivo NIRF
imaging. Remarkable is the enhancement in fluo-
rescence quantum yield of Cy5.5 in RGD-Cy5.5 in-
creasing from 0.29 to 0.34. In vivo, the specificity
of the RGD-Cy5.5-derived signals was confirmed
by fluorescence lifetime measurements which were
used to distinguish the probe signals from unspe-
cific fluorescence. RGD-Cy5.5 binds selectively to
glioblastoma with a maximum fluorescence inten-
sity resulting 5 h after probe injection. The bind-
ing specificity was further confirmed by reduction
of this fluorescence after application of an excess
of unlabeled RGD peptides.

Conclusions: Knowledge of the spectroscopic prop-
erties of fluorescent conjugates represents an im-
portant prerequisite for the successful application
and sensitive detection of fluorescent probesin vivo.
With RGD-Cy5.5, we developed a strongly emissive
and stable optical probe for targeting a 8, integrin
receptors. Fluorescence lifetime measurements

contributed to a further enhancement in detection
sensitivity as compared to conventional steady state
NIRF imaging in the intensity domain. Since the
RGD probe contains an aminohexanoic acid spac-
er, that allows an easy and effective coupling with
anti-cancer agents, this probe might be applied in
oncology for therapeutic and diagnostic purposes.
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'8F labeling of insulin via click chemistry
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Introduction: As a positron emission tomography
probe, a new F-bearing insulin derivative was pre-
pared by an original labeling method. This tracer was
required as a radiolabelled active principle model
compound to perform biodistribution imaging stud-
ies of new pulmonary administrable formulations.

Methods: A 1,3-dipolar azide/alkyne cycloaddition
(click chemistry) approach was developed for the
mild and efficient linking of the radioactive probe
onto insulin (Figl).

unit. Subsequent copper catalyzed click reaction on
the alkyne bearing insulin derivative was performed
at room temperature in less than 20 minutes with
current radiochemical yields of 70-80% (decay-
corrected).

Conclusions: A mild and efficient radiolabelling
strategy of insulin was succesfully developped using
click chemistry. This radiotracer can now be incor-
porated in new inhalable pharmaceutical formula-
tions for biodistribution imaging studies.
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As an initial step, native insulin had to be de-
rivatized in order to present an accessible alkyne
group at an appropriate position. For this, two of
the three amino functions available on the mol-
ecule (Glycine Al and Lysine B29) were first pro-
tected as N-Boc derivatives. An alkyne bearing
prosthetic group could then be selectively grafted
on the phenylanine Bl residue which does not
interfere in the insulin-receptor binding process
[1]. The final ['*F] fluorine insertion step was car-
ried out by reacting this insulin derivative with
the radioactive azide synthon 1-(azidomethyl)-
4-["F]-fluorobenzene[2]Junder Cu(I) catalysis
conditions.

Results: The clickable '*F azide 1-(azidomethyl)-4-
-[¥F]-fluorobenzene was obtained in 65 minutes
with good radiochemical yield (40-45% decay-cor-
rected) and radiochemical purity (>90%) thanks to
a fully automated preparation method developped
on remote-controlled commercial radiosynthesis
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Whole-body distribution, pharmacokinetics and dosimetry of radioiodinated fully
humanized anti-VAP-1 antibody - a PET imaging study of rabbits
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Introduction: Vascular adhesion protein-1 (VAP-1)
is an inflammation inducible endothelial glycopro-
tein [1]. It plays a key role in leukocyte trafficking
and is a potential target for anti-inflammatory ther-
apy. The antibody BTT-1023 is first-in-class, fully
human monoclonal antibody to VAP-1. BTT-1023
is potentially useful for the treatment of inflamma-
tory diseases and in vivo imaging of inflammation.
Positron emission tomography (PET) is powerful,
non-invasive method particularly suitable for drug
development because of its high sensitivity and abil-
ity to provide quantitative and kinetic data without
sacrificing the animal. We assessed the usefulness
of PET in evaluation of iodine-124 labeled antibody
pharmacokinetics and distribution in rabbits.

Methods: BTT-1023 was labeled with [**I] using
Chloramine-T method. Immunoreactivity of [**I]
BTT-1023 was verified in human VAP-1 transfected
Chinese Hamster Ovary cells and by time-resolved
immunofluorometric assay using human recombi-
nant VAP-1. Ten rabbits were intravenously injected
with [**I]BTT-1023. PET/CT was obtained over the
first 2 h after dosing and at 24, 48 and 72 h post-
injection. Blood samples were collected during PET
study to clarify in vivo stability and pharmacokinet-
ics. As a final point, the human radiation dose es-
timates were extrapolated from rabbit information.

Results: Binding of [***I]BTT-1023 to hVAP-1
transfected cells was app. 600-fold higher than
in mock transfected controls. In rabbits, the ra-
dioactivity was distributed especially to liver and
thyroid. Also heart and lungs showed some up-
take whereas brain uptake was very low. Liver up-
take is likely mediated, at least in a large part, by
VAP-1, since the antigen is found on sinusoidal
endothelia in the liver. Thyroid gland radioactiv-
ity is due to the de-iodination of ['*I] from the
antibody. The plasma half-life of ['*I]BTT-1023
was 58.3 h and clearance 7.8 mL/h/kg. [***I|BTT-
1023 showed good in vivo stability (80% of sig-
nal from intact antibody at 72 h after injection).
The estimated human radiation dose resulting
from ['#I]BTT-1023 was 3.66 mSv/MBq. Provided
that thyroid gland uptake is blocked, the effec-
tive dose in a human adult of about 70 kg would

decrease to 0.55 mSv/MBq, which is equivalent
to 21 mSv from 35 MBq and 30 mSv from 50 MBq
of ['*I]BTT-1023 PET.

Conclusions: ["*I]BTT-1023 retained its biological
activity to bind hVAP-1 also after radioiodination.
This PET study of ['*I]-labeled VAP-1 targeting
BTT-1023 antibody further elucidated whole-body
distribution and pharmacokinetics of the therapeu-
tical antibody, and supports clinical trials with ['*I]
BTT-1023 at doses of 50 MBq or less.
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the Finnish CoE in Molecular Imaging in Cardio-
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Academy of Finland, University of Turku, Turku
University Hospital and Abo Akademi University.
Anu Autio is a PhD student supported by Drug Dis-
covery Graduate School.
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Introduction: The intracellular enzyme adenosine
kinase (AK) catalyzes the phosphorylation of ad-
enosine to adenosine monophosphate thus control-
ling the adenosine concentration. The inhibition of
AK enhances the amount of adenosine, which is sug-
gested to have neuroprotective, anticonvulsant, and
antinociceptive effects 2. Years ago, the non-nucle-
oside AK inhibitor ABT-702 has been investigated in
vivo and in vitro B, In the present study the distri-
bution of the radioiodine labeled adenosine kinase
inhibitors ["*'I]iodotubercidine ([“*I]IT) and ["']
ABT-702 as well as the pharmacological behaviour
of other known AK inhibitors (e.g. A134974) versus
[**'T]IT was compared in rat brain. Furthermore the
AK inhibiting strength of other halogenated ABT-
702 derivatives was determined.

Methods: The syntheses of [**'I]IT and ['*'I]ABT-702,
as well as the different halogenated ABT-702 deriva-
tives were performed in house. Autoradiography was
conducted using frozen rat brain sections. Binding
competition was done with IT and ABT-702 vs. [**'I]
IT. AK inhibition assays were performed with [*H]
adenosine and ATP using pig hippocampus cytosol.

Results: Autoradiography showed generally high
binding all over the brain, but more distinct in the
hippocampus, outer layers of the cortex, and gray
matter of cerebellum using ["'I]IT (10nM) com-
pared to [*'I]JABT-702 (7 nM). [*'I]IT Binding could
be blocked more than 90% with 5-IT and A134974,
about 70% with tubercidine and 60% with ABT-702.
['IJABT-702 Binding could be blocked not even 50
% with ABT-702, and even less with the other AK in-
hibitors. K's of IT and ABT-702 were 20 nM and 850
nM, respectively, in rat hippocampus vs. [*'I]IT.

In the AK assays, A134974 and IT had the highest
AK inhibition strength in hippocampal cytosol, fol-
lowed by ABT-702 > I- ABT-702 > Cl- ABT-702 >
F- ABT-702 with 78%, 62%, 42%, 30% and 21% in-
hibition, respectively.

Conclusions: As a result of this study it is suggested
that [**I]IT and [“'I]JABT-702 binding represent
AK distribution in rat brain. [®'I]IT appears to be
the preferred ligand for in vitro binding compared

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

| 5-lodotubercidine (IT)

ABT-702
I-ABT-701
CI-ABT-702
F-ABT-702

to [“'IJABT-702. ABT-702 Has recently shown
beneficial therapeutic potential !, but radioio-
do-ABT-702 seems to be unsuited as radiotracer.

The AK inhibition strength was high both for IT
and ABT-702, but low for the halogenated ABT-702
derivatives. Since IT shows good in vitro behaviour
as a radioligand as well as AK inhibitor, further ex-
periments with ['I]IT in vivo might be interesting.
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Determining the nasal residence time of protein-polymer conjugates for nasal vaccination

using a novel imaging technique

Slutter B. @, Que I. ?, Soema P. @, Hennink W. ©, Kaijzel E. @, Lowik CW.G.M. @, Jiskoot W. ™.

M Amsterdam Center for Drug Research (LACDR), The Netherlands
@1 eiden University Medical Center, The Netherlands
®)Utrecht Institute for Pharmaceutical Sciences (UIPS), The Netherlands

bslutter@lacdr.leidenuniv.nl

Introduction: Nasal administration of vaccines
holds great promise as a painless alternative for the
use of needles. Nonetheless, only one nasal vaccine
is currently on the market (Flumist®). A major hur-
dle for successful nasal vaccination is the relatively
short residence time of the vaccine in the nasal cav-
ity, which hampers efficient uptake of the antigen
through the nasal epithelium. Increasing the nasal
residence time of the antigen is therefore an inter-
esting approach to improve the efficacy of nasal
vaccines. Here we investigated the possibility of ex-
tending the nasal residence time of a small antigen
(ovalbumin, OVA) with a mucoadhesive polymer,
trimethyl chitosan (TMC), using a novel live imag-
ing techniquel.

Methods: A near-IR fluorescent probe (IR dye
CW800) was covalently linked to OVA. TMC was
either mixed with or conjugated to OVA using the
SPDP method2. After nasal administration of the
antigen to hairless mice, the fluorescence intensity
in the nasal cavity was assessed using an IVIS Spec-
trum® and followed in time (Figl).

Results: We observed an exponential decay of fluo-
rescence intensity after administration of OVA alone,
whereas after co-administration of OVA with TMC
or TMC-OVA conjugate fluorescence decay was de-
layed substantially.

Conclusions: Using a live imaging technique we suc-
cessfully studied the nasal residence time of a model
subunit antigen. TMC prolongs the nasal residence
time of OVA, either by mixing it with or conjugating
it to the antigen.

Nasal residence time OVA
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Figl: Nasal residence time of OVA determined using
fluorescent detection of OVA-IRdye CW 800. Intensity of
fluorescence signal from the nasal cavity was measured
in time and normalized for time point 0. n=3+/- SEM.
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Nanotubes as mutli-modality vehicles for imaging and therapy of cancer
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Introduction: There is a growing interest in develop-
ment of new radiolabeled nanocarriers for targeted
delivery of isotopes. Nanotubes have been actively
explored as new systems for delivery of anticancer
drugs [1], fluorescent probes [2], genes [3], and pep-
tides [4] to the target tissues. Previously reported
synthesis of Gd-loaded US-tubes [5] and I,-modi-
fied US-tubes [6] have opened new possibilities in
designing of contracts agents for MRI and CT. Here,
we report on the synthesis of radiolabeled SWNT
that can serve as vehicles for PET/SPECT imaging
and cancer therapy.

Methods: HiPco single-wall nanotubes (SWNTs)
were chemically cut into US-tubes, using the es-
tablished procedure [7], sonicated at RT in 0.5M
HNO, for 30min-2h. US-tubes were loaded with
radioisotopes: '’LuCl,, **TcCl,, ®*GaCl,, and cold
Re compounds (ReCl,, NH,ReO,, [NBu,]*ReCIO,)
manually or using automated module for labelling,
SmarTrace™. The radiochemical yield was deter-
mined by radio-TLC and ICP-OES (Inductively
coupled plasma optical emission spectrometry). Sta-
bility tests of labelled US-tubes were performed at
RT for 1- 24h using 1M PBS, 0.1% FBS and trans-
chelator (0.1M EDTA) to determine the desorption
half-life of the labelled US-tubes.

Results: Loading of US-tubes with **Ga was per-
formed in 0.5M NH,OAc buffer at 90°C for 10
min using *GaCl, eluted from “Ge/**Ga generator
(iThemba). Yield of the synthesis was found to be
pH dependent with over 70% loading at pH=3.6- 4.1
and to decrease drastically to 1% at pH<1.7.

Optimum *™Tc labelling of US-tubes proceeded in the
presence of SnClL, (reducing agent) in 0.5M NH,OAc
buffer with final yield >51%. Yield of the reaction de-
creased to 1% in the absence of SnCl,, or when reduc-
tion proceeded after completion of labelling.

Best '’Lu loading of US-tubes was performed in
0.1 M NH,OAc at pH=5.1 at 90°C for 20 min. The
final yield of this synthesis was found to be >55%
after repeated dialysis with 0.1M EDTA, pH=4.7.
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Loading of US-tubes with cold ReCl, proceeded
in 0.6M NaOH at 90°C for 1h with final yield
> 20%. Application of other Re compounds
([NBu,]*ReClO, and NH,ReO,) for modification
of nanotubes gave products with yield higher than
17% and approximately 0.4%, respectively.

Conclusions: Our preliminary studies have shown
that loading of US-tubes with imaging and thera-
peutic isotopes is feasible. Application of nanotubes
in nuclear medicine may expand possibilities for
development of new multi-modality agents for early
detection and therapy of cancer.
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Early assessment of temozolomide treatment efficacy in glioblastoma using ['®FIFLT PET

imaging
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Introduction: Temozolomide chemotherapy to ra-
diation therapy is now the standard therapy for
glioblastomas!'l. However there is considerable un-
certainty with regard to the indication for and the
chances of success of chemotherapy in affected pa-
tients. Standard Temozolomide treatment in clinic
consists of 5 days treatment with 150-200 mg/m?2 per
day, repeated every 28 days. Treatment efficacy assess-
ment is performed using MRI Imaging before treat-
ment and after 3 cycles of treatment (meaning after
3 months). Due to the rapid evolution of the disease
(median survival of patient bearing glioblastoma is
around 15 months), methods to assess TMZ efficacy
early during treatment is needed. In several clinical
studies ['*F]FLT PET imaging has been validated to
assess proliferation of different types of tumors in
vivo®, and could therefore be of interest for evalua-
tion of TMZ during treatment of glioblastoma.

The purpose of this study was to monitor the meta-
bolic effects of temozolomide (TMZ) chemotherapy
in malignant gliomas by means of repeated Positron
Emission Tomography (PET) with ['*F]FLT.

Methods: A glioma cell line, displaying a low re-
sistance to TMZ (Gli36) was treated with two low
doses of TMZ (25 and 50 uM). Two stable cell lines
were obtained and characterized regarding their
resistance to TMZ by growth and clonogenic assay.
Resistant and sensitive cells were xenografted into
nude mice. Mice were treated during five days with
daily intra-peritoneal injection of 50 mg/kg of TMZ.
Efficacy of TMZ treatment is followed using FLT
imaging, before treatment as well as two and seven
days after beginning of treatment.

Results: Two stable cell lines resistant to TMZ were
established (Gli36-25TMZ and Gli36-50TMZ). The
EC50 for the induction of cytotoxicity cell death (as
determined by growth assay) were 10 uM (Gli36), 110
uM (Gli36-25TMZ) and 460 uM (Gli36-50TMZ). The
EC50 for the prevention of clonogenic growth (as de-
termined by clonogenic assay) were 10 uM (Gli36), 50
uM (Gli36-25TMZ) and 325 M (Gli36-50TMZ). In
vivo, the TMZ treatment induced a strong reduction
of Gli36 tumor volume, while Gli36-50TMZ continued
to grow. Correlation between diminution of SUV in

the tumor after two days of treatment (with regards to
SUV before treatment) and diminution of tumor size
seems to be observed so far (n=3 for each tumor type).

Conclusions: Our results so far indicate that [**F]FLT
PET scan could be appropriate for an early evaluation
of the response of Glioblastoma to TMZ chemotherapy.

Acknowledgement: This work is supported in part
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Sensitive time-gated FRET microscopy of G-Protein coupled receptors using suicide enzymes,

lanthanide cryptates and fluorescent ligands
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Introduction: Donor crosstalk and non-specific flu-
orescence in classical biological FRET experiments
using fluorescent proteins remains a major concern
in high content screening. Using a time-gated mi-
croscope equipped with an intensified CCD camera
[1], lanthanide cryptates and fluorescent-ligands it
is possible to visualize G-protein coupled receptors
(GPCR) labeled with the SNAP-tag® suicide enzyme
at the cell membrane. Oligomerization of GPCR’s can
be studied using time gated FRET without signifi-
cant background. Using fluorescent ligands, binding
and receptor trafficking can be imaged without ra-
tiometric treatment of data.

Methods: A bright terbium-cryptate (lumi4®-Tb)
coupled to 0°-Benzylguanine is used to covalently
label GPCR’s tagged with the SNAP-tag suicide en-
zyme developed by the laboratory of Kai Johnsson
[2]. The luminescence of this lanthanide compound,
which has a lifetime of about 2 ms, can be time-gated
in such a way that all background fluorescence from
the cells has decayed and only specific lanthanide or
sensitized acceptor emission to either red or green
emitting dyes can be detected. An in-house devel-
oped microscope equipped with an intensified CCD
camera can monitor this luminescence. HEK/COS/
CHO cells were either stably or transiently transfect-
ed with plasmids containing the SNAP-tagged GPCR
under study and labeled with the benzylguanines of
choice after which they are fixed.

Results: Due to the significant Forster radius of 58
A of the lumi4-Tb/red donor-acceptor couple, ho-
modimerization of a GPCR can be monitored using
a mix of the Tag-lite” reagent SNAP-Lumi4-Tb and
SNAP-red wich results in a bright time gated sensi-
tized emission image at 665 nm. These results con-
fim the results obtained by dimerization assays [3]
in standard plate readers.

Due to the advantages of this technique it is also
possible to visualize specific labeling of fluorescent
ligands on the GPCR of interest. Using fluorescent
ligands without the use of time gating gives signifi-
cant contributions of non-specific binding. Since
sensitized emission only occurs when donor and
acceptor are in close proximity ligand receptor
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interactions were monitored for several GPCR’s-
ligand couples including chemokine receptors.

Conclusions: Time gated microscopy with terbium-
cryptate is a convenient and novel way to avoid
non-specific emission signals and to monitor FRET
intensities showing genuine interactions between
proteins and their ligands. This might become a
powerful method to develop high content assays for
drug evaluation.

Acknowledgement: Tag-lite is a registered trade-
mark of Cisbio bioassays. Lumi4 is a registered
trademark of Lumiphore Inc. SNAP-tag is a reg-
istered trademark of New England Biolabs.
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Selection of a nanobody scaffold with low renal retention
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Vrije Universiteit Brussel, Jette, Belgium
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Introduction: Nanobodies are small (15kDa) an-
tibody fragments, derived from heavy chain-only
antibodies present in Camelidae. The structure
consists of a scaffold and three CDR loops. The
CDR loops determine the specificity of the nano-
body. Nanobodies, labelled with a therapeutic
radionuclide, could be used for the treatment of
cancer. Unfortunately, the in vivo biodistribution
shows high renal retention of radio-labeled nano-
bodies in the kidney cortex and this could result
in an important kidney toxicity. However, during
the in vivo screening of a large set of nanobodies
we noticed that there is a wide variety in this kid-
ney retention. This variability could be partially
related to the amino acid sequence of the nano-
body scaffold. In this study we aim to identify the
nanobody scaffold with the lowest renal retention.

Methods: The renal retention of 8 Nanobodies was
evaluated in healthy Wistar rats. 99mTc labeling
was performed using 99mTc-tricarbonyl (Isolink,
Covedien). Dynamic planar imaging with a gamma
camera was performed immediately after injection
(100 frames of 30s). Three hours post injection an
additional static image was acquired. Time activity
curves of the kidney were generated using AMIDE.

Results: We measured two distinct kinetic profiles:
one showing a steadily increase in function of time
and the other showing an initial peak (5 min p.i.)
followed by a decrease. The highest renal activity
measured at 1h p.i. was 46.8 % IA (range 41.6-53.3
%IA), while the lowest was 11.3 % IA (range 10.1-
13.2 %IA). At 3h p.i. we measured upto 69.3 %IA
in the kidney for the group with a steadily increas-
ing profile, while for the other group it remained
low at 14.8 %IA.

Conclusions: We identified a scaffold with low
renal retention. The use of this scaffold for nano-
body based targeted radionuclide therapy could
significantly reduce kidney toxicity.

Acknowledgement: The research at ICMI is funded
by the Interuniversity Attraction Poles Program -
Belgian State — Belgian Science Policy. Matthias
D’huyvetter is funded by SCK-CEN/VUB.
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In vitro assessment of androgen mediated uptake of '®F-FDG, ''C-choline and ""C-acetate in

prostate cancer
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Introduction: Androgen deprivation is one of the
first line palliative treatment approaches in recurrent
prostate cancer. Although F-FDG is mostly applied
in oncological PET imaging, a low diagnostic perfor-
mance has been shown for prostate cancer detection.
Otherwise, both "C-choline and 'C-acetate offer a
higher diagnostic efficiency for PET detection of relaps-
ing patients. With this study we aimed to evaluate the
androgen dependency of the uptake of metabolic PET
tracers (F-FDG, 'C-choline and !'C-acetate) in five
different human prostate cancer cell lines, distinctive
considering their androgen responsiveness, in order to
define the most reliable tracer for treatment response
assessment.

Methods: Cell uptake experiments were performed with
the prostate cancer cell lines LNCaP, PC346C, 22Rvl1,
PC346DCC and PC3, and the benign prostatic hyper-
plasia cell line BPH-1. Prior to the uptake experiments,
cells were cultured in the presence of charcoal treated
serum (native). In parallel cell cultures 10*M R1881, 10-
"M R1881, 10°M bicalutamide or the combination of
10°M R1881 and 10°*M bicalutamide was added to the
medium. The significant influence of androgens on the
uptake of ¥F-FDG, "'C-choline and "'C-acetate in each
prostate cancer cell line was evaluated using ANOVA
and Tukey-HSD post-hoc analysis. The relative tracer
uptake was evaluated in all prostate cancer cell lines
with respect to the tracer uptake in BPH-1.

Results: A significant increased ''C-choline uptake is
observed in the androgen responsive and unresponsive
cell line, respectively PC346C and 22Rv1, grown in the
presence of androgens (10°M R1881). The same an-
drogen concentration also caused a significant increase
in ¥*F-FDG uptake in LNCaP (androgen dependent)
and 22Rvl. In both androgen unresponsive cell lines
(PC3, PC346DCC) androgens did not significantly af-
fect the uptake of these metabolic PET tracers. Unlike
"C-choline and 'F-FDG, ''C-acetate uptake was not
influenced by androgen supplementation in any pros-
tate cancer cell line.

Compared to the tracer uptake in BPH-1, all prostate
cancer cell lines showed a significant higher ''C-acetate
and "'C-choline uptake. In contrast, a relative increased
¥E-FDG uptake was only observed in PC346Cand -DCC.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Conclusions: '"'C-acetate uptake is androgen
independent in every prostate cancer cell line,
whereas a significant higher "C-choline and
E-FDG uptake was established by androgens
in respectively two (PC346C, 22Rv1) and three
(LNCaP, PC346C, 22Rv1) human prostate can-
cer cell lines. Also, ''C-acetate has the most
clearly elevated uptake in all prostate cancer
cell lines with respect to the benign prostatic
hyperplasia cell line.

The absent influence of androgens on 'C-ac-
etate uptake and the better differentiation of
cancer from benign prostatic hyperplasia with
this PET tracer compared to ''C-choline and
8E-FDG, suggests a higher efficiency of "'C-ac-
etate PET for evaluation of treatment response.
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Comparison of two ®Gallium-labeled octreotide analogues for molecular PET(CT) imaging

of neuroendocrine tumours
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Introduction: PET(CT) using ®Ga-labeled octre-
otide analogues is able to show the expression of
somatostatin receptors (SSR) on gastroenteropan-
creatic neuro-endocrine tumours (GEP NET). The
study aim was to compare the biodistribution and
the tumour uptake intensity of two radiolabeled
octreotide analogues, **Ga-DOTA-TOC ([DOTA-
DPhel,Tyr3]-octreotide) and “Ga-DOTA-TATE
([DOTA-DPhel,Tyr3]-octreotate).

Methods: Octreo-PET(CT) was performed on 58
patients: 29 patients using 68Ga-DOTA-TOC and
29 patients using ®*Ga-DOTA-TATE. Standard Up-
take Values (SUV) was measured in normal organs
and in the lesions (SUVmax). Patient preparation,
acquisition and image processing was standard-
ized and identical in both subgroups. None of the
patients had received any peptide therapy or ra-
diolabeled peptide therapy before the study. The
time delay between tracer injection and PET(CT)
acquisition for respectively DOTA-TOC vs. DOTA-
TATE patients was 95 min + 0.01 vs. 100 min + 0.01
(p=NS); the mean injected tracer activity was 90.28
MBq + 46.62 vs. 88.8 MBq + 21.09 (2.44 mCi + 1.26
vs. 2.40 mCi £ 0.57) (p=NS), and BMI 25.7 + 3.71
vs. 25.2 + 3.6 (p=NS).

Results: PET(CT) identified 107 tumor lesions: 52
(49%) in the DOTA-TOC, and 55 lesions (51%) in
the DOTA-TATE group. No significant differences
of SUV (max) values were found in GEP NET lesions
between DOTA-TATE and DOTA-TOC groups.
Physiologic uptake in organs did not significantly
differ between the 2 radiopharmaceuticals, except
for the uptake of *Ga DOTA-TOC which was sig-
nificantly lower in the head of pancreas than the
uptake of ®*Ga DOTA-TATE (3.4 + 1.5 vs. 4.6 + 1.6)
(P<0,05). On the other hand, ®®*Ga DOTA-TOC was
significantly higherin prostate (4.6 £ 1.7 vs.3.4+1.0)
and in blood pool (1.7 £ 0.6 vs. 1.5 + 0.3) (P<0,05).

Conclusions: ®Ga-DOTA-TOC and *Ga-DOTA-TATE
show similar tumour uptake intensities in GEP NET le-
sions. ®*Ga-DOTA-TOC seems to have lower physiologic
uptakeintheheadofthepancreasandhigherintheprostate.
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Real time per operative optical imaging for the improvement of tumour surgery in an in vivo

micro-metastases model
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Introduction: In a wide range of cancer cases,
surgery is the first therapeutic indication be-
fore radiotherapy and chemotherapy. In that
way the prognostic strongly depends on the tu-
mour removal exhaustiveness and in particular
on metastases elimination.

We developed a couple near-infrared fluores-
cent tracer / per operative detection system in
order to improve tumour surgery efficacy.

RAFT-c(RGD)4-Alexa 700 (Angiostamp®, Flu-
optics) specifically bind to integrin avf33, a
receptor strongly expressed in angiogenesis
and in many tumour types. The per-operative
detection system (Fluobeam 700, Fluoptics) is
a portative 2D fluorescent imager that can be
used in white light environment and so, could
be used directly during surgery to help the sur-
geon for tumour and metastases excision.

We already demonstrated in animal models
the very significant improvement in primary
tumours resection: higher number of tumour
nodules removed, sane margins on the removed
fragments and surgery time divided by 2 (Ke-
ramidas M., British Journal of Surgery 2010).

In the clinical situation, recurrence of cancer
by metastases invasion after primary tumour
surgery is a critical point. The aim of the pres-
ent study is to evaluate the metastases resection
impact on the survey. In order to proceed we
first need to establish a suitable animal model
of micro-metastases following primary tumour
surgery. After calibration of the metastatic
in vivo model, we will evaluate the survey of
the twice-operated animals (metastases resec-
tion after primary tumour removal) versus the
once-operated animals (only primary tumour
removal).

Methods: Luciferase positive tumour cells (TS/
Apc-luc) are injected in the kidney capsule of
nude mice and the primary tumour growth is
followed by in vivo bioluminescence imaging.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

7 days after tumour cells implantation, the tu-
moral kidney is removed and the metastases
development is followed by in vivo biolumi-
nescence imaging. Then RAFT-c(RGD)4-Alexa
700 is injected intravenously and twenty-four
hours later the portative fluorescence detection
system is used to assist the metastases excision.
The possible recurrence of cancer is followed
by in vivo bioluminescence imaging. Mice are
sacrificed when they loose 10% of their weight.
The mice survey is compared with the one of
two control groups: in one group the mice don’t
undergo the second surgery for metastases re-
section, and in a second group the mice don't
undergo any surgery and keep the primary kid-
ney tumour.

Results: Micro-metastases appear about 7 days
after the primary tumour removal and soar up
to 20 days after the first surgery. The metastases
removal assisted by the RAFT-c(RGD)4-Alexa
700 and the per operative fluorescence detec-
tion system significantly improved the mice
survey (36 days).

Conclusions: We developed an in vivo model of
micro-metastases invasion following primary
tumour surgery which is very relevant regard-
ing to the clinical situation of head and neck
or prostate cancer. The use of RAFT-c(RGD)4-
Alexa 700 coupled with the portative device al-
lows micro-metastases detection, significantly
improve their resection and increase the mice
survey.
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Fluorescence imaging modalities for imaging gastrointestinal tumor models
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Introduction: A number of peptide receptors have
been found to be overexpressed in tumors of the GI
tract. The overexpression of somatostatin receptors
in neuroendocrine gastroenteropancreatic tumors
has long been utilized for molecular imaging using
radiolabelled somatostatin analogs in scintigrafic
procedures. Other peptide GPCRs may therefore
represent attractive new targets. The ongoing project
is occupied in particular with the design of GPCR
peptide ligands, which bind with high specificity to
surface receptors of tumor cells. Pharmacologically
optimized peptides could be used as vehicles for
transport of contrast agents as well as therapeutics.

Methods: The ongoing project follows four main
goals: (1) The validation of GPCR peptides as tumor
targets for the gastrointestinal tract (2) The identifi-
cation of new peptide binding targets (3) The Optimi-
zation of peptide structures for imaging and targeted
therapy and (4) the development of NIRF-probes
and -techniques for a better diagnosis of tumors.
NIRF probes are validated in established in vivo tu-
mor models, including subcutaneous tumor models
and in a number of orthotopic tumor models using
planar and tomografic fluorescent imaging, micro
CT and endoscopy for small animals. For monitoring
and characterization of tumor growth of human can-
cer cells in nu/nu mice the bioluminescence imaging
approach is utilized. For this purpose several stable
cancer lines (colorectal, pancreatic, neuroendocrine),
expressing the luciferase gene were established.
Results: Currently, a number of peptide, antibody
and small-molecule contrast agents are validated.
Each tracer is characterized for its potency as a con-
trast agent by imaging with a 2-D fluorescence im-
aging system, which reveals target-to background
ratios of the contrast agents, characteristic for tar-
get tissue specificity. Limitations of planar imaging
systems are still the lack of depth resolution and
difficult quantification. Currently we are therefore
evaluating a fluorescence tomographic system with
regard to deep tissue imaging and signal quantifi-
cation. Tomograpic images also allow fusion with
other imaging mmodalities such as CT to confirm
the anatomical localization of the fluorescent signal.

Conclusions: Although near-infrared radiation has
a higher penetration depth than the visual light,
scattering and absorption still prevent whole-body
imaging. One potential application for the use of
near-infrared optical agents in humans is therefore
fluorescence-guided endoscopy. We are currently es-
tablishing a protocol for endoscopic imaging in mice
with colorectal cancer with a rigid endoscopic device
in combination with fluorescence-guided detection
using a fiber endoscope.

Acknowledgement: This work was supported by grant
03IP614 from German ministry of research (BMBF)
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Assessment of effectiveness and toxicity of the therapy with somatostatin analogue labelled
90Y-DOTATATE in patients with non-functional pancreatic neuroendocrine tumours (PNT)
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Introduction: Therapy with labelled somatostatin
analogues is the modern approach to the patients
with disseminated or unresectable NETs express-
ing somatostatin receptors (SSTR). Octreotate is
the somatostatin analogue with very high affin-
ity to the SSTR type 2, most commonly present in
neuroendocrine tumours. In non-functional PNT,
grading and systemic metastases have a significant
impact on survival. Overall, the 5-year survival
rate is about 33%. The chemotherapy is the most
common treatment approach. The aim of the study
was to assess the efficacy and toxicity of peptide
receptor radionuclide therapy (PRRT) with the use
of the high affinity somatostatin receptor subtype
2 analogue, 90Y labelled Tyr3-octreotate, (90Y-
DOTATATE) in non-functional pancreatic neu-
roendocrine tumours.

Methods: 19 patients with metastatic NET were di-
agnosed in the Department of Endocrinology UJCM.
5 patients with high proliferation index (Ki >20%, 4-
negative SRS, tumour size 3-7cm) were directed to
chemotherapy. 14 patients with positive SRS scan due
to disseminated and/or unoperable PNTs (2 patients)

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

were qualified to PRRT (6 men, 8 women, mean age 54,7
years old, Karnofsky’s index > 70-100%). The size of the
tumour was 2,3-12cm, Ki-67 was <15%, the most fre-
quent localization was in the tail of the pancreas. Each
patient received 7,4 GBq/m2 of PRRT divided in 4-5
cycles (most often 100mCi per cycle), every 6 to 9 weeks.
For nephroprotection amino-acids formula Vamin 18,
before and after each cycle of PRRT, was administered.

Results: Among all patients partial remission was
observed in 14% of cases, stabilization in 64% and
progression of the disease in 22% of patients. 2 pa-
tients due to progression of the disease received ad-
ditional cycles of PRRT. The mean observation time
was 17,2 months. The mean time to progression was
14,5 months. 4 patients died. After the treatment the
creatinine level was 96,37 umol/l. Mean platelets lev-
el was 231 000/ul. Mean hemoglobin level was 10,9
g/l. In one patient the value of Hb was assessed as
toxicity grade 3. Mean leukocytes level was 5530/ul.

Conclusions: After PRRT, stabilization of the disease
was observed in the majority of patients. PRRT did
not cause mielotoxicity and nephrotoxicity.
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Intra operative near-infrared fluorescent imaging of colorectal liver metastases using
clinically available Indocyanine Green in a syngene rat model
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Introduction: The survival of patients with colorectal
carcinoma is mostly determined by the occurrence
of distance metastases. When liver metastases occur,
surgical resection can offer a 5-year survival of 35-
40%. However, during resection, an adequate assess-
ment of the extent of disease is limited, resulting in
a high percentage of recurrence (40-50%). Ishizawa
et al. reported that liver cancer could be identified
using near-infrared (NIR) fluorescence and the clini-
cally available indocyanine green (ICG) (1). However,
the optimal dose of ICG and the interval between the
administration of ICG and surgery is unclear.

Methods: In the current study, the NIR probe ICG
and the Mini-FLARE (Dr. J.V. Frangioni, Boston,
USA) camera system were used. In 6 rats, 125,000
CC531 cells were inoculated subcapsularly in
three different lobes of the liver. After four weeks,
tumors of approximately 3-5 mm diameter were
present. In each rat, fluorescence was measured at
24 and 48 hours post-injection of 0.04 mg (n = 3)
or 0.08 mg (n = 3) ICG.

NIR

Fig1: Intraoperative NIRF identification of colorectal liver metastases

Results: In 6 rats, all colorectal liver metastases
(n = 10) were intraoperatively identified using
ICG and the Mini-FLARE camera system (Figure
1). The fluorescent signal of the colorectal liver
metastases was significantly higher than the sig-
nal of surrounding normal liver tissue (P < 0.001).
No significant difference in mean signal to back-
ground ratio was found between imaging at 24 and
48 hours post-injection. Furthermore, no signifi-
cant difference in mean signal to background ratio
was found between injection of 0.04 and 0.08 mg
of ICG.

Conclusions: This study demonstrated that colorec-
tal liver metastases can be clearly identified during
surgery using the clinically available NIRF probe
ICG and the Mini-FLARE camera system. When
the current intraoperative identification can be im-
proved using this technique, resections can be per-
formed more accurately and preoperatively missed
metastases can be involved in surgical decision
making during surgery.
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Molecularimaging of resistance to EGFR tyrosine kinase inhibitors by 18F-FLT PET/CT and its

reversal in non small cell lung cancer
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Introduction: Multiple molecular mechanisms
may underlie the resistance to EGFR tyrosine ki-
nase inhibitors (TKIs), including the occurrence
of secondary mutations such as T790M in the ki-
nase domain of EGFR, redundant lateral signalling
or alterations of apoptotic program mainly due to
dysregulation of Bcl-2 family members. The aim
of our study was to test whether 18F-Fluorothymi-
dine (18F-FLT) could detect EGFR TKI refractory
tumors and identify the mechanisms underlying
such resistance so that specific therapeutic strate-
gies can be adopted in patients with non-small cell
lung cancer (NSCLC).

Methods: EGFR TKI sensitive and resistant
NSCLC cells were evaluated for drug-induced
apoptosis and growth arrest. Cells were also
tested for inhibition of downstream signalling
and expression or drug-induced upregulation
of Bcl-2 family members. Nude mice bearing
sensitive and resistant NSCLC were i.v. injected
with 7.4 MBq of 18F-FLT and then subjected to
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microPET/CT (eXplore Vista Pre-Clinical PET
Scanner GE Healthcare) before and after treat-
ment with reversible or irreversible EGFR TKIs.

Results: We found that NSCLC bearing T790M
mutations showed a persistent high uptake
of 18 F-FLT after treatment with reversible in-
hibitors and lack of growth arrest. Treatment
of the same animals with irreversible inhibi-
tors caused a reduction of 18F-FLT uptake in
tumors indicating the reversal of T790M muta-
tion-dependent resistance. Conversely, NSCLC
cells that were resistant due to dysregulation of
Bcl-2 family members became sensitive to EGFR
TKIs when treatment included Bcl-2 inhibitors.

Conclusions: Resistance to EGFR TKI may
be caused by multiple mechanisms. Molecular
imaging with 18F-FLT may contribute to the
selection of patients that may benefit from
treatment with irreversible EGFR TKI inhibitors.
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Synchronised Cardiac and Lung CT in Rodents Using the Mobile CT Scanner LaTheta™
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Introduction: Historically, in vivo CT images of
the chest region of small animals were blurred and
streaked due to movement artefacts caused by the
heartbeat and breathing during scanning. However,
synchronised Cardiac and Lung CT in rodents has the
enormous potential to contribute greatly to research in
heart and lung diseases. Using the mobile CT Scanner
LaTheta™, scanning artefacts are greatly reduced. Here
we present scanning results of the chest region of mice
and discuss their relevance in pre-clinical research.

Methods: Manufacturers standard protocols for syn-
chronised CT scanning were used to scan the chest
region of anaesthetised mice with respiratory rates
below 75bpm, as below:

Synchronised CT scanning results for A) heart in systole phase
and B) lung in mouse

A) Cardiac Sync. Scan (systole + diastole)
- scan range axial: heart, 15mm length
- scan time: 13.1min

B) Respiratory Sync. Scan
- scan range axial: heart, 10mm length
- scan time: 4.5min

X-ray tube voltage: 50kV at 0.5mA; Pixel resolution:
48um; Slice thickness: 192um; Contrast media: Io-
pamiron 300, 1.5ml/h in 30g mouse given 10min.
before scanning.

CT images were constructed using methods for re-
duction of motion artefacts and with focus on soft
tissues.

Results: CT images of heart (diastole and systole
phases) and lung were acquired and reconstructed
without common blurring and streaking effects.

Conclusions: Synchronised scanning modes with
LaTheta™ LCT-200 produce high-resolution CT
cross-sections of heart and lung in living mice
within a short time period. Similar methods are
applicable also for rats. Since no additional sensor
hardware is necessary, handling of the animal is as
simple as for standard CT.

The potential for the detection of lung diseases such
as pulmonary fibrosis, pulmonary emphysema and
also lung tumours has already been validated by
manufacturer. With this technology LaTheta™ LCT
-200 can also contribute to the studies of cardiovas-
cular diseases in rodents.
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Molecular imaging of neurovascular inflammation in a mouse model of focal cerebral
ischemia using Ultra small Superparamagnetic Particles of Iron Oxide (USPIOs) targeted to

vascular cell adhesion molecule-1 (VCAM-1)
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Introduction: Among several mechanisms, brain
inflammation is thought to have critical func-
tions in lesion progression during acute and
subacute stages of ischemic stroke. Accordingly,
anti-inflammatory strategies are neuroprotective
in preclinical studies [1]. However, to date, all
clinical trials with anti-inflammatory agents have
failed to improve clinical outcome in acute isch-
emic stroke patients. New tools for non-invasive
monitoring of inflammation following stroke are
needed to select patients who are more suscepti-
ble to benefit from anti-inflammatory treatment.
Vascular cell adhesion molecule 1 (VCAM-1), an
endothelial adhesion molecule, is overexpressed
in the injured brain and is therefore thought to be
a good target for the molecular imaging of inflam-
matory processes [2]. The aim of this study was
to investigate the use of targeted USPIOs against
VCAM-1 to follow neurovascular inflammation in
a mouse model of in situ thromboembolic stroke
with recombinant tissue-type plasminogen acti-
vator (rt-PA) induced reperfusion [3].

Results: Our present data confirm an increase of
vascular cell adhesion molecule-1 (VCAM-1) im-
munoreactivity (-ir) in the ischemic brain with
a peak at 24 hours post-ischemia. Interestingly,
V-CAM-1-ir was significantly increased in late
rt-PA-thrombolyzed animals (4 hours after clot
formation) compared to early (20 minutes) or
unthrombolyzed mice. These data suggest that
inflammation could be involved in the deleteri-
ous clinical outcome reported with late rt-PA
mediated thrombolysis. Targeted USPIOs against
VCAM-1 showed numerous signal voids in the ip-
silateral side by 7T magnetic resonance imaging
(MRI) at 24 hours post-ischemia and the use of
an antibody directed against polyethylene-glycol
(USPIOs coating) confirmed histologically our
MRI analysis.

Conclusions: Our data indicate that non invasive
imaging of VCAM-1 with targeted USPIOs al-
lows reliable imaging of brain inflammation after
stroke. Such molecular MRI approaches could be
used to evaluate inflammatory processes in stroke

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

patients and thus to adapt therapy on an indi-
vidual basis. Furthermore, molecular imaging of
VCAM-1 could also provide valuable clinical infor-
mation in other diseases involving inflammatory
processes (atherosclerosis, multiple sclerosis ...).
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Scintigraphy with the use of '2I-IL-2: a new promising tool for cardiovascular risk assessment

in patients with high cardiovascular risk
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Introduction: Cardiovascular diseases are the
main cause of deaths in general population
(0,28%/year) whereas in selected population like
in end-stage renal disease patients, mortality
reaches even 20%. More than half of the cardio-
vascular events occur among the patients without
any previous symptoms of cardiovascular disease,
when atherosclerotic plaques obliterate less than
50% of arterial lumen.

The majority of widely available methods of car-
diovascular risk estimation are based on arterial
lumen assessment, estimation of atherosclerotic
plaque size or on intima-media complex measure-
ments. It means that those methods may by impre-
cise in the identification of plaques of the high-
est risk of rupture. For that reason, the methods
which enable the visualization and estimation of
the intensity of inflammatory process within ath-
erosclerotic lesions, seem to play the most promis-
ing diagnostic role.

The histopathological studies of the atherosclerot-
ic plaque have revealed that activated lymphocytes
T, which contain IL-2 receptors on their surfaces,
comprise at least 20 % of inflammatory cells in un-
stable plaques. Those receptors can be identified
with the use of scintigraphy with labeled IL-2.

Methods: 10 patients (5 women, 5 men, aged 62,4
+ 10,4), with the highest cardiovascular risk, were
chosen from 67 peritoneal dialysis cohort patients.
All of them underwent '*I-IL2 scintigraphy, coro-
nary calcium scoring by CT and common carotid
artery intima-media thickness assessment by USG.
The levels of some atherogenic, inflammatory and
calcium-phosphate indicators were measured. Tar-
get/non-target ratio of '*’I-IL-2 uptake in athero-
sclerotic plaque confirmed by carotid artery USG
with IMT, calcium score result and concentration
measured agents were compared.

Results: In the performed scintigraphies increased
focal '®I-IL-2 uptake in 16/16 (100%) atheroscle-
rotic plaques previously visualized by neck ultra-
sound was detected. Mean T/nT ratio of focal '*I-

IL-2 uptake within atherosclerotic plaques was
3,15 + 0,54 (median 3,22, range 2,0 - 3,6). The
levels of the inflammatory and atherogenic factors
and IMT (mean 0,975 + 0,337 mm) were increased
in the majority of patients. High positive correla-
tion between 123I-IL-2 uptake within atheroscle-
rotic plaques and IMT in corresponding artery
was observed (R = 0,92, p = 0,01). Significantly
higher '*I-IL-2 uptake on scintigraphy in patients
who developed cardiovascular event during ob-
servation period (average 36 months), compared
to patients without cardiovascular event, was re-
vealed (3,45 + 0,22 vs 2,91 £ 0,54, p = 0,046). No
statistically significant association was found be-
tween '#I-IL-2 uptake and the levels of measured
agents, calcium score or classical cardiovascular
risk factors.

Conclusions: Scintigraphy with the use of labeled
12]-1L-2 enables the visualization of inflamed
atherosclerotic (vulnerable) plaque within com-
mon carotid arteries in end-stage renal disease
patients.

Quantitative results of the carotid arteries scintig-
raphy with '2I-IL-2 correlate with the results of
IMT and the risk of cardiovascular event during 3
years of follow-up.
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MEMRI-DTI study of focal transient ischemia in immature rat brain
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Introduction: The aim of the study was to investigate
anatomo-functional changes in immature rat brain
after focal transient cerebral ischemia occurred
when they were 7-day-old. The MRI study was car-
ried out 14 days after ischemia by serial MEMRI
combined with DTT.

Methods: Focal ischemia was induced in P7 rats as
previously described [1], and the size of the lesion
was pointed out by DWI 3h after ischemia. MRI
studies were carried out at 7T on P21 rats (n=5), 14
days after focal transient ischemia and compared to
normal P21 rats (n=5). DTI sequence used was DTI-
EPI (2 b-values=500/1000s/mm2; 30 directions;
resolution=0.156*0.156*1 mm3). For the MEMRI
experiments, 160nl of a 50mM isotonic manganese
chloride aqueous solution (pH=7.3) was injected
in S1 at 1.5mm below the dura, at a rate of 20nl/
min. T1-weighted experiments were achieved at 3,
5, 7 and 24h post-injection, using 3D MP-RAGE
sequence (resolution=0.156%0.156*0.5mm3; TR/
TE=15/4.5ms, a=20° Ti=1s). The manganese con-
taining voxels were defined as hyper intense voxels
and selected as those with a significant higher signal
(p<0.05) than in the contralateral cortex, and the
high-lighted images obtained overlaid the corre-
sponding anatomical T2-weighted images acquired
with TurboRARE sequence (TR/TE= 3500/40 ms;
rare factor 8, same resolution).

Results: ADC maps registered 3h after ischemia per-
mit to check that the lesion was limited to the ipsi-
lateral cortex. MEMRI: In stroke rat, 3 hours post
injection (3h PI), the overlaid images showed that
the manganese enhanced signal was only located at
injection site. At 5h PI, signal intensity from caudate
putamen and thalamic nuclei appeared enhanced,
revealing manganese transport in those structures.
At 7h PI, same areas are involved and had evolved.
In healthy rats, hypersignal zones appeared from
3h PI in ipsilateral cortex and in sub-cortical areas,
like caudate putamen and thalamus nuclei. At 5h PI
signal intensity and volume had increased in sub-
cortical enhanced areas and remained quite similar
at 7h PI (Fig.1A). DTL: We used FA maps in order to
investigate structural changes induced by ischemia.
Those maps revealed that, as expected, the ispilat-
eral cortex has been disrupted and that FA values
were inferior in the sub cortical area (particularly in
the caudate putamen) compared to that ones mea-
sured in controlateral hemisphere and in healthy
rats (Fig.1B). That showed a loss of architecture in
area that was not included in primary ischemic zone.

Conclusion: A cortical lesion seems to change the
anatomic architecture development of ipsi- sub-
cortical areas. Results showed that a cortical tran-
sient ischemia on a new born rat causes a func-
tional deficiency of the cortico-thalamic pathway
(MEMRI), and affect the FA in the same zone. We
have revealed that a cortical injury induced remote
anatomo-functional changes in the sub-cortical area.
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A clinically relevant model of in situ embolic stroke in the anesthetized monkey (macaca
mulatta): long-term electrophysiological and mri analyses

Gauberti M. M, Guedin P. M, Etard O. @, Diependaele A.S. @, Chazalviel L. ®, Lamberton F. &, Vivien D. ™, Young A. @,

AginV. @, Orset C. ™.

(INSERM, Caen, France
@ (CHU Caen, France
GICNRS, France

gauberti@cyceron.fr

Introduction: The lack of relevant stroke models in
large animals is a limitation for the development of
innovative therapeutic/diagnostic approaches. The
aim of the present study was to develop an original
and clinically relevant pre-clinical model of embo-
lic stroke in the monkey.

Methods: During full physiological and biochemi-
cal monitoring, six monkeys underwent enucleation,
the right MCA was exposed and alpha-thrombin
was injected into the MCA. The monkeys were sub-
jected to somatosensory evoked potentials (SEPs)
and MRI studies (T2, FLAIR, DWI, PWI and MRA)
prior to, and following the acute (2 h) and chronic
stages (24 h to 3 months) of stroke.

Results: This feasibility study showed that, it is pos-
sible to induce ischemic lesions in the MCA terri-
tory of the monkey following the direct injection of
thrombin into the lumen of the M1 segment of the
MCA. This procedure leads to cortical or subcorti-
cal ischemic lesions and to a persistent impairment
of somatosensory responses as evidenced by MRI
and SEPs data, respectively.

Conclusions: In situ induction of an endogenous fi-
brin clot together with the lack of mortality make
this original model of stroke in large non-human
primates, highly relevant to determine the effective-
ness of drug administration including thrombolytic
therapy and to validate new imaging procedures.
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Automated radiosynthesis of ['"*FIMPPF derivatives for imaging 5-HT_, receptors
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Introduction: Dysfunction of the central serotonin-
ergic system is implicated in numerous neurode-
generative disorders such as Alzheimer’s disease,
dementia, depression, anxiety, schizophrenia, and
Parkinson’s disease. 5-HT,, receptors are involved
in several physiological functions including sleep,
mood, neurogenesis and learning [1]. Consequently,
there have been huge efforts to find ligands for this
receptor. ["C]WAY-100635 is a high affinity radio-
ligand used for quantifying 5-HT,, receptors with
positron emission tomography. An '*F-labeled ra-
dioligand would be advantageous because of higher
specific activity and physical/nuclear properties
(t,,= 109 min, 97% of positron decay and positron
energy of 635 keV maximum). ["*F]MPPF, a selec-
tive 5-HT,, antagonist derived from WAY-100635,
is currently one of the most successful PET ligands
used for 5-HT,, receptor imaging [2]. However the
affinity is lower than WAY-100635 and the amount
of [F]MPPF reaching the brain is relatively low,
as MPPF is a substrate for P-glycoprotein [3].

Methods: In order to improve the brain uptake of
the radiotracer, a desmethylated analog has been
developed in our lab and preliminary in vitro
studies show positive results [4]. Nevertheless,
the radiosynthesis takes place in two steps, as the
removal of a protecting group is needed. A one
step procedure with a MPPF derivative could be
of very great interest. We have synthesized many
MPPF derivatives in our lab (modification on the
phenylpiperazine moiety) and developed an auto-
mated radiosynthesis procedure for the produc-
tion of these radiotracers. ['*F]MPPF was chosen
as the model compound. We used a GE Healthcare
FASTlab™ module and made modifications to the
[*F]FDG synthesis sequence and cassette. ['*F]
MPPF was synthesized by coupling of [*F]FBA
with the corresponding amine. After coupling, the
crude solution was diluted with water and passed
through a tC, cartridge for prepurification. After
elution, the ['*F]MPPF was purified by semi-pre-
parative HPLC.

Results: Total synthesis time, including purification
wasapproximately 100 min. ["*F]FBA and ['*F]MPPF
were obtained at a corrected yield of 60% (n=20)

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

and 45% (n=5) respectively. The radiochemical pu-
rity, checked by radio-TLC and UPLC, was >95%.

Conclusions: We have developed an automated
method for ["*F]MPPF (and derivatives) produc-
tion using a commercial synthesizer (FASTlab™
from GE Healthcare) and a conventional HPLC
system resulting in good yields and high (radio)
chemical purity. By simply switching the vial con-
taining the modified amine, an '*F-labeled MPPF
derivative could be obtained. Radiosynthesis is
still under optimization and the radiotracers
synthesized need to be tested as suitable 5-HT,,
radioligands.
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This work was supported by a GE Healthcare Di-
agnostic Imaging grant.
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The vitamine E analogue CR6 protects against the long-term microstructure damage induced
by MCA occlusion: a longitudinal Diffusion Tensor Imaging study
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Introduction: Oxidative and nitrosative stress are
targets for intervention after ischemia/reperfusion.
CR-6 is a synthetic analogue of vitamin-E, with the
additional capacity to scavenge nitrogen-reactive
species. Recently it has been demonstrated that
CR-6 exerts a protective action against cerebral isch-
emia/reperfusion injury. The aim of this study was
to investigate whether CR-6 can protect the brain
microstructure after brain ischemia as assessed by
longitudinal Diffusion Tensor Imaging (DTI).

Methods: Sprague-Dawley rats had the middle
cerebral artery occluded for 90 mins to induce brain
ischemia. CR-6 (100 mg/kg) or vehicle (oliva oil)
was orally administered at 2 and 8 h after ischemia
onset. Longitudinal MRI scans were performed un-
der isofluorane anaesthesia in a BioSpec 70/30 hori-
zontal animal scanner (Bruker BioSpin, Ettlingen,
Germany), equipped with a 12 cm inner diameter
actively shielded gradient system (400 mT/m). Re-
ceiver coil was a phased-array surface coil for rat
brain. Animals were scanned before surgery and
1, 3 and 5 weeks later. The lesion was monitored
by T2 mapping of coronal slices acquired with
a MSME sequence by applying 16 different echo
times (TE), repetition time (TR) = 4764 ms, Field of
view (FOV) =40 x 40 x 21 mm3, matrix size = 256
X 256 x 21 pixels, resulting in a spatial resolution of
0.156 x 0.156 mm in 1.00 mm slice thickness. DTI
images were acquired by using a EPI DTI sequence
applying TR = 3800 ms, TE = 30.85 ms, 4 segments,
b-value = 1000, 30 different diffusion directions, 5
A0 images, slice thickness = 1 mm, number of slices
=14, FOV = 2.0 x 2.0 x 1.4 mm3, matrix size = 96
X 96 x 14 pixels, resulting in a spatial resolution of
0.21 x 0.21 mm in 1 mm slice thickness. T2 maps
were analysed using Image]. DTI maps of the tensor
diffusivities, fractional anisotropy (FA), apparent
diffusion coefficient (ADC), axial diffusivity (A =
A1) and radial diffusivity (A = [A2+ A3/2]), were
calculated using Paravision 5.0 software (Bruker
Biospin, Etlingen, Germany) and custom programs
written in Matlab (The MathWorks, Inc., Natick,
MA, USA). ROIs were individually drawn for each

subject and hemisphere, by an experienced neuro-
biologist blinded to the treatments, overlaying the
MRI images with the digital Paxinos and Watson
rat brain atlas.

Results: DTI diffusion indices, particularly axial and
radial diffusivities, demonstrated that microstruc-
ture was better preserved after brain ischemia in
CRé6-treated animals than in animals receiving the
vehicle. The latter showed a significant increase of
MD, axial and radial diffusivities in the ipsilateral
anteroventral thalamus, caudate putamen, globus
pallidus and internal capsula 3 and 5 weeks after
ischemia versus pre-scan. However, CR6 treated
animals did not show such increase of DTI indexes
in any of the ROIs analysed revealing preserved mi-
crostructure of the brain tissue.

Conclusions: This work demonstrates that transient
cerebral ischemia induces long-term microstructure
alterations of brain tissue that are detected by DTI
magnetic resonance imaging technique, and that the
vitamin-E analogue CR6 attenuates these alterations.
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Design and synthesis of fluorescent probes for serotonin 5-HT1A receptors
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Introduction: The serotoninlA OCH,
receptor subtype (5-HT1A) @\

belongs to the large family of N
5-HT receptors that comprises
at least 14 receptor subtypes.
5-HT1A receptor is likely the
most extensively studied se-
rotonin receptor. The 5-HT1A
receptor has been initially
implicated in anxiety and de-
pression. Recent studies have
evidenced its implication in
neuroprotection, cognitive
impairment, and pain [1].

Many information are avail-
able about the molecular pharmacology of 5-HT1A
receptor. However, the study of 5-HT1A pharma-
cology at the single cell and single molecule level
by fluorescence-based techniques has not been pos-
sible due to the lack of an effective 5-HT1A fluo-
rescent ligands. We here describe design, synthesis
and preliminar pharmacological evaluation of two
fluorescent probes for 5-HT1A receptor.

Methods: The new fluorescent probes have been
designed following a classic approach [2]: a phar-
macophore moiety, selected from the literature, has
been conjugated through a linker to a fluorescent
dye. One red-emitting and one near infrared dye
were selected because such excitation wavelengths
cause reduced light scattering and do not cause cell
damage. The synthesis and purification of the target
compounds was accomplished by standard methods.
The compounds 1 and 2 underwent binding assays to
test their ability to displace [3H]-8-OH-DPAT from
5-HT1A receptors overexpressed in HEK-298 cell
membranes. The fluorescent ligand 1 was evaluated
in visualization experiments of 5-HT1A receptor on
CHO cells by confocal laser scanning microscopy.

Results: Compounds were obtained in good yields
and in good quantities to allow further biological
studies. Both compounds 1 and 2 possessed good
5-HT1A receptor affinities (Ki = 35 nM and 68.9

nM, respectively). The target compounds displayed
the same fluorescent properties as the corresponding
fluorophores. In visualization experiments by confo-
cal laser scanning microscopy compound 1 was able
to label 5-HT1A receptors on CHO cells overexpress-
ing the receptor. This interaction revealed to be spe-
cific since the compound was unable to bind wild-
type CHO cells and also because 5-HT significantly
displaced competitively 1 from the binding site.

Conclusions: This study indicates that fluorescent
probes for 5-HT1A receptor can be successfully
designed on the basis of knowledge of structure-
activity relationships of 5-HT1A receptor agents.
The 5-HT1A fluorescent ligand that have been iden-
tified possess suitable characteristic for visualization
of 5-HT1A receptors.
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Comparative evaluation of cerebral blood flow in a rat model of cerebral ischemia using '>O-
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Introduction: Ischemic stroke occurs when cerebral
blood flow is interrupted in a specific region of the
brain. After ischemic stroke, cerebral parenchyma
suffers perfusion changes over time which have been
correlated with biological processes as compensatory
growth of blood vessels to supply metabolic demand
[1], underlying inflammation [2] and angiogenesis
[3].Thereafter,a precise understanding of the cerebral
blood flow evolution after ischemic stroke is essential
for the comprehension of cerebral ischemia physio-
pathology. Here, a comparative imaging evaluation
of cerebral blood flow using PET and SPECT during
and after cerebral ischemia was performed in rats.

Methods: [*°O] H20 and [*™"Tc] HMPAO were used
in a rat model of 2 hours transient middle cerebral
artery occlusion (tMCAO) during occlusion, during
early reperfusion and later on at 1, 2, 4 and 7 days.
The tissue was analized ex vivo using histological
(HE) and immunohistochemistry (CD31).

Results: In vivo PET imaging showed a significant
decrease of the ipsilateral or lesioned area ver-
sus contralateral ratios during the occlusion in
relation to control, days 4 and 7 after reperfusion
(P<0.001), early reperfusion (P<0.01), and to day 2
(P<0.05). The ratios also showed a significant de-
crease at day 1 in relation to days 4 and 7 (P<0.01).

In vivo SPECT images showed a significantly de-
crease during the occlusion in relation to days 4
and 7 after reperfusion (P<0.001), at control, ear-
ly reperfusion and at day 2 (P<0.01) and at day 1
(P<0.05). There was also observed a decrease
of the signal at day 1 in relation to control and
at day 7 (P<0.05). For all animals, [**O] H20 with
[*™Tc] HMPAO ratios were showing a significantly
correlation (r=0.7218). Furthermore, binding signal
in both brain hemispheres showed increase of cere-
bral blood flow at seven days after reperfusion using
both techniques compared to control animals.

Conclusions: This is the first study using [*™Tc]
HMPAO single proton emission tomography in or-
der to study the cerebral blood flow in experimental
stroke in rats. SPECT data showed a similar sensivity
as Positron emission tomography using ['*O] H,0 to

detect perfusion changes over time. Such perfusion
changes observed in the present study probably re-
flect different physiopathological processes underly-
ing cerebral ischemia.

Acknowledgement: This work was support-
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without autonomic dysfunction using F-18 FP-CIT PET/CT

Park E., Park KW., Hwang Y.M., Oh S.Y., Choe J.G..

Korea University Anam Hospital, Korea University College of Medicine, Seoul

angela_ekpark@yahoo.co.kr

Introduction: Autonomic dysfunction is a com-
mon non-motor feature of Parkinson’s disease (PD)
which can severely impair the life quality of PD pa-
tients. However, evaluation of striatal presynaptic
dopaminergic function with SPECT or PET imag-
ing using various radiotracers has been limited in
the differential diagnosis of parkinsonism and in
the severity assessment of Parkinson’s disease. We
compared the dopamine transporter (DAT) density
of PD patients with and without autonomic dysfunc-
tion using F-18 FP-CIT PET/CT, which has been
approved recently by Korean FDA for clinical uses.

Methods: Twenty clinically diagnosed PD patients
(mean age 68.6%8.1 y, M:F=5:15) and 8 age-matched
healthy normal controls (65.1+4.7 y, M:F=2:6) were
studied with F-18-FP-CIT PET/CT. Among 20 PD
patients, 10 had no significant autonomic dysfunction
(PD-AD) while the other 10 had autonomic dysfunc-
tion (PD+AD). F-18-FP-CIT PET/CT images were
obtained 120 minutes after injection of 185 MBq
F-18-FP-CIT. Semi-quantitative analysis was per-
formed using manual ROI method. A DAT parameter
V3% a measure directly related to the density of DAT,
was calculated in striatal regions as (striatal ROI-
cerebellar ROI mean radioactivity)/cerebellar ROI
mean radioactivity on F-18-FP-CIT PET/CT images.

Results: PD patients demonstrated significantly
lower DAT V3” in the striatum (2.29+0.69), cau-
date nucleus (2.56+0.67), and putamen (1.99+0.77)
than those of healthy normal controls (4.02+0.55,
3.88+0.54 and 4.16+0.61, respectively) (p<0.05).
The ratio of putamen-to-caudate nucleus V,” of PD
patients (0.76+0.16) was significantly lower than
normal controls (1.07+0.09) (p<0.05), indicating
that putamen is more affected than caudate nucleus
in PD. The V3” in the caudate nucleus (2.33+0.52)
and putamen (1.78+0.69) of PD+AD group were
lower than those of PD-AD group (2.79£0.74 and
2.20+0.81, respectively), but this result was not sta-
tistically significant (p=0.06). Serotonin transporter
density in the midbrain did not show significant dif-
ference between PD+AD and PD-AD.

Conclusions: The striatal DAT density of PD+AD
tended to be lower than that of PD-AD patients,

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

although not statistically significant. F-18 FP-CIT
PET/CT imaging may be useful in the assessment
of autonomic dysfunction in PD patients. Further
investigations are needed with larger number of
patients.

Acknowledgement: This work is supported by Korea
University Grants (K0931131 and K0932081)
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Introduction: Dopamine transporter (DAT) is critical
to the regulation of dopamine neurotransmission and
is decreased by Parkinson’s disease. Several tropane
analogues of cocaine have been developed and used in
PET studies to evaluate the physiology and pharma-
cology of the dopamine transporter (DAT). However,
low selectivity and unfavourable kinetics of most of the
compounds limit their use in quantitive PET studies.

Thefluorine-18labelledligand 2-beta-carbomethoxy-3-

-beta-(4-chlorophenyl)-8-(2-fluoroethyl)-nortropane
(FECNT) has promising properties and appears to be
an excellent imaiging PET agent. The development of
automated [18F]FECNT synthesis system is a crucial
because high amounts of radioactivity and availability
of radiotracer for multiple PET study is necessary. A
semi-automated synthesis of [I8F]FECNT based on
the two-steps has been developed at 16% decay cor-
rected yield [1]. We hypothesize that N-[18F]fluoro-
alkylnortropane analogs could be synthesized at hight
yield by direct [18F]fluorination from appropriate pre-
cursors: N-tosylate and N-mesylate derivatives. This
compounds and non-radioactive FECNT as a stand-
ard in order to characterize ['**F]FECNT on HPLC are
synthesized in accordance with requirements for In-
vestigational Medicinal Product (IMP).

Methods: The synthetic approach which we ad-
opted based upon the published procedures [2,3]
with some modifications. The essential feature
of this route was the reaction of Grignard re-
agent with the critical intermediate anhydroec-
ognine methyl ester, which was obtained from
cocaine hydrochloride by hydrolysis in HCI and
esterification with methanol. 3-B-substituted tro-
pane derivative obtained in Grignard reaction
was subjected to demethylation, as described [4].
Non-radioactive FECNT was prepared by direct
N-(2- fluoroethyl) alkylation of analytically pure
3-B-substituted nortropane precursor. The alky-
lating agent 2-fluoroethyl brosylate was prepared
from 2-fluoroethanol and 4-bromobenzenesul-
fonoyl chloride. The crude product was purified
by recrystallization. The tosylate (TsOECNT)
and mesylate (MsOECNT) precursors were

synthetised from 3-f-substituted nortropane pre-
cursor in two steps by N-hydroxyethylation with
2-bromoethanol and subsequent tosylation of the
obtained alcohol with appropriate anhydride. The
crude products were purified by preparative HPLC.

Results: In the present study we investigated and
optimized synthetic route of non-radioactive
FECNT, tosylate and mesylate analogs. Over-
all production yield were 74% for FECNT, 58%
for TsOECNT and 81% for MsOECNT syn-
thesis and a purity of this products were over
99% measured by the analytical HPLC(UV, 220
nm). The 'H NMR and MS analysis confirmed
a structure of this compounds.

Conclusions: The synthesis method of tosylate
and mesylate precursors were established and an
automated radiosynthesis of [18F]JFECNT will be
evaluated. We expect that the new one-step meth-
od will provide a facile and reliable procedure
for [18F]FECNT preparation in routine clinical
applications.

Acknowledgement: This work is supported by DiMI,
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Sex differences inDopamine D, Receptor Occupancy in the Amygdala using AMPT with PET

and ["®F]fallypride
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Introduction: Dopaminergic neurotransmission
plays an important role in many psychiatric disor-
ders which show sex differences in incidence, clini-
cal course, and treatment outcomes. We examined
whether PET studies using [**F]fallypride performed
prior to and following alphamethylparatyrosine
(AMPT) administration could be used to estimate
sex differences in baseline Dopamine D, receptors
(DAD2r) occupancy.

Methods: Four females and four males normal sub-
jects were recruited with no history of psychiatric,
neurological or medical illness. PET studies were
performed using a GE Discovery LS PET scanner
with 3-D emission acquisition and transmission
attenuation correction. ['*F]fallypride PET scans
(5.0 mCi, specific activity > 2,000 Ci/mmol) were
performed prior to and following AMPT adminis-
tration over 26 hours. Serial scans were obtained
for 3.5 hours. Blood samples for HVA plasma levels
were collected.

Results: Analysis of variance of the ROI data with
treatment status, region, sex and laterality as fac-
tors revealed significant effects of sex in the right
(F = 9.403, P = 0.002) and left amygdala (F = 3.486,
P = 0.05). No difference in b.p was found in the
left amygdala at baseline, but significant differences
were determined at baseline and post treatment in
the right amygdala (p=0.005 and p=0.002) and post
treatment in the left amygdala (p=0.019) with fe-
males demonstrating lower levels of D,/D, receptors
compare to males. Effect of treatment was observed
in females in the left amygdala with a percentage of
change of 6.7%.

Conclusions: The amygdala has been shown to be
functionally asymmetrical in animals and humans,
is involved in stress and emotion processing, and is
importantly modulated by dopamine. We report here
for the first time a sex differences in the occupancy
of DA D,r by dopamine in vivo in the amygdala. Pre-
vious AMPT administration and [18F]fallypride PET
studies to assess the baseline occupancy of DAD, by
endogenous dopamine in-vivo reported no significant

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

effects of treatment in the amygdala when males and
females were grouped together. The results of this
study underscore the importance of considering sex
differences in the context of DAD, availability.
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Manual versus automatic delineation of VOIs for analysis of nuclear medicine images
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Introduction: Quantification and analysis of nuclear
medicine images is performed by visual inspection in
most cases. More objective and less observer-depen-
dent analysis often requires automatic identification
of volumes of interest (VOIs) in the images. In this
study we investigated the levels of precision achiev-
able with manual delineation on high resolution MR
images and compared them to the precision of a fully
automatic method.

Methods: The method described in Svarer et al(1) has
been refined to handle neighborhood voxels in labeled
template volumes using a maximum-probability algo-
rithm. We applied it to 19 MR data sets, each with 67
manually delineated VOIs(2). To test the precision of
the automatic algorithm, we performed a leave-one-
out cross-validation-comparison: using each data set
in turn as the target, we automatically generated two
independent VOI sets by randomly bisecting the tem-
plate pool, leading to two independent segmentations
of each target by nine atlases each, and calculated the
average VOI voxel overlap (intersection divided by
average labeled volume). To test the reproducibility/
precision of the manually delineated VOI sets, a third
VOI set was generated for each target using the en-
tire template pool but itself, and its overlap with the
manual VOI set were calculated.

Results: The voxel overlap for the two automatically
generated VOI sets was 88.3£5.2%, whereas the voxel
overlap between the automatically generated and the
manually delineated VOI set was 76.3+9.8%.

Conclusions: Of the 24% non-overlap between manual
and automatic methods approx. 12 percentage points
may be attributable to variation in the automatic meth-
od using different VOI template sets whereas precision
in manual delineation of the VOIs may largely under-
lie the other half of the difference between manual and
automatically generated VOI sets. This variation will
be removed using an automatic approach based on
multiple template sets.
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PET Amyloid and Tau Ligand [18F]FDDNP uptake in early Alzheimer disease
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Introduction: The PET tracer [18F]FDDNP specifi-
cally binds amyloid-beta plaques and tau neurofi-
brillary tangles, which are typical in the develop-
ment of the Alzheimer disease (AD). We evaluated
the feasibility of a non-invasive quantification of
[18F]FDDNP to detect these proteins and discrimi-
nate early AD patients from healthy controls (HC).
This abstract presents the preliminary results on the
currently included cohort of 4 AD and 2 controls.

Methods: All the potential subjects underwent Neu-
ropsychological Assessment (MMSE, Trail Mak-
ing Test, Semantic Fluency Task, Free and Cued
Recall Test, 80 item Boston Naming Test). Patients
meeting research criteria for AD and cognitively
normal controls underwent PET imaging with
2-(1-{6-[(2-[F-18]fluoroethyl)  (methyl)amino]-2-
naphthyl}ethylidene)malononitrile (FDDNP) and
[18F]FDG. All subjects underwent MR 3D axial
T1 weighted imaging. FDDNP distribution volume
ratios (DVR) parametric images were generated us-
ing Logan graphical analysis with the cerebellum
grey matter as a reference region. Regions of inter-
est (ROIs) were defined in the Posterior Cingulate,
Parietal, Frontal and Temporal regions. The DVR
scores were measured as the mean DVR values of
each of these regions. A global score was calcu-
lated as the mean DVR scores of all these regions.

Similar results were obtained in several individual
ROIs, namely the Frontal (1.21+0.07 vs 1.06+0.01)
and Temporal (1.17+0.03 vs 1.08+0.02) regions. A
cross analysis with the results of the neuropsycho-
logical tests clearly indicates some correlations. The
patient with the lowest MMSE score (15) has the
highest global DVR score (1.27) among the group,
and inversely the AD patient with the highest MMSE
score (23) has the lowest global DVR score (1.12)
among the AD group. Similar correlations were ob-
tained individually between the verbal tests results
and the corresponding ROIs results.

Conclusions: These data indicate that the [18F]
FDDNP can be used to discriminate non invasively
AD subjects from HC. The global fixation of the trac-
er is significantly higher for the AD than for the HC.
Moreover, the specificity of the fixation seems to be
correlated with the evolution of the pathology and the
results of the neuropsychological tests.

Acknowledgements: Partly supported by FP6-project
DiMI, LSHB-CT-2005-512146, PHRC STAFF FDDNP

Results: All the AD patients had positive FDDNP
scans by visual inspection, while all the HC had nega-
tive scans. Global values of the FDDNP-PET binding
were significantly higher (p<0.05) in the AD group
(1.18+0.06) than in the control group (1.06+0.03).
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Fig1: DVR parametric images of 2 patients with Alzheimer disease
(AD) and 2 healthy controls (HC).
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Cryogenic brain injury as a model of brain trauma: Use of GFAP-luc mice to assess GFAP

expression as an indication of neural injury
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Introduction: Applying a cryogenic lesion of the
cerebral cortex provides a simple and highly repro-
ducible model of brain trauma without entering the
intracranial cavity. In the present study we assessed
and mapped the sequence of events that occur fol-
lowing induction of a cryogenic brain lesion using
transgenic glial fibrillary acidic protein (GFAP)-luc
reporter expressing mice. In these mice, the GFAP
reporter is inducible following injury to the CNS
and this model provides an easy model feasible for
the study of transcriptional regulation of the GFAP
gene and indications of possible neural injury.
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Methods: A brain lesion was induced by placing a
liquid nitrogen cooled cone shaped copper device
with a tip diameter of 1 mm for 1 min. onto the skin-
free surface of the cranium of the cerebral cortex of
a mouse. At different time points after lesion induc-
tion GFAP-luc activity was measured, mice were in-
jected with Evans blue and brains were stained with
2,3,5-Triphenyltetrazolium chloride (TTC).

Results: 24h after induction of the cryogenic lesion, BLI
measurement showed that, at the lesion site, GFAP-luc
expression was increased 2-3 times over control level
and gradually returned to basal after 72h. Evaluation

of tissue viability using TTC staining showed that 24h
after lesion, the primary lesioned cortex appeared as
an unstained white area (dead tissue), whereas, the
rest of the brain appeared red (living tissue). More-
over, at the lesion site, i.v. injected Evans blue leaked
into the brain tissue, indicative for disruption of the
blood brain barrier. This was also visualised in intact
isolated brains by Fluorescence Imaging (FLI).

Conclusions: Cryogenic lesion in the GFAP-luc mouse
model showed a transient induction of GFAP expres-
sion, indicative for astrocyte activation in reaction

T
Base 1 Base 2 24h 48h 72h

to neural injury. Brain injury was confirmed by TTC
staining and leakage of Evans blue over the blood
brain barrier. GFAP-luc mice provide an easy and con-
venient model to study cryogenic brain trauma.

Acknowledgement: This project was supported by
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Introduction:Transgenic mouse models are essen-
tial in understanding the pathogenic role of the
B-amyloidogenic pathway in Alzheimer(AD).In vivo
detection of the amyloid deposits in the brain would
be beneficial in terms of diagnosis and therapy fol-
low-up.Therefore we investigated the sensitivity of
a new method, diffusion kurtosis imaging (DKI), to
detect amyloid burden, a correlate for brain dam-
age in AD patients and transgenic APP_ -PSL,
mice. The use of this model was carefully chosen
for its effective amyloidosis in the brain without the
occurrence of neurodegeneration, tau-pathology or
behavioural changes.All mice of 17months mani-
fested amyloid burden in all brain regions(1).Since
previous studies could show different ex vivo pat-
terns for mean kurtosis in an APPPS1 mouse model,
we hypothesize that the microstructural changes in
the brain, due to extracellular amyloid deposits,can
be measured in vivo by DKI(2). We investigated the
neocortical and hippocampal regions linked to the
cognitive impairment in AD. Further studies will be
conducted to determine the longitudinal effects.

Methods:Experiments were conducted on a 9,4T
MR system(Bruker Biospec, Ettlingen Germany).
DKI scans were performed on APP(Swe)-PSI(LIGGP)
mice(n=5) and control WT mice(n=5). The mice
were anaesthetized with isoflurane and monitored to
maintain physiological parameters. The DKI proto-
col included 7 b -images and 30 gradient directions
with 7 b-values (400 to 2800s/mm?) acquired with
multi-slice2-shotSE-EPI(TR/TE=7500/24ms,5=5ms,
A=12ms,acquisition=96%64,  FOV=19,2%12.8mm?,
slice thickness=0,40mm, NEX=4). Realignment,
was carried out by the vision lab (Univ. Of Antwerp)
and diffusion kurtosis tensor and diffusion tensor
derived parametric maps were computed (Matlab).
These include mean kurtosis (MK), radial kurtosis
(RK), axial kurtosis (AK), fractional kurtosis ani-
sotropy (KA), fractional anisotropy (FA), mean dif-
fusion (MD), axial and radial diffusion (AD, RD)
maps. Regions of interest (cortex and hippocampus)
were chosen based on the AD pathology and deline-
ated on grey values of FA, MD and magnitude maps
in AMIRA (Mercury Computer systems, San Diego,

USA). Differences of diffusion parameters between
WT and APPPS1 mice were computed by means of
the Mann-Withney non-parametric statistical test in
SPSS 16.0 (SPSS Inc. Chicago, USA).

Results: This is the first in vivo study on AD mouse
models using DKI.Already with a small set of
number of animals, we could detect differences ac-
cording to genotype. MK(p<0.05), AK(p<0,05) and
RK(p<0.05) were significantly increased in the cor-
tex of APPPS1 mice as compared to the WT mice.
In the hippocampus only RK(p<0,05) values were
significantly increased.Other DTI and DKI derived
parameters didn’t show significant differences.

Conclusions: Increases in kurtosis parameters re-
flect the presence of amyloid leading to higher brain
microstructural complexity Extracellular amyloid
results in interstitial changes which can also lead
to impairment of synaptic function(3).Our results
reinforce the hypothesis that DKI, which is a char-
acterization for non-Gaussian diffusion distribution,
is a more sensitive technique then his predecessor
diffusion tensor imaging(4;5). Next to AD, DKI
holds further promises in the detection of other
neurodegenerative diseases upon changes in brain
microstructure.Validation of the link between the
presence of amyloid and changes in kurtosis will be
represented through immunohistochemical stain-
ings of the same mice of which the analysis is ongo-
ing now.

Acknowledgement: This work is funded by the EC-
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In vivo Imaging of Rat Glioma using the TSPO-ligand ['*FIDPA-714
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Introduction: In the last years there has been an
enormous increase in the development of radio-
ligands targeted against the translocator protein
TSPO (18 kDa). TSPO expression is nearly absent
in the intact CNS parenchyma but increases rap-
idly upon inflammation in activated microglia and
serves as a biomarker for imaging cerebral inflam-
mation (1). In addition, TSPO has also been report-
ed to be over-expressed in a number of cancer cell
lines (2, 3) and human tumours including glioma
(4). Here, we investigated the use of the PET-radi-
oligand [**F]DPA-714 (5) as new marker to image
glioma in vivo.

Methods: 9L rat glioma cells have been stereotacti-
cally implanted in the striatum of Fisher, Wistar and
Sprague Dawley rats. Dynamic ['"*F]DPA-714 PET
imaging was performed 11-14 days after implanta-
tion. The injected dosed was 1.24 + 0.30 mCi (mean
+ std). T2w-MRI and/or [!!C]Methionine PET were
acquired prior to the ["*F]DPA-714 PET imaging
session in order to monitor tumor growth. The [**F]
DPA-714 PET images were then co-registered to
the corresponding MRI. For quantitative analysis
a volume-of-interest (VOI) analysis was performed
on both the kinetic and summed image data sets. In
addition, the expression of TSPO 9L rat glioma cells
was investigated using Western Blot.

Results: 9L glioma tumors grown in Fisher (n=5),
Wistar (n=4) and Sprague Dawley (n=6) rats were im-
aged by [**F]DPA-714 PET. Tumors grown in Fisher
and Wistar rats were also monitored by MRI. All rats
showed significant [¥F]DPA-714 PET accumulation
at the site of tumor implantation compared to the
contralateral site. Tthe %ID/cc in Fisher, Wistar and
Sprague Dawley rats is listed in the following table:

control (mean+std) | tumor (mean+std)

Fisher 0.15 + 0.02% 0.49 + 0.05%

Wistar 0.13 + 0.06% 0.35 + 0.09%

Sprague Dawley 0.11 + 0.05% 0.26 + 0.06%

TSPO expression was confirmed by Western Blot in
9L cells in vitro and by immunohistochemistry ex vivo.

Conclusions: This study demonstrated the feasibil-
ity of using the TSPO-radioligand ['*F]DPA-714 to
characterize 9L glioma in vivo in different rat mod-
els with PET imaging. ['*F]DPA-714 therefore has
the potential to become a promising radiotracer to
image human glioma.
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A novel 19F MRI-based migration assay: application to primary human dendritic cells
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Introduction: The decisive role of dendritic cells
(DCs) in inducing immunity formed the rationale
for DC immunotherapy: DCs loaded with tumor
antigens are injected into cancer patients to stimu-
late T cells to eradicate tumors. However, success
in clinical trials has been limited mainly due to
an inefficient migration rate post-vaccination. As
DC migration can be affected by several factors, a
suitable in vitro assay is required to reproduce in
vivo conditions. Here we present a novel ’F MRI-
based, quantitative assay to measure cell migra-
tion in varying chemokine environments in a 3D
scaffold specially designed to mimic biological tis-
sue. We obtained migration rates comparable with
clinical results (using scintigraphy for quantifica-
tion) [1] showing the potential application of this
assay to simulate different in vivo migration condi-
tions. Moreover, we observed that the percentage
of migrating cells strongly depends on the initial
cell density.

Methods: Primary human DCs were cultured, as
per standard protocols for DC vaccination tri-
als [2]. For "F-labeling, a biocompatible polymer
currently in clinical use, poly(D,L-lactide-co-gly-
colide) (PLGA) was used to entrap a perfluorcar-
bon tracer. After maturation, cells were harvested,
and viability and maturation marker expression
determined. The presence of label within the cells
was checked by optical microscopy. For migration
assays, a variable number of cells were embedded
in a fixed volume of a scaffold matrix (cell layer)
and a chemokine gradient was created above it. A
chemokine-free gel set below the cell layer served
as a control. The sample was placed vertically in
the MRI scanner and only upward migration was
considered to exclude the effects of gravity. Tem-
perature was maintained at 37°. All experiments
were performed on a 7T horizontal bore MR system
with a '"H/"F volume coil. 'H 2D spin echo images
and chemical shift spectroscopy (CSI) were used
to track and quantify the migration of 1-15x10°
cells. Nine “F-CSI experiments (1.1 hours each)
were sequentially performed in order to keep track
of the migrating cells.

Results: Cell migration was assessed by measuring
cell movement relative to their initial position above
and below the cell-gel layer. Minimal migration was
observed in samples with 10-15x10° cells. However,
with smaller cell numbers, 5x10* from 5x10° cells
(1%) and 2.5x10* from 1x10° cells (2%) were found
to migrate up. Migration was found to stop 10 hrs
after the start of the experiment. No cell migration
was found below the initial cell layer during the
whole study for all cell layer numbers, indicating
that the upward cell movement was truly caused by
the chemokine gradient.

Conclusions: In the present study we showed that
YE-CSI and F-MRI can be used to track and quan-
tify cell migration in 3D collagen scaffold assays.
The number of cells in the initial cell layer was in the
order of the typical cell bolus injection in patients
[1] and the migration rates were measured to be in
the order of 2%, similar to that obtained in clinical
results. The study showed that the initial cell den-
sity plays a decisive role in DCs migration, which
is important information to optimize cell migration
in a clinical setting. Thus, this assay is suitably to
simulate in vivo clinical conditions, giving the po-
tential chance for detailed analysis of DC migration
by MRI.

Acknowledgement: This work was partially support-
ed by NWO (VISTA grant) and ZONMW (911-06-
021) for investments.
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In vivo magnetic resonance imaging reveals altered migration of endogenous neural
progenitor cells following cuprizone-induced central nervous system demyelination
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University of Antwerp, Belgium
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Introduction: The Cuprizone mouse model repre-
sents a highly reproducible tool to study in vivo de-
myelination and remyelination processes. The time
course of demyelination-remyelination during Cu-
prizone administration has been well characterized
and it has been suggested histologically that endog-
enous subventricular zone neural stem/progenitors
cells (NSPC) are recruited during the remyelination
process!'. We tested whether the recently validated
in situ NSPC labelling technique with micron-sized
iron oxide particles in combination with the trans-
fection agent Poly-L-lysine (MPIOs-PLL) is suit-
able to visualize NSPC migration towards demyeli-
nated areas.

Methods: 20 C57BL/6 mice (8 weeks old) were used.
All mice were injected in the right lateral ventricle
with 2 pl MPIOs-PLL (9.1 10° particles, 0.67 mg Fe/
ml). 10 mice were fed a diet containing Cuprizone
(0.2%) during a 4-week period post-injection (p.i).
In vivo T,*-weighted 3D-MGE (78 pum isotropic res-
olution) was performed at 4 weeks (peak of inflam-
mation), 6 weeks (peak of proliferation of NSPC)
and 12 weeks (complete remyelination) pi. All im-
ages were acquired on a 9.4T Bruker console. 5 ani-
mals of each group received an injection of 5-bro-
mo-2’-deoxyuridine (BrdU; 50 mg/kg i.p.) twice a
day over a period of 5 days before either the first or
the second imaging time point.

Results: MRI revealed hypointense voxels along the
rostral migratory stream (RMS) and in the olfac-
tory bulb (OB) for controls. In contrast, for the Cu-
prizone treated mice, hypointense areas towards the
OB were detected only in 2 mice at week 4. From
week 6 onward they were detected in both groups.
Hypointense voxels are also found in the region of
the external capsule (EC) at the ipsilateral side of
injection from 4 weeks onward in the Cuprizone
treated group. Each MR image is a compilation of
5 consecutive MR slices. Histological analyses are
being performed in order to confirm whether the
hypointense voxels are MPIO particles in oligoden-
drocyte-differentiated NSPC.

Week 4 pi Week 6 pi Week 12 pi

Sagittal
Control

Cuprizone

Axial
Control

Cuprizone

Conclusions: In situ labelling of endogenous NSPC
by direct injection of MPIOs-PLL in the lateral ven-
tricle revealed NSPC migration impairment towards
the OB, as well as the presence of MPIOs in the EC
in the Cuprizone mouse model. Histological analysis
is ongoing in order to further characterise migrated
MPIO-labelled cells.

Acknowledgement: This work is supported by IWT
(§B0O/030238), EC-FP6-project DiMI (LSHB-CT-
2005-512146) and IUAP-NIMI-P6/38
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particles in tumor tissue
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Introduction: In our study we addressed the effects
and the evolution of SPIO distribution on R2 and
R2* values according to specific pathways, such as
cell death, cell mixing and cell division. Also we
investigated the effects of technical variations in
labeling efficacy, cell density, imaging resolution
and aggregation of labeling particles. We identify
areas for improvement in cell labeling technique
and imaging for quantitative cell tracking.

Methods: Brown Norway 175 (BN175) sarcoma
cells were labeled with iron-oxide (SPIO) parti-
cles. Various intravoxel SPIO distributions were
prepared by methods mimicking biologically rel-
evant processes (compartmentalization, mixing,
division). R2* and R2 relaxometry was performed
at high resolution at 3.0T, iron concentration
was measured by optical emission spectrometry.
Effects of spatial distribution and compartmen-
talization of SPIO on relaxivity (dR/dcFe) was
analyzed.

Results: We showed that relaxivity is sensitive to
variations of cell labeling, cell density and imag-
ing resolution. Our data suggest that intracellular
variance of cell division rate potentially lead to
breakdown of unique relaxation rate vs. iron con-
centration relationship. Our results indicate that
cell death can be identified by parallel monitoring
of R2 and R2* values, and we confirm that R2’ dif-
ferentiates between intracellular and extra-cellular
SPIO. We found a unique relaxation rate vs. iron
concentration relationship in case of dominance
of cell division. Our results suggest that tighter
control on labeling variance put in place for stem
cell labeling.

Conclusions: We challenge labeled cell quantifi-
cation by identifying sensitivity of the relaxivity
to imperfections of labeling technique and imag-
ing method; besides the numerous complications
in quantification, with thorough consideration
of limitations and monitoring of biologically rel-
evant factors, quantification is feasible.

In case of mixing labeled and non-labeled cells
(likely process in stem cell tracking) a strong
control on labeling efficiency is required, since
R2*(cFe) and R2(cFe) curves are sensitive to initial
intracellular iron content and cell density.
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Acupuncture Works on Endorphins via Activating Stretch-Activated Cation Channels
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Introduction: Acupuncture has been in use for three
thousand years in China but was not practiced in the
West until the last three decades. Among acupuncture
therapies, the acupuncture-induced analgesic effect
has been used widely to alleviate diverse pains, partic-
ularly chronic pain. To shed light on the 2500-year-
old acupuncture analgesia, pain control by acupunc-
ture through Ca2+-regulated release of opioid peptides
is proposed.

Methods: 4-week-old C57BL/6N mice were kept in
a specially designed holder, with their hind legs and
tails exposed during acupuncture. An acupuncture
needle (Hwato) 0.4 mm in diameter, 50 mm in length
was inserted into the right hind leg, between the
tibia and fibula, approximately 5 mm lateral to the
anterior tubercle of the tibia. The acupuncture needle
was driven by a piezoelectric bending element at 1

is applied. The acupuncture induced p-endorphin
secretion is blocked by the intraperitoneal injection
of Gd3+, thestretch-activated Ca2+ channels blocker.

Conclusions: These findings suggest that acupuncture
analgesia depends on the physiological afferent signal
elicited in the mechanosensation pathway. The acu-
puncture needle manipulation induces a Ca2+-depen-
dent secretion of P-endorphin via interactions with
stretch-activated Ca2+ channels. The depolarization-
evoked opioid peptide P-endorphin then penetrates
the fenestrated capil ary vessels in the pituitary by dif-
fusion, and so enters the general circulation. Our re-
sults are in agreement with the studies on endogenous
neuropeptide release during electroacupuncture [2]
and may lead to new directions for acupuncture anal-
gesia research by unveiling its cellular signal transduc-
tion pathways.

Before acupuncture

Acupuncture fer 40 minutes

P - endorphin (pg/ml)

Hz. After receiving acupuncture treatment for 40
minutes, animals were sacrificed. Blood samples were
harvested from the left ventricle of the heart. Plas-
ma was separated by centrifuging samples at 1000 x g
for 15 minutes at 4 °C and diluted 1:10 in a sample di-
luent before assay. The levels of plasmap-endorphin
were measured using a Mouse f-Endorphin ELISA kit
from USCN Life Science. Method for in vivo monitor-
ing of Ca2+ excitation in mouse skeletal muscle dur-
ing acupuncture was described in [1].

Results: Acupuncture was initiated by the stimulation
of needle driver describe above in the hind-limb mus-
cle of the mouse. Plasma P-endorphin was measured
40 min after the acupuncture treatment by immu-
noassay. Elevation of B-endorphin levels is observed
(Fig.1b) along with cytosolic Ca2+ activation in mus-
cle fibers in vivo (Fig.1a) 40 min after the stimulation

9200
600 Fig1: Acupuncture stimulates
300 B -endorphin release via
o activating stretch-activated
crl Gd™ A cation channels.
b +Gd*™
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Labeling protocols for MRI and optical imaging of human muscle cells precursors
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Introduction: The interest about cell-mediated
therapy finalized to tissues regeneration research
is increased in the last few years. Although numer-
ous protocols which include extraction of stem cells
from healthy animals and implantation in diseased
models were set up, important parameters such as
the distribution and localization of the injected cells,
cell survival, proliferation and differentiation cannot
be evaluated in vivo. Here we refined and tested spe-
cific labelling protocols for in vivo visualization by
MRI, SPECT and Optical Imaging of a human mus-
cle cells precursor cell line as a proof of principle for
the application of these procedure to stem cells in the
evauation of muscle stem cell mediated treatments.

Methods: Human Skeletal Muscle Cells (HSkMC)
were labelled for 24 or 48h with different amounts
of Endorem® (0-100-200 pug Fe/mL) in presence or
not of Poly-L-Lysine (PLL), Protamine Sulfate (PrS),
Polybrene (PB) or infected, with a lentiviral vector
[1] carrying Luciferase gene under control of the
muscle specific Myogenin promoter (pGZ.Myo.L
vector). Labelled HSkMC were analized for viability,
iron content (Perl’s Staining and spectrophotometer
analysis [2]), morphology, differentiation capability
or intrarterially (i.a.) injected into NUDE mice for
in-vivo imaging by means of MRI, FLI or BLI. Ini-
tial cell distribution was also followed with scintig-
raphy after cell labelling with 111Indium-oxime (60
uCi/106 cells) and gamma counting of explanted or-
gan was performed to validate imaging data ex-vivo.

Results: HSkMC incubated for 24 or 48h with 0-100-
200 pg Fe/mL did not show significant differences,
in terms of viability, between labelled/non-labelled
cells in the presence or absence of PLL, PB or PrS
(n=3) remaining higher than 84+8% after 24h and
higher than 80,6+4,6% after 48h. The percentage of
Iron+ cells increased in proportion to the iron con-
tent in the medium even if there are not significat
differences between CTRL and PLL. In particular we
obtained more than 90% Iron+ cells in the samples
incubated with 200 pg Fe/mL for 24 or 48h. Intrac-
ellular iron content reached the higest levels in the
samples loaded with 200ug/ml+PLL: 61,5+2,8 pg/
cells after 24h and 114,9+9,6 pg/cells after 48h. For
this reason 200 ug/mL endorem+PLL was deemed as

the ideal condition for cell labeling for in vivo visuali-
sation by MRI. Loaded HSkMC were injected i.a. into
NUDE murine model of muscle inflammation. MRI
permitted to follow over time HSkMC distribution
into the injured muscle. SPECT and BLI of HSkMC
not only confirmed celldistribution to muscle but also
revealed an early localisation into the lung. HSkMC in-
fected with pGZ.Myo.L, i.a. injected in the same mouse
model, were detectable in muscle up to 5 weeks after
injection. Interestingly, at this timepoint, the signal
is still present only near the lesion area while disap-
peared in the rest of the body suggesting that this con-
struct could be used to evaluate not only localisation
but also the differentiation in vivo by means of BLL

Conclusions: We set up protocols to efficiently
visualize human muscle cells precursors localiza-
tion and differentiation by MRI, SPECT or in vivo
optical imaging. These protocols will be useful to
study the fate of cells once injected into recipient
NUDE mice with different techniques and will
make it possible to study their behaviour in vivo
over time. Furthermore, it will be possible to use
these instruments for the in vivo study of muscu-
lar stem cells in restoring skeletal muscles after
damage.

Acknowledgement: This work was supported by a
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(LSHC-CT-2006-037737) and from the Doctorate
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Studying molecular processes in-vivo: A framework for quantifying variability in molecular

MRI
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Introduction: Quantitative characterization of cel-
lular and molecular processes in-vivo is dependent
on consistent image data. To justify conclusions re-
garding observed biological changes over time, the
changes should exceed those attributed to imaging
artifacts and inconsistencies. The aim of this work
is to establish a framework for quantifying the vari-
ability inherent to molecular magnetic resonance
imaging (mMRI) protocols.

Methods: Our framework consists of variance maps,
variance histograms, visualization and quantification
of the precision of expert contouring. To demonstrate
the efficacy of our framework we have compared the
variability of two different acquisition protocols in
the challenging environment of a rodent heart. SPIO
labeled stem cells were injected into the myocardium

of a rat and cardiac MRI performed. Without mov-
ing the anesthetized rat at any point, seven 3D non-
triggered images and seven 2D cine sequences were
acquired intermittently to capture inevitable changes
due to e.g. breathing, coil-heating etc. in both datasets.
The assumption was made that no biological changes
occur within the acquisition time. After rigid registra-
tion of the images in each dataset, the per-voxel vari-
ance over each dataset was calculated. Variance maps
were generated for visualization, variance distributions
for quantification. Three experts manually segmented
the cell cluster in each slice/frame of each 3D/cine se-
quence. The inter- and intra-observer variability was
visualized and quantified by a similarity index (SI) [1].

Results: The created framework allows objective
quantification of the variability inherent to mMRI
protocols. Fig. 1 and table 1 visualize and quantify
the variance distribution of the datasets due to imag-
ing inconsistencies, and the inter- and intra-observ-
er variability of the expert segmentation. Through
such a quantitative assessment a lower limit on the
longitudinal changes in the biological process to be
studied can be defined.

Conclusions: We have proposed a framework for
evaluating mMRI protocols in terms of variability.
The proposed framework allows anyone to objec-
tively assess how well-suited an mMRI protocol is
for a longitudinal study of a given biological process.

Acknowledgement: Supported by ENCITE, funded
by the European Community under FP7.

3D 2D cine
Inter-obs.
variability, SI 0.70 0.79
Intra-obs.
variability, SI 0.56 0.64

Fig1: Top and bottom row shows visualizations related to the 3D
and 2D cine datasets, respectively. Left: Slice/frame of each dataset.
Middle: Histograms of per-voxel variance of each dataset. Right: Vari-
ability among three expert’s segmentations of cell cluster (colors rep-
resent the number of experts including the voxel in the cell cluster).
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Clinically applicable cell tracking by MRI in cartilage repair using Superparamagnetic Iron

Oxide (SP10)
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Introduction: Cell tracking is a useful tool for
optimizing cell-based cartilage repair. Cell label-
ing using superparamagnetic iron oxides (SPIOs)
enables non-invasive in vivo cell tracking by MRI,
and has already been used experimentally in a
clinical setting[1]. We investigated the clinical,
intra-articular applicability of this cell tracking
technique regarding safety, MRI traceability and
label re-uptake.

Methods: Part 1: Human bone marrow stromal
cells (hBMSCs) were labeled with SPIO (ferumox-
ides-protamine sulphate complexes) in a range
of 0 - 250 pg/ml. Cell viability was asses-sed and
metabolic cell activity was quantified up to seven
days. Part 2: SPIO-labeled hBMSCs (100,000 to
5,000,000 cells) were injected ex vivo in pig knees,
to mimic a clinically relevant sized model. Fur-
thermore, SPIO-labeled cells (10,000 - 1,000,000
per 75 pl) were seeded in cartilage defects in vitro.
Scanning was performed on a clinical 3.0 T MRI
scanner. Part 3: To show possible SPIO re-uptake
by synovial cells, viable and dead GFP-SPIO dou-
ble-labeled chondrocytes were seeded on human
synovium explants for five days. Samples were
analyzed using fluorescence- and light microscopy.

Part 3 SPIO re-uptake: GFP+-SPIO+ cells, indicat-
ing originally seeded cells, were seen in synovium
samples containing living cells. GFP--SPIO+ cells,
indicating SPIO re-uptake by synovial cells, were
found in samples containing dead cells.

Conclusions: Although possible SPIO re-uptake
by host cells might limit duration of accurate cell
tracking, we showed promising results for the use
of SPIO labeling for cell tracking in clinical carti-
lage repair procedures. This approach provides the
extra advantage to simultaneously track cells and
evaluate cartilage repair in one MRI session.

Acknowledgement: This work is supp. by the Smart-
Mix Prog. of the Neth. Min. of Econ. Aff. & the
Neth. Min. of Educ., Cult. & Science; and the EC-
FP7 project ENCITE (HEALTH-F5-2008-201842).
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Results: Part 1 Cell la-
beling and -behaviour:
SPIO labeling resulted
in labeling efficiencies
of approximately 90%
and did not negatively
affect cell viability or
cell proliferation for
dosagesupto250pug/ml.
Part 2 MRI traceability:
All SPIO-labeled cell dos-
ages, both intra-articular
injected or seeded in cartilage defects, were visual-
ized by MRI (Fig. 1). The amount of signal voids
was related to the used cell number. SPIO-labeled
cells seeded in cartilage defects in vitro could be vi-
sualized and quantified using a T2* mapping MRI
technique.

Z mm

S 1P
cantrol

:

LEton, 000 [ 1,000,000 |
3 ) cells

Fig1:Intra-articularinjectedSPIO-labeledcells(1A)andcellsseededincircularcartilagedefectsinavolumeof75
ul(1B)wereaccuratelyvisualizedbyMRI.Theamountofintensityofsignalvoidswasrelatedtousedcellnumber.
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Labeling of HUVEC with different iron oxide particles: An in vitro study about incorporation,

distribution, retention and toxicity
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Introduction: For in vivo cell tracking it is essen-
tial that the cells have incorporated a label so that
they can be distinguished from their surroundings
in Magnetic Resonance Imaging (MRI)[1-3]. A vast
amount of studies have been published dealing with
labeling of various cell types with iron oxide nano-
particles. In these studies a large variety of labeling
protocols have been described. While for every cell
type tested efficient labeling and subsequent detec-
tion by MRI[4] has been reported, it is not clear
how different labeling protocols may influence la-
beling efficiency. The purpose of this study was to
systematically investigate the effect of variations in
dose and duration of labeling on label incorporation,
distribution, retention and toxicity using two com-
monly used types of iron oxide nanoparticles; the
so-called SPIO and MPIO particles.

Methods: Primary culture Human Umbilical Vein
Endothelial Cells (HUVECs) were grown to 80-
90% confluence and labeled with SPIO or MPIO
at concentrations ranging from 0 - 100 pg Fe and
incubation times of 4-48hrs. Cellular iron load was
measured by Inductible Coupled Plasma- Optical
Emission Spectrometry (ICP-OES). Cellular localiza-
tion and retention over time of iron oxide complexes
was assessed on cytospin slides. Cell functionality of
labeled cells was tested by a tube forming assay. MRI
traceability of labelled cells was tested using a 3D-
SPGR sequence with TR/TE 41.1/10.5 ms, and a flip
angle (a) of 50° with a resolution of 38 um x 38 pm x
100 pm and a FOV of 2 cm x 2 cm.

Results: Under the conditions tested a maximal
iron load of 18.2 pg per cell was obtained for SPIO.
A much higher iron load of 661 pg per cell was
achieved with MPIO. Inter and intra cellular dis-
tribution of label are both strongly dependent on
the labeling protocol used. Labeling with high dos-
es and short incubation times may result in large
intra-cellular vesicles with multiple iron-oxide
complexes. Labeling with low doses and long in-
cubation times may result in small intra-cellular
vesicles with just one iron-oxide complex. A better
retention of label was observed after short incuba-
tion times and high labeling doses. For both MPIO

and SPIO higher doses were tolerated at shorter in-
cubation times. At equal incubation times, MPIO
was better tolerated than SPIO. In FACS studies,
clear changes in forward scatter and side scatter
plots, corresponding to changes in cell size and cell
granularity respectively were observed following
labeling. Both effects were more pronounced after
labeling with MPIO than with SPIO. At the high-
est doses of MPIO tested cell sizes increased 4-7
times in cell volume compared to unlabeled con-
trol cells. The effects of SPIO and MPIO labeling
on tube forming capacity of HUVECS was tested at
all doses that did not significantly affect cell sur-
vival. For all these conditions tested HUVEC:s still
displayed tube forming capacity. Sensitive imaging
by MRI at the single cell level in vitro was possible
for all conditions tested.

Conclusions: HUVECs can be labeled efficiently with
SPIO and MPIO, but dose and duration of exposure
of cells to the particles strongly influence label in-
corporation, distribution, retention and toxicity.

Acknowledgement: This research has been done in
part through support from ENCITE - funded by the
European Community under the 7th Framework
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Visualization of aberrant migration in the YAC 128 mouse model for Huntington’s disease by
in situ labelling of neural progenitor cells with iron oxide particles
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Introduction: The outcome of a recent validation
study of various in situ cell labelling strategies is
that intraventricular injection of a small number of
micron-sized iron oxide particles (MPIOs) in com-
bination with the transfection agent Poly-L-lysine
(PLL) is a successful method for the MRI visualiza-
tion of endogenous neural progenitor cell (NPC)
migration in the adult mouse brain!l. As it was
recently reported that NPC migration is impaired
in a mouse model of Huntington’s disease (HD)™,
we tested if the in situ labelling technique using
MPIOs-PLL is suitable to visualize aberrant NPC
migration in YAC128 mice, a mouse model of HD.

Methods: YAC128 transgenic mice (n=5; 66-69
weeks old) maintained on a FVB/N background
and age-matched non-transgenic littermates (n=>5;
wild-types) were used. Mice were injected intra-
ventricular with 1.5 pl MPIOs-PLL (9.1 x 10° par-
ticles, 0.67 mg Fe/ml). In vivo T *-weighted 3D-GE
(78 um isotropic resolution; 9.4T) was performed
at 1 week up to 13 weeks post injection. Ex vivo
T, *-weighted 3D-GE (66 pum isotropic resolution;
9.4T) was performed on perfused and fixed brains
in their skulls. Four days before perfusion, mice
received 5 times (every 3 h) an injection of 5-bro-
mo-2’-deoxyuridine (BrdU; 50 mg/kg i.p). Immu-
nohistochemistry was performed for BrdU on 25
pum sagittal sections.

Results: MRI revealed hypointense pixels along the
rostral migratory stream (RMS) and in the olfactory

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

bulb (OB) for all wild-types (WT). In contrast, for the
YAC 128 mice (YAC HD), hypointense areas towards
the OB were detected in only two mice. As neurogen-
esis is reduced upon ageing, the fraction of MPIO-
labelled NPCs was very limited. The first column in
the figure shows for both groups minimum intensity
projection (mIP) compositions of ex vivo MR images
comprising the RMS of five animals. The mIP of YAC
HD shows less hypointense areas in the RMS and OB
compared to the WT. Histological staining for BrdU
shows that there are less BrdU* cells present in the
RMS and OB of the YAC HD compared to the WT
(figure, second and third column).

Conclusions: In situ labelling of endogenous NPCs
by intraventricular injection of MPIOs-PLL re-
vealed aberrant NPC migration towards the OB in
the YAC128 mouse model for HD.

Acknowledgement: Supported in part by: IWT (Ph.D.

grant; SBO/030238), EC-FP6-project DiMI (LSHB-
CT-2005-512146) and IUAP-NIMI-P6/38
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Introduction: Because of their great differentiation
potential and immunomodulatory properties, mes-
enchymal stem cells (MSCs) are considered to be a
potential source for tissue regeneration and immu-
nomodulatory therapy [1-4]. For the optimization
of this type of stem cell therapy, novel methods are
required to follow the in vivo fate of stem cells af-
ter injection [5]. Stem cells can be labeled with ra-
dioisotopes in vitro, such as "*F-fluorodeoxyglucose
(**F-FDG), a positron emitting glucose-analogue
which is taken up by cells in a similar manner as
glucose. After phosphorylation, '**F-FDG is trapped
intracellularly, since it misses the 2’-hydroxyl group
blocking further steps of the glycolysis pathway. The
molecule stays in the cell until its decay [6]. The aim
of this study is to optimize the radioactive labeling
of MSCs in vitro with ¥F-FDG.

Methods: Mouse MSCs were obtained from the
Stem Cell Institute Leuven, and were seeded in 24
well dishes for uptake experiments. "¥F-FDG (5uCi)
was added to each well, in the presence of different
insulin concentrations, and for uptake kinetics for
up to 6 hours. In addition, '*F-FDG washout after
labeling was assessed. Additionally, 3 mice were
injected with 500 000 *F-FDG-labeled MSCs, and
stem cell biodistribution was investigated with a
UPET scanner 10 minutes after injection. Further-
more, a pCT image was acquired for coregistration
with the uPET images.

Results: ¥F-FDG uptake by MSCs was slightly higher
with the addition of insulin (0,01 IU) but with only
limited additional effect of higher concentrations.
Furthermore, experiments also showed significantly
higher ®F-FDG uptake with longer incubation pe-
riods, slowly reaching a plateau after 6h of incuba-
tion. However, a significant tracer washout could be
observed after 1 hour. In addition, in vivo uPET ex-
periments with radiolabeled MSCs in mice showed
almost exclusive pulmonary activity, confirming the
intracellular location of the tracer.

Conclusions: This study demonstrates that mouse
MSCs can be successfully labeled with *F-FDG
in vitro. Labeling efficiency increases even when
very low insulin concentrations are added. Uptake

kinetics assessment showed a significantly higher
uptake with increasing incubation time for up to 6
hours of incubation. Despite the tracer washout af-
ter one hour in vitro, in vivo uPET studies confirmed
the intracellular location of the tracer through an
almost exclusive pulmonary signal. Furthermore,
in vitro labeling with the given dose (5uCi) per-
mits solid imaging of stem cells injected in mice.
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Responsive MRI contrast agent for specific cell imaging of inhibitory, GABAergic neurons
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Introduction: y-Aminobutyric acid (GABA) is the
major known inhibitory neurotransmitter. The rate-
limiting step in the synthesis of GABA is the decar-
boxylation of glutamate by the enzyme glutamic acid
decarboxylase (GAD), which exists in two isoforms:
GADG65 and GAD67 [1].

We exploited the feasibitity of cell specific contrast
generation with the new smart contrast agent Gd-
DOTAgad responsive to GAD activity. It consists of
the chelate Gd-DOTA coupled to along hydrocarbon
backbone with glutamic acid residues. Upon cleav-
age of the glutamate moieties the hydration of the
paramagnetic metal ion increas-
es, leading to a higher relaxivity.

resulting in a high proportion of GAD65/67 positive
cells, proven by immunocytochemistry (Fig. 1B).

Conclusions: Gd-DOTAgad incubated with tissue
lysates leads to enhanced ARI rates in highly ex-
pressing GAD65/67 brain regions. A differentiation
protocol to obtain GABAergic neurons from ES cells
was successfully established. Efficient labelling with
Gd-DOTAgad of murine ES and neuronal precursor
cells is in progress for evaluation of differentiation
induced contrast. With this approach it will be pos-
sible to label cells prior to transplantation and to
follow their differentiation fate in vivo with MRI.

Methods: Postnatal day 14,
Wistar rat tissues were me-
chanically homogenized, and B0
lysed with cell lysis reagent 25
M-PER (Pierce, USA). After
protein determination, same
amounts were incubated at X
37°C for 24 hours with 1 mM
Gd-DOTAgad together with
the GAD activator pyridoxal-
5’-phosphate. MR  measure- oo d
ments were made at 4.7T (Bruk-

iR, [

mrhax

CEHEH T

Egllteulin

(L

er, Germany) using a custom

made coil system. The MR phantoms consist of
plastic tubes embedded in 1.5% agarose (Flu-
ka, Switzerland). RAREVTR scans (TE=12.0ms,
TR=30-250 ms, matrix=128x128; FOV=30.0 mm,
resolution=0.234x0.234 mm; slice thickness=2.0
mm). CGR8 murine embryonic stem cells were dif-
ferentiated in a 3 step protocol using chemically
defined media.

Results: Tissue lysates of cerebellum, cortex and
liver (as a negative control) were incubated with
Gd-DOTAgad. Corresponding controls were Gd-
DOTAgad in PBS and tissue lysates without contrast
agent. T1 maps calculated from RAREVTR with an
in-house software were used to evaluate the change
in relaxation rate AR1 (Fig. 1A) identifying the high-
est changes with brain lysates. CGR8 cells were suc-
cessfully differentiated in a 10 day-lasting protocol

Acknowledgement: This work was supported in part
by grants from the European Union under FP6 pro-
gram (StemStroke, LSHB-CT-2006-037526) (DiMI,
LSHB-CT-2005-512146), and under FP7 program
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Novel ultrasound contrast agents for drug delivery
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Introduction: We are working on novel Ultra-
sound Contrast Agents (UCA) to improve the sig-
nal for echographic diagnosis and at the same time
to extend their applications as possible drug carriers.

Methods: We have investigated two types of agents:The
first one is made of polymer PLGA (Poly Lactic Gly-
colic Acid) that encapsulates a liquid PFOB (PerFluoro-
Octyl Bromide) core. The agent radius can be varied
from 150 nm to 10 um and it remains stable for weeks (1.
The second type is made of a telomer FTAC (fluorinated
polymer) encapsulating a fluorinated liquid or gas core.
It forms agent with a radius of about 100 nm and are
stable over days. The size of both types of agent is weak-
ly polydisperse. In addition, for a better understanding
of the relationship between mechanical and ultrasound
properties of the above contrast agents, we performed
2D and 3D time domain simulations to compute the
acoustic wave propagation in an our UCA solution.

Results: We have measured in vitro the signal-to-noise
ratio, backscattered signal, and destruction by ultra-
sound waves of the two nano-size ultrasound contrast
agents, where the applied ultrasound signal has a fre-
quency of either 5 or 50 MHz. In addition, the compari-
son between 2D numerical and experimental results
shows a good agreement®, the 3D simulations are still
under ways and should permit an improvement of our
predictions. Our first tests performed in vivo showed
that our agents induce a significant enhancement in the
backscattered signal. For targeting purpose, the surface
chemistry of the first UCA particles type was modified
by incorporating phospholipids (fluorescent, pegylated,
and biotinylated phospholipids) in the organic phase
before emulsification®. Microscopy shows that phos-
pholipids are present within the shell and that the core/
shell structure is preserved. The functionalization did
not modify the echographic signal arising from capsules.

Conclusions: These results demonstrates that these
nano and polymeric capsules are suitable ultra-
sound contrast agent and can be easily modified
for targeted therapy or molecular imaging purpose. References:

Acknowledgement: This work is supported by a 1. Pisanietal. Adv. Funct. Mater. 18 (2008) 1-9
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FP6-project DiMI (LSHB-CT-2005-512146) 3. Haiat &Al, J. Acoust. Soc. Am. 127 1, (2010)
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Methods to study the interaction between aptamer probes and cell surface biomarkers
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Introduction: Aptamers are specific nucleic acids-
based ligands selected by an in vitro molecular evo-
lution process (named SELEX). Recently, SELEX
has been performed against living cells and allows
for successful selection of aptamers against a spe-
cific transmembrane protein™ or against cell surface
biomarkers without prior knowledge of the target.
Here, we compared different techniques to study
the interaction between aptamers and their target.

Methods: For the binding experiments, 10° cells were
first incubated with 5’-*?P-labeled aptamers or control
sequences for 15 minutes at 37°C and then washed.
Bound sequences were recovered in 400uL of lysis
buffer and the amount of radioactivity was counted.
To optimise this protocol, we evaluated the number
of washings and different combinations of unspecific
competitors (tRNA, ssDNA and Polyinosine) at differ-
ent concentrations. This allowed us to determine the
protocol that yielded the highest signal/background
ratio and to measure the affinity and the Cmax of dif-
ferent aptamers. In addition, an automation of the
protocol has been performed. For microscopy analy-
sis, aptamers were first labelled using Ulisys Alexa flu-
or 546. Then, they were imaged using epifluorescence
microscopy (Axio Observer Z1 Zeiss) at different time
points during incubation (up to 40 minutes).

Results:We observed that 5 washing cycles during the
binding experiments were enough to decrease the
background. In addition, we observed that the best
combination of competitors seemed to be dependent
on the cell type. In contrast, the optimal concentration
of competitors was always around 100pug/ml. The use
of higher concentrations did not have any effect sug-
gesting that unspecific targets were saturated at this
concentration. Finally, the use of competitor during
pre-incubation and/or incubation of aptamers had the
same impact on the signal/background ratio. Label-
ling aptamers with different amounts of Ulysis Alexa
546 showed that when the ratio of Alexa/aptamer was
increased, fluorescence intensity decreased, due to
self-quenching phenomenon. This labelling method
has been optimised to study the cellular localisation
of aptamers by microscopy. In addition to providing
information on the membrane or intracellular loca-
tion of aptamers (after internalisation), microscopy

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

allowed for evaluation of the kinetics of association
between the aptamer and the target.

Conclusions: The use of the above described two
methods allowed us to obtain complementary re-
sults. Binding experiments led to the quantification
of the kD or the number of targets on the cell sur-
face whereas microscopy provided the localisation
of the aptamer on the cell surface and its evolution
over time. Aptamers selected against cell surface
biomarkers could have many applications in the bio-
medical field (e.g. cell sorting, biomarker discovery,
imaging, drugs design, etc.). Our methods can be
used to rapidly assess their potential.

Acknowledgements: This work was supported by
grants from the European Molecular Imaging Lab-
oratory (EMIL) network (EU contract LSH-2004-
503569), the FMT-XCT program (EU contract
201792) and I'Agence Nationale pour la Recherche
(project ANR-Emergence ARTIC and ANR-TecSan
DOT-IMAGER). AC was supported by a fellowship
(Irtélis) from the CEA.
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MRl intelligent contrast agents as enzyme responsive nanosystems
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Introduction: When Magnetic Resonance is the im-
aging modality of choice it is necessary to design
highly sensitive systems in order to overcome MRI
relatively low sensitivity. We have envisaged an ap-
proach to enzyme-responsive agents based on the
use of liposomes loaded in the aqueous cavity with a
high number of paramagnetic complexes. Liposomes
are self-assembled vesicles formed by saturated and
unsaturated phospholipids commonly used in drug
delivery. The overall relaxation enhancement of sol-
vent water protons depends upon the permeability/
disruption of the liposome membrane to water mol-
ecules. Our work has addressed the objective of i)
modifying the permeability of liposome membrane
thus pursuing an enhancement of the observed pro-
ton relaxation rate upon the enzymatic cleavage of
peptides covalently bound to the phospholipid moi-
eties or ii)promoting the disruption of low relaxiv-
ity aggregates formed by the binding capabilities of a
macromolecular substrate that is selectively cleaved
by the enzyme.

Methods: Paramagnetic liposomes were prepared us-
ing the proper membrane by the thin film hydration
method followed by extrusion. The lipidic film was
hydrated with a 200mM solution of GAHPDO3A,
followed by dialysis to remove non-entrapped ma-
terial. The T1 measurements in vitro were carried
out at 0.5T on a Stelar Spinmaster, whereas the in
vivo measurements were acquired at 7T on a Bruker
Avance 300 spectrometer. The temporal evolution of
T1 contrast was determined in vivo after intratumor
injection to mice bearing xenografted B16 melanoma.

Results: i)The relaxometric properties of the lipo-
somes loaded with the lipopeptide was tested in vitro
measuring the r1 over time of three samples: a) the
suspension of liposomes incorporating the lipopep-
tide in the presence (I) and absence (II) of MMP1
and b) liposomes incorporating the stearic acid in
the presence of MMP1. The results reported indicat-
ed that sample I showed a slight increase in the relax-
ivity likely due to partial instability of the liposome.
In the presence of MMP, a more pronounced en-
hancement was observed. Importantly, the liposomal
sample in which the incorporated lipopeptide was
replaced by stearic acid did not show any significant

enhancement, confirming that the enhancement ob-
served for sample a-I) is related to the MMP1 activ-
ity. This different behaviour can be well appreciated
by looking at the different contrast exhibited in the
corresponding T1weighted MR image. In vivo kinet-
ic experiment following the intratumor injection of
the lipopeptide-based paramagnetic liposome indi-
cated a rapid washout of the imaging probe, consis-
tent with a relevant release of the Gd(III) complex in
the extracellular fluid, where MMPs accumulates. ii)
The interaction of anionic liposomes and protamine
yields supramolecular adduct with low relaxivity. The
action of trypsin causes the digestion of protamine
and the consequent de-assembly of the adduct. The
process is accompanied by an overall relaxation en-
hancement as consequence of the recovering of the
original permeability of the liposome membrane to
water molecules. An illustrative example of the uti-
lization of this responsive probe consists in the en-
trapment of the supramolecular assembly in alginate
vesicles. The detected change in r1 due to trypsin is
correlated to the one in the absence of alginate. Thus,
an in vivo exploitation relies on the entrapment of
micron-sized particles into an alginate matrix that
has often been considered as a bio-compatible device
in cell-based therapies.

Conclusions: We have now envisaged a molecular
probe that work as an enzymatic substrate in a particu-
lar microenvironment, hence enhancing the MRI sig-
nal as a function of enzymatic activity. As further goal,
an anti-tumoral drug will be co-encapsulated with the
MRI probe, allowing supervise the tumoral therapy.
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Introduction: To develop standardized highly mono-
disperse targeted polybutylcyanoacrylate (PBCA)-
microbubbles for contrast enhanced molecular
ultrasound imaging.

Methods: PBCA-microbubbles were produced by
mechanical agitation and size isolated by centrifu-
gation. Physical parameters of the size optimized
microbubbles and regular (Sonovist) microbubbles
were compared. Targeting of the microbubbles for
molecular imaging was achieved by covalently bind-
ing streptavidin molecules onto the shell of surface
activated PBCA-microbubbles and the subsequent
attachment of biotinylated markers. The amount of
targeting ligands on the surface of the microbubbles
was quantified using a fluorescence activated cell
sorter (FACS). The suitability of these microbubbles
for destructive imaging methods like power Doppler
ultrasound, used for the evaluation of the degree of
angiogenesis and the effect of antiangiogenic thera-
py, was investigated in gelatin phantoms.

Results: Following a new protocol for the synthesis
of PBCA microbubbles, highly monodisperse pop-
ulations could be isolated. Curves obtained from
particle sizer measurements showed size isolated
microbubbles which are normally distributed with
a narrower standard deviation (> 97% + 1.0-3.0 um)
in comparison to regular Sonovist microbubbles
(>97% £ 0.2-10 um). The high monodispersity was
also confirmed by SEM (scanning electron microsco-
py) pictures. The population distribution remained
constant even with prolonged storage in solution
(over 4 months), indicating high stability. Compari-
son of the resonance frequencies and the persistence
in an ultrasound field showed a significantly lower
resonance frequency and a lower persistence in the
ultrasound field for the monodispersed microbub-
bles compared to the polydispersed microbubbles.
The high monodispersity was maintained even with
covalent coupling of streptavidin molecules onto the
shell of the microbubbles. A quantification of the
number of streptavidin molecules on the surface by
the use of a FACS gave approximately 2 x 10* strepta-
vidin molecules per microbubble. This number can
be tuned according to the degree of surface activa-
tion of the microbubbles. Destructive imaging using
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SPAQ (Sensitive Particle Acoustic Quantification)
[1] was also possible with these monodispersed mi-
crobubbles showing a highly reproducible destruc-
tion with high mechanical index ultrasound waves.

Conclusions: Size optimized non modified PBCA-
microbubbles are more suitable for use as ultrasound
contrast agents in comparison to regular Sonovist
microbubbles. The simplified synthetic protocol al-
lows for a speed up in the synthesis and purification
process (6 days vs. 3 h). The low resonance frequency
and persistence lead to more efficient detection us-
ing power Doppler techniques. Also, given the rela-
tive high number of targeting ligands which can be
easily attached to their surface, and the possibility to
efficiently quantify their amounts in a region of in-
terest, they are very suitable for molecular imaging of
intravascular targets. In summary, the tuned proper-
ties of the microbubbles presented in this study, will
make them very interesting as building blocks for
tailoring of specific contrast agents for ultrasound.

Acknowledgement: This work is supported by the
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(BMBF-0315017).
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Novel Gd(lll)-based probes for MR molecular imaging of matrix metalloproteinases
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Introduction: The assessment of the activity of a
selected panel of MMPs in a given tissue or ana-
tomical district is very important for the typization
and staging of cancer and autoimmune diseases,
and for the evaluation of the efficacy of therapies.
I “Molecular Imaging” is a relatively new and rap-
idly growing branch of diagnostic imaging devoted
to visualize tissue specific patho-physiological pro-
cesses on the basis of their cellular/biochemical mo-
lecular signatures. MRI is one of the most clinically
relevant imaging techniques, because of its great
spatial resolution (<100 pm with modern high field
equipment). We are developing a new procedure
for MR molecular imaging of MMP activity, based
on B-cyclodextrin/poly-B ciclodextrin assemblies,
carrying i) a suitably designed, MMP responsive
Gd(III)-based MRI contrast agent, ii) a MMP-in-
hibitor (as the drug); and iii) a vector targeting the
region of interest. In this communication, we report
about the design, synthesis and characterization of
Gd(I11)-based MMP responsive probes.

Methods: The peptide based ligands have been pre-
pared by solid phase peptide synthesis (SPPS) on an
automated synthesizer equipped with a microwave
reactor by using the Fmoc chemistry. The hydrolysis
of the imaging probes by selected MMPs (MMP-1,
MMP-12) has been asseyed by either a spectrophoto-
metric method (based on the chromogenic substrate
thiopeptolide) or a relaxometric method. Hydro-
lysis kinetics have been followed by measuring over
time the relaxivity of the probe with/without poly-
B cyclodextrin. After cleavage, peptide fragments
bearing the Gd-chelate are released, and relaxivity is
reduced asa consequence of the reduced molecular size.

Results: The CAs developed in this work are based
upon a MMP-cleavable peptide functionalized with
a Gd(IITI)-DOTA as the reporter unit, and with a
hydrophobic alkyl chain for binding to poly-p-CD.
Compound K11 contains the PLGLWAR peptide se-
quence ending with a C11 alkyl chain. K11 appeared
to be poorly recognized by MMPs likely because of
the steric hindrance of the DOTA macrocycle di-
rectly bound to the Proline residue, known to be es-
sential for MMP recognition.

To make K11 a better substrate for MMP-1/MMP-12
the DOTA moiety has been moved far away from
the proline by inserting a GVV tripeptide strip. Fur-
thermore a polyethylenglycol-based spacer between
the N-terminal of the peptide and the DOTA unit
has been added to increase the hydrophilicity of the
molecule (compound K11N). Both K11 and KI1IN
interact with poly-B~CD with association constants
(K,) of 300 M and 500 M, respectively. K11N can be
cleaved by MMP-12/ MMP-1 either in the free form
or as the inclusion complex with poly-p~CD.

Conclusions: These results show that probe K11N
can be easily recognized by MMPs, also when in-
teracting with poly-B~CD, making it possible to use
the probe within targeted nanosystems based upon
cyclodextrin.

Acknowledgement: This work is supported by FP6
Project NMP4-CT-2006-026668 (MediTrans)
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Functionalization of nanoparticles for molecular imaging; a covalent approach
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Introduction: The key point in the development
of new nanoparticles (NPs) for imaging is the
surface functionalization. By the attachment of
new molecules one should, ideally, provide sta-
bility in physiological conditions, with a narrow
size distribution and a functional group for the
binding of biomolecules. These changes on the
NPs surface can be made by weak non-specific
interactions or by strong specific covalent bonds.

Methods: Iron oxide nanoparticles were synthesized
by the decomposition of organic precursors reden-
dering hydrophobic Fe,O, NPs. These nanoparticles
have oleic acid as surfactant, providing excellent size
distribution, crystallinity and stability. To transfer
the NPs to water the chemical structure of the oleic
acid was modified by chemical methods, obtain-
ing water stable NPs ready for further modification.

Results: Fe,O, NPs were synthesized (7 + 1 nm) by
the decomposition of organic precursors. The sur-
factant of the NPs (oleic acid) was oxidized by means
of potassium permanganate in a two phase system.
This way we obtained water stable, carboxylic acid

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

functionalized NPs, that were fully characterized
(47 + 4 nm, Zeta potential -46 mV, r=4 st mM™!
and r,= 115 s' mM", FTIR and 'H-NMR).! These
NPs are stable in buffer conditions and are being
used for in vivo MRI. Besides, we took advantage of
the carboxylic acid on the surface to covalently fun-
cionalize the NPs with different molecules and dyes,
like glucose, EDANS,? and streptavidin-alexa647.

Conclusions: Here we report a new approach for the
covalent functionalization of superparamagnetic
nanoparticles. We demonstrate the usefulness of
the method with several examples of covalent func-
tionalization with different molecules and in vivo
MRI use.

Acknowledgement: This work was supported in part
by MAT2008-01489 and SAF2008-0512-C02-01.
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Comparison of different chelating systems for the synthesis of Ga-68 labelled peptides for
molecular imaging using RGD-peptides as model compound
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Introduction: Due to its increasing availability
Ga-68 attracts increasing interest in molecular im-
aging with PET. Moreover, due to the straightfor-
ward labelling protocols especially for labelling of
peptides this is an interesting alternative to F-18
labelling strategies. Here the imaging properties
of c(RGDfK) conjugated to different chelating sys-
tems are compared.

Methods: Peptides were synthesised using stan-
dard SPPS protocols. After cyclisation in solution
and selective deprotection of the amino function
of the lysine the chelating moieties were conju-
gated via in situ activation. The chelating systems
include  1,4,7,10-tetraazacyclododecane-1,4,7,10-
acetic acid (DOTA), a 1,4,7-triaaza-10-oxocy-
clododecane-1,4,7-acetic acid derivative (B505),
1,4,7-triaazacyclononane-4,7-acetic  acid-1-2-glu-
taric acid (NODAGA), and a tris(2-mercaptoethyl)
amine derivative (NS3). Labelling was carried out
using the fractionated elution method in sodium
acetate or phosphate buffer, respectively. In vitro
evaluation included determination of the partition
coefficient, protein binding properties, metabolic
stability, binding affinity, and cell uptake character-
istics. In vivo evaluation was carried out using nude
mice bearing alpha(v)beta3-positive and alpha(v)
beta3-negative tumours. For all tracer biodistri-
bution data were collected. For the most promis-
ing also small animal PET imaging was carried out.

Results: All peptides could be labelled with Ga-68
in good radiochemical yields. Labelling of NOD-
AGA-RGD could be achieved even at room tem-
perature. Whereas labelling of NS3-RGD has to be
followed by Seppak separation to obtain the prod-
uct in high radiochemical purity. The compounds
showed comparable partition coefficients, binding
affinity for the alpha(v)beta3 integrin as well as re-
ceptor specific uptake. However, great differences
were found in the protein binding properties. Out
of the four peptides tested only NODAGA-RGD
showed low protein binding. This is also reflected
in the biodistribution data. Lowest activity concen-
tration in blood and best tumour/background ratios

were found for NODAGA-RGD. Subsequent small
animal imaging showed best imaging properties
for NODAGA-RGD, which seems to be comparable
with F-18-Galacto-RGD.

Conclusions: In this series NODAGA-RGD re-
vealed most promising properties for molecular
imaging applications. Easy radiolabelling at room
temperature, low amount of protein bound activ-
ity and the resulting lower activity concentration
found in blood compared to the other compounds
makes it to an interesting alternative to F-18-Ga-
lacto-RGD for imaging alpha(v)beta3 expression.
However, the general advantage of NOTA deriva-
tives for imaging purposes have to be confirmed by
additional studies using other peptide structures.
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GdDOTA-PIB: a potential MRl marker for Alzheimer’s disease
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Introduction: Alzheimer’s disease (AD) is the most
frequent form of intellectual deterioration in elderly
individuals, characterized by the brain deposition of
amyloid plaques and neurofibrillary tangles. Early de-
tection of the B-amyloid (AB) deposits in vivo is very
difficult. Recently '"C-radiolabeled small-molecules
have been developed, capable of entering the brain
and specifically targeting amyloid plaques for imag-
ing with PET, such as several Thioflavin T derivatives
[1-2]. In particular, the uncharged analogue 6-OH-
BTA-1 (Pittsburgh compound B - PIB) is highly effi-
cient both in crossing the BBB and in selective binding
to AD amyloid aggregates. A major limitation of PET
is the requirement for the markers to be labelled with
short-lived isotopes. The use of AR marker linked to
a MRI CA would constitute an attractive noninvasive
in vivo imaging approach. Recently, Poduslo used CA
aided MRI to image AD plaques with Gd(II[)DTPA
conjugated to a putrescine-modified human AB pep-
tide able to cross the BBB and selectively target indi-
vidual amyloid plaques in the brain of Alzheimer’s
disease transgenic mice. Nevertheless, due to its large
size, several days (weeks) of incubation with the CA
are necessary to obtain the labeling of amyloid plaques
in transgenic mouse brain in vivo. In an attempt to la-
bel AP plaques using small metal complexes for the
diagnostics of Alzheimer disease, we synthesized a
PIB-derivative of DOTA.

Methods: DOTA-PIB was synthesized using a new,
versatile strategy. The Gd** complex has been char-
acterized by relaxometric methods. The compound
forms micelles in aqueous solution; the critical micel-
lar concentration has been measured. Experiments
on human brain slices have been carried out to assess
binding of the compound to the B-amyloid deposits.

o |
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Results: The "H NMRD profiles evidence aggregation
of the GADOTA-PIB complex in aqueous solution,
with a cmc of ~1.5 mM. The preliminary experiments
on human brain slices show good binding affinity of
the LnDOTA-PIB compound towards the amyloid
plaques.

Conclusions: We synthesized and investigated a
novel Gd** complex with good binding properties to
B-amyloid deposits.

Acknowledgement: We thank the support from the
E.C.T. Portugal (project SFRH / BD / 46370 / 2008 and
COST D38.
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A comparativestudyoftheself-eliminationof para-aminobenzylalcoholand hemithioaminal-
based linkers. Application to the design of Caspase-3 sensitive pro-fluorescent probes
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Introduction: This study focuses on the disassem-
bly-behavior of self-immolative pro-fluorescent
linkers under physiological conditions occurring
via an enzyme-initiated domino reaction. The tar-
geted linkers are based on para-aminobenzylalcohol
(PABA) or hemithioaminal derivatives of para-car-
boxybenzaldehyde or glyoxilic acid. We found that a
fine tuning of the kinetic properties can be obtained
through the modulation of the linker structure, giv-
ing either a fast signal response or customizable
systems suitable for the design of protease-sensitive
fluorogenic probes or prodrug systems.

Methods: Five model compounds bearing specific
self-immolative linkers were synthesised and all
integrate both: (1) a phenylacetamide moiety to be
cleaved by Penicillin G Acylase (PGA) functionning
as the triggering agent, and (2) a masked umbellifer-
one (i.e., 7-hydroxycoumarin) unit to be released as
the final product and to elicit turn-on fluorescence.
All these fluorogenic probes were incubated at the
same concentration (3 pM) at 37°C with PGA (0.12
U) in phosphate buffered saline (PBS, pH 7.5) and
the corresponding fluorescence time-courses were
recorded at A = 460 nm.

Results: Comparison of the resulting fluorescence
recovery curves clearly indicates that the decompo-
sition of PABA-based self-immolative linkers was
faster than with the hemithioaminal counterparts.
No nonspecific cleavage of these pro-fluorescent
probes was detected in control reactions when in-
cubated only in PBS. These results demonstrate that
the use of PABA or hemithioaminal based linkers
affords enzyme-reactive pro-fluorophores with
high chemical stability. Despite the slower release
of umbelliferone from the hemithioaminal probe
derived from glyoxylic acid, this linker presents a
peptide-like structure able to be readily and widely
functionalised.

Conclusions: PABA derivatives will be used for get-
ting fast-response probes whereas the hemithioami-
nal spacers will be preferred for the construction of
finely tunable (bio)functionalised probes. A first
generation of Caspase-3 (apoptosis process) sensi-
tive pro-fluorescent probes using PABA linkers has

been obtained (AcDEVD-PABA-Umbelliferone) and
in vitro fluorescence assay was performed with the
corresponding recombinant human protease: 10-
fold increase of the enzyme velocity was obtained as
compared to the commercially available profluoro-
phore AcDEVD-AMC.

Acknowledgement: This work is supported by CNRS,
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Haute-Normandie.
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Olefin Metathesis for the functionalization of superparamagnetic nanoparticles
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Introduction: One of the most important points in
the synthesis of new nanoparticles (NPs) for molec-
ular imaging is the functionalization of the surface
with new molecules. There is a necessity for new ap-
proaches, allowing more versatile synthesis and the
introduction of biomolecules for specific interactions.
This modification of the surface should be done cova-
lently in mild conditions. Olefin metathesis offers
many of those features thanks to the new family of
catalysts, especially Hoveyda-Grubbs 2™ generation.'

Methods: Iron oxide nanoparticles were synthesized
by the decomposition of organic precursors reden-
dering hydrophobic Fe,O, NPs, with oleic acid as
surfactant. We carried out the olefin metathesis be-
tween the double bond in oleic acid structure and
methyl acrylate. After the hydrolysis of the ester,
water stable dispersion of superparamagnetic nano-
particles were obtained.

Results: Fe,O, NPs were synthesized (10 + 2 nm) by
the decomposition of organic precursors.? The NPs
were reacted in dry conditions with methyl acrylate

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

in the presence of catalytic amounts (4%mol) of
Hoveyda-Grubbs 2" generation catalyst. After hy-
drolysis of the ester water stable NPs, with narrow
size distribution (30 £ 5 nm) and a Zeta potential
corresponding to the introduced carboxylic acid
(-46 mV) were obtained. The presence of the new
diacid on the surface was confirmed by 'H-NMR
and FTIR.

Conclusions: Here we report, for the first time,
the use of olefin metathesis for the synthesis of
water stable Fe,O, NPs with excellent yield and
selectivity. This synthesis opens up the possibility
for the attachment of new molecules in one step
from the hydrophobic nanoparticles in a mild
and selective way.

Acknowledgement: This work was supported in part
by MAT2008-01489 and SAF2008-0512-C02-01.
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Pyridine-based lanthanide complexes : towards bimodal agents operating as near infrared

luminescent and MRI reporters
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Introduction: Among the state of the art bioim-
aging modalities, some are characterized by high
resolution but low sensitivity (magnetic resonance
imaging, MRI) and others by high sensitivity but
low macroscopic resolution (optical imaging). Lu-
minescent/MRI bimodal imaging offers the ad-
vantage of combining the high resolution of MRI
with the high sensitivity of luminescence and the
development of contrast agents active for both
techniques is of prime importance. Lanthanides
offer unique opportunity to develop such bimodal
contrast agents given their magnetic and optical
properties. Nevertheless, it was long thought that
the conditions required for both applications were
non-compatible. Here, we report on a versatile pyri-
dine-based scaffold for Ln** complexation where
MRI and near infrared (NIR) luminescence re-
quirements are both satisfied using the same ligand.

Methods: The synthesis of the ligands and the com-
plexes will be briefly described. Potentiometric
titrations have been performed to assess to ther-
modynamic stability of the complexes, together
with kinetic measurements to quantify their inert-
ness. To characterize the MRI properties, the ex-
change rate of the water molecules directly bound
the Gd** was determined by measuring 7O longi-
tudinal relaxation times. Finally the NIR spectra
of the corresponding Nd** and Yb** were recorded,
as well as the lifetimes of the excited states and the
quantum yield of the complexes to quantify their
luminescent properties.

Results: The bishydrated complexes are found to be
thermodynamically stable and the ligands show a sig-
nificant selectivity for Ln** over endogenous cations
such as Zn*', Ca®* and Cu®*. The kinetic inertness is
also remarkable for such bishydrated complexes. The
chelates do not form ternary complexes with endog-
enous donors which does not limit relaxivity in biologi-
cal media. All the complexes give rise to NIR emission
and the quantum yields are remarkable.! They are in
the same range as those of non-hydrated complexes op-
timized for fully protecting the NIR emitting Ln** for
aqueous applications. The modification of the pyridine
into quinoline was successful in shifting the excitation
wavelength of the system towards higher values.

Conclusions: The pyridine synthon is a prime candi-
date for the development of bimodal NIR/MRI imaging
probes, as the bishydrated Ln** complexes are thermo-
dynamically and kinetically stable and display a high
NIR quantum yield. The successful modification of the
pyridine into a quinoline did not modify the thermo-
dynamic properties of the complexes, but it resulted
in a shift of the excitation energy towards lower values
preventing damages to biological samples and allowing
deeper tissue penetration of the excitation photons. The
pyridine platform offers also easy routes for coupling
the probes to biological vectors and optimizing the
MRI properties.

Acknowledgement: This work was financially support-
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the COST action D38.
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Introduction: The majority of F-18 radiotracers
prepared in the clinic are synthesized on be-spoke
automated rigs, which require modifications (and
time) in order to switch to the production of dif-
ferent tracers. The increasing demand to facilitate
the production of multiple F-18 tracers from a single
clinical site (and preferably from a single Hot Cell)
has necessitated the need to develop an easy to use
automated platform which can readily accommo-
date the production of multiple F-18 tracers.

Conclusions: FASTlab™ is an automated synthesizer
which is capable of producing GMP quality F-18
tracers. We have demonstrated the versatility of
FASTlab™ by transitioning a wide variety of chem-
istry onto the platform to produce a large number of
F-18 tracers, many of which are now being assessed
in the clinic. We are now focussing on expanding
the range of chemistry and the number of tracers
available on FASTlab™ (both GE Healthcare propri-
etary and non proprietary).
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Fig1: Example of radiochemistry on FASTlabTM

Methods: The FASTlab™ is an automated PET ra-
diochemistry synthesis platform incorporating a
disposable cassette. The disposable cassette contains
a reaction vessel, pre-filled reagent vials and SPE
cartridge(s). The FASTlab™ performs transfers (of
F-18, reagents, solvents etc) in and out of the reaction
vessel using a combinations of syringe drivers, pressure
and vacuum - this combination of processes provides
a high degree of control, allowing manipulations to be
carried out with a high degree of precision and accuracy.
The F-18 labelling is preformed in the reaction vessel
and subsequent purification is performed either on the
cassette using SPE cartridges or externally via a HPLC.

Results: Figure 1 presents a snapshot of some the
chemistry which has been successfully transitioned
onto the FASTlab™, demonstrating that this plat-
form is capable of accommodating a diverse range
of chemistry. Examples of F-18 tracers transferred
to the FASTlab™ and currently in use in the clinic
will be presented.
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Monte-carlo modelling of a silicon detector insert combined with a PET scanner
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Introduction: Recent works have explored the capa-
bilities of insert devices to improve the performance
of clinical [1,2] as well as small animal [3,4] PET scan-
ners. The development of a high resolution probe to
be mounted inside a conventional PET scanner to
increase its spatial resolution and sensitivity is one of
the goals of the EU project MADEIRA. This paper de-
scribes the modelling of the MADEIRA set-up using
Monte-Carlo (MC) techniques. These techniques are
vital for optimizing the configuration of the proposed
system by maximizing efficiency and spatial resolu-
tion. Furthermore, simulations allow characterization
of the system and are useful for modelling its physical
response, which can be included in image reconstruc-
tion. In the probe-and-ring system, a pair of annihila-
tion photons has several ways of being detected. This
work focuses on the classification and quantification
of the basic detection modes.

Methods: A preliminary study was conducted to vali-
date the physics models of GEANT4 for the purpose of
modelling the silicon (Si) detector probe. One layer of
a Si detector was irradiated by a Ba-133 source and en-
ergy spectra measured. The full probe-and-ring system
was modelled using the MC toolkit GATE (based on
GEANT4). The model includes a probe consisting of
ten layers of 26x40 pixel Si detectors, with 1x1x1 mm?
pixels, in coincidence with an existing partial-ring PET
scanner with two opposing groups of 12 block detec-
tors. The scanner diameter is 1 m and each partial ring
spans 67.5° out of 180° so that it must be rotated to three
different positions to cover the full FOV. Each detector
block consists of an array of 32 BGO crystals of 6x2x30
mm?®. Initial simulations were run with points sources
of 0.1 and 1.5 mCi in the centre of the FOV and the
probe at a 50 mm. A temporal resolution of 5 ns was
applied. The coincidences were classified as ring-ring
and ring-probe; for each type, the contribution of ac-
cidental coincidences (randoms) was estimated.

Results: The spectra measured with the Si detector
were successfully reproduced by the GEANT4 code.
For the full probe-and-ring system, coincidences
where constructed using a 10 ns time window. The
simulations permitted to quantify the kinds of coin-
cidences as well as to evaluate the sensitivity and ran-
dom fractions for each type (see table I).

ring-ring | ring-probe
0.1 mCi 0.013 13
random fraction (%)
1.5 mCi 0.2 15.5
0.1 mCi 9.7 0.42
Sensitivity (%)
1.5 mCi 9.0 0.39

Table1: Random Fractions and Sensitivities

Simulations are now being carried out with more
complex activity distributions. An iterative recon-
struction algorithm, based on ML-EM, developed
for previous two-dimensional simulations of the
MADEIRA system is now being modified to recon-
struct the new three-dimensional data.

Conclusions: The goal of a high resolution Si detec-
tor probe in coincidence with a conventional PET
scanner is improving its spatial resolution and sen-
sitivity. MC simulations of the proposed system
have been performed and basic processes quantified.
Other types of events such as those with various
detections in the probe are now being studied and
could potentially be exploited to increase the system
sensitivity. The GATE toolkit will be shown to be
useful in simulating such a non conventional scan-
ner geometry. The coincidence data is now being ap-
plied to reconstruction.
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Introduction: The development of fluorescent pro-
teins (FPs) that operate in the far-red and near-
infrared part of the spectrum, enable the macro-
scopic visualization of FP activity deep in tissues.
We demonstrate herein a multispectral fluorescence
tomography method that allowed the visualization
of labeled glioma tumors in animal brains operat-
ing with two-orders of magnitude better sensitiv-
ity compared to imaging GFP. We discuss how the
detection sensitivity can be improved by at least an
order of magnitude using further shifted FP’s and
the potential of the method for accelerating discov-
ery associated with functional genomics, stem cell
research and systems biology.

Methods: The method makes use of a novel spec-
tral inversion scheme that integrates three-dimen-
sional image reconstruction and auto-fluorescence
correction that works seamlessly in the steep ab-
sorption transition from visible to near-infrared.
The method is based on non-contact full angular
projection Fluorescence Molecular Tomography.

Results: We have successfully imaged mCherry la-
beled glioma tumors located deep in tissue in ani-
mal brains. The results show almost perfect ana-
tomical localization of the tumors that is verified
by MRI and histology.

Conclusions: The approach offers therefore the abil-
ity for tomographically visualizing the emerging

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

new class of red-shifted fluorescent proteins though
entire animals. We discuss how the detection sensi-
tivity can be improved by at least an order of mag-
nitude using further shifted FP’s and the potential
of the method for accelerating discovery associated
with functional genomics, stem cell research and
systems biology.
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Acquiring the sample surface from co-registered FMT/MR measurements of a murine tumor

model
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Introduction: The combination of MRI and FMT
is promising in preclinical imaging, combining the
high spatial resolution and soft tissue contrast of
MRI for deriving structural and physiological infor-
mation with high sensitivity of fluorescence imaging
for studying molecular targets/interactions. More-
over, MR information can be used as a prior in the
FMT reconstruction. The necessary steps to this end
are the co-registration of the two datasets, the acqui-
sition and use of the sample surface for reconstruct-
ing fluorescence images, and the characterization of
different tissue types within the sample. The first two
steps are presented here for an in vivo measurement.

Methods: We measured nude mice bearing
subcutaneous tumors on the thigh flank. 106
colon cancer-derived C51 cells had been in-
jected 9 days prior to measurement. The pro-
tease-activatable probe ProSense 680 (VisEn
Medical, Bedford, USA) was administered
via the tail vein in two doses of 13nmol each,
48h and 24h prior to measurement.

We used a custom-made FMT/MR com-
patible animal support equipped with an
MR transceiver surface coil. Each animal
was fixed under anesthesia on the stage and
measured on FMT. The optical signal from a
1.5x1.2cm2 ROI around the tumor was col-
lected upon excitation with a 671nm cw laser
at 680nm and 720 nm. Thereafter, the stage
was inserted into a Biospec 94/30 MR scanner
(Bruker BioSpin MR, Ettlingen, Germany) operating
at 9.4 T. 14 transversal slices with a FOV of 3.8x1.5cm2
and 1.0mm thickness covering the tumor were ac-
quired with a FLASH sequence (TE/TR = 5/250ms)
for high sample/background contrast. The elapsed
time between FMT/MR measurements was 30min.

The MR data was automatically segmented ac-
cording to [1]. Iso-surfaces were determined in
order to compute the top surface height map,
which was interpolated to match the optical im-
age pixel dimensions. As both the height map and
the optical white light image are oriented along
yz on the coordinate system, they were used for
co-registration. Reference points on the tumor

outline were interactively selected to compute
an affine transformation between the two images.
The co-registered surface was subsequently used
in FMT reconstruction.

Results: The co-registered FMT/MR dataset for one
mouse is shown, zoomed on the ROI for clarity. The
reconstructed fluorescence is plotted on the white-
light image. The top surface is shown in green.

Conclusions: A framework for co-registering FMT/
MR data and recording the sample surface was pre-
sented. It constitutes an essential step towards full

surface

umor
\ = ‘ FMT reconstruction

FMT/MR data integration and future use of MR a
priori information in the FMT reconstruction.

Acknowledgement: This work was supported finan-
cially by the EU FP7 FMT/XCT project.
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fDOT/ PET/CT imaging of biological processes in tumors
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Introduction: Small animal Fluorescence Diffuse
Optical Tomography (fDOT) is a relatively new
technology that can provide quantitative imaging
of molecular processes. It allows using smart acti-
vatable probes which can measure biological proc-
esses that are inaccessible using nuclear probes. For
instance, fluorescent sensors have been designed
to monitor specific proteolytic activities using
quenched NIRF probes that become fluorescent
when they are cleaved by a protease of interest. In
this work, we performed experiments aiming in in-
tegrating fDOT imaging of fluorescent probes with
PET-FDG and a X-ray micro-CT imaging.

Methods: For performing combined fDOT/PET/CT
measurements we have developed a simple approach
that incorporates a multimodal mouse supporting
system that can fit in all three modalities. We per-
formed multimodal imaging of two processes in a
tumour using the fluorine-18- FluoroDeoxyGlycose
(['*F]-FDG) and a fluorescent activatable probe. For
optical monitoring we used probes for monitoring
cathepsin activity and the localization of integrin
alpha-v-beta-3 in tumor models by using different
commercially available probes (Prosense680, Inte-
grisense680, Visen Medical, USA and AngioStamp,
Fluoptics, France). We used as models nude mice
bearing a subcutaneous xenograft of two different
cell lines, the MDA-MB-231 and the NIH-MEN2A.
For the multimodal measurements we followed a
protocol that allows for the optimal correlation of
the fDOT and the PET data. Each mouse has been
firstly measured by PET and was sequentially placed
on the fDOT system for optical imaging. Once the
mouse was placed in the PET, an intravenous injec-
tion of FDG with an activity of 200 pCi was per-
formed and the dynamic PET scan was initiated.
Optical measurements were performed 24h after
the probe injection.

Results: We reconstructed the 3D cathepsin activity
and the localization of Integrin with respect to the
tumor volume as given by PET. In the all xenograft
models, we observed that the glucose consump-
tion and the fluorescent probes were just partially
co-localized in the tumour. Indeed, the [**F]-FDG
labelled all the tumour xenograft whereas the

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

fluorescence signal was predominantly located at
the base and only partially overlapped with the tu-
mor volume as imaged by pPET.

Conclusions: In this study we explored the potential
of integrating information collected by nuclear and
optical imaging taking advantage of the unique pos-
sibilities that each modality can provide. We found
that the activatable probes used are concentrated
underneath the tumor predominantly connected to
the stroma while the highest glucose consumption
appears to be uniformly distributed in the tumour
tissue. Cathepsin activity is regulated by complex
interactions between extracellular matrix compo-
nents and cells populating the tumor like stromal
cells and therefore it is expected to be reconstructed
underneath the FDG signal. We proved that can-
cer imaging can benefit from the development of
dual PET/Optical methods can act synergistically
and that can provide complementary information
enhancing thus the information collected from a
single subject.

Acknowledgement: This work was supported by
grants from the European Molecular Imaging Labo-
ratory (EMIL) network (EU contract LSH-2004-
503569 and the european program FMT-XCT “Hy-
brid Fluorescence Molecular Tomography (FMT)
- X-ray Computed Tomography (XCT) method and
system” contract No 201792.
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Deep tissue molecularimaging with fluorescent biomarkers using multispectral optoacoustic

tomography. A simulation study

Glatz J., Deliolanis N., Schulz R., Razansky D., Ntziachristos V..

Helmholtz Zentrum Muenchen, Neuherberg, Germany

ndeliolanis@yahoo.com

Originals

Introduction: Fluorescent protein
markers have established them-
selves as a valuable tool in biomedi-
cal research. Their applicability in
multispectral optoacoustic tomog-
raphy (MSOT) has recently been
demonstrated with fluorochromes
and fluorescent proteins [1,2].

GFF mRaspherry

Methods: A simulation study was
conducted for the proteins GFP, mRaspberry, IFP
and AF750. Theoretical calculations, based on light
and sound propagation models suggests that IFP and
AF750 yield an acoustic signal that is acoustic signal
that is three orders of magnitude higher than that of
GFP. Two protein inclusions of a concentration of
1 uM were simulated in a cervical mouse structure
and reconstructed by the backprojection algorithm.

Results: It was shown that the protein concentra-
tion can be unmixed using only three multispec-
tral measurements. Using blind source separation
techniques this could even be achieved without
prior spectral information. The unmixed compo-
nents of the different proteins are shown in Figure
1. The distinctively weaker signal strength from
GFP and mRaspberry is a consequence of the
strong tissue absorption in their spectral region.

In order to obtain a stronger signal from the center
the reconstructions were normalized for the light
fluence inside the sample. From the simulation study
the optimal measurement wavelengths could be de-
termined for each protein. Their usage, as well as the
blind source separation, was verified in a practical
experiment using a tissue mimicking phantom with
fluorochrome inclusions.

Conclusions: The new red-shifted proteins can boost
the acoustic signal intensity by over three order of
magnitude. Protein concentrations can be unmixed
in deep tissue and correcting for the light attenuation
is an important step towards quantitative unmixing.

Acknowledgements: This research is supported by a
Marie Curie Intra-European Fellowship within the
7th European Community Framework Programme.

Fig. 1: Unmixing of tissue and protein distribution for simulated data
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Introduction: The synthesis of 11C compounds for
PET requires fastand specialised chemical techniques
owing to the short half-life of the 11C radioisotope
(t1/2=20.4min) and sub-micromolar reaction scales.
[1] Microfluidic reactors are emerging as a valuable
technology for the rapid and small scale synthesis of
short-lived radiopharmaceuticals for PET imaging.
[2] The palladium mediated 11C-carbonylation re-
action is a highly versatile route for the preparation
of a wide range of 11C-carbonyl compounds[3],
however, the low molecular concentrations of
11CO coupled with its poor solubility in organ-
ic solvents make this a particularly challenging
transformation. Here we report the application of
a microfluidic reactor for improving the synthesis
of 11C labelled amide and ester molecules via the
palladium mediated 11C-carbonylation reaction.

Methods: The microfluidic reactor (figure 1) was
fabricated from glass using chemical wet etching
techniques and contains two inlets, one outlet and a
5 metre long reaction channel. A simple mixing tee
motif is used bring the gas and liquid reagents into
contact with each other. The palladium mediated
11C-carbonylation reaction of a range of aryl ha-
lides was investigated (scheme 1). In a typical 11CO
labelling experiment the coupling reagents (aryl ha-
lide, palladium catalyst and amine) were premixed
and loaded into a 50 uL loop on an injector port.
11CO, produced via the high temperature reduction
0f 11CO2 over Mo, was preconcentrated and trapped
onto molecular sieves. The coupling reagents were
injected into the microfluidic device while at the
same time 11CO was released from the molecu-
lar sieves and passed into the device for reaction.

Results: The total reaction and processing times for
a typical reaction, including trapping and release of

o
11CO, Pd catalyst XN
| H
/\© microfiuidic chip - X 2 /\©
X=lorBr;
R =CN, CF3 0or OCH3

Scheme 1

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

11CO, was 15 min from end of bombardment. A se-
ries of amide and ester molecules were labelled with
11C using our microfluidic reaction system (scheme
1). Radiochemical yields (RCY) of labelled products
were found to be dependent on the type of aryl ha-
lide and nucleophile used for the reaction. Gener-
ally, iodoaryl substrates with activating groups (CF3
or CN) gave consistently higher RCYs (>80%) and
radiochemical purities (>95%) than aryl halide sub-
strates with deactivating groups (OCH3).

Conclusions: A glass fabricated microfluidic device
has been used to effectively perform high speed 11CO
radiolabelling reactions. The larger surface area-to-
volume ratio within the microfluidic reactor improves
the gas liquid contact area and is thought to enhance
the problematic CO insertion step of this reaction.

Acknowledgement: PWM is grateful to the EPSRC for the
awardofaLifeSciencesInterfacefellowship(EP/E039278/1).
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Boosting image quality in low-dose RC-gated 5D cone-beam micro-CT
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Introduction: Micro-CT imaging of the animal
heart typically requires respiratory and cardiac
(RC) gating. This can either be done prospectively
or retrospectively. For functional imaging, and
for multi-modality imaging, it is often desired to
obtain the full 5D information (volumetric + re-
spiratory + cardiac) and retrospective gating is
the method of choice. The amount of information
available to reconstruct one volume for a given re-
spiratory and cardiac phase is significantly lower
than the total amount of information acquired.
For example the reconstruction of a volume from a
10% wide respiratory and a 20% wide cardiac win-
dow uses only 2% of the data acquired. Achieving
a similar image quality as a non-gated scan would
typically require to increase the dose by a factor of
up to 50. Our aim is to provide similarly high im-
age quality at low dose levels (100 to 500 mGy).

The scan time was five minutes, the tube voltage 65
kV. The gating window widths were set to 10% in the
respiratory and to 20% in the cardiac cycle.

Results: Although the mouse data available to us
shows only an untypically low enhancement of about
110 HU (blood vs. myocardium) our approach yields
an image noise of as low as 35 HU while preserving the
spatial resolution of about 100 pm. We also performed
a standard RC-gated reconstruction. Its high noise
levels of about 170 HU are prohibitive and significant
artifacts are observed due to sparse view sampling.

The dose of our protocol is about 500 mGy. Recon-
structions using less than the available 10 rotations
show that one can achieve good image quality in
RC-gated micro-CT with about 100 mGy, provided
that the contrast agent delivers sufficient contrast.

Conventional low-dose RC gating
W Ty

New advanced low-dose RC gating

Methods: We implemented a two-step iterative im-
age reconstruction algorithm based on the McK-
innon-Bates approach. The first step, aiming at R
gating only, uses a prior image consisting of the
reconstruction of all data. The RC gating step uses
the image of the first step as a prior. An edge-pre-
serving anisotropic diffusion filter is applied to the
volume data after each iteration to perform spatial
and temporal resolution-preserving noise reduc-
tion in up to five dimensions. We demonstrate our
new reconstruction approach using mouse data
scanned with a dedicated in-vivo micro-CT scan-
ner (TomoScope Synergy, CT Imaging GmbH, Er-
langen, Germany). We derived an intrinsic gating
signal (kymogram) from the rawdata to synchro-
nize our reconstruction. The scan itself consisted
of ten rotations with 7200 projections in total.

Conclusions: Using advanced image reconstruc-
tion techniques enables us to perform high fidelity
low-dose double-gated imaging of free breathing
small animals.

Acknowledgement: This work was supported by
the Deutsche Forschungsgemeinschaft (DFG) un-
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and tumour progression in pre-clinical cancer models
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Introduction: In vivo molecular imaging methods can
localize sites of angiogenesis and obtain functional
data, whereas microscopic methods provide their
highest resolution on preserved tissue specimens. To
bridge the gap between molecular imaging methods
and microscopy, we developed a method to evaluate
neo-angiogenesis and tumour volume on formalin-
fixed tissues samples.

Methods: In order to visualize the mammary tumour
vessels density in the MMTV-PyMT transgenic mod-
el of mammary carcinoma, mice were injected i.v.
with Horse Radish Peroxidase (HRP)- tomato lectin
(at 6.66 g/kg), which binds surface glycoproteins of
red blood cells and endothelial cells inside the vascu-
lar lumen. Tumours were immediately sampled, fixed
in formalin and frozen. For this pilot study, four tu-
mours from each of two mice were sectioned every
300 um . For every section, HRP-lectin was revealed
with 3,3"-diaminodbenzidine (DAB) and the tissues
were counterstained with haematoxylin. Panoramic

Results: Using this approach, we were able to mea-
sure areas occupied by vessels and tumours and, (i)
to obtain an estimate of neo-angiogenesis defined as
the ratio between tumour blood vessels’ volume and
tumour volume (1.27% = 0.61%), (ii) to determi-
nate the real volume of tumour in the sample (75%
+ 7%), which also contain muscular, adipose and
conjunctive tissue, (iii) to obtain the ratio between
total blood volume and total sample volume (5.99%
+ 0.42%), and (iiii) to discriminate between small
(55% * 9.6%), medium (32% + 2.8%), and large
(12.9% + 7.8%) blood vessels.

Conclusions: The data from this feasibility study
provides morphological information about the vas-
cular network in the PyMT model. Further valida-
tion steps should now allow correlating the results
with functional information obtained by PET imag-
ing, and provide a method for the evaluation of anti-
angiogenic drugs in animal tumour models.

9 et ;i - i %
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Fig1 from left to right: original image, blue and brown colour deconvolved images and final sesgmented image

views of each tissue section were acquired in bright-
field with a motorized AxioObserver Z1 Zeiss mi-
croscope. Tissue staining and image acquisition pa-
rameters were standardized for quality control. Using
image] image analysis software, a macro was devel-
oped: (i) to separate blue and brown colours from the
RGB original image using the colour deconvolution
plugin in batches of images, and (ii) to evaluate the
area occupied by the tumour in the whole sample. A
treatment pipeline was designed with the Cellprofiler
software for threshold and segmentation of vessels
(brown) versus tumour masses (blue). Object-based
filtering was applied to vessels according to their size
and to their localization inside or outside of the tu-
mour masses in order to separate neo-vessels from
pre-existing vessels and areas of necrosis.
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Changes of heart stroke volume index established by *°"Tc MIBI GSPECT scintigraphy after
radioiodine treatment of patients with subclinical hyperthyroidism
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Introduction: Stroke volume index (SVI) is an in-
dicator of heart load. Increased heart load is one of
causes of cardiac death. Subclinical hyperthyroidism
sper ) iNCTEases mortality mostly due to cardiovas-
cular events. SH  affects about 1% of population in-
cluding patients with cardiovascular diseases. The
aim of the investigation was to estimate an influence
of cure with radioiodine of SH _ on heart stroke vol-
ume index (SVI) measured by heart scintigraphy -
#mTec MIBI GSPECT.

Methods: 44 patients (37 women, 7 men) aged
45.9+11, with 12.849.8 month history of only au-
tonomous SHyper (TSH=0.16+0.1 IU/1), were ex-
amined with *™Tc MIBI GSPECT twice: before
and 5.7+4.2 months after TSH normalization
(TSH=1.32+0.1 IU/1) after radioiodine treatment
(at dose 12.1#5.7 mCi) . The radioiodine (1)
and *"Tc MIBI were carried by POLATOM/Po-
land. The average time between examinations was
12.5 £+ 6 months. The Local Ethical Committee ap-
proval for this investigation has been obtained.

Results: The cure of SH . caused decrease of SVI
from 26.36 to 24.21 ml/m (p 0.042)

Conclusions: Cure of autonomous subclinical hy-
perthyroidism with radioiodine decreases heart
load. This finding indicates to treat subclinical hy-
perthyroidism, especially in patients with cardio-
vascular diseases.

Fig.1. Mean values of SVI before (left) and after (right) radioiodine
treatment p =0,042)
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Introduction: Neuroendocrine tumors (NETs) have
distinct biological and clinical characteristics, in
particular a high density of somatostatin receptors
at the cell membrane. It is this property that allows
the use of radiolabeled somatostatin analogs for im-
aging of these tumors. Novel techniques PET/CT
with 68Ga-DOTATATE open new possibilities in the
diagnosis of patients with NET. Sensitivity of that
techniques is depending on SSTR expression, but av-
erage range is 60-94%.

The aim of this study was to evaluate the diagnos-
tic usefulness of a new somatostatin analog, 68Ga-
DOTATATE, for PET/CT in patients with diagnosis
of neuroendocrine tumors.

Methods: 55 patients with NET were examined (24
men, 31 women; age range, 18-86 y; mean age +/- SD,
51.4+/-12.5y). For analysis, patients were divided into
3 groups: detection of unknown primary tumor (n =
13 patients), follow-up after surgery (n = 23 patients),
staging of disease (n= 19). PET imaging was per-
formed on PET/CT scanner Biograph 64, 60 minutes
post injection of 120-185 MBq 68Ga-DOTATATE.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Results: In the group patients with unknown pri-
mary tumors, 68Ga-DOTATATE revealed 9 primary
foci. 7 were not visible in CT (4 in intestinum, 3 in
pancreas) and 2 foci observed in CT and PET/CT
- small nodule in lung. In 4 cases primary tumors
were not found.

In the cases of patients after surgery, examination
shown new foci in 5 patients (liver-3, lymph nodes
in abdominal cavity-2, peritoneum-1, pancreas-1).

In the group of staging of disease in 12/19 cases
PET and CT shown the same foci. In 7/19 (37 %)
patients in 68Ga-DOTATATE examination was re-
vealed new lesions (intestinum-1, liver-3, bone-1,
pancreas-4, lymph nodes in abdominal cavity-2)

Conclusion: Results of our study shown that 68Ga-
DOTATATE PET/CT is very useful non-invasive
techniques in diagnosis of patients with NET.
68Ga-DOTATATE PET/CT examination should
be performed for staging and restaging of disease
and it gives more clinically useful information
than CT.

P-080

PosTER

n
L
n
<
i
2]
@)
w
=
oc
O
o
@)
P
w




P-081

WaRrsaw, PoLAND MmAY 26 - 29, 2010

Influence of number of subsets and iterations of Ordered Subsets Expectation Maximization
(OSEM 3D Flash) reconstruction on quantitative assessment of small and medium detected
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Introduction: The algorithm OSEM 3D Flash gen-
erally is the most appropriate available method of
reconstruction. The choice of appropriate sets of
OSEM 3D Flash reconstruction is crucial in in-
terpretation of scintigraphy images. The number
of subsets and iterations significantly influences
the lesion to noise ratio. Therefore the aim of the
study was to find the optimum number of sub-
sets and iterations which present the most effec-
tive lesion to noise ratio in quantitative assess-
ment of small and medium lesions detected with
the use of "Tc[EDDA/HYNIC]Octreotate.

Methods: The results of 20 patients with con-
firmed neuroendocrine tumors (GEP-NET) were
analyzed. SPECT studies, acquisition 3-4 h af-
ter injection of 740 MBq *™Tc[EDDA/HYNIC]
Octreotate, were performed. The E.CAM 180
(Siemens), double-head gamma-camera, was
equipped with parallel, low-energy, high-reso-
lution collimators. Data were acquired with 180
rotation with 128 non-circular projections (30s
per view) using a 128x128 matrix with 1.23 zoom.
OSEM 3D Flash reconstruction (subsets num-
ber 8, 16, 32 for 2-30 iterations) was performed.

Results: Lesion to noise ratio in voxels was ana-
lyzed for different setting combinations (n,m)
of number of subsets (n) and iterations (m) of
OSEM 3D Flash reconstruction. An increasing
number of subsets and iterations influences the
increasing values of lesion to noise ratio. No dif-
ference for settings (16,m) and (32,m) was ob-
served for quantitative assessment of small and
medium lesions detected. Differences between le-
sion to noise ratio were observed in a group with
8 subsets (8,m). However, the quality of images is
variable for all setting combinations (n,m).

Conclusions: The high number of subsets im-
proves the image quality and the images are
smoother. The increasing number of iterations
on the one hand gives a little better contrast but
on the other hand the shape of the lesions and or-
gans is sharper. In spite of the fact that the image
quality is changed with the increasing number of
subsets and iterations, for quantitative assessment

only (8,m) setting is changed significantly. There-
fore, for quantitative assessment the best choice
is setting with 8 subsets and 2-30 iterations but at
least 6 and no more than 22 iterations with step
equal at least 4 iterations. The appropriate num-
ber of iterations depends on the image quality
assessment.
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Introduction: Pheochromocytoma is a rare tumor
that originates from chromaffin cells such as the ad-
renal medulla and sympathetic ganglia. Malignant
pheochromocytoma is uncommon, and metastases
typically affect the bones, liver, lungs, and lymph
nodes. Meta-iodo-benzyl guanidine (MIBG) is a
norepinephrine analog, and 131I- and 123I-MIBG
have been widely used for the diagnosis of pheochro-
mocytoma. This technique has high specificity and
detectability not only for primary tumors but also
metastatic lesions when compared with morphologic
imaging such as computed tomography (CT) and
magnetic resonance imaging (MRI). Co-registered
data have been shown to be useful in the evaluation
of patients with cancer at diagnosis and staging, in
monitoring the response to treatment, and during
follow up, for early detection of recurrence. Gamma
camera with CoDe system is a new modality to the
PET/CT and SPECT/CT imaging to the precise local-
ization metastatic lesions.

Aim of study: The aim of this study is to investigate
the precise localization 131-MIBG with used SPECT/
CT CoDe system for metastatic diseases in patients
with malignant pheochromocytoma.

Material and methods: Two patients with dissemi-
nated pheochromocytoma (the first patient with me-
tastases to the liver, bones and lung; the second with
metastases to the bone) were referred for study. Rou-
tine whole body scan with I-131 was performed with
a dual head gamma camera (Infinia Hawkeye Gen-
eral Electric Milwaukee with CoDe system, USA) us-
ing a large field of view with high energy collimator
a 20 % energy window centered at 364 keV and, 1024
x 512 matrix. The data acquisition was performed 72
hours after 131-MIBG therapy. Whole body anterior
and posterior views were obtained. SPECT images of
thorax and abdomen were obtained with 45 sec/frame,
60 projections, 20 % window centered at 364 keV,
matrix size of 128 x 128 and zoom factor of 1.0. This
was followed by CT acquisition using single slice (1
cm thickness). Using volumetrix software in Xeleris,
fused images in coronal, sagittal and transaxial views
were then obtained. Whole body planar images were
first interpreted alone. Then, they were reassessed
with the addition of SPECT/CT coregistered images.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Results: 1. In these patients SPECT/CT revealed
30 % more pathological lesions than planar stud-
ies alone. 2. SPECT/CT provided precise anatomi-
cal localization not clearly evident in planar images
alone. 3. It also enabled exclusion of disease in sites
of physiologic tracer deposition found suspicious in
planar studies alone

Conclusion: SPECT/CT allows more precise local-
ization and interpretation of 131I-MIBG whole
body scan thereby improving its diagnostic accuracy.
It also has impact on correct restaging after therapy
with 1311-MIBG preparation.
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Multimodal in vivo imaging of pancreatic beta-cells via antibody mediated targeting of

beta-cell tumors
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Introduction: Pancreatic beta-cells regulate glucose
metabolism by producing and secreting insulin in
sufficient amounts. Progressive loss of beta-cell mass
and function surmounts to acute diabetes. Diagnosis
of diabetes and the evaluation of potential therapeu-
tics suffer from lack of established methods for in
vivo imaging of beta-cells. This study demonstrated
the in vivo targeting of a novel antibody to a beta-cell
surface protein in beta-cell tumor models. The pilot
study evaluated the binding capacity of ¥Zr-lableled
and alexa680 labeled monoclonal antibody against
hTMEM?27, a human beta-cell surface glycoprotein
(1), for targeted imaging of beta-cell tumors in nude
mice using positron emission tomography (PET) and
fluorescence imaging.

Methods: Insulinoma cell-line (beta-cells), InslE,
was taken as the parental cell-line for generating
stable cell lines (2) over-expressing hTMEM27 (Ins-
TM) while blank Ins1E cells (Ins-only) were taken
as controls. Ins-TM and Ins-only cells were used to
generate subcutaneous tumors in nude mice. 1.5MBq
of ¥Zr-anti-hTMEM27 monoclonal antibody (¥Zr-

(Ins-only) and control antibody in hTMEM27 over
expressing tumors (TM-HA), for antibody specific-
ity over a period of 6 days. Individual tumors from
optical study were further subjected to histological
analysis for accurate localization of the dye distribu-
tion within tumor tissue.

Results: We found 6-7 times higher retention of the
antibody in TMEM27 over expressing beta-cells,
when compared to control beta-cells or with control
antibody by both #Zr-PET and NIR-imaging (Figure
1). The fluorescence microscopy results confirmed
antibody retention to TMEM27 in target insulino-
mas (Ins-hTMEM-tumors).

Conclusions: The pilot study could demonstrate
the dual modal imaging of beta-cell mass, in a beta-
cell tumor model, and identified a novel antibody
for image-guided targeting of a beta-cell surface
glycoprotein.

Acknowledgement: This work is funded by
FHoffmann La-Roche Ltd.
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TM-mAb) and 2mg/kg alexa680-anti-hTMEM27
monoclonal antibody (alexa680-TM-mAb) and
alexa680-anti-HA control monoclonal antibody (al-
exa680-HA-mAb) were injected i.v. in tumor bearing
nude mice. The animals were in vivo imaged three
days after antibody administration: PET for *Z-TM-
mAb and fluorescence imaging (both near infrared
fluorescence reflectance imaging and near infrared
fluorescence molecular tomography (NIR-FMT)) for
alexa680-TM-mAb and alexa680-HA-mAb. The anti-
body retention was quantified using gamma counting
of excised tumors for the *Zr labeled antibody and
the fluorescence intensity was derived from region
of interest (ROI) quantification for reflectance mode
and NIR-FMT data (using MATLAB tools). The
data was compared between the hTMEM27 over ex-
pressing insulinomas (Ins-TM), control insulinomas
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6-['®F]Fluoro-PBR28, a novel TSPO 18 kDa radioligand for imaging neuroinflammation with

PET
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Introduction: The peripheral benzodiazepine re-
ceptor (PBR or TSPO 18 kDa) is expressed by mi-
croglial cells in many neuropathologies involving
neuroinflammation. [''C]PK11195 is today the
most widely used radioligand for the in vivo imag-
ing of PBR using PET, and this in spite of its low
brain uptake and its high level of non-specific bind-
ing. Numerous PK11195 challengers are currently
under investigation [1,2], and of particular interest
are the N-benzyl-N-(2-phenoxyaryl)-acetamides, a
series which includes [''C]PBR28 [3]. A fluorine-
containing analogue, namely 6-fluoro-PBR28 (N-(2-
methoxybenzyl)-N-(6-fluoro-4-phenoxypyridinyl-
3-yl)acetamide), has been labeled with the longer
half-life positron-emitter fluorine-18 and pharma-
cologically evaluated in a rat model of neuroinflam-
mation (unilaterally, AMPA-induced, striatum-le-
sioned rats) with PET.

PBR28 showed a higher contrast between the le-
sioned area and the corresponding area in the in-
tact contralateral hemisphere (ratio ipsi/contra at
60 min post-injection: 6-['*F]fluoro-PBR28 : 2.2)
(Figure 1B). Furthermore, 6-["*F]fluoro-PBR28
was displaced by PK11195 or 6-fluoro-PBR28. Fi-
nally, modelisation of the PET data using the “sim-
plified-reference-tissue-model” showed increased
binding potential (BP) in comparison to the BP
of [MC]PK11195 measured in the same model
(2.0+£0.6 versus 1.1+0.2). Immunohistochemical
analyses correlate with PET-imaging and showed
strong activation of microglia in and around the
lesion.

Conclusions: Dynamic uPET studies in rats dem-
onstrate the potential of 6-['*F]fluoro-PBR28 to
image neuroinflammation.

A 0
oy
‘)

Fig1: Structure of 6-[18Ffluoro-PBR28 (A) and microPET images (B) obtained in AMPA lesioned rat (60 min p.i.)

Methods: 6-Fluoro-PBR28, as well as the corre-
sponding precursors for labeling, were synthesized
from 4-chloro-3-nitropyridine. 6-Fluoro-PBR28 was
labeled with fluorine-18 by nucleophilic heteroaro-
matic substitution using K[*F]F-Kryptofix222,
purified by HPLC (Waters Symmetry C-18) and
formulated for i.v. injection. The AMPA rat model
was used to study in vitro and in vivo specific and
non-specific binding using autoradiography and
WPET imaging on a Concorde Focus P220 PET
camera, including displacement with PK11195
and non-labeled 6-fluoro-PBR28 (1 mg/kg).

Results: Starting from a 37 GBq cyclotron-pro-
duced ["F]fluoride batch, 3.3-3.7 GBq of 6-["*F]
fluoro-PBR28, > 99% radiochemically pure and
ready-to-inject, were obtained within 90 minutes
(Figure 1A). In PET experiments, 6-['*F]fluoro-

Acknowledgements: Supported in part by the EC -

FP6-project DiMI (LSHB-CT-2005-512146) and
EMIL (LSH-2004-503569).
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Neuroinflammation is increased in the brain of ageing corpulent (JCR:LA-cp) rats: a positron

emission tomography study
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Introduction: Despite intense research and develop-
ment of several animal models, drugs efficient in
preclinical model of cerebral ischaemia so far have
failed when reaching clinical trial™. One striking
feature of the animal models is the lack of co-mor-
bidities and risk factors when compared to clinical
set-up, in which patients have atherosclerosis, high
blood pressure, chronic and/or acute inflammation
due to chronic inflammatory diseases and infections.
Inflammation and neuroinflammation in particular
are known aggravating factors of stroke outcome!?..
Here we investigate the impact of known risk fac-
tors of stroke such as obesity and atherosclerosis in
JCR:LA-cp (corpulent) rats on neuroinflammation as
measured by TSPO expression in activated microglia.

Neuroinflammation, as quantified by PET, was
mainly localised in peri-ventricular and thalamic
areas of the brains. IHC for microglial activation
confirmed the PET data in 15 months old animals
(Figure below).

Conclusions: Our data show here the importance
of including risk and co-morbidity factors in pre-
clinical models of stroke as they have a significant
impact on neuroinflammation. This study shows
the crucial role of molecular imaging with the
high translational value of PET imaging to inves-
tigate such paradigms. A more detailed study of
the localisation of neuroinflammation as localised
by PET and IHC is now ongoing. Further inves-
tigation either in ani-

.0.4 —

mals with spontaneous
stroke or with induced
cerebral ischaemia will

Lean Corpulent
(Cp/?) (Cp/Cp)
Lean Corpulent 0.0 IBA1 immunohistochemistry

Cp/?) (Cp/Cp)

be required to compare
the impact of co-mor-
bidity and risk factors
in this animal model.

Methods: Neuroinflammation was assessed with
['*F]DPA-714 by PET in Lean (control: Cp/?)) and
JCR:LA-cp (corpulent: Cp/Cp) rats PET imaging. 2
groups of rats were scanned at 9 months or 12 and
15 months of age (n=4 per group). PET images were
co-registered with a MRI template®® for analysis
and automatic segmentation performed for user-
independent ROI determination*!. Euthanasia was
performed at 9 months and 15 months of age 3 to 7
days after PET imaging to assess various neuroin-
flammation biomarkers (GFAP, IBA1, VCAM) by
immunohistochemistry (IHC).

Results: Our results show an increase (+38%) in
neuroinflammation in the brain of corpulent rats
when compared to control. In older rats (12 and
15 months old), neuroinflammation was even fur-
ther increased but in both lean and corpulent rats.

Acknowledgement: Prof. N. Rothwell and Dr H. Bou-
tin are funded by MRC. This study was carried out
within the EC-FP6 project DiMI (LSHB-CT-2005-
512146) framework.
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Detection of inflammatory diseases by NIRF imaging with specific probes targeting

leukotriene receptor CysLT R
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Introduction: Leukotriene synthesis occurs early
in inflammatory processes and plays a major role
for the recruitment of leukocytes to the inflamed
region (1). A key representative of these eico-
sanoids, leukotriene D4 (LTD4), shows high af-
finity to G-protein coupled cysteinyl leukotriene
receptor 1 (CysLT R). Detection of CysLT R by
molecular imaging (2) with near-infrared (NIR)
fluorophores could be a suitable diagnostic tool
for early identification of inflammatory processes.
Aim of this study was the design and character-
ization of NIRF-based contrast agents specifically
targeting CysLT R in order to develop future di-
agnostic tools for inflammatory diseases, particu-
larly in early stages.

Methods: Polyclonal rabbit CysLT R antibody
(CysLT R*DY-734) or polyclonal rabbit-IgG
(IgG*DY-734) as well as the corresponding Fab
fragments (Fab-CysLT R*DY-734, Fab-IgG*DY-
734) were bound to activated NHS ester of NIR-
fluorophore DY-734 (Dyomics, Jena, Germany).
Probes were characterized by determining dye/pro-
tein ratios. After verification of CysLT R expres-
sion (PCR, flow cytometry) in HL-60 cells, binding
of the synthesized probes in vitro was assessed by
flow cytometry. In vivo, an ear edema was induced
in mice (3), and NIR fluorescence was measured
with whole body imaging system Maestro™2.2 after
i.v.-probe administration. Ex vivo biodistribution
studies were performed.

Results: Flow cytometry proved binding of CysLT R*DY-
734 and IgG*DY-734 to CysLT R-expressing HL-60. In
vivo, all probes revealed stronger binding to the ede-
matous than to the corresponding healthy region. 6
h post injection, specific CysLT R*DY-734 and Fab-
CysLT R*DY-734 demonstrated 1.9 and 1.2 fold high-
er binding than IgG*DY-734 and Fab-IgG*DY-734,
respectively. Investigation of isolated organs revealed
that full length IgG’s are eliminated via liver, while
Fab fragments additionally accumulated in kidney.

Conclusions: A novel NIRF-based probe specifically tar-
geting Leukotriene D, receptor CysLT R allows detec-
tion of inflammatory processes in ear edema-induced
mice in early stages.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI
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PET imaging of Hypoxia by '®F-Fluoromisonidazole (['®*FIFMISO) to detect early stages of

experimental arthritis
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Introduction: Early detection of autoimmune dis-
eases such as rheumatoid arthritis is essential for
early interventional anti-inflammatory treatment
to prevent cartilage- and bone deterioration. Hy-
poxia can induce angiogenesis via stabilization of
the transcription factor hypoxia inducible factor
(HIF)-1a/2a in resident and infiltrating cells by in-
duction of pro-angiogenic mediators. Also, hypoxia
is hypothesized to be one of the early indicators of
inflammation. The aim of our study was to examine
initial phases of hypoxia-induced angiogenesis and
inflammation in rheumatoid arthritis, by in vivo
small animal PET, even before clinical symptoms
or histological joint inflammation are detectable.
Therefore, we used the hypoxia tracer “F-Fluo-
romisonidazole (['*F]JFMISO), which selectively ac-
cumulates in hypoxic tissue, and ['*F]Fluordesoxy-
glucose ([*F]FDG).

Methods: We induced arthritis in BALB/c mice via
intraperitoneal injection of serum containing auto-
antibodies against glucose-6 phosphate-isomerase
(GPI). Mice underwent [*F]FMISO-, or [®F]FDG
- PET investigations, 6 - 52 hours after induction
of GPI-arthritis. Additionally, we performed H&E-
staining, Western Blot (HIF-1a/2a) and real-time
PCR analysis of gene expression patterns (bFGE,
VEGF, IL-1B, TNE, IL-6, and COX-2) in joint tissue
6 and 12 hours after initiation of arthritis.

Results: Starting 6 hours after induction of GPI-ar-
thritis we detected an enhanced ["*F]FMISO uptake
in arthritic joints compared to healthy joints. Dif-
ferences in ["F]JFMISO uptake between arthritic
and healthy joints reached a level of significance 13
hours after induction of GPI-arthritis. In contrast
to ["F]FMISO, no increase in ['"*F]FDG-uptake was
detectable at these early time points (6-13 hours).
Comparable to the in vivo [¥F]JFDG-PET data, no
histological visible signs of arthritis were examined
in H&E-stained slices of arthritic joint tissue. In line
with the in vivo ["*F]FMISO-PET-data, RT-PCR anal-
ysis performed 6 hours after GPI-serum injection
showed a 7.5-fold enhanced expression of HIF-2a
mRNA. Interestingly, nRNA-levels of pro-angiogenic

and pro-inflammatory mediators such as bFGF and
VEGE, TNE, IL-6, and COX-2 were not elevated 6h
after induction of GPI-arthritis. Starting 54h after
induction of GPI-arthritis we detected significant
differences in [®F]FDG uptake in arthritic ankles,
and a 6.5-1550 fold enhanced expression NF- B in-
duced genes such as COX-2, IL-6, IL-1p and, TNF

Conclusions: Non invasive in vivo examination of
hypoxia-induced angiogenesis using ["*F]JFMISO
is a powerful tool to detect initial phases of angio-
genesis in autoimmune diseases such as rheumatoid
arthritis even before joint inflammation becomes
detectable by other methods.
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specific Th1 cells for in vivo PET investigations of Th1 cell trafficking in OVA-specific lung
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Introduction: T helper cells play an important role
in the development of autoimmune diseases. For de-
tailed in vivo analysis of the migration properties of
Thl cells, high sensitive imaging modalities, such
as small animal PET are powerful tools. So far ba-
sic migration properties like kinetics, homing, and
sites of T cell proliferation in animal models for au-
toimmune diseases are still poorly understood. The
aim of our study was to establish new T cell labelling
strategies to gain new insights in Th1 cell trafficking
in vivo using small animal PET. In our studies Thl
cells were in vitro labelled intracellularly with the
lipophilic tracer [#*Cu]PTSM or extracellularly with
[**Cu]DOTA-linked antibodies prior to injection
into diseased mice and tracking by small animal PET.

Methods: To investigate whether intracellular [*Cu]
PTSM labelling or extracellular [**Cu]DOTA-an-
tibody labelling impair ovalbumin (OVA)-specific
Th1 cells, we analysed cell viability and functional-
ity. OVA-T cell receptor (TCR) transgenic CD4+ T
cells were isolated from spleen and lymph nodes of
DO.11.10 mice and cultured together with irradiated
antigen presenting cells (APC), Oligo 1668 peptide,
anti-IL-4, and IL-2 for 12-14 days. 10° OVA-Th1 cells
were labelled with 0.7 MBq [**Cu]PTSM for 3 hours
or with 0.7 MBq radiolabelled OVA-TCR-specific
antibody (KJ1-26), which was linked to [**Cu] via
the chelator DOTA, for 0.5 hours. Thl cell viability
was assessed by trypan blue staining after incuba-
tion with increasing amounts of activity. Specific
Thl cell functioning was analyzed through interfer-
on-gamma (ELISA) levels in supernatants of specific
activated OVA-Th1 cells (T cells + irradiated APC +
OVA peptide). In vivo T cell migration was inves-
tigated in an animal model for OVA-induced lung
inflammation. Mice were sensitized with OVA (i.p.)
and challenged intranasally twice after four weeks
to induce OVA-specific lung inflammation. A total
of 107 [**Cu]PTSM or [*Cu]DOTA-K]J1-26 antibody
labelled OVA-Th1 cells were injected i.p. into dis-
eased and healthy mice. Static PET-scans in combi-
nation with CT, biodistribution, and autoradiogra-
phy were performed 24 and 48 hours after OVA-Th1
cell transfer.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Results: In vitro investigations revealed an activity
dependent impairment of OVA-Thl viability and
functionality after [**Cu]PTSM or [**Cu]DOTA-
KJ1-26 antibody labelling. After a time period of 24
hours post labelling, the cell viability sunk to 80%
and functionally was decreased by 20% compared
to unlabelled control cells. Analyzing OVA-specific
Th1 cell migration in the mouse model for lung in-
flammation, we detected an accumulation of [**Cu]
PTSM labelled OVA-ThI cells in lung tissue and the
thymus already 24h after the final challenge. Detec-
tion of [*#*Cu]DOTA-KJ1-26 antibody labelled OVA-
Th1 cells was even possible for up to 48 hours. In
vivo PET data were further confirmed by ex vivo
biodistribution and autoradiography. Compared to
[**Cu]PTSM labelled OVA-Thl cells we gained a
more defined distribution of extracellularly [*Cu]
DOTA-K]J1-26 labelled cells in the peritoneum (the
site of injection), draining lymphatic tissue and the
sites of OVA-specific lung inflammation. Further-
more we detected a significant accumulation of
OVA-Th1 cells in the omentum majus.

Conclusions: Both [**Cu]-based labelling methods
cause an impairment of Th1 cells viability and func-
tionality. However, both labelling strategies are ap-
plicable for in vivo PET-imaging, revealing a detec-
tion limit of 500 OVA-Th1 cells in draining lymph
nodes and sites of OVA-specific lung inflammation
over a time period of 48 hours.
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synthesizer
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Introduction: Neuroinflammation is involved in
acute and chronic neurological disorders through
the activation of microglial cells or the recruitment
of peripheral macrophages. Both microglia and
macrophage activation results in the notable over-
expression on the outer mitochondrial membranes
of the so-called translocator protein (TSPO 18 kDa),
supporting today extensive efforts in the design of
radioligands for the in vivo imaging of this pharma-
cological target by Positron Emission Tomography
[1]. Of particular interest are DPA-714 [2], PBR111
[3] and FEDAA1106 [4], three ligands belonging to
different chemical classes (the pyrazolo[1,5-a]py-
rimidineacetamides, the imidazo[1,2-a]pyridineac-
etamides and the N-benzyl-N-(2-phenoxyaryl)-
acetamides, respectively) but all designed for a
labelling with the positron-emitter fluorine-18 via a
tosyoxy-for-fluorine nucleophilic aliphatic substitu-
tion. Production of ['*F]DPA-714, [**F]PBR111 and
[F]JFEDAA1106 on the advanced, commercially
available, automated module TRACERLab™ FX-FN
synthesizer is presented.

Methods: The automated process implemented on
the TRACERLab™ FX-FN synthesizer involves: (A)
the preparation of the K['*F]F-Kryptofix222 com-
plex in two heating steps, first at 60°C for 7 min
under a stream of N, and then at 120°C under re-
duced pressure for 5 min, followed by (B) reaction
of K[*¥F]F-Kryptofix222 with the appropriate tosyl-
precursors (4 to 5 mg) at 165°C for 5 min in DMSO
(0.7 mL), then (C) SepPakPlus Alumina N cartridge
pre-purification after dilution of the reaction mix-
ture with HPLC solvent (4 mL) and finally (D) semi-
preparative HPLC purification. HPLC purifications
were performed on a X-Terra® column for ['*F]DPA-
714 (Solvent : NH,OAc 0.1M pH 10 / MeCN : 60/40
(v/v), Flow rate : 5 mL/min, Rt = 11-12 min), on a
Symmetry” C-18 column for [**F]PBR111 (Solvent :
H,0 / MeCN / PicB7 : 60/40/2 (v/v/v), Flow rate : 5
mL/min, Rt = 14-15 min) and on a Symmetry C-18
column for ["*F]JFEDAA1106 (Solvent : H,.O / MeCN
/ TFA : 60/40/0.1 (v/v/v), Flow rate : 5 mL/min, Rt =
21-22 min). The HPLC-collected fraction containing
pure ['"*F]DPA-714, ["*F]PBR111 or ["*F]FEDAA1106

were automatically formulated using a SepPakPlus
C-18 cartridge ((i) HPLC-collected fraction dilution
and loading on the cartridge, (ii) cartridge washing
with 10 mL of water, (iii) cartridge elution with 2 mL
of EtOH, and (iv) final dilution with 8 mL of saline).
The process was programmed on the TRACERLab™
FX-FN synthesizer in one single “method” divided
in three “time-lists”

Results: Starting from a 37.0 GBq cyclotron-pro-
duced ['*F]fluoride batch, 6.7 to 8.5 GBq (18-23%
non decay corrected yields) of ['*F]DPA-714 or [*F]
PBR111 or [**F]JFEDAA1106, > 99% radiochemically
pure and ready-to-inject, were obtained within 50-
60 min. The overall decay corrected radiochemical
yield reached up to 30%. Specific radioactivities
ranged from 74 to 222 GBq/pumol (2-6 Ci/umol).

Conclusions: Radiosynthesis of [*F]DPA-714, [**F]
PBR111 and [“F]FEDAA1106 has been success-
fully implemented on a TRACERLab™ FX-FN
synthesizer.

Acknowledgements: Supported in part by the EC -
FP6-project DiMI (LSHB-CT-2005-512146) and
EMIL (LSH-2004-503569).

References:

1. DolléF et al; Curr Med Chem 16: 2899-2923 (2009)

2. Damont A et al; J label Compds Radiopharm 51: 286-
292 (2008)

3. DolléF et al; J label Compds Radiopharm 51: 435-439
(2008)

4. Zhang MR et al; J Med Chem 49: 2735-2742 (2006)




51H EUuROPEAN MoOLECULAR IMAGING MEETING - EMIM2010

In vivo near-infrared fluorescence imaging of lung matrix metalloproteinases in an acute
cigarette smoke-induced airway inflammation model in different mice strains

Perez-Rial S., Del Puerto-Nevado L., Giron-Martinez A., Gonzalez-Mangado N., Peces-Barba G. .

Instituto de Investigacion Sanitaria-Fundacion Jimenez Diaz-CIBERES, Madrid, Spain
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Introduction: Recent studies have suggested that
pulmonary macrophage-derived metalloproteases
(MMPs) are the critical mediators of cigarette smoke
exposure (CSE)-induced emphysema, but it has nev-
er been seen via imaging techniques [". The purpose
of this study was to visualize and quantify acute pul-
monary inflammation by real-time near-infrared
fluorescence (NIRF)-mediated molecular imaging
2l'in the lung tissue evaluating MMPs activity in re-
sponse to CSE in mice strains with different suscep-
tibility to develop smoking-induced emphysema.

Methods: To accomplish this task, susceptible
(C57BL/6j) and resistant (129S2/SvHsd) mice P!
were exposed to acute CSE using a whole-body ex-
position. 24h after CSE MMPs activity was assessed
via optical imaging system by a MMPs-sensitive ac-
tivatable fluorescence probe in order to characterize
the distinctive profile of CSE-induced acute inflam-
mation. Furthermore MMPs protein levels in the
lung tissue were analyzed by Western blot analysis.

Results: In vivo semiquan-
titative  optical imaging
analysis of MMPs activ-
ity in the lung revealed
increased acute-CSE-as-
sociated MMPs activity in
C57BL/6j but not in 12952/
SvHsd. Only in suscepti-
ble mice most important
MMPs protein levels were
significantly increased in the lung tissue of smok-
ers compared with the non-smokers group.

in vivo lung imaging

Nomsmoker
C57BL/6j

Conclusions: Optical imaging via NIRF offers a sim-
ple, effective, and rapid technique for noninvasive
monitoring and semiquantitative analysis of lung
inflammation and MMPs expression. We are able to
distinguish between susceptible and resistant mice
strains in terms of the profile of MMPs activity in
the early stages of pulmonary disease. The results of
our study suggest that mechanisms underlying dif-
ferent susceptibilities to CSE can be detected at the
beginning of the disorder. They produce different
response to acute tobacco smoke.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI
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Development and pre-clinical evaluation of a novel class of 'F labelled PET ligands for

evaluation of PBR/TSPO in the brain
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Passmore J..

GE Healthcare, Amersham, United Kingdom
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Introduction: The peripheral benzodiazepine recep-
tor (PBR; otherwise known as TSPO (18kDa)) is a
well-established target for imaging activated micro-
glial cells and macrophages in inflammatory diseas-
es such as MS, Alzheimer’s disease and a wide range
of both peripheral and brain diseases’. Starting from
a core tetracyclic indole pharmacophore?, which dis-
played high affinity for the PBR, we have designed
a series of molecules to assess the SAR around the
pharmacophore and to determine the best site to in-
troduce the radiolabel.

Methods: Compounds have been assessed for PBR
affinity in a radioligand binding assay and in a range

Conclusions: Preclinical evaluation of the 18F la-
belled tetracyclic indole class of ligands for PBR
shows that this class of molecules represents a
promising class of PET ligands that should be fur-
ther evaluated.

: e Metabolism .
. Initial brain | 0B @ 2 min 0B @ 30 | 2:30 Str.latum 0B: Str}atum Profile - % Parent FNA Mod’el Iespn
Compound (kD) | eoke (o61D/g) | (%ID/g) min fatio ratio brainatgo | :non lesion ratio
praie TR 1 R oeirg) (30 min) i (invitro)
min p.i.
["CIPK11195 . -

(1.24nM) 0.28-0.48 0.42 0.21 3.20 2.10 100 2.8
["®FIAH114011

(0.370M) 0.32 0.39 0.31 173 2.07 96.0 23
["®F]AH114629

(0.400M) 0.42 0.51 0.28 4.75 3.50 97.6 NT

*Whole brain value not calculated
** [3H]PK11195 used for autoradiography studies

of in vitro ADME assays. Following on from the in
vitro assessments, promising compounds were ra-
diolabelled and assessed in vivo for biodistribution
and metabolism profiles. The compounds with the
most appropriate profiles were assessed using au-
toradiography in the Facial Nerve Axotomy (FNA)
model described by Banati et al.’?

The corresponding data for the archetypal PBR li-
gand PK11195 was generated for comparison.

Results: The olfactory bulb (OB) has high expres-
sion of PBR and is used to measure specific uptake,
with the striatum used as a low expression area for
comparative purposes. Key data obtained are sum-
marised in the table below.
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Local administration of adeno-associated virus into the mammary gland ductules
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Introduction: Adeno-associated virus (AAV) is a
single-stranded DNA parvovirus with charateris-
tics that render it attractive for gene therapy ap-
plications (1). More than 14 AAV serotypes have
been characterized which differ in efficiency of
infection and tissue tropisms. Cell entry seems to
occur by AAV receptor mediated endocytosis, the
receptors recognised by the capsid proteins vary in
different serotypes and might be an determinant
for tissue tropism. The DNA remains mainly extra-
chromosomal, does not replicate, and is unable to
produce infectious particles, features desirable for
gene therapy vectors. In the majority of the appli-
cations AAV2 vector is used for gene transfer ex-
periments, but other serotypes have been explored
recently because they can offer superior transduc-
tion efficiencies or different cell tropisms. Fur-
thermore, neutralising antibodies against AAV2
are frequently found in human sera and can com-
promise efficiency of gene transfer. AAV9 has been
reported to allow a robust expression in heart and
muscle, but other expression sites have also been
indicated.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Methods: AAV9 vectors expressing luciferase as a re-
porter gene driven by the cytomegalo virus promoter
(AAV9-CMV-luc) orby the murine EFlalpha promot-
er (AAV9-EFla-luc) were administered locally into
the mammary gland network by intraductal injection
(2) into BALB/c female mice. Expression profile and
body distribution were determined by in vivo and
ex vivo optical imaging, and by histological analysis.

Results: AAV9-CMV-luc migrates from the injected
gland to ipsilateral glands, but not to contralateral
glands. Luciferase expression is observed predomi-
nantly in muscle cells and is stable for months. The
observed expression of luciferase in the ipsilateral
lymph nodes indicate that the virus might use the
lymphatic system to reach all of the five ipsilateral
mammary glands.

Conclusions: AAV9 vectors appear to be well suited
for targeted, long-lasting gene expression in muscle
tissue. Mammary epithelia cells are apparently not
infected efficiently, not even after site specific injec-
tion into the duct of mammary glands.
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Copper-64- and Gallium-68- NODAGA-conjugated bombesin antagonists as new PET tracers
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Introduction: The gastrin-releasing peptide or
bombesin receptor (GRPr) is frequently overex-
pressed in several human cancers including pros-
tate, breast, small cell lung and pancreatic cancer
[1,2]. Specific radiolabeled ligand for this recep-
tor offer new opportunities for the diagnosis and
treatment of these diseases. Many bombesin an-
tagonists have shown high affinity for the GRPr
[3]. In this study, we evaluated the potential of a
statine-based bombesin antagonist, conjugated to
NODAGA through a polyethyleneglycol spacer, to
specifically target GRPr expressing cancer cells.
We determine the effect of two different radioiso-
topes Ga-68 and Cu-64 on the tumor targeting ef-
ficacy and in vivo pharmacokinetics. Moreover we
evaluated the PET imaging properties of the two
radiotracers.

Methods: The peptide assembling and NODAGA-
conjugation were accomplished on solid phase. The
conjugate MJ5 was radiolabeled with Ga-68 and
Cu-64 and the radioconjugates were evaluated in
vitro and in vivo in tumor-bearing nude mice, us-
ing the GRP-receptor positive prostate carcinoma
cell line PC-3. To study the bombesin antagonistic
properties of MJ5 cells were treated either with 10
nmol/L bombesin, or with 1 pumol/L MJ5 or, with
10 nmol/L bombesin in the presence of a 100-fold
excess MJ5 for 30 min at 37°C. GRPr internaliza-
tion was studied by immunofluorescence.

Results: The immunofluorescence assays confirmed
the strong antagonist properties of the conjugates: MJ5
failed to induce significant internalisation of GRPr and
when given at a concentration of 1 pmol/L together with
10 nmol/L bombesin, MJ5 was able to antagonize bomb-
esin-induced receptor internalisation. Biodistribution
studies revealed high and specific uptake of both conju-
gates in PC-3 tumors and in GRPr positive tissues such
as pancreas and intestine. The Ga-68-M]J5 biodistribu-
tion data showed a good tumor uptake at 1h (4.54+0.52%
I.A./g) and good tumor to kidney and tumor to blood
ratios (4.1 and 10.9 respectively). These promising data
prompted us to investigate the biodistribution of MJ5
with a longer lived radionuclide. The tumor uptake of
the Cu-64-MJ5 was 3.7 times higher than the Ga-68-
labeled analog at 1h (16.80+3.22% I.A./g) and remained

high at 4h (13.97+3.68% 1.A./g). At 4 h higher tumor to
kidney (8.6), tumor to blood (36.2) and tumor to pan-
creas (18.2) ratios were achieved than for Ga-68-MJ5 at
1 h. The PET/CT images demonstrated exellent visual-
ization of the PC3 tumors by Ga-68- and Cu-64 MJ5.

Conclusions: The labeling with the two radionuclides
distinctly influences the pharmakokinetics of the ra-
diopeptides in particular in regard to the uptake in
the tumor and receptor positive organs. The high
tumor uptake and the good tumor to background
ratio of the Cu-64 labeled analog at 4h warrant clini-
cal testing of this probe for PET imaging in humans.

Acknowledgement: We acknowledge COSTD38 and
the Swiss National Science Foundation for the fi-
nancial support.
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A novel indocyanine green nanoparticle probe for non invasive fluorescence imaging in vivo
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Introduction: Fluorescence imaging, a non invasive,
non ionizing and sensitive technology, is opening a
new era in medical application such as image-guided
surgery. Indocyanine Green (ICG), the only Near In-
fraRed optical contrast agent approved by the FDA
[1], is encapsulated in lipidic nanoparticles (LNP).
Using LNP as nanocargo presents advantages such as
improvement of the dye chemical stability, biocom-
patibility and passive targeting, as well as suitable
properties for fluorescence detection of tumors [2].

Methods: LNP are composed of alipid core, stabilized
by phospholipids and pegylated surfactants and are
dispersed in aqueous buffer. ICG (Infracyanine™) is
incorporated into the lipid mixture as a concentrat-
ed solution in ethanol. Solvent is evaporated and this
oily phase is mixed with aqueous phase before soni-
cation is performed at 40°C for a whole 5min period
(VCX750 Ultrasonic processor). Particle size, size
distribution, and surface charges are evaluated by
dynamic light scattering (DLS). Optical properties

Free ICG

characterizations are performed using visible absor-
bance and fluorescence spectrometries. MTT assay
is performed using 3T3 fibroblasts to assess LNP cy-
totoxic index. The in vivo distribution of ICG-load-
ed LNP is investigated in Nude mice bearing xeno-
grafted sub-cutaneous TS/Apc tumors using a NIR
whole animal imaging device (Fluobeam 800), and
compared to that of free ICG in aqueous solution.

Results: ICG loading does not modify the size (30nm
diameter, one population) and the polydispersity in-
dex (from 0.11 to 0.13) of the LNP, but decreases
the zeta potential, which becomes more negative
(-5.8+2.5mV for nude LNP, versus -18.2+2.1mV for
ICG loaded LNP). The dye encapsulation within
LNP induces a 16nm red-shift of its absorption and

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

emission (maximum at 820nm); as well as an im-
provement of its fluorescence quantum yield and a
longer lifetime in comparison to free dye in water.
LNP carrier is well tolerated in vitro (IC50~1 mg/mL
of lipids). Furthermore, ICG loaded LNP injection
in Nude mice implanted with subcutaneous Ts/Aps
tumors, shows a better fluorescence signal in tumor
site in comparison of free ICG at the same dose.

Conclusions: LNP vectorization provides ICG a
modification of its pharmacokinetics in addition
to an improvement of its optical properties. These
characteristics are suitable for long term and sen-
sitive in vivo imaging required for efficient tumor
detection. ICG loaded LNP, thanks to their low size,
takes advantages of the Enhanced Permeability and
Retention (EPR) effect and are passively accumulat-
ed with time into the tumor.

Acknowledgement: J.Mérianl, E Navarro', V. Josserand?,
I. Texier': 1CEA LETI Minatec, 2 CRI-INSERM U823
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Evaluation and optimization of the concept of an antibody directed enzyme-prodrug therapy

using noninvasive imaging technologies
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Introduction: Relatively low selectivity to tumor ver-
sus normal cells challenges virtually all cancer che-
motherapies. Site-specific activation of prodrugs in
tumors is one strategy to achieve high efficacy and
specificity of treatment, decreasing toxicity in normal
tissues. Here, we present the design and validation
of an Antibody Directed Enzyme-Prodrug Therapy
(ADEPT) in which an antibody against Eagl is used
to carry the drug-activating enzyme, 3-galactosiase
(B-gal) to the tumor tissue. Eagl (ether-a-go-gol)
voltage-gated potassium channel has been chosen as
a tumor-specific target since this plasma-membrane
protein is easily accessible to extracellular interven-
tions and Eagl is aberrantly expressed (>75%) in tu-
mors from diverse origin but basically not detected
in healthy tissue outside the central nervous system.

Methods: Two monoclonal anti-Eagl antibodies,
mADb62 and mAb56, a humanized 56 antibody, as
well as a single chain fragment of the mAb62, scFv62,
were tested for their feasibility to deliver the drug-
activating enzyme f3-gal to the tumor. Near infra-
red fluorescence (NIRF) imaging was used to study
the biodistribution and binding characteristics of
the anti-Eagl antibodies in vivo in a subcutaneous
Eagl-expressing MDA-MB-435S tumor model in
nude mice. Fluorescence intensity, lifetime and lo-
cation of Cy5.5 labeled antibodies in vivo was mea-
sured with the time-domain NIRF imager, Optix
MX2 (ART, Advanced Research Technologies; Can-
ada), at certain time points. Fluorescence lifetime
(the average time during the molecule stays in its ex-
cited state) was used to discriminate between non-
specific and probe-derived signals. Distribution of
the fluorescent probe in tumor sections ex vivo was
further investigated by the Odyssey infrared imag-
ing system (LI-COR Biosciences, Germany) as well
as by NIRF microscopy (Axiovert 200M, Carl Zeiss,
Germany). For the tumor-specific activation of the
prodrug, the mAb62 was conjugated to £3-gal, result-
ing in 62-gal. The $3-gal activity of the 62-gal conju-
gate and its ability to bind to the Eagl epitope were
tested in vitro on Eagl-expressing MDA-MB-435S
cells and control AsPC-1 cells using a colorimetric
CPRG  (chlorophenolred-f3-D-galactopyranoside)

assay. The f3-gal activity in mice was analyzed by
NIRFimaging using the fluorescent activatable probe,
DDAOG (9H-(1,3-dichloro-9,9-dimethylacridin-2-one-
7-yl) B-d-galactopyranoside) by NIRF imaging.

Results: All tested antibodies targeting Eagl bound
specifically to MDA-MB-435S tumors with maximal
intensity peaks at 24-48 h after application; fluores-
cence was still detectable for at least 1 week in vivo.
We confirmed specific binding of the antibodies to
the tumors by ex vivo NIRF imaging of tumors iso-
lated from mice injected with fluorescently labeled
antibodies 24 h prior to section, as well as by NIRF
microscopy of tumor slices. Moreover, we show that
monoclonal antibodies against Eagl, but not the
scFv62 fragment, resulted in strong fluorescence
signals in the area over liver, detectable for at least 4
days in vivo. Similar fluorescence signals over liver
were also observed in tumor-bearing mice injected
with Cy5.5-labeled control IgGk2B, confirming that
the liver signals did not result from Eagl-mediated
binding of those antibodies to cells within liver.
Furthermore, we show that the 62-gal conjugate
specifically binds in vitro to Eagl-expressing MDA-
MB-435S, but not to control Eagl-non expressing
AsPC-1 cells and that 62-gal possess high 3-gal ac-
tivity, when bound to MDA-MB-435S cells. More-
over, 24 h after application of the 62-gal to the tumor
bearing mice we detected 3-gal activity in vivo over
the tumor area.

Conclusions: Here, we successfully applied NIRF
imaging to evaluate anti-Eagl antibodies as tools for
a novel concept of targeted cancer therapy. Since in
vivo 62-gal 1) specifically binds to Eagl-expressing
tumors and 2) shows measurable 88-gal activity at the
tumor site, this conjugate can further be applied in
the ADEPT for specific activation of cytotoxic prod-
rugs at the tumor site.
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A novel ['®F] PET imaging agent for the epidermal growth factor receptor

Pisaneschi F. @, Shamsaei E. ), Nguyen Q.D. ", Glaser M. @, Robins E. @, Kaliszczak M. ™, Smith G. @, Spivey A.C. @,

Aboagye E.O. ™,

Mmperial College London, London, United Kingdom
@ Medical Diagnostic Discovery (part of GE Healthcare), United Kingdom

f.pisaneschi@imperial.ac.uk

Introduction: The Epidermal Growth Factor Re-
ceptor (EGFR/c-ErbB1/HER1) is overexpressed in
many cancers including breast, ovarian, endometrial
and non-small cell lung cancer.”? An EGFR specific
imaging agent could facilitate clinical evaluation of
primary tumours and/or metastases.

Methods: We designed and synthesized a small ar-
ray of fluorine containing compounds based on
a 3-cyanoquinoline core.* The compounds were
screened in vitro for their affinity in cell-free EGFR
autophosphorylation assay and for their activity in
the inhibition of the EGFR tyrosine kinase in EGFR
overexpressing A431 cell lines.

Results: A lead compound, incorporating 2’-fluoro-
ethyl-1,2,3-triazole was selected for evaluation as a
radioligand based on its high affinity for EGFR ki-
nase (IC_ = 1.81 £ 0.18 nM), good cellular potency
(IC,, = 21.97 £ 9.06 nM), low lipophilicity and good
metabolic stability. ‘Click’ labelling* afforded ['®F]-
2’-fluoroethyl-1,2,3-triazole derivative in 7% end
of synthesis (EOS) yield from aqueous fluoride in a
total synthesis time of 3 h and >99% radiochemical

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

purity. The compound showed good stability in vivo
and a 4-fold higher uptake in A431 tumour xeno-
grafts relative to muscle. Furthermore, the radiotrac-
er could be visualized in A431 tumour bearing mice
by small animal PET imaging (NUV = 0.13£0.02).

Conclusions: The novel [**F]-imaging agent consti-
tutes a promising radiotracer for further evaluation
for imaging of EGFR status.

Acknowledgement: This work was funded by Cancer
Research UK programme grant C2536/A7602 and
UK Medical Research Council core funding grant
U.1200.02.005.00001.01.

References:

Bazley, L. A.; Gullick, W. J. Endoncr. Relat. Cancer 2005, 12,
S17.

Marmor, M. D.; Skaria, K. B.; Yarden, Y. Int. J. Radiat. Oncol.
Biol. Phys. 2004, 58, 903.

Wissner, A.; Overbeek, E.; Reich, M. F; Floyd, M. B.; Johnson,
B. D, Mamuya, N.; Rosfjord, E. C.; Discafani, C.; Davis, R,
Shi, X.; Rabindran, S. K; Gruber, B. C,; Ye, F; Hallett, W. A.;
Nilakantan, R.; Shen, R.; Wang, Y.-F,; Greenberger, L. M.; Tsou,
H.-R. J. Med. Chem. 2003, 46, 49.

Glaser, M.; Arstad, E. Bioconjugate Chem. 2007, 18, 989.

P-096

PosTER

>
o
<<
o
i
I
-
)
L
—
L
O
<
-




P-097

WaRrsaw, PoLAND MmAY 26 - 29, 2010

Structural methods in subcellular image analysis
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Introduction: From a computer vision perspective
subcellular imaging is an extremely complex and dy-
namic environment as can be inferred from Fig.1(a).
Mitochondria form an important category of mem-
brane enclosed, on average 200nm large organelles
which reside inside every living cell. Mitochondri-
al morphology is crucial to the understanding of
apoptosis mechanisms and the subsequent develop-
ment of therapies targeting age- and cancer-related
diseases[1],[2]. There is a high demand in automated
segmentation which can provide an objective quan-
titative information in a reasonable time frame[2].
However, the state-of-the-art is dominated by manu-
al tools. Early attempts to automate the segmentation
are based on the machine-learning framework[3].

Methods: Instead of pursuing the machine-learning
pathway we approach the segmentation and localiza-
tion problem from the structural point of view which
also has an appealing theoretical aspect. Here, we
apply the well developed and widely acknowledged
framework of Mathematical Morphology. Our mul-
tistage segmentation targets (i) specific challenges
of image acquisition such as low contrast, non-uni-
form illumination and speckle noise; (ii) structural
challenges such as cluttered scene, clustered and de-
formed mitochondria and deformed cristae.

Results: We outline our preliminary results by ex-
amining Fig.1. The first and the key step is localiza-
tion which is based on the analysis of mitochondrial
morphology. After extracting localiza tion markers
we apply a seeded region grow algorithm which fills
the inner-membrane space of each organelle, as can
be seen in Fig.1(e). Gap-free control boundary is
currently achieved by using morphological thicken-
ing and thinning operators on the binary image. In
order to separate clustered mitochon-dria we apply a
seeded watershed algorithm. The results of extracted
sha-pes are provided in Fig.1(f)-(g). We verify that
our segmentation works well on small-scale images
containing a small number of mitochondria as can
be seen in Fig.1(f)-(1). The other technique to obtain
mitochondrial contour is recon-struction-by-dila-
tion. Here, we correlate the localization markers with
extracted contours in order to yield correct result.

Fig.1 (@) TEM image of STS-treated DU-145 prostate cell. (b). Example
of two clustered mitochondria. (c)-(I) Selected segmentation results.

Conclusions: The major challenge is firstly to ex-
tract the mitochondrial shape within reasonable
accuracy. Secondly, we attempt to expand our de-
tection approach to a larger scale problem such as
the whole cell image. We plan to validate this on a
larger representative mitochondria image database
and in doing so compare our approach to existing
machine-learning algorithms.
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In vivo-post mortem multimodal image registration in a rat glioma model
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Introduction: Histological staining techniques can
identify the regulation of specific biomarkers in
small animal models of glioma and provide indica-
tors of cellular dysfunction. The correlation of in
vivo imaging signal changes and molecular indica-
tors of tissue damage in histological brain sections
represents an important means of understanding the
cellular mechanisms responsible for these changes
under pathological conditions. This requires an ac-
curate image registration that can compensate the
distortions that occur in the brain during the extrac-
tion, fixation, and staining process. Here, we pres-
ent the preliminary results obtained by applying an
overall registration strategy for the fusion of in vivo
PET and MRI data with post mortem brain images in
a rat 9L-glioma model.

Results: By way of feasibility study, the co-registra-
tion strategy was only performed on one rat’s right
hemisphere. As illustrated in Figure 1, after each reg-
istration task, both the external contours, the outer
edges of the cortex and inner structures such as the
corpus callosum, the hippocampus, the striatum and
even the tumor were correctly superimposed what-
ever the modality.

Conclusions: We obtained promising registration
results of T2-weighted MRI and [18F]DPA-714 PET
with post mortem brain volumes. Once results from
additional animals had been provided, our approach
could be used to evaluate, quantify and compare
tumor volume, pharmacokinetic and physiologi-
cal parameters (e.g. ligand differential uptake areas

PET/MRI H&E/Blockface MRI/Blockface

Methods: Experiments were conducted on male
Wistar rats. Twelve days after intrastriatal injection
of 9L rat glioma cells, we acquired T2-weighted MRI
and 60 min dynamic PET using [18F]DPA-714 [1]
for in vivo evaluation of peripheral benzodiazepine
receptor (PBR) expression. Following in vivo imag-
ing, animals were euthanized. The entire brains were
cut into 20 ym-thick coronal sections and processed
for H&E staining and PBR immunohistochemistry.
A blockface photograph was also recorded prior to
each section. The overall co-registration strategy re-
lied on using the blockface photographs as an inter-
mediate reference, onto which the in vivo MRI and
PET images and the digitized histo- and immuno-
histochemical brain sections were registered sepa-
rately and superimposed so as to obtain in vivo-post
mortem registration [2;3].

PET/H&E

MRI/H&E

Fig1: Fusion of (A) PET (rain-
bow) and MRI (black and
white), (B) Blockface (black
and white) and H&E (pink)
volumes, (C) MRI (black
and white) and blockface
volume (rainbow), (D) MRI
(black and white) and H&E
volume (pink) and (E) PET
(rainbow) and H&E volume
(black and white)

within the tumor) measured from in vivo MRI and
PET data with those derived from corresponding
post mortem histo- and immunohistochemistry.
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Feasibility and success of Independent Component Analysis of resting state fmri data from

the rat

Jonckers E., Van Auderkerke J., Van Der Linden A., Verhoye M. .

Bio-Imaging Lab, Sint Lenaarts, Belgium

elisabeth.jonckers@ua.ac.be

Introduction: Resting state fMRI is used with grow-
ing interest with the purpose to spot agel or pathol-
ogy2 induced abnormalities in functional connectivity
(FC) in the human brain. Only recently resting state
FC measurements were acquired in rats3, opening the
potential of assessing FC in the rat brain in several

same day as measurements with one week in between.
Also single subject components were similar over time.
Although the differences are bigger between measure-
ments with one week in between, indicating that there
could be an influence of scanner variability and physi-
ological state of the animal.

Fig 1: 3 Components resulting from ICA of rat resting state data. Colors representing z-values, higher z-values
meaning a higher convergence between time course of the voxel and mean time course for the component.

neuropathologies (e.g. schizophrenia). The human
resting state networks are identified using a seed-based
approach or independent component analysis (ICA)4.
Since ICA analysis of resting state fMRI of rodents is
up to now not published, we performed a pilot study,
implementing the technique in rodents and testing
the reproducibility of the ICA outcome.

Methods: A group of 5 male rats was imaged 4 times.
On 2 time points with one week in between 2 con-
secutive resting state data were acquired using single
shot gradient echo EPI. Rats were anesthetized with
Medetomidine. Imaging was done on a 9.4T scanner
using TR 2s and TE 16ms. 12 slices of 1 mm were
acquired with a FOV of (3x3) cm and matrix size of
128x128. ICA was implemented on the dataset using
GIFT (Group ICA of fMRI toolbox), working in mat-
1ab2008. The number of components for the ICA of
the individual subjects or group (5 rats x 4 repetitions)
was set at 15.

Results: The outcome of our ICA analysis, clearly
revealed different brain regions within 10 of the 15
components. Figure 1 demonstrates 3 components of
clearly functional different cortical regions.

Each ICA component was evaluated over the differ-
ent time points. Mean components (for the 5 animals)
were very reproducible both for measurements on the

Conclusions: This study implementing ICA on rat
resting state data proves the usability of the tech-
nique for studying FC in the rat brain in a reproduc-
ible way. This paves the way to use this tool for as-
sessing FC changes under different circumstances
such as both physiological changes and patholo-
gies. Implementing the technique in animal mod-
els can help to unravel the underlying processes.
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A fast and robust acquisition scheme for CEST experiments
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Introduction: Chemical Exchange Saturation Trans-
fer (CEST) agents are a new class of MRI contrast
agent based on the selective irradiation of a mobile
proton pool in slow/intermediate exchange with
water!". Long irradiation pulses at the resonant fre-
quency (Aw) are needed to obtain a complete satura-
tion of the CEST pool and a correct saturation trans-
fer (ST%) quantification requires the acquisition
of many images at different frequency offsets (Z-
spectrum), thus making a CEST experiment a time-
consuming procedure depending on the number of
sampled frequency offsets®?. A trade-off between
the number of frequency offsets and the accuracy of
ST% determination has to be found in order to dis-
tinguish the characteristic ST% time course for in-
dividual voxels. The development of fast and robust
methods are therefore mandatory to correctly detect
CEST molecules in Molecular Imaging applications.

In this work a computational procedure has been
developed to evaluate the accuracy of ST% quantifi-
cation as a function of the number of frequency off-
sets centered around the resonant frequency of the
mobile proton pool with different levels of noise and
of B, inhomogeneities. We also proposed a differ-
ent acquisition procedure, by acquiring first a com-
plete Z-spectrum followed by the sampling of a lim-
ited number of frequency offsets and then replacing
these points in the first Z-spectrum, thus improving
the temporal resolution of CEST contrast quantifi-
cation, without sacrifying the ST% accuracy.

Methods: Z-spectra were simulated by using a two-
pool model solving the Bloch equation (T = 2 s,
T,=01sT,=1sT,, =0015s, Aw=4.2 ppm, k_
=160 s, 30 mM diacest agent, saturation pulse 3
uT for 5 s). Gaussian noise was added both in the
signal intensities and in the frequency axis and zero
shifts were introduced in the range 0.1-1 ppm. Z-
spectra were interpolated by smoothing spline (with
zero shift correction) by different number of points
around the resonant frequency (with step of 0.1 ppm)
both at positive (Aw) and negative offsets (-Aw): i) 7
points, ii) 5 points, iii) 3 points, iv) 3 points with 0.2
ppm step, v) 1-(Aw/-Aw) (ON/OFF scheme) with
and vi) without zero-shift correction, compared to

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

a full Z-spectrum in the range 10 ppm with steps
of 0.1 ppm. In in vivo CEST images were acquired
on a 7 Tesla Bruker spectrometer with a complete
Z-spectrum (single-shot RARE spin-echo, TR 6 s,
centric encoding, MTX 64, saturation pulse: 3 uT
for 5 s) followed, upon injection of a CEST agent by
the dynamic acquisition of only 3 points around the
resonant frequency (Aw = 4.2 ppm) for 30 min (50
scans, temporal resolution: 36 s).

Results: The ON/OFF scheme with and without ze-
ro-shift correction showed the highest mean ST er-
rors, up to 2 % and 5%, respectively and with high
standard deviation values. The method iv) with 3
points spaced of 0.2 ppm, in comparison with the
more accurate but also time consuming i) and ii)
methods, displayed mean ST errors lower than 1%,
but with a drastic reduction in acquisition time. In
in vivo the continous acquisition of only 3 frequency
offsets around the resonant frequency and the cor-
rection for zero shifts by using the pre-contrast Z-
spectrum allowed to evaluate the ST% time course
with a temporal resolution of few seconds and to
discriminate between enhancing and not-enhancing
pixels in kidneys.

Conclusions: The acquisition of 3 points spaced of 0.2
ppm around the resonant frequency of the mobile proton
pool resulted to be sufficient enough to provide a robust
and accurate ST% quantification, with a fast temporal
resolution by using a modified Z-spectrum acquisition.

Acknowledgement: Economic support from regional

government ( NanoIGT project - CIPE 2007) and
EC-FP7 project ( ENCITE: FP7-HEALTH-2007A).
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Binding potential estimation in 11C-PE2l PET brain striatal images: impact of partial volume

correction under segmentation errors

Maroy R., Dusch E., Comtat C., Leroy C., Trebossen R. .

CEA, Orsay, France, Metropolitan

renaud.maroy@cea.fr

Introduction: Numerous methods have been pro-
posed for the correction of the Partial Volume Ef-
fect (PVE) that hampers striatal PET studies. While
their quantification accuracy is known for most,
their ability to recover correct pharmacokinetic pa-
rameters in case of segmentation errors is less clear.
The work proposes to compare the binding poten-
tial estimations using 4 distinct Time Activity Curve
(TAC) estimation methods.

(40%) were defined®. Four TAC estimation methods
were compared for the caudate: the mean TAC mea-
surement in the standard OP-OSEM image (ME) and
in the RM-OP-OSEM image (MRO), the Geometric
Transfer Matrix method (GTM) and an improved
GTM? method using voxel selection (GTM20). The
R1, k2 and binding potential (BP) estimated with
the estimated TACs using' were compared based
on the Apparent Recovery Coefficient (ARC).

Results: Unlike k2 and R1,

160%
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Methods: A phantom based on the Zubal phantom
of a 11C-PE-2I PET exam with kinetics generated
using the simplified tissue model of Lammertsmaa'
(R1=1.28, k2=.09, BP=17) was analytically simu-
lated on a ECAT HRRT (Siemens, 2.4mm intrinsic
resolution). PET images were reconstructed with
1.2K1.2K1.2mm’ voxels and 20 frames using both
RM-OP-OSEM?, which compensate for PVE, and
OP-OSEM.

Twenty realizations of caudate segmentations con-
taining errors ranging between 40% volume under-
estimation (-40%) and 40% volume overestimation

Conclusions: Our improved GTM method with vox-
el selection achieves the TAC estimation in terms of
binding potential and k2 recovery.
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Automated quantification scheme based on an adapted probabilistic atlas based
segmentation of the brain basal nuclei using hierarchical structure-wise registration
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Quantification accuracy evaluation on clinical datasets

(12 healthy subject)

B Manual delineation - GTM

correction

Introduction: The work
proposes: 1) a new basal
ganglia segmentation
method based on proba- 50%
bilistic atlas construc- 45%
tion and compared to 40%
manual segmentation, 35%
2) a validation method |§ 30%
for segmentation of struc- |5 25% T
tures using a co-acquired 5 20% |
PET image. 15% -
10% -

W Automated segmentation -

Methods: T1 MRI(T1) and 59

GTM20 correction

18F-PEII PET images were 0% |

acquired in 12 healthy

. Caudate Globus Putamen  Thalamus
adults and co-registered. pallidus
The PET images, acquired
Structure

on the HRRT PET system,

LLu

were reconstructed with

both the AWOSEM (NoPSF) and the 3D-OP-
OSEM PSF (PSF) methods. The basal nuclei were
segmented manually in a knowledge base (KB) of
24 T1 and in the 12 acquired subjects T1 (IS). A
probabilistic atlas adapted to IS was constructed
using a structure-wise hierarchical registration of
each KB image on IS. Segmentation was obtained
simply through atlas probability maximization.

A GTM correction was applied on the NoPSF
using as spatial domain 1) the manually drawn
structures or 2) the automatically drawn struc-
tures, with A) ROI defined as in [Frouin, 2002]
or B) with adequate selection of 20% (GTM20)
of the corresponding spatial domain voxels.
The estimated values were compared for 1)+A)
and 2)+B) to the mean TAC in PSF, consid-
ered as the reference, inside manually drawn
eroded regions using the estimation error (E).

Results: GTM20 performed significantly better
than GTM for both the manual and automated
delineation. Besides, the gain using together the
automated segmentation and GTM20 (E1)+A)/
E2)+B)) was 6.1 for the caudate, 3.6 for the glo-
bus pallidus, 4.6 for the putamen and 1.4 for the
thalamus for an increased reproducibility.

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

Conclusions: We have proposed a quantification
scheme using an adapted probabilistic atlas based
segmentation of the basal nuclei and a partial vol-
ume correction method that enhances both the
precision and the reproducibility of the PVE cor-
rected measures.
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VHISTdiff - comparing workflow histories (VHIST/VINCI)

Vollmar S., Hiisgen A., Sué M., Nock J., Krais R. .

Max Planck Institut for Neurological Research, KéIn, Germany
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Introduction: VHIST [1] has been developed to
document workflows in multi-modality imaging
(however, it is not at all limited to this field). The
VHIST file format is PDF compatible and it can be
displayed with any PDF viewer (“human readable”).
However, VHIST files also contain structured in-
formation on each workflow step (embedded XML)
suitable for automated processing. In one current
project, we are integrating VHIST into VINCI [2],
our package for visualization and analysis of tomo-
graphical data. This enables us to natively create
VHIST files which can store meta data of original
file formats, filter operations, “image arithmetics”
and registration parameters.

Methods: An interesting application of VHIST files
is the comparison of workflow histories belonging
to similar but subtly different image data, e.g. im-
age data of one subject which has been aquired by
the same scanner but which has been processed in a
different way (type and order of filter steps; thresh-
olding; application of masks; different types of nor-
malization, different reconstruction parameters;
different approaches when converting raw data). For
this kind of comparison we are currently develop-
ing a new tool, VHISTdiff, which allows to automati-
cally find corresponding workflow steps and report
the differences.

The figure depicts a graphical representation of the
“macroscopic” differences between two VHIST files
(A.vhist, B.vhist) as they were found by the VHIST-
diff algorithm: each tree represents the workflow
history of one image. Dotted lines denote corre-
sponding workflow steps, white text marks work-
flow steps that do not have a pendant. VHIST files
can contain other VHIST files: in this example, the
registration step of the A-tree contains file C.vhist,
and likewise D.vhist is contained in the other reg-
istration step. The report of differences between
corresponding workflow steps (e.g. different filter
parameters) are not part of this particular graphical
representation which has been rendered fully auto-
matically using Graphviz [3].

VHISTdiff’s algorithm uses some ideas of the tradi-
tional UNIX diff command for comparison of text

files. However, the concept has been generalized to
tree structures: VHISTdiff uses Dijkstra’s algorithm
[4] to optimize a cost function which favours asso-
ciation strings of similar workflow steps.

Outlook: First results of this new tool look prom-
ising. We will investigate strategies to define cost
functions that try to be useful for a wide range of
real-world use cases.

Filter
C.vhist
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Fast matrix-free method for fluorescence imaging

Zacharopoulos A. @, Garofalakis A. @, Ripoll J. ™, Arridge S.

(WFQORTH IESL , Heraklion, Greece
@ CEA, [2BM, France
BIUCL CS, United Kingdom

azacharo@iesl.forth.gr

Introduction: In non-contact Fluorescence Molecu-
lar Tomography, the large number of measurements
poses a challenge since the reconstruction methods
used rely on the inversion of a derivative operator
and the explicit formulation and storage of this op-
erator in a matrix is generally

@3,

figure where the white light image of the mouse
is rendered in the background as a reference. The
average time for the reconstruction was 50sec, in a
Pentium 2Ghz machine with 2GB of memory.

not feasible. We test a matrix-
free method that addresses the
problems of large data sets and
reduces the computational cost
and memory requirements
for the reconstructions. More
specifically we challenged
the Matrix-Free method with
in-vivo measurements from
mice where fluorescence tubes
of different but controlled
concentrations are inserted, ||
to assess the quantification |° =

x 2ﬂ ) 10
D2z ”

]

8 &8 3 3

Experimental concentrations

005

0guM © o

performance of the method. ©) 8.3uM,

Methods: Our approach initially presented in [1], is
based on a formulation of the diffusion approxima-
tion for the fluorescence case and the TOAST Im-
age Reconstruction in Optical Tomography FEM
package, [2] and uses a matrix free formulation.
The explicit calculation and storage of the Jacobian
is avoided by replacing it by a vector times matrix
operator and a vector times adjoint matrix operator.
Since we wanted to assess the quantification proper-
ties of the matrix-free method we aquired in-vivo
measurements using a balb/c mouse where capil-
lary of Alexa Fluor 647 of controlled concentrations
a)60.5uM, b)22uM, ¢)8.5uM, d)2.2uM and €)0.9 uM.
was inserted hypodermically in the ventral side. For
the reconstructions, a slab-like geometry of dimen-
sions 41lmm x 41mm x 12mm was used with 5733
nodes and 4800 voxel-elements. For the optical
parameters we assumed pa =0.06 mm-1 and ps =1.
mm-1 for the 615nm excitation and pa =0.05 mm-1
and pus =1.5 mm-1 for the 700nm emission wave-
lengths. We set 1458 detectors positions by sam-
pling the images, which for the 36 sources created
two vectors of 48285 measurements each.

Results: The results for the five different experi-
ments are presented as iso-surfaces in 3D in the

Conclusions: Using the Matrix-free method we
managed to reconstruct for the positions of the
fluorescent tubes and a relative quantification accu-
racy and sensitivity. More specifically the algorithm
demonstrated an almost linear response between
the controlled concentrations and the reconstruct-
ed ones.

Acknowledgement: This work was funded by the
EC Seventh Framework Grant, FMT-XCT, grant
201792.
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TOPIC: Cancer Biology

PET and MRI studies applied on characterization of Fisher/F98 rat glioma model
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Introduction: Preclinical brain tumor models
have provided a wealth of information on the
biology, imaging and experimental therapeu-
tics of brain tumors!'"?. The aim of our study is
characterized Fisher/F98 rat glioma model us-
ing Positron Emission Tomography (PET) and
Magnetic Resonance (MR) analysis to set up an
experimental model useful to study the effi-
cacy of new colloidal vectors for chemotherapy.

Methods: Syngenic rat brain-glioma models
(Fisher/F98) was obtained by stereotactic (x=2;
y=5; z=3) implantation of different cell concen-
trations (10%, 10° 10*and 10°). To monitor tumor
growth progression, rats underwent once a week
Gadolinium enhanced T1-MRI studies followed
by [¥F]FDG PET studies, starting from 7 days
after surgery. A group of animals performed also
[F]FAZA PET studies to evaluate regional tis-
sue hypoxia. To improve quantification, PET and
MRI images were fused using PMOD 2.7 software.
Max radiotracers uptake was calculated for tumor,
frontal cortex, cerebellum and background using
region of interest (ROI) analysis. Radioactivity
concentration values expressed in MBq/g were
then transformed into percentage of injected dose
per gram of tissue (%ID/g). Moreover, histologi-
cal analysis of proliferation, apoptosis, differenti-
ation, neoangiogenesis and hypoxia markers were
performed.

Results: Mean survival time of rats injected with
10* and 10° cells was nine days. One week after
surgery, MRI revealed a rapid growth that reached
0.11 cm® mean tumour volume. Animals injected
with 10° and 102 cells showed a mean survival time
of 18 and 24 days respectively. In rats injected with
10° cells, tumor was revealed 14 days after surgery
at MRI and [®F]FDG PET and successively tu-
mors rapidly increased. Disease course in 10* cells
injected rats was slower. Tumors were character-
ized by high ["*F]FDG uptake and hypoxic sub-
areas which only partially overlapped. Hypoxic

5) San Raffaele Scientific Institute; IBFM-CNR; Universita degli Studi di Milano-Bicocca, Italy;

areas were mainly localized in correspondence
to Gd-enhanced regions whereas hyper glucose
metabolic areas were localized in the outer part
of the tumors. At histological analysis tumoral
masses showed an infiltrative pattern of growth
and moderate neoangiogenesis. Tumors obtained
at animals death showed diffused necrotic areas.
HIF1 was clearly expressed by glial and neuronal
cells in oedematous and hypoxic areas.

Conclusions: Our study indicates that Fisher/
F98 rat glioma model reproduce s the charac-
teristic of aggressiveness of human glioblas-
toma. Tumor was characterized by high glucose
metabolism and by hypoxic sub-areas. The con-
centration of 10?2 cells permits to better moni-
tor disease onset and progression and to plan
experiments to test new anti-neoplastic therapies
efficacy.

Acknowledgement: This work was supported in part
by grants from: Regional AIRC 2008 n°6278 and
FIRB-CNR n°RBIPO6MS8ZA.
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Non-invasive “E2F sensing” system for monitoring DNA damage alteration induced by BCNU
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Introduction: Imaging transcriptional regulation of
endogenous genes in living animals using noninva-
sive imaging techniques provide a clear perception
of normal and cancer-related biological processes.
Radiolabeled reporter probes and PET imaging can
be translated into human studies in the near future.
In our preliminary study, the endogenous expres-
sion of E2F, a gene that affects several important
biological processes, has been imaged in vivo with
bioluminescence imaging. A retroviral vector, Cis-
E2F/LUC-IRES-TKEGFP, was generated by plac-
ing the reporter genes under control of an artificial
cis-acting E2F-specific enhancer element. Follow-
ing retroviral transduction of tumor cells in estab-
lished xenografts, DNA damage induced alteration
of E2F transcriptional activity, which correlated
with the expression of E2F-dependent downstream
genes as assessed by biolumencsnce imaging.

Aim: To verify whether the cis-reporter system
(Cis-E2F/LUC-IRES-TKEGEFP) is sufficiently sen-
sitive to image endogenous transcriptional gene
regulation by ["*F] FHBG PET imaging.

Methods: U87dEGFR-E2F-LITG cells were in-
jected subcutaneously in nude mice and the
development of the tumours was followed by
Multimodal imaging. Two weeks after implan-
tation, bioluminescence imaging, FLT and
FHBG were performed before and 24h after
treatment with low and high doses of BCNU.

Results: Here, we validate the utility of [**F]FLT-
PET to image proliferation rate of the tumor in re-
sponse to DNA damage and compare with [*F]
FHBG uptake which is associated with E2F tran-
scriptional activity. In keeping with in vitro find-
ings, after 24 h post-treatment, low dose of BCNU
induced an increase in ['*F]FHBG uptake as com-
pared to non-treated mice. However, with high
dose of BCNU ['*F]FHBG uptake decreased in E2F
xenografts. ["F]FLT accumulation in E2F xeno-
grafts decreased with low and high doses of BCNU

EUROPEAN SOCIETY FOR MOLECULAR IMAGING — ESMI

at 24 and 48 hours. Quantitative changes in tumor
['*F]FLT uptake were associated with decreased
tumor proliferation and tumor [**F]JFHBG uptake
correlated with transcriptional gene regulation of
E2F in response to DNA damage

Conclusions: We show the utility of [**F]FHBG-
PET to image DNA damage induced by BCNU and
shown the tumor-specific activity of E2F. We pro-
pose that these types of reporter systems, will al-
low a detailed insight into the kinetics of cell cycle
control and for the development of new cell cycle
targeted molecular therapies.
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Multi-tracer PET imaging of a mouse model of Alzheimer’s disease to assess microglial
activation related to ageing and anti-inflammatory treatment
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Introduction: Alzheimer’s disease (AD), the lead-
ing cause of dementia in elderly people, is charac-
terized by the deposition amyloid-p plaques in the
brain surrounded by activated microglia. Activated
microglia play an important role in amyloid clear-
ance but also secrete pro-inflammatory molecules
that lead to chronic neuroinflammation, and tox-
ins that trigger cell death cascades in neurons, both
eventually resulting in neurodegeneration. The
nuclear peroxisome proliferator-activated receptor
gamma (PPAR-y) plays an important role in inflam-
matory processes. Agonists that bind and activate
PPAR-y, suppress inflammation by inhibiting the
expression of pro-inflammatory molecules at tran-
scriptional level. Determination of the contribution
of neuroinflammation to the progression of AD can
provide new insights in the development of therapy.

Aim: To assess with in vivo positron emission tomog-
raphy (PET) whether microglial activation is corre-
lated with age in APP/PS1 transgenic mice and wild-
type mice and if anti-inflammatory treatment with a
PPAR-y agonist can reduce neuroinflammation.

Methods: Multi-tracer micro-PET imaging was per-
formed in 13 months old APP_ /PS1 ., transgenic
mice (n = 5) and C57BL/6] wild type mice (n = 7).
Dynamic imaging was performed after intravenous
injection of [''C]PK11195, a radioligand for the
translocator protein-18 kDa which is upregulated in
activated microglia and ["*F]FDG for the quantifica-
tion of cerebral glucose metabolic rate. [**F]Fluoride
bone imaging was performed after every scan for co-
registration purposes. The animals were imaged at
baseline and treated for 4 weeks with a PPAR-y ago-
nist. Right after treatment and 4 weeks off treatment,
all animals were investigated again using the same
imaging protocol to assess the effect of the therapy.

Results: Preliminary results show that uptake of
['C]PK11195 is upregulated in transgenic mice
compared to wild-type mice in the cortex (SUV
of 75.15 and 57.20 respectively), thalamus (SUV
of 78.90 and 63.63 respectively) and cerebellum
(SUV of 82.12 and 65.47 respectively). Uptake of

[¥F]FDG in transgenic mice is elevated as well,
compared to wild-type mice, in the cortex (SUV
of 162.10 and 106.78 respectively), thalamus (SUV
of 172.07 and 115.33 respectively) and cerebellum
(SUV of 166.50 and 114.46 respectively). Data were
corrected for the total injected dose (ID). First im-
age processing of the data obtained after treatment
shows decreased brain retention of both tracers in
transgenic mice.

Conclusions: The higher uptake of ["'C]PK11195 in
the brain of transgenic mice compared to wild-type
mice indicates the presence of activated microglia,
suggesting neuroinflammation of the Alzheimer
brain. Reduction of [!!C]PK11195 brain retention
after treatment with the PPAR-y agonist reflects its
anti-inflammatory effect.

With the help of animal models for Alzheimer’s disease
and in vivo molecular imaging, longitudinal detection of
microglial cells is made possible and may be of vital im-
portance in defining their role in the progression of the
disease and in the development of therapeutic strategies.
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