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Introduction: Quantum Dots (QDs) based on cadmium chalcogenides have shown to be an 
excellent system for optical studies.1,2 Their bright and narrow photoemission make them suitable 
for biomedical imaging studies, where stable and bright emitters are required. Despite the advantages 
these cadmium based QDs have over organic dyes, the intrinsic toxicity of cadmium make them only 
suitable for laboratory research. In this work we show the successful creation and use of novel QDs 
based fluorescent probes that do not contain any cadmium.

Methods: Highly luminescent core shell InP/ZnS QDs were synthesized by thermolysis in the 
presence of surfactants in organic solvent. QDs were injected intravenously  (i.v.) in Balb/c nude mice 
where after the biodistribution was determined by fluorescence imaging of the animals and their 
organs. Lymph node mapping was performed by an intra-tumoral injection of lipid coated QDs in 
mice bearing a metastatic PC3 prostate tumor

Results: The near infra red (NIR) InP/ZnS QDs emissive QDs show an improved tissue penetration 
over QDs that emit in the visual range. Their small size (2.5 nm) and a lipid coating ensures 
biocompatibility and provides excellent clearance via the liver and gall bladder.( Figure 1) An additional 
benefit of these particles is that they can be detected down to the cellular level. After intra-tumoral 
injection, the clear fluorescence of the QDs enabled visual surgical guidance towards the tumor 
draining lymph nodes.

Figure 1. Combined intra- and postoperative fluorescence imaging of InP/ZnS QDs after i.v. 
injection. (A) In vivo fluorescence imaging. (B) Ex vivo fluorescence imaging of the liver. (C)  

fluorescence imaging down to cellular level using confocal microscopy.

Conclusions: The use of QDs which are free of highly toxic heavy metals, combined with a good 
clearance via the gall bladder avoids the common encountered intrinsic toxicity and accumulation 
problems for nano particles. The combination of these results together with good optical tissue 
penetration of the NIR emissive InP/Zns QDs provides ideal features for in vivo imaging. 
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Introduction: In vivo bioluminescence molecular imaging (BLI) for experimental cancer models 
is a firmly established technique and relies on the correlation between light emission intensity from 
BL reporter proteins expressed in cancer cell lines and tumour burden[1]. Optical-based molecular 
imaging techniques are affected by both light scattering and absorption by tissues and organs and 
can be improved by using luminescent proteins emitting in the red region of the UV/visible spectrum[2]. 
A red-shifted thermostable luciferase [3,4] from P. phyralis .has been compared with the wild type 
green luciferase  in two different mouse xenograft cancer models. Light collection efficiency, 
resolution and kinetics has been evaluated.

Methods: HepG2 (human hepatoblastoma cell line) and THP1(human acute monocytic leukemia 
cell line) have been genetically engineered with retroviral vector technology to stably express the 
red-shifted and the wild type luciferase. A xenograft model of liver cancer has been established after 
subcutaneous injection of HepG2 engineered cells in the flank region of mice and a leukaemia model 
has been generated after intravenous injection of THP1 cells. The cancer progression is monitored 
with an ultrasensitive CCD camera after the intraperitoneal injection of the D-luciferin substrate 
(150mg/kg) and the imaging properties of the two luciferases evaluated.

Results: A preliminary in vitro validation of the selected stable clones has been performed. A 
positive correlation between light emission and number of cells (r2=0,993) has been obtained. To 
evaluate the effect of scattering and absorption of light generated in from the two luciferases in the 
in vivo model a number of Hepg2 cells emitting the same amount of light from the different stable 
clones have been inoculated. The same cell number (5x106 green and red THP1 cell clones) has been  
then  injected in mice and localized in bones. Four mice were imaged before and after skin removal, 
signal collected and the measurement of absorption evaluated. The 75% of the green light is absorbed  
by skin and more than 90% when generated from bone while only the  50% and 65% of red light is 
respectively absorbed. Both the cancer models show a positive correlation between cancer growth 
and luminescent signals allowing  the non-invasive quantitative monitoring of cancer progression. 
Furthermore our results demonstrate an effective improvement in cancer imaging as a results of 
reduced light scattering and absorption by tissues using the red luciferase, thus  permitting a  precise 
cancer localization also in deep tissues.

Conclusions:  Two different bioluminescent mouse cancer models have been developed allowing 
the  comparison of  the in vivo optical properties of a red-shifted thermostable luciferase and the  
wild type luciferase largely used in previous studies. The red one showed enhanced imaging 
performance as a results of an effective reduced scattering and absorption through tissues thus 
demonstrating to be a good alternative to green emitting luciferases for in vivo bioluminescence 
imaging.
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Introduction: Bioluminescence in vivo imaging (BLI) is a powerful tool in preclinical research 
allowing the real time monitoring of different physio-pathological conditions in living intact animals 
using bioluminescent (BL) reporter gene technology[1]. The development of new drug acting on 
gastrointestinal motility requires the use of predictive animal models suitable for preclinical 
structure-activity studies. Gastric emptying in mice is usually measured with invasive techniques 
requiring the sacrifice of the animals; alternatively expensive and complex technologies such as 
scintigraphy, magnetic resonance imaging (MRI) and 13C-acetic acid breath test[2,3] can be used. A 
non-invasive, highly sensitive new test for gastric emptying time measurement has been developed 
using luciferase-expressing bacterial cells as a biomarker of the liquid content of the stomach. 
Optimization will be achieved by properly selection of the wavelength and pH dependency of the BL 
emission and the biological half-life of the luciferases. The effect of pro-kinetic drugs like 
Metoclopromide has been also evaluated.

Methods: The suitability of three luciferases (the CBred luciferase from P. plagiophalam 
(Promega), the luciferase from the railroad worm P. vivianii (kindly provided by Prof.V.Viviani) and the 
red thermostable mutant from P.pyralis[4]) has been evaluated. In addition, self-luminescent 
bacterial cells expressing the bacterial Lux gene have been tested. 100 μl of a culture of bacteria 
expressing the different luciferases (OD 0.6) have been administered to non-fed anesthetized mice 
by oral gavage after addition (when necessary) of the substrate D-luciferin. The dynamic imaging of 
bioluminescent cells transit along the gastrointestinal tract permitted to evaluate the gastric 
emptying time. The images have been collected using a CCD camera with an acquisition time of 1 
minute for up to 30 minutes.

Results: The CBred luciferase and the bacterial Lux luciferase resulted not suitable for this 
study because of their low signals both in vitro and in vivo. The P.vivianii luciferase, which is pH-
insensitive, showed high signals but a rapid decrease in light emission that, for the purpose of our 
study, should be maintained for at least 30 minutes. Bacterial cells expressing the red thermostable 
P. pyralis luciferase gave the highest signals in vivo and, thanks to the long emission kinetic allowed 
the monitoring of the entire gastric emptying process. The t1/2 emptying time in non-fed mice 
resulted in 15±4 min. Mice treated with Metoclopromide (0.5 mg/kg i.p.) showed a significantly shorter 
t1/2 emptying time of 5±1 min.

Conclusion: A new method involving the use of a suspension of bacterial luminescent cells 
acting as floating  microbeads markers of gastric liquid content has been developed to monitor 
gastric emptying. The method allows to image and obtain a real time information about the liquid 
release from the stomach in the duodenum and to evaluate the effect of drugs on gastric motility. BLI 
gave results comparable with the other imaging techniques more invasive and not suitable for 
screening purposes employed until now and it would be easily applied for pharmacological studies 
and drug discovery.
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Introduction: The combined use of fluorescently-labeled molecules and optical tomographic 
techniques is relatively recent. Optical Projection Tomography is a technique used to image biological 
samples on the micron to centimeter range[1]. Its use has been reported in morphological analyses 
of the development of different species,  but also in larger specimens, such as ex-vivo adult mouse 
pancreas[2]. An accurate and quantitative analysis of cellular subpopulation distribution in the spleen 
would be very useful in the study of innate and adaptive immune responses to infectious processes. 

Methods: 6 week old mice expressing GFP in their T lymphocytes were sacrificed and the 
spleens were dissected. These spleens were submersed in ice-cold PBS and OPT was performed. 
Then, spleens were fixed, dehydrated and bleached, and 5 serial steps of freezing and thawing were 
performed. After re-hydration and blocking, the spleens were incubated with the antibodies of 
interest. Finally, the organs were mounted in agarose, dehydrated and cleared in BABB before 
scanning again in OPT. Our custom-made OPT system allows recording of data using different 
wavelengths. Optics were modified by using infinity corrected microscope objectives. 

Results: We could successfully reconstruct the living GFP-expressing T cell zones closer to the 
surface of the intact spleen, e.g. with red blood cells. Deeper signal could not be detected without 
fixing and bleaching the tissue, as GFP emits in a wavelength that is highly absorbed by blood. After 
fixation, bleaching, and clearing, OPT was again performed to detect fluorescently-labeled antibodies. 
Whole organ tomographic reconstructions were successfully retreived. The staining protocol (antibody 
penetration) was validated by confocal imaging of the specimens. 

Conclusions: An accurate spatial and quantitative analysis of the spleen can be performed using 
Fluorescence OPT. Differential gene expression patterns can be studied in this way.
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Introduction: During the last decade, the biology of mesenchymal stem cells (MSC) has been 
extensively studied due to their important potential, in particular for regenerative medicine[1]. 
Control of differentiation commitment is a key mechanism for therapeutic tissue repair. To this 
respect, we propose an original approach combining thermo-inducible system and MRI guided High 
Intensity Focused Ultrasons (MRIgHIFU) to spatio-temporally control in vivo gene expression[2] and 
thus, to induce osteoblastic differentiation of mensenchymal progenitor cells. As a first step of this 
project, we report on in vitro data of heat-induced osteoblastic differentiation of MSC in both 2D and 
3D cultures.

Methods: Murine mesenchymal progenitor KS483-4D3 cells were modified to express the 
hBMP7 differentiation gene and the luciferase firefly (LucF) reporter gene. Both genes are under 
transcriptional control of the human thermo-sensitive promoter Hsp70B. Cells were cultivated using 
both conventional 2D cultures and hydrogel 3D cultures. Heat induction is performed using a 
thermostated water bath. LucF expression is followed by measuring LucF activity using 
bioluminescence imaging and enzymatic assay. Osteoblastic differentiation was followed by alizarin 
red S coloration of fixed cells.

Results: Results obtained in vitro with 2D cultures show an increased production of light after 
heat shock. Heat shock also increases the formation of mineralized matrix reflecting osteoblastic 
commitment. The hydrogel allows for in vitro 3D cultures of the cell line.  Efficient cell proliferation 
occurs in the hydrogel and preliminary results show enhanced osteoblastic differentiation by heat 
shock as compare to the 2D cultures.

Conclusions: Our data show that we are able to control and trigger in vitro by heat, the 
osteoblastic differentiation of a genetically-engineered mesenchymal progenitor cell line. Hydrogel 
allows for 3D cultures and efficient heat-induced differenciation. Use of this hydrogel matrix is 
expected to prevent cell dispersion in vivo and to facilitate local heating using MRIgHIFU and thus 
opens good perspectives for the next step of our project.

Acknowledgement: This work is supported by the DiMI European network.
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Introduction: Efficient homing of progenitor cells is a prerequisite for effective tissue restoration. 
Despite the relative success of stem cell infusion in cardiovascular disease conditions1, the nature 
of progenitor cell homing towards ischemic tissues remains elusive. 

Methods: We set up a mouse model of peripheral tissue ischemia to study (i) the survival of 
transplanted allogeneic bone marrow-derived stromal cells (BMSCs) and (ii) the homing capacity of 
allogeneic BMSC towards an ischemically compromized hind limb. EGFP/Luciferase-expressing 
BMSCs2 (FVB origin) were injected into male C57BL/6 mice after surgical ligation of the left femoral 
artery. Progenitor cells were injected either intravenously (IV), intra-arterially into the left heart 
ventricle or intramuscularly (IM) into the calf muscle. Cell homing was studied in either 
immunocompetent mice or animals treated with cyclosporine A (10mg/kg/d IP). IM injection was 
performed as a positive control and to study local outgrowth and immune resistance of transplanted 
allogeneic BMSCs. Both bioluminescence imaging (BLI) (Photo Imager, Biospace Lab, France) and in 
vivo fiber confocal microscopic imaging (Cellvizio system, Mauna Kea Technologies, France) were 
used to investigate cell survival and homing properties.  

Results: (I) IV injection of BMSCs resulted in massive pulmonary infarction, rapidly leading to 
respiratory failure and death. Using in vivo fiber confocal microscopic imaging, BMSCs could be seen 
trapped in lung capillaries, the right ventricle and right atrium. (II) Intra-arterial injection of BMSCs 
proved to be feasible and safe. During a two-week follow-up period, nor BLI nor fiber confocal 
microscopic imaging could demonstrate any migration of BMSCs towards the ischemic site in 
immunocompetent animals. However, when using cyclosporine A, homing of allogeneic BMSC could 
be demonstrated by in vivo fiber confocal microscopy. (III) IM injected BMSCs did not migrate locally 
nor towards the site of the arterial ligation. Without immune suppression IM injected BMSCs did not 
survive for more than one week. Cyclosporin A treatment could prolong allogenic cell survival only 
for a short period, extending BMSC survival up to 10 days. In addition, resident BMSCs could be 
visualized for a longer time using in vivo fiber confocal microscopic imaging as compared to BLI.

Conclusions: (I) In this study we demonstrate the feasibility of studying BMSC homing and cell 
survival properties in a mouse model of hind limb ischemia, using both BLI and in vivo fiber confocal 
microscopic imaging. However, in vivo fiber confocal microscopic imaging seems to be more sensitive 
to visualize transplants at low cell concentrations or with fading tracer signals.  (II) Low dose 
immunosuppression alone is not sufficient for maintaining long-term survival of allogenic BMSCs in 
peripheral tissues, although immunological survival of transplanted BMSCs was extended as 
compared to fully immunocompetent animals. (III) We further caution against direct intravenous 
injection of BMSCs, which can lead to massive lung infarction, hampering the use of this route for in 
vivo BMSC administration. 
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Introduction: Positron emission tomography (PET) is a high-resolution, sensitive, molecular 
and functional imaging technique that permits repeated, non invasive assessment and quantification 
of specific biological and pharmacological processes in humans[1]. In regard to its physical and 
nuclear characteristics, fluorine-18 appears often as the radionuclide of choice for the preparation 
of short-lived positron-emitter radiotracers[2]. F-18 labelling reaction of biomolecules such as 
peptides[3], oligosaccharides, and oligonucleotides[4] (ONs) requires very mild reaction conditions. 
The method of choice for a highly efficient fluorine-18-labelling of ONs is today the conjugation of a 
prosthetic group, carrying the radioisotope, with a reactive function of the ONs. 

Methods: For the ligation reaction of the prosthetic group with the ONs, we selected click 
reaction and more particularly the CuI catalyzed formation of 1,2,3-triazole using Huisgen 1,3-dipolar 
cycloaddition of terminal alkynes with azides. This reaction is highly regioselective leading to 1,4-
disubstituted 1,2,3-triazoles and can be performed in different solvents with very high yield[5-7]. 

Conjugations with ONs are usually performed at 3’-ends using a well chosen linker in order to 
limit degradation by exonucleases[8]. Here we report the synthesis of an alkyne-bearing linker which 
can be attached at 3’-ends to any sequence of ONs.   

 
Results: The linker was prepared in two steps by reaction of commercially available (R)-(+)--

hdroxy--butyrolactone with propargylamine followed by protection of the primary hydroxyl with the 
4,4’-dimethoxytrityl group[9]. The second step is the reaction with succinic anhydride to obtain a 
carboxylic function which can be attached to the Amino-SynBase CPG. The resin load was 80 
µmol/g.

	
Conclusions: We have prepared a new universal linker which allows introducing an alkyne 

function at the 3’-end of ONs. This alkyne modified ONs can then react under click conditions with an 
azide function of a prosthetic group carrying the fluorine radioisotope. As prosthetic group, we 
selected the 1-(azidomethyl)-4-[18F]-fluorobenzene which is fully automated produce in our lab[10]. 
The further results of radiosynthesis of this prosthetic group and the results of click reactions will be 
presented.
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Introduction: Paramagnetic Iron oxide labeling techniques became widespread in in-vivo cell 
visualization and tracking. The dynamics of iron content per MRI voxel is determined by cell migration, 
cell death and cell division. Quantification of iron content per imaging voxel offers an in-vivo method 
to describe and potentially distinguish these processes. High resolution MRI follow-ups show 
evolution of heterogeneous signal intensity in iron-labeled tumor volume[1]. For quantification 
purposes, high resolution R2* mapping[2] and susceptibility gradient mapping (SGM)[3] has been 
applied on phantoms with controlled iron content and spatial distribution. The purpose of this study 
was to establish an MRI protocol and post processing tool for quantitative monitoring of iron content 
of imaging voxels. The resolution and duration of acquisition were chosen to be suited for in-vivo 
experiments.

Methods: Agar gel phantoms were prepared with MPIO embedded in an agar gel layer. MPIO 
concentrations were matched to the range of iron concentrations used in in-vivo labeling techniques 
(0.08-0.8 µmol/ml). The MPIO layer was lens shaped; maximum thickness was chosen to match the 
diameter of in-vivo injected cell suspension volume (0-2 mm). MRI measurements were carried out 
on a 3T Clinical scanner with custom made surface coils with an inner diameter of 2 cm. For T2* 
acquisition, 2D and 3D GRE, with TE in the range of 3-18 ms with in-plane resolution range of 78 x 78 
µm2 -234 x 234 µm2 were used; for susceptibility gradient mapping (SGM) 3D GRE with resolution of 
156 µm x 156 µm x 200 µm was used.R2* maps were generated with post-processing exponential 
least square error fit. SGM were generated by short term Fourier transform and phase shift calculation 
as described previously[3]. Also model data was generated for SGM to test signal to noise ratio (SNR) 
sensitivity.

Results: A strong linear dependence was found between iron content and R2* values both in 2D 
and 3D acquisition methods (R2 > 0.98). The error of slope was ±5 % in 2D and ±17 % in 3D data. R2* 
values did not show dependence on layer thickness, and were consistent with iron content throughout 
the MPIO containing layer except at the well defined border of the layers due to partial volume effect. 
The 2D and 3D acquisition methods however yielded different slopes on R2* vs. iron concentration 
curves. The R2* mapping method proved to be tolerant to noise. The SGM method proved to be 
sensitive to noise. As a result, this method did not yield quantitative parameter that correlated well 
with iron concentration at the high resolution regime with limited acquisition time. SGM on model 
data indicated that the method yields correlating parametric results if SNR ≥ 20.

Conclusions: The R2* mapping proved to be robust at high resolution and at limited acquisition 
times, however, calculated iron content from R2* values showed dependence on acquisition 
parameters and methods. Further study in progress can answer whether standardization is achievable 
or reference should be used. GM method proved to be sensitive to noise and also to the inhomogeneous 
sensitivity of surface coils. The phase shift as a parametric result reflected trends in increasing MPIO 
content, but was unable to differentiate MPIO concentrations in either high or low resolution 
regimes. 
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Introduction: Acupuncture is a key component of Traditional Chinese Medicine. An important 
and frequently overlooked aspect of acupuncture treatments is the manual needle manipulation 
performed by acupuncturists after needle insertion. Manipulation typically consists of varying 
amounts of rapid needle rotation (back-and-forth) and pistoning (up-and-down motion). Acupuncturists 
believe that the type, speed, amplitude, duration and periodicity of needle movements all influence 
treatment outcome. 

A needle shear wave driver for MRE was invented and tested in gel phantom, ex vivo bovine 
muscle and in vivo animals previously[1]. In this work, we postulate that the acupuncture signal is 
produced by the mechanical movement of the needle, and MRE technique with this needle driver is 
used to study the basic mechanism of acupuncture. 

Methods: An acupuncture needle was inserted at the acupoint gallbladder (GB) 35 located at 
the calf muscle and adjacent non-acupoint in 12 normal subjects during MRE scans to investigate 
the muscle response towards the motions of the needle at acupoint and adjacent non-acupoint. The 
MRE study was performed in a 1.5T GE MRI Scanner .

Conclusions: Fig.2 shows that the initial amplitude of the wave generated at the acupoint is 
higher than that at the non-acupoint. The wave generated at the acupoint can propagate a much 
longer distance before it diminishes when compared to non-acupoint. The acupoint wave amplitude 
decays to a tenth of its initial amplitude in 6.18 and 2.43 cm along the longitudinal and transverse 
direction respectively. While the generated signal at the non-acupoint reaches one-tenth of the 
acupoint point initial amplitude in 1.6 cm along the longitudinal direction. As illustrated in Fig.2, the 
wave speed along the muscle fiber direction (longitudinal direction) is faster at acupoint than that at 
non-acupoint. That means the wave is propagated more efficient at acupoint along the muscle fiber 
direction. On the other hand, the wave speed along the direction perpendicular to the muscle fiber 
(transverse direction) is slower than that at non-acupoint. These phenomenon may provide evident 
that acupoint has a more powerful effect and hence induces therapeutic effect.
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 Fig. 1 T1-weighted images, wave images and waves images 
along muscle fiber with needle at (A-C) acupoint (red dot), (D-E) 
adjacent non-acupoint (green dot). 
 

 Fig. 2 Wave propagation profiles in longitudinal and transverse direction 
at acupoint and nonacupoint. At fixed frequency, the wavelength 
depends on how fast the acoustic wave is travelling: a fast wave will 
result in a larger wavelength. 
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Introduction: Acupuncture needle manipulation has been shown to cause subcutaneous 
connective tissue displacements up to several centimeters away. This mechanotransduction through 
connective tissue with resultant effects on fibroblast cell morphology and function was recently 
proposed as a mechanism for the therapeutic effect of acupuncture[1]. Further study on intracellular 
and intercellular signaling induced by needle manipulation is valuable to understand acupuncture’s 
therapeutic mechanism. In this work, we aim to characterize the Ca2+ response of connective tissue 
fibroblast to acupuncture-induced acoustic waves.

Methods: The free cytosolic Ca2+ concentration in Calcium Green-1 loaded COS-7 cells was 
monitored and recorded by the inverted laser scanning confocal microscope (Olympus FluoView 
FV1000). Cells on the coverslip were bathed in a 2% methyl cellulose solution (Sigma M0512, 4000cPs 
viscosity) with Krebs-Ringer solution as basal medium for confocal imaging. A needle shear wave 
driver (placed 0.5 cm from the focus point, Fig.1(a)) driven by 10V/80Hz was used to generate 
propagating waves through the methyl cellulose. Magnetic Resonance Elastography (MRE) was 
applied to visualize propagating shear waves. Wave images were obtained on a Philips Intera Achiva 
3T system with SENSE Flex-M coil.

Conclusions: The results show that COS-7 cells respond to acupuncture-induced acoustic 
waves (3.457Pa Maximum/80Hz) by cellular Ca2+ waves. Quantitative analysis of Ca2+ waves suggests 
that Ca2+ waves are propagating with decreasing velocity and attenuated amplitude. The finding may 
have important implications in the mechanism of acupuncture.  

References: [1] H.M. Langevin et al. J Cell Physiol 207, 767-774 (2006).

 Fig.1 Ca2+ excitation in connective tissue fibroblast by acupuncture-induced acoustic waves. (a) Configuration of the piezoelectric driver 
to provide longitudinal motion of the needle inside methyl cellulose solution. (b) MRE wave images showing displacement of propagating 
shear waves in the high viscous methyl cellulose solution at 80 Hz excitation frequency generated by the needle shear wave driver. 
Simulation results by COMSOL Multiphysics 3.4 show that the maximum acoustic pressure is 3.457 Pa at the center. (c) Confocal 
microscopy image of Calcium Green-1 loaded COS-7 cells under a 10× objective lens. Traces of individual cells at selected locations 
demonstrate that acoustic waves evoke Ca2+ waves in COS-7 cells. Ca2+ waves spread from cells at the lower left then propagate to 
neighboring cells seconds later. (d) The 3D color-coded map shows the spatial distribution of different latencies when propagating Ca2+ 
waves to arrive at site. The map shows that Ca2+ wave velocity decreases significantly from the site of initiation. (e) A 3D contour plot 
shows the spatial distribution of normalized peak amplitudes of Ca2+ waves, indicating the propagation of Ca2+ waves along fibroblast is 
attenuated. 
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Introduction: In study II, experimental results demonstrate that acupuncture-induced acoustic 
waves can trigger Ca2+ waves in connective tissue fibroblast (COS-7). Here we explore how these 
acoustic waves also evoke calcium excitation in diverse cells. They are endothelial cells in vascular 
system, cardiac myocyte in muscular system and neuronal cells in nervous system.

Methods: Murine microvascular endothelial cell line (H5V), isolated ventricular muocytes and 
defferentiated PC-12 cells were prepared for confocal imaging. Cells loaded with Ca2+ binding dyes 
were immersed in 2% methyl cellulose solution. The same piezoelectric driver in study II was applied 
to generate acoustic waves (3.457Pa Maximum/80Hz) in the methyl cellulose medium.

Results: 

Conclusions: The abstract presents a simple but novel hypothesis of acupuncture mechanism 
based on the acoustic shear wave generated by the mechanical movement of the needle. The acoustic 
wave signal is assumed to propagate via tissue fibers and reach various cells. We demonstrate that 
acoustic waves make use of tissue fibers as a wave guide in MRE imaging. Under confocal microscopy, 
the same acoustic signal activates Ca2+ in fibroblasts, endothelial cells, cardiac myocytes, and 
neuronal cells. The response was robust and unambiguous. As the exchange of information between 
cells is fundamental to the function of multicellular organisms[1], these three studies may provide 
new insights on acupuncture mechanism.   

References: 
[1] A.H. Guse, H.C. Lee. Sci Signal 4, 1-7 (2008).

 

Fig.1  Acoustic wave-induced Ca2+ oscillations are found when H5V 
cells are exposed to shear waves propagating in high viscous 
methyl cellulose solution. (a) Confocal microscopy image of Fluo-
4/AM loaded H5V. (b) Dose-dependent effect of single cell Ca2+ 
oscillations on acoustic waves. The Ca2+ oscillation frequency and 
peak Ca2+ amplitude decrease as the acoustic wave attenuates 
with distance. And the single cell Ca2+ response delay increases as 
the acoustic wave diminishes in the medium.  

 

Fig.2 Acoustic waves induce changes in Ca2+ in rat 
ventricular myocytes. (a) Confocal microscopy 
image of Fura-2/AM loaded ventricular myocytes 
under a 20× objective lens. (b) Profile of single cell 
Ca2+ recording. Acoustic waves are turned on 
within 1 min upon recording. Contraction pulses 
and increased of Ca2+ transients are detected after 
a certain period of delay. 

 

Fig.3 Ca2+ excitation of differentiated PC-12 in 
response to acupuncture induced acoustic 
waves. (a) Confocal microscopy image of 
Fura-2/AM loaded differentiated PC-12 under 
a 20× objective lens. (b) Ca2+ oscillations of 
differentiated PC-12 are detected when 
exposed to acoustic waves. 
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Introduction: The use of stem cells in cell-mediated therapies is an area of considerable interest 
within tissues regeneration research. Numerous protocols include extraction of stem cells from 
healthy animals and their implantation into diseased models. However, important parameters such 
as the distribution and survival of the injected cells, target organ localisation, cell proliferation and 
differentiation cannot be evaluated in vivo. Here we propose new labelling protocols for in vivo 
visualisation by MRI or Optical Imaging of human mesoangioblasts, a new class of adult stem cells 
originating from the mesoderm. 

Methods: Human mesoangioblasts were isolated and cultured as described elsewhere[1] and 
labelled for 48h with different amounts of SPIOs (Endorem®, 0-100-200-400 μg Fe/ml) in the presence 
or absence of transfection agents (Poly-L-Lysine, Polybrene or Protamine Sulfate) or infected with 
third generation lentiviral vectors containing GFP or m-cherry reporter genes under the control of 
the constitutive PGK promoter. Cells were washed with PBS and analysed for viability, iron content 
(Perl’s staining) and morphology or plated for further analysis of multipotency or differentiation 
capability.

Results: Mesoangioblasts incubated for 48h with 0-100-200-400 μg Fe/ml did not show 
significant differences, in terms of viability, between labelled/non-labelled cells in the presence or 
absence of PLL, Polybrene or Protamine Sulfate (n=3). The percentage of viable cells remained 
between 89,69+1,4 (cells with 200 ug/mL+PLL) and  97,4+0,5 of control. On the contrary, the percentage 
of Iron-positive cells increased in proportion to the iron content in the medium and in the presence 
of PLL. In particular we obtained 99,6%+1 iron-positive cells in the samples incubated with 200 μg 
Fe/ml for 48h in the presence of PLL (n=3, p<0.001 compared to control). In this condition we also 
obtained a reduction of relaxation time and an iron content/cell comparable to other published 
data[2]. Iron-labelled cells, cultured for a further 5 passages, kept the phenotypic characteristics of 
human mesoangioblasts, as revealed by FACS analysis (n=2). As no differences between control and 
200 ug/ml endorem+PLL loaded cells were present this condition was deemed ideal for cell labelling 
and in vivo visualisation by MRI. We also obtained good results by infecting mesoangioblasts with 
third generation lentiviral vectors reaching 40-50% GFP or m-Cherry highly expressing cells. 

Conclusions: In conclusion we set up protocols to efficiently label human mesoangioblasts for 
visualisation using MRI or in vivo optical imaging. These protocols will be useful for studying the fate 
of these cells once injected into recipient SCID mice using different techniques and will make it 
possible to study their behaviour in vivo over time. With these instruments it will be possible to study 
the capability of these stem cells to restore the skeletal muscle after damage and obtain promising 
pointers as to how these cells might be used in cell-mediated therapies for the treatment of primitive 
myopathies of different aetiologies.

Acknowledgements: This work is supported by Cariplo Foundation and The Myositis Association 
grants. We would like to thank Dr S. Rivella of Cornell University-New York for providing viral vectors 
and for help in viral preparation.

References: 
[1] Morosetti  R. et al; PNAS 103 (45):16995-17000 (2006)
[2] Verdijk P. et al; Int J Cancer 120:978-984 (2004)



Adult Neural Stem Cell Labelling Protocols for In Vivo MRI and Optical Imaging

Poster no: 058

Merli D1,2, Lui R 3,4, Marfia G1, Marra F1,2, Clerici M1,5,6, Ottobrini L3,6, Gorio A1,7, Lucignani G3,6 
1 Department of Medicine, Surgery and Dentistry, University of Milan
2 Supported by a fellowship from the Doctorate course of Physiopathology, Pharmacology, clinic and treatment of Metabolic 
diseases 
3 Department of Biomedical Sciences and Technologies, University of Milan
4 Supported by a fellowship from the Doctorate School of Molecular Medicine, University of Milan 
5 Don Gnocchi Foundation IRCCS, Milan
6 Centre of Molecular and Cellular Imaging – IMAGO, University of Milan
7 Humanitas IRCCS, Rozzano, Milan 

Introduction: The use of adult stem cells in cell-mediated therapies is an area of considerable 
interest within tissue regeneration research. However, important parameters such as the distribution 
of the injected cells, cell survival, target organ localisation, cell proliferation and differentiation 
cannot be evaluated in vivo. Here we propose multiple labelling protocols for in vivo visualisation by 
MRI and Optical fluorescence imaging of implanted murine neural stem cells originating from the 
subventricular zone of the adult murine brain. 

Methods: Murine neural stem cells were isolated and cultured as described elsewhere[1]. Cells 
were labelled for 24 or 48 hours with different amounts of SPIOs (0 - 100 - 200 - 400 μg Fe/ml 
Endorem®) in presence or absence of transfection agents (Poly-L-Lysine or Polybrene), and with 
PKH26 and qDOTS as indicated by the manufacturer. Cells were washed with PBS and immediately 
analysed for viability, iron content (Perl’s Staining), morphology, and fluorescence, or plated for 
further analyses on multipotency capability.

Results: Murine neural stem cells incubated for 24 or 48h with different amounts of Endorem® 
did not show significant differences in terms of viability and proliferation rate between labelled/non-
labelled cells in presence or not of Poly-L-Lysine, Polybrene or Protamine Sulfate[2]. The percentage 
of viable cells after labelling with 200 ug/mL and PLL was 77% in comparison to the 95% of the 
control. On the contrary, the percentage of iron-positive cells increased in proportion to the iron 
content in the medium and in the presence of PLL. In particular we obtained 62% of iron-positive 
cells in the samples incubated with 200 μg Fe/ml for 24h in the presence of PLL. Moreover stem cells 
incubated with qDOTs and PKH26 showed a very high labelling efficiency (98%), as evaluated by 
Fluorescence microscopy. In both cases, labelled cells were able to give rise to floating neurospheres 
as observed by optical microscopy after further 5 days of culture, demonstrating their maintenance 
of the self-renewal capability. 

Conclusions: These results show that adult neural stem cells can be efficiently labelled with 
different molecules without significantly perturbing physiological stem cell features and self-renewal 
capability. In conclusion we hypothesise future application of these labelling protocols for the in vivo 
visualisation by MRI or Fluorescence imaging of the distribution of stem cells after their transplantation 
into a recipient murine model of disease.
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Introduction: Delivery is still the major hurdle in RNAi therapy. Due to instability of siRNA and 
rapid excretion upon systemic injection (1), most of the clinical trials involving siRNA based drugs 
apply local administration to the eyes, direct delivery to the brain or the lung. The lung with its vast 
surface area and strong perfusion is well suited for drug uptake of small, hydrophobic molecules, 
but is only to a limited extent permeable for large, hydrophilic biopharmaceuticals, such as siRNA. 
Yet, successful local antiviral siRNA therapy has been reported (2-4). In our study, we have investigated 
how formulation of siRNA with polyethylene imine (PEI) and polyethylene glycol (PEG) grafted PEI 
(PEG-PEI) into nanosized complexes influences biodistribution, absorption and clearance of vector 
and load after intratracheal instillation. These parameters were studied by non-invasive nuclear 
imaging and were compared for PEG-PEIs of different grafting degrees.

Methods: Coupling of p-SCN-Bn-DTPA to amine modified siRNA was accomplished in a 
previously described method (5). For DTPA-coupling of polymers, (PEG-)PEI was mixed with p-SCN-
Bn-DTPA in DMSO, incubated for one hour and purified by ultrafiltration. Polymers and siRNA were 
radiolabeled with 111InCl3 and purified as previously described (5). Balb/c mice were anaesthetized 
and instilled intratracheally with 50 µl polyplex solution made of 35 µg siRNA and polymer for an N/P 
ratio of 6. Polyplexes were either prepared with radiolabeled siRNA or radiolabeled polymer to 
distinguish between distribution of vector and load. SPECT images were taken 2, 24 and 48 hours 
after treatment using a multiplexing multipinhole collimator on the Siemens e.cam gamma camera. 
After 48 hours, animals were sacrificed and biodistribution of radiolabeled material in dissected 
organs was measured using a Gamma Counter Packard 5005.

Results: SPECT images showed slow elimination of the radiolabeled material. After 24 hours, 
radioactive signal were still observed in the mouth and the upper trachea of instilled mice. The 
kidneys were slightly visible. Another 24 hours later, despite of excretion via the kidneys and slight 
liver uptake, the strongest signal was still observed in the lung. 48 hours after instillation, still 5-22 
% of the vector and 1-11 % of the load were present in the left lung. The first-pass effect, which is 
very prominent after i.v. injection (5), was decreased to about 5 % uptake of labeled polymers and a 
negligible percentage of siRNA by the liver.

Conclusions:  PEG-PEI polyplexes seem to be suitable for local sustained release siRNA delivery. 
Clearance of radioactive material was observed to be much slower than after systemic administration, 
the first-pass effect was circumvented, local concentrations were high for 48 hours and no pathologic 
effects in the lung were observed histologically. Knock down efficiency of GFP in Actin-GFP expressing 
mice was observed qualitatively but remains to be quantified.
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Introduction: Visualization of endogenous neuronal progenitor cells (eNPC) migration with MRI 
has recently been described in rodents[1,2,3]. We attempted to develop a method to measure contrast 
accumulation in the olfactory bulb (OB) as a tool to validate in situ MPIO labelling strategies. The 
method is based on threshold segmentation of hypointense voxels, originating from MPIO-labeled 
eNPC. 

Methods: 4x4 adult male mice (C57BL/6J) were stereotactically injected with 1.63 µm MPIOs 
(Bangs Laboratories, Inc) in the left lateral ventricle. Four different injection strategies were applied: 
1) 10 µl MPIOs (3.00mg Fe/ml); 2) 1.5 µl MPIOs (0.67 mg Fe/ml); 3) 1.5 µl MPIOs (0.67 mg Fe/ml) 
combined with poly-L-Lysine (PLL) and 4) 1.5 µl MPIOs (0.67 mg Fe/ml) combined with Fugene-6 
(FUG). Ex vivo 3D-GE (66 µm isotropic resolution) MRI (7T) was performed at 3, 5 and 8 weeks post 
injection on one mouse of each group. Mean and SD of the signal intensities within 4 VOI were 
measured for calculation of the threshold values (Amira 4.1.4): VOI1 and VOI2 comprising the outer 
layers of the OB (ipsilateral – contralateral), VOI3 and VOI4 comprising the core of the OB (ipsilateral 
– contralateral) represent the regions where migrating eNPC enter the OBs. For VOI4 the applied 
segmentation threshold was: <VOI4> – 3 x SD(VOI4). The threshold for the region with contrast (VOI3) 
was then set as: (<VOI4> – <VOI4> x %/100)) – 3 x SD(VOI4). The % bias correction factor was calculated 
as follows: 100- (100 x <VOI1>/<VOI2>). The number of voxels demonstrating signal intensity below 
the thresholds was quantified for VOI3 and VOI4. Finally, the quantified number in VOI4 was subtracted 
from the quantified number in VOI3 as a correction for false positive hypointense voxels. Minimum 
intensity projections (mIPs) were created from a subsample of sagittal slices (of 8 weeks post 
injection), covering the region where the RMS enters the OB.

Results: This method for contrast 
quantification provided evidence that 
contrast accumulation over time occurred 
in two out of four in situ labeling strategies 
(Fig.A, mIPs B and D), indicating that these 
two setups were successful in labeling 
eNPC. 

Conclusions: This method could be 
useful to investigate altered SVZ neurogenesis in mouse models for different diseases with a 
longitudinal MRI study.
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introduction: Mri using ultra small superparamagnetic iron oxide nanoparticles (uSPios) 
provides a non-invasive approach to examine the development of plaque within arteries. however, 
signal voids created by uSPios and arterial diameters typically on the order of a few millimetres 
make analyzing images diffi cult. This work presents a new framework using the SiMri simulator for 
testing a sequence’s ability to differentiate arterial plaque components as well as quantify uSPio 
concentrations.

Methods: The SiMri simulator1 generates Mr images from a virtual model using the nMr 
parameters T1, T2, proton density, and magnetic susceptibility. for these parameters, a combination 
of our measurements and values found in literature3 was used. using the histological image of an 
excised infl amed rabbit aorta tagged with uSPios, we classifi ed the artery by hand into 10 components: 
extravascular lipid, adventitia, media, intima, lipid core, fi brous cap, and low, medium and high uSPio 
regions. Concentrations for the uSPio regions were 3, 7 and 11µmol/g. in these regions, we calculated 
the magnetic susceptibility from concentration and then calculated the b0 fi eld inhomogeneity map 
using a model from yoder2. To test the framework, we chose the b0 fi eld direction perpendicular to 
the artery to clearly show the effects of concentration, and hence magnetic susceptibility differences. 
We tested a T2 weighted, ge sequence with Tes of 4 and 9 ms, b0=1.5T, Tr=360ms, fl ip angle=25°, 
and matrix size=256x256.

results: fig. 1 shows the framework process along with simulation and example ex vivo images. 
in the label map, uSPio regions are shown in gray, brown and light blue. around these regions, we 
see the signal voids resulting from the b0 fi eld inhomogeneities in the simulated image.  fig. 1d and 
1e show the results of images generated using different Tes. We see that the signal void area 
increases with Te both in the simulated and ex vivo images.

Conclusions: This work shows a promising new framework to test Mri sequences for 
atherosclerosis assessment and uSPio quantifi cation. We have shown the ability to change sequence 
parameters and observe changes to simulated images. This framework also provides the ability to 
change the virtual model specifi cations, such as uSPio concentrations, and observe changes in 
resulting images, and also to simulate high resolution images unachievable with a physical Mri 
scanner.
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Introduction: Early and accurate diagnosis of implant-associated infection is essential for 
appropriate therapeutic intervention. Molecular imaging is a promising non-invasive procedure with 
high potentials. Thus, we investigated Tc-99m labeled ciprofloxacin (CIP) in: (1) in vitro binding to S. 
aureus (SA) and E. coli (EC), (2) tissue-cage mouse infection model.

Methods: SA ATCC 35556 and EC ATCC 25922 were used for in vitro and in vivo studies. 1 mg CIP 
was labeled with 740 MBq of 99mTcO4-.[1] Labeling efficiency was measured using TLC silica gel 
strips. Stability of labeled CIP was assessed in saline and in serum during 6h. In vitro binding to 
bacteria was tested in phosphate buffer at 37°C and 4°C during 3h of incubation with CIP 1.3 µg/ml 
(0.9 MBq) with and without 100-fold excess of cold CIP. For in vivo studies, perforated Teflon cages 
were subcutaneously implanted in the back of C57Bl/6 mice; 2 weeks later, cages were infected by 
injection of 1x107 colony-forming units (CFU) SA or 5x105 CFU EC in cage. 100 µl of a saline solution 
containing 13 µg CIP (9.3 MBq) were injected in the lateral tail vein of infected and non-infected 
(control) mice (3 mice per group/per time point). Biodistribution was investigated at 30 min, 4h and 
24h and the differences were assessed by the Student’s t test (2-sided).

Results: The CIP labeling efficiency was 93%. During 6h, the tracer was stable in serum, while 
in saline radiochemical purity decreased from 93% to 58%. The in vitro binding to test bacteria was 
unspecific and rapid. The %CPM/CPM0 (CPMcells/CPMadded-radioactivity) bound to 8.0 log CFU/ml 
after 1h at 37°C and 4±C was 1.44±0.07 and 1.11±0.05 for SA, and 2.60±0.03 and 0.70±0.06 for EC. SA 
viability was stable, while EC counts decreased by 2.0-3.5 log CFU/ml after addition of CIP. The total 
body biodistribution of Tc-99m CIP (mean±SD of % ID/g) in non-infected mice is shown: 

At 30 min p.i. CIP accumulated similarly into all 
cages. The %ID/g at 4h and 24h was 3.64±0.89 and 
1.49±0.13 for SA and 3.14±0.24 and 2.68±0.83 for 
EC infected cages, respectively. %ID/g were 
significantly higher in the infected than non-
infected cages at 4h and 24h for SA (p=0.02 and 
p=0.003) and EC (p=0.005 and p=0.021).

Conclusions: The Tc-99m CIP in vitro binding to test strains was rapid and nonspecific. Indeed, 
no saturable carrier protein is involved in internalization of quinolones into bacteria.[2] In vivo, CIP 
penetrated well into cages and was rapidly cleared from the controls, while infected ones showed 
slower clearance. CIP distinguished between the infected and control cages both at 4h and 24h.
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Organs 30 min 4h 24h
Heart 1.29±0.53 0.71±0.17 0.55±0.05 
Blood 5.92±1.52 2.16±0.63 1.01±0.04
Liver 11.23±6.80 7.34±3.76 3.14±0.27
Stomach 8.11±8.73 2.11±0.74 1.26±0.14
Spleen 3.17±1.63 1.94±0.85 1.35±0.05
Kidney 21.90±6.33 15.42±1.95 9.94±0.40
Lungs 2.63±1.45 1.61±0.36 1.09±0.14 
Intestine 3.04±0.60 2.71±1.03 0.84±0.14
Bone 4.56±1.87 3.15±0.46 3.64±0.25
Muscle 1.33±0.45 0.62±0.17 0.38±0.06
Cage 3.72±1.58 1.69±0.37 0.91±0.10
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Introduction: Microglia activation is considered as the predominant cellular response to 
inflammation within the CNS, a process characterized by a drastic change in the morphology of 
these cells and by the notable overexpression of the peripheral benzodiazepine receptor (PBR or 
TSPO 18 kDa). Since over two decades, these binding sites are clearly recognised as early markers 
of neuroinflammation, supporting extensive efforts into the design of radiolabeled ligands for PET 
imaging [1]. Today, [11C]PK11195 is still considered as the compound of reference, but several new 
structures, all belonging to other chemical classes (e.g. [18F]FEDAA1106, [11C]PBR-28, [18F]DPA-
714 and [11C]DPA-713) are already proposed as promising alternative ligands. Another attractive 
chemical class of structures, truly underinvestigated to date, are the indoleacetamides. Within this 
class, we have labeled SSR180575 [2] with carbon-11, and pharmacologically evaluated it in a rat 
model of neuroinflammation (unilaterally, AMPA-induced, striatum-lesioned rats) with PET.

Methods: Carbon-11 labeling of SSR180575 (at the N-methylindole function) comprises : (1) 
trapping at -10°C of [11C]MeOTf in DMF (0.3 mL) containing 0.2-0.3 mg of the indole precursor for 
labeling and 4 mg of K2CO3 (excess) ; (2) heating at 120°C for 3 min ; (3) dilution of the residue with 
0.5 mL of the HPLC mobile phase and (4) purification using semi-preparative reversed-phase HPLC 
(Zorbax® SB-C-18). SSR180575 was also labeled with carbon-11 at its N,N-dimethylacetamide 
function (step 1 : [11C]MeI, methylacetamide precursor (0.5-1.0 mg), methanolic 1M nBu4NOH (5 
µL), DMF/DMSO (0.1/0.2 mL), -10°C ; step 2-4 : see above). PET-imaging (Focus 220 Concorde) 
includes control kinetics and displacement experiments with PK11195 and SSR180575 (1 mg/kg).

Results: Starting from a 55 GBq cyclotron-produced [11C]carbon dioxide batch, 4.5-5.0 GBq of 
[indole-N-methyl-11C]SSR180575 (or [acetamide-N-methyl-11C]SSR180575), > 99% radiochemically 
pure and ready-to-inject, were obtained within 25 min. Specific radioactivities ranged from 50 to 90 
GBq/µmol. In PET experiments, [indole-N-methyl-11C]SSR180575 showed a higher contrast between 
the lesioned area and the corresponding area in the intact contralateral hemisphere when compared 
to [11C]PK11195 (ratio ipsi/contra at 20 min post-injection: [indole-N-methyl-11C]SSR180575 : 2.7, 
n = 4 ; [11C]PK11195, 1.7, n = 5). Furthermore, [indole-N-methyl-11C]SSR180575 was displaced by 
PK11195 or SSR180575. Immunohistochemical analyses correlate with PET-imaging and showed 
strong activation of microglia in and around the lesion.

Conclusions: The decay-corrected overall yields for the preparation of [indole-N-methyl-11C]
SSR180575) (or [acetamide-N-methyl-11C]SSR180575) were 19.1-21.2% (n=10). Dynamic µPET 
studies in rats demonstrate the potential of [indole-N-methyl-11C]SSR180575 to image 
neuroinflammation.
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Introduction: The peripheral benzodiazepine receptor (or TSPO 18 kDa) is expressed by 
microglial cells in many neuropathologies involving neuroinflammation. [11C]PK11195 is today the 
most widely used radioligand for the in vivo imaging of PBR using PET, and this in spite of its low 
brain uptake and its high level of non-specific binding. Numerous PK11195 challengers are currently 
under investigation [1], and of particular interest are the N-benzyl-N-(2-phenoxyaryl)-acetamides, a 
series which today includes [11C]DAA1106, [18F]FEDAA1106, but also [11C]PBR28 [2]. PBR28 is a 
meta/para-bi-substituted pyridine, leaving open the option of fluorine introduction at an ortho 
position, and therefore offering an opportunity for labeling with the longer half-life positron-emitter 
fluorine-18. A first analogue, 6-fluoro-PBR28 (N-(2-methoxybenzyl)-N-(6-fluoro-4-phenoxypyridinyl-
3-yl)acetamide), was synthesized and labeled with fluorine-18, which is the subject of the work 
presented herein.

Methods: 6-Fluoro-PBR28, as well as the corresponding 6-chloro and 6-bromo derivatives 
were all synthesized from commercially available 4-chloro-3-nitropyridine. Labeling of 6-fluoro-
PBR28 with fluorine-18 involves the following steps: (A) reaction of K[18F]F-Kryptofix®222 with 2-3 
mg of precursor at 165°C for 5 min in DMSO, (B) PrepSep C-8 cartridge pre-purification, (C) purification 
using semi-preparative reversed-phase HPLC (Waters Symmetry® C-18 - eluent : ACN / H2O / PicB7 
: 35 / 65 / 2 - flow rate : 5 mL/min) and (D) SepPak®Plus-based formulation.

Results: 6-Fluoro-PBR28 and its chloro/bromo analogues were all synthesized in six chemical 
steps and obtained in 16%, 10% and 19% overall yield, respectively. Ready-to-inject 6-[18F]fluoro-
PBR28 (>95% radiochemically pure) was prepared within 90 minutes (including HPLC-purification, 
Rt : 23-24 min) using our Zymate-XP robotic system in about 10% non-decay-corrected overall yield 
(non-optimized). Specific radioactivities ranged from 74-148 GBq/µmol.

Conclusions: 6-Fluoro-PBR28 was labeled with fluorine-18 in one single step using a bromine 
(or chlorine) - for - fluorine heteroaromatic substitution. Dynamic µPET studies are currently 
underway in our rodent model of neuroinflammation (unilaterally AMPA-induced striatum-lesioned 
rats).

Acknowledgement: Supported in part by the EC - FP6-project DiMI (LSHB-CT-2005-512146) 
and EMIL (LSH-2004-503569).
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Introduction: Leukoaraiosis(LK) describes diffuse white matter abnormalities on CT or MR 
brain scans, often seen in the normal elderly and in association with vascular risk factors or stroke 
[1].  As far as we know there is no information on grey matter microglial activation in LK patients. The 
aim of this study was to evaluate by PET  [11C] PK11195 the microglial activation taking into account 
for both its tissue and vascular expression in patient diagnosed with leukoaraiosis. 

Methods: Four healthy controls HC (age 44 ± 11) and two patients with LK one female (age 64) 
and one male (age 82) were enrolled in this pilot study. The non invasive simplified reference tissue 
model [2] modified by accounting for cerebral blood volumes and vascular binding presence both in 
reference and target tissues [3,4]  (SRTMV) was applied to the PET images on a voxel basis to estimate 
RI (ratio of tissue compared to that in the reference region delivery), k2 (efflux rate constant from 
tissue), binding potential (BP) and blood volume (Vb). Receptor free regions (Cref) were identify by 
cluster analysis. The whole blood tracer activity (Cb) was extracted from the dynamic images by 
averaging 6 pixels selected by cluster analysis. Cref and Cb were used as input functions to SRTMV, 
the blood volume in the reference region was fixed to 5%. Regional BP  and Vb values were obtained 
by drawing region of interest, ROIs, on BP and Vb parametric images.

Results: The results reveals significant group level effect for both BP and Vb , in cortical and 
subcortical ROIs.  In particular, LK patients BPs shown an increase respect to HC BPs in cortical 
areas as cuneus, precuneus of about 3 and respectively 3.7 fold with a mean fold of 2 ± 0.4 overall the 
neocortex and in subcortical areas a mean fold increase of about 1.7 ± 0.2. Vb estimates in HC group 
are >30% lower in cortical area as cuneus, posterior cingulate, insula and parietal cortex. Noteworthy, 
a variation between groups of more than 20% in Vb values was also identified for occipital cortex, 
posterior cingulate and thalamus. Average Vb values for HC was 5.7 ± 1 % while for leukoaraiosis 
patients 7.2 ± 2 %.

Conclusions: As observed in patients with AD [4], Vb correction promoted an increase in BP 
values in different brain regions. However, differently to what observed for AD patients, in the two 
subjects with LK, we found Vb values higher than those present in HC group. This might be caused 
by inflammation or modification in PBR availability in micro-vessel wall. A blood-brain barrier 
dysfunction, due to toxic effects of serum protein, and/or the occurrence of “incomplete infarction” 
have been hypothesized as LK mechanisms, which might be both part of a broader failure of 
endothelial function. This preliminary study provides new information on the inflammatory process 
that accompany the LK disease.

Acknowledgement: This study has been partially supported by the European Network of Excellence 
DIMI.
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Introduction: Plasmodium vivax is the most widely distributed human malaria parasite and 
responsible each year for 100-300 million clinical cases including severe disease and death1. Unlike 
P. falciparum, where parasite-harbouring human red blood cells (RBCs) cytoadhere to endothelial 
cells of post-capillary venules, P. vivax-harbouring reticulocytes do not cytoadhere having an obligate 
passage through the spleen. This lymphoid organ is adapted to clear abnormal red blood cells, 
particles from the blood and infectious agents including malaria. Questions thus remain as how P. 
vivax escapes spleen-clearance and establishes chronic infections. We have advanced a hypothesis 
postulating that this parasite induces the formation of spleen barrier cells where infected reticulocytes 
specifically cytoadhere protecting themselves from spleen macrophage-clearance and rendering the 
circulation through this organ temporarily “closed”2.

Methods: To advance this hypothesis, we have used the rodent malaria model of Balb/c mice 
infected with the reticulocyte-prone non-lethal P. yoelii 17XNL strain, resembling P. vivax, and the 
normocyte-prone lethal P. yoelii 17XL strain, resembling P. falciparum. Here we show the 
implementation of Magnetic Resonance Imaging (MRI) to our murine model. A high field magnetic 
resonance system was used for non-invasive imaging of the spleen of anesthetized mice infected 
with either the lethal or the non-lethal strain at day 4 post-infection (parasitemy was ensured to be 
similar in all the animals). MR scans were performed under isofluorane anaesthesia in a BioSpec 
70/30 horizontal animal scanner (Bruker BioSpin, Germany), equipped with a 12 cm inner diameter 
actively shielded gradient  system (400 mT/m). Coil configuration consisted on an abdominal surface 
coil for small rodents. T2 mapping of abdominal coronal sections containing the spleen, the kidneys 
and the back muscle were acquired by using and MSME sequence with the following parameters: 16 
different echo times (TE), repetition time (TR)= 3s, resolution= 0.25 x 0.25 x 1.00 mm. T2 maps were 
constructed and analysed with Paravision 5.0® (Bruker BioSpin, Germany). Measurements of T2 
relaxation times were performed by manually drawing of the red and white matter of the spleen. This 
process was repeated by 3 different blinded experimenters, and an average of the 3 measurements 
was obtained. T2 values from kidney and muscle were measured in two independent circular regions 
of interest in each structure. 

Results: Differences in the spleen of infected mice vs. control mice were assessed through T2-
weighted images. The data obtained from T2 maps showed a significant increase (p<0.01) of T2 
relaxation times of spleen white matter in both groups o mice infected with lethal and non-lethal 
strain of Plasmodium in comparison to control mice. In spleen red matter, a significant increase 
(p<0.05) of T2 relaxation time was only observed in mice infected with the non-lethal strain of 
Plasmodium. Interestingly, the standard deviation of T2 relaxation times measured in red and white 
spleen matter of non lethal infected mice was higher (pp<0.01), almost twice, than the one observed 
for control and lethal infected mice. None of these differences were observed in the regions of interest 
measured in muscle or kidney.

Conclusions: These findings show the feasibility of applying MRI to study the role of the spleen 
in non-lethal malaria and underscore the capacity of this technique to non-invasively show differences 
between lethal and non-lethal malaria. The final aim is to translate these studies in the murine 
model to human disease.
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Introduction: To study murine Spondyloarthropathy (SpA), we evaluated the TNFΔARE mouse 
model. These mice are characterized by a dysregulated TNF expression due to Cre-LoxP mediated 
excision of the AU-rich elements in the TNF transcript, which results in the simultaneous occurrence 
of inflammatory bowel disease and peripheral and axial inflammation. An in vivo longitudinal imaging 
procedure using magnetic resonance imaging was used to evaluate the sacroiliac joints in relation to 
disease duration in a TNFΔARE mouse model. 

Methods: Wild type (6) and TNFΔARE (4) mice were submitted to an MRI study at age of 1, 2, 3, 
5 and 7 months.  MRI was performed on a 9.4 T system (BRUKER, Ettlingen, Germany). Coronal T1-
weighted 2D FLASH images of the sacroiliac joints were acquired: TE/TR=3.4/200 ms, FA= 40º, 
FOV=15 mm, image matrix: 256 x 256, 16 slices, slice thickness = 0.5 mm. Fat-suppressed T2-
weighted RARE images were acquired: TEeff/TR = 36/3000 ms, ETL=8, FOV= 19.2 mm, image matrix: 
256 x 192, 8 slices, slice thickness = 1 mm.  To compare the T2-weighted signal intensities of the 
ilium among animals and age, we calculated relative signal intensities of the ilium with respect to 
the mean signal intensity of the muscle tissue close to the ilium.

Results: During the course of the disease, the sacroiliac joints become gradually affected. Joint 
space narrowing can be very well appreciated on T1-weighted images, eventually leading to joint 
bridging. As compared to healthy controls, both sacrum and iliac bones remain very poorly mineralized 
until 7 months of age (fig.). A 2-way ANOVA demonstrated differences in relative T2-weighted signal 
intensities – as a measure of mineralization –between the group of control and TNF mice and for the 
different ages of the mice.

Figure: T2-weighted sections of sacroiliac joints of control 
and TNF mice at the age of 1 and 5 months, arrow shows 
the ilium.

Conclusions: We conclude that in addition to an inflammatory syndrome strongly resembling 
SpA, chronic TNF exposure also has detrimental effects on normal bone mineralization. In summary, 
MRI imaging of sacroiliac joints is an important tool to monitor axial inflammation in preclinical 
models of SpA. 
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Introduction: The existence of neurogenesis in the adult human central nervous system 
generated enormous interest in the field of regenerative medicine. Neurogenesis can be modulated 
and thus, it may provide a basis for cellular and functional brain repair. Methods and devices for in 
vivo imaging of neurogenesis are urgently needed, since they will facilitate the development of 
neurogenesis-based therapies. In animals, optical bioluminescence imaging of neurogenesis has 
recently been achieved in transgenic reporter mice. The use of transgenic approaches is, however, 
restricted to animals and not appropriate for humans. Here, NMR spectroscopy offers the opportunity 
to investigate molecular compositions of cells and tissues in physiological environments non-
invasively and thus constitutes a promising approach to visualize endogenous neurogenesis in 
humans. Manganas et al. recently described a specific lipid signal (1.28 ppm) in NMR spectra of 
cultured neural progenitors (NPCs) in vitro. According to this study, this peak was absent or 
significantly lower in mature neurons and astrocytes, as well as in non-neural stem/progenitor cells, 
but present in NPCs. Moreover, this signal was detected by MRSI in vivo in the hippocampus of rodents 
and humans and decreased with aging.

Methods: Measurements were performed at high resolution 1H-NMR Bruker Avance 600 and 
800 MHz spectrometers employing a gradient-based water suppression pulse sequence. 

Results: We demonstrate that, although this 1.28 ppm biomarker is present in NPC cultures, it 
is not specific for the latter. The 1.28 ppm marker was also evident in mesenchymal stem cells and 
in non-stem cell lines. Moreover, it was absent in freshly isolated NPCs but appeared under conditions 
favouring growth arrest or apoptosis, it is initiated by induction of apoptosis and correlates with the 
appearance of mobile lipid droplets. 

Conclusions: Thus, although the 1.28 ppm signal cannot be considered as a specific biomarker 
for NPCs, it might still serve as a sensor for processes that are tightly associated with neurogenesis 
and NPCs in vivo, such as apoptosis or stem cell quiescence. This, however, requires further 
experimental evidence. The present work clearly urges the identification of additional bio-markers 
for NPCs and for neurogenesis.
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Introduction: Regional cerebral glucose transport and consumption can be determined by 
kinetic modelling of dynamic [18F]-fluoro-2-deoxyglucose (FDG) positron emission tomography 
(PET) data. This approach requires the use of an arterial input function, which can be measured 
directly by taking arterial blood samples or by extraction of the input function from vascular structures 
in the field of view of the PET scan. Both methods are not applicable to the long-term monitoring of 
the rat brain because blood sampling is too invasive for longitudinal studies and the heart is often 
outside the field of view in small animal PET scanners when centred to the brain. Nevertheless, 
kinetic modelling is important in regions with disturbed cerebral blood flow because the lumped 
constant is not necessarily constant there, but can be calculated from the FDG transport and metabolic 
rate constants. We developed a method for the non-invasive determination of the rate constants in 
rat and applied the method to acute focal ischemia after occlusion of the left middle cerebral artery 
(MCAo).

Methods: 5 male Wistar rats were measured for 60 minutes with FDG-PET while taking arterial 
blood samples. We show that the whiskers area of the rat behaves like a one-tissue compartment, 
which can serve as a reference tissue for blood activity. The kinetic model equations of FDG were 
modified by replacing the tracer concentration in plasma by an expression of the FDG concentration 
of the reference tissue and two parameters: a flow parameter and a partition coefficient. Kinetic rate 
constants K1, k2, k3, and k4 were calculated in two ways: first, using the standard two-compartment 
model with the sample derived input function and second, applying our reference tissue model. To 
demonstrate the power of the reference tissue model, it was applied to sequential FDG-PET scans of 
a rat taken one hour and two days after MCAo, respectively. Additionally, a H215O-PET scan was 
performed 15 minutes before the one hour FDG-PET to measure cerebral blood flow.

Results: Assuming a flow parameter of 0.14 min-1 and a partition coefficient of 0.75 for the 
reference region, a good agreement between the FDG rate constants calculated with the two methods 
could be achieved. The difference in the metabolic rate constant Ki=K1*k3/(k2+k3) was <10% and for 
the other constants <30% in the whole brain and regionally. The ischemic region could be identified 
one hour post MCAo in the parametric maps of the FDG transport rate constant K1 (reduction >50%, 
co-located with the reduction of CBF measured by H215O-PET) and the FDG metabolic rate constant 
Ki (increase >25%). The parametric image of glucose consumption rate, calculated from K1 and Ki 
images and thereby taking into account a regionally variable lumped constant, revealed conserved 
glucose consumption in the ischemic region. Thus, the increase in Ki did not reflect an increase of 
glucose consumption. Two days after MCA occlusion, the region with increased Ki (>25%) at one hour 
after MCAo showed severe reduction in K1, Ki, and glucose consumption rate, indicating that this 
tissue was no longer viable. 

Conclusions: Kinetic rate constants K1 and Ki can be determined non-invasively with the 
reference tissue method allowing for the calculation of glucose consumption even in regions with 
altered lumped constant. Therefore, the presented method provides a powerful tool for the long-
term monitoring of glucose metabolism in rats with cerebrovascular diseases. K1 is a surrogate 
marker for cerebral blood flow and Ki is a sensitive marker for regions with an unusual ratio of 
glucose transport and metabolism.
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Introduction: In this study, we used Diffusion Kurtosis Imaging (DKI) to investigate early 
developmental brain tissue changes of microstructure and neuroconnectivity of rat pups (postnatal 
day 15 - P15 and postnatal day 30 – P30) transgenic for Huntington’s disease (HD)[1]. Together with 
Diffusion Tensor parameters, DKI was aimed to provide additional information concerning tissue 
microstructural complexity during development in both transgenic (TG) and wildtype (WT) animals.

Methods: In vivo experiments were performed at the age of P15 (n=6TG/n=6WT) and P30 (n=6TG/
n=5WT) on a 9.4T Bruker Biospec scanner, using a SE EPI sequence with an encoding scheme of 15 
DW-gradient directions. Additional imaging parameters: TR/TE=3000/25ms, NEX=4, matrix = 
128*128, FOV=25mm, slice thickness=1mm. DKI data were processed using Matlab routines to 
generate DTI (fractional anisotropy - FA, mean diffusivity - MD, radial diffusivity – RD, axial diffusivity 
- AD) and DKI (mean kurtosis - MK, radial kurtosis - RK, axial kurtosis - AK, kurtosis anisotropy - KA) 
parametrical maps[2,3]. Region of interest analysis was performed at both stages and different white 
(WM) and grey matter (GM) structures, relevant for HD, were evaluated; (Cortex-Ctx; Hippocampus-
HP; caudate putamen-CPu) - (Corpus Callosum and Internal Capsula - cc/ce; anterior commissure 
anterior - aca). 

Results: In P15 TG pups, no differences were observed as compared to WT pups. In WM of P30 
TG pups we observed a significantly decreased FA (p<0.01) (cc/ce), and increased AK (p<0.05) (cc/ce 
– aca) as compared to WT pups. In GM of P30 TG pups (CPu) AK was significantly increased (p<0.05) 
as well as MK (p<0.01).

Conclusions: The changes in FA, AK and MK suggest a differential development starting at P30. 
While anisotropy decreases, non Gaussian diffusion increases in WM as indicated by an increase in 
AK. This might be related to a decreased orientational coherence or packing of fibre tracts. In the 
CPu we observed a similar increase in non Gaussian diffusion, which was related to changes in AK. 
The presence of mutant huntingtine could indicate that cell differentiation of striatal neurons might 
already be affected in very young TG animals, already demonstrated at that stage[4]. Although, the 
TG HD rat model closely resembles the late-onset form of the disease, behavioural analyses revealed 
an early phenotype. It has been shown that behavioural symptoms precede the appearance of the 
earliest aggregates at about 6 months of age. This very early behavioural phenotype is characterized 
by decreased numbers of isolation induced ultrasonic vocalization calls at P10, a loss of prepulse 
inhibition at P17 and increased risk behaviour at P21. The DKI changes we could detect in TG HD 
pups, suggest that neurodegenerative process of HD involves also neurodevelopment defects already 
detectable at P30.
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Introduction: Interleukin-1 (IL-1) ligands include two agonists, IL 1α and IL 1ß, and the naturally 
occurring IL-1 receptor antagonist (IL-1RA). IL-1RA is used to treat several chronic inflammatory 
diseases. Involvement of IL-1 in stroke has lead to a phase II clinical trial of IL-1RA in stroke patients1. 
However, little is known about its biodistribution, pharmacokinetics and metabolism. Here we 
investigated the biodistribution and metabolism of fluorinated [18F]IL-1RA using a new approach of 
radiolabelling, combined with small animal positron emission tomography (PET).

Methods:Recombinant IL-1RA was radiolabelled by reductive amination on lysine moieties with 
[18F]fluoroacetaldehyde2. [18F]IL-1RA was purified on a HiTrap® Desalting Cartridge. Sprague-
Dawley rats (300-500g) were anaesthetised by isoflurane inhalation (induction: 5% and thereafter 
2–2.5%) in oxygen, received [18F]IL-1RA intravenously (n=5, injected dose: 12.4~30.5MBq) and were 
imaged with a Quad-HIDAC PET camera for 2 hours. For the study of IL-1RA metabolites, rats were 
sacrificed 20min, 1h or 2h after injection of [18F]IL-1RA.

Results: [18F]IL-1RA distributed in the main organs of interest as follow: kidneys >> heart = 
liver > lungs > brain. In lungs, liver and heart, [18F]IL-1RA uptake peaked within 1min after injection 
then decreased rapidly to reach a plateau from 10min post-injection. In the brain, the uptake exhibited 
a slower pharmacokinetic with a smaller post-injection peak and a plateau at 6min after injection. 
There was rapid metabolism of IL-1RA, such that intact [18F]IL-1RA and smaller metabolites 
represented ~60% and 40% respectively in plasma, and ~20% and 80% of total activity in urine, 20min 
after injection.

Conclusions: We show here the feasibility of using preclinical PET imaging to access rapidly the 
biodistribution of new biological compounds of therapeutic interest. The biodistribution of [18F]IL-
1RA reported here is in agreement with an earlier study suggesting a low uptake in the brain and a 
rapid metabolism and excretion in the kidneys.
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Molecular Imaging Centre; and perform within the framework of the EU network of Excellence 
Diagnostic Molecular Imaging (LSHB-CT-2005-512146).

References: 
1. Emsley HC, Smith CJ, Georgiou RF, Vail A, Hopkins SJ, Rothwell NJ, Tyrrell PJ. A randomised 
phase II study of interleukin-1 receptor antagonist in acute stroke patients. J.Neurol.Neurosurg.
Psychiatry. 2005;76:1366-1372.
2. Prenant C, Gillies J, Bailey J, Chimon G, Smith N, Jayson GC, Zweit J. Synthesis of [18F]
fluoroacetaldehyde. Application to [18F]fluoroethylation of benzylamine under reductive 
alkylation conditions. J Labelled Comp Radiopharm 2008;51:262-267.



Radiosynthesis and in vivo evaluation of [11C] labelled tracer for imaging P-gp

Poster no: 072

De Bruyne S1, Wyffels L1, Moerman L1, Cantore M2, Capparelli E2, Colabufo NA2, de Vos F1

1 Laboratory of Radiopharmacy, Ghent University, Harelbekestraat 72, 9000 Gent, Belgium
2 Pharmacochemistry, University of Bari, via Orabona, 4, 70125, Bari, Italy

Introduction: P-glycoprotein is an energy-dependent drug efflux transporter that contributes to 
the efflux of a range of xenobiotics at the blood-brain barrier resulting in drug-resistance. This study 
reports the radiolabeling of [11C]-MC80 and the characterization of its in vivo properties. MC80 has 
in vitro been characterized as a potent substrate for P-gp [1].

Methods: The radiolabeling of [11C]-MC80 was accomplished by methylation of the phenolic 
function with 11CH3I. 11CH3I was bubbled into the ice-cooled reaction mixture that consists of 7 µL 
NaH (20 mM) and 3 µmol precursor dissolved in 243 µL DMF. The resulting solution was allowed to 
stand for 5 min at room temperature, purified on RP-HPLC and concentrated on a C18 Seppak. 
Biodistribution studies with 4.6 MBq [11C]-MC80 were performed in FVB mice (n=3) pretreated with 
saline, Cs A or cold MC80. At 10 and 30 min (n=3) p.i., metabolite analysis was performed. Mice were 
injected with approximately 22 MBq [11C]-MC80. Blood and brain were removed and extracted with 
CH3CN. Supernatant was drawn off and analyzed by RP HPLC. 

Results: An injectable formulation of [11C]-MC80 was obtained in a total synthesis time of 25 
min. Based on 11CH3I, [11C]-MC80 was obtained in a decay-corrected RCY of 25 % with a radiochemical 
purity of > 98 % and specific activity ranging from 0.74 – 1.46 GBq/nmol. After injection in mice, 
[11C]-MC80 showed high initial brain uptake (6.49 %ID/g at 1 min) with a good wash-out (1.09 %ID/g 
at 1 h). Urinary clearance as well as hepatobiliary excretion of radioactvity was observed. Pretreatment 
with Cs A resulted in a significant increase in brain uptake (to 14.49 %ID/g at 1 min and 1.80 %ID/g at 
1 h, respectively). The testes showed a slight increase in radioactivity uptake after Cs A administration 
(from 2.46 %ID/g to 3.73 %ID/g at 1 h p.i.). Administration of cold MC80 results in a minor raise in 
brain as well as testes uptake with no effect on blood activity. Blood metabolite studies showed 61 % 
and 63 % intact product at 10 and 30 min p.i. respectively. In the brain, over 98 % intact product was 
found at 10 min p.i. whereas at 30 min p.i. 92 % was still present as unchanged [11C]-MC80. 

Conclusion: These results indicate that [11C]-MC 80 has a high initial brain uptake compared to 
other P-gp tracers. The brain uptake increased after Cs A pretreatment. Further evaluation of the 
administration of different doses cold MC80 on the biodistribution pattern of [11C]-MC 80 is necessary. 
Studies are in progress to estabilish if [11C]-MC80 could be employed as radiotracer in Cs A co-
administration for monitoring BBB P-gp activity.
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Introduction: Manganese enhanced MRI (MEMRI) exploits the paramagnetic Mn2+ ion’s ability 
to act as a calcium analogue and thereby locally shorten T1 relaxivity. Mn2+ enters active (neuronal) 
cells through voltage-gated calcium channels. Memri has been successfully employed in imaging 
brain activity and cardiac viability, yet ex vivo high-resolution scans would allow a far easier assignment 
and localization of contrast enhancement. Standard PFA fixation results in rapid decline of manganese-
enhanced contrast. Therefore, we assessed the potential to detect manganese induced contrast in 
vivo and ex vivo using different fixation methods.

Methods: A group (n=8) of 8-10 weeks old male C57Bl6Jico mice were imaged with a vertical 
9.4T, 89-mm bore Bruker MRI system with a shielded gradient set (1T/m). oth before and 24 hours 
after intraperitoneal injection of 80 mg/kg of a Tris buffered (pH7.4) 105 mM MnCl2 solution, mouse 
brains were scanned with 3 separate MRI protocols: T1W 3D RARE (TE 8.1ms/TR 300ms, rare factor 
4, 2 averages, BW 75 kHz, matrix 256*160*160, resolution (100)3 μm) rare inversion recovery (TE 
8.7ms/TR 3500ms, TI 1000ms, 8 averages, BW 80kHz, matrix 256*128, resolution (100)2 μm, 
19*0.55mm slices) and a multislice T1 measurement (TE 10 ms/TR sequence: 8000-5500-3000-
1500-1250-1000-750-500ms, BW 50kHz, matrix 128*128, resolution (195)2 μm, 10*0.55mm slices). 
After the contrast-enhanced MRI scan, mice were sacrificed and perfused with saline followed by 
perfusion with 1) saline, 2) 4% buffered paraformaldehyde (PFA), 3) 4% PFA with 2% glutaraldehyde 
or 4) 4% PFA with 3.5% glutaraldehyde. One hour after dissection, the ex vivo imaging protocol was 
started, and repeated 5 times over a period of at least 12 hours.

Results: Manganese injection induced a 20-30% decrease in T1 relaxation times in the olfactory 
bulb, hippocampi, prefrontal cortex and cerebellum, whereas contrast did not significantly change in 
the musculature surrounding the head. Without fixation, contrast gradually blurred within a few 
hours, PFA fixation allowed for longer retention of contrast, yet diffusion and decrease of contrast  of 
> 20% was apparent after 4-5 hours. A more “rigid” tissue fixation was obtained using PFA with 
glutaraldehyde. Highest concentrations of 4% PFA with 3.5% glutaraldehyde showed a mean decline 
of 5% in contrast after 12 hours. 

Conclusions: Aldehyde fixation in increasing concentrations decreases the effusion speed of 
Mn2+ ions out of the distinct brain regions, allowing for a larger time frame to perform high resolution 
ex vivo scans. Using this protocol, high-resolution corroboration of activated brain areas becomes a 
realistic option.
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Introduction: Dynamic PET images of the human brain provide quantitative information on the 
pharmacokinetics of the radiotracer. However, most image voxels contain a mixture of different 
pharmacokinetics (i.e. vascular and tissue kinetics). The development of image processing techniques 
for the identification of the different components would be of great interest for the quantification.  
Several methods have been proposed in the literature in order to extract the arterial input function 
[1] [2]. Unfortunately, these techniques cannot distinguish between arterial and venous components 
and the extracted input function is a mixture of both. The aim of this work is to specifically extract 
arterial input function (AIF) from dynamic PET brain images.

 
Methods: Under certain conditions, the kinetics mixture can be assumed linear and the 

nonnegative blind source separation methods can be applied to dynamic PET data. In this work, we 
propose to use a combination between independent component analysis and nonnegative matrix 
factorization [3] to separate in a first step vascular and tissue components and in a second step 
arterial from venous components. The method was evaluated on a human brain study of the 
pharmacokinetics of the [18F]-FDG tracer, using manual arterial blood sampling as the reference 
AIF (rAIF).

Results: Figure1(left) shows the estimated AIF and venous fraction kinetics compared to the 
rAIF for one subject.  All the kinetics are normalized by their sum. Figure 2 (right) shows the spatial 
distribution in the brain of the estimated venous (left) and arterial (right) components

Conclusions:  The AIF can be estimated by nonnegative sources separation and correlates well 
with the measured rAIF. It may be possible to further extract other pharmacokinetics parameters 
using a similar approach.
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Introduction: In the last years, development of a reliable mathematical method for in vivo 
noninvasive quantification of AChE activity by [11C]MP4A PET to discriminate various neurodegenerative 
pathologies has become a challenge. In vivo PET measurements help differentiating  early pAD and 
LBD, and have a prognostic value in aMCI.   There are few in vivo PET studies of cholinergic 
neurotransmission in pAD and MCI. The aim of this study is to provide and test the performance of a 
Bayesian approach for measurements of AChE activity  promising in detecting specific PET pattern 
of cholinergic involvement in aMCI, early pAD and LBD that  might also have a diagnostic and 
prognostic value. 

Methods: 12 aMCI (mean age±SD: 72±6.5, MMSE: 24±2.6), 7 AD (mean age±SD: 73.8±9.7, MMSE: 
21.8±1.6), 4 LBD subjects (mean age±SD: 72±8.2, MMSE: 20.5±5), and 5 healthy controls (HC) were 
included.  A noninvasive method for AChE activity quantification at pixel level have been considered. 
The method is based on a 2- tissue compartment - 3 rate constant reference region model. AChE 
activity was assessed by the rate constant for hydrolysis of [11C]MP4A, k3. Striatum was used as 
reference structure based on its very high AChE activity. The approach used to estimate hydrolysis 
rate of [11C]MP4A by AChE at pixel level is the maximum a posteriori (MAP) Bayesian method [1]. 
The preliminary weighted non-linear least squares analysis performed at ROI level showed  that k2 
has a low inter-region variability within subject. Thus we assumed that k2 has a priori Gaussian 
probability density function with mean and standard deviation equal to k2 mean and SD_k2. k2 mean 
and SD_k2 have been obtained, for each subject and used as a priori information to estimate at pixel 
level k3 parameter by  MAP approach. To statistically compare overall group means Anova test has 
been performed. In addition, in order to distinguishing between pAD vs. NC, LDB vs. NC, aMCI vs. NC, 
aMCI vs. pAD,  pAD vs. LDB.   k3 estimates were compared by post hoc t-test.

Results: ANOVA showed a significant (p<0.05) group level effect on AChE activity. Post hoc t-test 
comparisons revealed a significant reduction of AChE activity: 1.in all neocortical regions in pAD and 
aMCI, whereas LBD showed a trend (-25%) of reduction only in the occipital cortex.; 2.in the 
hippocampus in all groups; 3.in the thalamus in pAD and LBD.

Conclusions: These preliminary data reveal a comparable changes of AChE activity in aMCI and 
pAD, indicating the involvement of cholinergic system in pAD and widespread changes also in the 
MCI phase. The limited cortical involvement in LBD might contribute in explaining the less severe 
cognitive impairment and the fluctuations in this disease,  and the positive response to treatments 
with cholinesterase inhibitors. MAP method reliably allowed to estimate AChE activity in both cortical 
and deep cortical brain areas (e.g. thalamus) and thus might become a valid instrument in distinguish  
among neurodegenerative pathologies.
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Introduction: Cannabinoid exposure during the periadolescent period has been shown to 
augment the rates of cocaine self-administration in female but not male Wistar rats[1]. However, 
how this cannabinoid history alters cocaine-induced brain activation remains unknown.

Methods: Male and female Wistar rats were administered with the cannabinoid agonist CP 
55,940 (0.4 mg/2ml/kg i.p.) or its vehicle (ethanol:cremophor: saline; 1:1:18) once daily from postnatal 
day 28 to 38 (a period which encompasses the periadolescent developmental stage). At adulthood 
(postnatal day 100 approximately) brain metabolism was studied by PET imaging with 8F-Deoxyglucose 
(2 mCi) after saline injection and two days later after cocaine injection. All images were spatially 
registered[2], smoothed with a 1 mm isotropic Gaussian kernel and masked to remove extracerebral 
tissues. Voxel values were normalized to the overall brain average, analyzed with Statistical 
Parametric Mapping software (SPM5) at uncorrected p < 0.001 and extent threshold =10 voxels.

Results: Vehicle male Wistar rats showed a hypoactivation in the caudate-putamen after cocaine 
injection. Metabolic levels of CP-treated male rats remained the same after cocaine. CP-exposed 
females showed higher metabolism in the septal nuclei after saline, as compared to vehicle rats. 
However, cocaine injections induced a hypoactivation of the septal nuclei only in CP-females bringing 
the activation level of this structure to values similar to those of vehicle injected female rats (Figure 
1).

Figure 1: Representative coronal 
images, hypoactivation in the caudate-
putamen after cocaine injection (males, 
left) and hypoactivation of the septal nuclei 
after cocaine injection (females, right).

Conclusions: A metabolic response was obtained after cocaine injection which depended upon 
sex and cannabinoid treatment. Given the involvement of the caudate-putamen and the septal nuclei 
in cocaine actions, these results may be relevant in explaining the altered susceptibility to cocaine 
effects in adult individuals exposed to cannabinoids during periadolescence.
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Introduction: The 18kDa Translocator protein (TSPO) is dramatically upregulated after microglial 
activation and thereby is a potential target to image in vivo neuroinflammatory changes in a variety 
of neurological disorders, including stroke. In focal cerebral ischemia, neuronal damage have been 
described in areas remote from the primary lesion site, and particularly in the thalamus, due to 
deafferentation of thalamic neurons from their target neurons in the cortex. We aimed to investigate 
the temporal course of microglial activation in the thalamus after middle cerebral artery occlusion 
(MCAO), using CLINDE, a promising SPECT TSPO high-affinity radioligand.

Methods: Focal permanent MCAO was performed in 34 male Swiss mice by bipolar 
electrocoagulation. Ex vivo autoradiographic studies were undertaken on ischemic mice by i.v. 
injection of [125I]-CLINDE (1.5MBq in saline), at 3, 8, 15 and 21 days post-occlusion (dpo). At 15 dpo, 
in vivo saturability and nonspecific binding of [125I]-CLINDE as well as specificity for TSPO versus 
central benzodiazepine receptors (CBR) were respectivelly investigated by preinjection of an excess 
(5 mg/kg) of either unlabeled PK11195 (the TSPO reference ligand) or CLINDE and of flumazenil 
(CBR antagonist, 4 mg/kg). Brains were removed 30 min after tracer injection, frozen, and coronal 
sections (20 μm-thickness) were exposed. Near-adjacent slices were also stained with cresyl-violet 
for histologic characterization of the lesion. Autoradiograms were scanned and analysed using 
βvision+ software.

Results: Autoradiography studies showed preferential localisation of [125I]-CLINDE 
accumulation in the ischemic cortical region with a good spatial correspondence with histologic 
staining, but also in the ipsilateral thalamus, which is beyond the primary lesion site and consequently 
not directly affected by the blood supply decrease. In thalamus, the concentration of radioactivity 
progressed up to 3 weeks after MCAO, with statistical significance (p<0.01) between groups sacrificed 
at 3 or 8 dpo and 15 or 21 dpo. This pattern of uptake of [125I]-CLINDE matched the time course of 
microglial activation described in vitro for this model of MCAO[1]. At 15 dpo, the intensity of thalamic 
[125I]-CLINDE binding markedly decreased in animals pre-injected with either unlabeled CLINDE or 
PK11195 (p<0.001), while no change was observed in group pretreated with flumazenil, strongly 
suggesting TSPO specificity in this model of ischemia.

Conclusions: These observations encourage further studies on the role of neuroinflammation 
in brain areas remote from the primary lesion site in cerebral ischemia using noninvasive imaging 
technique of nuclear medicine. Indeed, we provide the proof-of-principle that the estimation of TSPO 
density in vivo with CLINDE is possible, saturable, and well correlated temporally and spatially with 
activated microglia expression. As microglial activation preceded the occurrence of secondary 
neuronal degeneration, CLINDE might therefore monitor neuroinflammatory processes as an indirect 
and early hallmark of neuronal death, with a promising diagnostic potential in stroke.
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Introduction: The major challenge associated with the development of brain targeted MRI 
imaging agents is to design compounds which can cross the blood brain barrier (BBB). A number of 
literature references have suggested that suitably derivatised gadolinium complexes can cross the 
BBB. The imaging agents (Peptides 1, 2 and 3) synthesised have the generic structure : Gd-amyloid 
binder-BBB transporter. The amyloid binding domain consists of residues 16-22 from the human 
β-amyloid sequence in a retroinverted format. The use of D amino acids ensure stability and high 
affinity for aggregated β-amyloid. Three different peptides incorporating different BBB penetrating 
leader sequences were assessed: (i) polyamines (Peptide 1),[1] (ii) a cell penetration sequence from 
penetratin (Peptide 2) or (iii) cationic sequences from SynB (Peptide 3).[2] This present study was 
performed to determine the brain uptake of the peptides (1-3) which had been conjugated to DOTA 
chelates and then complexed with 153Gd (t1/2 = 242 d).

Methods: The DOTA peptide conjugates were synthesised on solid phase using standard Fmoc 
chemistry. DOTA was coupled as the tri-tbutyl protected derivative (Macrocyclics) at the N-terminus. 
153Gd DOTA peptide labelling was carried out over several days at room temperature. The 153Gd 
DOTA peptides were purified by HPLC and formulated in phosphate buffer. Each of the 153Gd 
radiolabelled peptides was administered to male CD1 normal mice under isoflurane anaesthesia. 
Following administration, animals were sacrificed at 2, 5, 30 and 60 minutes and three animals 
sacrificed per time point. The radiolabelled peptides were intravenously administered in 0.1 ml 
(minimum of 0.5 MBq/animal). Organs and tissue samples were then harvested to determine the 
biodistribution of the 153Gd DOTA peptides. 

Results: The HPLC purified 153Gd DOTA peptides were stable over several weeks. The identities 
of the 153Gd DOTA peptides were confirmed by HPLC co-elution with the corresponding Gd DOTA 
peptides. The three 153Gd DOTA peptides assessed have very low brain uptake, much lower than is 
obtained for the 18F agent (GE-067) which is currently in clinical development as an agent for the 
detection of brain β-amyloid. The very low brain uptake has been assessed to be insufficient for MR 
imaging of β-amyloid deposits in the brain

Conclusions It has conclusively been shown that the derivatised peptides cited in the literature 
are not suitable as brain targeted imaging agents due to very poor BBB permeability. The brain 
uptake demonstrated also rules these compounds out as nuclear imaging agents.
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Introduction: The serotonin 4 receptor is involved in learning and memory and is a potential 
target for treatment of Alzheimer’s disease and depression. [11C]SB207145 has emerged as a useful 
radiotracer for quantitative PET-imaging of the cerebral 5-HT4 receptors in humans 1. In this study 
we investigate the in vivo affinity, KDapp, and the radiotracer’s susceptibility to changes in endogenous 
serotonin.

Methods: Sixteen healthy subjects (age-range 20-45 years, 8 males) underwent a 2-hour 
dynamic [11C]SB207145 PET examination. In 13 subjects, two scans were performed on the same 
day; seven subjects received pharmacological challenge consisting of a 3-day blockage of the 
serotonin 1A autoreceptors by a partial agonist/-adrenoceptor antagonist pindolol and a 60-min 
infusion of the selective serotonin reuptake inhibitor, initiated about 30 min prior to the second 
injection of [11C]SB207145, citalopram was initiated. Six subjects had repeat scans conducted, 
without a pharmacological challenge. Volumes of interest were delineated automatically on 
coregistered 3T magnetic resonance images and time-activity curves were extracted. Modeling of 
BPND was performed using simplified reference tissue model with cerebellum as reference region.  
The concentration of free unlabelled ligand (F) was estimated from the cerebellar time activity curve 
(40-110 min) as the mean radioactive concentration in cerebellum divided by the specific radioactivity. 
The bound ligand (B) was estimated as the difference between radioactive concentration in striatum 
and cerebellum divided by specific activity. 

Results: The range in amount of injected unlabelled ligand enabled the estimation of a 
population-based KDapp of 1.2 ±0.53 nM (±SE) as the negative inverse slope of a Scatchard plot 
(figure). The receptor occupancy (O) was estimated for each individual as: O=F/(F+KD) and the BPND 
was subsequently individually corrected by dividing by 1-O. An upper limit of 0.028 g/kg (70 kg 
subject: 2.0 g) of [11C]SB207145 per PET examination should ensure a 5-HT4 receptor occupancy 
below 5%. In spite of a significant increase in plasma prolactin level throughout the pharmacologically 
challenged scans as proxy for increased cerebral serotonin levels, BPND was unaltered in all tested 
regions (caudate nucleus, lentiform nucleus, insula, and hippocampus). 

Conclusions: [11C]SB207145 is a valuable tool for non-invasive quantification of 5-HT4 receptors 
in the human brain. Due to its relatively high receptor affinity, KDapp=1.2, and to a relatively low 
protein binding (fP=0.25) a production with a relatively high specific radioactivity is required. . The 
ligand is insensitive to acute changes in cerebral serotonin levels, this is an advantage when subjects 
are investigated under circumstances with fluctuations in the serotonin levels. 
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Introduction: The fluorine-18 labelled ligand 2-beta-carbomethoxy-3-beta-(4-chlorophenyl)-8-
(2-fluoroethyl)-nortropane (FECNT) has promising characteristic (high binding affinity and selectivity, 
favourable binding kinetics) of PET tracer for imaging the dopamine transporter (DAT). A two step 
radiosynthesis of [18F]FECNT for human PET studies has been described previously [1]. One of the 
aims of the WP3 in the DiMI is to continue works on this agent as a standard towards other new 
developed ligands in multicentre clinical application. A specific aim of our group was to provide a 
precursor for 18F labeling prepared under GMP conditions including its modification in order to 
develop one-step labeling strategy. We hypothesize that [18F]FECNT could be synthesized at high 
yield by direct  [18F]fluorination from appropriate precursor e.g. 2-beta-carbomethoxy-3-beta-(4-
chlorophenyl)-8-(2-chloroethyl)-nortropane This compound and adequate bromo- or tosylate- 
analogs and non-radioactive FECNT as  a standard in order to characterize [18F]FECNT on HPLC are 
synthesized in accordance with requirements for Investigational Medicinal Product (IMP).

Methods: The synthetic approach which we adopted to synthesis of non-radioactive FECNT and 
adequate derivatives bases upon the published procedures [2,3] with some modifications. The 
essential feature of this route is the reaction of Grignard reagent with the critical intermediate 
anhydroecognine methyl ester, which is obtained from cocaine hydrochloride by hydrolysis in HCl 
and esterification with methanol. 3-Beta-substituted tropane derivative obtained in Grignard reaction 
is subjected to demethylation, as described [4]. Non-radioactive FECNT is prepared by direct N-(2-
fluoroethyl) alkylation of analytically pure 3-beta-substituted nortropan precursor obtained through 
recrystallization. The alkylating agent 2-fluoroethyl brosylate is prepared from 2-fluoroethanol and 
4-bromobenzenesulfonoyl chloride. In the same way are synthesised the chloro, bromo and tosylo 
analogs of FECNT.  The crude products are purified by recrystallization and characterized by HPLC, 
1H NMR, MS, and melting point analysis. 

Results:  In the present study we investigated and optimized synthetic route of non-radioactive 
FECNT and CLECNT (chloro- analog of FECNT). Overall production yield was 70% for FECNT synthesis 
and  77%  for CLECNT synthesis,  a purity of this products were of over 99% (UV, 220 nm). The 1H 
NMR and MS analysis confirmed a structure of this compounds.

Conclusions:  In continuation of this study the bromo- and tosylate- analogs of FECNT will be 
synthesised. The new one–step method will be tested in order to provide a facile and reliable procedure 
for [18F]FECNT preparation in routine clinical applications. 
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Introduction: Gadolinium-doped liposomes (GDLs) are versatile MRI contrast agents that are 
vectorizable and can carrier drugs inside, being useful to track targeting therapies in vivo. In this 
context, we aim to advance in the development of GDLs for the treatment of stroke, one of the most 
devastating diseases in western countries. As it is known, changes caused in the relaxivity of targeted 
tissues depend on the concentration of GDL. Sometimes it is difficult to reach the desired contrast in 
the brain, because GDLs systemically administered are diluted in the blood stream, and because 
they have to cross the Blood-Brain-Barrier (BBB) before reaching the parenchyma. We propose a 
methodological approach to estimate the minimum concentration of GDLs that needs to be reached 
at the brain parenchyma, in order to achieve a good contrast between GDLs-doped tissue and healthy 
or ischemic brain tissue. Whether this concentration is reachable or not by a “reasonable” systemic 
injection, will condition the remodelling of the liposomes (i.e. injected volume, liposome´s 
concentration, size, Gd payload per liposome, Gd chelate used, etc).

Methods: GDLs were prepared by the lipid film hydration / extrusion method, as described 
elsewhere. [1]  MR images were acquired at 9.4 T using a Bruker Biospec. T1 and T2 maps were 
constructed from MSME sets of images with 16 echoes (TE=6-9 ms) and  5 or 10 values of TR (ranging 
0.1-15 s). Maps (simple exponential for T2 and saturation-recovery for T1) were calculated by pixel-
by-pixel fitting of the images using Image-J. Solutions of variable concentration of GDLs were 
prepared using the dilution-extraction method, [2] being referred to [Gd]total of the solutions. In vivo 
experiments were performed using SD rats submitted to permanent occlusion of the Middle Cerebral 
Artery, by ligation of the exposed artery (craniotomy).

Results: In the used range of concentrations, we found a linear relationship 
between the longitudinal relaxivity (R1) of different GDLs solutions and their 
total content in Gd: R1(s-1)=(0.34±0.01)+(1.55±0.06) [Gd]total(mM); r=0.993. 
After defining an arbitrary threshold of R1TH ≥ 0.45 s-1, as the required one for 
a good contrast between the Gd-doped tissue (“target site”) and healthy 
(R1=0.39s-1) or ischemic tissue (R1=0.33s-1), two solutions of [Gd]total=0.07mM 
(R1=0.45s-1 =R1TH ; A & B in Fig.1) and [Gd]total=0.02mM (R1=0.36s-1 <R1TH 
; C & D in Fig.1) were injected in two ischemic and their corresponding 
contralateral (healthy tissue) areas of the brain. Only injections with 
concentration over the threshold point were easily distinguishable from other 
brain areas. Figure 1: R1-map of an ischemic (dotted line) brain. 

Conclusions: With our designed GDLs, the calculated minimum [Gd] needed at the brain 
parenchyma was found to be 70 nM ( [liposomes]=2.8 picoM). Two new studies are being performed: 
1) to determine the characteristics of systemic injections to reach a concentration of [Gd]total=70nM 
in the brain, after crossing the BBB, and 2) to vary the nature of the GDLs to achieve the R1 threshold 
with lower concentrations of liposomes.
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Introduction: Post mortem and imaging studies of the brain in schizophrenia have reported 
abnormal dopaminergic neurotransmission in striatum, substantia nigra, thalamus, anterior 
cingulate, hippocampus and cortical regions which has been related to positive symptoms and 
cognitive impairments. Previous imaging studies of extrastriatal DAD2r in schizophrenic subjects 
have reported that the thalamus of patients with schizophrenia had lower [F-18]fallypride b.p than 
normal controls.

In spite of a considerable literature concerning the role of dopamine in schizophrenia there are 
few studies evaluating sex differences in dopamine D2 receptors.

 [18F]fallypride PET studies were performed in off medication  or never medicated schizophrenic 
subjects and age matched healthy subjects to examine sex differences in dopamine  D2 receptor (DA 
D2r) levels in striatum and extrastriatal regions. 

Method: Subjects with a diagnosis of schizophrenia (DSM IV) without history of significant 
medical illness and substance abuse between the ages of 18 and 45 were recruited.  Schizophrenic 
subjects  [N = 11, 6 M, 5 F; mean age of 30.5 ± 8.0 (S.D.) years and age range of 20–45 years] were 
either never treated (N=4) or were off medication for at least three weeks. Age and sex matched 
healthy subjects [N = 11, 5M, 6F, mean age of 31.6 ± 9.2 (S.D.) years and age range of 21 -45 years] 
were recruited as well. All subjects underwent a medical history and physical and neurological 
examination. Subjects additionally underwent MRI scans of the brain. Regions of interest were 
identified on thin section T1 weighted MRI images, and automatically transferred to the coregistered 
PET studies.

Result: Regions of interest examined included the caudate, putamen, ventral striatum, medial 
thalamus, posterior thalamus, substantia nigra, amygdala, temporal cortex, anterior cingulate, and 
hippocampus. Exploratory voxelwise analysis was performed using SPM2.  Region of interest analysis 
demonstrated significantly sex differences in the thalamus which reaches significance on the left t = 
2.65, p < 0.05. (and a trend on the right p = .065) with female schizophrenics having higher BP than 
male schizophrenics. When subjects were examined as a whole we found a decreased level in the left 
medial thalamus in schizophrenic subjects compared to healthy subjects. Parametric analysys 
showed no significant clusters of voxels with male>female bp’s. There are two significant clusters of 
female>male bp’s which are significant at a cluster level at a P<0.0001.  The clusters which SPM 
produces appear to involve the globus pallidus extending into the ventral pallidum.  While the clusters 
do appear to extend into the lateral thalamus slightly, they are not centered in the thalamus. 

Discussion: These is the first time that a sex difference in bp in DA D2 receptor levels in the 
thalamus is reported in schizophrenic subjects. As a number of cognitive functions and behaviors 
which are impaired in schizophrenia are mediated by prefrontal cortical/basal ganglia/ medial 
thalamic circuits, a loss of DA D2 mediated neurotransmission in the thalamus may be an important 
factor in these impairments and may explain the better outcome of female schizophrenic subjects.
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Introduction: Post mortem and imaging studies of the brain in schizophrenic subjects have 
reported abnormal dopaminergic neurotransmission in striatum, substantia nigra, thalamus, 
anterior cingulate, hippocampus and cortical regions which has been related to positive symptoms 
and cognitive impairments. Previous imaging studies of extrastriatal Dopamine D2/3 receptors 
(D2/3/r) in schizophrenic subjects have reported lower thalamic [F-18]fallypride bp than healthy 
controls. Despite a considerable literature concerning the role of dopamine in schizophrenia few 
studies have evaluated sex differences in D2/3r.  [18F]fallypride PET studies were performed in 
unmedicated (n=4) or never medicated (n=6) schizophrenic patients and healthy controls to examine 
sex differences in striatal and extrastriatal DA D2r levels. 

Methods: Schizophrenic patients (n = 11, 6 M, age 30.5 ± 8.0 years) and age and sex matched 
healthy controls underwent a medical history, physical and neurological examination, and brain MRI 
and PET scans. Regions of interest (ROI) were identified on thin section T1 weighted MRI images, and 
automatically transferred to the coregistered PET images.  ROI included the caudate, putamen, 
ventral striatum, medial thalamus, posterior thalamus, substantia nigra, amygdala, temporal cortex, 
anterior cingulate, and hippocampus. Exploratory voxelwise analysis also was performed using 
SPM2. Results: ROI analysis found sex differences in the left thalamus with males having a higher bp 
(4.49 ± 0.45) than females (3.79 ± 0.41; p=0.03).  The difference for the mean of the right + left medial 
thalamus also was higher in males (4.49 ± 0.42) than in females (3.83 ± 0.48; p=0.04).  When subjects 
were examined as a whole, we found a decreased bp in the left medial thalamus in patients compared 
to controls but the finding was due to the females.  The mean in male patients (4.49) was not different 
from the mean in male controls (4.55), but the mean for female patients (3.79) is significantly lower 
and was responsible for the difference between the group as a whole. Parametric analysis showed 
two significant clusters of female>male bp which are significant at a cluster level at a p<0.0001. The 
clusters involve the globus pallidus extending into the ventral pallidum and slightly into the lateral 
thalamus. 

Conclusions: This is the first time that a sex difference in thalamic D2/3r bp is reported in 
schizophrenic subjects. Several studies have reported a decrease bp in the left medial thalamus 
between schizophrenic and healthy subjects. The loss of thalamic D2/3r has been attributed to an 
impaired prefrontal cortical/basal ganglia/medial thalamic circuit. Our results show that the 
decreased D2/3r in schizophrenic subjects is determined by significant differences in female, but not 
male, subjects.
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Introduction: The neuropathological hallmark of Parkinson’s disease (PD) is the loss of 
dopaminergic (DA) neurons in the pars compacta of the substantia nigra (SNc). The degenerative 
process starts unilateraly and spreads to the DA system of both hemispheres. In addition, the 
hyperactivity of the subthalamic nucleus (STN) is widely considered a hallmark of changes in basal 
ganglia activity in de DA-depleted state. However, the characterization of the nigra lesion and the 
subsequent changes in basal ganglia nuclei activity have not been yet achieved in vivo. The aim of this 
study was to characterize in vivo the nigral lesion and the changes in basal ganglia nucleus activity 
induced by the neurotoxin 6-hydroxydopamine (6-OHDA) in rats by using manganese enhanced 
magnetic resonance imaging (MEMRI).

Methods: Longitudinal MRI scans were performed under isofluorane anaesthesia in a BioSpec 
70/30 horizontal animal scanner (Bruker BioSpin, Ettlingen, Germany), equipped with a 12 cm inner 
diameter actively shielded gradient  system (400 mT/m). Receiver coil was a phased array surface 
coil for rat brain. Stereotaxic 6OHDA injections (8 μg) in the medial forebrain bundle were performed 
after the MRI prescan. 3 and 14 days after 6OHDA injection, 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)= 3s, resolution= 0.25 x 0.25 x 1.00 mm. At day 15th after the lesion, MnCl2 (200 nl, 0.3M) 
was injected in the STN and subsequent high resolution images (MDEFT, TE= 3.5s, TR= 12s, resolution 
156 x 156 x 500 µm), and T1 maps (RAREVTR, 9 different TR, TE= 10s, resolution= 0.2 x 0.2 x 1.0 mm) 
were acquired at 3h and 24h after MnCl2 injection. T1 and T2 maps were analysed using the public 
domain Java-based image processing and analysis program ImageJ. Regions of interest were drawn 
on the T2 maps over the ipsilateral and contralateral SNc for subsequent T2 relaxation times 
quantification. 

 
Results: The lesion at the level of SNc was characterized in T2 maps by an enhancement of T2 

relaxation time. In the ipsilateral hemisphere, 3 after the 6-OHDA injection this enhancement was 
significantly increased from the same ROI measured in the pre-lesion scan (pre-scan). 14 days after 
the injection, T2 values in the SNc returned to basal levels. In the contralateral hemisphere, an 
increase of T2 values in SNc was also observed only at 3 days post 6-OHDA injection. MEMRI 
experiments allowed to depict the basal ganglia circuit altered by the 6-OHDA in the SNc. 3h after 
MnCl2 injection, we could observe manganese transport to entopeduncular nucleus, the first 
projection from STN, and to different thalamic structures. 24h after MnCl2 injection, manganese had 
been transported to globus pallidus and somatosensory and motor cortex.

Conclusions: We demonstrated, for the first time in vivo, that the unilateral SNc lesion induces 
bilateral alterations on rat brain, as observed by and enhancement of T2 relaxation times in both 
ipsi- and contralateral SNc. MEMRI will be a unique tool to functionally depict the basal ganglia 
alterations in experimental Parkison’s disease.
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Introduction: High resolution magnetic resonance imaging (MRI) of the human brain is a new open 
field of increasing interest for its potential neuroanatomic and neuropathologic utility. Diffusion Tensor 
Imaging (DTI) is the most suitable MRI technique to study brain white matter. To the best of our knowledge, 
no previous work has shown the human brainstem microstructure at high resolution by using MRI 
techniques. The brainstem contains essential centres that influence neurotransmission at different levels 
of the central nervous system. It also supplies peripheral structures through the III-XII cranial nerves and 
it is crossed by long pathways connecting the cerebral hemispheres with the cerebellum and spinal cord. 
The aim of this work was to study the topography of the main grey nuclei and white matter tracts of the 
human brainstem with the long term objective of optimizing in vivo high resolution tractography. Methods: 
Brainstems were obtained from donor dead people with no history of neurological disease. Brain fixation 
was performed by intracarotid perfusion of 10% neutral buffered formalin, with at least 2 months postfixation 
within the same solution. MRI experiments were performed in a BioSpec 70/30 horizontal animal scanner 
(Bruker BioSpin, Ettlingen, Germany), equipped with a 12 cm inner diameter actively shielded gradient  
system (400 mT/m). Coil configuration consisted on a transmit/receive quadrature volume coil. Three-
dimensional (3D) data sets were acquired using the MDEFT sequence with the following parameters: 
repetition time (TR)=12 s, echo time (TE)= 3.5 s, field of view (FOV)= 38.4 x 38.4 x 67.2 mm, matrix size= 256 
x 256 x 112, with a resulting spatial resolution of 0.150 x 0.150 x 0.600 µm. For DTI images, acquisition was 
performed using DTI-EPI sequence with TR= 250 s, TE= 26, 30 directions, b-val= 1000, FOV= 38.4 x 38.4 x 
67.2 mm, matrix size= 64 x 64 x 112, with a resulting isotropic spatial resolution of 0.6 x 0.6 x 0.6 mm. The 
total acquisition time was 8h 40m per specimen. DTI raw data were processed with specific software 
(DTIweb, http://trueta.udg.edu/DTI/) to calculate directional colour coded maps. These RGB-maps and the 
corresponding T1 images were visualized under commercial software (Amira 4.2, Visage Imaging, Inc.). 
Published histological and MRI atlases were used to identify the anatomical structures (Tamraz and Comair, 
2000; Haines, 2004; Mori et al., 2005).

Results: Brainstem structures usually not observed at in vivo T1 and DTI images were now 
topographically identified at midbrain, pons and medullar levels. These include both grey (GM) and white 
(WM) matter structures. The main GM nuclei recognized were: periaqueductal grey substance, superior 
and inferior colliculi, substantia nigra, red nucleus, pontine nuclei, nuclei of the oculomotor, trochlear, 
trigeminal, facial, abducens and hypoglossal nerves, dorsal vagal complex, spinal trigeminal nucleus, 
inferior olivary complex -including its principal, dorsal accessory and medial accessory nuclei-, vestibulo-
cochlear system, and gracile and cuneate nuclei. Moreover, the following WM structures were also 
identified: corticospinal tract, crus cerebri, transverse pontine fibres, superior, middle and inferior 
cerebellar peduncles, decussation of the superior cerebellar peduncles, medial lemniscus, anterolateral 
system, lateral lemniscus, medial longitudinal tract, mesencephalic and spinal trigeminal tracts, solitary 
tract, gracile and cuneate tracts, and the intramedullary course of the III, IV, V, VI, VII, and XII cranial 
nerves.

Conclusions: High resolution structural-MRI and DTI of the human brainstem acquired ex vivo reveals 
its basic cyto- and myelorachitectonic organization only visualized to this moment by histological techniques. 
The application of these high resolution MRI techniques will be essential to precisely determine the 
extension and topography of the lesions with vascular, tumoral or degenerative origins. In addition, it could 
be correlated with previous symptoms of patients or to conduct the samples selection for its posterior 
neuropathologic study. Indeed, structural-MRI and DTI will be suitable to undertaken future high resolution 
in vivo human tractography 
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Introduction: The chronic mild stress (CMS) rat model is a well established animal model of 
depression. Repeated exposure to mild and unpredictable stressors has been shown to produce 
behavioral changes that resemble core features of human major depression and to induce changes 
of hippocampal neurogenesis and synaptic plasticity.[1,2] In addition, microstructural white matter 
changes are also associated with depression. We hypothesize that these changes are reflected in the 
diffusion properties of the tissue water which can be detected by diffusion weighted MRI. The recently 
developed diffusion kurtosis imaging (DKI) complements the diffusion tensor imaging (DTI) to detect 
small diffusion differences by quantifying the non-Gaussian nature of the diffusion process in 
biological tissue. Because tissue complexity results in non-Gaussian behavior, DKI can be considered 
a measure of tissue’s microstructure.[3,4]

Methods: A total of 23 rats, including 8 control and 15 CMS rats were used.[1] All rats were 
anaesthetized using isoflurane (1.5-2%) and were monitored carefully to maintain constant 
physiological parameters during measurements. The experiments were conducted on a 9.4T Bruker 
Biospec (Ettlingen, Germany). The imaging protocol included DKI scans which used 30 gradient 
directions and 7 b-values (0-2800s/mm²). Images were collected with a multi-slice spin echo 2-shot 
EPI sequence (TR/TE=3000/25ms, δ=5ms, Δ=12ms, acquisition matrix=128*64, FOV=35*17.5mm², 
slice thickness=1mm, NEX=4). After realignment of the DW images with SPM5 diffusion II toolbox, 
diffusion kurtosis tensor and diffusion tensor derived parametric maps (MK, RK, AK, KA, MD, RD, AD, 
FA) were computed (Matlab). Anatomy-based region of interest analysis of the hippocampus, a grey 
matter structure, and the corpus callosum and capsula externa, white matter structures, was 
performed using AMIRA (Mercury Computer systems, San Diego, USA). Non-parametric statistical 
analysis testing for differences of diffusion parameters between control and CMS rats was achieved 
using SPSS 14.0 (SPSS Inc. Chicago, USA).

Results: Mean kurtosis (MK, p<0.05) and radial kurtosis (RK, p<0.05) were significantly decreased 
in the hippocampus of the CMS rats as compared to the control rats. Other DTI and DKI derived 
parameters didn’t show significant differences. In the delineated white matter no significant 
differences were found in any of the DKI and DTI derived parameters.

Conclusions: The decrease of MK and RK might reflect the stress-induced CA3 apical dendrite 
atrophy, dendritic regression in granule and CA1 pyramidal cells and reduction of mossy fiber 
terminals volume and surface area. Since CMS decreases neurogenesis and possibly induces cell 
atrophy, the structure of the different hippocampal cell layers might be disrupted.[1,5] Changes of 
RK, but not axial kurtosis (AK), suggests preservation of the layered structure, however, the coherence 
of the layers might be degraded. In conclusion, we found significant changes of MK and RK in grey 
matter whereas no DTI derived parameters varied between control and CMS rats, suggesting a higher 
sensitivity of DKI compared to DTI.
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Introduction: Pharmacological MRI (phMRI) allows examining the central effects of drugs in the 
CNS. Antidepressants inhibiting reuptake of monoamines (serotonin (5-HT), noradrenalin (NE)) are 
widely accepted. However the exact action mechanisms of most of these compounds still remains 
elucidated as they were discovered by serendipity. The study aims to use phMRI to investigate the 
regional brain response to antidepressants: citalopram (SSRI) [CIT] & reboxetine (sNRI) [REB] in 
naive, acute & chronically treated rats. To characterize the specific involvement of 5-HT1A receptors, 
a 5-HT1A receptor antagonist WAY 100635 has been co-administered with CIT. 

Methods: The study involved 13 groups of male Lister Hooded rats (n=6). Chronic groups received 
14 days pre-treatment {CIT (20mg/kg), REB (30mg/kg) or saline IP injection. Acute treatment groups 
were tested in 2 doses; while in-magnet, subjects received acute CIT (10 or 20mg/kg), REB (10 or 
30mg/kg) or saline IP injection. Acute antagonist + antidepressant test groups received WAY (0.3 mg/
kg SC) + CIT (20 mg/kg, IP) or WAY (0.3 mg/kg SC) injection. Subjects were scanned in a 7T MRI 
scanner under isoflurane anesthesia. T2* images were registered, vascular masked (to suppress 
signal changes associated with macroscopic vessels [1]) & Gaussian smoothed. Parametric maps of 
stastical significance were obtained using fixed effects GLM in SPM99. The test condition was 
comparison between pre & post injection. Global muscle signal intensities were used as covariates 
[2]. 

 
Results: The BOLD activation following acute CIT doses produced a dose dependent wide spread 

activation throughout the brain; 14 days chronic treatment produced highly significant +ve BOLD in 
hypothalamus (HYP), hippocampus (HC) & cortex (PFC), regions integral in 5-HT neurotransmission. 
CIT + WAY produced increased BOLD in the cortical regions & a significant decreased BOLD in HC, 
AMY & more prominently in the hindbrain structures. The acute REB at lower dose produced +ve 
BOLD in the HYP, whereas the larger dose produced activations in the HYP, anterior HC & PFC. 
Chronic REB treatment increased BOLD in posterior HC & PFC, while no activation was observed in 
HYP & a significant decrease was apparent in the amygdala (AMY). 

Discussion: The main finding to emerge is the identification of the regions implicated in the 
antidepressant response & the non-invasive utility of phMRI in investigating monoamine mechanisms. 
Regional adaptations observed following chronic treatments suggests the gradual desensitization of 
receptors (SSRI’s- 5-HT1A receptors [3]; α2-adrenoceptors- sNRI’s [4]). Observations are consistent 
with the effects of SSRI’s: CIT [5, 6], fluoxetine or paroxetine [7] in HC, cortical & thalamic areas; 
sNRI: REB [8] in the regions of cortex & AMY observed in clinical fMRI. Responses observed in the 
cortical regions following chronic CIT treatment could also be emulated by acutely combining CIT 
with the 5-HT1A antagonist, WAY. These observations are of potential importance in understanding 
clinical drug efficacy & will contribute significantly in the development of more efficacious clinically 
active antidepressants with the potential to combine with other pharmacological antagonists) to 
reduce the delay in the onset. 
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Introduction: Still, in-vivo surrogate markers of disease progression are required for measuring 
treatment effects of putative disease-modifying therapies in development for Alzheimer’s disease 
(AD). Kumar-Singh et al.(1) described the APP_Au pathology that leads to intra-neuronal non-fibrillar 
diffuse amyloid deposits. This is one of the earliest AD pathologic events which yet results in 
neurodegeneration (2) and therefore makes this model well suited for studying early disease 
processes in AD. Diffusion tensor imaging (DTI) exploits the anisotropic nature of the water diffusion 
in axonal fibers and provides good prospects to study the microstructural organization of cerebral 
white matter noninvasively (3). In organized tissue such as white matter, diffusion values are not the 
same in all directions and are greater parallel to the fiber tracts than orthogonal to them which is 
defined as being anisotropic. In such, DTI of the brain can demonstrate the orientation of neural 
tracts after computer-based analysis, called tractography. Untill now, DTI studies in AD mouse 
models have indicated decreased anisotropy in white matter tracts (21, 22), but nobody revealed the 
actual brain axonal architecture using tractography. This might learn more about the white matter 
pathology and shift todays ’ focus from the grey matter in AD.

Methods: Imaging was performed using a 7T (Bruker Pharmascan) with 160mm bore size 
(Ettlingen, Germany). Diffusion weighted images were acquired with multi-shot SE echo planar using 
diffusion sensitizing gradients along 30 different directions. The diffusion sensitizing b-factor for 
these images was 627s/mm2 with diffusion gradient duration of 12ms and a diffusion gradient 
interval time of 8ms.  Additionally, 5 b-zero images were collected. Fifteen adjacent axial imaging 
slices of 1mm thickness covered the whole brain. The sequence parameters were TE = 25ms, TR = 
2200ms, 128 x 64 acquisition matrix, field of view = 15 m x 15m, number of averages 2 and number 
of shots 4.  Total acquisition time for each subject was 40 minutes and in plane resolution after 
reconstruction was (117 * 117) µm2. APP_Au mouse models (n=4) at the age of 20m were compared 
with age matched wild types (WT) (n=4). All mice were anaesthetized using 5% isoflurane (Forene®) 
for induction and 0.4%-0.8% for maintenance and spontaneous breathing a mixture of O2:N2O (3:7) 
at a flow rate of 600ml/min.  Fiber tracking was applied to the diffusion tensor data sets using 
custom-written software (ExploreDTI; (6)). The fiber tracking algorithm is based on the FACT approach 
(fiber assignment by continuous tracking) (7). Fiber tracts in the corpus callosum were initiated from 
a seed point  by following the local vector orientation with a threshold of „fractional anisotropy“ or FA 
>0.5. The number of tracts and their distribution according to their length using a frequency 
distribution was used as a quantification of the visual tracking technique.

Results and discussion: The results can be visually inspected from the figure where we 
demonstrate the length and FA of the tracts resulting from the corpus callosum seed point. While the 
total number of tracts is the same for both groups (counts not shown), shorter lengths (1mm to 
3mm) occurred more frequently in the APP_Au group (18.8%) compared to the WT group (13.9%). 
Although, tract length is a commonly used criterium in fiber tracking methods referring to minimum 
and maximum values to allow the mathematical iteration of tracking, it has never been used as a 
result before. Still we have to interpret the values of fiber lengths very carefully since in tractography, 
the explicit quantity measured is water diffusion and not really anatomical fibers. It could also be 
that fibers are being demyelinated and therefore fiber tracking process stops at those voxels with 
lower FA. Despite the fact that the corpus callosum is not bearing amyloid inclusions, the reduction 
in FA could be attributed to the allocortical changes (associated with neocortex amyloid) reflected 
within the corpus callosum along with mild cognitive performance.
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Introduction: The non-invasive, real-time imaging of drug permeability for blood-brain barrier 
(BBB) and drug brain mapping is an indispensible step in the preclinical testing of new therapeutics 
for brain diseases. The precise mapping of a drug has a significant impact for its dosing and 
prognostication of its target-specific effect and side-effects. The present study describes a novel 
non-radioactive methodology for in vivo non-invasive, real-time imaging of BBB permeability for 
conventional drugs, using nitroxide radicals as spin-labels and magnetic resonance imaging (MRI).

Methods: Two nitroxide-labeled analogues of anticancer drug Lomustine (TEMPO-labeled – 
SLENU and SLCNUgly) were originally synthesized, using a substitution of the cyclohexyl-part of 
Lomustine with nitroxide radical. BBB permeable nitroxide TEMPOL was used as a standard. The 
drugs were injected intravenously in healthy mice via the tail-vain and MR imaging of the brain was 
performed on 7.0 Tesla MRI [T1-weighted incoherent gradient-echo sequence; fast low-angle shot 
(FLASH); and diffusion MRI].

Results: The MRI-signal dynamic of nitroxide-labeled drugs in the brain tissue followed almost 
the same kinetic and distribution as TEMPOL. Maximum signal intensity in the brain (~25-30% in 
comparison with the pre-injection image) was detected 20, 40 or 80 sec after the injection of SLENU, 
SLCNUgly or TEMPOL, respectively. Both nitroxide-labeled drugs were randomly distributed in the 
brain tissue and localized predominantly in the cortex and thalamus (Figure 1). The MRI signal decay 
in the cortex was faster than the MRI signal decay in thalamus. Since nitroxide radicals are well-
known red/ox sensors, it may speculate that the cortex has a higher reduction potential than 
thalamus.

Conclusions: The results suggest that nitroxide radicals are appropriate spin labels of 
conventional drugs and could be used for non-invasive, real-time MR imaging of drug permeability 
for BBB. The same spin labels could be also applied for MR imaging of tissue oxidation/reduction 
status in the brain.
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Introduction:  Regional oxygen supply by red blood cells (RBCs) within the regional cerebral 
blood volume (rCBV) has a major impact on brain functions. Hence, our motivation - by using a 
NanoSPECT/CT small animal imaging system with its proprietary Multiplexed-Multipinhole 
Collimation for in vivo quantitative SPECT [1] - was to develop a method for imaging RBC mass in the 
brain. As a test, rCBV was decreased by increasing the vascular tone via the NO/cGMP pathway by 
L-NAME.

Methods: Male Wistar rats (n=4) were anesthetized by a 1:1 mixture of Ketamine-Xylasine 
solutions (100 mg/mL and 5 mg/mL, respectively) given i.p. in a dose of 2.5 mL/kg bdw for induction, 
followed by an hourly maintaining dose of 1.5 mL/kg bdw. Catheters were inserted into the femoral 
artery and vein. RBCs were labeled with 99mTc using stannous pyrophosphate as reducing agent (20 
μg Sn (II)/kg bdw,i.v.). Thirty minutes later, 1 mL of pre-treated arterial blood was withdrawn and 
gently mixed with 1 mL of 99mTc-pertechnetate solution of ~ 200 MBq activity, and allowed to stand 
for 10 minutes prior to re-injection. Labeled RBCs were re-injected (in 0.7 mL with approximate 
activity of 70 MBq) for mapping RBCs 5 minutes post-injection. Two animals were treated by L-NAME 
(100 mg/kg bdw, i.v.). Scans were acquired for control and at 44 minutes following the L-NAME 
injection. Animals were sacrificed by saline infusion (a total of 100 mL) given via the arterial line with 
concomitant drainage via the venous line in order to remove blood from the brain’s parenchyma. 
Cerebral RBC mass (CRBCM) was characterized by activities normalized by the brain’s volume.

Results:  No activities were found in the thyroids and in the stomach, the sites where free 
99mTc pertechnetate in blood accumulates if present; an evidence of a larger then 95% purity of 
radiolabeling. Hot spots in the brain were detected at sites of venous sinuses and the circus of Willis. 
CRBCM decreased in the L-NAME treated animals, as anticipated, while 99mTc-activity became 
about a magnitude smaller (0.03 mBq/cm3) after saline infusion demonstrating the specificity of the 
99mTc-radiolabeling for RBCs.

Conclusions: Quantitative NanoSPECT technology is efficient to assess regional RBC mass in 
the rodent and the technique can be further used in studies of mechanisms affecting the pathways 
of vascular regulation and its regional and organ differences.
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Introduction: Hybrid near-infrared (NIRS) and diffuse correlation spectroscopies (DCS) enable 
non-invasive measurement of cerebral autoregulation and oxygen-metabolism at the bed-side.  
Early work on brain1 focused on theory2 and experiments on rat brains3 during transient ischemia4 
and cortical spreading depression1,5.  Non-invasive measurements in adult 6,7 and infant brains 
followed. Recently, we have pushed towards development of portable, bed-side monitors that are 
usable at the intensive care units. We have demonstrated its feasibility in stroke8, in traumatic brain 
injury9, in premature10 and term neonates11. More than hundred patients were measured and the 
technologies were validated against a multitude of modalities12. In this work, we describe the 
development and initial experience in the clinical applications oncardiovascular diseases. 

Methods: We have pioneered the development of  DCS for non-invasive measurement of cerebral 
blood flow (CBF) in human brain. By combining DCS with NIRS, cerebral blood flow (rCBF), oxy-
hemoglobin (rHbO2) and deoxy-hemoglobin (rHb) concentrations and total hemoglobin concentration 
(rTHC) are measured. This enables calculation of changes in metabolic rate of oxygen (rMRO2). Two 
probes are employed to measure the left and right cerebral hemi-spheres simultaneously and 
independently. We introduce interventions such as alterations in posture as orthostatic stress, 
periods of hyperoxia and hypercapnia as autoregulatory challenges to investigate our ability to 
measure cerebrovascular reactivity and the autoregulation ability against changes in cerebral 
perfusion pressure. We correlate our findings with existing systemic and cerebral monitors. We  also 
use specialized probes that are MRI and CT  compatible and carry out concurrent measurements for 
cross-validation. 

Results:  DCS is also now validated as a robust measure of CBF. Overall, our studies indicate 
that this hybrid approach provides valuable complementary information in the clinic. We are able to 
measure transient changes in cerebral hemodynamics and obtain a measure of cerebral oxygen 
metabolism. We have detected impaired cerebral autoregulation  in stroke patients and traumatic 
brain injury patients. We have shown that neonates with congenital heart defects have large 
fluctuations in their cerebrovascular reactivity while their autoregulation appears to be intact. 

Conclusions: Non-invasive, continuous monitoring is of critical clinical value in the neuro-
intensive care unit. Diffuse optical probes have come a long way towards finding a use in the clinics. 
We have introduced a new technique which adds measurements of CBF to the arsenal of tools and 
now enables continuous assessment of cerebral oxygen metabolism.
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Introduction: Super paramagnetic iron oxide (SPIO) labeled cells, create hypo-intense (‘black’) 
MRI signal[1]. Unfortunately, in cardiac MRI this hypointensity can be confused with haemorrhage 
and artefacts at the heart-lung tissue boundary. Furthermore, uptake of SPIO by macrophages can 
lead to false positive signal. The use of Gd-DTPA containing cationic liposomes as a cell label can be 
advantageous in this setting, by generating bright contrast. Liposomal relaxivity is dependent on 
water exchange across the liposomal bilayer membrane. Water exchange for intracellular Gd-
liposomes occurs through a three site system[2] (celullar, endosomal and liposomal membrane). 
For extracellular Gd-DTPA liposomes however, water only needs to diffuse across the liposome 
bilayer membrane (one-site system). Assuming that dead cells release their Gd-liposomes, the 
consequent increase in relaxivity therefore could reflect cell viability. We investigated the behaviour 
of SPIO as well as Gd-DTPA in a musculoskeletal setting, using both intact and ruptured cells. 

Methods: Gd-DTPA was incorporated in the core of cationic liposomes using lipid-film hydration 
of cholesterol, DOTAP and DPPC at molar ratios 2.35:1.65:1.0. Liposomes were analyzed for phosphate 
content, size and Gd content by spectrophotometric analysis and dynamic light scattering. The 
average diameter of the liposomes was 134 nm with a polydispersity < 0.2. The Gd-content of the 
liposomes was 35-65 µg/µmol lipid. Cells were labelled by incubation with either SPIO/lipofectamine 
or Gd-DTPA liposomes for 24 hours. Cells were then washed twice and trypsinized. After assessing 
the viability of cells by trypan blue exclusion, living cells were injected in the unilateral hind leg. 
Ruptured cells were injected in the contralateral hind leg. For both sides the injection concentration 
was 0.5 million cells/ 30 µl PBS. Rats were randomized to undergo an injection with either Gd-labeld 
cells or SPIO-labeled cells. MRI (3T clinical scanner) of this region was then performed with custom 
made surface coils with an inner diameter of 2 cm.

Results: Labeling with either SPIO or Gd did not significantly affect cell viability. Both intact and 
ruptured SPIO-labeled cells were detected as hypointense areas on T1 and T2 weighted-scans up to 
4 four weeks after injection. Signal from intact Gd-labeled cells changed from hypo-intense upon 
injection, to hyperintense after 3 days, being detectable ≥5 days. Ruptured Gd-labeled cells were 
detected as hyperintense regions after injection, with loss of signal effects within 5 days. 

Conclusions: In contrast to the steady signal of SPIO, the relaxivity changes of Gd-lipsome 
labeled cells reflect actual viability of cell clusters in vivo. Furthermore, the relatively quick decrease 
of signal of Gd-labeled cells suggests diffusion of liposomes without significant uptake by 
macrophages. This can be an advantage compared to the false-positive signals known to occur 
following SPIO-uptake by macrophages. 
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Introduction: The use of Ultrasound Contrast Agents (UCA) for therapeutic applications requires 
the development of new agents with enhanced stability and tunable properties.

Methods: We have prepared new contrast agents according to a modified emulsification-
evaporation process that produces polymeric capsules, made of the biodegradable and biocompatible 
poly (lactide–co–glycolide) polymer, encapsulating a liquid core composed of perfluoro-octyl bromide. 
The preparation method allows to adjust the capsule size from 70 nm to 25 μm and the capsule 
thickness to radius ratio between 0.25 and 1.

Results: The in vitro ultrasound signal-to-noise ratio (SNR) was measured at 50 Mhz for 6 µm 
and 150 nm capsules: the SNR increases with capsule concentration up to 20–25 mg m/L, and then 
reaches a plateau that depends on the capsule diameter (13.5 ± 1.5 dB for 6 µm and 6 ± 2 dB for the 
150 nm capsules)1. The ultrasound SNR is stable for up to 20 min for microcapsules and for several 
hours for nanocapsules. For nanocapsules, the thinner the shell, the larger the SNR. For microcapsule 
the opposite behavior is observed. Nanocapsule suspensions imaged in vitro with a commercial 
ultrasound imaging system (normal and tissue harmonic imaging modes, 7–14 MHz probe) were 
detected down to concentrations of 12.5 mg/mL. Injections of nanocapsules (200 mg/mL) in mice in 
vivo reveal that the initial bolus passage presents significant ultrasound enhancement of the blood 
pool during hepatic imaging1. For targeting purpose, the surface chemistry of these UCA particles 
can be modified by incorporating  phospholipids (fluorescent, pegylated, and biotinylated 
phospholipids) in the organic phase before emulsification2. Microscopy shows that phospholipids 
are present within the shell and that the core/shell structure is preserved up to 0.5 mg fluorescent 
phospholipids, up to about 0.25 mg pegylated phospholipids or biotinylated phospholipids (for 100mg 
of polymer). HPLC allows quantifying phospholipids associated to capsules: they correspond to 10% 
of pegylated phospholipids introduced in the organic phase. The presence of pegylated lipids at the 
surface of capsules was confirmed by X-ray photon electron spectroscopy. The pegylation did not 
modify the echographic signal arising from capsules. In order to explore the dependence of the 
ultrasonic parameters to the various UCA physical parameters, we performed two-dimensional 
Finite Difference Time Domain numerical simulations of ultrasound propagation in a solution of 
different microparticles mimicking UCA at 50 Mhz. The speed of sound, the attenuation coefficient, 
and the relative backscattered intensity were extracted from our simulations and are in a good 
agreement with our experimental results on microparticles.

Conclusions: These results demonstrates that these polymeric capsules are suitable ultrasound 
contrast agent and can be easily modified for targeted therapy or molecular imaging purpose. 
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Introduction: At present, preoperative lymphoscintigraphy is a standard procedure in sentinel 
lymph node (SLN) detection. To increase the accuracy of intraoperative SLN detection, new methods 
with higher sensitivity and specifcity are required for effective image-guided surgery.

Methods: Mouse KEP luc metastatic breast cancer cells were transplanted into the 4th 
mammary gland of FVB;Ola F1 mice. SLN detection was validated after an intra-tumoral injection of 
a self-assembled multi modal complex. The distribution of the complex, in which the NIR fluorescent 
dye ICG is non-covalently bound to the radioactive component (99mTc-NanoColl), was evaluated 
using SPECT/CT and fluorescence imaging and, quantitatively compared to the distribution of the 
individual components.

Results: The self-assembled multimodal complex provides identical dynamics of the radioactive 
and optical component. While SLN specificity of this multimodal complex is similar to conventional 
lymphoscintigraphy, the fluorescent signal-to-noise ratio was improved by 77% compared to ICG 
alone.

Conclusions: Quantitative comparative studies between NanoColl and ICG reveal both the 
potential and the drawbacks of intraoperative NIR fluorescence imaging.  Radioactive and fluorescent 
detection of the self-assembled multimodal ICG-NanoColl complex accurately depicts identical 
features in the pre- and intraoperative situation, respectively. Furthermore, it retains the optimal 
imaging properties of NanoColl and complements this with superior fluorescent properties. This 
combination may significantly improve the feasibility of intraoperative SLN imaging via 
fluorescence.

Multi modal imaging of the SLN: a.) Preoperative SPECT/CT of the SLN in breast cancer using the 
radioactive component of the complex and b.) intraoperative visualization of the SLN using the 
fluorescent component of the complex.
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Introduction: The purpose of this work was to assess the performance of a gold core, gadolinium 
chelate containing and glucose covered glyconanoparticle (GNP), as a potential contrast agent for 
brain tumour detection. 

Methods: Six C57BL/6 female mice were used in this study. The animals harbored a GL261 
brain glioma, induced as described in [1]. The GNP (GlcC5S-Au-SC11DO3A) was synthesized following 
the methodology described in [2] and a commercial solution of DOTAREM ® was used as reference. 
MRI studies were carried out at the NMR facility of the Universitat Autònoma de Barcelona, using a 
7 T horizontal magnet. For each animal, the tumour was first detected by T2-weighted MRI. Then, a 
Dynamic Contrast Enhanced T1 study (DCE-T1) was performed along with bolus injection of one 
contrast agent. Three glioma-bearing mice were used to test the performance of each contrast agent, 
both used at the same dose (0.04 mmol Gd/Kg, i.v. injection in the tail vein). DCE-T1 images were 
processed with IDL home written scripts (courtesy of Dr. Marisa García-Martín) to generate relative 
contrast enhancement (RCE) maps and time-course curves of the contrast enhancement changes in 
selected regions of interest. A two-tailed Student’s t-test for independent samples was used for 
statistical analysis. 

Results: The glucose-covered GNP showed a higher enhancement in GL261 tumours (125.4±3.8 
%) as compared to DOTAREM (115.7±3.0 %). This can be clearly observed in Figure 1 (RCE maps). 
This difference was statistically significant at the time of maximum enhancement (p < 0.001)

Figure 1: From left to right, representative axial T2-
weighted images, DCE-T1 images (T1-ref prior to contrast 
and T1-max post-contrast) and RCE maps of two mouse 
brains bearing a GL261 glioma. One animal was studied 
with DOTAREM (top row) and the other with the GNP 
(bottom row). T1-ref images were acquired before 
injecting the contrast agent bolus while T1-max images 
correspond to the point of maximum contrast 
enhancement after DOTAREM or GNP administration.

Conclusions: The promising results of the contrast enhancement observed with the evaluated 
GNP suggest that it could be used as a contrast agent for brain tumour detection in vivo at a lower 
Gd dose than presently used in clinical practice. Besides, GNPs can be further derivatized to improve 
targeting while classical Gd chelates cannot.
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Introduction: The aim of the study was to evaluate 2-[18F]-fluoro-2-deoxy-D-glucose positron 
emission tomography (18F-FDG PET) uptake in patients with non metastatic and metastatic chromaffin-
derived tumors.

Methods: Twenty eight consecutive unrelated patients with chromaffin tumors including 9 
patients with genetically-determined disease were studied. A combination of preoperative imaging 
work-up, surgical findings, pathological analyses was used to classify the patients into 2 groups: 
those with non metastatic disease (presumed benign, n=18) and those with metastatic tumors (n=10). 
18F-FDG PET was performed in all cases. Visual and quantitative analyses were individually graded 
for each tumor. Somatic mutations of the succinate dehydrogenase subunit B, D (SDHB, SDHD) and 
Von-Hippel Lindau (VHL) genes were also evaluated in 6 benign sporadic tumor samples.

Results: All but two patients showed significantly increased 18F-FDG uptake on visual analysis. 
The SUVmax ranged from 1.9 to 42 (mean ±SD, median: 8.2± 9.7, 4.6) in non metastatic tumors and 
2.3 to 29.3 (9.7±8.4, 7.4). in metastatic forms.  No statistical difference was observed between the 
groups (P=0.44) but SDH-related tumors were notable in being the most 18F-FDG avid tumors (SUVmax 
42, 29.3, 21, 17 and 5.3). SDH and VHL-related tumors had significantly a higher SUVmax than in NF1 
and MEN-2 syndrome related tumors (P=0.02). 18F-FDG PET was superior to 131I-MIBG in all but one 
metastatic patients. By contrast, 18F-FDG PET underestimated the extent of the disease compared 
to 18F-FDOPA PET in 5 patients with metastatic PHEO. However, SDH mutations (germline and 
somatic) and functional dedifferentiation does not adequately explain 18F-FDG uptake since most 
tumors were highly avid for 18F-FDG.

Conclusions: 18F-FDG PET positivity is almost a constant feature of pheochromocytomas and 
paragangliomas. It may be considered a molecular signature of such tumors although which aspect 
of the plethora of molecular changes associated with dedifferentiation, germline genetic defects 
and/or the adaptive response to hypoxia is responsible for this characteristic requires further 
elucidation.

References: Tessonnier L, Sebag F, Palazzo FF, et al. Does (18)F-FDG PET/CT add diagnostic 
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Introduction: Oxygen delivery is a fundamental mechanism regulating tumour metabolism. 
Hypoxic stress drives key processes like angiogenesis, but is also responsible for the transition from 
bening to malignant phenotype1,2. Measuring hypoxic burden is therefore a valuable diagnostic tool 
that could offer new strategies for cancer research. However, current hemodynamic methodologies 
are insensitive to changes in tumour volume, making hypoxic burden estimation complex and 
inaccurate. Systems dynamics is a rapidly developing concept and linking physiology to gene 
regulation is pivotal in translational research. We investigated the relationship between the variability 
of hypoxia during tumour growth and experimentally show the non-linear pattern that links 
proliferation to oxygen availability.

Methods: Fluorescence Molecular Tomography (FMT) is used to detect fluorescence in small 
animals in vivo2. We have coupled FMT capabilities with Near Infrared Spectroscopy (NIRS) based 
oxymetry measurements3. The OxyFMT method provides a way of combining a 3D quantitative and 
volumetric map of fluorophore concentration with one of oxygen saturation and blood volume. HeLa 
cells labelled with the far-red emitting protein Katushka were implanted in Rag-/- mice and 
fluorescence and oxymetry data were recorded on a daily basis for up to 3 weeks.

Results: We present data from a longitudinal study on tumour xenografts in which the fluctuations 
in hypoxic burden were followed concurrently with tumour growth. Quantification accuracy is >98% 
and our results show a correlation between tumour growth and hypoxic burden, consistent with 
theoretical models of metabolite levels during tumour proliferation. Plotting the change in hypoxic 
burden over time, we observe a critical switch in metabolic activity and define the time-frame in 
which necrotic and angiogenic pathways are activated.

Conclusions: OxyFMT offers a fundamental advantage over the current state-of-the-art as 
hypoxic burden can be volumetrically defined and compared, quantitatively and non-invasively, to 
fluorescence reporter activity in vivo. The data are suitable for modeling the temporal dynamics of 
hypoxic burden and their consistency and accuracy underline their collective potential to be used for 
integrated functional and physiological applications.
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Introduction: In comparison to somatostatin receptor scintigraphy (SRS), Gastrin receptor 
scintigraphy (GRS) using 111In-DTPA-Minigastrin (MG0) showed added value in diagnosing 
neuroendocrine tumors (NET). We investigated whether the 68Ga-labeled gastrin analogue DOTA-
MG0 is also suited for GRS with positron emission tomography (PET) which could help to improve 
image quality.

Methods: Targeting of CCK2/gastrin receptor positive tumors with DOTA-MG0 labeled with 
either 111In or 68Ga in vitro was investigated using the AR42J rat tumor cell line. Biodistribution was 
examined in BALB/c nude mice with a subcutaneous AR42J tumor. To determine specificity of uptake, 
a 100-fold excess of cold peptide was co-injected. In vivo PET imaging was performed using an 
Inveon® preclinical PET/CT scanner

Results: In vitro studies showed high receptor affinity (IC50 = 5.0 nM), specific binding and rapid 
internalization kinetics of 111In-DOTA-MG0. Biodistribution studies revealed high tumor uptake of 
111In-DOTA-MG0: 6.5 ± 1.4 %ID/g. Co-administration of an excess unlabelled peptide blocked the 
tumour uptake (0.74 ± 0.03 %ID/g), indicating that the tumour uptake is specific.The biodistribution 
of 68Ga-DOTA-MG0 similar to that of 111In-DOTA-MG0, subcutaneous tumors were clearly visualized 
by small animal PET imaging with 5 MBq 68Ga-DOTA-MG0

Conclusions: 111In and 68Ga-labelled DOTA-MG0 specifically accumulate in CCK2/gastrin receptor 
positive AR42J tumors with similar biodistribution. Subcutaneous AR42J tumors were clearly 
visualized by small animal PET. Therefore, 68Ga-DOTA-MG0 might be a promising tracer for PET 
imaging of CCK2/gastrin receptor positive tumors in humans.



Intraoperative assessment of microperfusion with visible light spectroscopy 
for prediction of anastomotic leakage in colorectal anastomoses

Poster no: 101

Karliczek A1,2, Benaron D3, Baas P2, Zeebregts C1, Wiggers T1, Van Dam G1,4

1 University Medical Centre Groningen, Surgery, Groningen, the Netherlands, 
2 Martini Hospital, Surgery, Groningen, the Netherlands 
3 Stanford University, School of Medicine, Palo Alto, CA, United States 
4 BioOptical Imaging Centre Groningen (BICG), the Netherlands.

Introduction: In colorectal surgery, anastomotic leakage remains a major clinical challenge 
often leading to increased morbidity and mortality. Reliable intraoperative assessment of risk for 
anastomotic leakage is not available, and relies solely on the judgment of the surgeon. Cardiovascular 
disease, representing systemic atherosclerosis and decreased adaptor mechanisms of the 
microcirculation upon reperfusion seems to be related to anastomotic leakage. Current systems for 
detection of microperfusion lack predictive power, or are either not feasible or impractical to handle 
in an intraoperative setting. Recently, Visible Light Spectroscopy (VLS) has emerged as a novel 
technique to investigate bowel microperfusion through measurement of oxygenated and deoxygenated 
haemoglobin in the tissue in both human and murine colon anastomoses. We evaluated the predictive 
value of VLS for anastomotic leakage of the colon.

Methods: Colonic serosa microperfusion (expressed as StO2) was measured intraoperatively in 
a total of 77 colorectal resections, as well as data on general perfusion (blood pressure, heart rate, 
peripheral oxygen saturation). The anastomoses were between 2 and 30 cm from the anal verge 
(mean 13 cm), StO2 was measured in the colon and rectum before and after construction of the 
anastomosis. This measurement was performed along with a reference measurement at the level of 
the cecum. Data on the occurrence of postoperative complications were prospectively collected.

Results: Anastomotic leakage was seen in 14 patients (18%). When compared to anastomoses 
that ultimately leaked, normal anastomoses demonstrated during the operations rising StO2 values 
(mean StO2 72.1 +/- 9.0 ?C 76.7 +/- 8.0 vs 73.9 +/- 7.9 ?C 73.1 +/- 7.4) (p< 0.05) as well as higher StO2 
values in the cecum (73.6 +/- 5.7 in normal anastomoses vs 69.6 +/- 5.6 in anastomotic leaks) (p< 
0.05). Both values were predictive of anastomotic leakage. No other preoperative or intraoperative 
factors were predictive of anastomotic leakage.

Conclusions: StO2 as measured by VLS seems a potentially useful tool in predicting anastomotic 
leakage after colorectal anastomosis. Further studies will be required to define its role in clinical 
practice and further elucidate the underlying intraoperative physiological changes found in this 
study.
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Introduction: The application of radiolabeled monoclonal antibodies (MoAbs) is a potentially 
powerful tool in nuclear medicine for tumor diagnosis and therapy [1-3]. The use of metallic 
radionuclides has the special advantage that the lyophilized antibody-ligand conjugates can be 
prepared and stored in advance. A specific radiopharmaceutical can then be prepared by simply 
adding a buffered solution of the radiometal prior to application.

Methods: The purpose of this study was to obtain the convenient, synthetically useful bifunctional 
chelating agent, 1,4,7-tris(carboxymethyl)-10-{2-(2-(prop-2ynyloxy)}-1,4,7,10-tetraazacyclododecane  
and to apply it to stable 99mTc-labeling of EGFr monoclonal antibody. The chelate was synthesized by 
alkylation of trisubstituted cyclen with propargyl bromide and followed by click chemistry using azido 
ethyl amine which was further derivatise to its isothiocyanato derivative to couple with antibody via 
thiourea linkage. 

Results: All the derivatives and final chelate was characterized by spectroscopic methods 
(NMR-1H, 13C, and ESI-MSn). Conjugation of DO3A-MP with AEA was performed using standard 
literature procedure. The isothiocyanto derivatve of DO3A-M-Triazole-NCS was coupled with EGFr 
monoclonal antibody at pH 8.4 using trisodium phosphate solution by incubating at 37°C for 1 h and 
subjected to purification on c18rp cartridge. When EGFr-DO3A-M-T-Ab was labeled with 99mTc with 
the specific activity of conjugates was 370 MBqi/mg of antibody. The receptor binding of the EGFr-
DO3A-M-T-Ab -99mTc by established human tumor cell lines (KB, U-87MG and MDA-MB-468) 
showed KD found in 15-20nM range. The blood kinetic studies showed more than 70% clearance 
within 15 minutes from the circulation. The KB cell line tumors in mice were readily identifiable in 
the γ images and revealed major accumulation EGFr-DO3A-M-T-Ab in liver and brain. 

Conclusions: High tumor uptake was shown in the tumor bearing nude mice; tumor to blood 
ratios reached 3.68 ± 0.52 and 6.5 ± 1.47 at 1 and 4 h after post injection respectively. EGFr-DO3A-M-
T-Ab -99mTc conjugate have promising utility as a receptor specific radiopharmaceutical for imaging 
neoplastic tissues known to over express EGFr receptor.
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Introduction: Integrins are known to play a critical role in the regulation of tumor growth, 
angiogenesis and metastasis. Here we report the in vivo evaluation of the two structurally related 
near-infrared fluorescent integrin-binding small molecule compounds InA and InB as contrast 
agents using mouse xenograft models.

Methods: Photophysical and -chemical studies were performed to characterize two near-
infrared dye conjugates in comparison with the free dye. Human colorectal HT29 cells and human 
lung carcinoma cell line A549 were injected s.c. in female and male nude mice in order to obtain 
xenograft tumors. For imaging experiments, the conjugates or free Dye751 were injected intravenously 
at a dose of 20 nmol/kg and animals were imaged with a dual channel near-infrared imaging system 
24 h, 48 h and 120 h post injection. For competition experiments an unlabeled integrin ligand, 
corresponding to compound InB, was injected i.v. at a 1000fold excess (20.000 nmol/kg) 15 min before 
injecting the conjugates. At the end of each study ex vivo imaging of organs and tumors was performed 
and cryosections of the tumors were prepared for further NIRF imaging and immunohistochemistry 
analysis.

Results: Photophysical and photochemical characterization of the conjugates compared to the 
free Dye751 showed similar absorption and fluorescence maxima with only slight shifts as well as 
extinction coefficients. In all in vivo studies the near-infrared integrin ligands showed a significantly 
higher tumor:normal ratio compared to the free dye. Compound InA strongly accumulated in tumor 
tissue of A549 tumors (mean ratio 2,3 over free dye, 24 h post injection) and of HT29 tumors (mean 
ratio 2.3 over free dye 24 h p.i.). Imaging with compound InB similarly showed enhanced tumor:normal 
ratio in both tumors, and revealed an additional increase over time (A549: mean ratio 2,1 (24h) and  
2.7 (120h); HT29: mean ratio 2,2 (24h) and 2.9 (120 h) p.i.). The tumor:normal ratio differed depending 
on the gender of the mice. Tumor uptake of the conjugates could be inhibited by pre-injection of the 
unlabeled ligand. Ex-vivo imaging revealed a strong accumulation of the near-infrared fluorescent 
conjugates in tumor tissue. No or rare fluorescence signal could be detected in the liver, kidney or 
stomach. 

Conclusions: The performed studies clearly show the suitability of using small molecule near-
infrared dye conjugates for in vivo imaging.  Near-infrared proved to be a specific, effective, non-
invasive technique for in vivo monitoring and semiquantitative analysis of tumor growth. In conclusion 
we here demonstrate the possible application for these small molecule integrin ligands as optical 
agents for near-infrared imaging. 

Acknowledgement: This work was supported by grant 03IP614 from German ministry of research 
(BMBF)



Whole body irradiation in human tumour xenografts using a nude rat model

Poster no: 104

Tokalov SV, Enghardt W, Abolmaali ND
OncoRay – Center for Radiation Research in Oncology, Medical Faculty Carl Gustav Carus, TU Dresden, Fetscherstr. 74, 01307 
Dresden, Germany.

Introduction: Human tumour xenografts in nude rat models of cancer have consistently been 
used as predictive preclinical models for anti-cancer drugs activity in human. These studies usually 
include whole body irradiation (WBI). At the same time, inhomogeneous distribution of the radiation 
dose through the body of animals may reduce effectiveness of WBI.  The aim of our work was to 
establish the system for WBI with improving dose homogeneity. 

Methods: Animal (male nude rats 5 weeks of age) housing and trials were approved by the local 
animal care committee according to the institutional guidelines and the national animal welfare 
regulations. WBI was carried out using X-Ray system: 200 kV, 20 mA, 0,5 mm Cu. Dosimetry was 
performed with clinical dosimeter UNIDOS equipped using plate PTW (1 x 5 x 5 cm) phantoms. Dose 
distribution along the depth of the water equivalent phantom was estimated by using Geant 4 toolkit 
for Monte Carlo simulation of the X-ray photons passage through matter.

Results: Exponential dose reduction along the depth of matter revealing by Monte Carlo 
simulation was in a good agreement with direct dosimetry (Fig. 1A) using a set of PTW phantoms 
(Fig. 1A, inset) from the highest dose (set to 100%) to ~40% close to the bottom was revealed. While 
fluctuations of dose distribution could be easily reduced by double irradiation from two opposite 
sides (Fig. 1B), such radiation exposure could not be applied for the rats in the common cage (Fig. 
1B, inset) due to the movement of animals during the time of irradiation.  However, preliminary 
narcosis administration allow solve this issue. Rats lying on the right side in new designed cage (Fig. 
1C, inset) were irradiated with half of the dose (2 Gy), rotated onto the left side and irradiated again 
with another half of the dose (2 Gy). Anesthetized rats were less then 4 cm of thickness, additionally 
improving homogeneity of dose distribution (Fig. 1C).

Figure 1. Design of WBI in a rat model. Dose distribution along the depth of 6 cm (A, B) and 4 
cm (C) water equivalent phantom for Monte Carlo simulation of the X-ray photons passage through 
matter (gray) and dose evaluation (white) using a set of PTW phantoms (A, inset) for single (A) and 

double side (B, C) WBI is presented. Common (B, inset) and new (C, inset) cages are shown.

Conclusions: An integrated system for homogeneous WBI of rats was established.
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Introduction: Cerebral metastases are observed in ~15% of breast cancer (BC) patients within 
2 years from diagnosis. Recently, there has been an increase in the incidence of brain metastases 
(BM), likely due to increased survival achieved with novel therapies. Overexpression of HER2 is a 
significant risk factor associated with BM that cannot be efficiently controlled by trastuzumab[1,2]. 
The evaluation of the effects of anti-cancer drugs on brain metastasis is a major challenge in oncology 
and requires the development of suitable animal models and sensitive assays to monitor cancer 
growth and response to the therapy[3,4]. Here, we develop a mouse model of BC BM, in order to 
evaluate the efficacy of temozolomide (TMZ) in controlling tumor development and growth by MR at 
1.5T and BLI. We also demonstrate the complementary role of MR at 1.5T and BLI in pre-clinical 
research for quantitative assessment of tumor growth and response to treatment.

Methods: We injected, into the forebrain of 17 NU/NU mice at depth of 3 mm, 3x105 MCF-7 BC 
cell line (stably transfected with a luciferase reporter vector). The animals were randomized and 
subdivided into three groups: group 1 (N = 5 animals) did not receive any treatment (control group); 
group 2 (N = 6) was treated with oral TMZ, 150 mg/m2 body surface for 7 days 24 hours after cell 
injection; Group 3 (n=6) the same treatment, day 8- 14. Tumor growth was monitored by BLI (Xenogen 
Ivis 200) and by NMR at 1.5T (NT, Intera, Philips).  All animals were sacrificed at day 30. Histopathologic 
analysis was performed on brain tissue that had positive tumor growth assessed by NMR and 
molecular imaging.

Results: BLI showed an important difference between the light intensity of control and treated 
mice. In Group 1, BLI showed the presence of tumor cells in the brain of injected mice. MRI four days 
after cells injection showed, in the majority of the animals, the precise tumor localization, the changes 
in signal intensity and the growth of the lesion and the development of the indirect effects of tumor 
growth in mice brain (i.e. hydrocephalus, oedema, brain assimmetry, meningeal dissemination). BLI 
demonstrated, a decrease in signal intensity more evident in Group 2 as compared to Group 3, 
although after 3 weeks the difference between the 2 treatment arms leveled off. At the end of the 
observation period, the photon flux of the mice in group 2 and 3 were respectively 8.48 and 6.54 fold 
lower than that of the control mice. At various time points (4 – 21 days), in group 2 and 3, MRI did not 
always show focal lesions but showed only the indirect effects of cell proliferation (asymmetry of 
brain or hydrocephaly) or the collateral effects of treatment (mainly megacolon), when present.

Conclusions: Results indicate that, the majority of injected cells die and this occurs more rapidly 
in treated animals as compared to controls. This suggests that TMZ may accelerate the elimination 
of free/micro-clusters of cells, which could correspond to micrometastases, and also appear to 
reduce tumor load in this mouse model of BM from BC. BLI was more sensitive than MRI for the early 
tumor detection, but MRI was more effective than BLI for the evaluation of disease progression and 
it was able to precisely identify focal brain lesions. We feel that MRI and BLI are complementary 
methods with a strongly promising role for studying the tumor growth in vivo and the effects of 
chemotherapy on the experimental animal.
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Introduction: Heat shock protein 90 (Hsp90) inhibitors, such as 17-AAG, are novel anti-cancer 
drugs permitting simultaneous depletion of several oncogenic proteins (e.g. CRAF, BRAF & CDK4). 
These agents are now in clinical trial with evidence of activity in melanoma that may be associated 
with presence of BRAF or NRAS mutation (1). Here we use magnetic resonance spectroscopy (MRS) 
to assess the metabolic effects of Hsp90 inhibition with 17-AAG in human melanoma cells harbouring 
WT or mutant B-RAF that may serve as biomarkers of target suppression in the clinic.

Methods: SKMEL28, WM266.4 (both with mutant BRAF) and CHL-1 (WT BRAF) human melanoma 
cells were treated for 48h with 100nM (SKMEL28) or 30nM (WM266.4 and CHL-1) 17-AAG then 
extracted in methanol, chloroform and water (1:1:1), and aqueous (all cell lines) and lipid (SKMEL28 
cells) fractions analysed by 1H MRS. Western blotting for expression of CRAF and Hsp70 (induced 
upon Hsp90 inhibition) was used to confirm drug action.

Results: Concomitant with CRAF depletion and Hsp70 induction, 17-AAG treatment resulted in 
altered membrane choline phospholipid metabolites as detected by 1H MRS analysis. The most 
prominent change recorded in all cell lines was an increase in glycerophosphocholine (GPC) content 
up to 4.5-fold. Phosphocholine (PC) levels increased by 1.6-fold in SKMEL28 cells but remained 
unchanged in WM266.4 and CHL-1 cells. The PC/GPC ratio decreased in all cell lines by up to 50%. 
Analysis of the lipid fractions from SKMEL28 extracts revealed an increase in the -CH2/
phosphatidylcholine ratio by 1.35-fold compared to controls indicating an increase in free fatty acid 
content.

Conclusions: These data indicate that inhibition of Hsp90 in human melanoma cells results in 
an increased GPC and decreased PC/GPC ratio which do not appear to be dependent on BRAF 
mutation presence. The accompanying increase in the free fatty acid signals suggests the involvement 
of phospholiase A2 as a molecular mechanism for the rise in GPC content. These alterations could 
have potential as MRS detectable pharmacodynamic biomarkers for Hsp90 inhibition in vivo.
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Introduction: Microvascularization modifications should precede tumor size-changes during 
anti-angiogenic therapy. We applied contrast functional ultrasound imaging (fUSI) to detect 
revascularization in Wilms tumors after stopping anti-angiogenic treatment (Bevacizumab).

Methods: Human Wilms tumor cells were grafted in left kidney of 32 nude mice. Once tumors 
had > 5 mm diameter (13 days after graft), mice received : placebo, N=14; biweekly Bevacizumab for 
21 days, N = 11; and biweekly Bevacizumab for 10 days followed by placebo for 11 days, N = 7. On days 
–1, +1, +9, +14 and +21 with respect to treatment start, fUSI was performed (nonlinear ultrasound 
imaging mode using SonoVue contrast agent). Time-signal intensity curves were obtained using 
linearized intensity data form regions in kidney cortex and matched-depth of tumor for first bolus 
passage and 50s following acoustic destruction of contrast. Normalized area under the bolus curve 
(nAUbC) and the local perfusion parameter from the destruction-reperfusion curves (nA*ß) were 
calculated. Functional assessments were compared between groups and were compared to necrosis 
percentages assessed by histology at study end-point. 

Results: Excised tumor weight decreased with increased treatment duration: 3.7 +/- 1.9 g 
(placebo), 2.3 +/- 2.1 g (Bevacizumab – 10 days, placebo 11 days), 1.4 +/- 1.15 g (Bevacizumab – 21 
days) (p = 0.01). At study end point, the placebo and continuously treated groups had comparable and 
significantly larger necrotic areas (respectively 37 +/- 14 and 32 +/-17%) as compared to the 
discontinued-treatment group (15 +/- 9%), p < 0.05. Both functional parameters assessed with 
contrast ultrasound increased significantly with time (p = 0.02) in the discontinued-treatment group, 
while they increased regularly for the placebo group from D 1 to 9 and decreased from D 9 to 21 to 
end with values comparable to those of the continuous-treatment group. 

Conclusions: Noninvasive fUSI demonstrated tumor revascularization after suspension of anti-
angiogenic therapy in this murine tumor model. Changes that occurred after discontinuing treatment 
were detected earlier and better with ultrasound functional parameters than they were using 
ultrasonographically measured dimensions. 
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Introduction: Integrins are a family of adhesion molecules consisting of two non-covalently 
bound transmembrane subunits (α and β) to create heterodimers with distinct adhesive capabilities. 
The αvβ3 Integrin, which binds to arginine–glycine–aspartic acid (RGD)-containing components of the 
interstitial matrix (such as vitronectin, fibronectin, and thrombospondin), is significantly upregulated 
on endothelium during angiogenesis but not on quiescent endothelium. Research has shown that 
tumor expression of αVβ3 Integrin correlates well with tumor progression in several malignancies 
such as melanoma, glioma, and ovarian and breast cancer. It has been demonstrated that near-
infrared (NIR) fluorescent dyes conjugated with cyclic RGD peptides were able to visualize xenografted 
integrin-positive tumors (1). We report the in vivo NIR fluorescence imaging of Integrin αVβ3 targeted 
by a new Cy5.5-conjugated RGD peptidomimetic, endowed with high binding affinity.

Methods: RGD-Cy5.5 was tested in human or rat glioma xenografted mice and in a model of 
spontaneous mammary carcinogenesis (BALB-neuT mice) (2). These mice were injected intravenously 
with 1 nmol/mouse of Cy5.5-RGD peptidomimetic conjugate (3) or Cy5.5 as a control. Competition 
experiments were performed injecting a non-fluorescent cyclic-RGD peptide 2 h before RGD-Cy5.5 
administration. The in vivo and ex vivo fluorescence intensity was monitored over time in tumors, 
muscles and other tissues. Images were acquired using a IVIS® Imaging System 200 (Xenogen 
Technology) and analysed with Living-Image® 3.1 software (Caliper Life Sciences). Other additional 
in vitro and ex vivo experiments were subsequently performed, to confirm the specificity of the new 
RGD-peptidomimetic compound.

Results: The test compound allowed long-lasting tumor visualization in all mouse models. In 
vitro competition experiments demonstrated that RGD-Cy5.5 selectively binds to integrin αVβ3, with 
high affinity. This was confirmed in vivo as signal intensity in tumors was significantly reduced 
(p<0.001) when the integrin receptor had been previously saturated with the reference cyclic RGD 
peptide. The injection of Cy5.5 dye produced a transient background signal, significantly lower (p< 
0.001) than the test compound. Ex vivo evaluation allowed to characterize the product distribution in 
specific organs.

Conclusions: The new RGD peptidomimetic conjugate specifically binds to αVβ3 integrin 
receptor, therefore it represents a useful tool for the diagnosis of tumors and other pathological 
conditions in which integrin αVβ3 is overexpressed. Moreover, our data additionally demonstrate the 
specific involvement of αvβ3 integrin in the carcinogenesis process taking place in BALB-neuT 
transgenic mice.
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Introduction: Metastatic disease to the brain is the commonest intracranial neoplasm in adults 
and in lung cancer brain metastases (mts) are frequently reported at diagnosis or at relapse, ranging 
from 35 to 60% of all cases. Therapeutic approaches for brain mts include surgery, whole brain 
radiotherapy (WBRT), stereotactic radiosurgery and chemotherapy. Targeted therapies such as 
epidermal and vascular endothelial growth factor inhibitors (1) are currently investigated in non-
small cell lung cancer (NSCLC) pts with  brain mts and have showed activity in this setting. Traditional 
morphologic measures of efficacy may not be appropriate to evaluate the activity of targeted agents. 
This exploratory trial aimed to evaluate the role of magnetic resonance imaging (MRI) and perfusion 
weighted imaging (PWI)  in predicting response and survival in pts with NSCLC and brain mts treated 
with sunitinib, an oral multitargeted tyrosine kinase inhibitor with promising activity in previously 
treated NSCLC (2).

Methods: From April 2007 to August 2008 we enrolled 12 NSCLC pts with asymptomatic brain 
mts (9 males, 42% adenocarcinoma, median age 58 years) consecutively treated in a clinical trial 
testing sunitinib in different lines of treatment. Pts started single agent sunitinib 37.5 mg/daily 
continuous dosing after WBRT and were evaluated using overall (RECIST) and intracranial tumor 
assessment with CT scan and MRI (1.5 T Philips Achieva, dynamic susceptibility contrast imaging 
technique) , respectively. Nine pts were evaluated with PWI : for every pts the longest diameter and 
the perfusional status of each brain lesion was assessed. We analysed the correlation between the 
average value of the sum of longest diameter of all intracranial lesions and median perfusional 
variations (Δdiam/ΔrrCBV-relative regional Cerebral Blood Volume) of brain mts at baseline and 
after 4 wks of treatment and the correlation between progression free survival (PFS) and the median 
perfusional variations in the same period of time (PFS/ΔrrCBV). Statistical analysis were performed 
using the Pearson test (1-tailed test).

Δdiam/ΔrrCBV showed a Pearson’s coefficient of 0.647 (p-value 0.03) with a R-square of 0.419.  
PFS/ΔrrCBV showed a Pearson’s coefficient of -0.801 (p-value 0.005) with a R-square of 0.641. 

Conclusions: These very preliminary results suggest a role of PWI as a surrogate end-point of 
antiangiogenic drug activity and its role as a predictive test. Considering the increasing interest in 
functional bio-imaging in NSCLC, this technique should be evaluated in larger prospective trials.

References: 1) Soffietti R, Rudà R, Trevisan E. Brain metastases: current management and new 
developments. Curr Opin Oncol. 2008 Nov;20(6):676-84.
2) Socinski MA, Novello S, Brahmer JR, et al. Multicenter, phase II trial of sunitinib in previously 
treated, advanced non-small-cell lung cancer. J Clin Oncol. 2008 Feb 1;26(4):650-6

pt Number of 
brain mts

diameter 
baseline

diameter
 after 4 wks

rrCBV 
baseline

rrCBV 
after 4 wks

Δdiameter ΔrrCBV PFSwks

1 2 6,60 6,00 2,46 2,42 -0,60 -0,04 7,7
2 3 15,70 14,30 1,56 2,09 -1,40 0,53 7,9
3 3 7,10 7,30 5,38 2,19 0,20 -3,19 15,6
4 21 7,40 6,10 3,50 3,12 -1,30 -0,38 11,9
5 6 20,10 17,30 7,53 4,53 -2,80 -3,00 17,3
6 2 7,90 10,30 2,80 7,15 2,40 4,35 8,0
7 3 10,60 11,10 2,76 2,87 0,50 0,11 23,4
8 5 6,80 5,80 3,82 3,08 -1,00 -0,74 15,6
9 3 20,20 18,40 12,35 4,37 -1,80 -7,98 34,9
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Introduction: The glucocorticoid prednisolone phosphate (PLP) encapsulated in long circulating 
liposomes (LCL) has been demonstrated to efficiently inhibit the growth of solid tumors on mice [1]. 
The mechanism of action of this passively targeted nanomedicine appears to involve the inhibition of 
pro-angiogenic/pro-inflammatory factors [2]. Recently, there has been a growing interest in the 
development of non (or limited) invasive in vivo protocols for visualizing the drug-delivery process. To 
this aim, Magnetic Resonance Imaging (MRI) is the technique of choice in virtue of the exquisite 
spatial resolution and great ability to generate contrast in soft tissues. The main scope of this work 
was to demonstrate the potential of this imaging modality for assessing the therapeutic effect and 
biodistribution of LCL-PLP on B16 melanoma xenografts on mice. The MRI visualization of the 
liposomal drug was possible by incorporating an amphiphilic Gd(III) complex in the liposome bilayer. 
The study was also supported by an in vitro kinetic analysis aimed at assessing the release of the 
drug from the paramagnetic liposomes.

Methods: The amphiphilic Gd(III) complex (Gd-1) was synthesized as described in [3]. Liposomes 
(LCL-Gd-PLP) were formulated as DPPC/Chol/DSPE-PEG/Gd-1 (1.85/1/0.15/0.27) encapsulating 100 
mg/ml of PLP. The paramagnetic liposomes were injected (doses: PLP 10 mg/kg, Gd 0.05 mmol/kg) 
in the tail vein of male B16 melanoma-bearing mice (the experiments were performed in triplicate). 
Tumor size and T1 enhancement (in tumor, liver and spleen) were monitored at 7 T. The mice received 
two doses at time 0 (tumor size ca. 4mm) and 1 week after. The release of PLP from the liposomes 
was monitored in vitro at 37°C at pH 5.5 and 7.4.

Results: The MR contrast observed in the tumor after each injection of LCL-Gd-PLP demonstrates 
a good tumor uptake. A remarkable uptake from liver and spleen was also detected. The inhibition of 
tumor growth was significantly higher than the control (empty liposomes) and in agreement with the 
previous study [1]. The in vitro kinetic study of the PLP release from the liposomes indicated a high 
stability of the formulation at physiological pH, whereas at pH 5.5 the presence of the incorporated 
MRI probe led to a PLP release of about 20%. 

Conclusions: The possibility to design a liposomal carrier loaded with both the drug and the 
MRI probe allows the non invasive visualization of the biodistribution of the nanomedicine. Moreover, 
the high resolution of MRI considerably improves the accuracy in the assessment of the tumor 
growth. 
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Introduction: The recent introduction of biological anticancer therapy has renewed the interest 
in functional imaging of tumor associated angiogenesis as a tool to monitor therapy response. The 
present study evaluated imaging of tumor associated angiogenesis using a molecular MRI probe 
targeting αvβ3 integrin, a signal transduction molecule expressed by neoplastic endothelium.

Materials and methods: HT29 human colorectal cancers were grown in athymic mice. MRI 
imaging was performed using a 3D VIBE sequence (voxel dimension 0.5x0.5x2 mm, TR/TE 6.78/2.78 
ms, flip angle 12°). Images were obtained at baseline and 5, 20, 35, 50, 65, 80, 95, 110, 120, 135, 150, 
165, 180, 195, 210, 225 and 240 minutes after injection of P1227 at a dose of 50 µmol Gd/kg. For 
control, the same group of mice underwent MRI imaging after injection of Gd-Dota (Dotarem) using 
an equivalent dose. We also administered Cilengitide, an αvβ3 integrin blocking agent, in a IV bolus 1h 
before MRI imaging with P1227 to verify whether signal enhancement diminished significantly after 
this treatment. Signal intensity was evaluated in different regions of interest encompassing the entire 
tumor, the tumor rim, and normal paravertebral muscle.

Results: Following injection of P1227, specific enhancement of the tumor rim was observed 
compared to the contrast enhancement in paravertebral muscles and the entire tumor, which led to 
a significant increase of the rim/muscle ratio in post-CE (contrast-enhanced) images (1.366 ± 0.184, 
n=13) vs pre-CE images (1.095 ± 0.130, n=18) (p<0,001). This immediate increase in rim/muscle ratio 
was similar in the Gd-Dota group (1.419 ± 0.182, n=15). Subsequent imaging resulted in a slowly 
decreasing contrast captation in the tumor rim, with at 165 minutes a normalization of the rim/
muscle ratio to baseline values. When Cilengitide is administered before MRI imaging, we see a clear 
immediate decrease of the contrast enhancement in the tumor rim, leading to a significantly lower 
rim/muscle ratio (1.163 ± 0.096, n=9). This might indicate specific binding of the αvβ3 integrin moiety. 
Histologically, MVD was 11.5% (7.2-15.8) in the rim compared to 7.8% (3.9-11.8) in the entire tumor 
(P < 0.001). 

Conclusions: Molecular imaging using P1227 allows visualization of activated tumor associated 
endothelium by targeting αvβ3 integrin. P1227 holds considerable promise for imaging angiogenesis 
in human solid cancers.
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Introduction: To prospectively compare two post-processing techniques for dynamic contrast 
enhanced ultrasound and to evaluate their value for assessment of antiangiogenic therapy effects.

Methods: The institutional animal care committee approved all experiments. Mice with A431 
tumors were examined during administration of polybutylcyanoacrylate microbubbles using high-
frequency ultrasound. Cine loops were acquired and analyzed using conventional time-intensity 
curves or maximum intensity over time (MIOT). Influences of different injection rates on both types 
of curves were investigated. The sensitivity of both methods in the assessment of antiangiogenic 
therapy effects was examined. Correlative histological analysis was performed for vessel density. 
Mann-Whitney test was used for statistical analysis.

Results: Injection rates significantly influenced peak enhancement of conventional time-
intensity curves (p<0.05) while maximum enhancement of MIOT curves were not significantly affected. 
Mean tumor vascularization slightly increased during growth of untreated tumors while it decreased 
in treated animals. Differences between treated and untreated animals became significant at day 1 
using MIOT curves (p<0.05) whereas conventional time-intensity curves did not indicate significant 
differences prior to day 2. Staining for CD31 validated the significantly (p<0.01) lower vessel densities 
in treated tumors already after one day of treatment.

Conclusions: MIOT curves are capable of indicating the effects of antiangiogenic tumor therapies 
more early, more reliably and more reproducibly than conventional time-intensity curves. Therefore, 
maximum enhancement of MIOT curves is a reliable surrogate parameter of the actively perfused 
vessel surface and a promising tool for monitoring antiangiogenic cancer therapy in patients and 
animal studies.
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Introduction: RNA interference (RNAi)-mediated gene silencing approaches appear very 
promising for therapies based on the targeted inhibition of disease-relevant genes. The major hurdle 
to the therapeutic development of RNAi strategies remains however the efficient delivery of the 
RNAi-inducing molecules such as small interfering RNAs (siRNAs) to the target tissue. SiRNA gene 
silencing could be obtained in vivo on reporter as well as endogenous genes. The demonstration in 
1998 of drug and plasmid electrotransfer and gene expression in tumours 1 led to the proposal that 
in vivo electropulsation was a promising tool for exogenous agent delivery. 

Methods: Tumours were implanted subcutaneously in the right flank of the mice by inoculation 
of 1x106 B16F10-EGFP mouse melanoma cells in PBS and grown to a size of 4-5 mm in diameter. 
50µl of saline solution (i.e. PBS containing 40 units of the RNAse inhibitor RNAsinR and either 12 g 
of egfp22 or of p76-siRNA) were slowly injected IT under isoflurane anaesthesia. Square waved 
pulses were delivered at a given Voltage (480 V), pulse duration (5 ms) and frequency of pulses (1 Hz) 
all pre-set on the Electropulsator. A train of 4 pulses plus 4 pulses of the reverse polarity was 
delivered. GFP expression in the tumor cells was detected directly through the skin on the 
anaesthetized animal by digitized fluorescence macroscopy

Results: The inactivation of the post transcription of gene coding the GFP by electrotransfer of 
siRNA, results in a significant reduction in the percentage of cells expressing the GFP and the 
associated fluorescence intensity as well in vitro as in vivo. The results show a transitory and 
maximum inactivation 72 hours after the electrotransfer of the siRNA. The siRNA being labelled by 
the fluorophore Alexa 546, its cellular localization and its biodistribution in subcutaneous tumor 
cells was studied by fluorescence microscopy in vitro. In absence of electric field, the siRNA does not 
penetrate into the cells. When appropriated electric pulses are applied, the siRNA is found in diffuse 
form in cytoplasm and this form persists 72 hours. The siRNA penetrates into cells in a free way 
during the application of electric field. The results obtained in vivo show that application of electric 
pulses, after intratumoral injection siRNA, is essential for penetrating into tumoral cells and for 
effective action on its intracellular target. It is visualized in a homogeneous way in the 
electropermeabilized tumors. 

Conclusions: In this study we have investigated the contribution of electrically-mediated delivery 
of siRNA into tumours stably expressing a green fluorescent protein (EGFP) target reporter gene 2, 
3. The silencing of EGFP gene expression was quantified over time by fluorescence imaging in the 
living animal. Indeed, exogenous gene expression of fluorescent reporter proteins such as GFP can 
be accurately followed of the same animal as a function of time with no adverse effects either on the 
reporter gene product or on the animal itself. Our study indicate that electric field can be used as an 
efficient method for RNAi delivery and associated gene silencing into cells of solid tumours in vivo. 
The mechanism of this “electrodelivery” is now under investigation by intravital microscopy. 
Preliminary data will be shown.
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Introduction: Fast, accurate extraction of quantitative anatomical and functional information 
from 3D data sets is a critical, and sometimes rate-limiting, step in analyzing biological questions 
through in vivo imaging.  The ability to apply a single analysis routine for the automatic extraction of 
major anatomical features while maintaining the flexibility to incorporate the extraction of application-
specific features helps resolve the time-limiting aspect of such analysis, increases reproducibility, 
and reduces observer variability.  This work examines the ability of such an analysis routine to 
evaluate whole-body data sets from a variety of small-animal SPECT/CT studies, consisting primarily 
of oncology applications, but also including pulmonary and neurology applications.  

Methods: A whole-body SPECT/CT data set exhibiting uptake in several major organs was used 
to generate a template analysis routine in a commercial image analysis package[1,.2].  This routine 
was applied to SPECT/CT data sets drawn from different imaging studies designed primarily for 
oncology applications, but also including pulmonary and neurological applications.  The goal of the 
routine is to automatically extract relevant anatomical structures (i.e., bones, organs) in an image 
using a combination of a priori structural information and Definiens Cognition Network Technology.  
In all analysis instances, the performance of the routine was evaluated in two stages.  In the first 
stage, the routine was applied to a data set without modification.  In the second stage, a trained user 
of the software was allowed to modify the routine until satisfied with the segmentation results.  This 
modification also provided an opportunity to add application-specific segmentation steps (i.e., 
xenograft tumor extraction) to the existing feature extraction set.

Results: In all imaging studies evaluated, the body, bones, brain, kidneys, lungs, and bladder 
were successfully extracted using one routine across all images.  The extent of user interaction 
required depended on application-specific goals, including the addition of application-specific 
extraction features.  Therefore, approaches for robust (i.e., applicable to a large set of images with 
satisfactory results) algorithms for more complicated applications were evaluated and results are 
presented.  For example, finding tumor tissue using anatomical information only (from CT images) 
as well as with support from registered SPECT data is discussed.  Additionally, we describe differences 
in segmentation approaches for various applications.

Conclusions: A routine was developed to enable automatic segmentation of many important 
anatomical features in pre-clinical SPECT/CT data sets encompassing a wide range of applications.  
Application-specific variations and external factors complicate full automation of all relevant features 
using a single extraction routine for applications spanning multiple-imaging targets; we present 
suggestions on implementations designed to minimize manual modification wherever possible and 
efficiently incorporate application-specific features to a template routine, thus enabling full 
automation for multiple data sets specific to a single imaging  target.
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Introduction: Octreotate is the somatostatin analogue with very high affinity to the SSTR type 2, 
most commonly present in neuroendocrine tumours.Therapy with labelled somatostatin analogues 
is the modern approach to the patients with disseminated or unresectable NETs expressing 
somatostatin receptors (SSTR). 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 neuroendocrine tumours (NETs). 

Methods: 36 patients with positive 99mTc-Hynic-Tate receptor scintigraphy (23 females, 13 
males; Karnofsky’s index > 70-83%, < 70-17% of the patients) were included to the therapy. The study 
group included 22 patients with foregut tumours (among them 12 with islet cell tumours), 11 with 
midgut tumours, 2 with hindgut tumours and 1 with NET of unknown origin. In 3 patients with 
unresectable tumour no distant metastases were found. Each patient received 7,4 GBq/m2 (200 mCi/
m2) of 90Y-DOTA-TATE divided in 3 to 7 doses (most often in 4-5 cycles, 100mCi per cycle) repeated 
every 4 to 9 weeks. Due to nephroprotection amino-acids formula Viamin 18, before and after each 
cycle of PRRT was administred.

Results: After the PRRT partial remission was observed in 45%, stabilization in 24% and 
progression of the disease in 31% of the patients. Seven patients died before completing the therapy. 
No worsening in renal function was observed after the treatment. In 5 cases after 18 months the 
creatinin level was higher. A drop in WBC was observed mostly after 3 and 4 cycle of PRRT, with 
transient grade 3 toxicity (according to WHO) in 4 patients. Mean PLT count was within normal limit 
during the therapy. In 1 patient single value of PLT was assessed as toxicity grade 3 according to 
WHO. In 3 patients the value of Hb was assessed as toxicity grade 3. In one patient, treated previously 
with chemotherapy myelodysplastic syndrome was observed.  In 76% patients chromogranin A level 
decrease after therapy.

Conclusions: (1) Therapy with 90Y-DOTA-TATE results in partial remission or stabilization of the 
disease in most patients. (2) Treatment with labelled somatostatin analogue does not induce clinically 
important haematological or renal toxicity in most patients.
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Introduction: The development of radiopharmaceuticals in oncology for both a targeted imaging 
and therapy requires accurate preclinical animal studies for tumoral drug delivery validation and 
quantitation, and pharmacokinetics parameters determination. In preclinical studies, new drugs can 
be precisely compared with standard therapies or can be screened among series of analogues for 
further development on the basis of performance in mice bearing subcutaneous tumors. In vivo 
scintigraphic imaging should appear of interest for a first and rapid screening of compounds able to 
demonstrate tumoral uptake and kinetic by serial examinations in the same mice. The purpose of 
this study was to demonstrate the interest of “nuclear pharmacology” with scintigraphic technology 
for (i) a rapid screening of such a series of iodobenzamide analogues candidates in vivo in melanoma-
bearing mice and (ii) determination of pharmacokinetic tumor parameters .

Methods: The tumoral distribution and kinetics of six aromatic and heteroaromatic analogues 
of N-(2-diethylaminoethyl)-4-iodobenzamide radiolabeled with 125I was analyzed by gamma 
scintigraphy (1-2): Tumoral uptake was expressed as (i) Tumor to background ratios and (ii) 
Standardized tumoral uptake (STU) in % ID/g, with tumor weight being extrapolated from the 
measurement of the two diameters. In vivo results were compared to the results obtained by whole 
body autoradiography (WBA). 

Results: In spite of the drawbacks in the used radionuclide’s physical properties (i.e. a low 
proportion of gamma emitting rays and a low energy), primary finding in this study was that, in vivo 
scintigraphic imaging with iodine-125 can be easily applicable to subcutaneous melanoma bearing 
mice using a small animal gamma camera. Four compounds out of six (i.e. [125I]ICF.01012, [125I]
ICF.01014, [125I]ICF.01016 and [125I]ICF.01035) evidenced tumoral accumulation levels higher than 
10% ID/g from 1 h to 72 h  post injection (p.i.). Results from STU analysis showed good agreement 
(correlation coefficient = 0.92 ) with those of WBA. Same classification of compounds (on the basis of 
their melanoma affinity) was obtained, with the same two compounds (out of six) being rejected.

Conclusions: Our results demonstrated that intratumoral uptake and retention of benzamide 
derivatives candidates for imaging and/ or targeted radionuclide therapy of melanoma can be 
accurately monitored noninvasively in the same animals by in vivo planar scintigraphic imaging. 
Planar imaging is by far the simplest method for quickly draw conclusions about drug distribution, 
elimination, tumoral targeting and retention by serial examination of the same living animals.The 
most important contribution that imaging can make to drug development is helping to distinguish 
between a drug that fails and a drug that should be selected for the proof of concept. 
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Introduction: Melanoma is becoming a major problem of public health in industrial countries 
with a dramatic increase in incidence and mortality. This is a highly invasive cancer which disseminates 
in an unpredictable and silent fashion. For secondary lesions detection, [18F]FDG PET imaging shows 
many contrast, resolution and quantization advantages, but suffers from a lack of specificity. As a 
consequence, there is a need for an early specific diagnosis of lesions allowing staging of patients. 
Moreover, development of specific therapies is required to overcome the lack of current efficient 
treatment for disseminated melanoma. A series of benzamides and analogues with a specific affinity 
for melanoma, by melanin binding, has already been developed in our team[1,2]. We are currently 
investigating a new multi-modality approach: PET or SPECT imaging and targeted radionuclide 
therapy of melanoma with a single chemical structure. Designed compounds are iodinated and 
fluorinated analogues of previously developed radiotracers, and offer both diagnostic (123I, 124I or 
18F) and therapeutic (131I) potentialities, depending on the type of radionuclide used. 

Methods: Twenty compounds have been synthesized and thirteen of them have been evaluated 
in vivo, on melanoma B16F0 bearing mice model as follows[3]: 1/ Initial pre-screening : labeling of 
each compound with 125I, biodistribution study by gamma imaging, choice of tracers with the most 
appropriate kinetic profile. 2/ Labeling of selected compounds with 18F, biodistribution study by PET 
imaging.

3/ Labeling with 131I, targeted radionuclide therapy assay. 

Results: The first pre-screening study allowed the selection of two compounds ([125I]ICF02008, 
[125I]ICF02110) due to their high, specific and long lasting tumoral uptake. Then, ICF02008 has been 
labeled with 18F in order to perform PET imaging experiment. This assay has confirmed biodistribution 
and kinetic profile previously observed with [125I]ICF02008, and the interest of combining such tracer 
specificity with PET technology performances. Finally, [131I]ICF02008 administered after melanoma 
graft induced a significant slowing down in tumoral growth. 

Conclusions: The present study gives a first validation of multi-modality concept feasibility with 
such radiotracers. Their specific affinity for melanin could allow PET (18F) or SPECT (123I) imaging 
and targeted radionuclide therapy (131I) of melanoma.
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Introduction: Despite its considerable contribution in the diagnosis and staging of neoplastic 
disease, morphological imaging suffers from many shortcomings such as the delay between 
microscopic and  macroscopic changes and incapability to provide information about biological 
processes. 18F-FDG PET has a role in diagnosis and follow-up evaluation of lung cancer. Early 
prediction of tumour response is of particular interest in pts with advanced NSCLC giving the 
opportunity to avoid the administration of toxic therapies without benefit. 18F-FDG PET already 
showed to be a valid early sensitive assessment of activity in different solid tumours (1,2).

Methods: From December 2007 to October 2008, 34 chemonaïve pts with stage IIIB and IV (n=32; 
94,1%) NSCLC treated in the Thoracic Oncology Unit of San Luigi Hospital in two clinical trials in 
which they were randomized to receive carboplatin/paclitaxel plus placebo or two different oral 
multiple tyrosine kinase inhibitors, were prospectively and consecutively enrolled in this pilot study. 
Male/female ratio was 26/8, adenocarcinoma were 16 (47,1%), squamous 8 (23,5%), large cells 
carcinoma 2 (5,9%), NSCLC-NOS 8 (23,5%). All pts underwent 18F-FDG PET scan at baseline (within 
one week before starting chemotherapy: PET1) and on day 15 of cycle one (PET2). PET/CT images 
derive from a PET/CT combined tomography: whole-body emission scans were acquired starting 60 
minutes after intravenous injection of FDG and PET data of the whole-body distribution of the tracer 
were acquired in 3D mode from the pelvis to the neck. For each patient we evaluate the change of 
standardized uptake volume (SUV) from PET1 and PET2 in the primary tumour and the overall PET 
response of all visible lesions was evaluate according to EORTC criteria (3). Assessment of response, 
as per protocol procedures, was done with chest and abdominal CT scan according to RECIST criteria 
every two cycles (32 evaluable pts: in 2 cases pts dead before the first CT evaluation).

Results: Patients were dichotomized in PET responders and non-responders: among PET 
responders, CT scan  after 2 cycles showed an objective response (OR) of 66.6% (12/18) and only 2 OR 
(14,3%) in PET non-responders were observed (Fisher exact test, p=0.0038). Mean SUV in the 
primary tumour was -42,3% ± 20.6 and -11,4% ± 21.5 in PET responders and in non-responders, 
respectively. Overall, PET response overestimate CT response in 6/32 cases while underestimate it 
in 2/32 cases. Best response with CT scan achieved after 2 cycles in 31 out of 32 cases. Adopting 
different cut-off values for baseline SUV or SUV of the primary lesion no correlation was found with 
progression-free (PFS) or overall survival. We found a significant correlation between PFS and PET 
responders (38,2 vs 25 weeks; p= 0.04), while only a trend for improved OS was found in overall 
responders versus non-responders (52,4 vs 47,8 weeks; p= 0.12).

Conclusions: This pilot study indicates that in advanced NSCLC early PET restaging during cycle 
one of chemotherapy may predicts subsequent objective response to CT scan after two cycles. This 
findings are worth of a prospective validation in a larger study.
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Introduction: The over expression of receptors for endogenous peptides by several kind of 
tumors can be exploited for the achievement of selective tumor targeted therapy and diagnosis. 
Peptides can be functionalized with different moieties, thus allowing to trace and treat diseases with 
the same vector molecule. The lack of in vivo stability hampers further exploitation of peptides in 
drug development process. However, we demonstrated that synthesis in branched form is a general 
method to improve peptide half life and, in some cases, to even improve affinity as a result of 
multivalent binding. We synthesized branched peptides containing the sequence of neurotensin (NT) 
whose receptors are over expressed on pancreas, colon and prostate adenocarcinoma. The modular 
structure of the branched peptides was exploited for the chemical conjugation of functional units- 
either tracers for imaging or cytotoxic drugs- to the branching core [1-3]. The obtained conjugated 
branched peptides were analyzed for their binding to specific cell lines.  In order to assess whether 
conjugated branched NT are able to discriminate between healthy and tumor tissues ex vivo, binding 
assays were performed on human biopsies from individuals affected by either colon or pancreas or 
prostate adenocarcinoma, undergone surgical resection. Finally, we investigated the ability of 
branched NT conjugated to a cytotoxic drug in reducing tumor growth in xenografted nude mice

Methods: Binding of branched NT was performed on HT29, PANC-1 and PC-3 cell lines incubated 
with branched NT conjugated to fluorescent dyes. For subcellular localization, cell membrane was 
stained as well and peptide binding and internalization were analyzed by confocal laser microscope. 
For the ex vivo experiments, samples of tumor tissue and of the corresponding adjacent healthy 
tissue were removed from the whole tumor previously excised for planned oncologic surgery. Tissue 
sections were incubated with branched NT conjugated to fluorescent probes and analyzed through 
confocal microscopy. We set up a method for quantification of fluorescence response. Qualitative 
data were translated into numbers representing the mean of staining in the RGB range by means of 
a dedicated software. Statistical non parametric Kraskall-Wallis test for paired samples with a 
significance set at p<0.05 was used in order to analyze and compare response in tumor and healthy 
tissues for each patient.

Results: In vitro experiments showed that conjugated branched NT is able to bind and selectively 
deliver functional moieties in cell expressing the cognate receptors. Ex vivo results confirmed that 
NT4 is able to discriminate between tumor and corresponding healthy tissues from the same patient 
as confirmed by statistical evaluation. In vivo experiments, indicated a 60% reduction of tumor growth 
by the drug-conjugated branched NT, with respect to equimolar concentration of the un-conjugated 
chemotherapy drug.

Conclusions: Branched NT proved effective in selective delivery of functional units to tumor 
cells both in vitro and in vivo. Moreover, it was shown that for each patient a healthy versus tumor 
response ratio, can be measured,  set which might be used as prognostic factor for a targeted therapy 
mediated by the same branched peptide.
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Introduction: Delivery of drugs to the appropriate target cells would improve efficacy and reduce 
potential side effects. The nontoxic B subunit of the intestinal pathogen–produced Shiga toxin (STxB) 
binds specifically to the glycosphingolipid Gb3, overexpressed in membranes of certain tumour cells, 
and enters these cells through the retrograde pathway. Therefore, STxB binding to Gb3 receptors 
may be useful for cell-specific vectorisation or imaging purposes. Here we labelled STxB with a 
fluorophore to evaluate its potential as an in vivo cell-specific targeting reagent in two different 
models of human colorectal carcinoma.

Methods: A variant of STxB carrying a cysteine in its terminal chain was purified from bacteria, 
dialyzed against phosphate-buffered saline, and coupled to Cy5 fluorophore. Fluorescent STxB was 
administered systemically to nude mice, xenografted with two different models of human colorectal 
carcinoma. The biodistribution of the fluorescent protein was studied by non invasive optical imaging. 
The use of fluorescent STxB allowed the combination of the macroscopic observations with analyses 
at the cellular level using confocal microscopy.

Results: After oral administration of STxB-Cy5 to xenografted nude mice, no STxB fluorescence 
was detected in the tumours. In contrast, after intraperitoneal injection of STxB-Cy5, fluorescence 
was observed in the xenografts from 5 hours to 5 days post-injection; the STxB was slowly eliminated 
by renal excretion. After intravenous injection, the STxB-Cy5 similarly reached xenografted tumours, 
but the fluorescent signal was higher and persisted longer (up to 7 days). Using confocal analysis of 
the xenografts, STxB was demonstrated to enter the Gb3-expressing tumoral cells, as well as the 
epithelial cells of the neovascularisation and the monocytes and macrophages surrounding the 
xenografts.

Conclusions: In conclusion, using two models of human colorectal carcinoma, we showed that 
STxB can target Gb3-overexpressing cells in tumours after a systemic injection. Furthermore, the 
protein entered Gb3-expressing cells, including the cancerous cells, as well as monocytes and 
macrophages and epithelial cells of the new blood vessels. These results illustrate the great potential 
of this protein as a vector for targeted antitumor therapy.
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Introduction: Cancer treatment depends largely on the (re)activation of apoptosis by radiation 
or chemotherapy. To evaluate therapy efficacy, the amount of induced apoptosis is often assessed by 
measuring annexin V uptake. Imaging with 99mTc-Hynic-Annexin V (TcAnV) was suggested to be 
more sensitive in the detection of apoptotic tissue than would be expected based on histological 
analysis, suggesting that TcAnV uptake may not only occur in apoptotic cells [1].

Methods: Fragments of docetaxel-sensitive or -resistant tumors from a hereditary mammary 
carcinoma were transplanted into mammary glands of FVB:OLA F1 mice. After 3-4 weeks the mice 
were imaged for TcAnV uptake using a SPECT/CT scanner (also used to monitor response by 
volumetric measurements), treated with docetaxel and scanned again at several timepoints. 
Subsequently the tumors were removed, sectioned and immunostained for two markers of 
apoptosis.

Results: One day after treatment both sensitive 
and resistant tumors showed an increase in TcAnV 
uptake compared to pre-treatment levels. Whereas 
levels returned to background after 7 days in 
sensitive tumors, in resistant tumors TcAnV uptake 
continued to increase with time, concurrent with 
their increase in volume. After correcting for tumor 
size the pattern of TcAnV uptake was comparable in 
resistant and sensitive tumors (Fig 1). Moreover, a 
similar uptake pattern was observed in other 
tissues, suggesting that TcAnV uptake is not directly 
correlated to apoptosis. Accordingly, immunoassays 
for both cleaved caspase 3 and cleaved DNA (TUNEL) 
showed an increase in apoptotic/dead cells in 
sensitive tumors one day after docetaxel treatment, 
while no increase was found in resistant tumors. Histological analysis revealed clear necrotic areas 
within larger tumors, especially in large resistant ones. Immunostaining for annexin V placed the 
marker predominantly in those necrotic areas, suggesting that TcAnV is not a reliable marker of 
apoptosis in these tumors.

Conclusions: No clear correlation could be found between TcAnV uptake and the amount of 
apoptosis in docetaxel-sensitive and -resistant tumors, as the observed value appears mainly 
volume-dependent. While annexin V labeling may work well in vitro, in vivo it also binds cells that are 
not committed to apoptosis, as well as necrotic areas of tumors. Therefore great care should be 
taken when using this method as a diagnostic tool, as it may seriously overestimate therapy 
efficacy.
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Fig 1: Annexin V uptake over time after docetaxel 
          treatment in resistant and sensitive tumors. 
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Introduction: The aim of this work is to develop, validate and implement a method to accurately 
match histological tumor tissue sections to in vivo MR images. The current connection between 
histology and MRI remains confined to verifying global tissue traits [1]. With an added imaging step 
it is possible to correlate a tissue section to a specific MRI slice, allowing more detailed characterization 
of the tumor contents. The added step is an ex vivo imaging protocol of the chemically fixed tumor 
which captures tissue alterations occurring during fixation between MRI and histology

Methods: Lewis rats were inoculated with CA20948 tumors and imaged when the tumor had 
reached a size of 1-2 cm2. In vivo images were acquired in a 3.0T clinical MRI scanner using different 
weightings, T1, T2, PD and T2*. The collective image set provided information on tumor features to 
be compared to histological findings on a macroscopic level. Prior to ex vivo imaging the tumor was 
embedded in agar and a thin section of the tumor was sliced off to define the plane for cutting 
histological tissue sections. Scanning was performed parallel to this plane. The ex vivo images were 
used as a guide to analyse deformation of the tumor after fixation, and to determine the position of 
tissue sections relative to the in vivo images. The ex vivo images also consisted of T1, T2, PD and T2* 
weighted scans. The T2* scan was used in the registration process because of the structural detail 
of the tumor content. Starting from the defined surface and carefully tracking the progress of the 
tissue sections through the tumor facilitates matching the position of a given tissue section to an ex 
vivo MR image and in turn to in vivo images.

Results:

The figure shows the in vivo image (left), corresponding ex vivo image (centre) and hematoxilin eosin 
stained tissue section (right). Some rotation and translational processing steps were involved to 
match the in vivo image to the ex vivo image. This facilitates the step towards histology and 
morphological comparison.

Conclusions: Matching of histological tissues sections to MR images of tumors is facilitated by 
using a multi-step registration process involving an ex vivo MRI scan of the tumor.
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Introduction: Gliomas are the most common primary human brain tumours[1]. Generally, the 
biology of these tumours and response to novel therapies are examined in subcutaneous xenograft 
models. These however lack a proper brain microenvironment which plays an important role in 
determining response to therapies. Conversely, orthotopic models of glioma suffer from the problem 
that accurate delineation of gliomas in brain is difficult as large areas of diffuse infiltrative growth 
are not detectable by conventional Gd-DTPA-enhanced T1w MRI. Restoration of the BBB, a known 
effect of anti-angiogenic therapy, further complicates evaluation of such therapies. Thus, there is a 
need for novel diagnostic modalities to characterize orthotopic glioma, also after anti-angiogenic 
therapy. Here we present short and long echo time magnetic resonance spectroscopic imaging 
(MRSI) of a panel of intracerebral orthotopic xenograft models, phenotypically and genotypically 
resembling human gliomas.

Methods: Four intracranial xenograft lines were established by direct intracerebral inoculation 
of freshly obtained surgical human tumour material and serial passage in female nude Balb/c mice 
(6-8 weeks old, weighing 18-25 g)[2]. Two lines (E434, E478) had an oligodendroglial origin, two were 
glioblastoma multiforme (E468, E473). Upon showing discomfort or weight loss, animals (E434 n = 5, 
E468 n = 5, E473 n = 5, E478 n = 5) were selected for investigations on a 7T MR spectrometer. 
Anatomical images in three directions were acquired using a T2w sequence (TSE, TR 3880 ms, TE 43 
ms). Subsequently short and long echo time 3D chemical shift 1H images were acquired (semi-
LASER[3], TR 1500 ms, TE 24 or 144 ms, OVS, WET, voxel size 0.92 × 0.92 × 1.00 mm, 16 × 16 × 16). 
For phase correction and metabolic quantification an additional non-water suppressed data set was 
acquired (semi-LASER[3], same settings, no WET). After MR investigations the mice were sacrificed 
and their brains harvested for histological analysis. The spectroscopic data were quantified using 
LCModel 6.2-1G[4]. A molecular basis set for LCModel was simulated and a metabolic base line was 
estimated via an inversion recovery experiment (IRsemiLASER, same settings, TI 570 ms) in age 
matched non-tumour bearing healthy control mice (n = 2). Metabolite maps superimposed on 
anatomical images were created from the LCModel output using home-made Matlab scripts.

Results: A significant increase of choline and decrease of N-acetylaspartate (NAA) signals were 
observed in all four glioma models as compared to the healthy controls. Small differences between 
the four glioma lines were observed in several other metabolites. Maps of the spatial distribution of 
choline, creatine, NAA and lactate were created for all four tumour models (not shown). 

Conclusions: Using MRSI, the spatial extend of orthotopic glioma growth can be visualized 
beyond the detection of conventional CE-MRI. Short and long echo time MRSI may therefore allow 
reliable longitudinal follow up of novel treatment modalities in experimental orthotopic glioma 
models with only the use of endogenous molecules.
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Introduction: Liposomes are nano-sized vesicles mainly used as carriers in drug delivery 
protocols1. In spite of their therapeutic efficacy, there is still a lack of detailed knowledge about the 
underlying biology of the process. The therapeutic efficacy of a drug is strongly related not only to its 
uptake but also to its intracellular availability at the target site The aim of this work was to assess in 
vivo  the kinetic of the uptake of paramagnetic liposomes loaded with lanthanide(III) complexes2 and 
fluorescent dyes and  to follow their intracellular fate, by means of a multi-contrast MRI analysis, 
and to verify ex vivo the type of cells involved in the uptake by means of a citofluorimetric assay.

Methods: Non targeted stealth liposomes encapsulating paramagnetic lanthanide(III) complexes 
or carboxyfluorescein 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. Tumors were excised and prepared to be 
analized by citofluorimetry.

Results: The temporal evolution of the three contrast mechanisms (CEST, T1, T2) generated by 
paramagnetically loaded stealth liposomes locally injected in the tumor were different. The CEST 
contrast decreased to zero within 1-2 hour, thus suggesting a fast uptake from tumor cells or tumor 
associated macrophages or both.. Conversely, the T2-susceptibility contrast remain nearly constant 
within the first two hours then started to decrease, suggesting that the  internalized vesicle are still 
intact in the first hours after their cellular uptake. As far the T1-contrast is concerned, initially the 
effect decreased quite rapidly, but, interestingly, after few hours it started to increase. This observation 
could be the indication of the release of the Gd(III) agent from the vesicle because the T1 contrast is 
strongly quenched by the presence of the liposome bilayer. Support to this view was obtained by 
confocal fluorescence miscroscopy. Citofluorimetry analysis reveals an important role of Tumor 
Associated Macrophages on tumor uptake. 

Conclusions: The present results show that an MRI multicontrast analysis can be a very powerful 
tool for the in vivo assessment of biological events at the molecular level.
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Introduction: In vivo optical imaging is a valuable technique for monitoring the distribution of 
proteins and other biomarkers in living animals quickly and effectively.1,2 However, a critical and 
sometimes overlooked component of the method development of these experiments is the validation 
of the results obtained in vivo from intact animals through some other, complementary, technique. Of 
the two major small animal optical imaging modalities, bioluminescence and fluorescence, only the 
latter offers the capability to easily validate in vivo results through ex vivo or in situ microscopic 
imaging. Near-IR-labeled antibodies, particularly for markers that may be overexpressed in cancer, 
are widely imaged in vivo to determine the biodistribution of a protein or as a means of quantitating 
tumor size non-invasively. However, as these probes can sometimes bind to necrotic regions in 
tumors or get trapped in interstitial spaces, it is important to ascertain their biodistribution with 
appropriately high resolution in order to qualify the in vivo results.

Methods: In vivo fluorescence data from whole animals and from whole organs, both in situ and 
ex vivo, were compared to the corresponding microscopic images from the same animals. In one 
model, AF647-labeled anti-EGFR antibodies were injected into mice with subcutaneous tumors and 
imaged. In another model, fluorescent images of H&E tissue sections from excised tumors from 
mice that had been injected with Cy5-labeled anti-Her2 were acquired using with multispectral 
microscopy to generate simulated brightfield images. Such images resemble standard DAB-stained 
immunohistochemistry samples that can be readily interpreted by pathologists. Finally, an example 
showing how imaging of whole, excised tumors can be used to validate measured in vivo fluorescence 
intensity when tissue autofluorescence is correctly unmixed from a multispectral dataset will be 
shown.

Results: Microscopic imaging indicated that the EGFR labeling pattern was often consistent 
with specific binding to the EGFR antigen. However, in some instances, binding of the label to necrotic 
regions was demonstrated, affecting the validity of whole-tumor intensity estimations: strong labeling 
in some tumors could be shown to be due to prominent binding to necrotic regions rather than to 
viable tumor. In vivo tumor intensity signals, however, agreed closely with ex vivo whole-organ 
results.

Conclusions: In vivo imaging, while useful and practical, requires careful validation of the model 
system being imaged to ensure correct interpretation of results. Two good methods of validation are 
the imaging of tissues, either in situ or as whole, excised organs, and the high-resolution imaging of 
tissue sections on a microscope. Of the popular optical imaging modalities, only fluorescence imaging 
is readily amenable to such validation.

References: 1. Graves EE, et al., Curr Mol Med. 2004 Jun;4(4):419-30. 2. Choy G et al., Mol 
Imaging. 2003 Oct 2(4):303-12.

Left: 24 hours after tail vein injection of AF647-labeled anti-EGFR antibody. Right: 20x images of excised tumor. Upper 
is AF647, inset is image of whole excised tumor, lower is AF647 (red) and acroflavin (green; viable tissue)
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Introduction: RNA interference mediated gene silencing appears very promising for therapies 
based on the targeted inhibition of disease-relevant genes. Electropermeabilization is one of the 
non-viral delivery methods successfully used to transfer small interference RNA (siRNA) into living 
cells in vitro and in vivo [1]. Although this approach shows promise for gene silencing by RNA 
interference, very little is known about the basic processes supporting siRNA transfer. In this study, 
we have investigated at the single-cell level, the delivery of an anti-enhanced green fluorescent 
protein (EGFP) fluorescent labeled siRNA into murine melanoma cells stably expressing the egfp 
target reporter gene. 

Methods: Electrotransfer of siRNA into cells was performed by delivering millisecond electric 
pulses known to transfer genes and load macromolecules into cells. Ten pulses of 5 ms, at a frequency 
of 1 Hz were applied at an electric field intensity of 300 V/cm on plated cells at room temperature. 
For fluorescence microscopy observations, plated cells were treated with Alexa Fluor 546 labeled-
siRNA in pulsation buffer using microscope glass coverslip chambers. The labeled siRNA was 
detected with Zeiss LMS inverted confocal laser scanning microscope (514 nm Helium-Neon laser). 
Successive scans of 1 second were taken to follow the electrotransfer of the siRNA into cells before, 
during and after electric pulses delivery. 

Results: Fluorescence intensity maps of cells were measured before, during and up to 4 min 
after electric pulse delivery. Before electropulsation, the basal fluorescence level in cells was null. 
The entry of the siRNA molecules was detected just after the first pulse. No interaction with the 
plasma membrane was observed. When electric pulses were applied, labeled siRNA penetrated into 
the cytoplasm, through the membrane, on the side of the cell facing the cathode. The quantified 
fluorescence showed a linear increased during the pulse treatment. After the pulsation, the 
fluorescence increased as a function of time reaching a plateau value after 3 minutes (i.e. when 
membrane resealing as completed). If added after the pulse, the entry of the siRNA was observed 
like a diffusion process in the largest permeabilized area (facing the cathode).

Conclusions: This process allowed us to show the vectoriality sense of siRNA entry during the 
electric field application. Therefore, we describe for the first time that siRNA electrotransfer is driven 
by the electrophoretic forces during the electric treatment and followed by a diffusion process after 
the electric pulses. These results were compared with the DNA plasmid electro-delivery mechanism 
which describes an interaction of DNA plasmid with plasma membrane after pulsation and before 
penetration into cells [1].
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Introduction: In many malignant tumours the endothelin system is actively involved in both 
tumour angiogenesis and progression. The non-invasive assessment of the endothelin system in vivo 
is therefore of high clinical importance to characterize tumours with respect to angiogenesis and 
progression. For this mechanism thyroid carcinoma is a typical tumour entity, it expresses the 
endothelin axis and shows a continuous range of malignant progression from highly to undifferentiated 
- anaplastic - cells. It was the aim to study the endothelin axis and neoangiogenesis in different 
thyroid carcinoma xenografts.

Methods: Subcutaneous and orthotopic thyroid carcinoma xenografts of low and high 
differentiation were established. Western-blot analysis was performed to determine the expression 
of endothelin-receptors in human papillary, follicular, poorly differentiated, anaplastic and medullary 
carcinoma. In addition, [125I]iodine-labeled endothelin-1 and the endothelin-A-receptor ligand [18F]
fluoroethoxy-PD 156707 were applied in vitro (autoradiography) and in vivo (small animal PET), 
respectively, to determine endothelin receptor expression in tumour neoangiogenesis. Contrast 
enhanced small animal ultrasound was performed to visualize peri- and intratumoral neoangiogenesis. 
In vitro and in vivo data were correlated with standard hematoxylin and azan stainings as well as anti-
CD-31 immunofluorescence for endothelial cells and anti-endothelin-A-receptor 
immunohistochemistry.

Results: Western-blot analysis demonstrated endothelin-A-receptor expression in all thyroid 
carcinoma except for medullary cancer. In addition, specific endothelin-receptor binding could be 
demonstrated in tumour xenografts. Orthotopic thyroid carcinoma showed extensive neoangiogenesis 
pervading tumours larger than 10 mm without areas of central necrosis. In contrast, neoangiogenesis 
was restricted to the outer rim (2-3 mm) of subcutaneous thyroid cancer xenografts which was also 
confirmed in small animal contrast-ultrasound and histological examinations.

Conclusions: Orthotopic thyroid carcinoma xenografts are a suitable model to assess tumour 
angiogenesis by visualization of the endothelin system. Radiolabelled endothelin-A-receptor ligands 
may be promising molecular imaging probes for future tumour diagnostics and therapy.
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Introduction: Glioblastoma multiforme is the most common type of brain tumor1. Several 
alterations of the cell cycle and DNA repair mechanisms lead to increasing resistances against 
chemotherapies2. Strategies to understand and overcome these resistances are under extensive 
research. Designing reporter vectors carrying several reporter genes under the control of an inducible 
promoter allows an evaluation of these processes by molecular imaging3.

Aim: Aim of this study was to construct a self-inactivating retroviral reporter vector, pBABE-
p53-TA-LITG-dLTR-puro, bearing reporter genes for firefly luciferase, viral thymidine kinase as well 
as enhanced green fluorescent protein controlled by a p53 enhancer and to assess the ability of the 
reporter system to monitor intracellular, changes of the p53 status upon treatment with a mdm2-
antagonist or an alkylating agent.

Methods: The retroviral reporter system was generated by genetic engineering. Proper 
construction was verified by restriction analysis and sequencing. U87-neo (wt-p53) and U87-neo-E6 
(p53-inactivated) cells were stably transfected with the cis-p53-LITG-dLTR reporter system. Reporter 
gene expression was assessed in culture in these stable glioma cell lines by luciferase activity 
measurement, MTT-assay and immunostaining with and without treatment.

Results: DNA sequencing of the reporter vector showed high identity with the expected results 
(98 - 100 %). A significant increase of the p53-dependent luciferase reporter gene expression in 
stable transfected U87-neo has been detected already 6h upon treatment with a mdm2-antagonist 
and after 24 h upon treatment with an alkylating agent. Expression of luciferase in U87-neo-E6 cells 
increased late (> 48 h) and only upon treatment with the allkylating agent. The MTT-assays revealed 
significant Tk-activity in stably transfected cells, increasing upon treatment with the mdm2-antagonist 
and the alkylating agent. Immunostaining of the reporter gene products, Luciferase, Tk and GFP, and 
of p53 in treated U87-neo cells underlined the p53-dependent expression of the reporter system.

Conclusions: It was demonstrated that DNA damage induced up-regulation of p53 transcriptional 
activity correlated with the expression of p53-dependent downstream genes in U87-neo (wt p53). 
Regarding U87-neo-E6 the expression pattern was altered. Results show that the cis-p53-LITG 
reporter system is sensitive enough to image the p53 signal transduction pathway non-invasively 
with and without treatment in several glioma cell lines with different genetic background.
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Introduction: A mouse model of high grade glioma (GBM) has been used to compare the changes 
observed in distinct tumor microenvironments upon bolus injections of Gd-DTPA and Glucose [1]. 
These effects were monitored by MRI of water and MRSI of brain metabolites, respectively.

Methods: 4 C57BL6 mice (~20 g) were induced with a GL261 brain glioma as described [1]. 
Before entering the 7T scanner animals were cannulated for bolus injections during the MR studies: 
Glucose i.p. (0.014 mmol/Kg); Gd-DTPA i.v. (0.2 mmol/Kg). A Dynamic T1-W study (DCE-T1) was 
carried out first, as described [2]; after a 4 h washout period, a dynamic 1H-MRSI study, with 22 min 
temporal resolution, was performed during acute hyperglycemic challenge. DCE-T1 resolution was 
reduced to match that of MRSI studies and relative contrast-enhancement (RCE) maps were 
generated. MRSI data were processed to generate relative intensity-change maps for MR-detectable 
extracellular glucose (MR-Glc) and for lactate. For each study, maps were correlated pixel-by-pixel 
in the tumor region using Pearson’s coefficient.

Results: As seen in Figure 1, MR-Glc and RCE maps showed significant correlations in the 
tumor regions of 3 out of 4 cases, while MR-Glc and lactate maps did not (not shown).

Figure 1 – Four different animals (columns), from left to right: T2-W images of the mouse brain; 
T1-W reference images  (same sections); T1-W images at the time of maximum Gd-DTPA-induced 
enhancement; RCE maps obtained after the DCE-T1 study (1282 pixels); zoomed RCE and MR-Glc 
maps (102 pixels), overlaid on the reference T2-W image (black dots: tumor boundaries) – MR-Glc 
map corresponds to 88 min after glucose injection; pixel-by-pixel correlations of RCE and MR-Glc 
maps inside the tumor region with R values and statistical significance (one-tailed t-Test, ** p < 
0.05).

Conclusions: MRSI of intrinsic metabolite changes and contrast-enhanced MRI are two 
important tools to investigate the metabolism and vascularization, respectively, of brain tumors. 
They may provide additional information compared to other imaging modalities and therefore help in 
the early diagnosis and grading of tumors in vivo. We are currently investigating other pre-clinical 
brain tumor models (genetically engineered mice, GEM) in this way.
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Introduction: Isolated limb perfusion (ILP) with TNFα and melphalan is an innovative approach 
to treat unresectable soft tissues extremities sarcoma (STS). The well-studied mechanisms of TNF 
action are an increase in the endothelium permeability for melphalan (DNA alkylant), and a selective 
destruction of tumoral vessels. However, the direct apoptotic effect of TNF on sarcoma cells remains 
controversial. The aim of the present study was to investigate the ex vivo effect of TNFα following 
ILP.

Methods: Pieces of freshly obtained sarcoma tumors from patients were embedded in 6% low-
melting point agarose and cut at room temperature into 200 αm slices, with the use of Leica VT 
1000S Vibratome. The slices were then treated with TNFα, melphalan or with both drugs. After 90 
minutes, culture medium was withdrawn and incubation continued in fresh medium for 72 hours. 
Untreated slices served as controls. All the incubations were carried out in RPMI with 10% FBS, 
(37oC, 5% CO2). Washed and methanol-fixed slices were subjected to TUNEL reaction with the use 
of Cell Death Detection Kit (Roche), according to the manufacturer’s directions. After three washings 
in PBS, tumor slices were stained overnight with anti-CD31 antibody conjugated with Alexa Fluor 488 
and subsequently for 1 hour with TO-PRO-3. The fluorescence was examined under LSM 510 confocal 
microscope (Zeiss).

Results: The application of red fluorochrome-labelled nucleotides as substrates for TUNEL 
reaction together with an antibody specific for the marker of endothelial cells (CD31), and visualization 
of the samples under a confocal microscope allowed us to distinguish apoptosis of both cancer cells 
and vascular endothelial cells within the tumor tissue. In 4 cases out of 6, TNF alone induced DNA 
strand brakes not only in endothelial, but also in sarcoma cells. This effect was enhanced after 
melphalan treatment. The most extensive apoptosis could be observed where both drugs were given 
simultaneously.

Conclusions: These data indicate that the described method could be successfully used for 
detection of apoptosis/cell death of particular cell type among others within a composite structure 
like a tumor or a complex tissue. The results of our ex vivo studies suggest, that during isolated limb 
perfusion, TNF may directly induce apoptosis of not only endothelial, but also sarcoma cells.

References: Verhoef C., et al. (2007): Isolated Limb Perfusion with Melphalan and TNF-a in the 
Treatment of Extremity Sarcoma. Curr. Treat. Options Oncol. 8: 417-427.
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Introduction: Human tumor xenografts in rodent models of cancer have consistently been used 
as preclinical models for anti-cancer drugs activity in humans. Novel antiangiogenic therapeutic 
schemes were tested to gain prognostic knowledge about cancer progression and tumor response to 
radio- chemotherapy. However, xenografts with clearly defined vascularization have not been 
established so far. The aim of this investigation was to establish of non-small cell lung cancer 
(NSCLC) xenografts in nude rat model suitable for in vivo PET/CT and MRI investigations and new 
target therapy applications.

Methods: Male athymic nude rats (Harlan) 5 weeks of age were used in this study. Whole body 
(WBI, 4 Gy) and tumor bed (TBI, 15 Gy) irradiation was performed with a X-Ray system (YXLON, 200 
kV, 20 mA, 0,5 mm Cu). Tumor xenografts were created via s.c. inoculation of 5x106 H1299 cells in 2 
days after WBI, WBI+TBI, immunosuppression (IS) with rabbit ASGM-1, WBI and co-transplantation 
with endothelial progenitor cells (2.5x106, RGE). Tumors vascularization was investigated in vivo with 
clinical imaging systems using Magnetic Resonance Imaging (MRI, Magnetom Avanto 1.5T) and 
Contrast Enhanced Computed Tomography (CE-CT), Dynamic Contrast Enhanced Computed 
Tomography (DCE-CT), 18F-FDG Positron Emission Tomography (FDG-PET) in a PET/CT (Biograph 
16).

Results: Differences in tumor vascularization between corresponding groups of animals could 
be clearly seen on surgery, were visualized by CE-CT (Fig. 1 A-D) and quantified by DCE-CT using 
Patlak blood volume analysis (PBVA, Fig. 1 E-H), FDG-PET/CT and MRI using complimentary 
modalities. The lowest tumor vascularization was registered and the lowest PBV quantified (Fig. 1) 
after WBI+TBI (E) and increased after WBI (F), IS (G) and WBI+RGE (H). Low vascularisation of tumour 
xenografts was usually accompanied by significant delay of tumor growth.

Figure 1. Tumor vascularization visualized by CE-CT (A-D) and evaluated by PBVA (E-H) after 
WBI+TBI (A, E), WBI (B, F), IS (C, G) and co-inoculation of H1299 with RGE cells after WBI (D-H).

Conclusions: The combination of different methods of immunosuppression and cotransplantation 
of RGE cells allows establishing tumor xenografts with a wide range of vascularization appropriate 
for in vivo MRI, FDG-PET and CT examinations and investigating new forms of targeted immuno-
radiotherapy. 
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Introduction: Androgens influence prostate cancer (PC) cell growth by acting on cell cycle and 
hormones ablation is the first line of therapeutic intervention until the tumour became hormone 
refractory. Anti-androgen therapy is based on the blockade of ARs (Androgen Receptors) through the 
administration of AR[1]  antagonist or the reduction of androgen levels through the activation of 
GnRH receptors[2]. [11C]Choline-PET imaging is extensively used in clinical practice for patients 
restaging following an increase in PSA levels[3]. However, androgen effects on tracer uptake has 
been poorly investigated. We studied the effect of the androgen Dihidrotestosterone (DHT), Triptorelin 
(GnRH agonist), Bicalutamide (AR antagonist) on [11C]Choline and [18F]FDG uptake on two different 
PC cell lines: human androgen sensitive LNCaP cells and androgen independent, AR  positive murine 
cells  TRAMP-C1.

Methods: PC cells were divided in several groups of treatment as follows: a) DHT 10-9M, 
Triptorelin 10–7M alone or in combination with DHT 10-9M and a control group; b) DHT 10-9M,  
Bicalutamide 10-4 or 10-5M alone or in combination with DHT 10-9M and a control group. Cells were 
incubated with [18F]FDG (1µCi/ml) for 60 min or with [11C]Choline (4µCi/ml) for 30 min. Radiotracers 
uptake was expressed as % Uptake= (radioactivity in the cells/total radioactivity added) x 100 and 
normalized to total protein content. In parallel a MTS assay was performed to evaluate the toxicity of 
treatments.

Results: DHT increased [18F]FDG and [11C]Choline uptake in LNCaP and TRAMP-C1 cells. In 
addition it increased cell growth in LNCaP cells as showed by MTS assay. Triptorelin increased [18F]
FDG uptake only in LNCaP. Treatment with Bicalutamide had not effect on radiotracers uptake in 
LNCaP cells, whereas in doses of 10-4M it significantly inhibited cell growth, effect that was not 
inhibited by DHT co-treatment. In TRAMP-C1 cells Bicalutamide particularly in dose of 10-4M 
increased [18F]FDG uptake. As observed in LNCaP cells, Bicalutamide 10-4M inhibited significantly 
cell growth in TRAMP-C1 cells.

Conclusions: As expected radiotracers uptake was modulated by DHT in both cell lines. Contrary 
to what expected, treatment with the AR antagonist Bicalutamide didn’t modulate tracers uptake in 
androgen sensitive cells (LNCaP), whereas it increased [18F]FDG uptake in androgen-independent 
AR positive cells (TRAMP-C1) although reducing cell growth. Finally Triptorelin treatment increased 
[18F]FDG uptake in LNCaP, but not in TRAMP-C1. Results of our study indicated that radiotracers 
uptake is influenced by AR receptors as indicated by DHT effects. These effects were not inhibited by 
the administration of the AR antagonist Bicalutamide that when it was administered alone, surprisingly 
increased the relative uptake of [18F]FDG in residual cells. Finally Triptorelin effect observed in 
LNCaP but not in TRAMP-C1 may be due to different expression or function of GnRH in the two types 
of PC cell lines.
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Introduction: Peritoneal carcinogenesis is present in 80% of ovarian carcinoma patients at the 
time of diagnosis and occurs also in gastric, colon, bladder and pancreas cancer patients[1]. It is 
characterized by neoplastic masses and an inflammatory infiltrate in which tumour associated-
macrophages are present. These cells release a vast number of factors that promote tumourigenesis, 
remodelling of extracellular matrix and neo-angiogenesis[2]. Pre-clinical studies of peritoneal 
carcinogenesis have been hampered by the inaccessibility of the peritoneal cavity. In this work we 
evaluated the feasibility of PET imaging to monitor non invasively the extent of peritoneal 
carcinogenesis in living animals[3] and consequentially the role of macrophages in the peritoneal 
carcinosis evaluating an active therapy on Immune System.

 
Methods: We established a murine model of peritoneal carcinogenesis by injecting i.p. in 

syngeneic hosts murine adenocarcinoma cell line (TS/A). Animals were treated with clodronate 
encapsulated in liposomes or empty liposomes as control to deplete macrophages. For animal-PET 
studies, mice were injected i.v. with 116.74±7.39 μCi of [18F]FDG. PET acquisition started at 60 minutes 
after tracer injection and lasted for 30 minutes (6 frames of 5 minutes). For the images quantification, 
tumour regions of interest (ROIs) were automatically generated by thresholding 3D PET studies using 
ImageJ software. To investigate regional differences in tumour uptake and dispersion in the same 
individual through time and in comparison with animals of different groups, an automatic analysis 
was performed in MATLAB 7 software. Briefly, each PET acquisition was masked with the respective 
3D ROIs previously generated and tumour average (± SD) uptake values, minimal, maximal values, 
number of pixel involved in the region were calculated. After death, peritoneal liquid was analyzed by 
FACS (F4/80 and CD11) in order to characterize the tumour infiltration and to assess the efficiency of 
the depletion.

Results: PET-[18F]FDG revealed the onset and the progression of masses in the abdominal 
cavity. Moreover the intensity of the radioactive signal correlated with the size of lesions. Animals 
treated with clodronate developed less neoplastic masses whereas animals no treated showed an 
higher PET signal due also to inflammation. By quantifying the 3D images obtained by PET by masking 
tumor regions we verified that information gathered through PET scans were in keeping with the net 
weight of tumor lesions for the clodronate treated group. We obtained an efficiently depletion of 
peritoneal macrophages.

Conclusions: Our results indicated PET imaging represents an accurate PET in vivo preclinical 
technique to visualize and monitor peritoneal carcinosis. Preliminary results suggest that Clodronate 
might exert a positive effect on peritoneal lesions producing a significant regression of neoplastic 
lesions or associated inflammatory process.
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Introduction: The contrast between the different soft tissues is inherently poor in in vivo micro-
CT. To improve the visualization of abdominal organs, highly attenuating exogenous iodinated contrast 
agents are used. Gold nanoparticles appear to enable higher contrast and have longer blood residence 
time than iodine-based  agents. Our purpose was to evaluate the time-course of contrast-enhancement 
of spleen, liver, and blood using AuroVist in healthy mice.

Methods: Healthy C57bl/6 mice (n=2) were used. Anesthesia was induced with 5% isoflurane 
and maintained at 2% during the scan with spontaneous breathing via a mask. AuroVist (Nanoprobes, 
New York, USA) was administered intravenously at a dose of 200 µl. AuroVist is a contrast agent 
containing gold nanoparticles. Imaging was performed using micro-CT (SkyScan 1178 micro-CT 
system; SkyScan, Kontich, Belgium) at a resolution of 83 µm. The total acquisition time was 6 min. 
Each animal underwent a micro-CT scan before contrast injection, immediately after contrast 
injection and at 1h, 2h, 3h, 4h, 6h, 24h and 48h after contrast. Images were reconstructed using 
filtered backprojection (NRecon, SkyScan) and analysed using Amide (Loening et al). Regions of 
interest (ROIs) were drawn in spleen, liver, and left ventricle. The contrast enhancement was 
measured and expressed in function of time.

Results: Our results demonstrate that AuroVist contrast enhancement of the liver and spleen 
reaches a maximum at 48h. The peak contrast enhancement of the liver is 85%, while the best 
enhancement of the spleen is 231%. The high enhancement in the heart lasts for at least 6h. 

Conclusions: AuroVist provides longlasting contrast with long blood residence time and very 
high contrast enhancement. 
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Introduction: Non small cell lung cancers (NSCLC) expressing epidermal growth factor receptor 
(EGFR) mutants were reported to be highly sensitive to EGFR tyrosine kinase inhibitors (TKIs) such 
as erlotinib and gefitinib. However, acquired resistance to TKIs invariably emerges over time, in part 
due to secondary mutations or alternative mechanisms that may affect key downstream mediators 
of the TKIs-induced apoptotic program. The aim of our study was to test the role of Bcl-2/Bcl-xL in 
the development of resistant phenotype in NSCLC cells and whether such TKI resistance can be 
identified in vivo by non-invasive imaging.

Methods: NSCLC cells with EGFR mutations showing a large spectrum of sensitivity to TKIs 
were analyzed for levels of EGFR, P-EGFR, Bcl-2, Bcl-xL, Bad and Bim. Sensitivity of lung cancer 
cells to erlotinib treatment was assessed by cell viability  and apoptosis assay. Based on our previous 
study in breast cancer cells (1), we tested the effect of increasing concentrations of erlotinib on Ca2+ 
release from endoplasmic reticulum through inositol trisphosphate receptor type 3 (IP3R3) modulated 
by Bcl-2/Bcl-xL and on 99mTc-Sestamibi uptake. Cytosolic and mitochondrial Ca2+ levels were 
assessed by FACS analysis using fluorescent dyes. The expression of IP3R3 was suppressed by 
transfecting resistant tumor cells with targeted siRNA.  Nude mice bearing non small cell lung 
carcinomas were subjected to microSPECT with 99mTc-Sestamibi before and after erlotinib 
treatment.

Results: We found that resistant NSCLC cells, expressing relative high levels of Bcl-2/Bcl-xL or 
failing to upregulate Bim in response to erlotinib, show an increased 99mTc-Sestamibi uptake at TKI 
concentrations achievable in plasma. A relative increase of cytosolic and mitochondrial calcium 
levels also occurred in resistant cells thus mimicking tracer uptake. Suppression of IP3R3 expression 
by siRNA completely abolished TKI-dependent enhancement of tracer uptake. Post-treatment 
imaging studies in nude mice bearing lung cancer xenografts showed a high tumor uptake of the 
tracer in erlotinib resistant tumors whereas baseline studies failed to visualize both sensitive and 
resistant tumors. 

Conclusions: Overexpression or unopposed action of Bcl-2/Bcl-xL may cause resistance to 
erlotinib in NSCLC through modulation of IP3R3 and such resistance can be detected in vivo using 
SPECT and 99mTc-Sestamibi.
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Reference:
(1) Zannetti A. et al.; Clin. Cancer Res. 14: 5209-5219 (2008)



Index



Index

A
Abella M  32, 170, 177
Abiraj K  36, 118
Abolmaali ND  296, 267
Abourbeh G  67
Abramyuk A  296
Achten E  229
Acosta M  260
Addy O  223
Aelvoet S-A  78
Aggernaes B  93
Aguilar E  247
Aguirre J  53, 161, 162
Agulla J  244
Aigbirhio FI  89
Aigner L  231
Aime S  38, 159, 182, 189,  
191, 272, 289
Akurathi V  202
Alberti D  38
Aldini R  208
Alexander S  151
Alic L  165, 287
Allard M  265
Almarza E  53
Almeida Paz FA  190
Almkvist O  81
Aloj L  51
Al-Soufi W  244
Alves F  148
Ambrosio E  239
Amigues E  265
Andersen R  93
Anderson S  245, 246
Andresen V  151
Androulidaki A  204
Anzai A  252
Anzini  M  198
Aoki I  183, 252
Arena F  182, 191
Argibay B  244
Arlicot N  240
Arosio D  272
Arranz A  204
Arridge SR  31
Arsaut J  68
artling SH  169
Arunan V  270
Arús C  131, 260, 294
Askienazy S  47, 281
Attenberger U  123
Aufort M  200
Auricchio A  51
Aurilio M  51
Austen B  241
Auzeloux P  47
Aznar S  80

B
Baaré W  80, 93, 242
Baas P  264
Backes H  46, 132, 232
Badachi Y  271
Badet B  200
Baekelandt V  78
Baeva N  96
Baeyens L  120
Bakalova R  183, 252
Baldoni D  224
Ballet S  90
Baltes C  92
Barlier A  261
Baroni S  159

Barre L  141
Bartolomeo MP  272
Bartsch D  262
Bäuerle T  169
Baumann M  296
Baumeister P  125
Beekman CAC  286
Beer AJ  144
Bellani G  117
Bellard E  277
Belloli S  82, 155, 298
Belloli S1  117
Beloueche-Babari M  270
Benaron D  264
Benavides J  225
Bencini L  283
Benito M  53, 71, 104, 164,  
171, 172, 173
Benlloch JM  174
Benoit-Cattin H  223
Benyettou F  195
Bergstrom M  138
Bergwerf I  212
Bernaudin M  141, 240
Berndorff D  139
Bernsen M  165, 256, 287
Bernsen MR  70, 214
Berti RP  257
Bertoldo A  227, 238
Besret L  50
Beyerle A  220
Bianco R  300
Bijster M  165, 287
Bird, JLE  89
Birk U  63, 209
Biserni A  121
Bjerkvig R  149
Björklund T  50
Blamire AM  184, 250
Blockx I  83, 233
Boerman O  125
Boerman OC  122, 145, 263
Boettcher C  96
Bogdahn U  231
Boisgard R  67, 83, 95, 225,  
226, 281, 284
Bonacchi S  199
Bonné S  120
Bonnet-Duquennoy M  281
Boot MJ  59
Bordello J  244
Bordignon C  146
Borelli M  69
Bormans G  202
Bosch F  124
Boschi F  205
Bos PK  70
Bossuyt A  136, 153, 299
Bos T  120
Bost W  62
Botnar RM  86
Boturyn D  134
Bourayou R  96
Boutin H  114, 225, 234
Bouwens L  120
Bracci L  283
Branchini B  207, 208
Brea D  244
Breysse N  50
Bridal SL  257, 271
Brioschi C  272
Brom M  122, 125, 263
Brooks DJ  79, 81
Brulon V  67
Brunetti J  283
Buckle T  206, 286
Bueren J  53
Bukki T  166

Buls N  299
Buonsanti C  82
Burchardt C  35
Burdinski D  39
Burtea C  90
Büscher K  99

C
Calderan L1  205
Cammilleri S  261
Cañadas Castro M  160
Candiota AP  260
Canet-Soulas E  223
Cantore M  235
Capelletto E  273, 282
Capobianco A  298
Capparelli E  235
Cappella P  154
Cappelli A  198, 283
Carina V  155, 297
Carini M  283
Carlon M  54
Carlsen H  116
Carlsson T  50
Carme S  275
Carpinelli A  238
Carrillo Salinas FJ  164
Carrió I  22
Carter SF  81
Castillo J  244
Caveliers V  136, 153, 299
Cawthorne C  234
Ceelen W  275
Cerchia L  140
Cescato R  36, 118, 196
Chalmers KH  184
Chalon S  240
Chamorro-Servent J  161,  
162, 164
Chan A  87
Chan QCC  215, 216, 217
Charpigny D  223
Chaturvedi S  201
Chautrvedi S  265
Chauveau F  225
Chauvin T  200
Cheng HP  215, 216, 217
Cheung H  142
Cheung PYS  215, 216, 217
Chezal JM  47, 281
Chin PTK  206
Chitneni SK  202
Chouaib S  295
Ciana P  121
Cirillo S  159
Cittadino E  289
Claes A  146, 288
Clark JC  89
Clerici M  69, 219
Cleynhens BJ  202
Cobelli C  227, 238
Colabufo NA  235
Coles M  60
Coll JL  134
Colonna M  82
Comperat E  271
Comtat C  29
Condorelli G  140
Conti L  272
Cooper J  241
Corot C  90
Cosgrave L  188
Cotterell J  59
Cottone L  298
Cotugno G  51
Couillard-Despres S  231
Couillard F  68



Couillaud F  211
Crida B  273
Cuhlmann S  116
Cunha-Silva L  190
Cusso L  104

D
D’Agostino L  155
Damont A  226
Darell A  209
Darrell A  63
Davenport AP  89
Davies JR  89
Deagostino A  38
de Backer M  88
de Beaucorps C  195
Debeissat C  211
Debergh I  275
De Bruyne S  235
Debyser Z  54, 78
de Carlos A  170
Decaudin D  284
de Franciscis V  140
Déglon N  50
De Groof G  233
de Jong M  125, 165, 287
Deklerck R  299
Delgado-Goñi T  260, 294
Delgado y Palacios R  249
Del Gatto A  147
Delli Castelli D  289
Deloye JB  281
del Portillo HA  228
del Vecchio S  147, 300
del Vecchio S.  152
Demetter P  275
de Mey J  299
De Micco C  261
Deminiere C  68
den Adel B  88, 236
de Notaris M  248
Deprest J  54
Deruiter M  88
Desar I  145, 146
Desco M  32, 53, 71, 104, 161, 
162, 163, 164, 170, 171, 173,  
177, 179, 239
de Smet M  39
de Spirito M  156
Detjen K  266
Detre JA  255
Devocelle M  188
Devoogdt N  153
de Vos F  235
Dhingra K  185
Diamant A  236
Díaz-Lópeza R  257
di Benedetto M  195
Didot N  103
Dierkes C  266
di Grigoli G  198
Di Grigoli G  117, 198
Dijkstra J  87, 133, 142, 178
Dinkelborg L  139
Dinkel J  169
Dinten JM  134
di Piero V  227
Dirnagl U  96
di Tommaso M  51
Divoux D  141, 240
Doeswijk G  256
Doglioni C  155
Dollé F  33, 50, 67, 83, 95,  
113, 225, 226, 281
Dransart E  284
Drzezga A  81
Dubois A  33, 67

Ducongé F  33
Dullin C  148
Dumy P  134
Dunsby C  31
Dupont D  33
Durand P  200
Durduran T  255

E
Ebdrup B  93
éhé M  125
Eke A  254
Eker O  68
Elewaut D  229
Elst L  90
Elvira G  71
Embid Segura M  160
Endepols H  232
Engelmann J  185, 197
Enghardt W  267
Erritzoe D  93, 242
España S  163, 179
Esposito CL  140
Esposito I  101
Essers J  87
Ettrup A  80
Euskirchen P  149
Evans PC  116
Everaert B  212

F
Fadaili EM  237
Faella A  51
Fakhry N  261
Falciani C  283
Falcón C  174
Fani M  36, 186, 187
Farde L  42
Farrell E  70
Fattal E  257
Faust A  193
Fava C  273
Favicchio R  176, 262
Fazio F  82, 117, 155, 198,  
227, 238, 297, 298
Fazio F1  227
Fazzina R  207
Fellner M  35
Ferrante G  159
Ferrer M  228
Figg N  89
Finnema S  42
Flagothier J  213
Fleischmann B  100
Florea I  227, 238, 298
Fonti R  300
Fontyn Y  67
Forni G  272
Forster RJ  188
Foster K  60
Fouquet E  265
Fournelle M  62
Fraefel C  49
Fraile LM  163
Franken L  132, 135, 293
French PMW  31
Friedl P  151
Frokjaer V  80
Fumagalli F  117
Fuster D  66

G
Gadjeva V  252
Galli F  224
Gallo J  71

Garcia I  71
García-Lecumberri C  239
García-Martín ML  294
Garcia-Sanz JA  71
García-Vázquez V  164, 239
Garibotto V  238
Garofalakis A  33
Garwood M  52
Gätjens J  276
Gauberti M  97
Geelen T  99, 100
Gekeler V  139
Gelovani JG  129
Geninatti-Crich S  38, 189
Geraldes CFGC  190
Geremia S  191
German M  120
Gershman B  278
Giaj Levra M  273
Gianolio E  182, 191
Gianolli L  198
Giesen Y  46
Gijsbers R  78
Gilardi MC  227, 238
Gilfillan S  82
Gillings N  242
Glauert A  296
Glenthoj B  93
Gliubizzi C  218
Golmard, J-L  271
Golzio M  277, 291
Gorio A  219
Gotthardt M  122, 125, 263
Gouin F  47
Govaert J  153
Grabbe E  148
Graf R  232
Granadero D  244
Granato L  192
Grande Azañedo MT  160
Grasruck M  169
Greenberg JH  255
Grégoire MC  50
Grenier N  68
Gretz N  123
Grimmer T  81
Groehn O  52
Grötzinger C  266
Gruell H  39, 45
Guenoun J  256
Guerra P  175
Guibal A  271
Guillamo J-S  141
Guilloteau D  240
Guillouet S  141
Gullberg GT  32
Gulyas B  42
Günther RW  276

H
Haeck JC  165, 287
Haemisch Y  166
Haïat G  257
Hajnal JV  31
Hak S  45
Halldin C  42
Hamans B  146
Hamans BC  288
Hantraye P  50, 225
Harford J  106
Harlin K  278
Hasselbalch SG  80, 242
Haufe G  193
Hauff P  276
Haurigot V  124
Heerschap A  146, 288
Heidrich A  167



Heijman E  99
Heimberg H  120
Henkel A  62
Henry E  284
Henry JF  261
Herholz K  81, 234
Hermann P  194
Hermann S  85, 99
Hernot S  153
Herraiz J L  163
Herraiz JL  179
Herranz E  179
Herranz F  53
Herynek V  194
Hesterman J  166
Hesterman JY  278
Heupel W-M  151
Heymann D  47
Higuera-Matas A  239
Himmelreich U  54
Hinnen F  83, 226
Hinz R  81
Hirschberg M  151
Hiscock D  241
Hoehn M  149
Hoesel M  135
Hogers B  88
Hogg A  234
Hogset A  182
Höltke C  292
Honeywell R  43
Hoppin J  278
Houston GC  214
Hubalewska-Dydejczyk A  279
Hulshof B  107
Hüsgen A  180
Hutteman M  133
Hwang T  42

I
Iannaccone S  238
Ibrahimi A  78
Iglesias I  168
Iommelli F  147, 300
Irure A  260
Iveson P  241
Izquierdo-Garcia D  89

J
Jacobs AH  49, 132, 135, 140, 
149, 293
Jacques P  229
Jalil A  295
Jamous M  196
Jannasch K  148
Jaron A  243
Jean S  29
Jego B  83
Jendelová P  194
Jensen PV  80
Jha D  197
Jikeli J  149
Jirák D  194
Johannes L  284
Jones J  116
JonkersJ  286
Joosten L  125, 263
Josserand V  134
Judenhofer M  99
Julyan P  234
Juris R  199
Justicia C  248

K
Kaijzel EL  87, 133, 142, 178, 211
Kaiser C  62
Kaisin G  213
Kalbe E  81
Kalbitzer HR  231
Kalbitzer J  93
Kalbitzer JGM  80
Kalman F  189
Kanno I  183, 252
Karcer G  103
Karliczek A  264
Kassiou M  95, 226
Katsifis A  240
Kauppinen R  52
Kaushik N K  201
Keramidas M  134
Kettunen M  52
Keyes TE  188
Chalmers KH  184
Kiessling F  276
Kioussis D  60
Kirik D  50
Kissel T  220
Klein A  100
Klein M  293
Klein S  165
Klohs J  96
Klose A  135
Knoedgen E  135
Knudsen GM  80, 93, 242
Knuuti J  101
Kobus D  46
Koch A  296
Koglin N  139
Kohl Y  62
Kok MB  45
Kokuryo D  183
Koop R  108
Kopka K  85, 102, 193, 292
Kops N  70
Korsching S  135
Kotek G  214
Kotek J  194
Kotková Z  194
Krais R  180
Krampert M  231
Kränzlin B  123
Kratz K  62
Kremer W  231
Krenning EP  165
Krestin GP  70, 165, 214, 256
Królicki L  279
Kuhlmann M  99
Kuhnast B  33, 83, 226, 281
Kumar-Singh S  251
Kunikowska J  279
Kuntz J  169
KuppenPJK  133

L
Labate V  156
Lacolley P  103
Lage E  170
Lahoutte T  120, 136, 153, 299
Laine R  31
Laitinen I  101
Lalatonne Y  195
Lamberton F  97
Lammertsma AA  43
Lancelot E  90
Langereis S  39, 45
Lanzardo S  38, 189, 272, 289
Laurent S  90, 192
Laverman P  125, 263
Lavisse S  50

Law MP  102
Leach MO  270
Lecchi M  69
Lecouvey M  195
Lederle W  276
Ledesma M J  175
Leenders W  145, 146, 288
Le Guillou D  271
Lehel S  80
Lehner B  231
Lelieveldt BDF  133
Lelli B  283
Lemaire C  213
Lemée F  226
Lemor R  62
Lenzi GL  227
Leriche L  50
Lettieri A  300
Levenson RM  290
Levra MG  282
Lewandowski D  284
Liang JM  215, 216, 217
Libani IV  218
Librizzi D  220
Li G  215, 216, 217
Lijbers MA  45
Lo Dico A  155
Logothetis NK  185
Longo M  273, 282
Lope-Piedrafita S  294
Louis H  103
Lowik CWGM  87, 133, 142,  
178, 211
Lublin H  93
Lucignani G  218, 219
Lui R  219
Lukeš I  194
Luurtsema G  43
Luxen A  213

M
Madelmont JC  47, 281
Madsen J  93
Madsen K  242
Maecke HR  36, 118, 186, 187, 
196, 224
Maggi A  115, 121
Maier ME  185
Mainini F  289
Maiorino C  82
Maisano F  272
Maisonial A  281
Maitrejean S  29
Major P  166
Makowski MR  86
Malz C  148
Mamalaki C  63, 176, 209, 262
Mandel RJ  50
Manfredi A  298
Mansfield JR  290
Mansi R  36, 118, 196
Manzoni L  272
Marfia G  219
Marie PY  103
Marín C  247
Marner L  80, 242
Maroy R  33, 67, 234
Marradi M  260
Marra F  219
Marsden P  166
Marteau L  141
Martelli C  69
Martin A  95
Martin L  228
Masiello V  82, 155, 198
Maskali F  103
Matarrese M  82, 155, 198



Matharu B  241
Máthé D  254
Mathy F  29
Matsumoto K  252
Maublant J  47, 281
Maulucci G  156
Maxwell R  184
McGinty J  31
Medina C  187
Megow D  96
Mele M  156
Mercier F  213
Merkel OM  220
Merli D  219
Messa C  117, 198
Metaxakis A  63
Meyer H  63, 209
Mezzanotte L  207, 208
Michaeli S  52
Michaely M  123
Michelini E  207, 208
Mieog JSD  133
Mies G  232
Mikkers H  26
Mikolajczak R  243
Mikołajczak R  279
Miletic H  149
Minervini A  283
Miot-Noirault E  47, 281
Mirabella M  218
Mirus M  296
Mishra A  185
Mishra A K  201
Mishra AK  265
Mishra R  197
Missbach-Guentner J  148
Moerman L  235
Moins N  47, 281
Mol B  204
Monfared P  132, 135, 149, 293
Montalti M  199, 205
Monteil M  195
Montemont G  29
Monterisi C  198
Montesinos P  171, 172, 173
Montoliu L  164
Montoya GL  239
Moonen C  68, 211
Morales M.P  53
Morange I  261
Morcillo Alonso MA  160
Moresco RM  82, 117, 155,  
198, 227, 238, 297, 298
Moretti R  283
Morosetti R  218
Motte L  195
Mueggler T  92
Mueller A  186
Mulders P  145
Mulé S  271
Mullen G  166
Muller RN  90, 192
Mundler O  261
Muret J  295
Muyldermans S  153

N
Nacher V  124
Nagy L  166
Nekolla SG  101
Nemati F  284
Nemeth G  166
Németh G  254
Neugebauer U  188
Neumaier B  46, 132, 149, 232
New EJ  37
Nguyen H.P  83

Niccoli-Sire P  261
Nicolas G  186
Nicolay K  45, 88, 99, 100
Nida DL  290
Niessen WP  165
Nikos K  185
Nishimura D  223
Niskanen J-P  52
Nock J  180
Nordberg A  81
Norenberg JP  278
Novello S  273, 282
Ntziachristos V  28, 64

O
Oerther C  109
Oitzl M  236
Okello A  81
Oosterwijk E  145
Opfermann T  167
Oranje B  93
Orero A  174
Orset C  97
Ortuño JE  175
Osculati F  205
Oteo Vives M  160
Ottobrini L  69, 218, 219
Oyen WJG  122, 125, 145, 263

P
Pachnis P  60
Pachnis V  60
Paganin Gioanni A  291
Paganin-Gioanni A  277
Palazzo FF  261
Palmowski M  276
Panico MR  147
Panieri E  156
Pani G  156
Panina P  82
Panwar  P  201
Panzacchi A  227, 238
Papamatheakis J  176, 262
Papon J  281
Parker D  37, 184
Park S  245, 246
Pascau J  173
Patel A  60
Pattyn P  275
Paulis L  99, 100
Pavía J  174
Pawlak D  279
Pedone C  147
Pedraza S  248
Peeters M  275
Peleman C  120, 136, 153
Pelosi E  282
Penadés S  71, 260
Perani D  81, 238
Pereira GA  190
Person C  103
Pesenti E  154
Pession A  207
Peters JA  190, 192
Peterson JD  110
Petit E  141, 240
Pichler BJ  30, 99
Piera C  66
Pierson E  42
Pijarowska J  243
Pikkemaat JA  39
Pileri S  283
Pinborg L  93
Pino F  174
Pirozzi G  300
Pisani E  257

Planas AM  228, 247, 248
Plötz S  231
Podichetty AK  193
Poelmann R  88, 236
Poethko T  101
Ponsaerts P  212
Poot D  233, 249
Port M  90, 187
Portör I  254
Poussier S  103
Prats A  248
Prenant C  234
Priller J  96
Probst KC  89
Prochnow V  296
Prodi L  199, 205
Puig J  248
Punt C  146

Q
Que I  87, 133
Quesson B  68
Quintana L  31

R
Raber K  233
Rainone V  69
Ramm P  231
Ramos-Cabrer P  244
Rampazzo E  199, 205
Randaccio L  191
Rapetti SG  273, 282
Rasmussen H  93
Raunak1  201
Raynal I  187
Razansky D  28, 64
Reder S  101
Redini F  47
Regge D  159
Reither F  61
Reither G  61
Renedo AS  63
Reubi JC  36, 118, 186, 196
Reumers V  78
Reutter BW  32
Rexin A  266
Ribeiro MJ  237
Ribera A  124
Riccardi P  245, 246
Richards-Kortum R  290
Rieckher M  63
Riemann B  292
Riess O  83
Rinaldi V  51
Rink HR  186
Rinne J  81
Ripoll J  63, 161, 162, 176,  
204, 209, 262
Riss PJ  35
Rivera FJ  231
Rixe L  271
Rizo P  134
Rizzitano S  154
Roca A. G  53
Rocchi M  155
Rocha J  190
Roda A  207, 208
Rodríguez E  40
Rodríguez-Puig D  66
Rodríguez-Ruano A  71, 164, 
171, 172
Roell W  100
Roé N  174
Roesch F  35
Roig A  40
Rojas S  174



Rome C  68, 134, 211
Romero Sanz  160
Rooman I  120
Rooney T  225
Ros D  174
Rosseto R  200
Rothwell N  234
Rottenberg S  286
Rousseaux O  90
Roussel S  141
Rovere-Querini P  298
Royl G  96
Ruberte J  124
Rudan D  132, 135, 149, 293
Rudd JHF  89
Rudin M  92
Ruiz-Cabello J  53
Rutt B  159

S
Sadick M  123
Sainte Catherine O  195
Salmon P  299
Saluz HP  167
Salvatore M  147, 300
Sancey L  134
Sancricca C  218
Sanne JL  73
Santa Marta C  104, 172, 173
Santin M  257
Santos A  175
Sanvito F  155
Sanz-Ezquerro J  59
Sarasa A  176
Sarasa-Renedo A  204, 209
Saraste A  101
Sardini A  31
Sardo D  273
Savakis C  63
Saviano M  147
Sbarbati A  205
Scabini M  154
Scanziani M  117
Schäfers K  85, 102
Schäfers M  85, 99, 102, 193, 292
Scheenen TW  288
Scheer M  145
Scheinin N  81
Schneider G  135, 149, 293
Schober O  85, 193, 292
Schock D  123
Schoenberg SO  123
Schönig K  262
Schroeter M  62
Schuit RC  43
Schultz C  61
Schulz J  265
Schulz JB  76
Schulz P  266
Schwaiger M  101, 144
Schweitzer R  59
Sebag F  261
Sekar S  250
Semmler W  169, 276
Sharpe J  31, 59
Sharp S  270
Shoaib M  250
Shorte S  57
Siega P  191
Sierra J.M  66
Sierra-Lopez A  52
Signore A  224
Sigovan M  223
Sijbers J  233, 249
Silva A  71
Simantiraki M  176
Simões R  260

Simões RV  294
Simonelli P  297
Siquier K  83
Sisniega A  32, 170, 177
Sloboda N  103
Smeets P  275
Snoeks TJA  142, 178
Sobrino T  244
Socher M  276
Soloviev VY  31
Sönnichsen C  62
Soria G  228, 247, 248
Soriano A  66
Soto ML  104
Soto-Montenegro ML  239
Souloumiac A  237
Sowa-Staszczak A  279
Springer CS Jr  45
Stasik I,  295
Steckler T  250
Stegger L  85, 99
Steinbrink J  96
Stellari FF  154
Stollman T  145
Stracke F  62
Stragies R  266
Strijkers G  45, 99, 100
Suades J  66
Sudati F  155
Sué M  180
Svarer C  93, 242
Swoger J  31
Szabo I  38
Szlosek-Pinaud M  265

T
Taboada E  40
Tahir KB  31
Taïeb D  261
Taillade L  271
Talbot CB  31
Tamma M  196
Tamma ML  36, 118, 186
Tapias G  170
Taulier N  257
Tavernarakis N  63
Tavitian B  33, 67, 83, 95, 140, 
225, 226, 237, 281, 284
Tchouate Gainkam LO  136
Tchouate LO  153
Teissie J  291
Teissié J  277
Tejedor Fraile J  164
Terreno E  289
Tessonnier L  261
Texido G  154
Texier-Nogues I  134
Thézé B  95, 284
Thiry I  78
Thominiaux C  225
Thonon D  213
Thorsen F  149
Thrasher A.J  53
Tiemann K  292
Tillebroer A  145
Timmermans J-P  212
Toader C  111
Toelen J  54, 78
Tokalov S  296
Tokalov SV  267
Tonelli R  207
Toppino A  38
Torres M  59
Torres S  200
Tortora G  300
Tóth E  44, 200
Toutain J  141

Trabattoni D  69
Trampuz A  224
Trébossen R  29, 237
Tsapis N  257
Tsatsanis C  204
Tsoukatou D  209

U
Udías JM  163, 179
Ugurbil K  197
Ullrich R  46, 132, 149
Uppal J  201, 265
Urbach W  257

V
Vahrmeijer AL  132
Valable S  141
Valenti S  198
Valtorta S  198, 297, 298
Van Asten J  146
Van Asten JJ  288
Van Audekerke J  233, 249, 250
Van Bochove G  88
Van Broeck B  251
Van Broeckhoven C  251
Van Buul GM  70
Van Camp N  83, 95, 229
Van Dam G  264
Van Damme N  275
Vandenberghe R  81
Van den Haute C  78
Vander Elst L  192
Van der Graaf L  88
Van der Heiden K  116
Van der Linden A  83, 212, 221, 
229, 233, 249, 250, 251
Van der Perren A  78
Van der Weerd L  88, 236
Van de Velde CJH  133
Vande Velde G  78
Vaneycken I  136, 153
Van Gassen N  153
Van Heijningen P  87
Van Herpen C  146
Vanhoutte G  94, 250, 251
Vanhove V  136
Van Laarhoven H  146
Van Laere K  81
Van Leeuwen FW  206, 286
Van Osch GJVM  70
Van Tiel S  70, 165, 214, 256, 287
Vaquero JJ  32, 104, 161, 162, 
163,170, 171, 172, 173, 179, 239
Varrone A  42
Vecchio L  205
Veenland JF  165, 287
Vegeto E  115
Veiga-Fernandes H  60
Venturello P  38
Verbruggen AM  202
Verger L  29
Verhoye M  221, 229, 233, 249, 
250, 251
Verwijnen S  125
Vicente E  163, 179
Vidal A  47
Vidal-Migallón I  170, 177
Vielh P  295
Viel T  132, 135, 149, 284, 293
Vilar R  53
Villacampa P  124
Villena J  170
Vincke C  153
Vinegoni C  64
Visvikis D  29
Vivien D  97



Vollmar S  132, 180
Vomero S  198
von Horsten S  83, 233
Vossmeyer D  266
Vreys R  221
Vrints C  212

W
Waerzeggers Y  132, 135
Wagner S  102, 193
Walberer M  232
Walch A  101
Wang X  187
Warburton EA  89
Weber AW  101
Weidl E  101
Weinans H  70
Weinmann P  195
Weissberg PL  89
Weissleder R  40
Welz A  100
Wesseling P  146
Westerberg CH  59
Wester H-J  101
Wester HJ  144
Wiborg O  249
Wiedenmann B  266
Wielopolski GW  256
Wielopolski P  165, 214, 287
Wienhard K  232
Wiggers T  264
Willekens I  299
Wilson I  184, 241
Windhorst AD  43
Winkeler A  132, 135
Wolf G  296
Workman P  270
Wuerges J  191
Wunder A  96
Würbach L  167
Wyffels L  235

Y
Yang ES  215, 216, 217
Ylä-Herttuala S  52, 101
Yodh AG  255
Yu H  278

Z
Zabo I  189
Zaccaro L  147
Zaccheroni N  199, 205
Zacharakis G  176, 262
Zahn G  266
Zambelli V  117
Zannetti A  147, 300
Zanotti-Fregonara P  237
Zeebregts C  264
Zheleva A  252
Zhelev Z  183, 252
Zimmermann J  278
Zlateva G  183
Zoller F  35


