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1. BET: Bio-Emission Technology Solutions
2. NSCR: National Centre of Scientific Research
3. ISTEC: Institute of Science and Technology for Ceramic Materials
4. IRGB: Institute of Genetic and Biomedical Research
5. CNR: National Research Council
6. CaP: sample ID ISTEC/CaP-001/050517
7. FeCaP: sample ID ISTEC/CaPFe-001/030517/080517
8. NP: Nanoparticle
9. MDP: methyl diphosphonate
10. [*®*"Tc]Tc-MDP-CaP: CaPs labelled with [**"Tc]Tc-MDP
11. [*®*™Tc]Tc-MDP-FeCaP: FeCaPs labelled with [**"Tc]Tc-MDP
12. SPECT: Single Photon Emission Tomography
13. Ci: Currie
14. Bq: Becquerel
15. RT: Room Temperature
16. TLC: Thin layer chromatography
17. ROI: Regions of interest
18. p.p.: post-preparation
19. p.i.: post injection
20. ID: injected dose
21. MPS: Mononuclear phagocyte system

22. MP: mimetic peptide
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1. Executive summary

The current deliverable 3.3 outlines the methods followed for achieving the optimal radiolabeling process of
the first CaP and FeCaP candidates, and provides part of the results extracted from the radiolabeling process,
stability tests, and in vivo / ex vivo biodistribution. Data derived from the handling of CaP and FeCaP samples
coded ISTEC/CaP-001/050517 and ISTEC/CaPFe-001/030517/080517. The intravenous (i.v.) administration
route, which constitutes the most common path to deliver pharmaceuticals into the body, was first tested for
both samples and serves as a reference result for the ongoing and forthcoming inhalation administration
routes.

This document includes a detailed presentation of the tests conducted and results extracted from the in vivo
assessment of the two batches mentioned. Experimental activities were performed through planar Single
Photon Emission Tomography (SPECT) imaging, along with several stability tests conducted prior imaging. Ex
vivo biodistribution experiments were also performed at selected time points for validation of the imaging
method and to be directly comparable to relevant optical imaging tests from the other teams of the consortium.

The results achieved so far indicate and denote a successful radiolabeling process and a reliable stability of
the tested nanoparticles, rendering them appropriate candidates. Moreover, the accurate imaging results
indicate a suitable and successful imaging procedure, suitable to in vivo follow the fate of all tested samples.
The results also constitute the basis of a validated standarized procedure that will be followed for all samples
under study and will be used as a comparative reference for the inhalation; to show the improvement for
cardiac targeting

Key deliverable achievements:

1. Stability tests of sample ISTEC/CaP-001/050517, for a time window of 24 hours post-labelling

2. In vivo assessment through scintigraphy imaging of sample ISTEC/CaP-001/050517 administered
through the intravenous route and followed for a time window of 24 hours.

3. Stability tests of sample ISTEC/CaPFe-001/030517/080517, for a time window of 24 hours post-
labelling.

4. In vivo assessment through scintigraphy imaging of sample ISTEC/CaPFe-001/030517/080517
administered through the intravenous route and followed for a time window of 24 hours.
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2. Cooperation between participants

BET collaborated closely with CNR-ISTEC, CNR-IRGB and Plumestars for the achievement of this D3.3. The
collaboration extended on the whole experimental duration with constant discussions on the best and most
compatible experimental protocols to be followed and on the results extracted. To set uniform operating mode
and protocol for the radiolabeling process, CNR-ISTEC and BET calibrated and verified all the necessary
instruments such as sonicators that were calibrated to deliver the same acoustic power to CaPs. Sonication
experiments were carried out at CNR-ISTEC following the input by BET. For the in vivo and ex vivo
biodistribution assessment, BET results were compared and validated to relevant optical in vivo and ex vivo
results from CNR-IRGB.

BET
Task Leader

CNR-IRGB
Coordinator
and collaborator

T3.2 D33
In vivo monitoring of the In vivo assessment of the studied
nanoparticle biodistribution nanopartilces using different imaging
to ensure the target delivery modalities

T3.21

Labeling of nanoparticles
and evaluation

CNR-ISTEC
Collaborator

PLU
Collaborator
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3. In vivo assessment of studied nanoparticles (Core report)

3.1.Methods
3.1.1.Radiolabeling Process and Stability tests - Protocols followed

The short-lived and single photon y-emitting metastable isotope of technetium, Tc (**"Tc) was used in order to
radiolabel CaPs. The protocol used was similar for both CaP and FeCaP nanoparticles and it is briefly
described below.

9mTc was eluted from a **Mo/**™Tc generator (DrytecTM, GE Healthcare (US)) with physiological saline (NaCl)
resulting in a solution of [**™Tc]NaTcOas. Part of the eluate (~370-740 MBq) was added to the MDP kit
(PoltechMDP, 5 mg, Polatom (PL)). Then, [**"Tc]Tc-MDP conjugate was left for 10 min and its labelling
efficiency was confirmed by chromatography analysis with silica gel paper chromatography (ITLC-SG) using
methyl-ethyl-ketone and 136 g/l sodium acetate as the mobile phases.

An aliquot of 100 uL of [**™Tc]Tc-MDP was added to 900 uL CaP suspension (1 mg/mL for CaPs and 5 mg/mL
for FeCaPs) and the mixture was permitted to react under gently stirring at room temperature (RT, ~25 °C) for
30 min. Subsequently, CaP solutions were centrifuged twice for 15 min (14.000 rpm) at 4 °C and the
radioactivity in the pellet and the supernatant were measured by an Atomlab 100 Dose Calibrator (Biodex
Medical Systems Inc.) to provide the percentage of radioactivity bound to nanoparticles (NPs). Quality control
of the resuspended pellet of [**"Tc]Tc-MDP-NPs was done with paper chromatography Whatman 3MM (GE
Healthcare (UK)) using saline as the mobile phase. ITLC analysis was performed on a Scan-RAM radio TLC
detector (LabLogic Systems Ltd., (UK)). The chemicals and reagents used were of analytical grade .’ 2

3.1.2. Scintigraphy/x-ray fused imaging
Strength of the method

The in vivo fate of the studied NPs was assessed through planar SPECT imaging, in combination with x-ray
imaging. The SPECT imaging provides a detailed picture of the accumulation organs of the NPs and can also
provide semi-quantification results on the amount gathered in each organ, throughout time. The x-ray imaging
provides an anatomical image of very high resolution, that can act as an anatomical map of the mouse. The
combination of the two imaging methods provides a detailed and clear biodistribution and placement of the
studied substance throughout time. The radioisotope used for imaging through SPECT (**"Tc) allows for a
biodistribution monitoring of up to 24 hours.

The imaging platform

The imaging studies were performed on a dedicated benchtop mouse-sized gamma camera® (y-eye™ by BET
Solutions), in combination with the X-ray part of a custom-made tri-modal system.* The system's field of view
is 5x10 cm?, its spatial resolution is 2 mm and its energy resolution ~25%. The x-ray system consists of an x-
ray tube and a CMOS detector, separated by a distance of 30 cm. The minimum pixel size is equal to 0.1 mm
and the active area is approximately 12 x12 cm?.

Imaging protocol

In vivo studies were performed at the NCSR Demokritos (Aghia-Paraskevi, Attica Prefecture, Greece), using
female normal Swiss-Webster Albino mice (15-25 g) purchased from the Breeding Facilities of the NCSR
Demokritos (Permit Number: EL 25 BIO 019, EL 25 BIO 020). The protocol and all the animal procedures were
approved by the General Directorate of Veterinary Services (Athens, Attica Prefecture, Greece) and by the
Bioethical Committee of the Institution (Permit number: EL 25 BIO 022, EL 25 BIO 042) on the basis of the
European Directive 2010/63/EU on the protection of animals used for experimental purposes.
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For the scintigraphy imaging studies, 100 uL of ~0.01 mCi (0.37 MBq) of both samples were administered to
normal mice through the tail-vein injection and prior to anaesthesia. These quantities corresponded to 90 g
and 400 pg of radiolabelled CaPs and FeCaPs per mouse, respectively. Anesthetization was performed
intraperitoneally (i.p.) with 100 uL / 10 g body weight of a stock solution containing 10% ketamine—
hydrochloride (100 mg/mL), 5% xylazine—hydrochloride (20 mg/mL) prior to scanning. Mice were then
positioned on the animal bed at a <0.5 cm distance from the camera head to allow whole body imaging with
maximum spatial resolution and successive 2 min frames were collected for up to 1 h post injection (p.i.). After
the first hour, static images were also acquired at 2, 4, and 24 h p.i.. Regions of interest (ROIs) were drawn
on major organs of interest and then applied to the individual frames, to provide semi-quantitative time activity
curves. The ratio of counts in each ROI over the total number of counts is proportional to the radioactivity
percentage per organ. Upon completion of the scintigraphy imaging, x-ray images were also acquired at the
exact same mouse positioning to act as an anatomical guide for the organs' exact location. The x-ray imaging
parameters were set to 35 kVp, 500 pA and 0.1 s exposure time. Fusion between scintigraphy and x-ray
images was performed semi-automatically through an in-house standard procedure.

3.1.3. Biodistribution

After imaging, biodistribution studies were also performed on the same group of mice. Animals were sacrificed
at predetermined time intervals from 10 min to 24 h p.i. and main organs or tissues were removed, weighed
and counted, together with blood samples, muscle and urine, by a y-counter system (Cobra Il from Packard,
Canberra). In comparison to a standard of the injected solution, results were expressed as a percentage of the
injected dose (%ID) per organ and per gram of each organ or tissue. For total blood radioactivity calculation,
blood is assumed to be 7% of the total body weight. Ex vivo behavior of radiolabelled CaPs and FeCaPs was
studied at one mouse per time point for two main reasons: i) to contribute to the 3Rs’ principles, by minimizing
the number of animals, and ii) to be used as a validation tool to the quantification imaging studies that enable
the repetitive in vivo monitoring from time 0 up to 24 h p.i..

3.2.Results and discussion
3.2.1. Radiolabelling and stability studies
CaPs

CaPs were radiolabeled with **™Tc by mixing [**"Tc]Tc-MDP with CaP solutions due to the chemical absorption
of the bi-phosphonate arm of the radioligand onto the calcium sites found at NPs’ surface. The two-strip ITLC-
SG method for the analysis of [**"Tc]Tc-MDP showed that no amount of either pertechnetate ([**"Tc]TcOa-) or
of colloidal ®*™Tc ([**"Tc]TcO2) was present as given in Fig. 1 (A.i) and (A.ii), respectively. The radiochemical
yield of crude [**"Tc]Tc-MDP-CaP was 81.5 + 8.5 %, providing a single radioactive species, based on the
amount of activity detected by paper chromatography (Whatman 3MM) reported in Fig. 1 (B.i).
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Figure 1: (A) Radio TLC of [*™Tc]Tc-MDP developed on ITLC-SG chromatography paper with (i) methyl-ethyl-ketone (MEK) and (ii)
ethyl-acetate 136 g/L (CHsCOONa) as mobile phases. (B) Radio TLC of the crude (i) and purified (ii) radiolabelled CaP following
centrifugation (twice), developed both on Whatman 3MM with saline (0.9 % v/v) as the mobile phase.

The labelling stability was investigated for the radiolabelled CaPs. For SPECT imaging, the stability of the
compound is of high importance since if the metal is not stably attached to the desired molecule it will lead to
false positives or false negatives. *™Tc labelling stability to CaPs was tested up to 24 h post-labelling and
remained high (98 %) at all tested sets of temperature and while diluted ten times in aqueous conditions (>92
%). However, the in vitro stability profile was also high (>80%) during incubation in biological media (e.qg.
saline,) at a volume ratio of (1/10) of the radiolabeled CaPs remaining intact up to 24 h post-preparation (data
not shown due to confidentiality reasons). These results evidence an excellent radiolabeling capacity and
stability of the tested nanopatrticles, rendering them appropriate candidates for all tested procedures.

FeCaPs

FeCaPs were radiolabeled with **"Tc by mixing [**"Tc]Tc-MDP with FeCaP solutions due to the chemical
absorption of the bi-phosphonate arm of the radioligand onto the calcium sites found at NPs’ surface. The two-
strip ITLC-SG method for the analysis of [**"Tc]Tc-MDP showed that no amount of either pertechnetate
([**™Tc]TcO«) or of colloidal **™Tc ([**"Tc]TcO:2) was present as given in Fig.2 (A.i) and (A.ii), respectively. The
radiochemical yield of [**"Tc]Tc-MDP-FeCaP was 65.9 + 4.7, providing a single radioactive species and the
incorporation was > 98% based on the amount of activity detected from paper chromatography (Whatman
3MM) reported in Fig. 2 (B).

D 3.3 — In vivo assessment of the studied nanoparticles using different imaging modalities Page 10 of 16



European
Commission

(A)

(i) [**™Tc]Tc-MDP in MEK

s — (i) [*™Tc]Tc-MDP in CH,COONa (136 g/L)
unf

140

120

g
g

100

Region 1

20

A etsinbl At adinnk

0.0 50.0 100.0 mm 0.0 50.0 100.0 mm

H 99m o .| " H 99 - -
e (i) Crude [**™Tc]Tc-MDP-FeCaP —— (i) Purified [**™Tc]Tc-MDP-FeCaP

Tr—

0.0 50.0 100.0 mm 0.0 50.0 100.0 mm

Figure 2: (A) Radio TLC of [*™Tc]Tc-MDP developed on ITLC-SG chromatography paper with (i) methyl-ethyl-ketone (MEK) and (ii)
ethyl-acetate 136 g/L (CHsCOONa) as mobile phases. (B) Radio TLC of the (i) crude and (ii) purified radiolabelled FeCaP following
centrifugation (twice) developed on Whatman 3MM with eluent saline (0.9 % v/v).

Similarly to CaPs, FeCaP stability was tested up to 24 h post-labelling and remained high (93-98 %) at all
tested sets of temperature. While [**"Tc]Tc-MDP-FeCaP was diluted ten times under different incubation
conditions, the radiochemical purity still presented high values in ag. saline up to 24 h post-preparation (p.p.)
(data not shown - manuscript in progress). As for CaP, the results denote an adequate radiolabeling capacity
and stability of the tested nanoparticles, rendering them appropriate candidates for all tested procedures.

3.2.2. Imaging study results
CaPs

Results of the scintigraphic/x-ray fused imaging studies of CaPs on anaesthetized healthy Swiss mice, up to
1hp.i. andat 2, 4, and 24 h p.i. were acquired (data not shown due to confidentiality reasons). Images show
that the liver is the dominant accumulation organ and that the lung also shows a noteworthy accumulation.
Additionally to this, quantification was performed based on these imaging results (data not shown due to
confidentiality reasons). Imaging and biodistribution studies were found to be in good agreement thus
corroborating the accuracy and precision of the methods. The liver was found to be the dominant accumulation
organ, at all studied time points, however, lung accumulation was also noteworthy.

The validated and precise imaging results denote a successful and accurate experimental protocol, that will
be followed with all candidate nanoparticles and with all tested administration routes. The data achieved serve
as a reference and solid experimental basis.

FeCaPs

Results of the scintigraphic/x-ray fused imaging studies of FeCaPs in anaesthetized healthy Swiss mice, up to
1 h p.i. and at 2 and 24 h p.i. were acquired (data not shown - manuscript in progress). Images show that the
liver is the dominant accumulation organ, with other organs also showing small accumulation values.
Additionally to this, quantification was performed based on these imaging results (data not shown- manuscript
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in progress). Imaging and biodistribution studies were found to be in good agreement thus supporting the
validity of the procedure also for FeCaP. As expected for systemic i.v. administration, the liver was found to
be the dominant accumulation organ, at all studied time points, however, the concentration of radiolabeled
FeCaPs in other organs of MPS (like spleen and bone marrow) is not negligible.

As for CaP NPs, the validated and precise imaging results again indicate a successful and accurate
experimental protocol, that will be followed with all candidate nanoparticles and with all tested administration
routes. The data achieved serve as a reference and solid experimental basis, for FeCaP NPs as well.

3.2.3.Biodistribution study results

For both radiolabeled NPs, no significant uptake or retention was observed neither in the stomach (data not
shown) nor in the thyroid gland (imaging study), indicating that there was minimal, if any, free [**"Tc]TcOa".
Liver activity values were notably high for all tested time points and the spleen uptake was also noticeable.
Those results were expected due to the systemic administration route followed.> ¢ When NPs are injected to
mice, any accumulation of activity in bones could be interpreted either due to the loss of the radioligand from
the mainly trapped radioactivity into liver and spleen or due to the presence of macrophages also found at
bone marrow. This justifies any small amount of activity found at the bones, for the tested NPs.

CaPs

Ex vivo studies in normal Swiss mouse models at 1, 2, 4, and 24 h p.i. for [**"Tc]Tc-MDP-CaP were performed
(data not shown due to confidentiality reasons). Lung uptake was noticed from 10 min up to 24 h p.i.
Additionally, despite the i.v. administration route, a small but noticeable heart uptake was noticed up to 4 h
p.i.. The biodistribution results are in agreement with the imaging results, thus validating and proving the
accuracy of the methods followed.

FeCaPs

Similar results were extracted for the radiolabeled FeCaPs. Ex vivo studies in normal Swiss mouse models at
30 min, 40 min, 2 h and 24 h p.i. for [*®*™Tc]Tc-MDP-FeCaP were investigated (data not shown- manuscript in
progress). As previously, lung uptake was noticed from 30 min up to 24 h p.i. and a noticeable heart uptake
was observed up to 24 h p.i. Comparing the two types of NPs tested, CaPs, seem to have a better uptake than
the FeCaPs. This might be due to the different morphology of the NPs.

3.2.4. Comparison between imaging and biodistribution - Validation of method

A comparison between the radiolabeling-based imaging and biodistribution results showed a good agreement
of the two methods, demonstrating the added value and usefulness of imaging as a biokinetics study approach.
Indicative results are shown in Fig.3.
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Figure 3: Comparison of in vivo imaging results and ex vivo biodistribution results. A good agreement is noticed, demonstrating the

added value and usefulness y-eye of imaging, as a biokinetics study approach.

3.2.5. Comparison of radiolabeling- to optical-based ex vivo results

The ex vivo results obtained by BET via the recorded counts per organ were compared to the corresponding
ex vivo results by the CNR team, which were based on fluorescent units and optical imaging. Optical imaging
does not provide exact quantification results, but the tendency of the two methods further validated the
acquired results. The results of the two methods can be seen in Fig. 4.
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Figure 4: Comparison of the ex vivo results obtained (a) by our team with radiolabeling and (b) by CNR with optical imaging. The tendency
for the intravenous administration route shows a good agreement.

3.2.6.Fluorescence studies indicating the best administration route.

In vivo fluorescence experiments have been performed in CNR-IRGB indicating that the inhalation of the NPs
is the more potent administration path resulting in a higher, faster, and more selective cardiac accumulation
of CaPs compared to other delivery routes’ (Fig. 5 and Fig. 6). The effective delivery of CaP to the myocardium
was further confirmed by stimulated emission depletion (STED) microscopy of isolated adult cardiomyocytes
from mice subjected to inhalation of drug-loaded CaPs (Fig. 7)". Imaging data (manuscript accepted) are
shown at this part, since they have already been accepted for publication, thus not requiring a confidentiality
approach.
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Figure 5: (a) In vivo fluorescence whole body imaging to evaluate the distribution of CaP-Cy7 and Cy7 in CD1 nude mice at different
time points aftOer retro-ocular injection. Data are representative of at least 6 independent experiments. (b) Whole body optical in vivo
imaging to evaluate the distribution of CaP-Cy7 and Cy7 in CD1 nude mice at different time points after inhalation. Data are
representative of at least 6 independent experiments. Values are expressed as radiance efficiency (x 109)’.
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Figure 6: (a) 3D Fluorescence Molecular Tomography (FMT) imaging of mice as presented in d and analyzed 60 min post CaP-Cy7
and Cy7 administration. T = trachea, H = heart, L= lung. (b) Fluorescence imaging of explanted hearts from perfused mice analyzed 60
min post inhalation of 50 and 100 ol of CaP-Cy7. NT = heart from non-treated mouse. Values are expressed as radiance efficiency.

Scale values for Heart: max 1.04e7 - min 3.56e6; Lung: max 7.78e7 - min 6.17€6.9 (n = 4)’.

Figure 7: Stimulated emission depletion (STED) microscopy of isolated cardiomyocytes from mice treated with MP-Rhodamine-loaded
CaPs. (a) STED microscopy on an isolated cardiomyocyte from mice treated with MP-Rhodamine-loaded CaPs. Green: LTCC; Red:
MP-Rhodamine. Representative of 10 different acquisitions. Original magnification: 100X; Scale bar = 15 cm. (b) Enlargement of yellow
dotted-line square shown in panel a. Scale bar =5 cm. (c) Orthogonal view of isolated cardiomyocyte shown in panel a and b. Original

magnification: 100X; Scale bar =5 cm’.

These results provide clear indication that both the selected NPs are suitable for heart targeting and inhalation

administration path is the most effective way for delivering nanoparticle-based therapeutic peptide to the
diseased heart.
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4. Conclusions

For the first time, two samples of CaP and FeCaP nanoparticles were successfully studied, regarding their
radiolabeling, stability and in vivo fate for a time window of 24 hours. The results showed that both candidate
samples present excellent radiolabelling properties, adequate stability and provide accurate and precise
imaging results, following theirs in vivo fate in mice. The intravenous administration route was first followed as
a reference procedure, for which a low percentage reaches the heart, for both samples. The results showed
that when the intravenous administration route, results in limited accumulation to the heart. This supports the
notion that the standard and most commonly used i.v. administration route is not adequate for heart targeting
and was confirmed by in vivo optical imaging where more cardiac-specific targeting is achieved when NPs are
administered through the inhalation route’. Evaluation from Intratracheal administration of radiolabeled NPs is
currently on-going.
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