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Category: Infection

Abstract Body: Novel positron emission tomography (PET)
imaging agents are needed to detect and diagnose deep-seated
bacterial infections.! D-amino acids, which are selectively
taken up by bacteria, are attractive targets for radiotracer devel-
opment.” This has resulted in the synthesis and evaluation of
several !'C-labeled D-amino acids including D-Met,® D-Ala,*
and D-GIn.® Given that D-alanine is an essential component
of bacterial peptidoglycan, and in order to expand the studies
to '8F tracers which have a longer half-life than c D-FAla
and D-FAla-d; were synthesized and evaluated in a soft-tissue
infection model, laying the groundwork for the wider applica-
tion of '®F-labeled D-amino acids for bacterial imaging.
D-FAla and D-FAla-d; were synthesized using cyclic D-sul-
famidate precursors involving a 2-step radiofluorination
followed by acidic deprotection. Uptake experiments were
performed with both Gram-negative (Escherichia coli) and
Gram-positive (Staphylococcus aureus) bacteria, and a S.
aureus Xen29 rat soft-tissue infection model was utilized for
in vivo PET imaging. In vivo bioluminescent imaging was used

to monitor the bacterial infection starting from the 2" day post
inoculation. Once a robust infection had developed, 90-min
dynamic PET imaging was used to analyze the biodistribu-
tion of D-FAla (n=4) and D-FAla-d; (n=4), while the ex vivo
biodistribution was evaluated at the conclusion of the PET
imaging. Heat killed bacteria were used to generate an inflam-
matory response in the contralateral triceps to compare and
contrast with radiotracer accumulation in the infected triceps.
D-FAla and D-FAla-d; were prepared with radiochemi-
cal yields (decay corrected) of 19-21% and radiochemical
purities of >98%. For D-FAla and D-FAla-d,, the uptake in
heat-killed E. coli was reduced to 2%—4% of the uptake in
live E. coli, while the uptake in heat-killed S. aureus was
decreased to 31-41% of that observed in live bacteria. The
uptake of both tracers in bacteria was dose-dependently
blocked by D-alanine. In vivo PET imaging was initiated
when a strong bioluminescent signal was detected in the
infected (right) triceps which ex vivo analysis of the tissue
showed was due to ~10” colony-forming units (CFU)/ml
of S. aureus Xen29. Based on the PET data, the uptake in
the infected triceps at 15 min post injection of D-FAla and
D-FAla-d; was 0.78 + 0.07 %ID/cc and 0.64 + 0.03 %ID/
cc, respectively, which was ~2-fold higher than the uptake
at the site of sterile inflammation.

The PET imaging data demonstrated that both D-FAla and
D-FAla-d; can detect and localize bacterial infection. Subse-
quent studies will involve the evaluation of the radiotracers
in models of prosthetic joint infection and endocarditis, and
extending the studies to fungal infections. The future studies
will support the clinical translation of D-FAla and D-FAla-
d; for the management of infection.
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The results showed the highest LE% of 86.33 with 500 pg
SnCl,, 20 mg of tricine, and 5 mCi of *™Tc. *™Tc-HYNIC-
FGF2 was purified with size exclusion chromatography to
achieve 100% of LE.

In vitro binding assays on human keratinocytes expressing
FGFR2c, showed that our radiopharmaceutical is able to
bind to the specific receptor within minutes and demonstrat-
ing slow dissociation from the cells (Kd 3.36 x 107° M).

In vivo dynamic imaging showed rapid accumulation in
lungs, liver and spleen in the first 10 min, followed by uptake
in implanted tumors. Ex-vivo evaluation of radioactivity in
tumors showed a tumor/blood ratio of %ID/g at 3h = 4.1
and at 24h = 26.1.

In conclusion, the high LE% and the high affinity of radiola-
beled *™Tc-FGF?2 to its receptor, confirmed the validity of
these new radiopharmaceutical for imaging TAF.
Currently, there is no option to evaluate in vivo the abun-
dance and expression of FGFR2c and this could be achieved
by using the radiopharmaceutical developed in the present
project.
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Abstract Body: Poly(lactic-co-glycolic acid) (PLGA) is
FDA and EMA-approved synthetic polymer for human use
due to its high biocompatibility and easy biodegradability.
PLGA-based nano-formulations are currently available for
several types of cancer treatments as tumor-targeted drug
delivery systems.

We focused our research on the validation of a new nano-
radiopharmaceutical based on the use of PLGA nanoparticles
(PLGA-NPs) loaded with high amounts of radioactive isotopes.
In preliminary studies, pharmacokinetics of fluorescent PLGA-
NPs was determined in vivo at 2, 6, 24, 48, 72, 96, 168 and
240h, by optical imaging with a Kodak FX station (Figure 1).

At the end of acquisition, animals were sacrificed, and
organs collected for ex-vivo imaging. Regions of interest
(ROIs) were drawn to calculate target-to-background ratios.
Tumor targeting studies were performed in a syngeneic
mouse model obtained by subcutaneous injection in the right
thigh of 106 J774a.1 cells (reticulum sarcoma cell line) in
Matrigel: Medium (50:50).

9mTc_PLGA-NPs were synthetized and radiolabeled in our
laboratory with an innovative microfluidic technique, which
allows for high quality NPs in terms of size, encapsulation
efficiency (EE%) and batch-to-batch reproducibility. Eight-
een different formulations were tested and characterized for
particle size, zeta potential, polydispersity index, labelling
efficiency, and in vitro stability. From these analyses, the two
best formulations were selected and analyzed in BALB/c
mice for biodistribution studies. After each time point (1, 6,
24h) three mice per group were sacrificed and major organs
collected and counted in a single-well y-counter. The per-
centage of injected dose per organ (%ID) and percentage of
injected dose per gram (%ID/g) were calculated.

In vivo pharmacokinetic studies of fluorescent PLGA-NPs
showed maximum tumor uptake at 72h post injection, with
a high tumor to background ratio.

Physical characterization of native and radiolabeled NPs
showed an increase in particle size after radiolabeling prob-
ably due to the incorporation of the isotope into the PLGA-
NPs shell. ITLC results showed a high encapsulation effi-
ciency for all batches analyzed, ranging from 73 to 99%.
9mTc_PLGA-NPs of 60 and 100nm showed a difference in
biodistribution, with different uptake from RES tissues.

In conclusion, the innovative microfluidic technique allows
to synthetize and encapsulate the isotope inside NPs with
high reproducibility in terms of size, charge, PDI and encap-
sulation efficiency. The research sets the stage for the devel-
opment of a new theragnostic radiopharmaceutical based on
PLGA-NPs to detect and treat aggressive and undifferenti-
ated tumors.
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Abstract Body: Recently, magnetic resonance imaging (MRI)
method has been applied to a transgenic model of Alzheimer’s
disease demonstrating its potential use in neuroradiology .
Since a decline in locus coeruleus (LC) neuron numbers is
associated with aging, dementia, A plaque load, and the pro-
gression of Alzheimer’s disease, MRI of Noradrenergic (NA)
neurons has been proposed to play an increasing role in trans-
lational biomedical research of neurodegenerative diseases.
MRI methods are currently being explored for testing whether
NA imaging is related to disease progression in neurodegen-
erative diseases. Characterization of the relationship between
MRI measures and neuropathology would be crucial in this
direction. This study proposes a characterization method
using MR relaxometry and physics-informed neural network.
T, and T, relaxation times have been known to be funda-
mental diagnostic feature in MRI assessment. Since noradr-
energic neurons have abundant water protons interacting
with paramagnetic ions in active cells and molecules, the
spin dynamics must be consistent with the Bloch NMR
flow equation. Under transient condition, the Bloch NMR
flow equation is given as eqn (1). Subject to eqn (2), an
analytical solution to eqn (1) is given in eqn (3). This equa-
tion has been used to generate training and testing data for
a NetChain model using Wolfram Mathematica program-
ming. In the traditional neural network, a simple net class
with net function that takes 4 arguments (1 input, 1 outputs,
100 hidden neurons per layer, and 4 layers). The final model
was then implemented and tested with relaxometric data
presented in table 1. Other parameters used are: C1 = C2 =
—0.01, MO = 50A/m, o = 28Hz.

Physics-informed neural networks (PINNs), also referred to as
Theory-Trained Neural Networks, are a type of universal func-
tion approximators that can embed the knowledge of any physi-
cal laws that govern a given data-set in the learning process, and
can be described by differential equations. The structure and
training process for the PINN model developed in this study
are shown in figure 1. Using the relaxometric data in table 1, the
PINN model has been implemented as a graphic user interface
with comparison to results from exact solutions.

As shown in figure 2, the PINN model did not perform
badly even on unseen data (figure 2B-2D). The model was
able to mimic the MR signal profile but slightly underesti-
mates the transverse magnetization values. Figure 2A was
perfect because the parameters for this figure were used to
train the original PINN model. However, the models (exact
and PINN) were able to show contrasts between A2 and
LC cell groups. A finetuned version of this model can open
opportunities for robust computational molecular imaging
of noradrenergic neurons. With a PINN-based simulator,
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assessing the decline in LC neuron numbers as often seen
in aging and dementia may become much easier. This will
also make rooms for repetitive studies on translational bio-
medical research of neurodegenerative diseases. It is impor-
tant to note that this model may be modified slightly for
use in computational magnetic resonance spectroscopy of
noradrenergic neurons.

With hyperparameter tuning, the PINN model can be
improved upon so they could perform much better on any
set of T, and T, pair. Specifying a range of values for the
relaxation times could also help in overcoming this chal-
lenge. It is noteworthy that the model is easily interpretable.
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