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(SPECT, PET), whilst therapeutic radiopharmaceuticals benefit from longer residence
times that improve therapeutic efficacy. An analogue of Substance P (SP), DOTA-
[Thi®,Met(O2)'']SP (where DOTA = 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid) was selected as the ligand of interest in an effort to develop a
[(8Ga]Ga-labelled PET/CT radiotracer to assess the neurokinin-1 receptor (NK1R)
availability in chronic pain disorders. Modifications to the amino acid residues in SP
could interfere with the ability of the peptide to selectively bind to the intended NK1R
target. Tachykinin receptor signalling studies using an inositol phosphate
accumulation study, found DOTA-[Thi®,Met(O2)!']SP to have similar efficacy and
potency as native SP but greater selectivity for NK1R. DOTA-[Thi® Met(02)!|SP was
unable to elicit significant activation of any of the other tachykinin receptors at high
concentrations and also did not have any antagonistic behaviour at these receptors.
The inability to activate and stimulate the other tachykinins supports the result that
DOTA-[Thi®,Met(O2)!*]SP has a high potency and selectivity for NK1R.

1 INTRODUCTION

Substance P (SP), an undecapeptide first described by Gaddum and Shild,* is widely
distributed in the central and peripheral nervous system of mammalian species.?
Both neuronal and non-neuronal cells, including immune cells, produce SP.2 The
biological activity of SP is mediated through interactions with all three tachykinin
receptors, neurokinin-1 receptor (NK1R), neurokinin-2 receptor (NK2R), and
neurokinin-3 receptor (NK3R). However, a preferential interaction at a much higher
affinity takes place at NK1R.# Under certain conditions, such as differential receptor
availability and high peptide concentration, endogenous tachykinins are not selective
and can therefore act on any of the receptors.> SP has also been shown to act as a
low potency agonist at MRGPRX2, a mast-cell specific receptor, which is implicated

in mast-cell-mediated allergic-type reactions.®

The tachykinin receptors (NK1R, NK2R, and NK3R) and MRGPRX2 are G protein-
coupled receptors (GPCRs). GPCRs form the largest protein family of cell surface
receptors and are accountable for response to a large variety of chemical
(chemoattractant, calcium ions, hormones, and neurotransmitters) and sensory (light,

odorants and taste molecule) stimuli.” As a result they are responsible for regulating
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channels in the membranes of the endoplasmic reticulum, causing the release of
stored Ca?* into the cytosol (Figure 1).1°> The increase in cytosolic Ca?* can induce
physiological responses such as calcium-mediated exocytosis as well as promote the
translocation of the enzyme phosphokinase C (PKC) to the plasma membrane where
it can be activated by DAG. PKC phosphorylates target proteins in the cell to induce
physiological responses and alter gene transcription. IP3 is recycled back to PIP2
through a number of enzymatic steps that convert it to inositol bisphosphate (IP2),
inositol monophosphate (IP), myo-inositol and then PIP2 (Figure 1). Loading cells
grown in low-inositol/inositol-free media with radiolabelled myo-inositol (a precursor of
PIP2), ensures that the inositol phosphates generated upon receptor stimulation are
radiolabelled and can be measured after separation and collection on an ion exchange
column. Performing the assay in the presence of lithium chloride (an inhibitor of inositol
monophosphatase [IMPase] which catalyses the conversion of IP to myo-inositol)
leads to accumulation of the soluble radiolabelled inositol phosphates such that the
amount of radioactivity measured is proportional to receptor signalling activity. This is
the basis of the assay that will be used to assess tachykinin receptor activity when
stimulated with peptide ligands neurokinin A (NKA), neurokinin B (NKB), SP and
DOTA-[Thi®,Met(O2)*|SP.

signal
Li+

RECEPTOR PIPp

PLC
G MYD INOSITOL

‘\ IMPase
DAG + Py
P, _/
PKC [ca®*],

Figure 1: The phosphatidylinositol signalling pathway that is exploited in the inositol

phosphate accumulation assay for the purpose of evaluating tachykinin receptor activity.®
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Tachykinins are one of the most studied classes of neuropeptides due to their
involvement in numerous important physiological processes and diseases such as
inflammation,’ cancer,'® infection,* and chronic pain. We previously reported on the
radiosynthesis, optimisation and safe for administration formulation of ¢Ga-1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid-[Thi8,Met(0O2)*!]-Substance P
([f8Ga]Ga-DOTA-[Thi®, Met(0O2)'1]SP) as a potential PET/CT tracer for imaging NK1R
availability in chronic pain disorders. DOTA-[Thi8,Met(O2)'1]SP has been proposed as
a more metabolically stable analogue of native SP. [®®Ga]Ga-DOTA-
[Thi®,Met(O2)'1]SP and [?*3Bi]Bi-DOTA-[Thi®,Met(O2)'1]SP have, in the last few years,
been reported in literature for their use in the imaging and therapy of glioblastoma
multiforme with great success.'®?° The therapeutic effectiveness of [?13Bi]Bi-DOTA-
[Thi®,Met(O2)'1]SP was reduced due to the short half-life of 213Bi. [??>Ac]Ac-DOTA-
[Thi®,Met(O2)'1]SP was proposed as an attractive alternative?! due to the longer half-
life of ?2°Ac and has been assessed in vitro in human glioblastoma cell lines. The
results indicated a high affinity of the radiobioconjugate for NK1R on isolated
glioblastoma stem cells and cell lines derived from a human glioblastoma tumour.?223
However, to our knowledge no investigation into the receptor specificity of this
modified SP analogue has been undertaken. Modification of native tachykinins can
significantly alter their receptor selectivity profiles?4252627.28 gnd thus can have an
adverse impact on the target to non-target ratio. Therefore, determining receptor
selectivity/target specificity is an important prerequisite to any in vivo investigation. In
our study, the potency and selectivity of DOTA-[Thi8,Met(O2)'']SP for NK1R was
evaluated in HEK 293-T cells (a ‘blank’ background into which different tachykinin
receptors could be introduced) to verify that the amino acid modifications on DOTA-
[Thi®,Met(O2)'']SP have not inadvertently altered the receptor specificity of this SP

analogue.

2 MATERIAL AND METHODS

2.1 CHEMICALS AND MATERIAL

pcDNA mammalian expression vectors encoding human NK3R, NK2R, NK1R, and
MRGPRX2 were obtained from the Bloomsburg University cDNA Resource Center
(www.cdna.org). The empty vector pcDNA3.1 was obtained from Invitrogen (Thermo
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Fisher Scientific, Waltham, MA, USA). The peptide-based ligands NKA and NKB were
purchased from CPC Scientific (Sunnydale, CA, USA), SP from Sigma Aldrich (St
Louis, MO, USA) and DOTA-[Thié, Met(O2)!']-SP from piCHEM (Raaba-Grambach,
Austria). [3H]-myo-inositol was purchased from Perkin EImer (Waltham, MA, USA).

2.2 CELL PREPARATION

Modified human embryonic kidney cells (HEK 293-T) (which provide a ‘blank’
background for measurement of GPCR signalling and stably express large T-antigen
for optimal expression of exogenous proteins) were utilised. Cells were cultured in a
humidified atmosphere at 37 °C with 5% CO: in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with Glutamax (Thermo Fisher Scientific, Waltham, MA, USA).
The media was supplemented with 10% foetal calf serum (FCS) (Biochrome, Berlin,
Germany) and cells were sub-cultured every 2-3 days to maintain cell density of less
than 90%.

2.3 INOSITOL PHOSPHATE ACCUMULATION ASSAY

Cells were seeded at a density of 1x10° cells/well in 24 well tissue culture plates
coated with Matrigel, Growth Factor Reduced Matrix (BD Biosciences, San Jose, CA,
USA) at a 1:30 dilution (to aid cell attachment). Post-seeding (24 h), cells were
transfected with receptor cDNA (0.5 pg/well) using X-treme GENE HP transfection
reagent (Sigma Aldrich, St Louis, MO, USA) at a 1:2 ratio. The media was aspirated
24 h after transfection and replaced with reduced inositol Media 99 (Thermo Fisher
Scientific, Waltham, MA, USA), supplemented with 1% FCS and 0.5 uCi/well [*H]myo-
inositol. Cells were then incubated overnight at 37 °C before aspiration of media and
addition of Buffer | (DMEM supplemented with 20 mM HEPES, 10 mM LiCl and 0.1 %
Bovine Serum Albumin). Plates were then incubated for 30 min at 37 °C before
aspiration and stimulation with appropriate ligands (refer to Section 2.3.1-2.3.3 for
details) prepared in Buffer. Following stimulation, cells were lysed by addition of
10 mM formic acid and incubated at 4 °C for 60 min. Cell lysates were transferred to
tubes containing 100-200 mesh 1X8 Dowex beads (Sigma, St Louis, MO, USA) and
were incubated for 5 min before washing twice with water and twice with wash buffer
(60 mM ammonium formate / 5 mM sodium tetraborate). Samples were then eluted

from the beads in 1 ml elution buffer (1 M ammonium formate/0.1 M formic acid) and
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2.5 ml Optiphase Hisafe3-scintillation fluid (Perkin Elmer, Waltham, MA, USA) was
added. The radioactivity (decays per minute; dpm) of the eluate was measured by
liquid scintillation counting using a Packard Tri-Carb 4810TR liquid scintillation
analyser with QuantaSmart software (Perkin Elmer, Waltham, MA, USA).

2.3.1 Activation of tachykinin receptors by DOTA-[Thi8 Met(02)*!]SP

Cells transfected with human NK1R, NK2R, NK3R, or MRGPRX2 were stimulated for
1 h at 37 °C in the presence of vehicle (0.1% dimethyl sulphoxide [DMSO]), 1 pM
endogenous ligand (NK1R and MRGPRX2, SP; NK2R, NKA and NK3R, NKB) or 1 uM
DOTA-[Thi®, Met(O2)!1]-SP (test compound) prior to measurement of [3H]-inositol

phosphate (IP) accumulation.
2.3.2 Dose response analysis

Cells expressing human NK1, NK2, NK3, or MRGPRX2 receptors were stimulated
for 1 h at 37 °C in the presence of vehicle (0.1% DMSO) or a range of concentrations
of DOTA-[Thi® Met(O2)!!]SP (test compound) or endogenous ligand (NK1R and
MRGPRX2, SP; NK2R, NKA and NK3R, NKB) prior to measurement of [H]- IP

accumulation.
2.3.3 Antagonism of tachykinin receptors by DOTA-[Thi8 Met(O2)1]SP

Cells expressing human NK2, NK2, or MRGPRX2 receptors were stimulated for
30min at 37°C in the presence of vehicle (0.1% DMSO), 1 uM DOTA-
[Thi®,Met(O2)'1]SP (test compound) or 1 pM talnetant (a validated peptide antagonist
of the NK3R) prior to stimulation for 1 h at 37 °C with endogenous ligands at close to
their ECso concentration (MRGPRX2, 10 uM SP; NK2R, 10 nM NKA and NK3R, 30 nM

NKB) prior to measurement of [3H]-IP accumulation.
2.4 DATA ANALYSIS

Data was analysed using GraphPad Prism Version 5 (La Jolla, CA, USA). Where a
range of doses were applied (dose-response analyses), three-parameter sigmoidal
dose response curves were generated and were used to calculate values for potency
(ECs0) and maximal response (Emax) for each ligand. Data are mean + SEM from at

least three independent experiments unless otherwise stated. Statistical comparisons
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were made using one-way ANOVA or Student’s t-test, as appropriate, with p < 0.05

considered significant.

3 RESULTS AND DISCUSSION

To determine agonist activity at each of the receptors, HEK 293-T cells expressing
human NK1R, NK2R, NK3R, or MEGPRX2 were stimulated for 1 h in the presence of
vehicle, endogenous ligand (SP for NK1R and MRGPRX2; NKA for NK2R, and NKB
for NK3R) or DOTA-[Thi®,Met(O2)*|SP (test compound). Cells transfected with empty
vector served as a negative control to show that any responses in receptor transfected
cells are selective for that receptor. DOTA-[Thi®,Met(O2)'1]SP induced high levels of
stimulation of the NK1R, similar to SP (Figure 2).

4000-
5 ’ £ Vehicl
T 3 ehicle
= 30004 ¥
5 * E NKA
® . D0 NKB
g 2000- Substance P
§ Bl Test Compound
<
o 1000+
£ [

o ~1 [ | @_- MEAMeamm

}
NK1R NK2R NK3R MRGPRX2 Vector

Figure 2: Activation of NK1R, NK2R, NK3R, and MRGPRX2 by known agonists and DOTA-
[Thi®,Met(O2)'*SP (test compound). Data are mean + SEM from three independent
experiments (n = 3).* p < 0.05 (one-way-ANOVA followed by Dunnett’s post-hoc test) for

comparison with vehicle control at the same receptor.

No agonist activity of DOTA-[Thi®,Met(O2)!']SP was observed at NK2R and
MRGPRX2, however there was a limited stimulation of NK3R, though this was found
to be statistically insignificant. At the concentration used, endogenous SP stimulation
of MRGPRX2 was also not observed. High concentrations of the ligands were used
and no activity of DOTA-[Thi8,Met(O2)'']SP was seen at receptors other than NK1R.
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That does not exclude the possibility that at higher concentrations a different result
could be obtained. Higher ligand concentrations were not evaluated because they are
considered physiologically irrelevant and could be toxic in the biological system. The
low-level response of NK2R to its endogenous ligand compared to the response of
NK1R and NK3R to their respective endogenous ligands was not expected. However,
this response was consistently obtained through all the repeat data sets and could be
due to the receptor being poorly coupled to its downstream signalling partners in
comparison to the other receptors in this cell model.

Dose response analyses of DOTA-[Thi8,Met(02)*!]SP and SP at the NK1R were then
conducted for comparative purposes (Figure 3).
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Figure 3: Dose-response analysis of NK1R activation by SP (reference) and DOTA-
[Thi®,Met(O2)'!]SP (test compound). Data (mean + SEM, n = 3 independent experiments) is

presented as % of the average maximal response obtained upon stimulation with SP.

DOTA-[Thi®,Met(O2)']SP and SP activate NK1R similarly. There was no major
difference in the level of response induced (as indicated by Emax values) nor the
potency of the response (as reflected by the ECso values) (Table 1) measured for the

two ligands (p > 0.05; Student’s t-test).
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Table 1: Dose response parameters for stimulation of cells expressing NK1R with SP and
DOTA-[Thi®,Met(O2)**|SP.

Ligand pEC5o (ECso) Emax

(% of maximum SP response)
SP 8.13 + 0.07 (7 nM) 100+ 8
DOTA-[Thi® Met(O,)!]SP 8.48 + 0.17 (3 nM) 89+1

Due to the low response induced by the test compound at NK3R, it was not possible
to conduct dose response analyses to compare the action of DOTA-[Thi8,Met(O2)*]SP
to that of SP at NK3R. However, when the level of response evoked by a high
concentration of DOTA-[Thi®,Met(O2)']SP in cells expressing this receptor was
compared to that elicited by SP, it was observed that the test compound was only able
to elicit 23% of the level of stimulation of NK3R as induced by NKB. SP, at the same
concentration, elicited 77% of the NKB response (Figure 4). These results suggest
that the test compound acts in a very similar way to SP in cells transfected with NK1R

but has increased selectivity for this receptor compared to the native SP ligand.
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Figure 4: Activation of NK3R by SP and DOTA-[Thi8,Met(O2)]SP (test compound). Data
(mean = SEM, n = 3 independent experiments) is presented as % of the average maximal

response obtained upon stimulation with NKB.

Despite DOTA-[Thi®,Met(02)'1]SPs inability to induce a significant activation of NK2R,
NK3R, and MRGPRX2, it is possible that this compound is still able to bind to these

receptors and thus may act as an antagonist and inhibit the activity of the endogenous
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ligands at these receptors. Antagonist activity of DOTA-[Thi8,Met(O2)']SP was
therefore examined. As a prerequisite, dose response analyses measuring activation
of these receptors by their endogenous ligands were conducted so that the ECso for

each compound in this assay could be determined (Figure 5, Table 2).
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Figure 5: Dose-response analysis of NK2R, NK3R, and MRGPRX1 activation by
endogenous ligands. Data are mean £ SEM from at least three independent experiments

(NK2R and NK3R) or are from a single experiment (MRGPRX2).

At 1 uM of SP, no response was observed at MRGPRX2 (Figure 5). The concentration
was increased to 10 pM for the dose response analysis therefore only one experiment

at this higher concentration was conducted.

Table 2: Dose response parameters for stimulation of cells expressing NK2R, NK3R and

MRGPRX2 with endogenous ligands.

Ligand/Receptor PECs0 (ECso)
NKA/NK2R 8.15 + 0.15 (7 nM)
NKB/NK3R 7.56 £ 0.12 (27 nM)
SP/MRGPRX2 5.16 (6918 nM)!

Plateaux not achieved, therefore EC50 is only an estimate.
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To screen for antagonist activity of the test compound at NK2R, NK2R, and
MRGPRX2, cells expressing each receptor were stimulated with their endogenous
ligands (at approximately their ECso concentration) in the presence or absence of a
high concentration (1 uM) of the test compound. Talnetant (1 uM), an existing peptide

antagonist of NK3R, was utilised as a positive control (Figure 6).

3 Vehicle
@0 Endogenous ligand
Bl Endogenous ligand + Test compound

4000- Endogenous ligand + Talnetant

3000+
20004

1000+

[*H]-IP Accumulation (dpm)

NK2R NK3R MRGPRX2

Figure 6: The effect of DOTA-[Thié,Met(O,)*]SP (test compound) on activation of NK2R,
NK3R, and MRGPRX2 by their endogenous ligands. Data are mean + SEM from four
independent experiments. Addition of 1 uM talnetant in place of the test compound in cells

expressing NK3R served as a positive control in two experiments (therefore mean * range).

Addition of DOTA-[Thi8,Met(02)*']SP had no effect on the level of stimulation of NK2R,
NK3R, or MRGPRX2 elicited by stimulation with ECso concentrations of their
endogenous ligands. However, Talnetant, as the positive control, induced a large
reduction in NKB response at NK3R confirming that the assay was in fact appropriate
for detection of antagonism. Therefore, these results indicate that the test compound
does not have antagonist activity at any of the receptors.

4 CONCLUSION

[8Ga]Ga-DOTA-[Thié,Met(O2)]SP is a prospective PET/CT imaging agent intended
to target NK1R availability associated with chronic pain disorders. DOTA-
[Thi®,Met(O2)'1]SP is an analogue of SP with modifications to the amino acid residues

in positions 8 and 11. It has previously been shown to have a longer half-life in vivo
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than SP,?° which is a desirable feature of a biomarker for radiopharmaceutical
application. Substituting the Phe® (phenylalanine) for Thi® (3-thienylalanine) and
modification of Met!! for Met(O2)! resulted in a reduction of lipophilicity, a property
that is critical to the in vivo behaviour of a drug. Higher lipophilicity doesn’t always
correlate with improved in vivo behaviour. Recently synthesised modified SP
fragments and derivatives, SP(5-11), SP(4-11), and [Thié, Met(O2)]-SP(5-11) that
were lower in molecular weight possessed a higher lipophilicity but, despite their
satisfactory affinity for NK1R, the shorter SP fragments were found to be less stable
in human serum due to fast enzymatic degradation of the ligand. This infers that a
reasonable balance between the various factors that affect the in vivo behaviour of the

compound, must be achieved.*°

Literature reports that the C-terminal motif of SP, Phe’-Phe®-Gly°-Leu'-Met!!, is
responsible for the peptides affinity for NK1R31:3233 whilst the N-terminal tail
determines selectivity for the specific receptor subtypes,3* and that modifications to
the peptide sequence, while beneficial in respect to some ligand properties, can have
large effects on tachykinin receptor selectivity of the resultant analogues.?*2526 |t is
therefore of great importance to validate the receptor-interaction profile of SP

analogues.

Tachykinin receptor signalling studies with ligands NKA, NKB, SP, and modified SP
(DOTA-[Thi8,Met(O2)*]SP) were carried out using an inositol phosphate accumulation
assay. Results from the in vitro tachykinin measurements found that DOTA-
[Thi®,Met(O2)']SP has a similar efficacy and greater selectivity for NK1R compared to
SP. This indicates that the SP alterations made to the amino acids in positions 8 and
11 together with the N-terminal conjugation of DOTA did not compromise the ligands
affinity for NK1R or its ability to bind effectively to NK1R. Indeed, it appeared that this
analogue had an improved receptor selectivity profile in comparison to native SP,
which should translate to a better target to off-target ratio in [*3Ga]Ga-DOTA-
[Thi®,Met(O2)1]SP.
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ABSTRACT

The effective diagnosis and subsequent treatment of chronic pain disorders has been
hampered over the years by non-specific diagnostic tools, subjective patient feedback
and a lack of understanding of the underlying mechanism that gives rise to persistent
pain. The relationship between Substance P (SP) and the widespread neurokinin-1

receptor (NK1R) has long been studied for its involvement in a number of different
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physiological processes, including inflammation and chronic pain. Initial pre-clinical
findings of blockade of NK1Rs using SP-based antagonists in rodent models did not
translate successfully to a valuable application in humans. Visualisation of the NK1R
expression in both healthy and diseased states could contribute to an improved
understanding of the SP/NK1R pathway. [68Ga]Ga-DOTA-[Thié,Met(O2)']SP was
evaluated as a prospective PET/CT radiotracer to assess NK1R availability in pain
loci. The optimised, safe-to-administer formulation of [%3Ga]Ga-DOTA-
[Thi®,Met(O2)'1]SP yielded injectable doses with suitable specific activity. Image-
guided biodistribution of [(8Ga]Ga-DOTA-[Thié,Met(O2)'']SP was carried out in an
outbreed canine model where the diseased cohort consisted of dogs with suspected
osteoarthritis, characterised by chronic pain symptoms. Pharmacokinetics and
biodistribution were favourable demonstrating appropriate blood pool clearance of the
tracer and renal excretion. Elevated unilateral uptake was demonstrated in numerous

joint and osseous tissue, synonymous with osteoarthritis.

1 INTRODUCTION

Chronic pain originating from an underlying musculoskeletal disorder is becoming an
increasingly common medical diagnosis with a high estimated economic impact world-
wide due to loss of productivity.! According to the World Health Organization, the
prevalence of this class of diseases is on the rise in both the developed and developing
world.? An estimated 33% of people, across the globe, live with a musculoskeletal
disorder?® that can affect muscle, bones and joints in all main areas of the body. The
clinical challenge associated with chronic pain is the inability to accurately diagnose
and localise pain generators in the biological system as the current assessment
protocol is based on the patients’ qualitative description and relatively non-specific
diagnostic tools.* From a therapy perspective, the major challenges that negatively
impact the development of effective chronic pain treatment is the lack of understanding
of the mechanisms that convert acute tissue insult to chronic pain. The underlying
pathology of the disease processes and the mechanisms available as treatment
targets are not apparent.®

The role of Substance P (SP) in the processes of inflammation and chronic pain has
made the SP/Neurokinin-1 receptor (NK1R) interaction the most investigated

neurotransmitter pathway in the central nervous system.® SP, an 1l-amino acid
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tachykinin peptide, is the preferential endogenous ligand for the G-protein-coupled
NK1R"#8 that is widely expressed in both the central and peripheral nervous systems.®
Over the last few decades, studies have alluded to the involvement of SP and NK1R
in a number of different biological processes including cancer cell proliferation and
angiogenesis. In relation to musculoskeletal disorders, it has been reported based on
histological investigations that chronically painful tendon tissue has an elevated level
of SP and NK1R.1° In the 90s, blockade studies of NK1R were carried out in pre-
clinical models!?1213.14 and the proposed SP-based NK1R antagonists demonstrated
anti-nociceptive abilities with the potential to reduce chronic pain. Despite observing
an analgesic effect in animals, a similar inhibition of nociception could not be translated

to patients in clinical studies.1516

Various neuroimaging modalities have been used to study pain processes, including
osteoarthritis,X’ fibromyalgia,*® chronic low back pain,’® and chronic migraine.?°
Several cortical regions that are involved in the perception of pain were identified in
humans. Chronic pain studies further revealed that there is altered structure, function,
and neurochemistry in the frontal-limbic-brainstem regions.?! Positron emission
tomography/computed tomography (PET/CT) is a non-invasive molecular imaging tool
that can detect molecular and biochemical pathologies often earlier than other
conventional diagnostic methods.?? Biomarkers such as SP are peptides that are
naturally occurring in the human body and are therefore logical choices as potential
targeting vectors in the PET tracer. There are relatively few studies in nuclear medicine
that have focused on imaging of NK1R expression and of these investigations most
studies have been aimed at receptor expression in the central nervous system or the
effect of a proposed NK1 antagonist. Recent advances in imaging technology and
radiotracer design has enabled clinicians to identify pro-nociceptive tissues involved
in pain generation.* The development of a highly selective Sigma-1 receptor (S1R)
PET agent, ['®F]F-6-(3-fluoropropyl)-3-(2-azepan-1-yl)ethyl)benzo[d]thiazol-2(3H)-
one ([*®F]FFTC-146)? that targets a protein that is widely distributed in the central
nervous system and peripheral tissues and has been linked to various neurological
conditions,?* including pain modulation. First-in-human studies carried out in ten
healthy volunteers using PET/MRI demonstrated high uptake in S1R dense organs

such as the pancreas and spleen, moderate uptake in the brain and myocardium and
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only low uptake in bone and muscle. This renewed interest in the imaging of pain
mechanisms highlights the value of evaluating NK1 expression on non-neural and
tissue cells in an effort to gain a better understanding of the Substance P/NK1R
pathway. The information obtained could contribute to improved diagnostic ability and

more sound inputs to development of treatment for chronic pain disorders.

We previously reported on the radiosynthesis and the “safe-for-administration”
formulation of the potential radiotracer, gallium-68-1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid-[Thi®, Met(O2)!!]-Substance P ([8Ga]Ga-DOTA-[Thié,
Met(02)!!]SP). Even though DOTA-[Thi8 Met(02)!!]SP is a modified analogue of SP,
evaluation of in vitro tachykinin activity indicated that the peptide could still activate
NK1R and in fact possessed a higher selectivity for NK1R when compared to native
SP. The PET isotope, ®8Ga (short half-life of 68 min) is commercially available from a
68Ge/%®Ga generator®®2% providing direct on-site access without the need of a
cyclotron, to more than one usable eluate per day. This reduced cost and provided
convenience together with the ability of the 8Ga3* cation to complex a wide variety of
ligands makes %8Ga an attractive option for radiopharmaceutical development. The
relatively short 68 min half-life of the radioisotope matches the pharmacokinetics of
many peptides and other small molecules affording improved dosimetry and repeat
imaging.?” In general, ®Ga based radiopharmaceuticals must have rapid blood
clearance, quick diffusion, and effective target localization.?®

[(8Ga]Ga-DOTA-[Thi®,Met(O2)1|SP co-administered with [213Bi]Bi-DOTA-
[Thi®,Met(O2)'']SP has been proposed as a theranostic pair for the imaging and
treatment of glioblastoma multiforme and is currently undergoing clinical trials.?%3°
[*"’Lu]Lu-DOTA-[Thi8,Met(O2)!*]SP has also been previously evaluated in nude mice
for pancreatic tumour cell uptake.3! However, to our knowledge imaging of NK1R in
disease states associated with chronic pain using a %8Ga-based PET imaging agent
has never been reported. In this study we assess the tracer biodistribution,
pharmacokinetic and targeted in vivo PET/CT imaging of [(8Ga]Ga-DOTA-
[Thi®,Met(O2)'1]SP for the assessment of NK1R expression in healthy dogs and in
dogs with osteoarthritic conditions characterised by chronic pain symptoms. Blood and
urine sampling facilitated determination of the pharmacokinetic profile of the
radiotracer.
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2 MATERIALS AND METHODS
2.1 CHEMICALS AND MATERIALS

Suprapure-grade 30% hydrochloric acid (HCI) and pharmaceutical-grade chemicals
including, ethanol and sodium acetate were purchased from Merck & Sigma Aldrich
(Johannesburg, South Africa). C18 Sep-Pak® (light) cartridges for solid-phase
extraction (SPE) were obtained from Microsep (Johannesburg, South Africa). Millipore
Sterile Millex GV filters for final filtration were obtained from Merck (Johannesburg,
South Africa). Glass microfiber chromatography paper impregnated with silica gel
(ITLC-SG) was purchased from Chemetrix (Johannesburg, South Africa). High-
performance liquid chromatography (HPLC) grade water (resistivity = 18.2 MQ.cm)
was produced in-house using a Simplicity 185 Millipore system (Cambridge,
Massachusetts, USA). DOTA-[Thi®,Met(O2)!']SP was purchased from piCHEM
(Raaba-Grambach, Austria). Freeze-dried aliquots of DOTA-[Thi® Met(O2)']SP,
generator maintenance and formulation of the sterile injected dose were carried out
using pyrogen-free glass vials of varying volumes supplied by NTP Radioisotopes
SOC Ltd. (Pelindaba, South Africa).

2.1.1 Animals

Ethical approval was obtained from the Animal Ethics Committee of the University of
Pretoria (V089-14 certificates and amendment approval certificates, Appendix 4).
Outbreed dogs (Canis domesticus) from private owners were recruited by
veterinarians (Onderstepoort Veterinarian Institute, Pretoria or Pretoria East Vet Clinic
& Reproduction Facility, Pretoria). Owners were required to sign an informed consent
prior to enrolling their animals in the study. Dogs were screened for general health and
against the study’s inclusion/exclusion criteria before being categorised as healthy or
diseased. Dogs with suspected osteoarthritic conditions characterised by chronic pain
and receiving pain treatment or dogs with visible lameness in extremities were enrolled
into the diseased cohort (n = 3; two male, one female). Healthy dogs were assessed

according to veterinary standards for general health (n = 5; two male, three female).
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2.2 PREPARATIONS
2.2.1 DOTA-[Thi8Met(02)]SP

Freeze dried aliquots of DOTA-[Thi8,Met(0O2)*]SP (50 ug) were stored in a freezer until
required for radiolabelling. DOTA-[Thi®,Met(O2)*]SP must be buffered (2.5 M sodium
acetate yielding pH 8) prior to addition of the generator eluate as the peptide could
denature under the highly acidic conditions of the eluate. [(®Ga]Ga-DOTA-

[Thi®,Met(O2)'1]SP is stable at ambient temperature for up to 150 min.
2.2.2 Animals

On the study day, dogs were transported to the Steve Biko Academic Hospital site and
guarantined in an adequate holding area within the department with emphasis on
alleviating the stress from the transportation. Anaesthetic administration and
catheterisation for blood and urine samples were performed on site. Animals were
allowed to recover from anaesthesia in the holding area and only transported once
stable. Anaesthesia related chemicals, medical oxygen and catheterising equipment
was dispensed from the veterinarian practices and supplied by the treating

veterinarians.

2.3 RADIOLABELLING AND FORMULATION OF  [f8GA]GA-DOTA-
[THI8, MET(O2)'1]SP

®8Ga-activity was eluted from a tin-dioxide-based %Ge/%®Ga generator (1.85 GBq,
iThemba Labs, South Africa) using HCI (0.6 M, 10 ml) via eluate fractionation (first
1 ml — waste; followed by collection of up to 2 ml ®Ga-eluate for radiolabelling; last
7 ml - waste). DOTA-[Thi®,Met(O2)'*]SP was radiolabelled directly using an optimised
radiolabelling method, an amendment from a previously reported method of Rossouw
et al.32 Briefly, DOTA-[Thi8 Met(O2)!!]SP was reconstituted with sodium acetate
(250 ul, 2.5 M) to yield pH 8. The %Ga-activity (990 ul) was added to the peptide
(solution pH range 3.5-4), vortex mixed and incubated at 95 “C for 15 min. Two ITLC
methods were performed as quality control (for determination of the percentage
radiochemical purity and for the presence of colloidal-8Ga). For radiosyntheses with
labelling efficiency < 95%, the crude radiolabelled solution was purified using a pre-
conditioned C18 cartridge (4 ml absolute ethanol followed by 2 ml of Millipore
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deionised water). Following immobilisation of the 88Ga-labelled peptide solution on the
cartridge, 6 ml saline was used as a rinse agent followed by desorption of the product
utilising 10, 20, 30 and 40% ethanol/saline solutions (1 ml) in sequence. Majority of
the ®8Ga-labelled peptide solution with no free %8Ga3* was obtained in the 30%
ethanol/saline mixture. About 1 to 1.2 ml of [8Ga]Ga-DOTA-[Thié,Met(O2)]SP was
passed through a pre-soaked sterile filter (Millex-GV, 0.22 uym) into a sterile vial of pre-

buffered saline solution (5.5 ml 0.9% sodium chloride, 2 ml 2.5 M sodium acetate).
2.4 IMAGE ACQUISITION, RECONSTRUCTION AND ANALYSIS

Animals were not starved and allowed access to water ad libitum. Diseased dogs that
were being treated with pain medication were weaned off their medication two weeks
prior to the imaging session. Anaesthesia was induced by bolus injection of 6% sodium
pentobarbitone solution until the surgical plane was achieved, maintained by a pre-
calculated flow rate of anaesthetics that was administered via an infusion pump.
Electrocardiographic and pulse oximetry equipment was placed on the dog to monitor
heart rate; controlled breathing was facilitated by intubation. The animals were
positioned on the camera bed laterally. [8Ga]Ga-DOTA-[Thié,Met(O2)*]SP was
administered intravenously. Image acquisition and analysis was carried out as
reported by Ebenhan et al.;*® each animal was allowed three static whole-body
PET/CT scans at 30, 60 and 120 min post injection. During image acquisition, the

blood pressure of the animal was monitored with the use of a femoral artery port.
2.5 PHARMACOKINETICS OF [®®GA]GA-DOTA-[THI8,MET(O2)']SP

Following administration of the radioactive tracer, blood samples (0.5-1.5 mL) were
collected from the jugular vein in pre-weighed, heparinised vacutainer tubes (2 ml)
(Becton Dickinson, Johannesburg, South Africa) at different time intervals up to 60
min. Blood fractionation was achieved by spinning the whole blood sample in a
centrifuge for ~10 min at 4000 rpm using a bench top centrifuge (Martin Christ
Gefriertrocknungsanlagen GmbH, Osterode Am Harz, Germany), separating the
sample into blood cells (bottom) and a clear plasma fraction (top). The plasma fraction
was transferred to a pre-weighed tissue culture container. Urine (volume available at
point in time < 25 mL) was collected in pre-weighed urine collection cups (Becton

Dickinson, Johannesburg, South Africa) from catheterized bladders at different time
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intervals up to 120 min. All blood and urine samples were weighed. Radioactivity was
measured using a CRC 25 dose calibrator (Capintec Inc., USA) and a semi-automated
well counter (Biodex, Shirley, NY, USA) and data was corrected for radioactive decay
and sample volume. Time-activity curves to determine the blood clearance
(pharmacological half-life) and excretion (urinary elimination rate) of the
radiopharmaceutical were constructed. The total urine radioactivity recovery was

calculated by accumulating all samples yielded within 150 min.
2.6 STATISTICAL ANALYSIS

Outliers were identified using an online test (Grubbs Test), if systematic errors were
non-existent. If applicable, data sets were averaged and expressed as mean values +
standard deviation (SD) using Microsoft Office Excel Software (Microsoft,
Albuquerque, USA); the standard error of mean (SEM) was used to express
populations of individual radiolabelling data sets. The significance of two mean values
(comparing time points, pharmacokinetic tracer behaviour) was calculated by a
Student’s-t-test (paired and unpaired) and the significance level was set at a value p
<0.05. Blood and urine concentration results were analysed using regression analysis,
and the agreement on correlation of tracer time activity curves of urine and blood was

verified through the correlation coefficient (R?).

3 RESULTS

3.1 RADIOLABELLING FORMULATION OF [®8GA]GA-DOTA-[THI8,MET(O2)*]SP

Freeze dried aliquots of DOTA-[Thi8,Met(02)']SP were radiolabelled with ®¢Ga-
eluates (616 + 148; n > 3). Reliably-high radiolabelling efficiencies were achieved
(> 90%) with colloids < 6% and uncomplexed %Ga < 3% (n > 3). High radiochemical
purity > 99% could be achieved following a rapid C18-based solid purification.3? The
final formulation of [(3Ga]Ga-DOTA-[Thi8,Met(O2)*]SP resulted in a specific activity of
13.5 £ 3.9 MBg/nmol. The final formulated products (in saline) were close to neutral
(pH of 6.5) and may contain ethanol < 5% (only in purified samples) which was

deemed safe for administration.
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Table 1: Summary of parameters evaluated to achieve injectable doses.

Parameter [68Ga]Ga-DOTA-[Thi8 Met(O2)]SP
Healthy dogs Diseased dogs

Radiosyntheses (n) 5 3
Yield (MBQ) 493 + 89 468 + 223
Available 405+ 121 443 + 165
Total activity (MBq) / dog 139 £ 49 158 £ 52
Injected dose (MBqg/kg) 46 +0.7 46 %27
Injected mass (uQ) 16.1 + 8.0 16.6 5.3
Molar activity (MBg/nmol) 17.6+£ 3.2 126 £5.3

3.2 [S8GA]GA-DOTA-[THI8,MET(O2)!]SP PET/CT IMAGING

Healthy dogs (n=6) of 20-40 kg received a 4-7 ml intravenous bolus dose of
2.3-5.2mCi (4.6 + 0.7 MBqg/kg) [(8Ga]Ga-DOTA-[Thi® Met(O2)'1]SP. Similar doses
ranging from 3.6 — 6.2 mCi (4.6 + 2.1 MBqg/kg) of [(8Ga]Ga-DOTA-[Thi® Met(O2)'1]SP
were administered to three dogs (29-55 kg) suffering from suspected osteoarthritis
characterised by chronic pain symptoms (diseased dogs). Tracer biodistribution was
demonstrated (Figure 1) using three static qualitative PET/CT image acquisitions at
29 + 6, 65 = 3 and 120 + 4 min. achieved by 3D-VOI (volume of interest) analysis for
further quantification of the activity concentration (SUVmean) in relevant organs and

tissues (Table 2).
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Figure 1: A) Veterinary-approved positioning of the animal on the PET/CT scanner bed for
ease of access. B) Maximum intensity projection PET image of the in vivo biodistribution in a
healthy dog at 60 min after injection of [$8Ga]Ga-DOTA-[Thi®,Met(O2)*]SP (urinary bladder
(UB)> kidneys (KI)> liver (LI)> intestine (IN)> heart (HE)).
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Table 2: Image-guided tracer concentration of [®¥Ga]Ga-DOTA-[Thi8,Met(O)!|SP.
Pharmacokinetic tracer profile over 120 min; normal organ/tissue uptake using semi-

guantitative image analysis (SUVmean).

Organ /Tissue [(8Ga]Ga-DOTA-[Thi8 Met(O2)]SP concentration (SUV)*

Time post tracer

o 29 + 6 min 65 + 3 min 120 = 4 min
injection

Mean SD Mean SD P?Y Mean SD PV
Blood (arcus aortae) 1.05 0.44 0.87 0.46 0.02 0.66 0.38 0.0003
Heart 1.10 0.43 0.88 0.44 0.02 0.62 0.34 0.003
Liver 3.10 0.54 3.17 0.57 2.33 0.60
Spleen 0.66 0.48 0.57 0.51 0.39 0.36 0.01
Gallbladder 1.39 0.78 1.49 0.70 1.15 0.63 0.04
Lung 0.40 0.13 0.37 0.14 0.08 0.27 0.11 0.004
Salivary glands 1.28 0.50 1.09 0.45 0.81 0.42 0.01
Brain 0.20 0.07 0.15 0.06 0.03 0.12 0.06 0.02
Thyroid 1.01 0.40 0.77 0.37 0.001 0.57 0.31 0.004
Stomach mucosa 241 0.92 1.84 0.71 1.54 0.55 0.04
Bone (femur) 0.38 0.09 0.30 0.12 o0.01 0.25 0.06 0.001
Genitals (testes, ovaries) 0.93 0.43 0.71 0.30 0.50 0.20 0.03
Muscle (reference tissue) 0.24 0.13 0.19 0.09 0.12 0.07 0.03
Pancreas 1.40 0.36 1.30 0.25 0.98 0.26 0.03
Intestines (small / large) 1.20 0.50 1.01 0.47 0.74 0.37 0.01
Kidneys ¥ 529 3.68 4.63 4.36 3.14 2.87
Bladder, urinary tract ¥ 16 14 37 47 15 14

Mean and SD are presented for n = 4-7 animals; #) Standard uptake value (g/mL); $) bladder was
drained at times for further urine analysis; 1) Student's t test (2-way-2-tailed) was used to determine
the significance (P<0.05) of the SUV values.

3.2.1 Side effects

Some animals experienced mild, transient physiological effects including increased
heart rate upon injection of the tracer which normalised very quickly thereafter. Other
observed effects included salivation, which is a known effect of SP, and defecation

(one animal only). The faeces was collected and analysed and no activity was present.
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No animals were sacrificed as a result of the study other than one dog that was

diagnosed through imaging as being in renal failure.
3.2.2 Qualitative and quantitative image analysis

Maximum intensity projection of [8Ga]Ga-DOTA-[Thi®,Met(O2)'1]SP PET/CT images
showed expected organ/tissue biodistribution with the highest tracer presence in the
urinary bladder (SUV = 37, 60 min) and kidneys because of predominant renal tracer
excretion. Considerable tracer uptake was noted in liver and stomach mucosa
decreasing over 120 min. Moderate uptake (SUV = 1.0 — 1.5, 60 min) was observed
in the gallbladder, salivary glands, pancreas and intestines. All other organs showed
negligible uptake (SUV < 1.0). Tracer washout was observed for all organs between

the 60 and 120 min imaging time points.

3.3 PHARMACOKINETICS OF [$8GA]GA-DOTA-[THI&, MET(O2)!1]SP

3.3.1 Blood activity

At nine different time points blood samples were taken and separated by centrifugation
into red blood cells (RBC) and plasma. Both fractions were weighed and measured.
Peak blood activity of the tracer was observed in the sample taken in the first few
minutes post injection. Time activity curves from both the erythrocyte and plasma
fraction (Figure 2), indicated rapid clearance of the tracer from the blood pool typically
following an exponential decrease of the initial activity within the first hour. The decay
corrected peak activity (kBg/g) levels in healthy dogs were 4.8 + 1.8 (RBC) and 6-11
times higher in plasma (44.9 + 17.4). Diseased dogs showed no significant differences
in peak activity (kBg/g) levels of 5.7 £ 3.5 (RBC; p = 0.375); 6-10-times higher in
plasma (43.4 + 27.8; p = 0.467). The pharmacological half-life (min) calculated from
regression analysis for [8Ga]Ga-DOTA-[Thi®,Met(O2)!]SP in healthy dogs was the
same for RBC 14 + 3 and plasma (14 + 4). Interestingly, [(8Ga]Ga-DOTA-
[Thi®,Met(O2)']SP tended to reside longer (19 + 3; p = 0.063) in RBC and shorter in

plasma (9 + 3, p = 0.103) of the three diseased dogs (weak statistical power).
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Figure 2: Representative time-activity-curves yielded from A) red blood cells and B) plasma
fraction using regression analysis (exponential fit). Data is corrected for volume and

radioactive decay.
3.3.2 Urinary excretion

The dominant excretion route of the tracer was renal. Time activity curves from urine
samples showed accumulating levels of [#8Ga]Ga-DOTA-[Thi8,Met(O2)]SP following
a linear incline (Figure 3). [®®Ga]Ga-DOTA-[Thié Met(0O2)']SP-based activity was
excreted (MBg/h) with varying rates (healthy dogs: 21.6 + 4.2; diseased dogs:
22.7 £ 14.4) in both populations. The total tracer activity recovery (%ID) in healthy
dogs was higher (33 - 46) than in the three diseased dogs (17 - 48; p = 0.105)

analysing all collected urine over 150 min.
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Figure 3: Representative time-activity-curve yielded from urine samples (~5 samples
depending on availability) using regression analysis (linear fit). Data is corrected for volume

and radioactive decay.

3.4 TARGETING PAIN WITH [$8GA]GA-DOTA-[THI®, MET(O2)'!|SP

Abnormal tracer uptake was observed in 3/3 dogs that were classified as “diseased”
during pre-screening. These animals were treated with pain medication and had to be
weaned off for the purpose of the study. One animal suffered from lameness in the
back legs, which was visible on the day of study. Tracer uptake was observed in
several areas including the legs, paws, hips, and shoulders. Areas presenting with
unilateral uptake of the tracer could be seen in soft tissue (Figure 4) and in bone

(Figure 5, Figure 6).

Intense unilateral [(8Ga]Ga-DOTA-[Thi®,Met(O2)']SP accumulation was particularly
noted in the hip region of a dog presenting with chronic pain and lameness in the leg
(Figure 7). The target-to-non-target (T/NT) ratios for the diseased cohort increased
from 2.15 + 0.52 at 60 min p.i. to 2.76 £ 0.72 at 120 min p.i.
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Figure 4: Representative PET/CT image slices in a) coronal b) sagittal and c) axial
orientation from a dog with symptoms of chronic pain. Unilateral tracer uptake determined in
the thigh soft tissue (arrows) at 60 min p.i. of [*3Ga]Ga-DOTA-[Thié, Met(O)*|SP.

min

Figure 5: Representative PET/CT image slices in a) axial taken from a dog with symptoms
of chronic pain. Unilateral tracer uptake determined in the bone and soft tissue of the
shoulder (arrows) at 60 min post administration of [®8Ga]Ga-DOTA-[Thié,Met(O)!|SP.
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Figure 6: Representative PET/CT image slices in a) coronal and b) axial orientation taken
from a dog with symptoms of chronic pain. Unilateral tracer uptake determined in the pelvic
bone (arrows) at 60 min post administration of [®¥Ga]Ga-DOTA-[Thié,Met(O)**|SP.
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Figure 7: PET/CT image projections (120 min p.i.) of a dog with lameness in the back leg
(ID: 166.5 MBq; [®®Ga]Ga-DOTA-[Thi®,Met(0O,)!]SP) showing intense unilateral uptake in the

hip region (arrows).

151



3.5 IMAGE-GUIDED QUANTIFICATION OF PAIN-RELATED UPTAKE OF
[3GA]GA-DOTA-[THI8, MET(O2)11]SP

PET/CT imaging of the biodistribution of [8Ga]Ga-DOTA-[Thi8 Met(O2)*]SP in
diseased dogs afforded targeting of painful loci. These painful sites were observed in
several of the joint and bone areas that could be associated with musculoskeletal
conditions such as osteoarthritic pain. SUV-based analysis of target areas (T)
assessed in relation to contralateral reference tissue (NT), demonstrated significant
accumulation of [®8Ga]Ga-DOTA-[Thi®,Met(O2)!*|SP over time (ratio =2 2), in areas

including the ankle, paw joint, humerus and pelvic bone (Figure 8).
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Figure 8: [8Ga]Ga-DOTA-[Thié Met(O)'!]SP-PET/CT image guided quantification in
pathological tissues and includes a 3D area under the curve. PET information was used to
delineate the pathological tissue and the identical contralateral reference tissue. The T/NT
ratio was obtained by dividing the SUV (decay corrected) of the pathological tissue (T) by the
SUV of the contralateral reference tissue (NT). *) significant [®®Ga]Ga-DOTA-
[Thi®,Met(O2)'*]SP T/NT ratio increase (p > 0.001) over 120 min.
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4 DISCUSSION

The SP/NK1R pathway has been implicated as playing a role in inflammation and
chronic pain related disorders® yet blockade studies using SP based NKI1R
antagonists that were intended to have an anti-nociceptive effect, have proven to have
no analgesic effect in humans. Molecular imaging modalities such as PET/CT have
the ability to visualise and provide a quantitative measurement in vivo of the function
of cellular and biological processes.®* This non-invasive assessment of NK1R
expression related to non-neuronal tissue pathology could markedly contribute to a
better understanding of SP/NK1R associated musculoskeletal disorders such as
osteoarthritis. A great advantage of PET imaging is the ability to evaluate the image-
guided in vivo biodistribution of [8Ga]Ga-DOTA-[Thi8,Met(O2)']SP. Comparison of
healthy and diseased dogs may reveal the potential of [(8Ga]Ga-DOTA-
[Thi®,Met(O2)']SP as an imaging tool for the visualisation of NK1R-mediated pain
processes. A successful tracer assessment, based on the results obtained from this
investigation would allow for prospective clinical translation of [(8Ga]Ga-DOTA-
[Thi®,Met(O2)'1]SP-PET into pain-suffering humans.

The use of animals as a comparative model for the human biological system is based
on the concept that humans and other animal species share physiological, behavioural
and other characteristics.®® As the emphasis on rapid and robust translation from
animal model to human increases, it is likely that the concept of animal modelling will
move even more towards using models that very closely mimic human conditions. This
is best observed in the use of domesticated animal species in which a specific target
disease is naturally occurring. Known as One Medicine,3¢:37 the aim of this approach
is to promote the sharing of knowledge and resources and to have a common goal of
improving the health of all species. The use of a naturally occurring disease model in
companion animals has the benefit that the animal might better reflect the complex
genetic, physiological and environmental variation that is present in humans compared
to an inbreed laboratory animal model. This implies that a canine model would be more
representative but at the same time complex in design and interpretation. These
genetically variable subjects would provide more generalised findings compared to the
inbred rodent strains that are currently being used in pain research.3® For this study

the domesticated canine model was selected because osteoarthritis is a commonly
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occurring condition in large breed dogs, particularly working dogs and would therefore
provide a close mimic of human osteoarthritis.3® The healthy and diseased cohorts are
comprised of both male and female subjects to ensure that sex bias is eliminated. This
is because many studies regarding pain perception in humans have indicated that in
general females are afflicted with chronic pain at a higher rate than men.*® The
evaluation of both sexes also allows for quantification of the radiotracer uptake in the

genitals.

Even though rat and mice model is considered the workhorse of drug discovery in
reference to pre-clinical imaging, there are many ways the biology of rodents are
limited in accurately predicting the biology and pharmacology of painful conditions in
humans.*! Studies have found that the canine gastrointestinal tract for example
corresponds closely to human tissue, both histologically and functionally. This
provides anatomical resolution that is not attainable in a rodent model.*> The
development of behavioural expressions to pain differs among species and is affected
by the different evolutionary pressures experienced. It is also common knowledge that
different species metabolize compounds differently and at differing rates.*! The larger
animal model is a more suitable fit to a clinical PET/CT camera*?® and also afforded
the opportunity to determine pharmacokinetic data from the collection of blood and
urine samples which provides valuable information on the behaviour of the tracer in

the blood and renal system. This is more difficult to achieve for small animal models.

Published approaches for the radiosynthesis of similar 8Ga-labelled peptides3?44 set
the scientific foundation for the development of a robust radiolabelling method for the
preparation of [*®Ga]Ga-DOTA-[Thi8,Met(02)!*]SP using freeze-dried aliquots of
DOTA-[Thi®,Met(O2)']SP and radioactivity from a tin-dioxide-based ®¢Ge-/®Ga-
generator. A C18-SPE-based purification yielded suitable injectable doses with an
excellent specific activity. The optimised method and formulation were used to
routinely prepare the safe-to-administer radiotracer at a near-physiological pH with
minimum salt and ethanol contents. Injected doses for both, healthy and diseased
dogs, were deemed safe and high enough to consequently yield PET images of

superior quality.
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[8Ga]Ga-DOTA-[Thi8,Met(02)*]SP-PET/CT in  healthy outbreed canines
demonstrated favourable tracer pharmacokinetics and biodistribution allowing for
further investigation in canines with suspected pain disorders. Elevated unilateral
uptake of [8Ga]Ga-DOTA-[Thi®,Met(O2)!!]SP, which increases over time, was
observed in bone and soft tissue areas that are synonymous with osteoarthritis,
including the legs, paws, hips and shoulders. SUV-based quantification of target areas
(T) were assessed in relation to contralateral reference tissue (NT). Areas identified
as having a T/NT ratio = 2 represented significant accumulation of [#8Ga]Ga-DOTA-
[Thi®,Met(O2)']SP over time of imaging. This was observed in areas including the
ankle, paw joint, humerus and pelvic bone. For areas with T/NT ratio < 2, the tracer
uptake was not cumulative over time and could therefore be attributed to an
inflammatory process or tissue perfusion. This quantitative analysis confirms the
gualitative observations demonstrating that [(8Ga]Ga-DOTA-[Thié,Met(O2)]SP is

capable to visualize unilateral pain-mediated uptake in bone- and soft tissue.

The radiotracer demonstrated elevated and persisting uptake in characteristic NK1R-
dense tissues such as the gut mucosa“*? and salivary glands. This could be considered
an indirect confirmation that substantial amounts of tracer remain intact within human
serum but requires confirmation through enzymatic stability analysis in blood. The
activity loaded organs such as kidneys, liver, gut and bladder are mostly located in the
abdominal body cavity which would be unfavourable to target NK1R expression in the
vicinity of these organs. However, pain imaging of osteoarthritic painful loci being
peripherally located, will benefit significantly from the use of this tracer as bone and

soft tissue uptake was very low.

The PET biodistribution of [8Ga]Ga-DOTA-[Thi®,Met(02)]SP may be different in
anesthetised versus conscious dogs. Anaesthesia can have a significant impact on
the cardiovascular, central nervous and respiratory system.*® [*®F]JFDG studies in
pigs*® and mice*® demonstrated deviation of the respective SUVs based on the
anaesthetic used and the organ being evaluated. Particular variations were observed
in different parts of the brain. These findings are specifically related to the impact of
anaesthesia on glucose metabolism which affects the [*®F]F-FDG uptake. Even

though this [*8F]FDG uptake is not a receptor mediated process a probable influence
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of anaesthesia should be looked into for [(8Ga]Ga-DOTA-[Thi8,Met(O2)']SP regarding

its prospective bench to bedside translation.

5 CONCLUSION

The radiosynthesis of [(8Ga]Ga-DOTA-[Thi®,Met(02)'1]SP yielded a safe-to-administer
prototype radiopharmaceutical which was successfully tested in vivo using outbreed
dogs. Favourable [®®Ga]Ga-DOTA-[Thi®,Met(O2)!']SP pharmacokinetics and
biodistribution was determined which deemed this compound suitable for imaging of
osteoarthritic pain. [8Ga]Ga-DOTA-[Thi®,Met(O2)'1]SP-PET/CT imaging may be a
powerful tool to detect NK1R-mediated tissue pain. However further investigations
should focus on correlating the NK1R expression in non-neuronal tissues with the
accumulation of [¢®Ga]Ga-DOTA-[Thié,Met(O2)']SP in vivo.
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STUDY OUTCOMES, LIMITATIONS
AND RECOMMENDATIONS

7.1 SUMMARY OF STUDY OUTCOMES

This study set out to use a suitable DOTA-conjugated Substance P(1-11)-derivative
(DOTA-[Thi8,Met(02)*]SP) for the development of an easy to perform radiolabelling
using the convenient %8Ge/®®Ga generator and safe-to administer prototype
radiopharmaceutical [®8Ga]Ga-DOTA-[Thi®,Met(O2)!*|SP. In parallel, DOTA-
[Thi®,Met(O2)'1]SP was evaluated in vitro for its potential to target and activate NK1R
and gain an understanding of its receptor selectivity, which is still lacking from previous
literature reports. Consequently, [(8Ga]Ga-DOTA-[Thié,Met(O2)']SP-PET/CT imaging
was performed with the aim to investigate the in vivo pharmacokinetics, biodistribution
and potential to target NK1R-mediated uptake in osteoarthritic foci, non-invasively.

The main results can be summarized as follows:

< DOTA-[Thi®,Met(O2)!*|SP is able to activate NK1R with a similar potency
compared to the native SP and also has greater selectivity to NK1R compared
to NK2R and NK3R.

% The structural modifications required for SP to achieve the precursor DOTA-
[Thi®,Met(O2)'1]SP (for ®8Ga-radiolabelling) did not compromise its receptor
interaction.

% An appropriate radiolabelling solution, purification method and formulation of
[8Ga]Ga-DOTA-[Thié,Met(O2)']SP was developed that provided an injectable
dose for a small population of outbred dogs, which was suitable for non-invasive
PET/CT imaging.

< [(8Ga]Ga-DOTA-[Thié,Met(O2)*]SP was rapidly cleared from the blood pool
(half-life of 10 to 15 min), followed by renal excretion, predominantly.

< Elevated unilateral uptake of [®Ga]Ga-DOTA-[Thi®Met(O2)!1]SP, which
increases over time, was observed in bone and soft tissue, particularly areas

that are synonymous with osteoarthritis.
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7.2 STUDY LIMITATIONS
7.2.1 %8Garadiolabelling and formulation of DOTA-[Thi8 Met(O2)']SP

DOTA was chosen as a chelating agent as it is known to allow universal radiolabelling
with various radiometal isotopes. However, heat incubation is required to complex the
radioisotope and this can limit heat-vulnerable peptides from being used in the
preparation as prospective radiopharmaceuticals. In this study, DOTA-
[Thi®,Met(O2)'1]SP was able to withstand the heating period for effective labelling.
Should a better radiolabelling performance be required however, SP derivatives
should rather be conjugated to other chelating agents such as acyclic chelators. On
the other hand, DOTA has the advantage of enabling theranostic labelling of

therapeutic radionuclides such as *“Lu and 2'3Bi.

Identification of possible degraded SP-derivatives (mainly suspected for [¢8Ga]Ga-
DSP-A and [68Ga]Ga-DSP-B) was restrained; the challenge came about analysing
cold samples of the components using HPLC-Mass Spectrometry (MS) to first verify
the molar masses. Preliminary MS investigations yielded results of DOTA (MW =
687 g.molt) and SP (MW = 1347.6 g.mol') corresponding accurately to their
respective masses. Due to the large molar mass of DSP-A/B and DOTA-
[Thi®,Met(O2)1]SP (> 1500 m/z), their masses could not be confirmed on our
instrument. During the MS analysis, the concentration of TFA in the mobile phase was
lowered to reduce existing MS signal suppression but this also contributed to

significant peak tailing.

Since the scope of the study included the ITLC analysis of blood and urine samples
for eventual metabolites, the enzymatic stability of [(3Ga]Ga-DOTA-[Thi,Met(O2)*]SP
was not considered to be tested in a separate blood-based assay. Unfortunately,

logistical challenges made the latter sample analyses impossible.
7.2.2 In vitro investigations for DOTA-[Thi® Met(02)!]SP

The inability to mimic NK1R expression relevant to osteoarthritic foci in vitro implies
that the results obtained from the in vitro study could not be directly linked to NK1R
expression in pain disorders. However, fundamental in vitro work was necessary to

gain a better understanding of the DOTA-[Thi8,Met(O2)']SP analogues behaviour in
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relation to the tachykinin receptor family. Literature reports in vitro studies of DOTA-
[Thi®,Met(O2)'1]SP but these were performed using isolated cells from tumours which
could have a number of different receptor-mediated processes that illicit a response in
the presence of the analogue. Furthermore, no comparison was made between the
analogue’s affinity for NK1R in relation to NK2R and NK3R. This is relevant since
interaction with the other NKRs would result in a reduced target to non-target ratio.
The benefit of the strategy employed in this study is that transfection of the receptor
into a blank, “unbiassed” vehicle provides confidence that the measured response can

only be attributed to interaction between the receptor and the ligand.

The study was not a classical binding study however the use of a transfected receptor
model was sufficient to confirm the ability of DOTA-[Thi8,Met(O2)*]SP to target and
activate NK1R. The DOTA conjugated peptide functions as an agonist at the receptor
with no antagonistic behaviour. Activation of the receptor may result in undesired
pharmacological effects. This will have to be carefully considered when attempting the
translation into a clinical setting (nuclear medicine in particular). Thus, the
characteristics of the injected dose will decide the severity of the agonistic effect.

7.2.3 In vivo application of [®8Ga]Ga-DOTA-[Thié Met(0O2)'1]SP

The inability to verify radiolabelling efficiency using HPLC can be considered a
limitation as HPLC is more sensitive than ITLC. However, during the development
phase of the tracer, the results obtained from HPLC and ITLC was checked for their
compatibilities. The variation in the data obtained from the two systems was limited to

a maximum of 15%.

Enzymatic stability (based on degradation of the peptide in the biological system due
to proteolytic enzymes) and the HPLC analysis of blood was not done. Addition of the
tracer to fresh plasma would enable determination of stability over time giving an
indication if the radiolabel would exchange with plasma proteins. Although literature
suggests that the ®°™Tc-labeled DOTA-[Thi8,Met(O2)']SP was stable in serum, this
finding may be also confirmed for [(8Ga]Ga-DOTA-[Thié,Met(O2)']SP. That being
said, the in vivo biodistribution of the tracer demonstrated elevated and persisting

uptake in characteristic NK1R-dense tissues such as the gut mucosa. This can be

166



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02’&

considered an indirect confirmation that substantial amounts of tracer remain intact

within human serum.

7.3 RECOMMENDATIONS

7.3.1 Radiolabelling and formulation of [8Ga]Ga-DOTA-[Thi8 Met(0O2)!]SP

Pre-purification of the generator-derived %8Ga-activity was not carried out prior to
preparation of [(8Ga]Ga-DOTA-[Thié,Met(O2)!SP. Including this step is a more
frequently used approach to improve the specific activity of the final product as well as
eliminate any co-eluted metals from the generator. The available procedures to
prepurify %8Ga-activity may be worth implementing, especially for future clinical
investigations. In the clinical setting, radiopharmaceutical preparations will be
undertaken using a generator that is within specification, that is, within its 9 month
GMP shelf life. Despite this, pre-purification of the generator eluate is still an
improvement that would ensure removal of unwanted metal ions and germanium-68
to assure patient safety. Even though our investigation provided a potent purification
segment, other solid phase extraction material could also be considered. A rapid and
efficient purification of the crude radiolabelling mixture is essential to improve the

specific activity of the final product.

In the radiolabelling optimization process it is proposed that freeze-dried aliquots of
the peptide is used to ensure accuracy with respect to the peptide molarity and
increase the shelf-life of the peptide. The use of this “mini-kit” also facilitated a more
straightforward radiolabelling solution. Going forward, the addition of a buffer to the
peptide in the preparation of the freeze-dried aliquot would constitute a one vial
radiolabelling kit that facilitates a more convenient radiosynthesis. Kit based
radiopharmaceuticals (similar to the 9%M™Tc based ‘shake-and-shoot’ kits and
subsequent compounding) are favourable for routine use in hospitals and radio

pharmacies.
7.3.2 In vitro investigations for [8Ga]Ga-DOTA-[Thi® Met(O2)']SP

A radioligand-based binding assay should be considered to evaluate the affinity of
[(8Ga]Ga-DOTA-[Thi8,Met(0O2)*!]SP for NK1R.
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7.3.3 In vivo application of [®¥Ga]Ga-DOTA-[Thié Met(0O2)'1]SP

An NK1R blockade study should be carried out by way of co-administering an NK1R
antagonist prior to the administration of [(8Ga]Ga-DOTA-[Thi®Met(O2)'1]SP to
determine the difference in tracer uptake (i.e. a reduction of uptake would indicate
specific binding to NK1R).

If available, the use of a small animal model such as an osteoarthritic mouse model
should be considered to afford an evaluation of the ex vivo biodistribution of [(8Ga]Ga-
DOTA-[Thi®,Met(O2)!!]SP, because unlike a dog, a mouse can be sacrificed at certain
time points to yield tissue samples for further ex vivo exploration (autoradiography,
tissue staining for NK1R). The use of a few pre-clinical models can be beneficial to the
process of translating pre-clinical findings to successful application in patients,
including drug safety. In the case of imaging non-neuronal pain loci, the complexity of

the underlying mechanism could warrant this non-invasive, holistic approach.

The PET/CT data that has been calculated from the image-guided biodistribution can
be used to determine the radiation dosimetry of [8Ga]Ga-DOTA-[Thié,Met(O2)]|SP
that will provide an estimate of organ residence times and absorbed doses to critical
organs. This is a significant parameter that would contribute towards establishing
[8Ga]Ga-DOTA-[Thi8,Met(02)']SP as a routinely acceptable nuclear medicine tool

and essential if therapeutic radionuclides were to be used in future.
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APPENDIX 1A

ANIMAL SELECTION

The study included male or female large breed young adolescent and mature canines
suffering from acute or chronic osteoarthritic pain symptoms as diagnosed in the
Onderstepoort Veterinary Academic Hospital as well as a cohort of healthy dogs with
no pre-existing health conditions. The dog owners were invited by their current
treating veterinarian to participate in the study. They were given an information leaflet
to read and an informed consent document which they had to sign if they were willing
to allow their dog to be involved in the study. Thereafter the dogs were assessed and
only dogs that appropriately fulfilled all the inclusion criteria and none of the exclusion
criteria were enrolled into the study.

1. INCLUSION CRITERIA

In order for an animal to be included in this research, the animal had to meet the

following requirements:

1.1 Dogs had to possess the clinical symptoms consistent with chronic
osteoarthritic pain.

1.2 Female dogs should not have been pregnant or nursing puppies and owners
were compelled to do their best to ensure that the dog did not fall pregnant
during the course of the study.

1.3 Female dogs were subjected to a canine pregnancy test at screening and prior
to imaging.

1.4  The dog owners were required to discontinue their dog’s pain medication from
a few days prior to the procedure.

1.5 The dog owners were required to consent to their dog undergoing the following
standard procedures:

e Receive an intravenous bolus injection of the imaging agent into a vein in

the leg.
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e A central line for the administration and maintenance of anaesthetic
throughout the procedure, as well as for the collection of blood samples.

e Acatheter insertion for the collection of urine at the time intervals previously
mentioned.

e Three PET/CT image acquisitions following [8Ga]Ga-DOTA-Substance P
injection (30, 60 and 120 min) including anaesthesia.

The dog owner was required to keep to the scheduled appointments for the

procedures.

EXCLUSION CRITERIA

Dogs were excluded from participating in this study if they presented any of the

following:

2.1 Female dogs with known or suspected pregnancy, lactation or intended
pregnancy.

2.2 Dogs receiving treatment for cancer (radiation therapy, surgery, or
chemotherapy) at the time of the study screening.

2.3 Animal owners who indicated that they have not strictly adhered to the
instruction to discontinue their dog’s medication prior to the first imaging
session.

2.4  Animal owners whose dogs were patrticipating in any other continuing pre-
clinical study at the time of this study.

2.5 Dogs with any clinical and diagnostic indications of concern (laboratory,
physical examination, other) that, in the judgement of the current treating
veterinarian, would expose the dog to unnecessary risks if the dog were to be
included in the study.

2.6  The following had also been evaluated by the current treating veterinarian and

if found to be relevant resulted in exclusion of the dog from the study:
o Current condition of the dog - health status, body condition scores

o Any pre-existing condition that might put the dog at undue risk
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WITHDRAWAL CRITERIA

An animal owner could decide at any time before or during the study to withdraw their

informed consent for their dog and thereby withdraw their dog from the study for any

reason. This had no impact on their treatment or management by the current treating

veterinarian. The investigator of the study could also withdraw dogs for the following

reasons:

a) Failure to comply with the protocol requirements.

b) Failure to complete the protocol specified evaluations.

C) Undesirable and unacceptable adverse reaction that in the judgement of the
investigator will pose an unacceptable risk to the dog.

d) Detection of a condition or disease during imaging that could be adversely

affected if the dog continues with the study. (In our study, one dog was

diagnosed with pre-existing kidney failure and had to be euthanized as a result).
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APPENDIX 1B

ANIMAL OWNER INFORMATION LEAFLET AND INFORMED CONSENT
FORM FOR PILOT STUDY / NON-INTERVENTION STUDY

TITLE OF STUDY: An imaging study of [¢3Ga]Ga-DOTA-(8,11)SP with dogs suffering

from chronic pain

PART 1: INFORMATION LEAFLET

Dear Mr./MIS. ..o, Date ......../ccccco. .

You are invited to volunteer your dog for a research study. This information leaflet is to
help you decide if you would like your dog to participate. Before you agree to participate
you should understand what is involved. If you have any questions, which are not fully
explained in this leaflet, ask your dog’s current veterinarian who has referred you to this

study.

The aim of this study is to evaluate %8Ga-Substance P as an imaging agent for chronic
pain disorders. The biological part of the test compound is already present in the nervous

systems of humans and dogs.

You will be required to take your dog off any pain treatment two weeks before the imaging

study. You must also fast your dog at least 12 h prior to the imaging session.

When your dog arrives at the Nuclear Medicine Department, your dog will be
anaesthetised and a catheter will be insertedin the vein of the leg in order to keep your
dog under anaesthetics for the duration of the procedure. Your dog will also receive an
injection of an anti-anxiety medication. A catheter will be inserted for the collection of

urine and a second catheter for the collection of small blood samples (less than half a
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teaspoon — 2 ml). Once your dog is stabilised on the camera bed, an injection of a small
dose of ®Ga-Substance P will be administered. After the injection your dog will be
scanned using a PET-CT camera that is able to detect the signals from the %8Ga that has
been injected into your dog’s body. The camera does not produce any radiation, so your
dog will not be exposed to any additional radiation while the scan is being done. Images
will be taken at 30, 60 and 120 min.

Small blood samples (2 ml each) will be taken at 5, 10, 20, 30, 60, and 120 minutes
intervals after injection. Once each scan is complete, your dogs’ bladder will be emptied
using the catheter and the urine will be collected for analysis.

Once the procedure is complete, your dog will be monitored whilst recovering from the

anaesthetic.

Female dogs must not be pregnant/nursing puppies for the duration of the study and will

be required to undergo a canine pregnancy test before each imaging procedure.

The dose of radiation given is of a tracer level and less than the dose used routinely for
imaging studies in humans in a nuclear medicine ward. %8Ga has a short half-life of 68
min and is rapidly excreted from the body, therefore the exposure to radiation is minimal.
The radioactivity is therefore not a concern and neither is the toxicity of the compound
which is given at doses far below toxicity levels.

The information obtained from your animal will be useful for further human clinical studies.

A detailed protocol of this study has been submitted to the Animal Sciences Ethics

Committee of the University of Pretoria and has received full approval.

| understand that if | do not consent for my dog to participate in this study it will
not alter the management and treatment of my dog’s existing condition by my dog’s
current treating veterinarian in any way. | may at any time withdraw my dog from

this study.
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You will not be responsible for any costs directly associated with the study. You will

receive a travel allowance of R500 to cover your expenses in bringing your dog to Steve

Biko Academic Hospital and returning home once the study is complete. Participation in
the study is entirely on a voluntary basis. Aside from the travel allowance, you will receive

no payment for involving your dog in the study.

PART 2: INFORMED CONSENT

| have read or had read to me in a language that | understand the above information
before signing this consent form for my dog to participate in the study. The content and
meaning of this information has been explained to me. | have been given the opportunity
to ask any questions and am happy that they have been answered to my satisfaction. |
was given enough time to carefully consider my decision to allow my dog to participate.

| confirm that | am over 21 years of age and the rightful owner of the dog in question and
therefore am capable of giving my consent for my dog to participate in this study. |
understand that if my dog does not participate it will not alter my dog’s current
management in any way. | understand that | can withdraw my dog from the study at any
time.

Female dogs: | confirm that to the best of my knowledge my dog is currently not pregnant
or nursing puppies. | understand that | should ensure to the best of my ability that my dog
does not fall pregnant during the study due to the possible radiation risk to an unborn
puppy. | agree that if my dog falls pregnant that | will let the investigator know
immediately.

| hereby volunteer for my dog to take part in this study. | acknowledge that | have received

a signed copy of this informed consent agreement for my own records.

Personal details of my dog:

Name:

Breed:
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Age:

Sex:

Colour:

Principle Investigator’s signature Date
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APPENDIX 1C

SCHEDULE OF STUDY EVENTS FOR PRE-CLINICAL IMAGING STUDY
WITH DOGS

Study Period Screening Weaning Imaging session
Study Week -4 -2 0

Day 1 14 1

Informed Consent X

Medical History X

Clinical X X

Assessment*

Inclusion/Exclusion | x

Concomitant X

Medication

Pregnancy test X X
Discontinue X

treatment regime

(dysplastic dogs)

Fasting X+

Imaging Agent X
Administration

Urine collection X
Blood samples X

*Temperature, pulse, respiratory rate, weight/body condition
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METHODOLOGY

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

Dog owners with dogs that possess the clinical symptoms that are consistent
with chronic osteoarthritic pain are invited by their treating veterinarian to
participate in the study during Study Week -4. The animal owners are given
the information leaflet and informed consent document for review. They are
given sufficient time to ask questions and consider the participation of their dog
in the study.

Once the animal owners sign the informed consent, their dog is assessed for
suitability against the inclusion and exclusion criteria by the principle
investigator. Only the dogs which meet the criteria are enrolled into the study.
This is within Study Week -4.

The animal owners of the enrolled dogs will be asked to discontinue the pain
medication that they are currently taking for their condition. This is Day 1 of
Study week -2 which will be on a Saturday.

On Day 14 of Study Week -2 the dogs will need to be fasted from food starting
at 10 pm that evening.

On Day 1 of Study Week 0 the dogs will be received at the Nuclear Medicine
Department of the Steve Biko Academic Hospital where they will be

anaesthetised for 150 min. During this period the following will take place:

A catheter will be inserted for collection of urine which will take place

immediately after each scan.

e A central line inserted for the maintenance of anaesthetic and collection
of blood samples.

e Monitoring apparatus for pulse and SpOs-.

e Dogs will be injected with a small dose of 8Ga-Substance P.

e Dogs will undergo PET/CT imaging 30, 60 and 120 min post injection.

On Day 2 of Study Week 0 the dogs may resume with their usual pain

treatment.
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APPENDIX 2

RADIOLABELLING DATA CAPTURE SHEET

Radiolabelling of DOTA-(8,11)SP with Ga-68 DATE:

DOTA Substance P: 50 pg (freeze dried in 100 pl of 0.01 M HCI)
Reconstituted with: 250 ul Na Acetate buffer (2.25 M, prepared ) (vortex to mix) pH =

(measure with pH strip)

Fractionated elution: 2 ml fraction activity: MBg @ (time)
8 ml fraction activity (unused): MBg @ (time)
Add pl Ga-68 and mix (vortex for afew seconds) pH=__ Activity:
MBg @ (time)
Heat for 15 mins at 95 °C Time period:
Activity after heating: MBg @ (time)
Crude ITLC result: Product % Free Ga-68 __ % Colloid ITLC result:___ %
Activity before loading: @ (time)

Purification (Sep-Pak C18 light cartridge):
Conditioned with 4 ml EtOH, 2 ml MilliQ H20

Load & rinse (1 ml saline) + 6 ml saline rinse activity: MBg @ (time)
Empty vial & syringe activity: MBg @ (time)

Empty Cartridge activity: MBg @ (time)

10 % EtOH fraction (1 ml): MBg @ (time) ITLC: %
20 % EtOH fraction (1 ml): MBg @ (time) ITLC: %
30 % EtOH fraction (1 ml): MBg @ (time) ITLC: %
40 % EtOH fraction (1 ml): MBg @ (time) ITLC: %

Formulation: 1ml 30 % EtOH + 5 ml saline = 5 % EtOH, 6ml total volume. Wet filter with little

saline, Filter (Filter: Millex GV) all 6 ml into vacu vial and then pass remainder of 1 ml saline to

rinse filter, Activity of solution: MBg @ _ (time) therefore
MBg/ml

Activity in syringe MBg @ (tme)in___ ml

Activity in empty syringe after injection: MBg @ (time)
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APPENDIX 3

SUPPLEMENTARY DATA

Supplementary Table 1: Summary of the %LE obtained from HPLC and ITLC analysis of

crude preparations of [®8Ga]Ga-DOTA-[Thié,Met(O.)]SP whilst varying reaction parameters.

% LABELLING EFFICIENCY (%LE)

PARAMETERS
n=3 HPLC ITLC HPLC ITLC HPLC ITLC HPLC ITLC
®Ga-PEPTIDE <35 3.5-4.2
ACIDITY (pH) 4814164 585304 658 78.0 12
TEMPERATURE 25™ 60 9
(°C) 0 0 578413 750805 932417 10040
5 10 15

TIME (min)

912421 970421 929410 986418 932417  98.8+1.2
PEPTIDE 9 14 28 46
MOLARITY
(nmol) 157417 277489 160436 323479 932417  988+12 87750 957419

*pH of solution prior to heating.

*At ambient temperature and t=0 there was zero radiolabelled product. The solutions were re-

analysed 180 min later and there was ~3 % radiolabelled product.
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ETHICS APPROVAL V089-14

Animal

Ethics Committee

PRCUECT TITLE

Evalvafion of an inflammafion imaging agent for vse in the
detection of fibromyalgia

PROJECT HUMBER

VOBg-14

RESEARCHER/PRIMCIPAL INVESTIGATOR

J Suthiram

STUDEMT MUMBER [where applicable)

144 645 932

[HSSERTATHOM,/THESIS SUBMITTED FOR

PhD

AMIMAL SPECIES

Canine

HUMBER OF AMIMALS

18

Approval peried to use animals for researdh/testing purposes Movemiser 2014 — November 2015

SUPERVISOR

Prof. MM Sothekge

KINDLY NOTE:

Should there be a change in the species or number of animal/s required, or the experimental procedure/s -
please submit an amendment form to the UP Animal Ethics Commifttee for approval before commencing with the

expeariment

APPROVED

24 Hovember 2014

CHAIRMAR: UP Animal Ethics Committees

Signature
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ETHICS APPROVAL V089-14 (AMENDMENT 1)

o
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A~ 4

Animal Ethics Committee

PROJECT TITLE Evaluation of an inflammation imaging agent for use in the
detection of fibromyalgia

PROJECT NUMBER V089-14 (Amendment 1)

RESEARCHER /PRINCIPAL INVESTIGATOR | J Suthiram

STUDENT NUMBER (where applicable) 144 645 932

DISSERTATION/THESIS SUBMITTED FOR PhD

ANIMAL SPECIES

NUMBER OF ANIMALS 18

Approval period to use animals for research/testing purposes May 2016 —May 2017

SUPERVISOR Prof. MM Sathekge

KINDLY NOTE:
Should there be a change in the species or number of animal/s required, or the experimental procedure/s -

please submit an amendment form to the UP Animal Ethics Committee for approval before commencing with the
experiment

APPROVED

CHAIRMAN: UP Animal Ethics Committee
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ETHICS APPROVAL V089-14 (AMENDMENT 2)
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Animal Ethics Committee

PROJECT TITLE Evaluation of an inflammation imaging agent for use in the
detection of fibromyalgia

PROJECT NUMBER V089-14 (Amend 2)

RESEARCHER /PRINCIPAL INVESTIGATOR | Mrs. J Suthiram

STUDENT NUMBER (where applicable) UP_144 645 932

DISSERTATION/THESIS SUBMITTED FOR PhD

ANIMAL SPECIES Canine

NUMBER OF ANIMALS 16

Approvat period to use animals for research/testing purposes July 2007 July 2018 -

SUPERVISOR Prof. MM Sathekge; Prof. JR Zeevaart

KINDLY NOTE:

Should there be a change in the species or number of animal/s required, or the experimental procedure/s -
please submit an amendment form to the UP Animal Ethics Committee for approval before commencing with the
experiment

APPROVED | Date 27 July 2017

Signature
{ CHAIRMAN: UP Animal Ethics Committee ﬂul"j”
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