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Abstract

Overexpression of the NLRP3 inflammasome has been attributed to the progressive worsening of a
multitude of cardiovascular inflammatory diseases such as myocardial infarction, pulmonary arterial
hypertension, and atherosclerosis. The recently discovered potent and selective NLRP3 inhibitor MCC950
has shown promise in hindering disease progression but NLRP3-selective cardiovascular positron emission
tomography imaging has not yet been demonstrated. We synthesized [**C]MCC950 with no-carrier-added
[*1C]CO; fixation chemistry using an iminophosphorane precursor (RCY 45 + 4 %, >99% RCP, 27 + 2
GBg/umol, 23 + 3 min, n = 6) and determined its distribution both in vivo and ex vivo in C57BL/6 and
atherogenic ApoE’ mice. Small animal PET imaging was performed in both strains following intravenous
administration via the lateral tail vein and revealed considerable uptake in the liver that stabilized by 20
minutes (7-8.5 SUV), coincident with secondary renal excretion. Plasma metabolite analysis uncovered
excellent in vivo stability of [*CIMCC950 (94% intact. Ex vivo autoradiography performed on excised
aortas revealed heterogenous uptake in atherosclerotic plaques of ApoE”" mice in comparison to C57BL/6
controls (48 + 17 %ID/m? vs 18 + 8 %ID/m? p = 0.002, n = 4-5). Treatment of ApoE’" mice with
nonradioactive MCC950 (5 mg/kg, iv) 10 minutes prior to radiotracer administration increased uptake in
intestines (5.3 + 1.8 %ID/g vs 11.0 + 3.7 %ID/g, p = 0.04, n = 4-6) and in aortic lesions (48 + 17 %ID/m? vs
104 + 15 %ID/m?, p = 0.0002, n = 5) by 108% and 117%, respectively, without significantly increasing
plasma free fraction (f,, 1.3 + 0.4% vs 1.7 + 0.8%, n = 2). These results suggest that [*XC]MCC950 uptake

demonstrates specific binding and may prove useful for in vivo NLRP3 imaging in atherosclerosis.
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Introduction

Atherosclerosis is a chronic inflammatory disease that is characterized by the thickening and
hardening of arterial walls due to the deposition of lipids, infiltration of leukocytes, and proliferation of
vascular smooth muscle cells.%? The resulting lesions are generally asymptomatic in early stages, but
continual growth and inflammation result in the formation of unstable plaques that are prone to ruptures
and consequent angina, myocardial infarction, and sudden cardiac death.>® Increasing evidence suggests
that the progression of atherosclerosis is driven by the aberrant activation of the innate immune system

and upregulation of inflammasomes.*®

Inflammasomes are cytoplasmic multi-protein complexes found in macrophages and microglia.
They comprise oligomers of NOD-like receptor (NLR) protein, apoptosis-associated speck-like protein
containing a caspase recruitment domain (ASC), and caspase-1, a cysteine protease that processes
proinflammatory cytokines. Specifically, cytokines such as IL-1B and IL-18 are matured by caspase-1 and
are markedly upregulated in atherosclerosis due to increased expression of the NLRP3 inflammasome.*®
Extracellular danger-associated molecular patterns (DAMPs), such as free fatty acids, activate toll-like
receptor 4 (TLR4) on the surface of macrophages and induce NF-kB-dependent transcription of pro-IL-1B
and monomeric NLRP3.*” Additionally, receptor-mediated phagocytosis of cholesterol crystals or oxidized
low-density lipoprotein (LDL) destabilizes phagolysosomes, releasing cathepsin B and amplifying NLRP3
inflammasome assembly.*%” Chronic stimulation of this pathway promotes sterile inflammation and the
development of atheromas. However, NLRP3 inflammasome inhibitors have shown considerable promise

in attenuating disease progression.®14

The diaryl sulfonylurea MCC950 is a first-in-class potent and selective NLRP3 inhibitor (ICsp = 8
nM) shown to have excellent anti-inflammatory activity in vivo.'> MCC950 has demonstrated the

considerable potential of NLRP3 inhibition against a multitude of inflammatory disease models including



neurodegenerative disorders, autoimmune conditions, and cardiovascular diseases, among others.!®
While current literature suggests that MCC950 accesses the central nervous system (CNS) at therapeutic
doses,'® its recent in vivo evaluation as a positron emission tomography (PET) radiotracer revealed poor

blood brain barrier (BBB) penetration at microdoses, limiting its use for brain imaging.’

Carbon-11 is revered for isotopic labeling of biologically relevant molecules but its use is limited
by the synthetic methods available for incorporating it into diverse functional groups.'®'° Radiolabeled
sulfonylureas can be synthesized by rhodium-mediated [!C]CO carbonylation of a sulfonyl azide and an
amine (Scheme 1).2°22 However, the availability of [*'C]CO is constrained to a small number of PET
research facilities as it requires specialized infrastructure and equipment to produce. These drawbacks
are indicative of the growing need for inexpensive and efficient strategies to label sulfonylureas directly
from [*!C]CO,. Cyclotron-produced [*C]CO, can be converted into more reactive intermediates following
stepwise trapping and dehydration using phosphorous oxychloride (POCls) or Mitsunobu reagents to yield
11C-isocyanates.'®%2* |Indeed, Mitsunobu conditions were used to prepare [!CJMCC950 from carrier-
added ['!C]CO; in low radiochemical yield (RCY) and low molar activity.!” The challenge lies in the
condensation of the sterically hindered aromatic 4-amino-1,2,3,5,6,7-hexahydro-s-indacene (1) with

[*1C]CO; and addition of the weakly nucleophilic furyl sulfonamide (2) to the !C-isocyanate intermediate.



Radiolabeled sulfonylureas
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Scheme 1. Radiosynthetic methods to label *!C-sulfonylureas

Our goal was to develop a high-yielding reliable synthesis of [*'C]MCC950 using our previously
developed iminophosphorane ['!C]CO,-fixation methods,?® and to evaluate this probe for detecting
atheromas in ApoE”" mice. Our in vivo and ex vivo evaluation includes small animal PET imaging and
biodistribution to determine tracer kinetics, metabolite analysis to assess tracer stability, and
autoradiography under baseline and homologous blockade conditions to detect probe specificity towards

NLRP3-mediated inflammation in atheromas.

Materials and methods

Animal models

Male C57BL/6J (strain #000664) and ApoE” (strain #002052) mice were purchased from Jackson
Laboratory and acclimated upon arrival for 1 week. Animals were housed in groups of four and monitored

periodically until 12—-14 weeks of age. C57BL/6 mice were kept on normal chow diet whereas ApoE”" mice



were fed western atherogenic diet (TD.88137, Envigo) from 6 weeks of age. Both animal strains were
provided with free access to food and water and housed in environmentally enriched cages. Animal
handling, housing, and experimental procedures were conducted in strict accordance with the guidelines
of Canadian Council on Animal Care and received approval of the University of Ottawa Animal Care

Committee.

Synthesis of N-(triphenylphosphoranylidene)-1,2,3,5,6,7-hexahydro-s-indacen-4-amine (3)

A flame dried flask was equipped with a magnetic stir bar and charged with triphenylphosphine
dibromide (0.60 mmol) under inert atmosphere and dissolved in DCM (5.0 mL). The flask was placed in an
ice bath, and a solution containing 4-amino-1,2,3,5,6,7-hexahydro-s-indacene (1, 0.57 mmol) and
triethylamine (1.73 mmol) in DCM (5 mL) was added to the reactor in a dropwise manner over 10 minutes.
The flask was placed under reflux for 4 hours. The solvent was removed under reduced pressure, and the
product was purified by flash column chromatography on silica gel using a 0-25% hexane/ethyl acetate
gradient to give 3 as an off-white solid (247 mg, 61%). *H-NMR (400 MHz CDCls): § 7.68-7.62 (m, 6H), 7.52-
7.47 (m, 3H), 7.43-7.39 (m, 6H), 6.60 (s, 1H), 2.79-2.76 (t, 4H), 2.51-2.47 (t, 4H), 1.85-1.78 (m, 4H) ppm.
13C-NMR (100 MHz, CDCls): 6 142.8 (d,J =2 Hz), 136.4 (d, ) = 8 Hz), 134.2,,133.2,132.5 (d, J = 10 Hz), 131.2
(d,J=3Hz),128.2 (d, ) =12 Hz), 111.1, 33.5, 32.2, 25.5 ppm. 3!P-NMR (162 MHz, CDCls): 6.09 (s, 1P) ppm.

HRMS (ESI) calculated for CsoH20NP [M + H]*434.2038. Found [M + H]* 434.2043.

Radiochemistry

Radiochemistry was performed on a Synthra Mel Plus Research module. For the automated
synthesis of [*!C]MCC950, DMF and DBU were degassed using five freeze-thaw cycles prior to use.
Precursor 3 (3.06 mg, 7.07 umol) was loaded directly into the reactor. 4-(2-hydroxypropan-2-yl)furan-2-
sulfonamide 2 (5.86 mg, 28.57 umol) and KO'Bu (3.14 mg, 27.9 umol) were weighed in Teflon sealed vials

and kept under inert atmosphere. Two minutes prior to the end-of-bombardment, 2 was dissolved in 100



uL of DMF and added to the vial containing KO'Bu. After mixing for 30 seconds, the solution was loaded
into the reactor, followed by the addition of DBU (7.46 pL of a 10 pL/mL solution in DMF, 9.97 umol). The
reaction vessel was tightly sealed, and a stream of helium was swept through the reactor after loading.
[*1C]CO, was trapped in a steel coil at -180 °C, which was subsequently heated to 25 °C under a stream of
helium at 3 mL/min to release ['!C]CO; into the reaction solution until peak activity. The reactor was then
heated to 120 °C for 3 min prior to addition of 800 uL of mobile phase. For optimization studies, 900 pL of
DMF was then added to the reactor and the resulting solution was transferred to a glass vial fitted with a
vent needle. The crude reaction was sampled, diluted with water, and analyzed by radioHPLC.
Radiochemical conversion (RCC) was determined by integration of radiation detector chromatograms. For
preparative studies, the crude reaction mixture was purified by HPLC: Nucleodur C18 Pyramid 7 um, 250
x 10 mm eluted with 30% ACN/50mM NH4OAc at 5 mL/min (retention time 6—9 min). The product was
collected in a bulk vessel loaded with 25 mL of H,0O and passed through a Sep-Pak C18 Plus Light cartridge.
The cartridge was washed with 10 mL of H,0 and eluted with 1.5 mL of EtOH. 13.5 mL of saline was added
to the vessel and the contents were passed through a 0.22 um sterile filter. The identity was established
by co-injection with the cold standard using a Waters 2695 Alliance HPLC equipped with a Phenomenex
Luna 10 pm C18(2) (100 A, 250 mm x 4.6 mm) column, a 996-photodiode array detector (Waters), and a
Carroll & Ramsey Associates 105-S high-sensitivity radiation detector. Gradient: 80/20 H,O/ACN for 2 min,
linear gradient to 35/65 over 8 min, 35/65 for 2 min, linear gradient to 80/20 for 1 min, 80/20 for 7 min.
RCY and A, values are decay-corrected to end-of-synthesis (EoS). TE was determined from decay-
corrected measurements of activity in the steel coil and activity trapped in solution following delivery of

[*1C]CO; into the reactor.



PET imaging

C57BL/6 and ApoE”" mice (12—14 weeks old, 30-45 g) were anesthetized with isoflurane (3%) and
placed on the bed of a PET scanner. Following a 10-minute transmission scan, animals were injected with
[*ICIMCC950 (13 MBgq) as a bolus via the lateral vein and maintained under isoflurane during the
acquisition. Whole body PET scans were performed for 60 minutes (4 x 15 s frames; 4 x 1 min frames; 10
x 5 min frames) using a Siemens Inveon DPET scanner. The collected emission data were corrected for
scatter and attenuation, and reconstructed using the 3-dimensional ordered subsets expectation-
maximization/maximum a posteriori (3D-OSEM/MAP) algorithm. Volumes of interest (VOI) were drawn in
AMIDE to obtain time-activity curves. Uptake values were obtained in nCi/cc and converted to SUV using

total injected dose and animal bodyweight.

Ex vivo biodistribution and autoradiography

C57BL/6 and ApoE’ mice (12—14 weeks old, 30-45 g) were anesthetized with isoflurane (3%) and
received lateral tail vein injections of 37-44 MBq of [*'C]MCC950 in 0.1-0.2 mL ethanolic saline (10%
ethanol in 0.9% sodium chloride). For animals requiring pharmacological challenge, nonradioactive
MCC950 (5 mg/kg, 0.9% sodium chloride) was injected via the lateral tail vein 10 minutes prior to
radiotracer injection. Fifteen minutes after tracer injection, blood was collected via cardiac puncture and
mice were sacrificed by myocardial perfusion. Organs of interest were excised, rinsed in water, weighed,
and counted for radioactivity using a Hidex Automatic Gamma counter (energy window: 350-650 keV).
Counts per minute (cpm) were converted to activity (nCi) using calibration standards of known activities.
Percent injected dose (%ID) was calculated by dividing organ counts (nCi) by the injected dose and further
normalized by organ weight to obtain percent injected dose per gram tissue %ID/g. In parallel, aortas
harvested from biodistribution were exposed to a super-resolution Storage Phosphor Screen (BAS-IP SR

2025E) in an electrophoresis Systems Autoradiography Cassette (FBXC 810) for 5 h. The screen was



scanned with a Cyclone Plus Storage Phosphor System and images were analyzed using OptiQuant
software by drawing aortic arch regions of interest (ROI) that were ORO positive. Digital light units (DLU)
were converted to activity (nCi) using calibration standards of known activity. %ID was determined by
dividing lesion activity by the injected dose and further normalized by area to obtain activity density in

units of %ID/m?.

Plasma metabolite analysis

Blood samples collected from cardiac puncture at 15 minutes after tracer injection were placed
in heparinized tubes and centrifuged at 4 °C for 7 minutes at 4000 rpm to obtain plasma samples. Protein-
free plasma (PFP) was obtained by adding an equal volume of ice-cold ACN, followed by centrifugation at
4 °C for 5 min at 4000 rpm. The supernatants were collected, pooled together, and then filtered through
a 0.22 um filter, spiked with nonradioactive standard (10 pL, 1 mg/mL), and injected onto the analytical
radioHPLC. Fractions were collected every minute for 20 minutes and the total activity in each fraction

was determined by gamma counting.

Plasma free fraction

ApoE’ mice (12-14 weeks old, 30-45 g) were anesthetized with isoflurane (3%) and received
lateral tail vein injections of either cold MCC950 or saline. After 25 minutes, blood was collected via
cardiac puncture and the animals were sacrificed. Blood samples were placed in heparinized tubes and
centrifuged at 4 °C for 7 minutes at 4000 rpm to obtain plasma samples. Samples were stored at -20 °C
prior to use. [1!C]MCC950 (3.7 MBq) was added to each sample plus an additional sample containing only
PBS and incubated at 37 °C for 10 minutes. The total radioactivity of each sample was measured on a
gamma counter. Following incubation, samples were passed through a cellulose centrifugal filter unit with

a 30,000 MW cut-off (Centrifree®, Millipore). The filtrate containing plasma free fraction was collected



into a vessel and measured on a gamma counter. The decay-corrected ratio of activity that passed through

the filter was calculated and converted into a percentage.

Statistical analysis

Statistical analysis was performed using GraphPad Prism. Data are presented as mean * standard
deviation. Differences between multiple groups were tested using 1-way or 2-way ANOVA with Tukey’s

multiple comparison test. Significance was set at the 0.05 level.

Results

Radiochemistry

Our recent work highlighted the versatility of iminophosphoranes in synthesizing 'C-labeled
compounds, including the sulfonylurea [*!C]glyburide in high yield and molar activity, and prompted us to
target [Y'CJMCC950 using this methodology. Indeed, the precursor iminophosphorane (3) was easily
prepared from commercially available 4-amino-1,2,3,5,6,7-hexahydro-s-indacene (1) and
triphenylphosphine dibromide in 63% yield using the Kirsanov reaction (see ESI). After combining 3 with
furyl sulfonamide 2 and [*1C]CO, under our previously optimized conditions, we observed an appreciable
42 + 3% radiochemical conversion (RCC) to [**C]MCC950 with excellent trapping efficiency (TE, Table 1,
entry 1). Increasing the reaction temperature to 120 °C improved the RCC to 72 + 2% and lowering the
concentration of iminophosphorane led to a reduced 52 + 4% RCC (entries 2-3). Higher temperatures
facilitated product formation under low precursor loading conditions (entry 4). Reducing the
concentration of DBU depressed RCC to 56 + 2% while retaining the TE. However, the weaker base DABCO
diminished the RCCto 9 + 2% and TE to 52 + 4% (entry 6), in-line with our previously obtained results using

aryl iminophosphoranes. RCC, but not TE, could be restored in the absence of base (entries 7-9). Due to

10



both milder reaction conditions and quantitative TE, entry 2 was chosen as the optimal conditions for

radiotracer production.

Table 1. Optimization of reaction conditions

Entry Deviation from original conditions* RCC (%)®  TE (%)°

1 none 42+3 9912
2 120 °C 722 99+1
3 35mM3 52+4 99+3
4 45 mM 3, 150 °C 63+3 99+0
5 50 mM DBU 562 99+2
6 DABCO 9+2 54+1
7 no base, 120 °C 42 +3 52+2
8 no base, 150 °C 56+2 58+1
9 no base, 88 mM 3, 150 °C 82+3 58+2

0riginal conditions: 70 mM 3, 285 mM 2, 100 mM DBU, KO'Bu
280 mM, 100 puL DMF, 100 °C. n = 2 per entry. PRCC was
determined by integration of radioHPLC chromatograms of the
crude product. ‘TE was calculated from decay-corrected
measurements of initial [*1C]CO; activity and activity trapped in
reactor.

The radiosynthesis of [*'*C]MCC950 was then performed using a fully automated method on a
Synthra Melplus Research module. From 25.9 GBq of [*'C]CO,, we obtained an isolated RCY of 45 + 4%
(5.18 £ 0.5 GBg) and molar activity (Am) of 27 + 2 GBg/umol within 23 min (Scheme 2), which is suitable
for preclinical evaluation. [!CJMCC950 identity was confirmed by coelution with a nonradioactive

standard on analytical HPLC, and radiochemical purity was observed to be >99%.

5P | lsolated RCY: 454 % |

N= "Ph O\\S//o 00 9 ! RCP: >99%

\ 11 x ; Tsynth: 23 £ 3 min
~ NH [''C]CO,, DBU HO A N N ' Synth
+ HO 2 ‘ :
\_0 KO'Bu, 120 °C, 3 min N\ H H b Ami2722 %Bq/“m'

: n= ‘
3 2 ["'cIMcc950 ' LogD7 4: 0.24 £ 0.002 (n = Z)J

Scheme 2. Automated radiosynthesis of [1C]MCC950.
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LogD

Radiotracer lipophilicity was measured by the shake-flask method?® to uncover the
physicochemical properties of the tracer. At physiological pH, [1!CIMCC950 bears an anionic charge, and
was thus observed to have low lipophilicity (LogD7.4 = 0.24 £ 0.002), despite its hydrophobic hexahydro-s-

indacene and furan ring systems.

PET imaging and biodistribution

Dynamic PET scans were performed to assess the distribution of [**C]MCC950 in C57BL/6 controls
fed normal chow diet, and ApoE/ mice fed Western diet from 6 weeks of age (Figure 1). Blood radioactivity
was estimated by VOI placed over the left ventricular cavity. In both strains of mice, blood activity rapidly
declined and stabilized at 0.3—-0.4 SUV by 10 min. In addition, [**C]MCC950 rapidly accumulated in the
liver and stabilized by 20 min (7-8.5 SUV). No significant differences in tracer kinetics were observed
between C57BL/6 and ApoE”" mice. As previously observed, [*!C]MCC950 exhibits no uptake in the brain,
and this finding appears to be independent of molar activity.!” Indeed, other radiotracers containing
sulfonylureas have also been shown to have low BBB penetration in animals and humans, likely due to

their unfavorable physicochemical properties.?”*®

12
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Figure 1: Dynamic PET imaging of [*!C]MCC950 in mice. Summed (0-60 min) coronal PET images and

time-activity curves for (A) C57BL/6 and (B) ApoE”" mice (n = 2 per group).

To determine tracer uptake and the extent of specific binding in lesions, we performed ex vivo
biodistribution 15 minutes after radiotracer iv tail vein injection, followed by autoradiography of aortas
under baseline and blocking conditions. At baseline, C57BL/6 and ApoE” mice predominantly exhibited
hepatic (52.7 + 16.6 %ID/g vs 24.9 £ 10.3 %ID/g, p < 0.05), renal (4.0 £ 0.3 %ID/g vs 8.2 + 4.3 %ID/g), and
intestinal (3.7 £+ 0.6 %ID/g vs 5.3 + 1.8 %ID/g) clearance (Figure 2). Blood radioactivity concentration was
similar in C57BL/6 (5.5 + 3.9 %ID/g) and ApoE”" mice (4.2 + 1.3 %ID/g). Consistent with our in vivo findings,

limited uptake of the tracer (<2 %ID/g) was observed in the myocardium, brain, and remaining organs.

13
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Figure 2. Ex vivo biodistribution of [**C]MCC950 15 minutes after radiotracer injection. Two-way ANOVA:

*P =0.04, n = 4-5 per group

Homologous blockade was performed in ApoE”- mice using nonradioactive MCC950 (5 mg/kg, iv)
10 minutes prior to administering the radiotracer (Figure 2). Intestinal uptake was increased by two-fold
in MCC950 treated mice (11.0 + 3.7, p < 0.05). Otherwise, minimal differences were observed between

organs under blocking conditions.

Autoradiography

Following ex vivo biodistribution, aortic arch uptake of [C]MCC950 was visualized by
autoradiography and displayed regional uptake in lipid rich Qil red O (ORO) positive atherosclerotic lesions
(Figure 3). [*'C]MCC950 was found to have 2.7-fold higher uptake in ApoE”" mice compared to C57BL/6
controls (48 + 17 %ID/m? vs 18 + 8 %ID/m?, p = 0.016 ). Increased uptake in the lesion aligns with expected
findings, as mice kept on Western diet overexpress NLRP3 and its respective inflammasome
components.’®?° In order to determine if tracer uptake within the lesion is specific, homologous blocking

was performed as previously described. Animals pretreated with MCC950 displayed a further 2.2-fold

14



increase in plague uptake in comparison to untreated animals (104 + 15 %ID/m? vs 48 + 17 %ID/m?, p =

0.0002).
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Figure 3. Ex vivo aortic autoradiography of [**C]MCC950. (A) Representative ORO brightfield images and

autoradiograms after intravenous injection of 37 MBq [*'C]MCC950 in ApoE”- mice. Homologous blockade

was performed with nonradioactive MCC950 (5 mg/kg, iv) 10 minutes prior to tracer administration. (B)

[**C]MCC950 aortic lesion uptake in C57BL/6 and ApoE”" mice. One-way ANOVA: ***P = 0,0002, *P =

0.002, n = 4-5 per group.

Table 2. [*1CJMCCI50 plasma stability?

Fraction C57BL/6  ApoE”’ baseline  ApoE’ block
Parent radiotracer 92% 94% 93%
Polar metabolites 6% 4% 5%
Non-polar metabolites 2% 2% 2%
Extraction efficiency 92% 91% 92%
Plasma free fraction® n.d. 1.3+0.4% 1.7 +0.8%

2Percent parent compound of total radioactivity obtained for pooled samples
following intravenous tracer administration (n = 5 per group).
Determined in vitro (n = 2 per group).
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Plasma metabolite analysis

Whole-blood samples collected from ex vivo biodistribution at 15 minutes post-injection were
pooled for plasma metabolite analysis using fractional radio-HPLC followed by gamma counting. In
C57BL/6 and ApoE”/mice, 92-94% of the plasma radioactivity corresponded to intact [*'C]MCC950, and
blocking conditions were observed to have no effect on the metabolic stability of the parent tracer (Table
2). The major metabolite under all conditions was observed to be polar, consistent with previously
reported stereospecific ring hydroxylation on the hexahydro-s-indacene moiety.3® Plasma free fraction
(fo) was then measured for ApoE”" mice under baseline and blocking conditions (Table 2). Under baseline
conditions, 1.3 + 0.4% of the tracer was unbound, and blockade with cold MCC950 (5 mg/kg, iv) led to a

moderate but not statistically significant increase of f, to 1.7 £ 0.8%.

Discussion

MCC950 is a first-in-class NLRP3 inhibitor which has demonstrated considerable promise in
resolving inflammation in conditions as diverse as neurodegenerative disorders, myocarditis, and
atherosclerosis.1%121>31735 Tg evaluate the brain uptake of this inhibitor and to develop a tool for
measuring target engagement, Hill et al. radiolabeled [**C)MCC950 at low molar activity for PET imaging
in several species and found poor brain uptake.” Xu et al. labeled NLRP3 inhibitors lacking the
sulfonylurea moiety, which were observed to have moderate brain uptake (<1.5 SUV).3® Despite its lack of
CNS penetration, [**C]MCC950 and its derivatives could have profound applications in imaging NLRP3

mediated-inflammation in the periphery.

In atherosclerosis, MCC950 has displayed remarkable use as a therapeutic in significantly reducing
plague area, diminishing the concentration of pro-inflammatory cytokines and macrophages, and
improving the lipid profile in ApoE” mice.*>3” Previous reports have identified cholesterol crystals in early

stages of lesion development to trigger NLRP3-mediated inflammation that is sustained and worsens with

16



greater plaque progression.3® Furthermore, NLRP3 expression is observed to be significantly higher in
unstable plaques in comparison to stable lesions and has been significantly correlated with atherosclerosis
severity scores in humans.>® As an imaging probe, MCC950 may prove useful in visualizing upregulated

NLRP3 expression, discriminating stages of lesion development, and determining plaque stability.

In this work, we prepared [*XC]MCC950 with improved molar activity using an operationally simple
iminophosphorane precursor for no-carrier-added [*!C]CO,-fixation and evaluated it in a widely used
mouse model of atherosclerosis. [*!C]MCC950 shows predominant distribution to the liver in both
atherosclerotic and control animals, with no accumulation within the brain and fast clearance from other
organs. It is highly stable in circulation and is taken up into lipid-rich inflammatory lesions in the aorta.
Pretreatment with nonradioactive MCC950 has minimal effect on tissue distribution but augments

atherosclerotic lesion uptake by more than two-fold.

Increased uptake in target organs following receptor blockade has been described in the
development of CNS radiotracers. This phenomenon may occur due to an increase in radiotracer f, as a
result of plasma protein occupancy by the homologous blocking agent.*® Consequently, organ activity
must be normalized by metabolite-corrected plasma radiotracer levels for accurate estimation of target
binding parameters. For example, homologous blockade of the as-adrenoceptor antagonist
[*1Clyohimbine in the rat brain with 0.3 mg/kg of the reference standard decreases binding potentials by
50-60%, but the effect on activity uptake is masked by increased f, due to saturation of plasma protein
binding sites.** In addition to plasma normalization, biochemical mechanisms may also explain increased
uptake following blockade. Treatment of non-human primates with 4-aminopyridines prior to imaging
with the K* channel blocker [*®F]3F4AP increases volumes of distribution in the brain.*? An increase in
neuronal firing and open, bindable channels is proposed to account for the unanticipated observation.
Self-blockade of certain radiolabeled mGIuR2 positive allosteric modulators decreases activity uptake

across brain regions yet increases volumes of distribution in these same regions. Yuan et al. suggest

17



receptor potentiation towards binding, nonspecific binding, and ligand cooperativity as possible
explanations.*** Indeed, similar mechanisms may be at play in the observed increased tracer uptake to

aortic plaques following blockade with MCC950.

We surmised that increased plaque uptake of [1C]MCC950 following homologous blockade may
be due to drug-induced inflammasome deactivation. The active NLRP3 inflammasome has been reported
to undergo a conformational shift promoting disaggregation upon incubation with MCC950, theoretically
increasing the number of NLRP3 monomers available for radiotracer binding.*> Non-specific binding of the
tracer is unlikely to contribute to the higher signal observed following blockade based on a moderate 1.3-
fold increase in f, at this dose, compared to 2.2-fold higher tracer uptake in lesions. Accordingly, the more
probable hypothesis to explain the observed increased uptake following pretreatment remains an
increase in specific binding in plaques. The nature of [*XC]MCC950 binding to atherosclerotic plaques in
vivo could be further evaluated by quantification of NLRP3 monomer concentrations and by challenge
dosing with structurally distinct, potent and selective direct NLRP3 inhibitors. Such tools are unfortunately

not yet available.

Conclusions

In this study, a high-yielding radiosynthesis for the lead sulfonylurea NLRP3 inhibitor [**C]MCC950
was developed, enabling preclinical evaluation of this compound for imaging atherosclerotic plaques.
Radiotracer kinetics were determined by in vivo dynamic PET imaging and revealed rapid uptake in the
liver and prominent renal excretion. Ex vivo biodistribution was also performed at 15 minutes and
corroborated these findings. [*'CJMCC950 stability studies displayed >90% of the parent tracer intact in
plasma, with no differences observed between animal strains. Measurements of f, demonstrated 1.3
0.4% of the parent unbound to plasma proteins, and a minor increase to 1.7 + 0.8% unbound following

homologous blockade. Last, ex vivo autoradiography displayed heterogeneity of lesions within the aortae
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of ApoE”" mice, and blockade with cold MCC950 increased plaque uptake by 2.2-fold. Increased retention
of the tracer within the lesion following attempted homologous blockade is likely due to a biochemical
disaggregation of NLRP3 oligomers, consequently increasing the available monomeric binding sites for
[F1CIMCC950. This tracer successfully visualized aortic atherosclerotic lesions ex vivo and represents the
first XC-labelled sulfonylurea to be evaluated for cardiovascular plaque imaging. Further studies are
warranted to explore these findings. The availability of a readily accessible method to synthesize labeled
sulfonylureas directly from ['!C]CO, could enable in vivo assessment of novel NLRP3 inhibitors and assist

in the development of inflammasome-targeted therapies for inflammatory diseases.
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