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Abstract

Purpose
Innate immune activation plays a critical role in the onset and progression of many diseases. While
positron emission tomography (PET) imaging provides a non-invasive means to visualize and quantify
such immune responses, most available tracers are not speci�c for innate immune cells. To address this
need, we developed [18F]OP-801 by radiolabeling a novel hydroxyl dendrimer that is selectively taken up
by reactive macrophages/microglia and evaluated its ability to detect innate immune activation in mice
following lipopolysaccharide (LPS) challenge.

Procedures:
OP-801 was radiolabeled in two steps: [18F]�uorination of a tosyl precursor to yield [18F]3-�uoropropyl
azide, followed by a copper-catalyzed click reaction. After puri�cation and stability testing, [18F]OP-801
(150–250 µCi) was intravenously injected into female C57BL/6 mice 24 hours after intraperitoneal
administration of LPS (10 mg/kg, n = 14) or saline (n = 6). Upon completing dynamic PET/CT imaging,
mice were perfused and radioactivity was measured in tissues of interest via gamma counting or
autoradiography.

Results
[18F]OP-801 was produced with > 95% radiochemical purity, 12–52 µCi/µg speci�c activity, and 4.3 ± 1.5%
decay-corrected yield. Ex vivo metabolite analysis of plasma samples (n = 4) demonstrated high stability
in mice (97 ± 3% intact tracer > 120 min post-injection). PET/CT images of mice following LPS challenge
revealed higher signal in organs known to be in�amed in this context, including liver, lung, and spleen.
Gamma counting con�rmed PET �ndings, showing signi�cantly elevated signal in the same tissues
compared to saline-injected mice: liver (p = 0.009), lung (p = 0.030), and spleen (p = 0.004). Brain PET/CT
images (summed 50–60 min) revealed linearly increasing [18F]OP-801 uptake in whole brain that
signi�cantly correlated with murine sepsis score (r = 0.85, p < 0.0001). Speci�cally, tracer uptake was
signi�cantly higher in the brain stem, cortex, olfactory bulb, white matter, and ventricles of LPS-treated
mice compared to saline-treated mice (p < 0.05).

Conclusion
[18F]OP-801 is a promising new PET tracer for sensitive and speci�c detection of activated macrophages
and microglia that warrants further investigation.

Introduction
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Mounting evidence indicates that innate immune dysfunction, involving chronic activation of microglia
(myeloid cells of the brain) and macrophages (myeloid cells that typically reside in peripheral tissues),
plays a critical role in the onset and progression of many neurological diseases1–3. While positron
emission tomography (PET) imaging provides a non-invasive method to visualize and quantify innate
immune activation in the brain and periphery, most available PET tracers, such as those targeting
translocator protein 18 kDa (TSPO), are not entirely speci�c for macrophages/microglia4,5. We identi�ed
OP-801, a new synthetic polyamidoamine (PAMAM) hydroxyl dendrimer that crosses the blood-brain
barrier in the presence of in�ammation and is selectively (> 95%) taken up by reactive
macrophages/microglia6, as a promising radiotracer candidate. We developed the �rst hydroxyl
dendrimer PET tracer targeting reactive macrophages/microglia by radiolabeling OP-801 with �uorine-18
(t1/2=109.8 min) and subsequently assessed its stability in mouse plasma, followed by evaluating its
ability to detect in�ammation in the brain and periphery of mice with lipopolysaccharide (LPS)-induced
sepsis.

One key characteristic of an ideal neuroin�ammatory PET tracer is the ability to detect maladaptive
innate immune activation (activated microglia and macrophages), with high speci�city and sensitivity to
accurately inform scientists and clinicians on the spatiotemporal dynamics of toxic innate immune
responses in vivo7. The current gold-standard PET targets for imaging neuroin�ammation is TSPO, but
this target suffers from signi�cant drawbacks: of note, TSPO is expressed in multiple cell types (i.e.,
myeloid, endothelial, astrocytes, cancer) and has a poorly understood functional role in many disease
processes of interest, including neurodegeneration8. Additionally, second generation TSPO tracers have
low a�nity binding for certain patients due to a genetic polymorphism, thus limiting their widespread
implementation in clinical trials9. Other emerging neuroin�ammatory biomarkers of interest (e.g. colony
stimulating factor 1 receptor (CSF1R)10, cannabinoid receptor type 2 (CB2R)11, and P2X7) have relatively
high baseline expression levels (in the CNS and/or periphery) and are not only expressed on
microglia/macrophages, but also on astrocytes, neurons, and/or endothelial cells, meaning that PET
tracers for these targets do not enable highly speci�c and sensitive detection of innate immune cells.

Our tracer, [18F]OP-801, is a hydroxyl dendrimer made of repetitive branching units of methyl acrylate and
ethylene diamine, with a molecular weight of ~ 15000 Da. Instead of targeting a speci�c gene or protein,
OP-801 is able to cross the blood-brain barrier in the presence of neuroin�ammation and is speci�cally
taken up via �uid-phase endocytosis by activated macrophages/microglia throughout the body. The
speci�city of G4-OH PAMAM dendrimers for activated macrophages/microglia has been demonstrated
through published mechanistic studies in over 30 animal models of neuroin�ammation, including dogs
and non-human primates12–18. In particular, the selectivity of OP-801 for activated
macrophages/microglia has been shown by administering a Cy5 labelled version of OP-801 to the
aforementioned animal models and conducting �ow cytometric assays and �uorescent microscopy of
in�amed brain tissue6,19. Importantly, there has been no observed uptake of such hydroxyl dendrimers
occurring in normal cells, including oligodendrocytes, neurons, or peripheral resting macrophages19. We
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hypothesize that [18F]OP-801 can be used to non-invasively detect innate immune activation in a rodent
model of LPS-induced sepsis in tissues known to be in�amed in this model (including the brain, lungs,
and major abdominal organs). Additionally, we expect the amount of PET signal in the brain to
correspond with the severity of sepsis-induced clinical symptoms, which can be measured using a
standard murine sepsis scoring system.

Materials and Methods
Animals: Animal experiments were conducted in accordance with the Administrative Panel on Laboratory
Animal Care (APLAC) at Stanford University), which is accredited by the Association for the Assessment
and Accreditation of Laboratory Animal Care (AAALAC International). Female 4-4.5-month-old C57BL/6
wild-type mice (Jackson Laboratories) were housed in groups of 5, separated by disease category (LPS
vs saline/control) in a temperature-controlled environment under a 12-hour light/dark schedule with ad
libitum access to food and water. Female mice were selected since they typically are more resilient to LPS
than males, and thus the immune response is slightly more subtle to detect and they are more able to
withstand prolonged (> 1hr) aesthesia20,21. When indicated, anesthetization was performed using
iso�urane (2-3.5% for induction, 1-2.5% for maintenance). There were no signi�cant differences in weight
between the groups of LPS and saline mice, as determined by student’s T-test. The average weight of
mice used in this study was 21.2 ± 0.89 g and 21.2 ± 1.93 g for saline and LPS groups respectively.

Radiochemistry: [18F]OP-801 was radiolabeled in two steps: 1) Preparation of [18F]3-Fluoropropylazide
from 3-azidopropyl-4-methylbenzenesulfonate and no-carrier-added [18F]�uoride in anhydrous acetonitrile
and 2) copper-catalyzed click reaction (CuAAC) of alkyne functionalized hydroxyl dendrimer precursor
(Ashvattha Therapeutics, Inc.) with [18F]3-Fluoropropylazide in methanol (Scheme 1). [18F]Fluoride was
produced using a cyclotron (GE PETtrace) via the 18O(p, n)18F nuclear reaction, trapped on a 18F
separation cartridge (EMD), eluted with 1.0 mL of a solution containing K2CO3 (3.5 mg) and Krypto�x
2.2.2. (15 mg) in MeCN (0.90 mL) and water (0.10 mL). The mixture was heated and dried under
vacuum/helium at 88 oC for 5 min, followed by cooling down the mixture to 60 oC. A solution of 3-
azidopropyl-4-methylbenzenesulfonate (4 mg) in anhydrous dimethylsulfoxide (DMSO) (1 mL) was
added to the dried 18F/K222/K2CO3 complex and heated to 80°C for 15 min. The reaction mixture was
subsequently cooled to 40°C over 2 min, diluted with 1 mL water, and puri�ed via semi-preparative high
performance liquid chromatography to yield pure [18F]3-Fluoropropylazide (Column: Phenomenex Gemini
5 µm C18, 110 Å, 250x10mm; Mobile Phase A: Water, Mobile Phase B: Acetonitrile, Program: 10–35% in
30 min; Standard retention time: 21 min. The [18F]3-Fluoropropylazide product was diluted in 20 mL H2O
and trapped on two Sep-Pak C18 plus short cartridge (waters) and eluted with 2 mL of DMSO.

In a separate vial, a solution of the following was prepared: 1. sterile water (50 µL), 2. copper(II) sulfate in
water 10 µL of a 25 mg/mL solution), 3. benzimidazole ligand tripotassium 5,5′,5′′-[2,2′,2′′-
nitrilotris(methylene)tris(1H-benzimidazole-2,1-diyl)]tripentanoate hydrate (BimC4A)3 (Sigma-Aldrich) (10
µL of a 0.025 mg/µL solution), and 4. ascorbic acid (20 µL of a 0.2 mg/µL solution). To this solution,
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alkyne hydroxyl dendrimer precursor (3–5 mg, PANAM G4-OH alkyne10) was added. Finally, the [18F]3-
Fluoropropylazide product in 2 mL DMSO was also added, and the whole vial was stirred at 40°C for 25
min. Then, it was diluted with 2 mL water and puri�ed via semi-preparative HPLC (Phenomenex Biosec-
SEC-s-2000, 300 x 1.2 mm; Mobile Phase: 9 g/L NaCl in water; Program: isocratic at 5 mL/min, Standard
retention time: 11–14 min) to yield pure [18F]OP-801. [18F]OP-801 was trapped directly after HPLC on a
C18 plus lite cartridge (Waters) and washed with 10 mL of water, then eluted with 1mL of ethanol and
9mL of saline. The Final product was checked for chemical and radiochemical purity via analytical HPLC
(Phenomenex Jupiter 5µm C18, 300 Å, LC column, 250x4.6 mm; Mobile Phase A: Water with 0.1% TFA,
Mobile Phase B: Acetonitrile with 0.1% TFA; gradient program: 5% B hold for1 min, 5–95% in 19 min at
1mL/min; [18F]OP-801 retention time: 10 min; optimal wavelength 203nm).

Speci�c activity was determined by measuring the product area of the 203 nm peak on analytical HPLC
and computing radioconcentration by comparing the area to a standard curve and measuring the amount
of activity in a 100 µL sample.

Tracer evaluation study design: Stability of [18F]OP-801 was assessed using ex vivo plasma samples
from healthy female C57BL/6 mice (n = 4). Dynamic PET/CT imaging of female C57BL/6 mice injected
with LPS (n = 6) or saline (n = 5) was performed to determine the optimal timepoint for obtaining high
signal-to-background static scans. Static PET/CT images were acquired at the optimal timepoint of 50–
60 min post-tracer injection for all LPS (n = 14) and saline (n = 6) mice. Uptake and biodistribution of
[18F]OP-801 was quanti�ed in organs from a subset of mice (n = 7 LPS, n = 6 saline) using a gamma
counter, and further evaluated in brain regions using high-resolution ex vivo autoradiography (n = 7 LPS,
n = 6 saline). The numbers of mice analyzed for each experiment are listed in Supplemental Table 1.

Tracer stability: Formulated tracer (150–250 µCi, 25µCi/µg in saline and 10% ethanol) was injected into n 
= 4 female C57BL/6 mice by tail vein to evaluate in vivo stability of [18F]OP-801 at 150 min post-injection
using previously reported methods22. Brie�y, 300–500 µL blood samples were collected via cardiac
puncture and immediately centrifuged at 1800g for 4 min at room temperature to separate plasma. Each
plasma sample was transferred to a tube containing acetonitrile and mixed thoroughly. Water was then
added to each tube and centrifuged at 9400g for 4 min. The resulting supernatants were collected and
analyzed via the same HPLC method used for quality control of [18F]OP-801.

LPS PET/CT imaging: 24 hours after intraperitoneal administration of LPS (10 mg/kg in 100 µL saline, n 
= 14) or saline alone (n = 6), mice were anesthetized using iso�urane gas (2.0-3.5% for induction and 1.0-
2.5% for maintenance) and formulated tracer (150–250 µCi in saline and 10% ethanol) was administered
by tail vein. A 60-min dynamic PET scan was commenced just prior to tracer administration, and data
was acquired in list mode format throughout the scan using the Inveon D-PET scanner (Siemens). The
resulting data was binned and reconstructed into 19 time frames (4x15s, 4x60s, 11x300s). The PET
system can deliver 1.5mm spatial resolution at the center of the 12.7mm �eld of view. Isotropic resolution
was achieved using OSEM3D/MAP reconstruction algorithms with 18 subsets and 2 iterations and a
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matrix size of 128x128x159. Static PET images (10 min) were acquired 50 min post-injection of [18F]OP-
801. The timepoint for static brain imaging of 50–60 min post-injection of [18F]OP-801, was selected
based on statistical testing of dynamic PET data and clearance considerations. After 50 min, tracer that
has not been taken up will have already been mostly cleared to the kidney. CT scans were subsequently
collected to provide attenuation correction and an anatomic reference for the PET data using the GNEXT
scanner (So�e), by transferring the mice in the same bed used in the Inveon PET scanner to ensure ease
of co-registration. Brain PET images were quanti�ed by �rst co-registering PET and CT images followed
by �tting a standard brain atlas within the skull of each mouse (VivoQuant 4.0, inviCRO) using our
previously described methods23. PET data is expressed as a percent injected dose per gram (%ID/g).
Symptoms after LPS challenge were assessed using a standard murine sepsis score (MSS)24 (scoring
rubric in Supplemental Table 2) and three LPS-injected mice with negligible symptoms (score less than 3)
were excluded from subsequent analysis. Mice were considered “low severity” with summed total scores
between 3–6, and “high severity” with scores above 7. Four mice were imaged without scoring. After
imaging, all mice underwent cardiac puncture followed by perfusion with saline (20 mL) to remove blood
from organs to enable quanti�cation of tracer uptake in tissues of interest.

Biodistribution and autoradiography: Organs were dissected, weighed, and placed into a gamma counter
to measure radioactivity. Tracer distribution within the brain was further evaluated using high resolution
autoradiography of 40 µm-thick sagittal brain slices. Brain slices used for autoradiography were
subsequently stained with cresyl violet to enable assessment of [18F]OP-801 uptake in speci�c brain
regions; one saline and one LPS animal were excluded from all ex vivo analyses due to poor perfusion.

Statistics: GraphPad Prism (v9.01) was used to perform statistical analyses of brain atlas and gamma
counting. All data was assessed for normalization, and parametric (multiple unpaired t-tests for ex vivo
biodistribution and static PET brain atlas) and non-parametric (Mann-Whitney for all TACs and blood
signal) tests were applied. A p-value ≤ 0.05 was considered signi�cant.

Results
Radiochemistry: [18F]OP-801 was reproducibly synthesized in excellent radiochemical purity (> 95%),
speci�c activity (ranged from 52 to 12 µCi/µg over the course of the study), and yields conducive to
preclinical in vivo imaging studies (4.3 ± 1.5% yield, n = 8 syntheses, decay-corrected to the starting
�uoride ion) via a two-step synthetic process as detailed above: [18F]3-�uoropropy azide (16.7 ± 4.6%
decay-corrected intermediate yield) was synthesized using a Tracerlab FX-N radiosynthesis platform (GE
Healthcare) prior to copper catalyzed click chemistry with alkyne hydroxyl dendrimer precursor, performed
manually, to afford [18F]OP-801. The order of mixing copper(II) sulfate, (BimC4A)3, and ascorbic acid was
found to be particularly important – i.e., ascorbic acid must be added after copper(II) sulfate and
(BimC4A)3. Total synthesis time for [18F]OP-801 was approximately 2 hours.
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Plasma stability: In vivo stability of [18F]OP-801 was con�rmed in healthy mice by ex vivo detection of 97 
± 3% intact radiotracer in the plasma of mice 150 min after injection. See Supplemental Fig. 1 for HPLC
chromatograms.

Dynamic PET/CT imaging and ex vivo biodistribution studies: Whole body PET/CT images revealed
visually increased signal in tissues known to be in�amed following intraperitoneal LPS challenge,
including brain, lung, and major abdominal organs such as the liver (Fig. 1, Supplemental Video 1). There
is also elevated signal in the heart and carotid arteries of LPS-injected mice which re�ects increased
tracer in blood. PET images of saline-injected mice on the other hand show high levels of activity
primarily restricted to the kidneys and bladder, due to renal clearance of [18F]OP-801 known to occur when
it is not actively taken up by target cells (Fig. 1).Time activity curves of liver and lung reveal signi�cantly
higher PET signal in LPS- versus saline-injected mice (liver: p = 0.01, lung: p = 0.003) (Fig. 2A). Likewise,
quantitation of whole brain time activity curves demonstrated signi�cantly elevated signal in LPS- versus
saline-injected mice (p = 0.02) (Fig. 2B).Ex vivo biodistribution data con�rmed PET �ndings for saline (n = 
5) versus LPS (n = 6) mice, showing signi�cant differences in tissues expected to have elevated
in�ltrating reactive innate immune cells, including brain (9.1±19.56 LPS vs. 0.3±0.43 saline %ID/g, p = 
0.030), intestines (small: 20.4±15.56 LPS vs. 4.5±3.80 saline %ID/g, p = 0.017; large: 18.4±9.68 LPS vs.
4.8±4.07 saline %ID/g, p = 0.009), liver (27.0±30.11 LPS vs. 2.7±2.20 saline %ID/g, p = 0.009), lung
(26.2±26.47 LPS vs. 2.9±4.34 saline %ID/g, p = 0.030), spleen (21.4±18.24 LPS vs. 2.0±1.60 saline %ID/g,
p = 0.004), and stomach (13.2±7.09 LPS vs. 3.9±2.94 saline %ID/g, p = 0.017) (Fig. 3). Standard
deviations are quite high in LPS mice due to the range in MSS score (0 to 15). Standard deviations are
lower in saline mice, and within expected normal variability explained by occasional blood spots in lung
and other tissues, although the brain was always clear after perfusion.

Static PET/CT brain imaging and ex vivo autoradiography: Brain PET/CT images (summed 50–60 min)
revealed linearly increasing [18F]OP-801 uptake, shown in Fig. 4A and Supplemental Video 2, correlating
with severity of sepsis symptoms using the MSS (R = 0.854, p < 0.0001) for the mice that were scored
(Fig. 4C). Brain atlas analysis of 50–60 min summed PET images showed an increase in signal
throughout most brain regions, with signi�cant differences (p < 0.05) between LPS- and saline-treated
mice in the cortex, medulla, olfactory bulb, and pons (Fig. 4B). High resolution autoradiography overlaid
on the same Nissl-stained brain slices revealed elevated tracer signal in similar regions identi�ed through
brain atlas analysis of PET images (Fig. 5), including the cortex, olfactory bulb, and brain stem, in
addition to the cerebellum, hippocampus, white matter, and ventricles.

Discussion
In this study, we sought to synthesize, characterize, and demonstrate utility of a novel PET tracer speci�c
for activated macrophages/microglia to enable detection of innate immune activation in vivo. We
synthesized this novel hydroxyl dendrimer radiotracer,[18F]OP-801, in high purity and suitable yields for in
vivo testing and demonstrated its stability in healthy mice. Importantly, we found elevated [18F]OP-801-



Page 9/19

signal in regions/tissues known to be in�amed in mice following LPS challenge, in both peripheral and
CNS tissues, and that the extent of tracer uptake in whole brain and liver correlated with sepsis
score/severity.

[18F]OP-801 was reproducibly synthesized in two steps. Synthesis of [18F]3-�uoropropylazide was
performed on an automated GE Tracerlab synthesis platform, however, low trapping e�ciency and
subsequently low [18F]3-�uoropropylazide recovery (40–50%) was a key limiting factor in improving yield.
That is, [18F]�uoropropylazide was found to possess a relatively high a�nity for both water and
acetonitrile, necessitating reduction of both total volume and percentage of acetonitrile in the collected
product fraction following semipreparative HPLC. Preliminary screening studies to optimize trapping and
elution e�ciency demonstrate that trapping and elution e�ciency of [18F]3-�uoropropylazide is inversely
proportional to both total volume of water passed over the SepPak as well as percentage of acetonitrile
by volume. To that end, optimization studies to modify HPLC conditions to minimize acetonitrile content
in the mobile phase are underway. A second important consequence of relatively low initial yields for
[18F]OP-801 is subsequent low concentration of this key intermediate in the CuAAC reaction solution,
requiring a relatively high starting mass of hydroxyl dendrimer alkyne precursor, which in turn potentially
limits molar activity. Future studies will focus on optimizing the yield of [18F]�uoropropyl-azide to enable
reduction of starting mass of alkyne precursor without a signi�cant drop in RCY or reproducibility. Finally,
the second reaction (CuAAC to yield [18F]OP-80-1) needed to be performed manually in a fume hood and
involved addition of 18F]�uoropropyl-azide to the prepared solution of alkyne precursor and click
reagents. Efforts are currently underway to optimize and fully automate both steps so they can be
performed on the same synthesis module in a streamlined and reproducible manner.

Prior to initiating in vivo studies in LPS-injected mice, we evaluated [18F]OP-801 stability in healthy mice.
As expected, we did not see metabolic breakdown of OP-801 in HPLC analysis of ex vivo plasma
samples, consistent with previous work proving stability of hydroxyl dendrimers25 and the fact that there
are no cleavable bonds in the OP-801 structure. Importantly, the relative high signal observed in bone in
biodistribution quanti�cation is therefore not due to de�uorination but is most likely attributed to tracer
uptake bone marrow-resident myeloid cells.

Intraperitoneal injection of LPS in mice is a commonly used model to study systemic in�ammation and
microglial activation 26, and is thus well-suited for preliminary evaluation of our new tracer, [18F]-OP-801,
which is taken up by activated microglia and macrophages27. Speci�cally, we were interested in
investigating the regional uptake of [18F]-OP-801 and how the resulting PET signal relates to sepsis
symptoms following LPS challenge. The MSS is a measure of sepsis symptoms including response to
stimuli, appearance, respiration rate/quality, and level of activity/consciousness (as detailed in
Supplemental Table 2). Crucially, we found a signi�cant correlation between MSS and the in vivo uptake
of [18F]OP-801 in whole brain of LPS mice (p < 0.0001). Interestingly, for peripheral tissues, the liver was
the only organ with a signi�cant correlation between radioactive signal and MSS score (p = 0.04).
Although the spleen is an important organ in the context of LPS challenge, we were unable to accurately
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quantify the PET signal in this tissue due to signi�cant signal spillover from the left kidney, which is
adjacent to the spleen. Thus, immediately after PET imaging we removed the spleen from each mouse
and quanti�ed the radioactivity in this tissue using a gamma counter. When we compared the gamma
counting signal in spleen to MSS there was no signi�cant correlation. Taken together, our results indicate
that the in�ammation we detected in the brain and liver of LPS mice, using [18F]OP-801 is highly
associated with murine sepsis symptoms. This was not the case for other peripheral tissues collected
during biodistribution studies.

LPS-induced behavior and symptoms vary with dose, application route, and time point following
administration, among other factors28. Many studies have shown that after a single high dose of LPS,
mice exhibit cognitive and behavioral changes along with heterogeneous microglia proliferation and
activation throughout regions of the brain28. This heterogeneous activation of microglia throughout the
entire brain has previously been described, in particular in the cortex, hippocampus, cerebellar white
matter29, and circumventricular organs (CVOs) lining the ventricles30, and is consistent with the regions
we identi�ed as having high tracer signal in this study using both PET and ex vivo autoradiography.
Whole brain time activity curves were divided by heart time activity curves as an estimation for
radioactive signal in tissue versus blood over time. Of note, the level of brain/heart signal in LPS mice
remained at a relatively high and steady level compared to the declining level observed in saline-treated
mice throughout the scan. Numerically, the slope of brain/heart signal was found to be lower for LPS
compared to saline-injected mice (-0.43 versus − 0.72, Supplemental Fig. 2). Taken together, these data
indicate that the increased %ID/g in the brains of LPS mice could be due to slower washout from this
tissue, potentially due to tracer uptake in activated microglia/macrophages.

In healthy mice, rapid clearance of [18F]OP-801 was observed through the kidneys into the bladder which
is consistent with what is known about the elimination route of hydroxyl dendrimers31. Importantly, there
was no signi�cant difference in radioactive signal in the kidneys between mice injected with LPS or
vehicle, as quanti�ed by ex vivo gamma counting. Since we were unable to reliably collect urine from all
mice due to multiple mice voiding their bladders immediately prior to or after scanning, we cannot
de�nitively conclude that the clearance rate for [18F]OP-801 is the same between vehicle- and LPS-treated
mice, however our kidney data indicates that this might be the case.

The mechanism of [18F]OP-801 uptake is via �uid-phase endocytosis. [18F]OP-801 has no receptor or
ligand-binding component. In the presence of leaky vasculature, the tracer is better able to cross the
blood-brain barrier and circulate throughout the brain. Unless myeloid cells are actively phagocytosing,
the tracer will not be taken up. This speci�city for reactive microglia/macrophages has been shown in
previous publications, based on experimental evidence in > 40 models in six species 15,16,19,31. In brief,
[18F]OP-801 diffuses rapidly in tissue and clears quickly from blood and other healthy tissues. Healthy,
actively dividing cells are not quick enough to endocytose the dendrimer. At the site of pathology however,
the dendrimer gets into the affected region(s) and is selectively taken up by the reactive microglia with
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enhanced endocytosis rate. The ligand-free, biophysics-based uptake of the dendrimer is valuable from a
practical standpoint where differential receptor expression in different conditions will not affect uptake.

One key limitation of our study was the high degree of variability in symptom severity between LPS-
injected mice, which introduces a high variance into biodistribution and PET data; our plot correlating the
MSS score with uptake does address this, but mice are not strati�ed in other analyses. Future work will
include evaluating and characterizing tracer uptake and distribution in other models of
neuroin�ammation including experimental autoimmune encephalomyelitis (EAE). This will be an
important step towards our intended use of this tracer in neurological diseases in humans.

Conclusion
[18F]OP-801 has potential for highly sensitive and speci�c detection of activated macrophages/microglia
in the whole body and brain. Based on our promising proof-of-concept data in LPS mice, we are
motivated to evaluate the utility of [18F]OP-801 for visualizing innate immune activation in additional
mouse models of neuroin�ammation and for measuring response to novel immunomodulatory
treatments. We hope to use [18F]OP-801 for patient strati�cation and monitoring responses to such
therapies in the future.
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Figure 1

Whole body PET/CT images show visually higher uptake of [18F]OP-801 in multiple tissues known to be
in�amed in LPS-injected mice, including brain, liver, and lung. Conversely, signal in saline-injected mice is
restricted to bladder and kidney, re�ecting radiotracer excretion. Arrows highlight signal in organs of
interest in 2D PET images.
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Figure 2

Time activity curves of [18F]OP-801 uptake in A. liver and lung, and B. whole brain of mice treated with
saline (n=5) or LPS (n=6), liver P=0.01, lung P=0.003, brain P=0.02.
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Figure 3

Ex vivo gamma counting of blood and perfused organs from mice treated with saline (n=5) or LPS (n=6),
70 min after injection of [18F]OP-801. *: p<0.05 **: p<0.01
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Figure 4

A. Representative summed mouse brain PET/CT images 50-60 min after tracer administration and 24
hours after injection of saline or LPS (10 mg/kg). Mice injected with LPS displayed varying murine sepsis
scores indicative of their symptom severity – here we show PET images of mice with low and high sepsis
scores and demonstrate the ability of [18F]OP-801 to detect increasing levels of in�ammation in a manner
that correlates with symptom severity. B. Quanti�cation of tracer uptake in brain regions from mice
treated with saline (n=6) or LPS (n=11) using summed 50-60 min PET images. *: p<0.05 **: p<0.01. C.
Plot of LPS MSS scores versus %ID/g in whole brain from 50-60 min PET, with linear regression and 95%
con�dence intervals shown.
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Figure 5

Ex vivo autoradiography of 40 μm-thick sagittal brain slices from representative saline versus high-MSS
LPS mouse, 70 min after [18F]OP-801 injection and 25 hours after LPS administration, 20-hour exposure,
overlaid on Cresyl violet (Nissl) stain of same slice.
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