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Synucleinopathies are neurodegenerative diseases characterized by the presence of brain inclusions containing
the pathologically aggregated protein a-synuclein. The development of a positron emission tomography tracer
to detect aggregates of misfolded a-synuclein could revolutionize early diagnosis, disease monitoring, and the
evaluation of therapeutic efficacy. Here, we present the development, preclinical validation, and first-in-human
evaluation of [''CIMODAG-005. In vitro binding experiments demonstrated subnanomolar binding affinity to
recombinant a-synuclein fibrils and to a-synuclein inclusions in human brain tissue. Specific binding in multiple
system atrophy (MSA) brain tissue was detected using autoradiography and microautoradiography and was vali-
dated through immunostaining. In vivo, [''CIMODAG-005 showed good brain penetration, rapid clearance from
brain tissue, and low metabolite formation in rodents and nonhuman primates. In addition, a pronounced binding
and a good signal-to-noise ratio were achieved in an a-synuclein fibril-injected rat model and in an a-synuclein
(A30P) transgenic mouse model in correlation to the pathological load. To validate the potential of [''CIMODAG-005
for therapeutic development, we showed target engagement of the drug candidate anle138b in the brain tissues
from a-synuclein (A30P) mice and patients with multiple system atrophy as well as in vivo in a-synuclein fibril-
injected rats. Last, first-in-human imaging demonstrated [''CIMODAG-005 binding in brain regions affected by
a-synuclein pathology in patients with clinically established MSA cerebellar type, MSA cerebellar and parkinsonian

type, and Parkinson’s disease.

INTRODUCTION

Synucleinopathies, such as Parkinson’s disease (PD), dementia with
Lewy bodies, and multiple system atrophy (MSA), are neurodegen-
erative diseases that pose a substantial threat to our aging society. A
definitive diagnosis is now only possible by postmortem autopsy (I).
Their shared neuropathological hallmark is the presence of misfolded
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a-synuclein (x-Syn), which appears with a spatial distribution in the
brain that depends on the stage and type of disease. The accumula-
tion of pathological a-Syn begins years before the onset of the first
(motor) symptoms and would therefore be an excellent biomarker
for early detection and monitoring of disease progression (2).
Positron emission tomography (PET) is a noninvasive imaging
technology that traces a radioactively labeled molecule designed for
a certain biological target in vivo (3). In Alzheimer’s disease (AD),
the development of PET tracers targeting amyloid-p (Ap) and tau
aggregates has greatly advanced our understanding of the time
course of aggregation and the regional spread of pathology, revolu-
tionizing the early diagnosis of AD and the assessment of therapeu-
tic effects. Several small molecules targeting a-Syn aggregates have
been developed over the past decade, with a few of them being stud-
ied in human participants (4-9). Nonetheless, none of these mole-
cules has been translated into clinical applications so far. Compared
with AP and tau, researchers have encountered considerable chal-
lenges in their search for an a-Syn PET tracer, mainly because of the
low availability of the target, which requires a highly specific mole-
cule with little to no background binding. In addition, misfolded
a-Syn contains -sheet secondary structural elements that resemble
those of other misfolded peptides and proteins, such as Af or tau,
which are also found as copathologies. Fibril polymorphism is an-
other challenge that further complicates the development of a spe-
cific and selective radiotracer because of the multiple conformations
of a-Syn fibrils (10, 11). Because a-Syn aggregates are located intra-
cellularly, a molecule that penetrates both the blood-brain barrier
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and the cell membrane is required. Furthermore, the highly com-
plex structure of Lewy bodies, consisting of lipophilic organelles
and membrane fragments, presents an additional barrier to a-Syn
fibril binding (12).

We previously developed two radiolabeled a-Syn-targeting trac-
ers that are structurally derived from the lead compound anle138b
(emrusolmin) (13): anle253b and its successor MODAG-001 (14, 15).
MODAG-001 exhibited high affinity for recombinant a-Syn fibrils
and a favorable in vivo pharmacokinetic profile, and it was able
to detect injected recombinant a-Syn fibrils in rats (14). In pigs,
(d3)-["'CIMODAG-001 had excellent brain kinetics and a confirmed
specific binding in an a-Syn pig model in vivo (16). However, in
human brain tissue, no to only very low binding could be observed
because of its high nonspecific binding, lowering the signal-to-noise
ratio (SNR) in the target tissue. Nonetheless, its high affinity and
promising pharmacokinetic properties formed the basis for the
development and testing of next-generation compounds with re-
duced nonspecific binding. Here, we report the development,
preclinical evaluation, and first-in-human study of an a-Syn PET
tracer candidate, [''CIMODAG-005, the demethylated form of
[''CIMODAG-001.

RESULTS

[*’HIMODAG-005 shows binding specificity for recombinant
human «-Syn fibrils in cell-free assays

A competition binding assay using ["HJMODAG-001 as the refer-
ence compound was performed to evaluate the binding affinity of

MODAG-005 toward o-Syn fibrils and revealed a high binding af-
finity [inhibition constant (K;j) = 0.4 nM] for MODAG-005 (Fig. 1A).

In vitro binding affinity of [*'HIMODAG-005 to a-Syn fibrils and
selectivity over tau and Ap,.4; fibrils were determined using satura-
tion binding assays (n = 3). Binding specificity and selectivity, which
is shown in the binding potential [BP = B,,y/dissociation constant
(K4), where B refers to the number of binding sites], was highest
toward a-Syn fibrils (BP = 33), which is 200-fold higher compared
with tau (BP = 0.17) and 6300-fold higher compared with Ap;_4, fi-
brils (BP = 0.0052) (Fig. 1B). ["HIMODAG-005 showed a very high
affinity toward oa-Syn fibrils (Kg = 0.2 + 0.03 nM) with low nonspecific
binding (Fig. 1C). A 36-fold and >100-fold lower affinity was observed
toward tau (K4 =7.1 + 0.7 nM) and AP;_4 (Kg =21 + 7.7 nM) fibrils,
respectively (Fig. 1, D and E). MODAG-005 was further tested for
off-target binding in a Cerep panel, and no relevant off-target bind-
ing was identified. Specific focus was put on monoamine oxidase B
(MAO-B) because this was reported to be overexpressed in several
proteinopathies (17). The median inhibitory concentration (ICs)
value for MAO-B was 0.8 pM.

[*’HIMODAG-005 binds specifically to a-Syn pathology in
human and mouse brain tissue

Figure 2 and fig. S1 show ["HJMODAG-005 autoradiography and
a-Syn pSer'*® immunofluorescence microscopy images of the cere-
bellar cortex tissue from two donors with MSA and two control do-
nors (see table S1 for an overview of the human tissues used). In
macroscopic autoradiography, MSA tissue showed specific bind-
ing of ["HJMODAG-005 in the white matter of the cerebellum and
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inding; SB, specific binding; TB, total binding.
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Fig. 2. *(HIMODAG-005 binds to «a-Syn pathology and demonstrates target engagement of anle138b in postmortem human MSA brain tissues. (A and B) Macro-
scopic autoradiographs showing binding of PHIMODAG-005 to MSA white matter with verified a-Syn pathology (A) and control tissue with the absence of pathology (B).
Pathology in tissue was verified by immunofluorescence of a-Syn pSer'?® (green) and DAPI (blue). Scale bars, 1 mm. All tissue sections were incubated in the presence of
3 nM [*HIMODAG-005 and 3 M MODAG-005 for blocking. (C) Quantitative analysis of autoradiography [P = 0.0003, n = 2 biological replicates, N = 1 independent ex-
periment with different regions of interest (ROIs) in the same sample; two-way unpaired t test with Welch’s correction]. (D) Scatchard plot based on calculated specific
binding revealing two binding sites in MSA tissue. (E) Saturation binding curve showing the high-affinity binding site in MSA tissue (n = 1 biological replicate, N =1 inde-
pendent experiment for each tracer concentration with different ROIs in the same sample). (F) Macroscopic autoradiography illustrating successful blocking of BH]
MODAG-005 by anle138b in MSA white matter. Tissue sections were incubated in the presence of 3 nM [*HIMODAG-005 and 3 pM anle138b for blocking. (G) Competition
binding with anle138b in MSA tissue (n = 1 biological replicate, N = 1 independent experiment for each tracer concentration with different ROIs in the same sample).
(H) Microautoradiography (60 nM [3H]MODAG—005, silver grains) with immunohistochemistry of a-Syn pSer129 or MAO-B (red) showing the specificity of tracer binding to
a-Syn pathology. Scale bars, 100 pm (gray boxes) and 25 pm (blue boxes). Data in (C), (E), and (G) are the means + SD. DAPI, 4’,6-diamidino-2-phenylindole; ETE, estimated
tissue equivalent; R?, coefficient of determination.
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cerebellar nuclei, which was blocked by an excess of unlabeled
MODAG-005 (Fig. 2A and fig. S1A). a-Syn pathology in the white
matter was confirmed by a-Syn pSer'”” immunofluorescence micros-
copy. No specific binding and immunofluorescent signal were ob-
served in the control case (Fig. 2B and fig. S1B). [*’HIMODAG-005
binding to a-Syn pathology was confirmed by a-Syn pSer'*’ immu-
nofluorescence microscopy. Quantitative analysis showed increased
specific binding in the cerebellar white matter of donors with MSA
compared with that in control donors (P = 0.003) (Fig. 2C).

In saturation binding autoradiography on MSA brain tissue, the
Scatchard plot revealed one high- and one low-affinity binding site
of PHIMODAG-005 (Fig. 2D). A K4 of 0.19 nM was determined for
the high-affinity binding site (Fig. 2E), which is consistent with
K4 values determined on recombinant human fibrils (Fig. 1C). The
high-affinity binding site of ["H]MODAG-005 remained after pre-
blocking with the monoamine oxidase B (MAO-B) inhibitor sele-
giline (fig. S1, C and D). To confirm the absence of copathology in
both MSA cases, pTau and Ap staining was performed in addition to
a-Syn pSer'? (fig. 2).

Furthermore, target engagement of the potential therapeutic com-
pound anle138b was examined on human MSA brain tissues (Fig. 2,
F to H). In macroscopic autoradiography, anle138b was able to block
[PHIMODAG-005 binding to a-Syn pathology in the white matter
of MSA tissue (Fig. 2F) with a Kj value of 20.1 nM as revealed by a
competition experiment (Fig. 2G).

Binding specificity of [’HIMODAG-005 was also demonstrat-
ed by microautoradiography showing the colocalization of [*H]
MODAG-005 signals with a-Syn aggregates and successful blocking
by unlabeled MODAG-005 and anle138b (Fig. 2H). Furthermore,
both the lack of colocalization between silver grains and MAO-B
staining and the inability of selegiline to block tracer signal indicated
that the detected microautoradiography signal of ["H]MODAG-005
in MSA tissue was mainly specific to a-Syn and not due to MAO-B
binding (Fig. 2H). Microautoradiography was further performed on
substantia nigra (SN) and locus coeruleus tissue from a donor with
PD, showing preliminary evidence of target engagement (fig. S3).

[’H]MODAG-005 binding in the frontal cortices of one patient
with PD, one patient with AD, and one patient with progressive
supranuclear palsy (PSP) was increased compared with that in the
control individual (fig. S4, A and B). To examine the binding of [*H]
MODAG-005 to a-Syn aggregates in PD tissue, correlation analysis
of autoradiography binding and a-Syn pSer'* immunofluorescence
microscopy indicated a moderate and significant correlation be-
tween the two signals (P < 0.0001) (fig. S4C). Oft-target binding in
AD brain tissue slices revealed two binding sites with Ky values of
1.6 and >500 nM (fig. S5). Pathologies in the brain tissues were val-
idated using immunofluorescence staining of a-Syn pSer'*’, pTau,
and A, as shown in fig. S6 and table S1.

In addition, the binding of [PHJMODAG-005 and target en-
gagement of anle138b were confirmed on brain tissue sections of the
a-Syn(A30P) mouse model of PD and age-matched wild-type mice
(fig. S7A). Quantitative analysis in brain regions with positive a-Syn
pSer'® immunofluorescence signals revealed more pronounced bind-
ing in the midbrains, brainstems, zonae incertae, and cerebella of
a-Syn(A30P) compared with those of the wild-type mice (figs. S7B
and S8). In the cortex, no differences were observed. The prom-
ising in vitro target binding profile led us to label MODAG-005
with carbon-11 to study its in vivo pharmacokinetics and radio-
metabolite formation.

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

Pharmacokinetic and metabolic profiles in rodents
demonstrate the potential of ) HIMODAG-005 for in vivo
brain imaging

After successful synthesis of [''CIMODAG-005 (Fig. 3A), dynamic
PET scans were performed in mice and rats. Figure 3B shows whole-
body sagittal [''CIMODAG-005 PET/magnetic resonance imaging
(MRI) images from one exemplary mouse over time. Time-activity
curves (TACs) of selected brain regions and peripheral organs
revealed rapid brain uptake, with a peak standardized uptake value
(SUV) of 1.9, and a fast washout from the brain, with clearance half-
lives ranging from 5.5 to 6.7 min in the selected brain regions (Fig. 3C).
TAGCs of selected brain regions from one rat after injection of [''C]
MODAG-005 revealed SUVs up to 3.2 (fig. S9A) and a fast washout
from the brain, with clearance half-lives ranging from 3.1 to 6.1 min.
["'CIMODAG-005 radio-metabolite formation in the brains and
plasma of mice (Fig. 3D) was determined at 5 and 15 min after tracer
injection. Quantitative analysis revealed one metabolite in the brain
and showed that 96 + 1.1% and 79 + 3.1% of the parent compound
remained at 5 and 15 min after tracer injection, respectively. Simi-
lar results were found in a rat (fig. S9B). Table S2 summarizes quan-
titative values of all radio-metabolites obtained in plasma and brain.

[*HIMODAG-005 binds specifically to injected a-Syn fibrils
invivo in rats

To investigate whether we can detect [''CIMODAG-005 binding to
a-Syn fibrils in vivo, rats were injected with a-Syn fibrils into the
right striatum; sham injection with buffer was performed on the
contralateral side. Four days postinjection, [''CIMODAG-005 PET
images were acquired, and brains were surgically extracted to con-
firm a-Syn fibril location using thioflavin S (ThS) staining and
[’H]MODAG-005 autoradiography. In addition, [1'CIMODAG-005
PET images were acquired from noninjected wild-type animals to
exclude the possible contribution of blood-brain barrier leakage to
increased tracer uptake because of intracranial injections. Figure 4A
shows exemplary [''C]MODAG-005 PET images of one a-Syn
fibril-injected rat and one noninjected rat summed up from 2.5 to
60 min. Increased tracer accumulation was seen at the a-Syn fi-
bril injection site, colocalizing with in vitro ThS staining and [*H]
MODAG-005 autoradiography. Elevated tracer retention in the
fibril-injected striatum compared with the sham-injected striatum
was detected in time-SUV and time-standardized uptake value ra-
tio (SUVR) curves and in average SUVR calculated using the cer-
ebellum as the reference region (Fig. 4B and fig. S10A). Average
SUVR showed increased tracer binding in the fibril-injected com-
pared with the sham-injected striata of a-Syn fibril-injected rats
(P = 0.0003) but no difference between the right and left striata of
noninjected rats (P = 0.54) (Fig. 4C). Furthermore, fig. S11 shows
the improved SNR by direct comparison of d;-["'C]MODAG-001
and [""C]JMODAG-005 PET images of a-Syn fibril-injected rats at
4 days postinjection.

To investigate and exclude that the elevated tracer binding was
due to an inflammatory process or possible MAO-B binding, we
performed immunohistochemistry of glial fibrillary acidic protein
(GFAP) as a surrogate marker of astrogliosis and MAO-B. Stronger,
diffuse staining was observed in the fibril-injected striata compared
with the sham-injected striata for both markers. The strongest astro-
gliosis and MAO-B expression was found in the cortex in both brain
hemispheres (fig. S10B), differing from the pattern of in vivo ['cC)
MODAG-005 PET signal (Fig. 4A).
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Fig. 3. Radiolabeling and in vivo characterization of [''CIMODAG-005 in healthy mice. (A) lllustration of [''CIMODAG-005 radiolabeling by reductive methylation or
direct methylation. (B) Representative whole-body [''CIMODAG-005 PET/MR images (SUV) of a mouse over time. (C) Left: Average TACs for select brain areas (n = 3 bio-
logical replicates). Right: Average TACs illustrating in vivo biodistribution of [''CIMODAG-005 in different organs. Values are shown as means + SD. (D) Radio-metabolite
analysis of brain and plasma samples from mice at 5 and 15 min after tracer injection (n = 3 biological replicates in N = 3 independent experiments). AU, arbitrary units;
BS, brainstem; CB, cerebellum; CTX, cortex; HIP, hippocampus; M1, metabolite 1; M2*, metabolite 2*; P, parent compound; p.i., post injection; STR, striatum; THA, thalamus.

In addition, PET data were further analyzed using different ap-
proaches to define the volumes of interest and an alternative refer-
ence region. Figure S10C shows the PET analysis performed using
volumes of interest based on isocontour automatic detection set to
70% to include only the region where fibril injection was performed.
TACs and time-SUVR curves, as well as average SUVR, collectively
illustrate higher tracer retention in the fibril-injected striata com-
pared with the noninjected striata (P = 0.002). Using the left, sham-
injected striatum as the reference region, elevated tracer retention

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

was detected in the fibril-injected striata compared with the nonin-
jected striata (P = 0.003) (Fig. 4D).

To determine the binding specificity of [''C]MODAG-005 and
to study the in vivo target engagement of anle138b in fibril-injected
rats, two PET scans consisting of a baseline measurement with ve-
hicle injection and a blocking measurement with anle138b adminis-
tration were performed between 3 and 4 days after fibril injection in
rats. Five minutes before tracer injection, vehicle or anle138b (1 mg/
kg dose for the vehicle) was administered intravenously as a single
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Fig. 4. In vivo characterization of [''CIMODAG-005 in fibril-injected rats demonstrates specific binding to aSYN. (A) Representative brain [''CIMODAG-005 PET
images (SUV, sum of 2.5 to 60 min), *HIMODAG-005 autoradiography, and ThS validation of fibril presence in a rat. (B and C) time-SUVR curves (B) and average SUVR (C)
in a-Syn fibril-injected rats (P = 0.0003, n = 4) and noninjected rats (P = 0.54, n = 3) using the cerebellum as the reference region. n.s., not significant. (D) Time-SUVR curves
(left) and average SUVR (right) using the sham-injected, left striatum as the reference region (P = 0.003, n = 3). (E) Time-SUVR curves (left) and average SUVR (right) of
anle138b blocking study using sham-injected striatum as the reference region (P = 0.028, n = 3). Data are the means + SD. Unpaired two-tailed t tests were used for com-

parisons. AR, autoradiography; fibril-inj, fibril-injected; noninj, noninjected.

bolus. Administration of anle138b successfully blocked tracer bind-
ing (P = 0.03, sham-injected striatum as reference region) (Fig. 4E).
Similar results were obtained using the cerebellum as the refer-
ence region (fig. S10, D and E): Average SUVR indicated successful
blocking by anle138b, which reduced tracer binding (P = 0.04) in the
fibril-injected striata (fig. S10E, left). In contrast, anle138b increased
tracer signal in the sham-injected striata (P = 0.02) (fig. S10E, right).

['"CIMODAG-005 showed binding in a-Syn(A30P) transgenic
mouse model of PD

To study the ability of [''CJMODAG-005 to detect intracellular a-Syn
aggregates in vivo, we performed PET imaging in the a-Syn(A30P)
transgenic mouse model of PD and age-matched wild-type mice

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

(Fig. 5 and fig. S12). Exemplary images of [''CIMODAG-005 PET
and a-Syn pSer'*® immunohistochemistry showed increased tracer
signals in brain regions with high a-Syn pathology load, such as
in the pons/medulla, midbrain, and hypothalamic areas in o-
Syn(A30P) mice (Fig. 5A). Consistent with the a-Syn pathology dis-
tribution, elevated time-SUVR curves and average SUVR values,
calculated using cortex as the reference region, reflected increased
tracer retention in «-Syn(A30P) mice compared with wild-type
mice in the pons/medulla (1.16 + 0.06 versus 1.07 + 0.07, P = 0.004),
midbrain (0.93 + 0.04 versus 0.88 + 0.06, P = 0.03), and hypothala-
mus (1.28 + 0.12 versus 1.15 + 0.10, P = 0.008) (Fig. 5B). No en-
hanced tracer binding was detected in the amygdala (P = 0.20),
striatum (P = 0.08), hippocampus (P = 0.23), thalamus (P = 0.10),
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Fig. 5. ['"CIMODAG-005 showed elevated binding in the x-Syn(A30P) transgenic mouse model. (A) Representative brain [''CIMODAG-005 PET images (SUV, sum of
all frames) and a-Syn pSer129 immunohistochemistry in a-Syn(A30P) and wild-type mice. Scale bars, 50 pm. (B) Comparison of [""CJMODAG-005 PET time-SUV and time-
SUVR curves with cortex as the reference region and average SUVR in a-Syn(A30P) mice (n = 10, 100 + 10 weeks old; excluding four mice with less than 1% positive a-Syn
pSer'? staining signal; see fig. $12B) and wild-type mice (n = 14, 100 + 11 weeks old) for pons/medulla (top row, P = 0.004), midbrain (center row, P = 0.03), and hypo-
thalamus (bottom row, P = 0.008). N = 1 independent experiment. In (B), data in time-SUV and time-SUVR curves are the means + SD. Unpaired two-tailed t test was
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Saw et al., Sci. Transl. Med. 18, eaec0813 (2026)
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and cerebellum (P = 0.31), where lower a-Syn pathology load was
detected (fig. S12A).

Immunohistochemistry revealed high interindividual heteroge-
neity in the pathology load among a-Syn(A30P) mice. a-Syn(A30P)
mice with less than 1% positive staining signal were excluded from
the main PET analysis shown in Fig. 5 and fig. S12 (A and C).
In the pons/medulla, a significant positive correlation was observed
between a-Syn pSer'*” immunohistochemistry and [''C]MODAG-
005 PET binding (r = 0.47, P = 0.04) (fig. S12B).

Additional SUVR analysis using the hippocampus as the refer-
ence region validated the observed differences between a-Syn(A30P)
and wild-type mice, although with smaller effect sizes (fig. S12C).
The suitability of the cortex as a reference region was validated by
the lack of difference in the tracer retention between the two animal
groups in this brain region (P = 0.22).

Preliminary blocking experiments in two aged transgenic and
wild-type mice, performed either 900 s after tracer injection of
nonlabeled MODAG-005 or anle138b or by coinjection of nonla-
beled MODAG-005, demonstrated a measurable reduction in [''C]
MODAG-005 uptake, indicating a displaceable component of the
PET signal (fig. S13, A to F). Immunohistochemistry analysis re-
vealed no region- or genotype-specific differences in MAO-B expres-
sion in brain sections, further suggesting that elevated PET tracer
binding was not due to potential off-target binding to MAO-B (score
of 0 to 3, where 0 indicates no staining and 3 indicates relatively abun-
dant staining) (fig. S14, A to C).

Characterization of ['' CIMODAG-005 in NHP brains
indicated a favorable pharmacokinetic profile

To evaluate the tracer characteristics in wild-type nonhuman pri-
mates (NHPs) without a-Syn pathology, we performed dynamic
in vivo PET imaging and plasma radio-metabolite analysis in two
cynomolgus macaques (NHP 1 and NHP 2). Figure 6 (A and B) and
fig. S15 (A and B) show a macaque MRI image as well as baseline and
competition [''CIMODAG-005 PET images of the brain summed
up from 0 to 10 min and 90 to 120 min with respective TACs of se-
lected brain regions over time. For visualization, images and TACs in
units of kilobecquerels per cubic centimeter were converted to SUV
in units of grams per milliliter. At baseline, rapid brain uptake with
peak SUVs of 3.7 and 6.1 for NHP 1 and NHP 2, respectively, and
fast washout from the brain with a clearance half-life of ~12 min
(one-phase decay model from the peak) was identified (Fig. 6B and
fig. S15B). After blocking with MODAG-005, we saw a similar phar-
macokinetic profile, with peak SUVs of 4.7 and 4.2 for NHP 1 and
NHP 2, respectively, and a clearance half-life of ~16 min. Total vol-
ume of distribution (V1) and K; were estimated using a two-tissue
compartment model (18). Vr is the activity ratio between tissue and
plasma at equilibrium, and Kj is the rate of tracer delivery from plas-
ma to brain tissue. In the whole brain, V1 and K; were estimated to be
6.89 + 1.58 ml/cm”’ and 0.49 + 0.12 ml/cm’ per minute, respectively.
Vr values at baseline and competition were compared, revealing little
differences in NHP 1 (5.11 to 6.15 ml/cm® versus 4.87 to 6.07 ml/cm?®)
and some degree of lowered Vin NHP 2 (7.76 to 9.81 ml/cm? ver-
sus 5.03 to 6.58 ml/cm®) (Fig. 6C and fig. S15C). On the other hand,
little changes between K at baseline and competition were noted for
both NHP 1 (0.30 to 0.45 ml/cm’ per minute versus 0.36 to 0.63 ml/
cm’ per minute) and NHP 2 (0.49 to 0.89 ml/cm’ per minute versus
0.51 to 0.78 ml/cm> per minute) (Fig. 6D and fig. S15D).

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

['!'C]MODAG-005 radio-metabolite formation in the plasma of
NHP 1 and NHP 2 was determined 5, 15, 30, 45, and 60 min after
tracer injection (Fig. 6E, fig. S15E, and table S3). Quantitative anal-
ysis revealed two metabolites in plasma. The amounts of parent
compound were 74 + 1.3%, 29 + 0.3%, 18 + 1.7%, 14 + 1.0%, and
8.6 + 1.0% at 5, 15, 30, 45, and 60 min after tracer injection, respec-
tively. Heart rate (beats per min), body temperature, expired CO,,
respiration/min, pulse O,%, % anesthetic gas, and oxygen (liters/min)
throughout the scans are displayed in fig. S16.

First-in-human [''CIMODAG-005 PET exhibited tracer
binding in patients with synucleinopathies

After radiochemical development and preclinical evaluation, the
radiochemical synthesis process for [''C]MODAG-005 was trans-
ferred to a Good Manufacturing Practice (GMP) environment and
further optimized to fulfill the requirements for human applica-
tion, in this case following the regulations of the German Medicinal
Products Act [“Arzneimittelgesetz” AMG $§13(2b)]. After full disclo-
sure, first-in-human translational PET scans with ['!C]MODAG-005
were performed on a highly sensitive long axial field-of-view PET
scanner (Siemens Biograph Vision Quadra, Siemens Healthineers,
Knoxville, USA) in four participants on the basis of individual indi-
cations, including one patient diagnosed with MSA cerebellar type
(MSA-C), one patient with an overlap syndrome of MSA parkinso-
nian type (MSA-P) and MSA-C (MSA-C/P), and a patient with PD
harboring a severe L444P mutation in the GBAI gene (GBA-PD),
and one asymptomatic participant who wanted to rule out the pres-
ence of a-Syn aggregates in his brain. The participants gave their
written informed consent both for performing the PET scan with
[''CIMODAG-005 and further data processing and evaluation.
Clinical diagnosis for all patients was based on established clini-
cal diagnostic criteria of the Movement Disorders Society for the
diagnosis of MSA (19) and PD (20), respectively, and included
evaluation of diagnostic MRI and single-photon emission com-
puted tomogra ghy (SPECT) of the presynaptic dopamine transporter
(DAT) with ['**T]EP-CIT {['*I]N-w-fluoropropyl-2p-carbomethoxy-
3p-(4-iodophenyl)nortropane}. A [*I]FP-CIT DAT scan was not
available for the patient with MSA-C because the patient did not
exhibit clinically overt parkinsonism at the time of diagnosis.

Figure 7 (A and B) presents axial [''CJIMODAG-005 PET SUVR im-
ages and, if available, DAT SPECT of patients with MSA-C, MSA-C/P,
PD-GBA and the asymptomatic participant who was considered
as healthy control (HC). [“2*I]FP-CIT-SPECT images in the patient
with MSA-C/P (Fig. 7A and fig. S17) showed pronounced presynap-
tic dopaminergic degeneration (reduced DAT availability) in the left
and right striatum, with the right side displaying a markedly lower
signal. [''C]IMODAG-005 retention showed a slightly more promi-
nent signal on the right side, mirroring the lateralization noted
in the [***I]FP-CIT-SPECT images. MRI data revealed advanced
cerebellar atrophy in the patient with MSA-C and the patient with
MSA-C/P and pontine atrophy including indication of the “hot cross
bun” sign, reflecting degeneration of pontocerebellar tracts in the pa-
tient with MSA-C/P (fig. S17A).

Overall, [''CIMODAG-005 signal intensity (SUVR) was in line
with the expected pattern of a-Syn deposition (fig. S18A): (i) Both
patients with MSA showed intense signal in pons and cerebellar
white matter (most pronounced in the patient with MSA-C), the
patient with PD-GBA exhibited a less intense signal, (ii) the patient
with MSA-C/P in addition exhibited a relatively strong signal in
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Fig. 6. In vivo characterization of [''CIMODAG-005 in NHPs (NHP 1) indicated favorable tracer attributes for brain imaging. (A) MRI and [''CIMODAG-005 PET im-
ages (SUV) at baseline and after pre-injection of unlabeled MODAG-005. (B) TACs of different brain regions showing high brain uptake with peak SUVs of 3.7 (baseline) and
4.7 (competition) followed by a fast clearance from the brain. (C and D) V¢ (C) and K; (D) values estimated from a two-tissue-compartment model for the baseline and
after competition with MODAG-005. (E) Radio-metabolite analysis of plasma samples at 5, 15, 30, 45, and 60 min after tracer injection (n = 2 biological replicates, no tech-
nical replicates; see fig. S12 for results from second NHP). CB WM, cerebellar white matter; CN, caudate nucleus; WM, white matter; FC, frontal cortex; OC, occipital cortex;

PU, putamen; TC, temporal cortex; 2-TCM, two tissue compartment model.

both the putamen and caudate nucleus, and (iii) the patient with
PD-GBA had the highest signal in the putamen and caudate nucleus
and the lowest signal in the pons and cerebellar white matter. In
contrast, the HC showed less tracer signal in these brain regions, in
line with absence of a-Syn deposition.

To further assess the correlation of tracer binding with clinical
phenotype, we calculated a score based on the ratio of SUVR in the
putamen, caudate, and SN versus the pons and cerebellar white
matter. The PET score was compared with the clinical score of the
parkinsonian versus cerebellar phenotype calculated as described
previously, showing that higher relative tracer signal in the pons and
cerebellar white matter correlated with a more cerebellar clinical
phenotype (fig. S18B) (21).

The pharmacokinetic profile in the patient with MSA-C/P and
the HC is shown in fig. S19 as an example, revealing rapid uptake of
[''CIMODAG-005 in the brain. The occipital cortex, included in the
TAC: as a reference region because of its expected lack of pathology,
showed a peak SUV of 2.8 and a clearance half-life of 20 min.

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

DISCUSSION

Here, we aimed to develop an a-Syn PET tracer, MODAG-005, on
the basis of the lead structure anle138b and its derivatives, anle253b,
and our previously developed PET tracer MODAG-001. We per-
formed a detailed evaluation to characterize its binding profile from
in vitro with fibrils and brain tissues to in vivo in animal models and
patients with synucleinopathies.

A common challenge is the lack of detectable tracer binding to
a-Syn pathology in the human brain, despite its good affinity to
a-Syn fibrils (14, 22). A number of recently developed a-Syn ligands
showed promising in vitro binding. Yet, in vivo brain uptake and
kinetics seems to require further optimization (23-25). Our previ-
ous study reported [''CJMODAG-001 as a new potential a-Syn PET
ligand (14), however, it failed to efficiently detect aggregated o-Syn
from human brain tissue because of high nonspecific background
binding. For other a-Syn ligands, evaluation and data analysis in
animal models were not unambiguously conclusive (6, 26). Several
a-Syn PET tracers have recently advanced into preclinical or early
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Fig. 7. [""CIMODAG-005 first-in-human PET showed binding in patients with MSA-C, MSA-C/P, and PD-GBA. (A) DAT SPECT images showing the specific binding
ratio (SBR, CPu/OccCtx-1) from a patient with MSA-C and a patient with GBA-PD, revealing presynaptic dopaminergic degeneration in the bilateral striatum (caudate and
putamen), with a slightly more pronounced effect on the right side of the patient with MSA-C/P. (B) ['' CIMODAG-005 SUVR PET images (sum of 30 to 60 min) in a control
participant (HC) and patients with MSA-C, MSA-C/P, and GBA-PD. Pronounced binding compared with the HC was observed in the cerebellar white matter (cerWM) and
pons in the patient with MSA-C, in the bilateral caudate-putamen (CPu), midbrain and pons in the patient with MSA-C/P, and in caudate-putamen and the frontal cortex

(FrontCTX) in the patient with GBA-PD. In a person without evidence of a-synucleinopathy (HC), only very faint binding was observed. L, left; MB, midbrain; R, right.

clinical evaluation, including [**F]-ACI-12589 (7), ['*F]-C05-05 (27),
and ['®F]SPAL-T-06 (5). Although developed using different assay
conditions, brain tissue, and imaging paradigms, these studies share
the overarching goal of establishing whether aggregated a-Syn can be
visualized in vivo. Our work contributes to this rapidly evolving land-
scape by providing a comprehensive translational characterization of
[''CIMODAG-005 from in vitro binding assays to first-in-human
imaging. Given the methodological variability across studies, mean-
ingful conclusions about the relative strengths of emerging tracers
will require standardized experimental frameworks and, ultimately,
head-to-head evaluations in comparable models and patient cohorts.
After the identification of the demethylated MODAG-001
(MODAG-005) as a brain-penetrating metabolite, we aimed
to enhance the properties by removing a major metabolite that
confounds kinetic modeling. MODAG-005 additionally displays
higher affinity toward human o-Syn fibrils and higher selectivity
for a-Syn over tau fibrils than MODAG-001, as well as >100-fold
more selective for a-Syn over A4, fibrils. This is in line with our
recent findings revealing a high-affinity binding site in the tubular
cavity of a-Syn fibrils (28). Potential off-target binding was tested using
the Cerep diversity panel comprising 71 target proteins (receptors,
transporters, channels, and enzymes) and a customized kinase panel
comprising 159 different kinases. A special focus was put on MAO-B
binding, because in silico analysis of different tau tracer candidates
showed that they bind to the same epitope in the MAO-B enzyme
as the MAO-B inhibitor selegiline. The ICs, value obtained in the
Cerep assay provides information regarding affinity to this bind-
ing site. The determined ICs of 0.8 pM is considered to be of little
relevance in the context of PET imaging because the tracer con-
centration is below 1 nM in the brain in PET imaging studies.

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

The binding of ["HJMODAG-005 to a-Syn pathology of human
brains, particularly with an unprecedented high affinity in the MSA
tissues, indicated its potential for imaging the misfolded a-Syn in
human brains. Moreover, successful blocking and competition with
anle138b in brain tissue from human MSA and the a-Syn(A30P)
mouse model provide evidence for target engagement of anle138b
given that MODAG-005 competes for the same binding site. Using
[PHIMODAG-005, we confirmed the binding of anle138b to aggre-
gated a-Syn in human MSA brain tissue. Despite the presence of
copathology in PD brain tissue, we detected considerable binding
correlating to a-Syn immunofluorescence. A previous competi-
tion assay between MODAG-001 and SIL26 suggested that the two
ligands likely target the same binding site (14, 29). The latter was re-
ported to bind to PD homogenates with a K; value of 33.5 nM, point-
ing to the presence of a binding site for MODAG-001/MODAG-005
on a-Syn aggregates from the PD brain. Further validation of tracer
binding in PD brain tissue will be pursued in future work.

In line with the fibril binding assay, [’H]MODAG-005 autoradi-
ography also revealed binding in PD, AD, and PSP tissues in those
areas that show deposition of a-Syn, Abeta, and tau aggregates, re-
spectively (figs. S4 to S6). Off-target binding to tau and Abeta re-
mains a challenge for all current tracer candidates. Even when a
clean off-target profile was indicated in vitro, the tracer signal may
still be confounded by disease-related off-target binding in vivo. For
example, ['*F]ACI-12589 showed binding in other neurodegenera-
tive diseases, with increased cortical retention in individuals with
AD correlated to areas of tau tracer ["*FJR0948 uptake despite the
lack of tau binding in vitro (7).

We found high concordance between binding to a-Syn fibrils
in vitro (Kgq = 0.20 = 0.03 nM) and binding to a-Syn aggregates in
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human brain tissue (K4 = 0.19 nM). A high-affinity binding site for
[PHIMODAG-005 remained in MSA tissue after selegiline blocking, indi-
cating the specificity of a-Syn binding. The lack of tracer colocalization
with MAO-B in MSA tissue supports the selectivity of "HIMODAG-005
at tracer concentrations used in PET imaging (below 1 nM).

On the basis of the promising in vitro binding in human tissues,
MODAG-005 was labeled with carbon-11 for in vivo evaluation. Its
sufficient brain uptake and rapid clearance fulfill the pharmacoki-
netic requirements of a central nervous system PET tracer. Because
["'CIMODAG-005 is the demethylated form of [''CJMODAG-001,
we were able to reduce the number of detectable radio-metabolites
in the brain from two to one. The presence of radio-metabolite in
the brain could confound kinetic modeling; therefore, analysis in
human participants will be required to confirm the metabolic pro-
file of [''CIMODAG-005, given that lower species, such as rodents,
have faster and more extensive metabolism compared with humans
(30). Given the high polarity of M1 and our ability to detect the de-
methylated metabolite of MODAG-005 in plasma, we conclude that
M1 originates from the cleaved methyl group. Consequently, this
metabolite, which is present in the brain, is unlikely to have any tar-
get binding. On the basis of high-performance liquid chromatogra-
phy characteristics, M2 likely represents products of phase 1 or 2
metabolism or both. However, because these metabolites do not
cross the blood-brain barrier, they are not expected to interfere with
PET imaging in the brain. Nevertheless, for accurate kinetic model-
ing, it is essential to account for the contribution of these metabo-
lites to the total activity in plasma.

In the fibril injection rat model, [''CIMODAG-005 was able to
detect injected a-Syn fibrils in vivo under physiological conditions.
Immunohistochemistry revealed a different pattern of GFAP and
MAO-B upregulation in the brain compared with in vivo [''C]
MODAG-005 PET images and in vitro [’HIMODAG-005 autoradi-
ography, thereby excluding the possibility that increased tracer sig-
nal was due to MAO-B off-target binding. A successful reduction of
tracer binding after anle138b blocking indicated the binding speci-
ficity of [''CIMODAG-005 and provided evidence for the in vivo
target engagement of anle138b. The transient SUVR fluctuations
above and below 1 in normal tissue reflect kinetic differences between
cerebellum and striatum rather than true biological signal, because
the cerebellum shows faster wash-in and washout. Using the left
striatum, whose kinetics match the injected right striatum, as the
reference region kept SUVR values in control animals consistently
>1, demonstrating the dependence on reference-region choice. We
demonstrated that ["'C]MODAG-005 has improved image contrast
compared with MODAG-001, showing a better SNR in the fibril-
injected striatum and lower background binding in the uninjected
striatum. The removal of the methyl group increases the hydrophi-
licity of the molecule, thereby reducing its nonspecific binding to
the myelin/lipid-containing white matter brain structures (31).

Furthermore, [\!CIMODAG-005 was investigated in vivo in the
a-Syn(A30P) mouse model of PD. This mouse model has intracel-
lular Lewy body-like aggregates of the transgenic human a-Syn with
the A30P mutation that causes familial PD (32). Compared with
age-matched wild-type mice, enhanced binding of [''CIMODAG-
005 in a-Syn(A30P) mice was demonstrated in brain regions with
strong a-Syn pathology, validated by immunohistochemistry and in
line with literature reports (32, 33). The observed SUV differences
were modest; however, SUVR analysis indicated significant differ-
ences between transgenic and wild-type mice in regions burdened

Saw et al., Sci. Transl. Med. 18, eaec0813 (2026) 27 May 2026

by a-Syn pathology. This was further supported by the positive cor-
relation between a-Syn pSer'*® immunohistochemistry and [''C]
MODAG-005 binding. The cortex and hippocampus were explored
as reference regions for PET analysis in this animal model and
showed similar results, although smaller differences were observed
when hippocampus was used as the reference region. Nevertheless,
the selection of the cortex over the hippocampus may be preferable
because of the larger volume of the cortex and thus better statistical
robustness. A limitation is the lack of a truly pathology-free refer-
ence region in the transgenic mice, which may lead to underestima-
tion of regional group differences, particularly in the midbrain. In
addition, regional differences in perfusion and tracer kinetics may
influence SUVR estimates and attenuate apparent contrasts between
transgenic and wild-type mice. In addition, the limited spatial reso-
lution of 1.5-mm full width at half maximum of the Inveon PET
System will lead to partial volume effects in such small brain regions,
with spill-out and spill-in from adjacent tissues potentially attenuat-
ing group differences. We verified that the increase in tracer binding
was not caused by MAO-B, because its expression was regardless of
the pathology load. Robust blocking studies were not feasible in this
mouse line because a-Syn pathology emerges only at ~2 years of age
and rapidly progresses, making repeated anesthesia and longitudinal
imaging impractical. Alternative models with earlier and more sta-
ble pathology will be required to further assess binding specificity.

["'CIMODAG-005 showed rapid brain uptake and clearance
in two NHPs. Peak SUVs were not reduced after competition with
MODAG-005, pointing to low off-target binding in healthy brains.
Higher baseline SUVs in the second NHP may be attributed to a
higher heart rate observed during tracer injection at baseline, affect-
ing tracer uptake (fig. S13), or low signal to noise in parent fraction
measurements after 30 min for the baseline scan that may affect the
arterial input function. V time-stability analysis (120 to 60 min)
showed that V1 estimates were largely stable across regions, indi-
cating minimal influence of late low parent fraction or metabolites.
The low Vr during the NHP2 competition scan was consistent
across analysis windows, supporting that the observed effect is ro-
bust to modeling duration. Given that these animals lack aSYN pa-
thology, this effect could also reflect displacement of nonspecific or
off-target interactions.

With a mean K; of 0.49 + 0.12 ml/cm’ per minute, the tracer
exhibited excellent extraction from the plasma to the tissue. Com-
petition raised K; values, which might be a result of blocked plas-
ma protein binding, resulting in elevated concentrations of [''C]
MODAG-005 in the brain. Radio-metabolite analysis indicates a
similar metabolism in rodents and NHPs.

["'CIMODAG-005 was furthermore evaluated in three patients
and one asymptomatic participant, who was considered an HC.
Clinically, patient 1 had been diagnosed with clinically probable
MSA-C and patient 2 with clinically probable MSA presenting with
an overlap of MSA-P and MSA-C according to the Movement Dis-
orders Society clinical diagnostic criteria for MSA (19). Patient 3
had been diagnosed with PD according to the Movement Disorders
Society clinical diagnostic criteria for PD (20). Genetic testing of this
patient revealed a severe L444P mutation in the GBA1I gene. The
absence of Alzheimer copathology was determined by analysis of
cerebrospinal fluid profiles of AP;_45, total-Tau, and p181-Tau con-
centrations, which were in the normal range in all three patients.
[''CIMODAG-005 demonstrated rapid brain uptake, achieving peak
SUVs of 2.2 to 3.2, aligning with the aforementioned AP and tau
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tracers (34, 35). [''\CIMODAG-005 exhibited pronounced retention
in regions anticipated to exhibit aSYN pathology, particularly in the
cerebellar white matter in MSA-C and the caudate putamen, cor-
roborating the low DAT availability observed in earlier SPECT im-
aging in MSA-C/P. In the thalamus, where the presence of GCIs has
been previously reported (36, 37), the observed enhancement of
[''CIMODAG-005 uptake diverges from previous studies using
["*F]ACI-12589 and ['®F]SPAL-T-06 (5, 7), suggesting that [c)
MODAG-005 may have a distinctive binding profile compared with
the other tracers that warrants further exploration. The lateraliza-
tion of tracer uptake in the patient with MSA-C/P, more pronounced
on the right, mirrored the asymmetrical DAT loss observed in
DAT imaging. Additionally, tracer accumulation in the pons was
observed, aligning with the expected neuropathology and support-
ing the diagnostic accuracy of [''C]MODAG-005. In the patient
with GBA-PD, most pronounced differences in peak SUVR values
in comparison with MSA-C and MSA-C/P were observed in the
caudate, putamen, and frontal cortex, which is in line with the ex-
pected a-Syn pathology in these brain regions (38-40). Cortical
tracer retention is expected, because aSYN pathology in MSA-C/P
and GBA-PD may extend beyond subcortical regions to involve the
neocortex, particularly in more advanced stages. Furthermore, the
HC exhibited uniformly low SUVRs in regions typically affected by
aSYN pathology, suggesting that the regional tracer uptake seen
in patient scans reflect disease-related processes but emphasizing
that larger controlled studies are required to determine diagnostic
specificity. Elevated basal ganglia signal in the control may reflect
high regional perfusion and tracer delivery rather than increased
binding. In the absence of arterial input functions and full kinetic
modeling, delivery-driven effects cannot be separated from binding-
related differences.

Moreover, the correlation of the PET ratio of SUVR in the puta-
men, caudate, and midbrain versus pons and cerebellar white matter
with the clinical score of parkinsonian versus cerebellar phenotypes
(fig. S18) provides evidence that the tracer signal corresponds to the
expected relative distribution of a-Syn pathology. Although SUVRs
for the SN were computed and showed numerically higher correla-
tions with aSYN pathology, reliable quantification in this small nu-
cleus is limited by partial-volume effects at the spatial resolution of
the Quadra PET/CT. We therefore used the larger midbrain volume
of interest (VOI) for the main analysis, noting that higher-resolution
PET systems may enable more accurate SN measurements in future
studies. The exploratory correlation between regional SUVRs and
clinical measures should be interpreted with caution given that it is
based on only three patients with different synucleinopathy pheno-
types and therefore does not permit causal inference. These pre-
liminary observations are included for completeness but require
validation in larger, disease-specific cohorts to determine whether
[''CIMODAG-005 uptake reflects clinically meaningful variation in
aSYN pathology.

Limitations of this work are the lack of an unambiguous tracer
binding to Lewy bodies and Lewy neurites in human PD tissue, as
well as some lower affinity off-target binding to A and tau ag-
gregates. Because mixed protein aggregation is common in neu-
rodegenerative diseases, any protein-specific PET tracer must be
interpreted in the context of potential copathologies. aSYN aggre-
gates frequently coexist with A, tau, or other protein inclusions, as
demonstrated in both human studies and NHP models (41). Conse-
quently, in vivo [''C]MODAG-005 uptake likely reflects the spatial
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distribution of aSYN aggregates superimposed on this pathological
background, underscoring the importance of integrating PET find-
ings with molecular pathology and clinical characterization to dis-
entangle overlapping protein signatures. Another limitation regarding
SUVR-based quantitative analysis of PET tracer binding is due to
nondisplaceable signal and kinetic variability. SUVR-1 may ap-
proximate non-displaceable binding potential (BPyp) under ideal
pseudo-equilibrium conditions. However, this requires a pathology-
free reference region, homogeneous nondisplaceable uptake, and
stable equilibrium conditions that may not be fully met when ana-
lyzing a-Syn PET images. Regional nonspecific binding, partial-
volume effects, and potential off-target saturable components may
therefore contribute to SUVR variability beyond differences in a-
Syn aggregate density. Larger cohorts and full kinetic modeling are
needed to better establish specificity. Future blocking and occupan-
cy studies in models or patient cohorts with a-Syn pathology will
help to delineate specific from nonspecific binding and to establish
the quantitative selectivity of [''CIMODAG-005. Moreover, a retest
study would be helpful to assess test-retest reliability of VT de-
termination. Furthermore, the 20-min half-life of ''C necessarily
limits batch production and multicenter dissemination compared
with '®F-labeled tracers, which are more suitable for large-scale
clinical deployment. Nonetheless, ''C labeling offers advantag-
es for early translational studies, including lower radiation exposure
and the ability to perform multiple scans in a single day (baseline
and competition paradigms). Several UC tracers, such as [!!C]PIB,
have demonstrated substantial scientific value despite similar lo-
gistical constraints.

In conclusion, our results collectively indicated that [MCIMODAG-
005 is a promising tracer candidate for in vivo imaging of a-Syn pa-
thology. Its subnanomolar binding affinity to a-Syn aggregates may
provide an advantage over other tracers with lower binding. In view
of the various strengths, limitations, and potentially different bind-
ing profiles of the recently investigated a-Syn tracers, [''CIMODAG-
005 brings its own distinctive value among the other tracers toward
targeting and understanding the complexity and heterogeneity of
a-Syn pathology.

MATERIALS AND METHODS

Study design

This study aimed to identify and evaluate the potential of MODAG-
005 as a PET tracer for a-Syn imaging. MODAG-005 was struc-
turally derived from the lead compounds anle138b, anle253b, and
MODAG-001 (fig. S20). A detailed preclinical evaluation was per-
formed, including both in vitro and in vivo studies, leading up to
first-in-human PET imaging. Initially, a competition screening of
a compound library against ["HJMODAG-001 identified MODAG-
005 to be a high-affinity binder to recombinant «-Syn fibrils. After
tritiation, the binding affinity and selectivity of ["HJMODAG-005
were determined using saturation binding assays against a-Syn, tau,
and A fibrils (fig. S21) and using in vitro (micro)autoradiography
in animal and human brain tissues. After ''C-labeling, in vivo char-
acterization of [''CIMODAG-005 was performed in healthy rodents
and NHPs using PET imaging and metabolite analysis. Further-
more, in vivo binding was determined in rats intrastriatally inject-
ed with a-Syn fibrils and in the a-Syn(A30P) transgenic mouse
model of PD. Last, first-in-human PET scans were performed in
patients with MSA-C, MSA-C/P, or GBA-PD and an asymptomatic
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participant as HC to demonstrate the translational relevance of [''C]
MODAG-005.

Investigators were not blinded to sample allocation, data ac-
quisition, or analysis. Sample sizes were determined on the basis of
prior studies or power calculation. Specific sample sizes and repli-
cates for each experiment are provided in the corresponding figure
legends or in Materials and Methods. No data were excluded from
the analyses, other than those that were justified for the study in the
a-Syn(A30P) mouse model.

The use of human brain tissues for the study was approved by the
ethics committee of the Faculty of Medicine at the University of
Tuebingen (ethics approval number: 813/2018B02). All rodent
experiments were conducted in compliance with the German
animal protection law and with the approval of the local authorities
(Regierungsprisidium Tiibingen, R3/19G). Macaque experiments
were conducted in compliance with all applicable sections of the
Final Rules of the Animal Welfare Act regulations (Code of Fed-
eral Regulations, Title 9), the Public Health Service Policy on
Humane Care and Use of Laboratory Animals from the Office of
Laboratory Animal Welfare, and the Guide for the Care and
Use of Laboratory Animals from the National Research Council
(OLAW, current edition) (NRC, current edition). PET imaging
in human participants followed the regulations of the German
Medicinal Products Act [“Arzneimittelgesetz” AMG §13(2b)] with
informed consent.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism software.
The normality of the data was assessed using the Shapiro-Wilk test.
The statistical tests used for each group comparison were selected
with consideration of the normality test result and are specified in
the corresponding figure legends. Statistical significance was set at
P < 0.05, with the following abbreviations used to reference P val-
ues: *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. Results
are presented as means + SD. All individual-level data are available
in data files SI and S2.
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Editor’'s summary

A clinical PET tracer for alpha-synuclein (#-Syn) could transform early diagnosis of synucleinopathies such as
Parkinson’s disease (PD) or multiple system atrophy (MSA). Although several candidate #-Syn PET tracers are now
being tested in clinical trials, the clinical development of such tracers has proven challenging. Here, Saw et al. describe
the development of the #-Syn PET tracer [11C]MODAG-005. Structurally derived from previous tracer iterations

and the #-Syn oligomer modulator anle138b, [11C]MODAG-005 exhibited high in vitro sensitivity and selectivity for
#-Syn. In vivo studies in rodent models, nonhuman primates, and patients with MSA and PD demonstrated target
engagement. These findings suggest that [11C]MODAG-005 is a promising #-Syn PET tracer warranting larger clinical
studies further validate and characterize in vivo performance. —Daniela Neuhofer
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