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Abstract
Purpose: Current synaptic vesicle 2A (SV2A) positron emission tomography (PET) imaging
agents include the nanomolar affinity probes [11C]UCB-J and [18F]UCB-H derived from the anti-
epileptic drug levitaracetam (Keppra®). An industry-utilized “de-risking” approach was used to
carry out initial pharmacological characterization and to assess potential next-generation
candidates amenable to F-18 radiolabeling for preliminary evaluation.
Procedures: Radioligand binding methods were employed in mammalian brain homogenates to
determine the SV2A affinity (Kd) and maximal binding capacity (Bmax) of [

3H]UCB-J. Novel leads were
then screened to identify compounds minimally with comparable binding affinities with UCB-J in order
to select a F-18-labeled candidate for subsequent in vivo assessment in rat. In parallel, mammalian
brain tissue section autoradiography was performed to assess specific SV2A distribution.
Results: [3H]UCB-J bound with high affinity to a single population of sites in the rat brain (Kd =
2.6 ± 0.25 nM; Bmax = 810 ± 25 fmol/mg protein) and control human cortex (Kd = 2.9 ± 0.54 nM;
Bmax = 10,000 ± 640 fmol/mg protein). Distribution of specific SV2A binding was shown to be
homogeneous throughout the rodent brain and primarily in gray matter regions of rodent and
human brain sections. Analog screening identified MNI-1038, MNI-1126/SDM-8, and SDM-2 as
having comparable binding affinities with the currently available PET ligands. Subsequent
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[18F]MNI-1126/[18F]SDM-8 dynamic micro-PET imaging in rats revealed in vivo uptake and
accumulation in the brain with favorable kinetics. Chase studies using 30 mg/kg levetiracetam
confirmed that in vivo brain uptake of [18F]MNI-1126/[18F]SDM-8 was reversible.
Conclusions: Taken together, these data suggest [18F]MNI-1126/[18F]SDM-8 (since renamed as
[18F]SynVesT-1) characterized via an in vitro screening cascade provided a measurable in vivo SV2A
specific signal in the rodent brain. This tracer as well as the close analog [18F]SDM-2 (since renamed
as [18F]SynVesT-2) is currently undergoing further evaluation in preclinical and clinical studies.

Key words: PET radioligand, Preclinical characterization, SV2A, Micro-PET imaging, Radio-
ligand binding

Introduction
Presynaptic secretory vesicles in all mammalian brain regions
contain the ubiquitously expressed transmembrane synaptic vesicle
glycoprotein 2A (SV2A) [1], where it functions as a mechanism to
regulate neurotransmitter release [2–5]. It is the suggested target of
the anti-epileptic drugs leviteracetam and brivarectam [6–8], and
subsequent research has garnered interest in SV2A as a potential
proxy for synaptic vesicle density in a variety of neurodegenerative
disorders such as Alzheimer’s disease [9, 10].

In the context of the CNS, radioligand binding studies
have historically been used to quantify changes in the
availability of brain proteins of interest, such as receptors,
transporters, enzymes, and, more recently, misfolded pro-
teins, in the absence and presence of novel compounds
selectively targeting these proteins [11–16]. Typically, this
has been achieved using standard equilibrium binding
techniques [11]. Methods to rationalize and execute non-
invasive in vivo assessment in a clinically translatable
manner are also now fairly well understood [12]. Using
positron emission tomography (PET) as the example, often
the path to a clinically feasible PET radioligand requires a
marriage of ligands radiolabeled with beta- and ultimately
positron-emitting isotopes in order to characterize, develop
and deliver a suitable agent for preclinical and clinical use
[11–16]. For SV2A, initial studies led to the characterization
of radiolabeled brivarecetam ([3H]UCB 34714) as a high-
affinity and selective SV2A ligand in mammalian tissues
[17]. More recently, efforts aimed at developing PET
imaging agents for SV2A have led to the subsequent
identification and development of higher affinity ligands
more amenable to labeling with PET isotopes. This includes
(R)-1-((3-[18F]fluoropyridin-4-yl)methyl)-4-(3,4,5-trifluoro-
phenyl)pyrrolidin-2-one ([18F]UCB-H) and (R)-1-((3-
[11C]methylpyridin-4-yl)methyl)-4-(3,4,5-trifluorophenyl)-
pyrrolidin-2-one ([11C]UCB-J), which have been success-
fully utilized for preliminary imaging studies in non-human
primate and human brains [18–21]. Of these two, [11C]UCB-
J is clearly superior as an imaging agent with very high
levels of brain uptake and specific binding signals, while
[18F]UCB-H provides significantly reduced signal to noise
in comparison and will limit its utility in the clinic. This
provides the need for evaluation of additional F-18-labeled

analogs of UCB-J in order to facilitate widespread utility of
SV2A PET imaging given the greater availability of PET
centers that can produce F-18-labeled PET radioligands.

The present studies utilized an industry-adopted “de-
risking” paradigm coupled to an industry/academia collab-
oration to investigate whether structural analogs of UCB-J
had binding affinities suitable for potential development as
F-18-labeled PET imaging probes for SV2A.

Materials and Methods
For details on the synthesis and characterization of the compounds
as well as detailed methodologies for the studies, see the ESM.

Compounds

Potential SV2A ligands are shown in Fig. 1. They were
synthesized based on modifications of the UCB-J structure
and supplied by Invicro and the Yale PET Center.

Radiochemistry

Preparations of [18F]MNI-1126 for PET imaging in rodents
followed the published procedures [22]. Decay-corrected
radiochemical purity was 9 99 %. Radiochemical yield was
8.8 % non-decay corrected and 16 % decay corrected with a
specific activity of 2276 ± 96 Ci/mmol.

Homogenate Preparation

Crude brain homogenate preparations (P1) were prepared accord-
ing to previously published methods [13]. The same procedure
was used for human post-mortem tissue (Folio Biosciences,
MiamiBrain Bank, andUCSFMemory andAgingCenter, USA).

In Vitro Homogenate Binding

All homogenate studies were carried out in 96-well format as
previously described [14]. The IC50 values were converted to
inhibition constants (Ki) to normalize for radioligand concentra-
tion in each assay using the Cheng-Prussof eqsuation [23].
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Autoradiography

Autoradiography (ARG) studies were conducted as previ-
ously described [14]. In a separate series of studies, a “no-
wash” assay protocol was used as described previously [15]
as a gauge that a compound will potentially also develop a
signal when administered in vivo [24].

In Vivo Imaging in Rat Using micro-PET

Imaging studies were conducted in Sprague-Dawley (SD)
rats anesthetized with 2–3 % isoflurane (n = 4).

Results
Homogenate Binding Studies

Optimizing the Binding Protocol to Screen Novel SV2A
Ligands To provide a robust and reproducible signal, a
protein concentration of 15–30 μg per well was shown to

minimally provide an optimal binding window yielding a
specific binding signal of 94 ± 3 % (n = 3) in rodent and
human homogenates. Equilibrium was reached within 30–
45 min and the percentage depletion was significantly less
than 10 % (data not shown). Ligand binding to filters
presoaked in 0.3 % polyetheyleneimine (PEI) was negligible
(G 5 %) and not specifically displaced (data not shown).

Saturation studies revealed that [3H]UCB-J bound spe-
cifically to a single population of high-affinity sites in rat
whole brain crude P1 homogenates yielding a Kd = 2.6 ±
0.25 nM and Bmax = 810 ± 25 fmol/mg protein (n = 3;
Fig. 2a). The latter converts to a concentration of 41 ±
1.5 nM assuming uniform distribution and brain protein
concentration of 50 mg/ml [16, 25]. Similarly in healthy
control human cortex crude P1 homogenates, [3H]UCB-J
bound to a single population of high-affinity sites with a
Kd = 2.9 ± 0.54 nM and Bmax = 10,000 ± 640 fmol/mg protein
(500 ± 32 nM, n = 7; Fig. 2b). Comparison of healthy control
and AD homogenates showed an observed 57 % decrease in
Bmax in the AD cortex with no significant change in binding

1 (UCB-J) 2 3 4 (UCB-H) 5

6 7 8 9 10

11 12 13 14 15

16 (SDM-9) 17 18 19 (SDM-7) 20

21 (MNI-1038)   22 (SDM-8, MNI-1126) 23 (MNI-1128) 24 (SDM-2) 25
SynVesT-1 SynVesT-2

26 27 (SDM-1) 28 29 (Levetiracetam)
Fig. 1. Structures of compounds for SV2A binding assays.
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affinity (Kd = 5.2 ± 2.1 nM and Bmax = 4300 ± 640 fmol/mg
protein (215 ± 32 nM, n = 3; Fig. 2c)).

Screening of Novel Potential F-18-Labeled SV2A Ligands
Assessment of compounds from Invicro and Yale was
carried out in blinded fashion and included unlabeled
UCB-H and UCB-J as controls. Concentration-response
curves highlighting IC50’s of selected high-affinity com-
pounds are shown in Fig. 3, comparing rat and human data
with the complete datasets in Table 1. Rank ordering of the
data revealed high-affinity binding (Ki ≤ 10 nM) for several
of the compounds, notably MNI-1126 and MNI-1038

(Invicro) and SDM-2 and SDM-8 (Yale). MNI-1126 and
SDM-8 were actually the same chemical structure (Fig. 1)
and thus provided an extra internal control of the assay
methodology eliciting binding affinities of G 5 nM across rat
and human homogenates. All compounds had Hill slopes
close to unity indicating binding to a single site. In
comparison, levetiracetam (Sigma-Aldrich) generated a
binding affinity of 2000 nM. The Yale compounds were
provided as active and inactive enantiomers and accordingly,
the latter showed lower binding affinities. Inclusion of UCB-
J active enantiomer served as internal control across both
studies and in which binding affinities were comparable in
rat and human homogenates. Based on this information, and

Fig. 2. Saturation analyses of [3H]UCB-J binding to rat whole brain and human cortex crude P1 homogenates reveal binding to
a single population of high-affinity sites. Data expressed as specific bound (fmol/mg protein) versus free ligand concentration
(nM) for a young adult rat whole brain (n = 3), b healthy human cortex (n = 7), and c age-matched BRAAK stage IV–VI AD cortex
(n = 3) homogenates. Inset shows respective Scatchard plots (bound/free versus bound (fmol/mg protein)).
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the availability of F-18-labeled material, MNI-1126/SDM-
8 was selected for subsequent micro-PET imaging studies.

Autoradiography

Distribution of Specific [3H]UCB-J (1 nM) Binding in
Mammalian Brain Representative images of [3H]UCB-J
(1 nM) binding showed fairly uniform and specific binding
to gray matter regions throughout the rodent brain (Fig. 4;
n = 3–5). Similar gray matter specific signal was observed in
age-matched human healthy control and AD post-mortem
cortical tissue sections (n ≥ 3). Preliminary examination and
analysis suggested a decrease in signal generated in AD
compared with age-matched control tissue sections
(Table 2). In rTg4510 brain, a mouse model overexpressing
human tau, specific [3H]UCB-J signal was also reduced
compared with signal in the brains of age-matched wild-type
(WT) littermates. In contrast, there was no observed change
in specific signal intensity in the corresponding comparison
of Tg2576 mouse brain overexpressing Aβ compared with
WT littermates.

Comparison of Healthy Control and AD Sections Using a
Wash and No-Wash Characterization The observed
[3H]UCB-J signal increased as expected switching from
low (1 nM) to saturating (20 nM) radioligand concentration
(Fig. 5) under conditions where the tissue sections were
washed in buffer and dried prior to exposure.

Using the “no-wash” protocol, [3H]UCB-J (1 nM) spe-
cific signals developed in normal healthy control cortex (n =
3–5) and hippocampal sections (n = 3; Fig. 5) of 96 ± 1.2 %
and 97 ± 0.4 % respectively. Similar specific signals devel-
oped at 20 min in WT mouse and naïve rat whole brain
sections, respectively (n = 3–5; not shown). These were
derived from radioactivity counted on GF/B filter discs
using liquid scintillation counting and in which average
counts were in the range of 11,000 dpm (total) and 700 dpm
(Ns). As expected, the data from the washed sections was
reproduced if sections were exposed to phosphorimaging
screens. Table 3, in the ESM, shows the results from the
quantification of the data for all groups. These values are
comparable with the tritiated version of the gold standard
clinical GABA-A G protein–coupled receptor PET ligand
[11C]flumazenil [24] and suggestive of a reasonable proba-
bility of success for providing a measurable in vivo signal
with the caveat of sufficient delivery across the blood-brain
barrier and subsequent retention at the target.

Dynamic Micro-PET Imaging in Rat Brain Using [18F]MNI-
1126 / [ 1 8F]SDM-8 Sys temic admin i s t r a t ion of
[18F]MNI1126/[18F]SDM-8 (23 ± 1 MBq, n = 4) into the tail
vein of male SD rats followed by dynamic acquisition over
90 min revealed a time-activity curve profile consistent with
rapid “wash-in,” and fast “washout” kinetics typical of
successful in vivo CNS imaging agents (Fig. 6). Baseline scans
were performed in 2 animals. To demonstrate the reversibility of

Fig. 3. Example competition binding curves using 1 nM [3H]UCB-J in rat whole brain (a) and human cortical (b) crude P1
membranes using 10 μM UCB-H to define non-specific binding. Data is expressed as % inhibition of specific binding ± s.e.m.
from 5 to 12 separate determinations carried out using 6-point concentration curves carried out in duplicate.

Patel S. et al.: In Vitro and In Vivo Preclinical Characterization of Novel SV2A Compounds836



[18F]MNI-1126/[18F]SDM-8 binding, a dynamic PET scan
acquired over the same timecourse was employed followed by
a chase. Since [18F]MNI-1126/[18F]SDM-8 reaches a maximum
in vivo accumulation in the brain between 15 and 30 min (n = 4),
at 30 min and while still acquiring the dynamic data, 30 mg/kg
levetiracetam was administered intravenously. Here, the initial
15–30-min rapid peak to steady state was followed by a
relatively faster washout of tracer compared with that in the
absence of levetiracetam indicating reversibility of the in vivo
binding of [18F]MNI-1126/[18F]SDM-8 in the rat brain (Fig. 6).

Discussion
Changes in synaptic physiology over the course of a lifetime
are thought to play an important role in the physiologic and
pathologic processes regulating synaptic density [1–4].
Longitudinal quantification of synaptic densities in the
living human brain is essential to the understanding,
diagnosis, and treatment of brain disorders associated with
synaptic pathology. Currently, such non-invasive and longi-
tudinal in vivo clinical quantification of SV2A is achievable
using [18F]UCB-H and [11C]UCB-J [19–21]. Development
of next-generation F-18-labeled SV2A PET radioligands is

warranted to improve on metrics such as in vivo signal to
noise, in part to minimize inter-subject quantification error
as well as leveraging the longer radioactive half-life of
fluorine-18 and the wider availability of centers that can
competently work with this isotope compared with the more
specialist use of carbon-11. Additionally, optimizing the
ease and reproducibility of radiosynthetic methods is of
particular importance for delivering reliable quantities of
clinical grade material required for human studies. If novel
tracer candidates are available for assessment, the question
remains as to which candidate(s) to select for ultimate
development. As such, a data-driven approach to de-risk
which candidate to select provides an efficient, cost-effective
method to make go/no-go decisions in this respect.

The use of radioligand binding approaches to characterize and
profile CNS protein targets and potential probes has been well
characterized [11]. Likewise, the optimal physicochemical prop-
erties for successful CNS imaging radiotracers are well under-
stood and have been documented using a de-risking approach that
has been adopted and utilized by pharma to develop and deliver
clinical CNS PET imaging probes [11–15, 26]. An initial step in
this process is to establish that the candidate has high affinity for
the target of interest; generally G 5 nM is a good starting point as

Table 1.. Pharmacological profile of novel SV2A compounds following competition equilibrium binding assays in rat whole brain and human cortical crude
P1 membranes

Compound Rat Ki (nM) nH Human Ki (nM) nH

1 (UCB-J, Invicro) 3.5 (16; 22) 1.1 ± 0.09 1.5 (0.85; 2.1) 0.71 ± 0.10
1 (UCB-J, Yale) 1.5 (0.98; 1.9) 0.70 ± 0.20 3.0 (1.8; 4.1) 1.0 ± 0.15
2 (racemate) 2.7 (2.3; 3.2) 1.1 ± 0.07 5.4 (4.7; 6.2) 0.86 ± 0.04
3 ((S)-enantiomer) 37 (28; 46) 0.84 ± 0.07 71 (49; 93) 1.2 ± 0.15
4 (UCB-H) 6.9 (6.1; 7.7) 1.1 ± 0.06 9.0 (6.9; 11) 0.93 ± 0.15
5 (racemate) 9.4 (7.7; 11) 0.90 ± 0.01 12 (8.6; 16) 0.89 ± 0.17
6 (SVA2_01) 19 (16; 22) 0.94 ± 0.05 N.D. N.D.
7 (SVA2_03) 140 (120; 160) 0.94 ± 0.10 N.D. N.D.
8 (SVA2_02) 180 (150; 210) 0.95 ± 0.10 N.D. N.D.
9 (SVA2_04) 630 (550; 710) 0.97 ± 0.04 N.D. N.D.
10 (SVA2_09) 140 (120; 170) 0.90 ± 0.10 N.D. N.D.
11 (SVA2_08) 47 (31; 62) 0.89 ± 0.06 N.D. N.D.
12 (SVA2_16) 84 (75; 94) 0.96 ± 0.12 N.D. N.D.
13 (SVA2_17) 380 (360; 400) 0.97 ± 0.20 N.D. N.D.
14 (SVA2_14) 55 (38; 73) 0.87 ± 0.05 N.D. N.D.
15 (SVA2_15) 61 (45; 77) 1.00 ± 0.13 N.D. N.D.
16 (SDM-9) 530 (410; 660) 0.95 ± 0.17 510 (390; 620) 0.88 ± 0.11
17 510 (470; 550) 1.1 ± 0.27 1000 (640; 1400) 1.2 ± 0.15
18 (SVA2_13) 24 (19; 30) 0.86 ± 0.08 N.D. N.D.
19 (SDM-7) 18 (40; 55) 0.95 ± 0.07 17 (13; 20) 1.1 ± 0.08
20 51 (44; 58) 1.1 ± 0.09 88 (73; 100) 1.1 ± 0.08
21 (MNI-1038) 6.4 (5.3; 7.6) 1.1 ± 0.07 5.1 (2.6; 7.7) 0.91 ± 0.21
22 (MNI-1126) 2.2 (0.64; 3.8) 0.93 ± 0.15 2.2 (1.6; 2.7) 0.97 ± 0.23
22 (SDM-8, Yale) 2.0 (1.6; 2.4) 0.74 ± 0.13 4.7 (3.3; 6.0) 1.1 ± 0.20
23 (MNI-1128) 51 (32; 71) 0.94 ± 0.11 95 (62; 130) 0.95 ± 0.12
23 (Yale supply) 58 (45; 72) 0.99 ± 0.11 140 (110; 170) 1.1 ± 0.05
24 (SDM-2, Yale) 7.6 (6.7; 8.5) 1.1 ± 0.09 12 (11; 14) 1.0 ± 0.04
25 18 (40; 55) 1.0 ± 0.13 71 (67; 74) 1.0 ± 0.10
26 (SVA2_07) 31 (21; 40) 0.89 ± 0.06 N.D. N.D.
27 (SDM-1) 37 (31; 42) 1.0 ± 0.11 58 (53; 63) 1.3 ± 0.19
28 11 (8.9; 12) 0.93 ± 0.09 20 (17; 22) 1.0 ± 0.05
29 (Levetiracetam) 1700 (1400; 2000) 1.0 ± 0.13 2500 (2100; 2900) 0.98 ± 0.13

Competition of [3H]UCB-J (1 nM) by SV2A compounds in rat and human brain. Apparent binding affinity (Ki) data calculated from inhibitory constant (IC50)
values determined as shown in Fig. 2, and using the Cheng-Prussof equation [23]. Data is expressed as geometric means calculated from 6-point concentration
curves carried out in duplicate and repeated 5–8 times (N.D., not determined). Numbers in parentheses indicate low and high errors of this mean. Hill slope
(nH) determinations for binding curves expressed as arithmetic mean ± standard error of the mean (s.e.m.)
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most currently used clinical PET radiotracers fall into this range.
These factors allow prediction of the likelihood of obtaining a
measureable in vivo specific signal based in part on the
relationship of the ratio of target density to ligand affinity (Bmax/
Kd) originally proposed by Eckelmann and Gibson [26].

Using tritium-labeled material initially provides a rela-
tively affordable means of early characterization of the
candidate radioligand and/or a tool compound in a higher
throughput, faster turnaround manner over a timeframe not
limited by radioactive decay half-life. In these types of
studies, specific binding can be determined in three potential
ways: (a) by co-incubation of radioligand with tissue sample
and an excess of some competing ligand. Such self

(homologous) competition will provide a specific signal
but runs the inherent risk of missing any potential off-target
activity as radioligand and competing compound will bind to
all the same known and unknown sites. Alternatively, (b) a
structural analog differing in some way to the radioligand
can be used to mitigate the caveat highlighted in (a). Better
still, if available, is the use of (c) a structurally dissimilar
compound with known selectivity for the target of interest.
In the present studies, unlabeled UCB-H was utilized to
assess non-specific binding satisfying approach (b) listed
above. In this case, optimizing the [3H]UCB-J binding assay
in mammalian brain preparations served to provide a
template describing the stepwise approach that can be

Fig. 4. Example autoradiograms in mammalian brain sections showing distribution of [3H]UCB-J (1 nM) binding under
equilibrium conditions in mammalian brain regions representing normal and diseased states. WT are littermates for each of the
transgenic animal models, rTg4510 tau–overexpressing mice, or Tg2576 amyloid–overexpressing mice.

Table 2.. Specific binding of 1 nM [3H] UCB-J to brain regions in human and rodent tissues (nCi/mg protein)

Naïve SD rat 120 ± 12
Mouse WT mouse rTG4510 mouse WT mouse TG2576 mouse

200 ± 37 160 ± 12 170 ± 11 200 ± 35
Human NHV cortex AD cortex NHV hippocampus AD hippocampus

180 ± 32 130 ± 318 89 ± 7.9 57 ± 9.6
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generally applied to any novel radioligand radiolabeled with
most isotopes, and with the ultimate goal of providing the
information necessary to rank-order the test compounds for
affinity. In addition, knowing the Bmax of the target allows
estimation of the Bmax/Kd ratio for the ultimate PET ligand
candidate that provides a decision-making opportunity on
whether to trigger and/or continue development on satisfying
the Eckelmann/Gibson index of ≥ 10 [26]. As an example,
the Bmax/Kd ratio for [3H]UCB-J in rodent and human brains
assessed in these studies is 16 and 170, respectively, and
supports the published in vivo data in humans and non-
human primates to date [18–21]. Interestingly, saturation
analysis in crude P1 homogenates prepared from the post-
mortem AD cortex in these studies revealed a 57 %
reduction in Bmax that correlated with the reduction observed
in the tissue ARG studies and consistent with the magnitude
of reduction (41 % decrease in nondisplaceable binding
potential, BPND, in the hippocampus of patients with

Alzheimer’s disease) measured in vivo with [11C]UCB-J
PET imaging [27].

Parallel ARG studies executed in rodent sagittal brain
sections confirmed a fairly uniform distribution across
mammalian brain consistent with published in vivo data
[18, 19], with higher levels of specific binding observed in
gray matter of the mammalian cortex and hippocampus.
Post-mortem human tissue sections revealed a similar
propensity for the specific signal occurring in gray,
compared with white matter regions of the cortex and
hippocampus sections assessed. In the absence of any
existing data, typically this approach would use antibody
immunostaining (IHC) protocols on adjacent sections to
confirm that the distribution of specific radiochemical signal
matched that provided by the IHC methods. When stock
radioligand and/or tissue sample availability is limited,
another option is to run the ARG method using a saturating
concentration of radioligand. This can be achieved using a
radioligand concentration approximately tenfold higher than

Fig. 5. Example autoradiograms in human brain sections showing distribution signal of [3H]UCB-J (1 and 20 nM) under
equilibrium conditions in comparison with normal rat brain tissue under normal washing conditions. This is compared with
autoradiograms in human brain sections showing distribution signal of [3H]UCB-J (1 and 20 nM) under “no-wash” conditions.

Fig. 6. Micro-PET-derived time-activity curves of [18F]MNI-1126/[18F]SDM-8 in rat brain based upon 90-min dynamic
acquisition protocol. Arrow indicates 30 mg/kg i.v. levetiracetam administration into the tail vein catheter during the scan (n = 3–
4). Panel a shows a single animal with a preblock scan and a post blocking chase scan on a separate day. Insets show the
summed images at the times indicated for the animal under both conditions. Panel B shows the mean ± SE of baseline scans
(n = 2) compared with blocking scans in 4 animals.
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the Kd of the radioligand for its target. The information
provided in this way can then be used to estimate changes in
target density that may occur between healthy and diseased
tissue. Accordingly, at a sub-saturating (1 nM) concentration
of [3H]UCB-J, a reduction in the specific binding signal was
observed in the tau-overexpressing rTg4510 mouse brain
and human AD post-mortem cortex and hippocampus. In
contrast, no change in SV2A signal was observed in the Aβ-
overexpressing Tg2576 mouse brain. This may be linked to
the somewhat equivocal data citing the extent of neuronal
loss at the age of the mice used in this study, and indicative
of a lack of synaptic loss in this particular cohort of animals
[28, 29]. A similar observation was noted by running the
studies at the saturating (20 nM) radioligand concentration
and further supported in the cortical homogenate studies
where detailed saturation curves were generated. Of course
context is key since an artificial increase in signal to noise
established by the wash paradigm in the in vitro methods is
absent in in vivo PET studies.

We have previously demonstrated that by using a “no-wash
protocol,” the tritiated version of the “gold standard” clinical
CNS PET radioligand [11C]flumazenil provided an approximate
95 % specific binding signal under the conditions employed
[14]. In contrast, the tritiated version of the dopamine D2

receptor radioligand [11C]raclopride provided an approximate
30 % specific binding signal. Using these as higher and lower
cutoff points respectively, it was shown that candidates tested
that fall between these two values subsequently provided
measurable in vivo signals when administered as PET-labeled
versions in rodents and humans [14, 25]. In the present studies
[3H]UCB-J elicited a signal close to that of radiolabeled
flumazenil in both human and rodent tissues thus suggesting
that radiolabeled UCB-J should provide a measurable in vivo
signal as has indeed been reported [19, 20].

Armed with this in vitro data package, preliminary in vivo
assessment of [18F]MNI-1126/[18F]SDM-8 in rat using micro-
PET imaging could be triggered with confidence. For a viable
PET tracer, following the uptake phase, there should be a
distribution pattern that reflects the binding site density. Other
notable characteristics include reversibility of the tracer by
displacement with a structurally distinct compound. For
[18F]MNI-1126/SDM-8, the tracer was shown to rapidly enter
the brain and establish a plateau level from 15 to 30 min
followed by washout phase at a slower rate than uptake. A bolus
i.v. injection of the SV2A ligand levetiracetam (30 mg/kg) at
30 min resulted in a faster reduction in signal indicative of
levetiracetam competing for binding and thus showing revers-
ibility of the binding interaction in vivo [25]. Furthermore, the
difference between the normal washout curve in the presence
and absence of competing ligand can be used to estimate the size
of the signal expected in future in vivo target occupancy studies.
Given that [18F]MNI-1126/[18F]SDM-8 displayed relatively
slow kinetics in NHPs [22], it is likely to observe even slower
kinetics in humans though this remains to be seen. This is
obviously another factor to consider when de-risking potential
clinical PET ligand probes. These in vivo data thus suggest that

[18F]MNI-1126/[18F]SDM-8 is a viable tracer for monitoring
SV2A in rodent models. Results from studies in non-human
primates have since been published and confirmed the suitability
of [18F]MNI-1126/[18F]SDM-8 to image SV2A and provide
high levels of specific binding signals [22, 30].

Conclusions
In summary, in vitro radioligand binding and in vivo
micro-PET imaging methods have been utilized to
characterize several SV2A-targeting small molecules in
order to provide data-driven decisions on which analog(s)
to pursue as potential F-18-labeled clinical PET ligands
for SV2A. Here, [18F]MNI-1126/[18F]SDM-8, recently
renamed as [18F]SynVesT-1, has emerged as a promising
candidate. Assessment for this tracer as well as for the
equally promising candidate [18F]SDM-2 (renamed
[18F]SynVesT-2) in non-human primates and humans is
the subject of other studies.
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