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Targeting SV2A for Discovery of Antiepileptic Drugs
Rafal M. Kaminski,* Michel Gillard, and Henrik Klitgaard.1

Levetiracetam’s (Keppra®) binding site and its subsequent identification as the synaptic vesicle protein 2A 
(SV2A) has opened a new and successful avenue for drug discovery programs at UCB. A number of structurally 
diverse, selective high affinity SV2A ligands have been identified in binding assays and displayed potent, broad 
spectrum activity in animal models of epilepsy. Promising preclinical data enabled the identification of 
brivaracetam as an antiepileptic drug (AED) candidate now in Phase III development for epilepsy. In parallel, 
intensive research efforts have also been undertaken to further understand the mechanism of action of 
levetiracetam and other SV2A ligands. A strong correlation between SV2A binding affinity and anticonvulsant 
potency, initially observed in the audiogenic seizure model, has now been extended to other models of 
generalized and partial epilepsy. Furthermore, the anticonvulsant efficacy of levetiracetam was significantly 
reduced in SV2A deficient mice. Several research groups have been working to elucidate the role of SV2A in 
synaptic vesicle release and cycling, but despite many efforts its function still remains elusive. Recent studies 
report reduced SV2A expression in brain tissue obtained from both experimental epilepsy models and patients 
with epilepsy. These observations appear to correlate with the data from SV2A deficient animals which display 
increased vulnerability to seizures. Furthermore, SV2A deficient mice show rapid development of kindling 
suggesting accelerated epileptogenesis. SV2A represents an important novel target for AED discovery that is now 
well validated in a large number of both preclinical and clinical studies.

Levetiracetam (LEV) is a novel antiepileptic drug (AED) displaying a unique preclinical profile. Despite initial 
findings showing LEV to be active against audiogenic seizures in mice1 later studies failed to show significant 
activity in classical seizure screening tests such as maximal electroshock (MES) and pentylenetetrazole (PTZ).2 

Interestingly, the same study reported significant seizure protection against fully amygdala kindled seizures in 
rats.2 This unique profile associated with a wide safety margin has also been confirmed in later studies utilizing a 
range of epilepsy models, including amygdala kindling.3 Furthermore, LEV significantly inhibited the 
development of seizure kindling,4 which may be consistent with its potential antiepileptogenic effect.5 This 
unique profile triggered a significant interest in unraveling the molecular mechanism of action of LEV. 
Numerous studies explored the interaction of LEV with mechanisms known to account for the anti-seizure 
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activity of established AEDs including GABAergic and glutamatergic neurotransmission and inhibition of 
voltage-gated Na+ and Ca2+ channels.6,7,8 None of these studies succeeded in identifying any major effects of 
LEV. In contrast, pioneering studies at UCB more than 15 years ago resulted in the identification of a brain 
specific LEV binding site (LBS) for [3H]-LEV that was not shared with any other AED.9 This breakthrough 
finding combined with the later identification of LBS provided an important rationale to pursue drug discovery 
efforts aimed at identifying new high-affinity ligands for this novel binding site with antiepileptic properties 
potentially superior to LEV.10,11 In that context approximately 12,000 compounds were screened in vitro for 
binding affinity to the LBS; 900 compounds were examined for seizure protection in audiogenic susceptible mice 
and 30 compounds characterized broadly in a variety of animal models of seizures and epilepsy. Out of these 
efforts, two lead candidates seletracetam and brivaractam were discovered and taken forward to clinical 
testing.12 Due to a more potent and complete suppression of seizures than LEV in animal models mimicking 
both partial and generalized seizures, brivaracetam was finally selected for further clinical studies in 
epilepsy.13,14 Analysis of the two initial Phase III add-on studies indicated significant efficacy of brivaracetam, 
however different results were obtained depending on patient subpopulations and doses tested (UCB press 
release, April 28, 2009). Therefore, a confirmatory Phase III program is currently underway. The data 
accumulated with LEV and brivaracetam support the promise of LBS as a novel target for AED discovery. This 
highlight a strong interest in pursuing further studies aimed at unraveling the molecular nature and 
consolidating the validity of LBS as an AED target.

IDENTIFICATION OF SV2A AS THE BINDING TARGET FOR LEV
Our group has demonstrated that LBS is enriched in purified synaptic vesicle fraction. In fact, [3H]ucb 30889, a 
derivative of LEV, labeled a synaptic vesicle protein with an approximate molecular mass of 90 kDa, which was 
consistent with the molecular mass of synaptic vesicle protein 2A (SV2A).15 Binding studies were then 
performed in brain membranes obtained from SV2A transgenic mice to determine whether SV2A is indeed 
necessary for LEV binding. We found that [3H]ucb 30889 binds only to membranes from SV2A (+/+) mice and 
not to those obtained from SV2A (−/−) mice.15 Additional in vitro binding experiments performed in brain 
membranes confirmed that the Bmax value for [3H]ucb 30889 is reduced by 50% in SV2A (+/−) when compared 
to the Bmax value obtained with brain membranes of their wild-type littermates.16 These observations were 
further corroborated by ex vivo binding experiments. Injection of LEV to both SV2A (+/+) and SV2A (+/−) 
mice revealed that that SV2A (+/−) mice have half of the protein available for binding as compared to their wild-
type littermates.16 It should be noted, however, that both the radioligand dissociation constants (Kd) in brain 
membranes and IC50 values of LEV calculated from the ex vivo binding curves were comparable between SV2A 
(+/+) and (+/−) mice, confirming that SV2A binding properties were not modified in transgenic animals.16 In 
fact, the binding characteristics of native SV2A in human and rat brain share very similar binding properties.17 

Furthermore, binding affinities of several SV2A ligands are also comparable when measured in human brain, rat 
brain and when the recombinant human SV2A protein is expression in Chinese hamster ovary (CHO) cells.17

BIOLOGY AND FUNCTION OF SV2
A series of molecular studies described above has led to the identification of SV2A as the molecular correlate of 
LBS, however the exact role of this protein in synaptic vesicle cycle and neurotransmitter release still remains 
elusive. SV2 proteins exist as three separate subtypes (SV2A, SV2B and SV2C) and are integral part of secretory 
vesicles membranes localized in different mammalian secretory organs with the highest expression being 
observed in the brain.18,19,20,21 SV2s have 12 transmembrane domains and are members of the major facilitator 
superfamily (MFS) of membrane transporters.18,22 LacY, the prototypic member of the MFS proteins, has been 
shown to exist under two major conformations and the transition between these two conformations would allow 
the transport of lactose.23 Similar changes in conformations have been proposed for other members of this 
family of proteins, which also includes neurotransmitter co-transporters.24 The existence of two major 
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conformations adopted by SV2A proteins in mouse brain was also recently reported by Lynch et al. using Protein 
Tomography™.25 One of the conformations has a funnel structure with an opening towards the cytosol and the 
second displays a “V” shape with the opening directed towards the luminal space. Both conformational states of 
the protein were present in controls samples and samples treated with LEV indicating that binding of LEV does 
not induce an obvious conformational change of SV2A and does not stabilize a specific conformational state of 
the protein.25 This apparent lack of effect of LEV on conformational states of SV2A protein may have been 
hampered by the limitations of the Protein Tomography™ technology and its resolution. In that context, as the 
functional role of SV2A is still largely unknown today, besides its probable involvement in synaptic vesicle 
cycling and in exo- or endocytosis processes, the downstream consequences of compounds binding to SV2A are 
not yet elucidated. One could imagine that upon binding to SV2A, each compound could induce or stabilize a 
conformational change that would be more or less favorable in terms of function, meaning that compounds 
could show various degree of intrinsic efficacy. If proven correct, this opens the possibility that newer SV2A 
ligands bearing higher intrinsic efficacy upon binding could either show clinical efficacy at lower levels of SV2A 
occupancy or even be efficacious in refractory patients.

SV2A is the most studied member of the three SV2 proteins. To date majority of information about its role in 
neuronal excitability has been obtained in experiments involving knock-out mice.21,26,27,28,29 It appears that 
SV2A is not crucial for vesicle biogenesis or synaptic function, but modulates exocytosis of transmitter-
containing vesicles.26,28 Mice lacking SV2A are characterized by a decrease in the calcium-dependent exocytotic 
burst, which is a measure of the availability of neurotransmitter vesicles ready to release their content.28 

Moreover, lack of SV2A results in decreased action potential-dependent neurotransmission, while action 
potential-independent neurotransmission remains normal.26,28 Very recent reports seem to confirm the 
hypothesis that SV2 proteins play important role in calcium dependent neurotransmission.30,31,32 Other recent 
data seem to indicate that SV2A also plays a role in structural changes (volume increase) of synaptic vesicles 
upon loading with glutamate.33 Finally, SV2A may influence synaptic vesicle priming regulated by binding of 
adenine nucleotides.34

VALIDATION OF SV2A AS A DRUG TARGET FOR AEDS

Affinity-Potency Correlation Studies
A key observation initially suggesting that SV2A is the target site for the principal mechanism of action of LEV 
was the fact that the anticonvulsant potency of selective SV2A ligands strongly correlated with their in vitro 
binding affinity. Such correlations between the in vitro affinity of ligands and their potency in inhibiting 
audiogenic seizures in mice have been documented using SV2A from rat cerebral cortex9 and human 
recombinant SV2A expressed in cell lines.15 Our more recent studies confirmed and extended these initial 
findings to other animal models of epilepsy, i.e., corneal kindling and absence seizures in genetic absence 
epilepsy rats from strasbourg (GAERS).35 The anticonvulsant potency of SV2A ligands against audiogenic 
seizures correlated well with their in vitro binding affinity (r2=0.77; p < 0.001) (Figure 1A). Similar correlation 
(r2=0.80; p < 0.01) between anticonvulsant activity and SV2A protein in vitro binding was also observed in 
corneally kindled mice (Figure 1B). Finally, correlation between in vitro SV2A binding and inhibition of spike-
wave discharges in GAERS has also been documented (r2=0.72; p < 0.01) (Figure 1C). It is important to note 
that despite differences in species and epilepsy models, i.e., audiogenic model, corneal kindling and GAERS, the 
slopes and intercepts of regression lines were not statistically different. These experiments demonstrated the 
existence of strong correlation between SV2A binding affinity and anticonvulsant potency in three distinct 
preclinical epilepsy models, which reinforced the significance of this molecular target in the mechanism of 
action of the tested ligands.35 It also suggested that SV2A-related mechanisms are equally important in 
protection against seizures irrespectively of the model. It was a surprising finding since different mechanisms 
and brain regions are likely to be involved in the generation of seizure activity observed in these models. Yet, it 
appears that SV2A protein is essential for neuronal synchronization fundamentally associated with every type of 
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epileptiform activity. Taken together, these data strongly support the notion that targeting SV2A results in an 
anticonvulsant activity relevant for both partial and generalized epilepsy, and thereby can provide antiepileptic 
drug candidates with a potential for broad spectrum clinical efficacy.35

Although these correlations helped in validating the main target for the anticonvulsant properties of selective 
SV2A ligands, in vitro data do not take into account individual pharmacokinetic properties of compounds such 
as protein binding, brain penetration and metabolism that may affect the concentration of the drug in the 
compartment of interest and hence binding to its target. The fact that we observed good correlations between in 
vitro binding and in vivo efficacy is indicative that most compounds tested were close structural analogues 
sharing very similar physicochemical and pharmacokinetic properties. Another major limitation of using in 
vitro binding data is the inability to predict the level of SV2A occupancy that compounds need to reach in vivo 
in order to afford seizure protection. To address these issues, we performed ex vivo binding experiments in 
which binding of compounds with selective affinity for SV2A is measured in vitro in brain homogenates from 
animals that have been administered the compounds prior to being sacrificed. When corrected for experimental 
conditions (essentially dilution factors), ex vivo binding data are comparable to in vivo binding data as shown in 
Figure 2 where ex vivo and in vivo binding dose-response curves of LEV are overlapping. The disadvantage of in 
vivo over ex vivo binding experiments is related to the fact that a substantial amount of radioactive tracer needs 
to be injected to each animal. Not unexpectedly, we observed a good correlation between SV2A occupancy 
measured by ex vivo binding and protection against clonic seizures in audiogenic mice as shown in Figure 3 for a 
series of compounds. However, it appears quite clearly that the doses of compounds needed to occupy 50% of 
SV2A are generally lower than the doses needed to afford 50% seizure protection (pIC50 > pED50) i.e. a high 
SV2A occupancy is required to provide pharmacological activity (Figure 3).

Anticonvulsant Effects of LEV and Their Relation to SV2A Occupancy
Using the same ex vivo binding approach, we explored the relationship between SV2A occupancy and seizure 
protection in audiogenic mice as a function of time after single dose administration. Results obtained with LEV 
are depicted in Figure 4. We found that the post-administration time needed for LEV to occupy maximally 
SV2A was well correlated with the time needed for maximal protection against clonic and tonic seizures. 
Interestingly, protection afforded against the more severe clonic seizures is lost prior to the decrease in 
protection against tonic seizures. This suggests that lower amounts of SV2A proteins need to be occupied to 
prevent later stage less severe (tonic) seizures, while a higher occupancy is needed to prevent both forms of 
seizures (clonic + tonic). We have also accumulated similar data for other SV2A ligands that display a variety of 
occupancy-protection patterns. Some compounds quickly occupy SV2A and afford maximal protection against 
seizures faster than LEV, while other compounds display more rapid decline in occupancy and seizure protection 
than LEV. This interlink between SV2A occupancy and efficacy in a time dependent manner further strengthen 
the role of SV2A as the relevant target in the mechanism of action of these drugs.

From dose response and kinetic experiments as shown in Figure 2 and 4, it appears that LEV needs to occupy 
nearly 90% of SV2A in order to protect against clonic seizures in audiogenic mice. It is also clear that there is a 
threshold level of occupancy that needs to be reached to afford seizure protection and that minute variations 
around this threshold are sufficient to prevent or not the occurrence of a seizure. To illustrate this, a group of 10 
mice were treated with LEV and 2 h post-administration 6 mice were protected against sound elicited clonic 
seizures and 4 were not. We measured SV2A occupancy in each mouse and found quite surprisingly that the 
individual SV2A receptor occupancy was nearly identical for all animals. We were expecting that in protected 
mice, the level of SV2A occupancy would be higher than in non protected mice (reflecting inter-individual 
variations due to slight differences in drug administration and/or pharmacokinetics). This might be explained by 
the fact that a seizure is not a gradual, but a binary response and therefore even small differences in SV2A 
occupancy might be sufficient to be either above or below the threshold for a seizure to happen. This is in 
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agreement with the rather steep dose response curves observed for LEV in showing protection against 
audiogenic1 or corneally kindled seizures in mice.36

To further ascertain whether high occupancy of SV2A is also needed to afford seizure protection in patients, we 
have predicted SV2A occupancy by LEV in the brain of human patients based on affinity and available 
pharmacokinetic data. We used the following equation describing a single bimolecular interaction between a 
ligand and a receptor:

SV2A Occupancy = 100 % × [Levetiracetam]
[Levetiracetam] + Ki

Figure 1. Correlation between binding affinity and protective potency of SV2A ligands against convulsive seizures (audiogenic 
seizures and corneal kindling) and absence seizures in genetic absence epilepsy rats from strasbourg (GAERS). SV2A binding 
affinities −log IC50 (pIC50) were measured in rat brain membranes with the use of [3H]ucb 30889. Anti-seizure potencies, based on 
dose-response studies, are shown as −log ED50 (pED50). Figure reprinted from Kaminski et al.,35 with permission.

Figure 2. Ex vivo and in vivo binding of levetiracetam to SV2A in mouse brain. Increasing doses of levetiracetam were administered 
ip to mice. Mice were sacrificed 60 min post administration. For ex vivo binding, brains were removed, homogenized and binding 
using [3H]ucb 30889 was performed as described in Gillard et al.,42 For in vivo binding, [3H]ucb 30889 was injected in the tail vein 5 
min prior sacrifice. Brains were removed, homogenized at 4°C and quickly filtered to retain the bound radioligand. 0% SV2A 
occupancy was determined in saline treated animals and 100% occupancy was defined by the non specific binding measured in the 
presence of an excess of levetiracetam (1 mM). 4 and 6 animals per dose were used for ex vivo and in vivo experiments and each 
binding was performed in duplicate or triplicate. Predicted in vivo binding was calculated as explained in the text, taking into account 
plasma concentration corrected for protein binding (10%), brain to plasma ratio (0.4) and affinity of levetiracetam measured at 37°C (8 
μM).
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[Levetiracetam] refers to the free concentration of LEV in the brain. This was approximated by using total 
plasma concentrations measured in healthy volunteers and patients (UCB data on file, see ref. 37) corrected for 
plasma protein binding of 10%.38 Brain to plasma ratios of 0.4 to 1 were considered based on studies in 
rodents.39 Ki is the equilibrium dissociation constant (affinity) of LEV for SV2A protein. We took the value of 8 
μM that was measured at 37°C in brain tissue. We first validated this approach by predicting, in the same way, 
the SV2A occupancy in mouse brain 60 min after administration using total plasma concentrations corrected for 
protein binding, and using a brain to plasma ratio of 0.4 as reported for mouse.39 The predicted SV2A 
occupancy related to administered dose is shown in Figure 2 and it compares quite satisfactorily with the 
experimental data obtained from ex vivo and in vivo binding experiments.

LEV’s total plasma concentrations at a clinically active daily dose of 1g are ranging from 6–8 μg/mL (Cmin) to 
15–20 μg/mL (Cmax) (UCB data on file, see ref. 37). Plasma concentrations have been shown to be linearly 
proportional to the administered dose38 and can be adjusted accordingly. Using the above equation and 
assuming a brain to plasma ratio of 1 the predicted SV2A occupancy by LEV in patients varies from 80 to 93% at 
Cmin and Cmax for a 1g daily dose and from 92 to 98% for a 3g daily dose. With a less favorable brain to plasma 
ratio of 0.5, the predicted values are 67% (Cmin) and 87% (Cmax) for a 1g daily dose or 86% (Cmin) and 98% 
(Cmax) for a 3g daily dose. These predicted levels of SV2A occupancy in patients are remarkably close to those 
measured in animal models of epilepsy at active pharmacological doses and confirm that high SV2A occupancy 
is needed by current SV2 ligands to adequately afford protection against seizure.

Pharmacology and Phenotyping of SV2A Transgenic Animals in Seizure 
Models
Direct evidence that the in vivo anticonvulsant activity of LEV is indeed mediated by SV2A has been lacking 
until recently.16 Genetically engineered knock-out animals, that lack a given drug target, are frequently used to 
proof in vivo selectivity of pharmacological agents and to demonstrate the lack of therapeutic activity in the 
absence of the molecular target. Similar prove of concept evidence could have been obtained by testing LEV in 

Figure 3. Correlation between ex vivo binding affinity and protection against clonic seizures in audiogenic mice. Increasing doses 
of SV2A ligands were administered ip to mice. Mice were sacrificed 60 min post administration. Brains were removed, homogenized 
and binding using [3H]ucb 30889 was performed as described in Gillard et al.,42 pIC50 is the dose of compound leading to 50% of 
SV2A occupancy (n=2 mice per dose). In parallel experiments, audiogenic seizures were induced by subjecting sound-susceptible mice 
to a 90-dB, 10- to 20-kHz acoustic stimulus for 30 s. The occurrence of clonic and tonic convulsions was recorded. pED50 is the dose 
leading to 50% protection to clonic seizures (n=10 mice/dose).
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SV2A (−/−) homozygous mice. However, these animals suffer from severe seizures starting very early in their 
development and do not survive beyond 2–3 weeks after birth, which precludes their use in pharmacological in 
vivo experiments.26,29 Therefore, we decided to use SV2A (+/−) mice, which are deficient in the SV2A protein, 
but develop normally after birth. First, we demonstrated by video-EEG monitoring that SV2A (+/−) mice do not 
display any overt epileptic phenotype, but rather show pro-epileptic traits such as decreased seizure thresholds 
and accelerated kindling development. The pro-epileptic phenotype of SV2A (+/−) mice was observed in 
kindling models, pilocarpine, kainate, pentylenetetrazol (iv) and 6 Hz models, but not in the MES model.16 

Interestingly, the pro-epileptic phenotype of SV2A (+/−) in a range of different experimental seizure models 
appeared as a “mirror image” of the unique pharmacological profile of LEV in the same models.3

We also demonstrated for the first time a functional involvement of SV2A in mediation of the anticonvulsant 
effect of LEV, which was indeed reduced in SV2A (+/−) mice.16 This was illustrated by its failure to produce the 
same degree of increase in the threshold for induction of 6 Hz seizures in SV2 (+/−) mice as in their wild-type 
littermates (Figure 5). In contrast, valproate, which has SV2A-unrelated mechanisms of action9, produced the 
same magnitude of threshold increase in both genotypes (Figure 5). We decided to use an unbiased approach for 
this comparison and ascertain whether the same doses of LEV and valproate would produce the same magnitude 
of threshold increase for 6 Hz seizures in both SV2A (+/+) and SV2A (+/−) mice. Remarkably, this was true only 
in the case of valproate. A low dose of valproate produced an increase in the threshold for 6 Hz seizures which 
was comparable between SV2A (+/+) and SV2A (+/−) mice (Fig 5). A higher dose of valproate afforded further 
increase of the threshold, which again was almost identical in the two genotypes. Similarly, a low dose of LEV 
produced comparable increases in the seizure threshold in both genotypes. However, in contrast to valproate, a 
higher dose of LEV failed to provide an additional threshold increase in the SV2A (+/−) mice, while the 
threshold was further increased in SV2A (+/+) mice. In fact, a higher dose of LEV produced a 50% higher 
increase in threshold in wild-type mice compared to the increase obtained in SV2 (+/−) mice. It is important to 
remember that SV2A (+/−) mice still express 50% of the SV2A protein, thus occupancy of SV2A by LEV may 

Figure 4. Time course of SV2A occupancy and seizure protection in audiogenic mice after a single administration of 
levetiracetam. 210 μmol/kg of levetiracetam was administered ip. SV2A occupancy and protection against tonic and clonic seizures 
was assessed at several time points after administration. SV2A occupancy was measured by ex vivo binding. Mice were sacrificed and 
brains were removed, homogenized and binding using [3H]ucb 30889 was performed as described in Gillard et al.,42 0% SV2A 
occupancy was determined in saline treated animals and 100% occupancy was defined by the non specific binding measured in the 
presence of an excess of levetiracetam (1 mM) (n=3 mice per time point). In parallel experiments, audiogenic seizures were induced by 
subjecting sound-susceptible mice to a 90-dB, 10- to 20-kHz acoustic stimulus for 30 s. The occurrence of clonic and tonic convulsions 
was recorded (n=10 mice/time point).
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afford some protection against seizures. Furthermore, SV2A (+/−) mice have a significantly reduced threshold 
for 6 Hz seizures and at lower stimulation currents it might have been somewhat easier to elevate the threshold 
with the same dose of LEV, which in fact has the same SV2A affinity in both genotypes. The difference in the 
effects of LEV on seizure threshold became significant only at the dose that occupied nearly all of the SVA2 
binding sites in both genotypes, but since SV2A (+/−) have 50% less sites available for LEV binding, the degree 
of seizure protection was also reduced by approximately 50%.

CHANGES IN SV2A EXPRESSION IN PRECLINICAL MODELS AND 
HUMAN EPILEPSY
Discovery of SV2A as the binding target for LEV prompted investigations of the potential role of SV2A in the 
pathophysiology of epilepsy. Van Vliet et al.40 has used immunohistochemistry and Western blot analysis to 
study SV2A expression patterns during epileptogenesis and chronic epilepsy. Hippocampal samples from 
autopsy controls, patients who died from status epilepticus and pharmacoresistant temporal epilepsy (TLE) 
patients were analyzed. Additionally, SV2A expression was assessed in the hippocampus of rats at different 
stages of epileptogenesis in a post status epilepticus model. A remarkable consistency has been observed between 
human and rat samples. Namely, SV2A expression was significantly decreased in the hippocampus of TLE 
patients with hippocampal sclerosis and also in the mossy fiber terminals during the latent and chronic phase of 
epileptogenesis in rats.40 Based on these results it is not possible to establish a clear cause-effect relationship 
between reduced expression of SV2A and development of epilepsy, but these data are very consistent with the 
above described pro-epileptic phenotype of SV2A-deficnt mice and accelerated epileptogenesis observed in these 
animals.16 Since SV2A is the binding site of LEV and the drug shows reduced efficacy in SV2A-deficient 
animals16 the data of van Vliet et al.,40 may also explain an apparent lack of efficacy of LEV in some patients 
with TLE. It is conceivable that reduced expression of the target for LEV, namely the SV2A protein, could 
underline the cause of non-responsiveness to the drug in some patients. This hypothesis can be verified by 
comparison of SV2A expression levels assessed by positron emission tomography (PET) with patient response or 
non-response to LEV. It is plausible that SV2A expression changes may be responsible for different responses to 
LEV, because pharmacogenetics studies failed to identify SV2A genetic variants that influence response to 
LEV.41 Future SV2A PET ligands may also allow studying occupancy-efficacy relationships to obtain full 
translation of the data we have obtained in animal models to human epilepsy.

CONCLUSION
SV2A constitutes the unique binding site for LEV and plays an important role in synaptic vesicle function. 
Affinity-potency correlations in several models of partial and generalized epilepsy indicate that SV2A is a broad 
spectrum anticonvulsant target. Anticonvulsant activity of LEV is closely linked with occupancy and availability 
of SV2A, whereas SV2A deficiency leads to increased seizure vulnerability and accelerated epileptogenesis. 
Taken together, existing experimental data prove that SV2A plays crucial role in mediation of the anticonvulsant 
action of LEV in vivo and indicate that the SV2A protein represents an important and well validated target for 
the discovery of novel AEDs. Finally, the finding that SV2A protein is as a clinically validated target for epilepsy 
triggered further discovery programs exploring therapeutic potential for SV2A ligands with different binding 
properties.
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