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Fil-lamin-ing in the Gap
in Cortical Dysplasia

Filamin A Inhibition Reduces Seizure Activity in a Mouse Model of Focal Cortical Malformations

Zhang L, Huang T, Teaw S, et al. Sci Transl Med. 2020;12(531);PMID:32075941 doi:10.1126/scitranslmed.aay0289

Epilepsy treatments for patients with mechanistic target of rapamycin (mTOR) disorders, such as tuberous sclerosis complex
(TSC) or focal cortical dysplasia type II (FCDII), are urgently needed. In these patients, the presence of focal cortical mal-
formations is associated with the occurrence of lifelong epilepsy, leading to severe neurological comorbidities. Here, we show
that the expression of the actin cross-linking protein filamin A (FLNA) is increased in resected cortical tissue that is responsible
for seizures in patients with FCDII and in mice modeling TSC and FCDII with mutations in phosphoinositide 3-kinase (PI3K)-ras
homolog enriched in brain (Rheb) pathway genes. Normalizing FLNA expression in these mice through genetic knockdown
limited cell misplacement and neuronal dysmorphogenesis, 2 hallmarks of focal cortical malformations. In addition, Flna
knockdown reduced seizure frequency independently of mTOR signaling. Treating mice with a small molecule targeting FLNA,
PTI-125, before the onset of seizures alleviated neuronal abnormalities and reduced seizure frequency compared to vehicle-
treated mice. In addition, the treatment was also effective when injected after seizure onset in juvenile and adult mice. These
data suggest that targeting FLNA with either short hairpin RNAs or the small molecule PTI-125 might be effective in reducing
seizures in patients with TSC and FCDII bearing mutations in PI3K-Rheb pathway genes.

Commentary

Many intractable epilepsy disorders belong to the group of

“mTORopathies,” brain disorders that are characterized by

dysregulated and increased signaling through the protein

kinase mechanistic target of rapamycin (mTOR).1 Mechanis-

tic target of rapamycin is a signaling hub with a variety of

functions throughout the body ranging from cell growth,

mitosis, and survival to apoptosis. In the brain, mTOR regu-

lates cell migration and neuronal and dendritic structure. Dys-

regulations in the mTOR signaling cascade are often

associated with brain malformations, including macrocephaly

and focal cortical dysplasia (FCD), which can lead to intract-

able epilepsy. These mTORopathies can be caused by activat-

ing mutations in mTOR itself or defects in upstream

regulators such as tuberous sclerosis complex (TSC)1/2,

PTEN, and phosphoinositide 3-kinase (PI3K). Recently,

mTOR-inhibiting drugs, such as Everolimus and Sirolimus,

which are approved for use in humans as cancer treatments or

immunosuppressants after organ transplants, have been eval-

uated as disease mechanism-targeting therapeutic strategies in

seizure disorders associated with mTORopathies, for exam-

ple, TSC and refractory FCDs.2 These clinical trials showed

some success and promise but also revealed that mTOR inhi-

bition only partially suppresses seizures and that some

patients do not respond at all, leaving a need for alternative

or additional treatments.

In a series of recent studies, Bordey and colleagues have

begun to fill this gap by bringing a new protein into play,

Filamin A (FLNA). Filamin A is increased in human FCDs

and in mouse models and could thus serve as a treatment target

to reduce seizures in intractable epilepsy associated with brain

malformations and mTOR dysregulation.3-5 Their most recent

study, published in Science Translational Medicine, is an

important step toward advancing these so far preclinical studies

into clinical application.5 Although still focusing on a mouse

model of mTOR-associated FCD, they have now shown pro-

mising seizure-reducing effects with an inhibitor of FLNA,

PTI-125.6 PTI-125 is currently used in clinical trials with Alz-

heimer patients, thus moving a clinical trial in intractable epi-

lepsy within reach.

Apart from pointing toward an alternative treatment strat-

egy, Bordey and colleagues’ work is also noteworthy because it

provides novel insights into the signal transduction pathways

underlying cellular dysmorphology and seizures in brain mal-

formations. Their previous studies have shown that FLNA

increase in TSC depends on the signaling molecule ERK1/2

(extracellular-regulated kinase 1/2) but not mTOR. Consider-

ing that ERK1/2 and mTOR signaling pathways are strongly

Epilepsy Currents
2021, Vol. 21(1) 51-53
ª The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1535759720975741

journals.sagepub.com/home/epi

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

EPILEPSY CURRENTS

https://sagepub.com/journals-permissions
https://doi.org/10.1177/1535759720975741
http://journals.sagepub.com/home/epi
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


intertwined, regulating each other but also being regulated by

the same upstream signaling receptors and effecting similar

protein targets, it stands to reason that many mTORopathies,

even those not directly affecting ERK1/2 could be character-

ized by increased FLNA. Vice versa, FCDs caused by other

mutations that are not altering mTOR but only ERK1/2 could

be amenable to a FLNA-targeted strategy. An interesting ques-

tion to address in future studies will be if another group of

neurological diseases caused by defects in a signaling hub

regulating ERK1/2 signaling, RASopathies,7 could likewise

benefit from an FLNA-targeted treatment.

Another notable observation the authors made was that the

seizure-suppressing effect of FLNA inhibition did not depend

on correcting morphological defects or increased S6 phosphor-

ylation. Filamin A belongs to a group of large scaffolding

proteins that crosslink actin and are thus fundamental for cell

structure. PTI-125 binds FLNA and blocks association with

other proteins, such as actin. To test whether increased FLNA

mediates the morphological alterations associated with

mTORopathies, Bordey and colleagues used a mouse model

for TSC- and FCD-associated brain malformations, in which an

mTOR activator, namely constitutively active Rheb GTPase

(RhebCA) is expressed in the cortex of mice starting at embryo-

nic day 15. RhebCA expression in a subset of cells during

embryogenesis leads to cortical cell misplacement, cellular

dysmorphology, and spontaneous seizures at 8 to 9 weeks of

age, thus replicating many of the hallmarks of FCD. In an

elegant within-subject controlled approach, the authors also

showed that FLNA is increased in dysmorphic balloon cells

but not the surrounding healthy cells, which enabled a detailed

assessment of the contributions of FLNA to morphological

changes and seizures. Introducing a short hairpin RNA to

knock down FLNA simultaneously with RhebCA expression

only partially normalized soma size and cell misplacement and

did not rescue S6 phosphorylation but significantly reduced

seizure frequency in adult mice. Very similar results were

obtained using the FLNA inhibitor PTI-125 at translationally

relevant time points ranging from ages equivalent to human

birth, adolescence, and adulthood, thus spanning periods before

and after seizures had developed. At all ages, seizures were

strongly and significantly reduced; however, cellular morphol-

ogy was only partially rescued and S6 phosphorylation was

unchanged after treatment. These results add to other recent

findings that seizure reduction in mouse models of increased

PI3K/mTOR activation can be achieved without normalizing

S6 phosphorylation8 and suggest that increased S6 phosphor-

ylation downstream of mTOR may not mediate the seizure

phenotype. Mechanistic target of rapamycin inhibitors cur-

rently assessed to treat epilepsy in mTORopathies are specifi-

cally targeting mTORC1, which is upstream of S6

phosphorylation, and levels of phospho-S6 are considered as

a readout for efficiency. More studies are needed to further

evaluate the role S6 activation plays in epileptogenesis and

chronic epilepsy in brain malformations.

Interestingly, there were large variations in FLNA expres-

sion in human tissue from resected FCD compared with

controls, with some showing strongly increased FLNA,

while others were unchanged. This suggests that only a

subset of FCDs are characterized by increased FLNA and

might be responsive to an FLNA-targeted treatment. To be

developed into a successful treatment, it will be essential to

identify the type of mutations and FCDs that show dysre-

gulated FLNA. As outlined above, it is conceivable that

other mutations outside the classic mTORopathies may be

important.

One caveat in interpreting the results of this study is that

seizures were only monitored during treatment. It is thus

unclear if PTI-125 has simply an anti-seizure effect, unrelated

to the underlying mechanism, or is truly disease-modifying.

Although the partial correction of some morphological

defects argues in favor of a disease-modifying effect, further

studies are needed to fully understand how inhibition of PTI-

125 reduces seizures in this model before advancing these

promising findings to clinical trials. The fact that FLNA

reduction strongly reduced seizure frequency but only par-

tially rescued cellular dysmorphology and was even effective

without correcting cell displacement, suggests that FLNA’s

function in cell structure regulation may not be the most

important factor mediating the seizure-suppressive effect.

Apart from actin, FLNA binds to and regulates key signaling

molecules, such as membrane receptors.9 In line with a more

far-reaching function, the FLNA inhibitor PTI-125 inhibits

inflammation by reducing FLNA association with the toll-

like receptor 4 (TLR4), which prevents TLR4-induced cyto-

kine release.6 Seizures, epilepsy, and epileptogenesis are

associated with neuroinflammation, for example mediated

through TLR4,10 and strong evidence suggests that chronic

neuroinflammation as a consequence of recurrent seizures is

harmful to the brain and may exacerbate seizure-induced

brain damage. In addition to reducing seizure burden in a

subset of intractable epilepsy disorders not fully or not at all

responsive to mTOR inhibition, PTI-125 may thus provide

further benefits by ameliorating comorbidities associated

with epilepsy, such as impaired cognition or depression.
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