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Abstract. Epilepsy is a complex neurological disorder characterized by significant genetic and

epigenetic heterogeneity. Advances in molecular diagnostics—including next-generation

sequencing, whole-exome sequencing, and targeted gene panels—have identified more than 900

genes associated with various forms of epilepsy. These findings have improved early diagnosis,

refined clinical classification, and facilitated the development of personalized therapeutic strategies.

Pathogenic variants in genes such as SCN1A, KCNQ2, STXBP1, CDKL5, and DEPDCS5 influence

seizure phenotype, drug response, and prognosis, enabling tailored treatment selection. Emerging

evidence on epigenetic dysregulation further expands potential therapeutic targets. Despite

significant progress, challenges remain in variant interpretation, test accessibility, and ethical

considerations. Integrating genetic and epigenetic profiling into routine practice has the potential to

transform clinical management and improve outcomes for patients with monogenic,

pharmacoresistant, and developmental epilepsies.
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I'EHETUYECKHUE U QITM'EHETUYECKUE JETEPMUHAHTBI DITUJIEIICUUA:
KJIWHUYECKOE 3HAUYEHUE U JOCTUXEHHUSA NEPCOHAJM3UPOBAHHOM
TEPAIIUU

Xampaesa Haspysza Maxammaau Ku3u
HebmaroBa Hlaxuio Jagamxon kusu
Camapkanackuit 'ocyapcTBeHHbI MequHCKuN Y HUBEpCUTET
AHHOTAIMSA. DIWIENCHs IPEICTABIAET OO0 CI0KHOE HEBPOJIOrHYecKoe 3a00eBaHue,
XapaKTEPU3YIOLIEeCs: BBIPA)KECHHOW I€HETUYECKON U NMTI€HETHYECKON Fe€TEPOr€HHOCTHIO.
IIporpecc B 061acTi MOJIEKYJIIPHOM TMAarHOCTUKU — BKJIIOYasi CEKBEHHPOBAHUE HOBOTO
ITOKOJIEHUS, 9K30MHOE CEKBEHUPOBAHKE U ITAHEIIbHBIE TEHETHUECKHUE TECTH — ITO3BOJINI
uaeHTuuIrpoBats 6osee 900 reHoB, CBA3aHHBIX C PA3IUUYHBIMU (JOPMAMHU SMUIIETICUU. DTH
OTKPBITHS CIIOCOOCTBOBAJIM PaHHEW JTUArHOCTUKE, YTOUHEHUIO KJIMHUUECKON KiIacCu(PUKaUuU U
Pa3BUTHIO NIEPCOHAIIU3UPOBAHHBIX TEPANEBTUYECKUX MOAXO0I0B. IIaTOreHHbIE BapaHThI B FeHax
SCN1A, KCNQ2, STXBP1, CDKL5, DEPDCS5 u npyrux onpenensifoT KIMHHYECKHi peHoTurl,
OTBET Ha JIEYEHHE U MPOTHO3, UTO MO3BOJISAET MHANBUYATU3UPOBATh BEIOOP Tepanuu. HoBbie
JaHHbIE 00 SMUTNeHEeTHYECKUX HAPYIICHUSX PACHIUPSAIOT BOZMOKHOCTH MOMCKA TEPAIIEeBTUYECKUX
MmuieHeil. HecMoTpst Ha 3HAYMTETBHBIN MPOrPECC, COXPAHSAIOTCS MPOOIEMbl HHTEPIPETAUU
BAPUAHTOB HEONPENEIEHHOTO 3HAYEHHUS, TOCTYITHOCTH TECTUPOBAHUS U 3THUECKUX OIPaHUYEHUM.
WHTerpanust reHeTUYeCKOro ¥ SIUTeHeTUYECKOro MPOPUINPOBAHNS B KIIMHUYECKYIO IIPAKTUKY
MMeeT MOTEHIMAJl CYIECTBEHHO YJIYYIIUTh BEIEHNE NAI[UEHTOB U MOBBICUThH 3PPEKTUBHOCTD
JIeYeHHsI MOHOT€HHBIX, (papMaKOpe3UCTEHTHBIX U Pa3BUBAIOIIUXCS (hopM sruiIencuu.
KuawueBble cjioBa: »>nujerncusi, reHerrka, snureHeruka, SCNIA, npenu3noHHas MeAuIMHA,
(dapmakoreHoMuKa, oSnwienTuueckas — sHiedanonatus, NGS, reHeTHueckue — NaHeNH,
MIEPCOHAIN3UPOBAHHAS TEPAITHS
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Annotatsiya. Epilepsiya murakkab nevrologik kasallik bo‘lib, uning genetik va epigenetik xilma-
xilligi juda yuqgori. Molekulyar diagnostika sohasidagi yutuglar — yangi avlod sekvensiyasi, ekzom
sekvensiyasi va genlar paneli testlari — epilepsiyaning turli shakllari bilan bog‘liq 900 dan ortiq
genni aniglash imkonini berdi. Bu topilmalar erta diagnostika, klinik tasnifni aniglashtirish va
shaxsga yo‘naltirilgan davolash strategiyalarini ishlab chiqishga katta hissa qo‘shdi. SCN1A,
KCNQ2, STXBP1, CDKL5, DEPDC5 kabi genlardagi patogen variantlar tutqanoq fenotipi, dori
javobi va prognozni belgilaydi, bu esa individual davolashni tanlashga imkon yaratadi. Epigenetik
buzilishlar haqidagi yangi ma’lumotlar esa yangi terapevtik nishonlarni aniglash imkonini
kengaytirmoqda. Barcha yutuglarga garamay, variantlarni talgin qilish, testlarning mavjudligi va
axlogiy masalalar kabi muammolar saglanib qolmoqda. Genetik va epigenetik profilaktikaning
klinik amaliyotga integratsiyasi monogen, dori-rezistent va rivojlanish bilan bog‘liq epilepsiya
turlarini davolash samaradorligini sezilarli darajada oshirishi mumkin.

Kalit so’zlar: epilepsiya, genetika, epigenetika, SCN1A, aniq tibbiyot, farmakogenomika, epileptik
ensefalopatiya, NGS, gen paneli, shaxsga yo‘naltirilgan davolash

Introduction. Epilepsy is one of the most common neurological diseases, affecting approximately
50 million people worldwide [1]. In recent decades, significant progress has been made in
understanding the genetic mechanisms underlying both idiopathic and symptomatic forms of
epilepsy. The genetic heterogeneity of this disease determines a wide range of clinical phenotypes,
treatment responses, and prognosis, making the study of molecular and hereditary determinants of
epilepsy particularly relevant in the context of the development of personalized medicine [2].
Modern molecular genetic technologies, including whole genome sequencing, exome sequencing,
and panel tests, have identified more than 900 genes involved in the pathogenesis of epilepsy. In
particular, mutations in the SCN1A, KCNQ2, CDKL5, DEPDC5, STXBP1 genes and others are
associated with the development of both benign and drug-resistant forms of the disease [3]. These
findings have led to a revision of the traditional classification of epilepsies, supplementing it with
molecular subtypes, which in turn has opened up new opportunities for targeted therapy.
Furthermore, increasing attention is being paid to epigenetic mechanisms influencing the expression
of genes associated with neuronal hyperexcitability and impaired synaptic transmission. This area
also provides potential targets for the development of new antiepileptic drugs and epigenetic
modifiers [4]. The integration of genetic profiling into clinical practice facilitates accurate diagnosis,
prognosis of the disease course, and the selection of the most effective therapy. However, despite
these advances, issues related to the interpretation of variants of unknown significance, the
availability of genetic tests, and the ethical aspects of their use remain unresolved. This underscores
the need for further research aimed at translating genetic discoveries into routine neurological
practice.

Materials and methods.A literature review of current clinical, genetic, and molecular data related
to epilepsy and its personalized therapy was conducted. The search strategy included a systematic
analysis of scientific literature published between January 2018 and July 2025. The primary data
sources were international databases: PubMed, Scopus, and Web of Science. The following
keywords and their combinations were used: "genetic epilepsy,” "epilepsy gene panels,” "precision
medicine in epilepsy,"” "personalized treatment of epilepsy,"” "epileptic encephalopathies,” "epilepsy
genetics,” "channelopathies,” and "next-generation sequencing epilepsy."

Inclusion criteria:

Original articles, systematic reviews, and meta-analyses published in peer-reviewed journals.
Articles containing clinical, molecular genetic, and therapeutic data applicable to the treatment of
epilepsy.

Publications in English that comply with current clinical guidelines.



Studies examining the potential use of genetic testing results for targeted therapy. Exclusion criteria:
Articles that do not contain information on the genetics or treatment of epilepsy. Animal and in vitro
studies that have no clinical significance. Case reports, conference abstracts, and editorial letters.
Publications before 2018 (excluding highly cited fundamental works). Data analysis was conducted
taking into account clinical-genetic correlations and the potential translation of results into
personalized clinical practice.

Results and discussion.Modern research has confirmed that epilepsy has significant genetic
heterogeneity. According to the latest genome-wide association studies (GWAS), more than 900
genes involved in the pathogenesis of various forms of epilepsy have been identified, including
SCN1A, SCN2A, KCNQ2, STXBP1, DEPDC5, GABRAL and others [5]. These genes regulate
neuronal excitability, synaptic transmission and ion homeostasis, disturbances of which underlie
epileptogenesis. Mutations in SCN1A have been established as the leading cause of therapy-
resistant Dravet syndrome [6]. Exome analysis has shown that up to 80% of patients with this form
of epilepsy have de novo mutations in SCN1A. This has made it possible to introduce a targeted
approach: patients with a confirmed mutation are avoided from prescribing sodium-channel
blockers, such as carbamazepine, which increase seizures [7]. Studies using next-generation
sequencing (NGS) have shown that patients with mutations in KCNQ2 and KCNQ3 associated with
benign neonatal epilepsy respond favorably to therapy with potassium chloride and retigabine [8].
This underscores the importance of pharmacogenetics in individualizing therapy. A number of
publications have emphasized the prognostic value of genetic testing. In particular, mutations in
DEPDCS and other genes of the GATOR1 complex are associated with focal cortical dysplasia and
resistance to drug treatment [9]. In such cases, preference is given to early surgical intervention,
which significantly improves outcomes. Importantly, mutations in a number of genes (e.g.,
STXBP1, CDKL5, ARX) are often associated with developmental disorders, autism, and delayed
speech and motor development [10]. Therefore, genetic testing helps not only with the choice of
therapy but also with the development of a multidisciplinary rehabilitation plan. Of interest is the
developing field of epigenetic regulation. Studies conducted in 2022—2023 identified changes in
promoter methylation levels of genes involved in GABA and glutamate signaling [11,12]. This
opens up the possibility of using epigenetic modifiers in the treatment of drug-resistant forms of
epilepsy.

Furthermore, the use of gene therapy has been actively discussed in recent studies. For example,
experiments on mouse models with the SCN1A mutation demonstrated the effectiveness of adeno-
associated viruses (V), which restore gene expression. Clinical pilot studies have already been
launched in people with Dravet syndrome [6, 13]. With the development of bioinformatics, it has
become possible to predict drug efficacy based on a patient's molecular profile. The creation of
multi-omic biobanks allows for the integration of genomics, transcriptomics, and metabolomics data
for personalized therapy [14].

The results of numerous studies confirm that the use of genetic and epigenetic markers not only
allows for a more precise diagnosis but also for predicting the course of the disease and its response
to treatment. This is especially important when choosing treatment strategies for young children and
patients with severe forms of epilepsy. Personalized therapy tailored to a patient's genetic profile
has already proven effective in a number of monogenic epilepsies. Such approaches are expected to
become standard treatment for patients with treatment-resistant and atypical forms of the disease in
the coming years.

Conclusion. Epilepsy is a highly heterogeneous neurological disorder in which genetic and
epigenetic mechanisms play a crucial role in determining clinical phenotype, treatment response,
and long-term prognosis. Over the past decade, significant advances in molecular genetics—
particularly next-generation sequencing, whole-exome analysis, and targeted gene panels—have
enabled the identification of more than 900 epilepsy-associated genes. These discoveries have
transformed traditional diagnostic and therapeutic approaches, shifting the focus toward precision
medicine. The integration of genetic profiling into clinical practice has demonstrated clear benefits:
improved diagnostic accuracy, early detection of severe epileptic encephalopathies, identification
of pharmacologically significant mutations, and optimization of individualized treatment strategies.
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For example, the recognition of SCN1A, KCNQ2, STXBP1, DEPDCS5, and other pathogenic
variants allows clinicians to avoid ineffective or harmful therapies, select targeted drugs, and
consider timely surgical intervention when appropriate. Moreover, the growing understanding of
epigenetic dysregulation—particularly methylation abnormalities in genes regulating neuronal
excitability—opens new avenues for the development of epigenetic modifiers and innovative
antiepileptic treatments. Despite meaningful progress, several challenges remain. These include the
interpretation of variants of uncertain significance, unequal global access to genetic testing, and
ethical considerations regarding genetic data use. Addressing these limitations will require
continued collaboration between neurologists, geneticists, researchers, and healthcare
policymakers.
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