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Abstract

Background: Drug-resistant epilepsy is a complex clinical problem with a multifactorial basis, including both
environmental and genetic factors, affecting one in three patients. Understanding the genetic factors underlying this
resistance may improve prognosis and support the development of new targeted therapies. This systematic review examines
the potential of microRNA (miRNA)-based therapies in overcoming pharmacoresistance, exploring their role in modulating
epileptogenic processes and serving as biomarkers for personalized treatment.

Aim: The aim of this study is to explore the important role of miRNA expression in the development of drug-resistant
epilepsy by conducting a systematic review using databases such as Scopus, PubMed, Google Scholar, Lilacs, and Cuiden.

Materials and Methods: A systematic review of the literature was conducted using the Scopus, PubMed, Google
Scholar, and SciVerse databases. Data from news articles, press releases, or websites were excluded. The search covered
the last 5 years (2019-2024) and was performed in PubMed, Scopus, and Web of Science databases. Relevant articles were
cited, focusing on topics closely related to the subject of this study. The literature review specifically investigated the role of
miRNA in drug-resistant epilepsy and included open-access review articles in the field of epilepsy. The article was prepared
as part of a study funded by the Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP23489425).

Results: During the open-access literature search, 112 articles in English were identified. Duplicate publications, animal
studies, and publications in languages other than English were excluded from the evaluation. After careful review, 32 articles
were selected for full analysis.

Conclusion: Expanding research on the heritability of drug-resistant epilepsy through miRNA studies, particularly in
Kazakhstan, will facilitate early diagnosis, improve treatment approaches, and ultimately enhance patient quality of life.
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MexayHapoOHbIA Ka3axcko-TypeLkuii yHuBepcuteT umeHn Xomku Axmepa fAcasu, r. TypkecTtaH, Pecnybnuka
KazaxcTaH;

23anagHo-KasaxcTaHckuin MeAMLMHCKMIA yHuBepcuTeT umeHn Maparta OcnaHoBa, r. Aktobe, Pecny6nuka KasaxcraH;
310xHo-KazaxcraHckas meguumHckas akagemus, r. LbimkeHT, Pecny6nuka KazaxcraH.

BeepeHue:

TNekapcTBeHHO-yCTOMYMBAS 3NUNencyUs NpeacTaBnseT COBOM CMOXHYK KMMHMYECKylo npobrnemy MHOroakTopHOro
XapaKTepa, BKIIOHaIOLLEro KaK BMMSIHWE OKPYXaloLLel cpefbl, Tak U reHeTudeckie akTopbl, 3aTpariBatoLLyio OHOMO U3
TPEX nauueHToB. MMOHMMaHWE TEHETMYECKUX MEXaHW3MOB, NeXaluyx B OCHOBE 3TOW YCTOMYMBOCTM, MOXKET YMyulUMTb
nporHo3 3aboneeaHus 1 cnocobcTBoBaTh pa3paboTke HOBbLIX TapreTHbIX TepaneBTUYECKMX MOAXO4oB. B aaHHOM
cucTematiyeckom 0630pe paccMaTpuBatoTCs MEpCneKTUBbI MPUMEHEHUs Tepanuii Ha ocHoee MUKpoPHK (miRNA) ans
npeogoneHus hapMakopesnUCTEHTHOCTH, UX Pofb B MOZYNALUWMM SNWUNEnToreHesa, a Taikke NOTEHUMAn B Kayectee
BromapkepoB A1 NepCoHaNM3NpPOBaHHOTO NIEYEHNS.

Lensb:

Llenbto JaHHOro MCCNeaoBaHmMs SBNSETCS U3YYEHNe 3HAYMMON ponm akcnpeccun MkpoPHK B pa3suTiv nekapcTBeHHO-
YCTOMYMBOIA 3NWMENCUM NOCPELCTBOM MPOBEAEHUs cucTeMaTiyeckoro 0b3opa ¢ ucnonb3oBaHneM 6a3 AaHHbIX Scopus,
PubMed, Google Scholar, Lilacs u Cuiden.

Matepuanbi u MeToAbl:

Bbin npoBeaeH cuctematiyeckuii 063op nuTepaTypbl ¢ ucnonb3oBaHnem 6a3 gaHHbIx Scopus, PubMed, Google Scholar
n SciVerse. VCTOUHWMKM, Takue Kak HOBOCTHble CTaTbW, MPECC-PENW3bl W MaTepuanbl C CanToB, OblnM WCKMIOYEHbI M3
paccmoTpeHus. Mownck oxeaTeiBan nybnukaumm 3a nocnegHue 5 net (2019-2024 rogel) B 6a3ax aaHHbIx PubMed, Scopus
Web of Science. bbinu npoaHanuaupoBaHbl peneBaHTHble CTaTbM, HEMOCPEACTBEHHO CBSi3aHHble C  TeMaTuKOM
uccnegosans. B 0630p BKknOYanucb B OCHOBHOM CTaTbW OTKPLITOrO [OCTyna, MOCBAWEHHble ponn MukpoPHK B
NeKapCTBEHHO-yCTOMYMBON anunencii. CTaTbsl MOATOTOBMEHA B paMKkax MCCneaoBaHus, uHaHcupyemoro KomuteTom
Hayku MuHucTepcTBa Hayku 1 Bbicluero obpa3oBaHus Pecnybnukm KasaxcraH (rpaHT Ne AP23489425).

PesynbTathb!:

B pesynbrate noucka nurepatypbl OTKPLITOrO A0CTyna Obino BhiSBMEHO 112 CTaTel Ha aHrmuickom ssbike. W3
paccMoTpeHns Bbinn UCKMIOYeHbl Qybnupylowmecs nybnukaumy, NCCreaoBaHns Ha XWBOTHBIX U NyBrvKauum Ha Apyrux
A3blkax. [locne TwaTensHoro otbopa 4515 NoHOro aHanmaa 6biv BbibpaHbl 32 cTaTbu.

3akntoueHue:

PacwwpeHune nccnegoBaHWin HacneaCTBEHHbIX (DAKTOPOB NEKAPCTBEHHO-YCTOMYMBOM 3MUMENCAN C UCMONb30BaHWEM
aHanm3a mukpoPHK, ocobeHHo B KasaxcTaHe, ByaeT cnocobcTBOBaTb paHHE! AMArHOCTUKE, COBEPLLEHCTBOBAHMIO METOA0B
NEYEHUs 1, B KOHEYHOM WTOreE, YNYYLLEHNI0 KAYECTBA XW3HU NALMEHTOB.

KnioueBble  cnoBa:  nekapcTBeHHO-ycToMumMBas  anunencus;  mMukpoPHK;  npuctyn;  anunenToreHes;
NpOTMBO3NUNENTUYECKE Npenapartbl.

Ana yumuposarus: Jocxaros U.A., Hypduros H.C., Abunoe T.C., Cadbikosa K.XK., Hyckabaesa I".O., XKapkbiHbekoga
H.A., Owubaesa A.E., AlimaxaHos M.C. U3syyeHue ponu mukpoPHK e nekapcmeeHHo-ycmolusol anunencuu. O630p
numepamyps! // Hayka u 30pagooxpaHnerue. 2025. T.27 (1), C. 156-164. doi 10.34689/SH.2024.27.1.019.

Tyvingeme
ASPITE Te3IMAl ANMUNENCUAOA MUKPOPHK-NMAPAObIH PolilH
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Kipicne:
[opire Tesimgi anunencus — KopluaraH OpTa XXaHe reHeTUKarblK (hakTopnapabl KaMTUTbIH KendakTopnbl Kypgeni
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KNWHUKanblK Macene Oonbin Tabbinagbl XeHe apbip yLWiHWI HaykacTa kespecedi. byn TesiMainikTiH, reHeTuKanbik,
Heri3aepiH TyCiHy aypyablH, OoMmKambIH XakCapTbin, XaHa MakcaTTbl TepanusanbIk, TaCingepai AaMbiTyra MyMKiHAK 6epegi.
Ocbl xydeni wonyga tapmakopesucTeHTTiNikTi eHcepyae MukpoPHK, (miRNA) HerisiHgeri TepanusinapgbiH, aneyeri,
onapgblH, 3aNUNENTOreHe3 yAepicTepiH Mogynauusnayaarsl peni xaHe aepOecTeHAipinreH em yiliH Briomapkepnep peTiHae
KONZaHbINy MyMKIHAIKTEpI KapacTbipbinagsl.

Maxkcatbl:

Ocbl 3epTTeyain, Makcatel — Scopus, PubMed, Google Scholar, Lilacs xaHe Cuiden aepekkoprapbiH naiganaHa
OTbIPbIN XyWeni WOy XKyprisy apkblbl Aapire TesiMAi anunencusHbIH, AamybiHa MUKPOPHK, akenpeccusichiHbIH, MaHbI3ab
peniH 3epTTey.

Matepuangap meH agicrep:

Scopus, PubMed, Google Scholar xsHe SciVerse pepekkopnapbiHga afebueTtepre yieni WOy Xyprising.
XananbikTap Makananapbl, 6acnace3 xabapnamanapbl xoHe BeG-calT MaTepuangapbl LOMyAaH LblFapbingbl. 13aey
CoHfbl 5 xbinabl (2019-2024) kamTbigbl xsHe PubMed, Scopus xaHe Web of Science 6asanapebiHga xyprisingi. 3eptrey
TaKblpblbbiHA Tikenei KaTbiCTbl Makananap Tanganbin anbiHgbl. Wony HerisiHeH anunencust canacbiHgarbl MUKPOPHK,
peniHe apHamnFaH allblk KOMKETIMAI Maxkananapgbl kamTbigbl. byn makana KasakctaH Pecnybrnukachl fbinbiM XsHe
orapbl GiniM MUHUCTPRIrHIH, FbiMbIM KOMUTETI KapXKbINaHAbIPaTbiH 3epTTey xobackl ascbiHaa fanbiHaangbl (MpaHt Ne
AP23489425).

HaTtuxenep:

AwWbIK KOKETIMAI o4ebueTTepai isney HaTWxeciHae arbinblH TiniHAer 112 makana aHbikTangbl. KantanaHatbiH
XapusnaHbIMaap, XaHyapnapFa XypridinreH 3epTTeynep xaHe afbinlublH TiniHeH 6acka Tingepaeri Maxkananap 6aranayra
eHrisinmeni. MykuaT ipikreyaeH KeiH Tonblk Tanaay yiwiH 32 makana Tangan anbiHabl.

KOpbITbIHAbI:

KasakcTaHga MukpoPHK 3epTTeynepi apkpinbl Aapire TediMai aNUnencusiHbiH, TYKbIM KyanayLbinbiFblH 3€pTTEYAI KEHENTY
€pTe AuarHoCTUKaHb! XeHinaeTei, eMAey TaCinaepiH XakcapTaabl XaHe HaTKECIHOE NaLMEHTTEPAIH eMip Cypy canacbIH
apTTbipagbl.

Tywingi ce3pep: aspire Tesimai anunencus; MukpoPHK; ycTama; anunenTtoreHes; anunencusiFa Kapcel npenaparrap.

Hfatiekce3 ywiH: [JocxaHos U.A., HypduHos H.C., Abunoe T.C., Cadbikosa KJK., Hyckabaesa I".0., XapkbiHbekosa
H.A., OQwubaesa A.E., AlimaxarHos M.C. [Japice mesimdi anunencusda mukpoPHK-napdsix peniH 3epmmey. d0ebuemmik
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Introduction

Epilepsy is a common and severe neurological disorder
characterized by recurrent seizures, affecting 0.5% to 1% of
the population in developed countries and even more in
developing regions [1], [2]. According to the latest
International League Against Epilepsy (ILAE) classification,
seizures are categorized as focal, generalized, or of
unknown onset. Types of epilepsy include generalized,
focal, and a newly combined category, which helps in
selecting appropriate antiepileptic drugs (AEDs) [4].
Regardless of the cause, recurrent seizures lead to various
physical, psychological, and social challenges, which can
largely be mitigated through effective seizure control.

The primary goal of antiepileptic treatment is to achieve
seizure freedom. While many patients gain good control
with AED therapy, approximately one-third experience
seizures resistant to these treatments, a condition known as
drug-resistant epilepsy (DRE). DRE is associated with
increased morbidity and mortality, along with psychosocial
and cognitive difficulties, ultimately reducing quality of life
[5]. The factors contributing to drug resistance are complex,
involving a combination of environmental, genetic, disease-
related, and drug-related influences. Research suggests
that microRNAs (miRNAs) play a crucial role in drug
resistance mechanisms by modulating gene expression and
influencing neuronal pathways [6], [7], [8].

The definition of drug resistance has evolved over time,
typically focusing on the number of treatment failures, the

endpoint (e.g., seizure freedom), and the time required to
achieve this endpoint. According to statistics, approximately
7% to 20% of children and 30% to 40% of adults exhibit
resistance to pharmacological intervention.

MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are small, non-coding RNA
molecules, typically 21-25 nucleotides in length, that play
a key role in regulating gene expression [9]. They exert
their effects by binding to complementary sequences in
target messenger RNAs (mRNAs), leading to either mRNA
degradation or inhibition of its translation. This post-
transcriptional regulation allows miRNAs to finely tune
gene expression across a wide range of biological
processes.

The biogenesis of miRNAs is a multistep process that
includes transcription, processing, export, maturation, and
functional regulation. Initially, miRNAs are transcribed from
DNA by RNA polymerase Il or lll, forming primary miRNA
(pri-miRNA) transcripts. Pri-miRNA is then processed in the
nucleus by the Drosha enzyme within a microprocessor
complex to form precursor miRNA (pre-miRNA). This short,
hairpin-like precursor is exported to the cytoplasm via
Exportin-5, where it undergoes further processing by the
Dicer enzyme, generating a double-stranded RNA
molecule. One strand of this duplex is incorporated into the
RNA-induced silencing complex (RISC), while the other
strand is typically degraded (Figure 1) [10].
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Figure 1. Biogenesis of miRNAs (created by the author using BioRender.com).

The miRNA within the RISC complex then targets
mRNAs, leading to their degradation or translational
repression, ultimately regulating gene expression. This
finely tuned process allows miRNAs to play pivotal roles in
various biological functions and cellular processes [10].

The Role of MicroRNAs in Epileptogenesis

Epileptogenesis, the process by which epilepsy
develops following an initial insult such as a stroke or
traumatic brain injury, occurs in three distinct phases: acute,
latent, and chronic. The latent phase is characterized by
molecular and structural changes in the brain, including
neuronal loss, inflammation, and synaptic reorganization,
which eventually lead to recurrent spontaneous seizures.
However, the precise mechanisms underlying these
processes remain unclear. As epilepsy progresses into the
chronic phase, the condition worsens over time, highlighting
the urgent need for novel treatment strategies [11].

Recent studies have underscored the pivotal role of
microRNAs (miRNAs) in the regulation of epileptogenesis,
offering promising therapeutic avenues, particularly in drug-
resistant epilepsy (DRE). miRNAs are crucial in neuronal
development, synaptic plasticity, and neuroprotection,
influencing  differentiation, leamning processes, and
responses to injury. They also play a key role in modulating
inflammation,  neuronal  excitability, and  synaptic
transmission, making their dysregulation a potential
contributor to epilepsy pathophysiology [12].

Among the identified miRNAs, miR-324-5p has been
recognized as a key regulator of neuronal excitability.
Experimental models have demonstrated that altering its
expression can significantly influence seizure susceptibility,
suggesting its potential as a therapeutic target for seizure
control in DRE. Similarly, miR-335-5p has been shown to
regulate voltage-gated sodium channel (VGSC) expression,
with its increased levels reducing seizure severity and

improving survival rates, whereas its inhibition enhances
susceptibility to seizures [13].

Moreover, integrative network analyses of miRNA and
mRNA expression profiles during epileptogenesis have
provided deeper insights into the dynamic regulatory
mechanisms involved. These studies have identified
differentially expressed miRNAs throughout epilepsy
progression, further reinforcing their potential as biomarkers
and therapeutic targets. The evaluation of circulating
miRNAs as preclinical biomarkers has also shown promise
in predicting the risk of epileptogenesis. Their minimally
invasive nature offers an opportunity for early diagnosis and
intervention, potentially improving clinical outcomes for
individuals at risk of developing epilepsy.

Furthermore, therapeutic  strategies aimed at
modulating miRNA expression are actively being
investigated to combat DRE. Approaches such as miRNA
mimics and inhibitors are being explored to restore the
balance of dysregulated miRNAs, potentially enhancing the
efficacy of existing antiepileptic drugs (AEDs) [12]. These
innovative strategies not only hold the potential to improve
patient outcomes but also pave the way for personalized
treatment regimens based on an individual's unique miRNA
profile.

Collectively, these findings emphasize the critical
involvement of miRNAs in epileptogenesis and drug
resistance, highlighting their potential role in the
development of novel therapeutic strategies and diagnostic
tools. Further research into miRNA-based interventions may
provide a significant breakthrough in epilepsy management,
particularly for patients with drug-resistant forms of the
disorder.

Additionally, miRNAs serve as powerful modulators of
post-transcriptional gene expression and are significantly
dysregulated throughout epileptogenesis (Figure 1). Their
dynamic expression patterns make them valuable molecular
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biomarkers for diagnosing epilepsy, assessing the risk of its
development, and monitoring treatment response. As
ongoing research continues to identify and validate key

miRNAs involved in epilepsy pathophysiology, their clinical
application as diagnostic and prognostic tools is becoming
increasingly feasible (Table 1).

Table 1.
Key miRNA biomarkers in the diagnosis, prediction, and management of epileptogenesis.
| MicroRNAs || Disease || Function || References |
Epilepsy as a Srinivasan et al.,
1 ||miR-146a neurodegenerative Control of apoptosis 2013
|| disease
g— : . Regulates neuronal ferroptosis and oxidative X Lietal,
2_ IR SRR stress associated with epilepsy. 2024
Epilensy. adeno- Suppresses the expression of voltage-gated Heiland et al.,
3 ||[miR-335-5p a§so§ia¥é d virus sodium channels and may be a target for 2023
|| seizure control.
Epilensy. hiobocampal In drug-resistant epilepsy, miR-34c-5p Fuetal,
4 |ImirR-34c-5p priepsy, Nipp P downregulation enhances neuroinflammation, 2020
neuron damage o
|| exacerbating hippocampal neuronal loss.
Overexpression significantly reduces seizure K. Wang et al.,
5 [miR-485 Hippocampal epilepsy ||frequency and epileptiform firing of hippocampal 2021
|| DG neurons.
Improve blood flow in patients with drug- e it ell, 20D,
6 ||miR-146a, miR-134 ||Epilepsy . : Organista-Juarez et
resistant seizures.
L_| al., 2019
miR-146a, miR-155, Predicted any reductions in seizures with the Samdes et al.,
7 ||miR-134, miR-21, Drug-resistant epilepsy ||modified Atkins diet in adult patients with DRE 2024
| |ImiR-22 after three months
8 |Imir-146a Drug-resistant epilens Reduced expression is associated with Boschiero et al.,
u g pliepsy predisposition to drug-resistant epilepsy. 2020
Functional polymorphism of the miR-146a gene Cuietal,
9 |ImiR-146a Drug-resistant epilepsy ||is associated with drug-resistant epilepsy and 2015
|| seizure frequency.
L e . Confers antiepileptic drug sensitivity in L. Wang et al.,
10]|miR-139-5p Epler] refractory epilepsy via inhibition of MRP1. 2020
1" miR-212-3p and Mesial temporal lobe Both miRNAs work synergistically to control Haenisch et al.,
| ||miR-132-3p epilepsy (MTLE) Sox11 expression 2015

The first study on miRNAs in human epilepsy, published
in 2010, identified increased hippocampal levels of miR-146a,
which is associated with the regulation of inflammatory
responses [14]. Subsequent research focused on five specific
miRNAs: miR-132, miR-34a, miR-134, miR-184, and miR-
128, each demonstrating potential importance in different
physiological and pathological contexts [14], [15], [16], [17].
Notably, in mouse models, inhibition of miR-134 after status
epilepticus significantly reduced the onset of spontaneous
seizures [18], while reduced expression of miR-128 led to
increased motor activity and fatal epilepsy [17].

Recent targeted and genome-wide miRNA profiling
studies have identified more than 100 miRNA alterations in
epilepsy patients and animal models, suggesting that
epilepsy is associated with widespread changes in miRNA
expression [19].

miRNA Profile in Brain Tissues of Patients with
Drug-Resistant Epilepsy

In recent decades, with the development of next-
generation sequencing (NGS), biomarker studies aimed at
identifying diagnostic and prognostic miRNAs have become

more widespread. The gold standard research design for
these studies includes a discovery phase and validation
phases, during which candidate biomarkers are selected
from large sets of molecules. In the discovery phase, high-
throughput technologies such as microarrays and RNA
sequencing are used for sample profiling. Due to their high
costs, both arrays and RNA sequencing allow for the
identification of hundreds of compounds, though often in
limited patient populations. This can lead to small sample
sizes and higher rates of false positives and negatives,
requiring additional testing. During the validation phase,
quantitative PCR (qPCR) remains the gold standard for
sensitivity and reliability, although it is also costly [20].
Traditional miRNA profiling studies in
pharmacoresistant epilepsy are limited because tissue
biopsies can only be obtained from patients undergoing
brain surgery after the failure of other therapies. The lack of
comparison with non-seizure, drug-sensitive patients and
the limited number of samples hinder the understanding of
large-scale  miRNA dysregulation and the creation of
independent discovery and validation cohorts. Additionally,
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samples are typically collected after therapeutic failure,
making it difficult to assess the effect of an antiepileptic
drug (AED) on miRNA levels [21], [22], [23].

This field still requires significant high-throughput
profiling using NGS to identify miRNAs specific to drug-
resistant epilepsy (DRE) patients. Zucchini et al. (2014)
conducted the first rare tissue miRNA profiling study on 14
paraffin-embedded hippocampal or temporal lobe samples
from DRE patients with hippocampal sclerosis. Although the
study primarily focused on granule cell pathology (GCP), it
also investigated the role of miRNAs in
pharmacoresistance. The researchers identified miR-487a
as the most significantly dysregulated miRNA in DRE
patients [24].

De Matteis et al. found that miR-301a-3p was
significantly overexpressed in a patient with drug-resistant
mesial temporal lobe epilepsy (MTLE) who died of sudden
unexpected death in epilepsy. Among the miRNAs studied
miR-301a-3p, miR-194-5p, miR-30b-5p, miR-342-5p, and
miR-4446-3p only miR-301a-3p showed significant
dysregulation in both the tissue and plasma of patients with
epilepsy compared to a non-epileptic control group [25].

Bencurova et al. also detected miR-301a-3p using NGS
but did not observe a similar pattern in a larger gqPCR
cohort. They examined post-mortem changes and found a
decrease in miRNA levels after 32 hours, suggesting strong
stability. Their study, the first to use high-throughput NGS in
DRE tissue, identified novel differentially expressed
miRNAs  (miR-1260a, miR-1260b, and miR-4443)
associated with disorders other than epilepsy [26].

In contrast, well-studied miRNAs such as miR-146a,
miR-132-3p, miR-132-5p, and miR-134-5p did not show
changes in expression due to the unique profile of the
hippocampus. Organista-Juarez et al. found a positive
correlation between miR-146a levels, the number of AEDs
used, and seizure frequency, suggesting a compensatory
function in neuroinflammation [2].

Che et al. conducted an exploratory biomarker study in
DRE npatients with localized cortical dysplasia and found
strong validity for miR-323a-5p [27]. Similarly, Sun et al.
(2016) observed an increase in miR-129-2-3p in the same
cohort. Another study found that miR-4521 was differentially
regulated. These studies included various approaches,
such as ROC analysis, AUC values, and confidence
intervals, though sensitivity or specificity data were not
published [28], [29].

Lee et al. [30] and Gong et al. [31] found that miR-153
plays a role in refractory epilepsy by affecting the HIF-1a
pathway. In the discovery phase, Lee et al. found that miR-
153 expression was downregulated in DRE patients, while
HIF-1a expression was upregulated in non-epileptic
controls. Both studies indicated that miR-153 targets the 3'
UTR region of HIF-1a. Overexpression of miR-153 inhibits
HIF-1a, while inhibition of miR-153 increases HIF-1a levels,
suggesting a regulatory function of miR-153 in
pharmacoresistance [30], [31].

Zorin et al. (2018) mentioned that different physiological
parameters should be used to predict the course of
epilepsy. Using cluster analysis and logistic regression, the
research team identified patterns that could help predict
drug resistance. These methods can also be applied to

study genetic markers, providing new insights into the
mechanisms of drug resistance [32].

Conclusion

Based on the analysis of the scientific literature, it is
evident that expanding research on the heritability of drug-
resistant epilepsy through miRNA studies is crucial,
particularly in relation to risk factors prevalent in the region
of Kazakhstan. The presented information enhances
applied knowledge for primary care physicians and
hospitals, contributing to improved early diagnosis and
prevention of epileptic disorders in the future.

Integrating genetic and physiological data can
significantly enhance the prediction of drug-resistant
epilepsy. A review of the literature on the role of miRNA in
drug-resistant epilepsy underscores the need for further
research in this area. Such studies have the potential to
facilitate the development of new antiepileptic drugs,
improve the accuracy of timely diagnosis, refine treatment
strategies, and support socio-psychological interventions.
These advancements will positively influence the
prescription of appropriate medications, the optimization of
drug dosages, and, ultimately, the social functioning and
quality of life for patients with epilepsy.
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