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PROSPECTS OF FINDING PATHOLOGICALLY BASED THERAPIES FOR EPILEPSY ASSOCIATED
WITH BRAIN GLIOMA
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In recent decades, scientific research on tumor-associated epilepsy has increasingly focused on the study of the biochemical and molecular mechanisms of the brain
tumor and peritumoral tissues, opening up new and unprecedented perspectives in understanding the glioma-associated epilepsy pathogenesis and treatment.
Evidence suggests that neurons play a central role in tumor growth and cancer cells, in turn, can reconfigure the nervous system and its functions. Extracellular
glutamate levels in the tissue around the glioma are up to 100 times higher than those in the healthy brain, as detected. At the same time, the available data
support the idea that the excitatory neurotransmitter glutamate is the most significant mediator of the seizures related to glioma. The article reports some aspects
of the cerebral glioma pathogenesis. The authors believe that modern antiepileptic drugs can affect the neoplastic process course. A number of antiepileptic drugs
having the antitumor potential are presented.
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MEPCMNEKTUBbI MOUCKA NMATOMEHETUYECKW OBOCHOBAHHOW TEPANWUW 3MUNENCUN,
ACCOLIMMPOBAHHOW C IMMOMOW rOJIOBHOIO MO3rA

T. W. Awxauasa', B. A. KanuHnH2ES, A, B. AkyHuHa?, W, E. MNMosepeHHoBa?

T depepanbHbIi LEHTP MO3ra 1 HeipoTexHonorui, Mocksa, Poccust
2 CamMapCKuii rocyIapCTBEHHbIN MeAVUMHCKUMIA yHBepcuTeT, Camapa, Poccuist

B nocnenHune oecatuneTus HayqHble UCCNEA0BaHNS rMasibHbIX OryXONei roNoOBHOrO Mo3ra B 60/bLLER CTENEHN COCPENOTOYEHb! Ha U3YHEHM OUOXUMUHECKIIX 1
MONEKYNSAPHBIX MEXaHN3MOB Kak B Camoli OMyxoneBow, Tak 1 B MePUTYMOPaSTbHON TKaHW, YTO OTKPbIBAeT HOBbIe 1 HecnpeLieleHTHble NepCrneKTBbI B MOHUMaHNN
natoreHesa v Tepanuv anuaencum, acCoLMMpPoBaHHOM C rmMMoMamin. [JaHHble CBUAETENbCTBYIOT O TOM, YTO HEMPOHbI UrpatoT LeHTPalbHYlO POSib B POCTE
ONyXonu 1, B CBOKO O4EPEfb, PAKOBbIE KIIETKM MOIYT U3MEHATb KOH(UIypaLmio HEPBHOM CUCTEMbI 1 ee (DYHKLMIA. B TKaHn, OKpy»KatoLLEeln oMy, BbISBAAIOTCA
YPOBHW BHEKNETOYHOrO ryTamata Ao 100 pas Bbille, HYeM B 300POBOM MO3re. B To xe Bpems CyLLeCTBYytOLLME AaHHbIe MOATBEPXKAAIOT KOHLEMNLMIO O TOM, YTO
BO30Y>)KAAIOLLMIA HEMpOMEeaMaTop ryTaMaT SBNSeTCH BaXKHENLUMM MeaMaTopoM MpunaakoB, CBA3aHHbIX C IMMOMON. B cTaTbe onmcaHbl HEKOTOPbIE acneKTbl
naToreHesa oMbl rofIOBHOMO Mo3ra. 10 MHEHWIO aBTOPOB, COBPEMEHHbIE MPOTUBO3NUIENTUHECKME NpenapaTthl MOryT BAUSTb HA TEHYEHUE OMyxOfeBoro
npoLiecca. MNpencTasneH psa NPOTVBOSNUNENTUHECKIMX NMPENapaTos, UMEIOLLMX MPOTUBOOMYXONEBbIN MOTeHUMan.

KntoueBble cnosa: oryxosb-acCoLMMPOBaHHAA aMMNencus, m1oma, nepsBrHbIe OryXxomn rofioBHOMO MO3ra, HEMPOOHKOOMVS, MPOTVBOSNUAEMTUYECKVE Npenaparbl
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According to the 2017 ILAE Classification of the Epilepsies, the
brain tumor-associated epilepsy is a structural focal epilepsy that
is diagnosed in 10-15% of epilepsy cases. Back in 1947, in the
fifth edition of Diseases of the Nervous System, John Eastman
Wilson mentioned that generalized seizures may be the first
symptom of an intracranial tumor, noting the fact of a later onset
of tumor-associated epilepsy in contrast to idiopathic epilepsy. In
2003, K. Luiken and his colleagues from the University of Bonn
proposed calling this group "long-term epilepsy-associated
tumors" (LEATSs) [1]. The group includes glioneuronal tumors and
some astrocytomas, more often of low malignancy.

The most common tumors of the central nervous system
are glioblastomas (grade IV gliomas according to the WHO

classification). The average age of disease onset is 64 years,
and the overall five-year survival rate is 6.8% — one of the
worst across the entire range of cancers. With low-grade
gliomas, 70-90% of patients suffer from epileptic seizures when
the tumor is detected, whereas with glioblastoma, seizures are
less common (up to 60%) [2].

Pathogenetic processes underlying the development
of gliomas and tumor-associated epilepsy

According to recent data, neurons play a central role in
tumor growth, and pathological cells, in turn, can change the
configuration of the nervous system and its functions. There
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is evidence of the formation of functional synapses between
neurons and glioma cells [3].

Epileptogenesis in peritumoral tissue is a multifactorial
process. Glioblastomas and tumor-associated epilepsies have
common pathophysiological mechanisms that underpin both
tumor progression and the persistence of epileptic seizures. One
of the main pathological vehicles is the aberrant transmission of
glutamate signals in the tumor tissue and its microenvironment.
The levels of extracellular glutamate registered in the tissue
surrounding the glioma were found to be up to 100 times higher
than those peculiar to the healthy brain. On the one hand, a
high level of glutamate stimulates the proliferation and invasion
of glioma cells, and on the other hand, it can lead to epileptic
seizures, excitotoxicity and, consequently, boost the volume of
the tumor and the area it occupies [4].

In the past decade, the cystine/glutamate antiporter
(SLC7A11, or xCT) has been recognized as an important
factor in various processes of tumor progression: it is the main
transporter of cystine into the cell, exchanging it for glutamate,
which subsequently promotes the synthesis of glutathione
needed to protect cells from oxidative stress. [5].

Another mechanism that increases the amount of glutamate
is expression of the BCAT1 gene, which encodes the cytosolic
form of the branched chain amino acid transaminase enzyme.
The level of BCAT1 expression is an important prognostic factor
for glioma patients, since it is associated with the malignant
progression of wild-type IDH1 gliomas [6]. Thus, BCAT1 is
a promising target for the treatment of primary glioblastoma
and gliomas.

There is evidence that a growing amount of glutamate
in peritumoral tissue increases the risk of tumor necrosis; it
is an important prognostic factor supporting an unfavorable
outcome. The excitatory effect of glutamate is realized through
the activation of three main types of ionotropic receptors and
several classes of metabotropic receptors associated with
G proteins. lonotropic receptors are those interacting with
N-methyl-D-aspartic acid (NMDA), a-amino-3-hydroxy-5-
methyl-4-isoxazolpropionic acid (AMPA), and kainic acid (KA)
[7]. The permeability of AMPA receptors to Ca?* is determined
by the presence or absence of the GIuR2 subunit in the receptor
complex.

The analysis of the drug resistance of glioblastomas also
revealed epigenetic modifications, in particular DNA methylation,
which determines the progression of the tumor. MicroRNAs, a
non-coding class of RNA, play a significant role in this process.
MicroRNAs with both pro-oncogenic and protective effects were
identified, as well as epigenetic modifications of microRNAs that
can alter their expression in glioblastoma through methylation.
Clarifying the form of epilepsy by examining specific microRNAs
in blood plasma, especially in clinically complex cases, can help
select the most effective antiepileptic therapy [8].

Thus, it is obvious that there are common mechanisms
of pathogenesis of peritumoral changes and generation of
epileptic seizures, and the described processes become
cascading, mutually reinforcing and accelerating each other.
Disrupting or slowing down the pathological processes will
not only solve the problem of epileptic seizures but also allow
controlling the growth of the tumor.

Search for antiepileptic drugs with
potential antitumor effects

Currently, it can be said that drugs that alter the mechanisms
behind an epileptic seizure can highly likely affect tumor
aggression, too. Thus, timely antiepileptic therapy improves
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the survival of glioblastoma patients. In light of the hypothesis
that glutamate released from glioma cells can not only activate
surrounding neurons (causing epileptic seizures and triggering
excitotoxicity processes) but also boost the progression of glioma,
the preferred drugs for patients with partial and generalized
seizures should be those with antiglutamate action [9].

Perampanel used for epilepsy in patients with IDH1-wild
type and MGMT-unmethylated glioblastoma stopped seizures
and supported survival for 18 months [10].

An in-depth and comprehensive review of various
aspects of epileptogenesis in cerebral glioblastoma cases
gives basis for the selection of drugs. While there have not
been developed specific recommendations addressing the
choice of an anticonvulsant for tumor-associated epilepsy,
the identification of compounds with antitumor effect in vitro
is a persistent subject of interest. Numerous preclinical studies
have shown that levetiracetam can enhance the glioblastoma
response to temozolomide [11]. Brivaracetam, with its molecule
similar in structure to that of levetiracetam, should produce
the same effect. Moreover, brivaracetam's action can be more
pronounced, since this drug is better tolerated than levetiracetam.

From our point of view, brivaracetam and lacosamide, the
latest antiepileptic medicines, show promise in treatment of
tumor-associated epilepsy. The authors hypothesized that they
hinder the release of glutamate not only from neurons but also
from astroglia [12]. Lacosamide inhibits histone deacetylase,
suggesting an antitumor effect that requires further investigation.
Indeed, the respective mechanism has been considered as
blocking the cell cycle in glioma cells, possibly by activating
miR-195-5p microRNA. The researchers have also suggested
that by modulating other microRNA modifications (miR-107),
lacosamide can inhibit cell growth, enhance apoptosis, and
block cell migration and invasion. A great advantage of this drug
is the possibility to administer is parenterally in equivalent doses.

Currently, one of the most promising combinations of
antiepileptic drugs in cases of epilepsy associated with
cerebral gliomas may be that of levetiracetam and lacosamide.
[t can effectively control epileptic seizures and mixes well
with adjuvant radiochemotherapy, which mitigates the risk of
adverse events stemming from the treatment of the underlying
disease. However, the encouraging results from in vitro studies
that looked into the effect of levetiracetam and lacosamide on
glioblastoma were not fully confirmed in in vivo studies, which
yielded mixed results regarding patient survival [13].

CONCLUSION

The analysis of literature shows that the problem of the
pathogenesis of tumor-associated epilepsy is a matter of
interest for many researchers. The related modern concepts
revolve around both biochemical disorders in the peritumoral
zone as a result of blastomatous growth, and the kindling effect
associated with impaired neural migration [14]. However, there
is a number of specific issues related to the diagnosis and
therapy of the disease that have not been studied sufficiently.
The problems of early diagnosis of primary brain tumors remain
relevant. The subjects requiring attention in the first place are
clinical diagnosing, the study of the semiology of the attack,
which allow formulating indications, designing a neuroimaging
techniques application algorithm, and suggesting histology
and classification of the degree of tumor anaplasia. Currently,
neuroimaging algorithms are becoming more complex in
parallel with the development of technology [15]. There is no
single strategy for choosing antiepileptic drugs against a tumor-
associated epilepsy. Meanwhile, clarifying the mechanisms of
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epileptogenesis is a prerequisite both for the development of
therapeutically effective antiepileptic drugs and for improving
strategies for the comprehensive treatment of tumor-associated
epilepsy. Excessive activity of glutamate and its receptors
boosts the growth of glioma itself and promotes apoptosis
and epileptic activity in the peritumoral region. The foci of
epilepsy activity and glioma can affect each other. There is
probably a pathological vicious circle in which tumor growth
provokes epileptic seizures, and excessive neural activity
can stimulate tumor progression. The combination of
antiepileptic drugs with different mechanisms of action will
improve the prognosis and the quality of life of patients with brain
tumor-associated epilepsy [16]. Perampanel, a selective, non-
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