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Temporal lobe epilepsy (TE) is the most common form of focal epilepsy in adults with a high rate of drug-resistant course. In the Russian
Federation studies of the contribution of the carriage of single nucleotide variants of genes (SNGs) encoding proteins of neuroinflammation and
neurodegeneration to the development of TE have not been previously carried out.

Objective: to study the association of SNGs rs16944 and rs 1143634 of the IL- 113 gene, rs 1800629 of the TNFA gene, rs6265 of the BDNF gene,
rs3780645 of the NTRK-2 gene with the risk of development, clinical and neuroimaging features of TE.

Patients and methods. The study included 166 patients with TE and 203 healthy volunteers living in the Siberian Federal District. The study
included clinical, neurophysiological, neuroradiological, and laboratory work-up. Investigation of the carriage of SNGs rs 16944 (-511T/C) and
rs1143634 (+3954C/T) of the IL- 10 gene, rs1800629 (G-308A) of the TNFA gene, rs6265 (G/A) of the BDNF gene, rs3780645 (C/T) and
152289656 (C/T) of the NTRK-2 gene was carried out by real-time polymerase chain reaction.

Results and discussion. The prognostically unfavorable role of carriage of the A allele and the GA rs 1800629 genotype of the TNFA gene
in the development of TE, the GA rs6265 genotype of the BDNF gene in the development of TE with hippocampal sclerosis was estab-
lished. Carrying the genotype AA rs1800629 of the TNFA gene in patients with TE reduces the risk of polytherapy with antiepileptic
drugs.

Conclusion. The study of neuroinflammation and neurodegeneration processes is important both from a physiological point of view and from the
point of view of searching for the TE development markers, which make it possible to predict and evaluate the rate of disease progression, help
to determine the tactics of treatment, and evaluate its effectiveness. In this regard, at present, the identification of potential genetic markers
remains a task of high priority.
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Temporal lobe epilepsy (TLE) is the most common form of
focal epilepsy in adults [1, 2]. In 40% of patients, epileptic
seizures are refractory to drug therapy [3—5].

Experimental and clinical data indicate that neuroinflam-
matory and neurodegenerative processes can reinforce each
other, contributing to the onset and chronic course of epilepsy, as
well as the formation of drug resistance [6—9]. Protein biomark-
ers of inflammation and neurodegeneration in TLE have been
studied in experimental models, in the hippocampal tissue of
patients with resistant forms of TLE, in the patients' blood or
cerebrospinal fluid [10—12].

Studies of the contribution of the carriage of single
nucleotide polymorphisms (SNP) of genes encoding neuroin-
flammation and neurodegeneration proteins to the development
of TLE have been actively carried out for several years, but such
studies have not been previously conducted in the Russian
Federation [13, 14].

Objective: To study the association of carriage of SNPs
rs16944 and rs1143634 of the /L- 1B gene, rs1800629 of the TNFA
gene, 156265 of the BDNF gene, rs3780645 of the NTRK-2 gene
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with the risk of development, and clinical and neuroimaging fea-
tures of TLE.

Patients and methods. The study was approved by the local
Ethics Committee of the Federal State Budgetary Educational
Institution of Higher Education «Prof. V.E. Voino-Yasenetsky
Krasnoyarsk State Medical University» of the Ministry of Health
of the Russian Federation (protocol No. 85/2018 dated
September 27, 2018). All patients signed a voluntary informed
consent.

The study included 166 patients with mesial TLE and 203
healthy volunteers.

Inclusion criteria in the main group: patients with mesial
TLE; age from 16 to 80 years; residents of the Siberian Federal
District; voluntarily signed informed consent. Exclusion criteria:
patients with other forms of epilepsy; lack of voluntarily signed
informed consent; an increase in body temperature at the time of
the study above 36.9°C; acute diseases or exacerbation of chronic
diseases within one month before the study.

Inclusion criteria in the control group: healthy people;
age from 16 to 80 years; voluntarily signed informed consent.
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Exclusion criteria: the presence of neuropsychiatric diseases;
subclinical epileptiform changes on the EEG; an increase in
body temperature at the time of the study above 36.9°C; acute
diseases or exacerbation of chronic diseases within one
month before the study; lack of voluntarily signed informed
consent.

The study included clinical (history analysis, examination
of the neurological status, assessment of the severity of epileptic
seizures using the National Hospital Epileptic Seizure Severity
Scale), neurophysiological (EEG video monitoring); neuroradio-
logical (brain MRI), and laboratory (biochemical, molecular,
genetic) investigation methods.

Molecular genetic studies were carried out in the laborato-
ry of medical genetics using the instrumental base of the Center
for Collective Use of the Federal State Budgetary Educational
Institution of Higher Education «Prof. V.E Voino-Yasenetsky
Krasnoyarsk State Medical University» of the Ministry of Health
of the Russian Federation.

The study of carriage of SNPs was carried out by real-
time polymerase chain reaction (RT-PCR) on a Rotor-Gene
6000 apparatus (Corbett Life Science, Australia) using
TagMan allelic discrimination technology and Applied
Biosystems (USA) fluorescent probes for rs16944 (-511T/ C)
and rs1143634 (+3954C/T) of the IL-1B 1 gene, rs1800629
(G-308A) of the TNFA gene; and Synthol (Russia) for rs6265
(G/A) of the BDNF gene, rs3780645 (C/T) of the NTRK-2
gene.

Blood sampling from patients was performed from the
cubital vein into IMPROVACUTER vacuum tubes

(Guangzhou Improve Medical Instruments, China) contain-
ing 0.5 M of ethylenediaminetetraacetic acid (EDTA) solu-
tion. Isolation of genomic DNA from 0.1 ml of leukocyte sus-
pension was carried out by the sorption method using the
DNA-Sorb-B kit (103-20, AmpliPrime, Russia) according to
the manufacturer's instructions. The isolated DNA was stored
at -20°C. The RT-PCR buffer included a 2.5-fold reaction
mixture adapted for RT-PCR, 25 mM of MgCl12, ddH20 (M-
428, Sintol, Russia).

Statistical Methods. Based on the results of the study, a
database was formed in MS Excel 2013, on the basis of which
statistical analysis was carried out using the SPSS Statistics
software package (version 19.0). The median (Me) and
interquartile range [25"; 75" percentile] were used for the
description of the quantitative data with non-normal distribu-
tion. The 95% confidence interval (95% CI) was used to
describe qualitative data. To compare several groups on a
quantitative basis, nonparametric analysis of variance
(Kruskell—Wallis test) was used, followed by pairwise compar-
isons of groups with each other; the Mann—Whitney test was
used to compare the two groups. To determine the statistical
significance of differences between the qualitative traits,
Pearson's chi-square test (y%?) was used for expected frequen-
cies greater than 5. To assess risk factors associated with the
development of TLE, odds ratio (OR, 95% CI) or risk ratio
(RR, 95% CI) were assessed. Spearman's correlation coeffi-
cient (r) was used to assess the relationship between quantita-
tive traits with non-normal distribution. Intergroup differ-
ences were recognized as statistically significant at p<0.05.

Results. The age of patients with
TLE in the study group at the time of the

Table 1. Frequencies of SNGs alleles of IL-15, TNFA, BDNF, study ranged from 16 to 76 years; median
NTRK-2 genes age was 35.0 [29.0; 46.0] vears.
Distribution of patients by gender: males
. Allele frequency Allele frequency
Gene SNP Nucleotide e D e in the study — 69 (41.6%), females — 97 (58.4%). The
substitution population, % population, % age of onset of TLE was 19.0 [130, 305]
years. The duration of the disease in 54%
IL-1p 1516944 -S1T/C 65,7 67,4 (89/166) of cases exceeded 10 years, the
1L-18 rs1143634 +3954C/T 24,0 23,7 median was 11.0 [9.0; 20.0] years.
In 74.7% of cases (124/166) bilater-
BDNF 156265 G/A 18,9 17,1 al tonic-clonic seizures with a focal onset
NTRK-2 3780645 /T 39 48 wejre recorded. The severity of epll.eptlc
seizures according to the National
TNFA rs1800629 (G-308A) 16,5 12,9 Hospital Scale ranged from 1 to 23 points,
the median was 13.0 [11.0; 16.0] points.
1,2 1,2
1,0 1,0
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Fig. 1. The frequency of carriage of alleles and genotypes of the rs1800629 of the TNFA gene in patients with TE and in the control group
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Table 2. Frequency of carriage of genotypes and alleles of the rs1800629 of the TNFA gene in the groups
of comparison
Number of examined participants, n (%)
Alleles, main group control group TLE with HS = MRI-negative % .
S (0=97) (=113) (1=33) TLE (n=25) x5p QLY s
1 2 3 4
G 169 (87,1) 111 (98,2) 27 (81,8) 22 (88) *1.,=10,035; OR, ,=0,12; 95% CI, , 0,03—0,56
P, ,=0,002%; OR, ;=0,08; 95% CI, 5 0,02—0,42
xh, =13,283; OR, ,=0,13; 95% CI, ,0,02—-0,84
P 1<0,001%; OR, ,=1,63;95% CI; ,0,37-7,27
A = o
A 25 (12,9) 2(1,8) 6 (18,2) 3(12) Xo4” 6’13?;_ OR, ,=8,21; 95% CI, , 1,8-37,51
P2 ~0.014%  OR, 1=12,33;95% Cl,; 2,36-64,52
x5, 4=0,415; OR, ,=7,57;95% Cl, , 1, 19-47,98
p; ,~0,52 OROR, ,=0,61; 95% CI, ,0,14—2,74
GG 73 (75,9) 111 (98,2) 21 (63,6) 20 (80) OR, ,=0,06; 95% CI, , 0,01-0,4
OR, ;=0,03; 95%c1“001 ~0,15
o, =30,137; OR, ,=0,07; 95% CI, , 0,01-0,4
1,2 5 5 i
by 1<0,001% OR, ;=0,23; 95% CI, , 0,041, 36
GA 23 (22,5) 0 12 (36,4) 4 (16) X%, 3=45,056; RR, ,=2,51;95% CI, ,2,11-3,0
P, 5<0,001%; RR, ;=6,38; 95% CI, ; 4,31-9,45
X, a= 19,265; RR, ,=6,38; 95% CI, ,4,31-9,45
p,.4<0,001%; OR; ,=2,33; 95% CI, , 0,45-12,23
% 4=2,452;
AA 1(1,6) 2(1,8) 0 1 (4) b =0.294 OR, ,=1,23;95% CI, ,0,05-6,48
il RR, ;=4,36; 95% CI, ; 3,23—5,89
OR, ,=2,31; 95% CI, , 0,20—26,55
RR; ,=6,5; 95% Cl, , 3,11-13,57
HWE, % (p) 0,305 (p=0,58) 113 (p=0) 1,63 (p=0,202) 1,469 (p=0,225)

Note. Here and in tables 3 and 4: * — differences are statistically significant.

Structural etiology of TLE was identified in 51.8% of cases.
According to the results of the analysis of brain MRI data,
patients with TLE were divided into three groups: TLE with hip-
pocampal sclerosis (HS) — 62 (37.4%); without structural
changes in the brain (MRI-negative) — 40 (24.1%); with other
structural changes — 64 patients (38.6%; excluded from the sub-
sequent analysis).

Carriage frequency of SNP alleles of the /L-15, TNFA,
BDNF, NTRK-2 genes among the patients with TLE living in the
Krasnoyarsk Territory and the European population according to
the international Genome Aggregation Database (gnomAD;
available at: https://gnomad.broadinstitute.org/) is presented in
Table 1. The distribution of allele and genotype frequencies of the
studied SNPs in genes /L-18, TNFA, BDNF, NTRK-2 corre-
sponds to Hardy—Weinberg equilibrium (HWE).

Molecular genetic analysis revealed a statistically signifi-
cant association of carriage of the
rs1800629 allele A of the TNFA gene with

CI 4.31-9,45; *=45.056; p<0.001, respectively). A statistical-
ly significant association with the development of MRI-nega-
tive TLE was found for carriers of the A allele (OR=7.57; 95%
CI 1.19-47.98; x>=6.135; p=0.014) and genotype GA
(RR=6.38;95% CI 4.31-9.45; »>=19.265; p<0.001) rs1800629
of the TNFA gene compared with the control group (Fig. 1;
Table 2).

Carriage of the genotype AA rs1800629 of the TNFA gene is
associated with the type of pharmacotherapy (mono- or polyther-
apy) for TLE (RR=4.82; 95% CI 1.71—13.61; p=0.003); reduces
the risk of polytherapy with antiepileptic drugs (AED) by 4.82
times (Table 3).

A statistically significant association of the carriage of the
GA genotype 156265 of the BDNF gene with the development of
TLE with HS (OR=2.22;95% CI 1.17—4.18; *=6.662; p=0.036)
was found in comparison with the control group (Table 4).

Table 3. Association of carriage of the genotypes rs1800629

the development of TLE (OR=8.21; 95% of the TNFA gene witgh Tj]; pha%‘mac??herapy
CI 1.8—-37.51; %*=10.035; p=0.002).

Carrying the genotype GA Number of examined participants, n (%)
increases the risk of developing TLE by Genotype monotherapy polytherapy e p RR; 95% CI
2.52 times (RR=2.51;95% CI 2.11-3.0; (n=51) (n=46)
x’=30.137; p<0.001). Also, carriage of
the A allele and genotype GA rs1800629 AA 45 (88,2) 28 (60,9) 4,82;95% CI 1,71-13,61
of the TNFA gene is associated with the 5, 5(9.8) 18(39,1) 12,081 0,003 0,17;95% CI 0,06-0,51
development of TLE with HS
(OR=12.33; 95% CI 2.36—64.52; GG 1) 0 1,92; 95% CI 1,59—2,33

x*=13.283; p<0.001 and RR=6.38; 95%
Neurology, Neuropsychiatry, Psychosomatics. 2022;14(5):28—35
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Table 4. Frequency of carriage of rs6265 genotypes and alleles of the BDNF gene in the comparison groups

AA 5(3,2) 8(4) 3(5,2) 1(2,6) OR, ,=0,789; 95% CI, , 0,25-2,46
OR, ,=1,32; 95% CI, ;0,34-5,13
OR, ,=0.64: 95% CL, , 0,08—5.23

X1, 2=2,772; "L . ’ »
o 20.251; OR, ,=1,17; 95% CI, , 0,048—4,82
GA 44 (27,9) 41 (20,4) 21 (36,3) 6 (15,4) X,3=0,662; OR, ,=1,51;95% CI, ,0,92-2,46
P, ;=0,036%; OR, ;=2,22;95% CI, , 1,17-4,18
*.4=0,77; OR, ,=0,71;95% CI, , 0,28—1,81
P, =0,681; OR; ,=0,32; 95% CI, , 0,12-0,89
>, =5,899;
GG 109 (68.9) 152 (75,6) 34 (58,6) 32 (82) * > 0,053 OR, ,=0,72; 95% CI, ,0,45—1,14
p; 4=V, g >

OR, ,=0,42; 95% ClI, , 0,22-0,78
OR, =1,47;95% CI, , 0,61-3,55
OR3.4=3,23;95% CI, , 1,22-8,52

HWE, > (p) 0,047 (p=0,828) 5,266 (p=0,022) 0,011 (p=0,917) 1,053 (p=0,305)

A statistically significant association between the carriage of of the NTRK-2 gene and the development of TLE was not
SNPs 1516944, rs1143634 of the IL-1p3 gene, as well as rs3780645 revealed (p>0.05; Table 5).

Table 5. Frequency of carriage of the genotypes rs16944, rs1143634, rs1143627 of the IL-1p gene,
rs3780645 and rs2289656 of the NTRK-2 gene in groups of comparison

1516944 (~-511C/T) of the IL- 1B gene

SS 68 (43,1) 79 (38,9) OR, ,=1,19;95% CI, ,0,78—1,81
b — .

ST 77 (48,7) 99 (48,8) L ERAL OR, ,=0,99; 95% CI, , 0,66—1,51
p,,=0,411 : :

TT 13 (8,2) 25 (12,3) OR, ,=0,64; 95% CI, ,0,32—1,29

HWE, % (p) 1,88 (p=0,17) 0,5 (p=0,479)
rs1143634 (+3954C/T) of the IL- 1§ gene

ss 89 (56,3) 113 (55,7) OR, ,=1,03; 95% CI, ,0,68—1,56
2 — .

ST 63 (39,9) 78 (38,4) %12 =0851; OR, ,=1,06; 95% CI, ,0,64—1,63
p; ,=0,654 , ,

TT 6(3.,8) 12 (5,9) OR, ,=0,628; 95% CI, , 0,23—1,71

HWE, > (p) 1,623 (p=0,202) 0,092 (p=0,762)

r$3780645 (C/T) of the NTRK-2 gene

ss 122 (90,4) 180 (91,8) 1 =0,215; OR, ,=0,83; 95% CI, , 0,39—1,8
ST 13 (9,6) 16 (8,2) p;,,=0,643 OR, ,=1,2;95% CI, , 0,56-2,58
TT 0 —

HWE, % (p) 0,345 (p=0,557) 0,355 (p=0,551)

1 Neurology, Neuropsychiatry, Psychosomatics. 2022;14(5):28—35
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Fig. 2. Influence of carriage of SNGs rs6265 of the BDNF gene and rs1800629 of the TNFA gene
on the concentration of BDNF and TNFo. in blood plasma

When analyzing the concentration of BDNF and TNFa
in blood plasma, depending on the rs6265 genotype of the
BDNF gene and the rs1800629 genotype of the TNFA gene,
no statistically significant differences were found (p>0.05;
Fig. 2).

Discussion. TLE is the most common form of focal epilep-
sy in adults; in clinical practice patients with an unspecified etio-
logical factor are the most common [1, 2].

In most cases, the causes of structural focal TLE are
craniocerebral traumas, brain tumors, strokes, status epilepti-
cus with the formation of HS [15—17]. In the course of TLE
pharmacoresistance is typically formed. [16]. The proportion
of patients achieving complete remission ranges from 11% to
25% (of whom 48% — with monotherapy and 52% — with
polytherapy); the proportion of patients with a decrease (by
50% or more) in the frequency of seizures is 60%; and the
proportion of those with absolute resistance is from 6% to 40
% [3, 18].

One of the priority areas now is research aimed at studying
clinical diagnostic biomarkers of mesial TLE, particularly, in the
context of its genetic, biochemical, neuroradiological, neuro-
physiological and clinical features.

The IL-1p (interleukin 1p) gene is localized in the ql14
region of chromosome 2. The most interesting SNPs are locat-
ed in the promoter region at the position IL-1p-511CT
(rs16944), and in exon 5 of IL-1$-3953 CT (rs1143634) [19].
For IL-1B-511, a high frequency of the TT genotype was found
in the group with mesial TLE with HS compared with the con-
trols [20] and in a larger sample [21]. It was noted that the T
rs16944 allele has a moderate effect on susceptibility to mesial

Neurology, Neuropsychiatry, Psychosomatics. 2022;14(5):28—35

TLE with HS [19]. According to the study by B. Leal et al.
[22], the frequency of carriage of the TT rs16944 genotype was
higher (p=0.021) in patients with mesial TLE with HS com-
pared with the control group. However, these associations were
not confirmed in other studies [23—27]. In our study, the car-
riage of SNP rs16944 and rs1143634 of the /L-1f gene did not
show a statistically significant association with the develop-
ment and course of TLE either.

The BDNF (brain-derived neurotrophic factor) gene is
located in the pl14.1 region of chromosome 11 [28]. One of the
most studied SNP in the BDNF gene is the G/A nucleotide sub-
stitution at position 196 in exon 8 (rs6265), which leads to a
decrease in the activity of BDNF-dependent secretion, signifi-
cantly changing the intracellular transport and packaging of
proBDNF [29, 30]. It has been shown that the rs6265 polymor-
phism of the BDNF gene may be associated with epileptogenesis,
and the A allele plays a protective role in the development of
epilepsy [31]. It was also found that the rs6265 polymorphism of
the BDNF gene is associated with the development of epilepsy,
especially in the Asian population [32]. Our study has found that
the carriage of the GA 156265 genotype of the BDNF gene is prog-
nostically unfavorably associated with the development of TLE
with HS, which is consistent with the studies of N. Shen et al. [31]
and Xu Yue-Long et al. [32].

The NTRK-2 gene of the neurotrophic tyrosine kinase
receptor type 2 is a potential molecular target for blocking epilep-
togenesis and treating epilepsy [33]. Allelic variants of the NTRK-
2 gene initially were linked with depression and response to anti-
depressant therapy [34, 35], vulnerability to nicotine addiction
[36], autism [37], and Alzheimer's disease [38].
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There are few studies of NTRK-2 gene variants in human
epilepsy comparing the frequencies of NTRK-2 gene variants
between patients with mesial TLE and controls. The T rs3780645
allele was more common in patients receiving polytherapy than in
those receiving monotherapy, which may indicate the difficulty of
controlling seizures in this group of patients [39]. In our study, SNP
183780645 of the NTRK-2 gene did not show a statistically signifi-
cant association with the development and the course of TLE.

In the present work, a statistically significant association of
the carriage of the A allele and the GA rs1800629 genotype of the
TNFA gene with the development of TLE was demonstrated for
the first time. In addition, it was found that carriage of the geno-
type AA rs1800629 of the TNFA gene in patients with TLE has a
protective effect and reduces the probability of AED polytherapy
by 4.82 times (OR=4.82; 95% CI 1.71—13.61; p=0.003 ). On the
other hand, in the study by B. Leal et al. [22] no association was
found between the rs1800629 alleles and genotypes of the TNFA
gene and susceptibility to mesial TLE with HS in 196 patients
with TLE with HS compared with a control group from the
Portuguese population.

According to the results of our study, there was no statisti-
cally significant correlation between the carriage of SNP rs6265

of the BDNF gene and rs1800629 of the TNFA gene and the con-
centration of BDNF and TNFa in blood plasma.

The lack of positive genetic associations with TLE, con-
firmed by several independent studies, may be due to the small
sample size of patients with mesial TLE and/or clinical hetero-
geneity in almost all studies.

Conclusion. Based on the results of this work, we have
established a prognostically unfavorable role of the carriage of the
A allele and the GA rs1800629 genotype of the TNFA gene in the
development of TLE, and the GA rs6265 genotype of the BDNF
gene in the development of TLE with HS. Carrying the genotype
AA 151800629 of the TNFA gene in patients with TLE reduces the
risk of AED polytherapy.

The analysis of the literature has shown that the study of the
processes of neuroinflammation and neurodegeneration is
important both from a physiological point of view and from the
point of view of searching for markers of the development of
TLE, which allow to predict and evaluate the rate of progression
of the disease, to help determine the tactics of treatment and
assess its effectiveness.

In this regard, identification of potential genetic markers
currently remains an extremely urgent task.
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