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Abstract

AktyanbHocTb: In predicting the clinical course of brucellosis, the participation of a genetic factor, in particular, gene
polymorphism of some cytokines, which are essential in the development of the disease, is not excluded. In this regard, the
search for genetic markers of susceptibility and features of the course of the disease among the alleles of cytokine gene
polymorphisms is of theoretical and practical interest.

Aim of research was to study the associations of the polymorphisms of the IL10 and IL17 genes with brucellosis, as well
as their connection with the production of the same cytokines in patients with brucellosis of Kazakh nationality.

Materials and Methods. In the case-control study, there were 89 patients and 422 healthy individuals of the Kazakh
population. Genotyping was performed by real-time PCR. The determination of cytokine levels in the blood plasma was
carried out by enzyme immunoassay.

Results. It has been established that susceptibility factors for brucellosis can be C allele and CC genotype (OR=4.42
and 7.32; 95% CI: 3.0-6.51 and 4.39-12.20, respectively), and T allele, CT, and TT genotypes of the rs8193036
polymorphism are resistance factors. Relationship was found with susceptibility to brucellosis in carriers of the G allele and
GG genotype of the rs2275913 polymorphism (OR=2.26 and 2.25; 95% CI: 1.51-3.38 and 1.40-3.61), and with resistance - A
allele and genotypes AA and AG. The concentration of IL-17A in patients with brucellosis with CC, CT and GG genotypes
was higher compared with the control group (p=0.054, 0.002 and 0.012, respectively).

Conclusions. Thus, IL17A gene polymorphisms can be associated with brucellosis disease, with the level of the
cytokine itself in the Kazakh population.
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MHTEPNEWUKHMHBI 10 n 17A: CBA3b NOJIMMOP®U3MOB 'rEHOB C
3ABOJIEBAHUEM U YPOBHEM LLUTOKMHOB Y BOJIbHbIX
BPYLEJIJIE3OM B KA3AXCKOM nonynauum

NMupua A. Mykoso3osa', Haaupa b. Bekenosal, Anma 3. Tokaesal,
Naypa T. Kacbim2, Ep6on M. Cmaunt
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AKTyanbHOCTb. B nporHo3upoBaHUM KIMHWUYECKOro TeyeHus Bpyuennesa He WCKIYaeTcs yyacTue reHeTUYeckoro
hakTopa, B YaCTHOCTU, NONMUMOPU3Ma EHOB HEKOTOPbIX LIMTOKUHOB, UMEILLMX CYLIECTBEHHOE 3HAYeHWe B pasBUTUM
3aboneBaHus. B cBA3N C 3TUM MOUCK rEHETUYECKMX MapKEPOB BOCMPUMMYMBOCTI U OCOBEHHOCTEN TEYeHNs 3aboneBaHus
cpeau annenen NONMMOPGU3MOB FEHOB LIMTOKUHOB NPECTaBNSET TEOPETUHECKUN U NPAKTUYECKUA UHTEPEC.

Llenbto Hawero wuccnefoBaHuA SBNSETCA W3yyeHWe accouuauuin nonumopdmamoB reHos U110 w W7 ¢
Opyuennesom, a Takke UX CBA3W C MPOAYKUMEN OAHOWMEHHBIX LIMTOKMHOB Yy BOMbHBIX OpyLEennesoMm nuy Kasaxckow
HaLMOHamnbHOCTY.

Matepuanbl U metoabl. B uccnenoBaHun cnyyail-koHTponb 6bino 89 BonbHbIX 1 422 300pOBbLIX NWL, KAa3axckom
nonynsiumu. Habop matepuana npooguncs Ha 0Oase KnuHudeckoil wHekumoHHom GombHuusl . Cemedt, KasaxcTam.
l'eHoTMNMPOBaHue BbINOMHsANOCL MeTogom MLUP B pexume pean-Tanm. OnpegeneHne ypoBHEN LNTOKMHOB B NNa3me KPoBU
NpPOBOAWIIOCE METOAOM WMMYHO(EPMEHTHOTO aHanusa. [ns cratucTnyeckoir oBpaboTkuM MCMONb30BanMCh KpUTEPUNA
X2 MupcoHa u oTHoweHme waHcoB (OLW) ¢ 95% poseputenbHbiMu uHTepBanammn (OW), kputepum Kpackena-Yonneca w
MaHHa-YUTHU.

Pe3ynbTaTbl uccnemgoBaHWs: YCTaHOBNEHO, YTO (hakTopamu MpempacnonoXeHHOCTH K Opyuennesy moryt Obitb C
annenb u CC rexHotun (OW = 4,42 un 7,32; 95% OW: 3,0-6,51 n 4,39-12,20, cootBeTcTBEHHO), @ T annens, CT u TT
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reHoTunbl nonumopcuama rs8193036- chakTopamu pesnCTEHTHOCTU. BbisiBneHa CBA3b C NpeapacnonoXeHHOCTbI K
Opyuennesy y Hocuteneir Gannens u GG reHotuna nonumopdmama rs2275913 (O = 2,26 u 2,25; 95% OW: 1,51-3,38 n
1,40-3,61), a ¢ peaucteHTHOCTbIO - A annens u reHotunos AA n AG. KoHuenTtpauus UM-17 A 'y BonbHbix 6pyuennesom ¢
CC, CT u GG reHotunamu 6bina BblLLe MO CPaBHEHMIO C KOHTPONbHON rpynnoit (p = 0,054, 0,002 1 0,012, COOTBETCTBEHHO).
Y GonbHbix ¢ reHoTunamu AA 1 GA yposeHb MIT-10 Bbin HKe N0 CPaBHEHMIO C NLAMM KOHTPOMbHOI rpynnbl (p<0,001 n
p<0,001, COOTBETCTBEHHO).

BbiBogbl: Takum obpasom, nonumopdunsmbl reHa M/117A moryT GbiTb CBSI3aHbI C 3aboneBaHWeM OpyLennesoM, ¢
YPOBHEM CaMOro LWTOKMHA, a nonumopdmam reHa U110 ¢ yposHem WI-10 y 6onbHbix Gpyuennesom B kasaxckoi
nonynsum.

Knrouesnble crnosa: bpyuennes, nonuMopuam 2eH08, UHMePIeUKUHbI, accoyuayusi, kazaxckas nonymnsayus.

TyWingeme

10 XKOHE 17A UHTEPNEUKUHAOEPI: KASAK NONYNALUACBLIHOA
FrEH NONIMMOPOU3IMAEPIHIH BPYLEJNJE3 AYPYBIMEH
XXOHE LUMTOKUHAEP AEHFEMIMEH BAUJIAHbICbI
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©asekTiniri. bpyuennesgiH, knuMHUKANbIK afbiMbiH Bomkxamaay kesiHge aypydblH nmanga 6onybiHoa MaHpi3bl bap
reHeTukanblk aktopablH, (keinbip LMTOKMHOEPAIH NONMMOPMU3MAEPI) KaTbICybl XOKKa LWbiFapblnManabl. COHObIKTaH,
aypyra OeiiMainik NeH OHbIH, aFbiMblHbIH, EPEKWeNiKTEPiHiH FeHeTUKanbIK MapKepnapbiH i3gey TeopeTuKanblK oHe
NPaKTUKanbIK KbI3bIFYLLbINbIK TyAbIpagbl.

3eptreyaiH Makcatbl: bpyuennesbeH ayblpaTbiH  Kasak HaykacTapbiHga W0 xene W17 reHgik
nonumopduamMaepiHiH, BpyLennes aypybIMEH XaHe OCbl LMTOKMHAEPAIH AeHreniMeH balinaHbICbiH aHbIKTay.

Kypangap meH agictep. 3eptteyae 89 Haykac xaHe 422 cay Kasak KaTbicTbl. HaykacTapaaH matepuangap Cemeit
KanacblHblH, KyKnanbl aypynap aypyxaHacbiHga xwHangsl. Habop matepwana nposoguncs Ha 6ase Knunuyeckon
NHeKLMoHHOM BonbHuLbl T. Cemen, KasaxcTaH. [eHOTUNTey HaKTbl yaKblT pexuMiHae nonumepasgbl TisbekTi peakums
aficiMeH >xacangpl. [Inasmaparbl LMTOKMHOEP [OEHreni MMMYHO(EPMEHTTIK capanTama opiCiMeH aHbiKTangbl.
OnpegeneHve ypoBHEM LMTOKMHOB B MnasmMe KPOBM NPOBOAWMNOCH METOAOM  MMMYHO(EPMEHTHOTO —aHamnmaa.
Cratuctukanblk eHgey X2 MupcoH kputepuiH xaHe 95% cerimai nHTepeanbimeH (CU) wancTap katbiHackiH (LK), Kpacken-
Yonnec xoHe MaHHa-YUTHU KpuTepuianepiH KongaHyMmeH Xyprisingi.

3eptTeyaiH HaTMxenepi: rs8193036 nonumopduaminib, C annens xaHe CC reHotun (WK = 4,42 xoHe 7,32; 95% CU:
3,0-6,51 xoHe 4,39-12,20, colikec) 6pyuennesre benimainik dakropnapsl 6onbin, T annens, CT xaHe TT reHOTUNTEPI
aypydaH KopralTbiH bakToprnapbl 6onybl MyMmkiH. Bpyuennesre GeiiimainikneH rs2275913 nonumopduaminiv, Gannenb
*aHe GG reHotun (WK = 2,26 xaHe 2,25; 95% CW: 1,51-3,38 xoHe 1,40-3,61) TacbiMangaywbinapbliHaa, an
pesucTeHTTiNikneH A annenb xaHe AA, AG reHoTun TacbiMangaylbinapbiHaa Gainausic aHbikTangsl. U-17 A peHredi
OpyuennesbeH ayblpatbiH HaykacTapga CC, CT xaHe GG reHoTUnTepiMeH cay agamaapfa kaparaHza xorapbl bongsl (p =
0,054, 0,002 xoaHe 0,012). AA xaHe GA reHoTunTepimeH HaykacTapga WI-10 geHreni cay agampapra KaparaHga TOMeH
Bongbl (p<0,001 xxaHe p<0,001).

KopTbiHabl: CoHbiMeH, M/117A 2eHiHiH nonumopgusmdepi 6pyuennes aypybIMeH XoHe UUmoKuH OeHeelimeH, an
M0 eeHdik nonumopgusami WIN-10 peHremimeH Opyuenne3beH ayblpaTblH Kasak Haykactapga 6GainaHbiCTbl 6onybl
MYMKH.

Tytindi ce3dep: bpyuennes, 2eHOik nonumopghusm, uHmepnelikurHdep, balinaHbic, Kazak NoNynauUsChb.
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Introduction. Brucellosis belongs to the number of
zoonoses that represents the most important problem for
many countries, including the Republic of Kazakhstan. The
urgency and socio-economic significance of this infection is
determined not only by the high incidence of disease, but
also by a high percentage of the chronicity of the infection
process (40-50%) and disability of patients (up to 13% and
above) [22, 38].

The individual susceptibility of the organism to
infections depends on the pathogenicity of the
microorganism, the condition of the body's immune system
and environmental factors [31]. Differences in genes
controlling the defense reactions of the organism, which
also include cytokine genes, can cause a different nature of
the inflammatory response and specific immunological
responses when introducing pathogens. The most frequent
change in the structure of cytokine genes is single
nucleotide polymorphism (SNP) [29, 31].

It is believed that it is the single-point mutations due to
the formation of specific alleles of genes that cause
phenotypic differences between people, including individual
development features of protective reactions, as well as a
predisposition to a number of diseases [29].

The importance of studying polymorphisms of cytokine
genes is due not only to the fact that they can serve as
markers of predisposition and resistance to the disease, but
also their effect on the level of protein production (cytokine).
Imbalance of cytokines, associated with the hyper
production of some of them and the hypo production of
others, plays a very important role in the progress and
outcome of any infectious disease.

Currently, there are a significant number of studies in
the literature in which associations between variants of
alleles of regulatory molecule genes and predisposition to
various diseases, including infectious ones, have been
revealed.

Thus, in vitro, polymorphism gene of the IL10 at position
-1082 G / A (rs1800896) plays an important role in
infectious diseases, as it is associated with the level of the
cytokine itself [28]. Besides, it can affect the balance of
cytokines of T helpers type 1 and T helpers type 2 (Th1 /
Th2) and thereby affect the sensitivity to infectious diseases
and their outcomes [21]. According to some authors [1, 2, 9,
28, 35), the G allele is associated with IL-10 production at
higher concentrations, while the A allele is associated with a
low level of this cytokine [25, 35].

According to the meta-analysis, the AA polymorphism
genotype IL10 -1082 GA (rs1800896) was associated with a
significantly lower risk of infection with the hepatitis B virus
in the Chinese population [39]. However, it is assumed that
the polymorphisms of the IL10 gene increase the risk of
developing hepatocellular carcinoma among Korean,
Taiwanese and Chinese populations.

Afzal M. et al. [1], based on their studies conducted in
Pakistan, suggest that the GG carriers of a genotype have a
predisposition to chronic viral hepatitis C higher than those
of carriers of other genotypes. Similar conclusions that the
GG genotype of polymorphism -1082 G / A is associated
with chronic viral hepatitis C were made by other scientists
[9]. According to these authors [9], this genotype also
determines the increased production of IL-10. At the same
time, according to a number of authors [1, 11], the carriage

41

of the heterozygous variant of GA was associated with
resistance to chronic viral hepatitis B, as well as
spontaneous elimination of the hepatitis virus C, showing
the protective role of this genotype in this infection [11].

As for the bacterial infections, the results of research
available in the literature now in this direction are few and
contradictory. Thus, a significant association of AA
genotype polymorphism of the IL10 gene in the position -
1082 G / A with tuberculosis was revealed in studies
conducted among the Chinese population. At the same
time, other authors [20] in their studies suggest that the risk
of tuberculosis was associated with a GA genotype. Authors
[20] found statistically significant differences in the GG
genotype in patients with tuberculosis with individuals in the
controlled group. The GG genotype was more common in
healthy individuals. In contrast to these findings, studies
conducted in children in Egypt did not reveal a significant
relationship  between this  polymorphism with the
tuberculosis infection [21].

In our studies performed in the erysipelas infected
individuals of the Kazakh population, there was no
statistically ~ significant  association  between  the
polymorphism of the IL-10 gene-1082 GA (rs1800896) and
the erysipelas, irrespective of the nature of the disease
course [4].

As for the association of the polymorphism of IL-10
gene-1082 GA (rs1800896) with brucellosis, there are very
contradictory opinions in the literature.

The results of the study of the polymorphism of IL-10 (-
1082 G / A) in the studies of Kazemi S. et al. showed that
the GG genotype can be considered as a risk factor for
brucellosis, while the AG genotype can be a factor of
resistance to the disease [16]. Similar conclusions were
made in a study conducted among the Turkish population.
The authors believe that this polymorphism can affect
susceptibility to brucellosis and increases the risk of
developing the disease [8]. Although, in studies of
Karaoglan 1. et al. were not found significant differences
between the allele frequency and the distribution of the
genotypes of the IL10 polymorphisms (-1082) between
patients and the control group [15]. Another study indicates
the absence of a link between the polymorphism of the IL10
gene and brucellosis, as well as with complicated course
[71.

The interleukin gene -17A (IL17A) consists of 3 exons
(2 introns) and is localized on the 6 chromosomes: 6p12.2.
The most studied two polymorphisms of this gene are
rs2275913 and rs8193036 located in the 5'-protein-coding
region [http://www.ncbi.nlm.nih.gov/gene/3605].

It is suggested that the T allele of the rs8193036
polymorphism in the 5'-protein coding region is associated
with a decrease in the transcriptional activity of the IL-17A
gene [14]. Low transcriptional activity, in turn, may be the
cause of delayed protein synthesis, in this case, IL-17A. At
the same time, in our previous studies it was found that the
polymorphism of rs8193036 of the IL-17A gene, in particular
the CC genotype, can be associated with hyper production
of IL-17A [5].

Polymorphism gene of IL-17A rs2275913 may be
associated with the risk of developing hepatocellular
carcinoma in chronic viral hepatitis B, by influencing on the
production of the IL-17A itself. The authors suggest that the
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GG genotype is associated with an increase of the level of
IL-17A and Ig E level in viral hepatitis [18].

In addition, in studies conducted in patients with
bronchial asthma in Saudi Arabia, a hypo production of IL-
17A in carriers of the genotype CT of the polymorphism
gene of IL-17A was detected [3]. In Kazakh patients with
erysipelas, hyper production of IL-17A in carriers of GA
genotype was also found [5]..

In our previous studies it was shown that the
polymorphism rs2275913 of IL-17A can be associated with
erysipelas among the people of Kazakh nationality [6].

Contradictory results were obtained by studying the
polymorphism rs2275913 of the IL-17A gene in patients
with  tuberculosis. ~ Significant ~ associations of this
polymorphism with a predisposition to pulmonary
tuberculosis were established in the Spanish population
[24], whereas among the Chinese population no such link
was identified [10].

The role of cytokine IL-17A in the pathogenesis of
brucellosis, some authors explain by its influence on the
induction of an immune response mediated by Th1, which is
necessary to control brucella. It is also assumed that the
balance of cytokines Th1 / Th2 may be involved in the
processes of resistance or susceptibility to brucellosis: Th1
cytokines provide resistance, whereas Th2 cytokines
predispose to brucellosis [27].

The AA genotype of the IL17A gene polymorphisms
(rs4711998, rs8193038, rs3748067) according to Rasouli
M. et al, are considered as susceptibility factors to
brucellosis, while GG and AA genotypes of rs3819025 and

rs3819025 polymorphisms as resistance factors,
respectively [27].

It should be noted that the results of most studies
indicate the presence of associations between

polymorphisms of cytokine genes and predisposition /
resistance to various infectious diseases, but they differ
significantly in different populations.

Until now, there is no information in the literature related
to the study of polymorphisms of the IL10 and IL17A genes
and their connection with the production of these cytokines
in patients with brucellosis of Kazakh population.

Consequently, the purpose of our study is to study
the associations of polymorphisms of IL10 and IL17 genes
with brucellosis, as well as their connection with the
production of the same cytokines in patients with brucellosis
of Kazakh people.

Materials and methods

The total number of involved patients with brucellosis
was 89 people. Of these, 80 patients from 89 were
genotyped by polymorphism rs1800896 of the IL10 gene,
polymorphism rs8193036 of the IL17A-83 gene, and
polymorphism rs2275913 of the IL17A gene-89 patients
with brucellosis. The design of the study is "case-control"
[13]. Selection in the group of cases diagnosed with
brucellosis was carried out by a continuous method from
the patients admitted to the hospital of infectious diseases
in Semey (Kazakhstan), consistently for the period from
2015 to 2017. In addition, a number of patients were
admitted in the family-doctor outpatient clinics and clinics in
Semey. The control group was formed from the persons
who underwent prophylactic examinations in the same
family-doctor outpatient clinics and clinics. The number of
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patients studied in the control group was 422 in total, of
which 422 people of control group were genotyped by the
polymorphism rs1800896 of the IL10 gene, and 414 by the
polymorphisms of the IL17A gene (rs8193036, rs2275913).

The levels of IL-10 and IL-17A were identified in
patients and persons in the control group who were
genotyped. Of the 422 persons included in the control
group, the levels of IL-10 and IL-17A were randomly
selected to achieve an equal number of participants (89
persons). However, in 1 patient out of 89 due to failure, the
level of IL-17A and IL-10 was not determined.

The criteria for inclusion in the group of cases were: a
determined diagnosis of brucellosis, age of 18 years and
older, Kazakh nationality, residence in the city of Semey.
The criteria for exclusion were genetic diseases in
anamnesis, oncological diseases, chronic viral hepatitis,
immunodeficiency in the anamnesis, kidney disease,
cardiovascular system, liver, end-stage blood and other
diseases that can affect the level of cytokines IL-17A and
IL- 10.

The inclusion criteria for the control group were: the
excluded diagnosis of brucellosis and the absence of a
history of disease, age 18 and over, Kazakh nationality,
residence in the city of Semey. The exclusion criteria were
similar to those in the group of cases.

All participants in the study were genotyped using the
polymorphisms rs1800896 of the gene IL10, rs8193036 and
rs2275913 of the IL-17A gene. Isolation of genomic DNA
from the blood was performed using QlAamp DNA Mini Kit
(QIAGEN, Germany) in accordance with the manufacturer's
instructions. The DNA concentrations were measured with a
help of Nanophotometer P330 (Implen). DNA genotyping
was carried out on the CFX96 ™ Real-Time PCR (Bio-Rad)
amplifier. The amplification program included preliminary
denaturation at 94 °C for 3 minutes, then 50 cycles at 94 °C
for 10 seconds and at 58 °C for 50 seconds. The research
was carried out on the basis of the Republican State
Enterprise (RGP) "National Center for Biotechnology",
Astana, Republic of Kazakhstan.

The level of IL-17A and IL-10 was determined by the
method of enzyme immunoassay using commercial test
systems Vector-Best (Novosibirsk, Russia) [23] on the basis
of the Joint Research Laboratories of the Semey Medical
University. For this purpose, patients with brucellosis were
collected blood in a volume of 5 ml in tubes with EDTA
(ethylenediaminetetraacetate).

Statistical processing of data

A comparison of the frequency of occurrence of
genotypes between a group of cases and a control group
was carried out using the Pearson x2 criterion and odds
ratio (OR) with 95% of confidence intervals (Cl) [12]. The
ratio of frequencies of genotypes and allelic variants of
genes was checked for compliance with the Hardy-
Weinberg law. Statistical calculations were carried out on a
calculator for genetic calculations under the Gene Expert
program (http://gen-exp.ru/calculator_or.php).

The content of IL-17A and IL-10 in the blood plasma
was analyzed using medians and quartiles (Me, Q1 and Q3,
respectively). Considering the fact that the distribution of
IL17A in plasma differed from normal, nonparametric
criteria were used for intergroup comparisons [12, 33]. Next,
we compared the levels of IL-10 and IL-17A within the same
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genotype in patients with faces of control group. These
group comparisons were performed using the Mann-
Whitney test, and the differences were considered
significant at p <0.05. The Data was processed using
STATA 13 (Stata Corp. TX, USA) [34].

Ethical Compliance

The study protocol was developed and approved at the
meeting of the Ethical Committee of the Semey Medical
University (Kazakhstan) (Minutes No. 2 dated November
13, 2013). All participants of the study were informed of the
purpose and methods of the study and gave their written
consent for participation.

The results

Association of polymorphisms of cytokine genes IL17A
and IL10 with brucellosis.

Genotyping by the polymorphism of the gene IL17A
(rs8193036) made it possible to identify the presence of the
link between alleles and genotypes of this polymorphism
with brucellosis. As a result of our research, it has been
determined that the factors of predisposition to brucellosis
can be the C allele and the CC genotype, and the T allele,
CT and TT genotypes of polymorphism rs8193036 of the
IL17A gene are the factors of resistance. The data are
presented in Table 1.

Table 1.

Association of polymorphism rs8193036 of the IL17A gene with brucellosis.

Comparedgroups Allele/genotype X2 p OR (95% Cl)
Patients with brucellosis (n=82) and C 63.19 0 4.42 (3,00 - 6,51)
persons of the control group (n=414) T ' 0.23(0.15-0.33)
CcC 7.32 (4,39 - 12,20)
CT 71.07 0 0.43 (0,26 - 0,72)
TT 0.19 (0,09 - 0,43)

In our study, both cases (patients with brucellosis) and
those people in the control group were in the Hardy-
Weinberg equilibrium (p=0.11 and p=0.98).

Statistically significant associations with brucellosis, as
a result of our study, have been identified with the
polymorphism rs2275913 of the IL17A gene. The results of

the study showed that there is a possible connection with a
predisposition to brucellosis in carriers of the G allele and
the GG genotype. Thus the protective factors can be
presented with the carriage of the A allele and the
genotypes AA and AG. The data are presented in Table 2.

Table 2.

Association of polymorphism rs22759130f the IL17A gene with brucellosis.

Comparedgroups Allele/genotype X2 p OR (95% ClI)

A 168 0.0001 0,44 (0,30 - 0,66)

, . o G 2,26 (1,51-3,38)
Patients with brucellosis (n=89) and

persons of the control (n=414) A 0,08 (0,01-0,61)

AG 16,09 0,0003 0,69 (0,43 -1,11)

GG 2,25 (1,40 - 3,61)

Table 3. test for the controls showed that the controls corresponded

Association of polymorphism rs1800896 of the IL10
ene with brucellosis.

Allele/genotype NG p OR (95% CI)

A 1,17 (0,81 -1,71)
G 070 1 04 a5 (058 1.24)
AA 0.92 (0,57 - 1,49)
AG 7.06 0.03 |1.54(0,95-2,49)
GG 0.20 (0,05 -0,86)

The results of our study on the association of
polymorphism IL10 gene (rs1800896) with brucellosis
disease have shown that the GG genotype can be the
factor of resistance to brucellosis. However, the cases
(patients with brucellosis) were not in the Hardy-Weinberg
equilibrium in these samples (p=0.02). The Hardy-Weinberg

to the Hardy-Weinberg equilibrium (p=0.11). Data on the
study results of the relationship of the genetic marker (IL10
(rs1800896) with the development of brucellosis are
presented in Table 3.

Relationship  between gene polymorphisms and
cytokine levels.

When the IL-17A levels were compared within the same
genotype, statistically significant differences of the IL-17A
content were observed in the cases and people in the
control group with the HS and CT genotypes. In patients
with brucellosis, the level of IL-17A was higher in
comparison with the control group people both in the
carriers of the SS genotype and in the carriers of the CT
genotype. The data are presented in Table 4.

Comparison of IL-17A levels in patignts with brucellosis and control group, depending on genotypes. et
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Statistically significant differences in the level of IL-17A
between patients and healthy individuals within the same
genotype were detected only in carriers of the genotype GA.

In patients with brucellosis of GA genotype, hyper production
of IL-17A was observed in comparison with those of the
control group. The data are presented in Table 5.

Comparison of IL-17A levels in patients with brucellosis and control group, depending on genotypes. febe s
uyges | Mnbeliminiorond | wo | o | o | v
= L L1 I
G con s Tasr s Teso | PO
M ot 5 3330 | 0352 | 5004 p=0.875

Note: * The median, quartiles 1 and 3 in the carriers of AA genotype in patients with brucellosis not shown, because the level

of IL-17A with this genotype is defined only in one case.

As for comparing the levels of IL-10 in patients with
brucellosis and persons of the control group within the
same genotype, the statistically significant differences in the
content of IL-10 have been identified among the carriers of
AA and GA heterozygous genotype. In patients with
genotypes AA and GA level of IL-10 was lower compared
with those in the control group carriers of the same
genotype. The data are presented in Table 6.

Discussion

Thus, the results of our studies, brucellosis associated
with allele C, CC genotype polymorphism rs8193036, allele
G and GG genotype polymorphism rs2275913 IL17A gene
as possible predisposition factors and allele T and PT, TT
genotypes (rs8193036), the allele A and AA (rs2275913)
polymorphism genotype IL17A gene are resistance-
associated. Also IL17A levels are associated with the
genotypes CC and CT (rs8193036), GG (rs2275913)
polymorphism IL17A gene heterozygous GA.

So far, studies have been conducted, the results of
which indicate the existence of a connection between
polymorphism rs8193036 and other diseases. Thus, Wang
J. et al. [36] in their studies have shown that the carriers of
the CC genotype polymorphism rs8193036 of the IL17A
gene increase the risk of developing bronchial asthma in
children of the Taiwan population. Stappers M. et al. [32]
believe that the polymorphism rs8193036 of the IL17A gene
and the polymorphisms of the genes of other cytokines
affect the predisposition to skin diseases of infectious
genesis. At the same time, according to Bekenova N. et al.
[5], the CC genotype of the polymorphism rs8193036 of the
IL17A gene was less common in patients with erysipelas
than in those of the control group. As a result of our study,
we found that the CC genotype of polymorphism rs8193036
is more common in patients with brucellosis, which gives
grounds to suggest that it may be a predisposition factor to
the disease.

According to several authors, the polymorphism
rs2275913 of the IL17A gene is associated with an
increased risk of cancer. Of the 3 polymorphisms of the
IL17A gene (rs2275913, rs3819025 and rs3748067) and 5
IL-17F (rs763780, rs7771511, rs12203582, rs9382084 and
rs1266828), only rs2275913 was associated with a risk of
developing breast cancer in women in the Chinese
population [37]. In studies conducted in Iran, the
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polymorphism rs2275913 of the IL17A gene was associated
with a risk of stomach cancer [26] (Rafiei A. et al., 2013).

Similarly to our studies, Bekenova N. et al. [6], it was
found that in patients with erysipelas, the allele G and GG
genotype of the polymorphism rs2275913 of the IL17A gene
are more likely to be associated with predisposition to the
erysipelas, whereas the allele A may be associated with
resistance to this disease. According to the results of our
study, the factor of resistance to brucellosis can also be AA
genotype polymorphism rs2275913 of the IL17A gene.

Han R. et al. [14] suggest that the allele T of the
polymorphism rs8193036 of the IL17A gene in the 5'-protein
coding region is associated with a decrease in the
transcriptional activity of the IL17A gene, which in turn can
be the cause of delayed protein synthesis, in this case IL-
17A. According to our data, the level of cytokine in patients
with HS and CT polymorphism rs8193036 of the IL17A
gene was higher in patients than in the people of the control
group.

According to the literature, low production of IL-10 was
associated with the presence of a homozygous AA
genotype of polymorphism of the IL10 gene (rs1800896) in
patients with tuberculosis and in people of the control group
[19]. Similar results were also found in our study. In carriers
of AA and GA among patients with brucellosis, hypo
production of IL-10 was observed. However, the cases
during genotyping of the IL10 gene (rs1800896) did not
correspond to the Hardy — Weinberg equilibrium. In this
regard, we cannot talk about the association of the level of
a given cytokine with its polymorphism at the position —1082
GA. Also, in patients with bronchial asthma with the
genotypes GG and GA of the polymorphism of the IL10
gene (rs1800896) [17] at position -1082 GA, no differences
in the level of IL-10 were revealed (the authors do not
describe the AA genotype).

The design of the study can be attributed to the
shortcomings of our research, since systematic mistakes
can play an essential role in case-control studies. Selection
of a group of cases and a control group was conducted
within the city of Semey (Kazakhstan). In this regard, we
can not extrapolate our results to the entire Kazakhstani
population. Also to the shortcomings of our study we refer a
small sample size, which allows us to identify only relatively
strong links. Nevertheless, even this sample size allowed us
to reveal statistically significant differences.
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However, for the first time we conducted a case-control
study to determine the polymorphisms of the IL17A genes
(rs8193036 and rs2275913), IL10 (rs1800896) in order to
identify their associations with brucellosis, that is, for the
first ime an attempt was made to elucidate the role of the
genetic factor in the development of brucellosis in persons
of Kazakh nationality. Also, the merits of our study can be
attributed to the fact that in this study we first estimated the
relationship between interleukin levels (IL-17A and IL-10)
with polymorphisms of the genes of these interleukins.

As a result of our study, we determined that
polymorphisms of the IL17A (rs8193036 and rs2275913)
gene are associated with brucellosis disease. We also
revealed the  relationship  between  genotypes
polymorphisms of cytokine gene and immunological
parameters of blood, in particular, with the production of
cytokines themselves. Based on the results of our study, we
can assume that carriers of different genotypes among
patients with brucellosis and healthy individuals may have
different concentrations of IL-17A. Unfortunately, we can
not talk about the influence of genotypes on the level of
cytokines and the development of the disease, due to the
shortcomings of this study design (case-control). In this
regard, further research is needed to determine the
immuno-genetic mechanisms of the development of
brucellosis.
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