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POLYMORPHISM OF PROINFLAMMATORY CYTOKINE GENES IN GIRLS PREDISPOSED
TO RECURRENT RESPIRATORY INFECTIONS
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Acute respiratory infections (ARI) are very common in children and often prompt parents to seek medical advice. Increased susceptibility to ARI is caused
by a number of factors, including genetically determined imbalances in cytokine production. The aim of this study was to analyze the frequency of 6
clinically relevant polymorphisms of proinflammatory cytokine genes in girls predisposed to recurrent respiratory infections. The study was conducted
in girls aged 7-17 years who were undergoing a routine medical checkup. A group of children with frequent respiratory infections was identified. The
following polymorphisms were analyzed for possible associations with predisposition to frequent respiratory infections: IL18 T-31C (rs1143627), IL1B T-511C
(rs16944), IL1B C-3953T (rs1143634), IL1B8 G-1473C (rs1143623); IL6 C-174G (rs1800795), and TNFa G-308A (rs1800629). For polymorphism detection,
PCR and gel electrophoresis were used. The following alleles were found to be associated with an increased risk for recurrent respiratory infections in girls
aged 7-17 years: C-31 (rs1143627) (OR = 2.05; Cl: 1.16-3.64; p = 0.013) and C-5717 (rs16944) (OR = 3.11; Cl: 1.25-7.76; p = 0.013) of the /L-1 gene.
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OCOBEHHOCTHU NOJINMOP®U3MA NEHOB MNPOBOCTAJIUTEJIbHBIX LIUTOKNHOB Y IEBOYEK,
MPEAPACIONOXXEHHBIX K HACTbIM PECIMNNPATOPHbLIM 3ABOJIEBAHUAM

A. B. Kagakoga', E. B. YBaposa?, J1. B. Jlumapesa' = O. U. [luHesa', I. H. Ceetnoga’, A. A. Tpynakosa'

T CamapCcKuin rocyaapCTBeHHbI MeVLIMHCKIUI yHBepcuTeT, Camapa, Poccus
2 HauwoHaneHbIN MeaULMHCKUIA MCCNEeAoBATENBLCKUN LIEHTPD aKyLLEpPCTBa, MHEKOOr N 1 NMepuHaTonorim UMeHn akagemuka B. V. Kynakosa, Mockea, Poccus

PecnunpatopHble 3abonesanna (OP3) oTHOCAT K 4ucny Hambonee pacnpocTpaHeHHbIX 3aboneBaHuin OeTCKOro Bo3pacTa M Ciy)KaT MOBOAOM 4acToro
obpaLLeHns 3a MeAULIMHCKOM NMOMOLLbLO. TMoBbIlLeHHas 3aboneBaeMoCTb feTeit onpenenseTcs LenbiM psfoM hakTopoB, B TOM Y1CHe HamyimeM aucbanaHca
B CUCTEME LIMTOKMHOB, YPOBEHb CUHTE3a KOTOPbIX MEHETUHECKN AETEPMUHMPOBaH. Llensto paboTtel BbI10 NpoaHamanpoBaTb OCOOEHHOCTN pacnpeneneHns
LUIECTN KIMHNHECKN 3HAYYMBIX MOSMMOPMHBIX JIOKYCOB B FeHax MpPOBOCMANUTENbHBIX LIMTOKMHOB Y AEBOYEK C 4acTbiMU PECMMPATOPHLIMY 3a60NEBAHUSMU.
Cpean gesovek 7—-17 net, NpoxoasLmX NnaHoBbIA NPodUNaKTUYecKnii 0CMOTP, Ha OCHOBaHM aHamHesa Obifia BblaeneHa rpynna 4acto 6onetolmnx aeTen.
[MpoBeaeH aHanM3 accoupaLmn NOAMMOPMHbIX BapraHTOB reHOB MpoBOCHanuUTeNbHbIX UMTOKMHOB IL 18 T-31C (rs1143627), IL18 T-611C (rs16944), IL1B8 C-3953T
(rs1143634), IL1B G-1473C (rs1143623) B reHe nHTepneikuHa-1p; IL6 C-174G (rs1800795) — B reHe uHtepnenkmnHa-6 n TNFa G-308A (rs1800629) — B reHe
(hakTopa HeKPO3a OMyxonu anbda C NPeLPaCMONOXEHHOCTHIO K HaCTbIM PECMMPAaTOPHbBIM 3a601eBaHMsIM. [oNMMOPMHbIE BapUaHTbl FEHOB BbISIBIISIM METOLOM
MUP ¢ anektpodopeTnyeckon AeTekumeit. IokasaHo, YTO C MOBbILLEHHBIM PUCKOM PELVANBUPYIOLLMX PECnMPaTopHbIX 3abonesaHuin y aeBodek 7-17 net
accouuvpoBaHbl annenm C-37 (rs1143627) (OLL = 2,05; A: 1,16-3,64; p = 0,013) n C-571 reHa IL-1B (rs16944) (OLU = 3,11; OWN: 1,25-7,76; p = 0,013).
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To date, it has been convincingly demonstrated that the immune
system plays a critical role in disease progression. In both health
and pathology, immune response is regulated by cytokines, the
key mediators of cell-cell interactions in the immune system [1, 2].
An imbalance between pro- and anti-inflammatory cytokines
compromises immune defense against infection and leads to
chronicity [3]. The intensity of cytokine secretion depends on
the expression of cytokine-encoding genes, which, in turn, is
determined by the presence of persistent microorganisms and
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genetic features of the host [4]. Single nucleotide polymorphisms
(SNPs) of human genes coding for immunocompetent molecules
determine the level of cytokine production in response to
infection, affecting the clinical course of the disease [5-7]. So far,
a number of polymorphic loci have been identified in promotor
regions of the genes involved in the production of proinflammatory
cytokines (IL1B, IL6, TNFa, etc.) [8-12].

Acute respiratory infections (ARI) are very common in
childhood. A child falls in the “frequently ill” category if he/she
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has more than 6 episodes of ARI a year; this definition refers to
repeated or recurrent viral, bacterial or mixed infections of ear,
nose and throat (adenoiditis, tonsillitis, ofitis), upper (laryngitis)
or lower respiratory tract (tracheitis, bronchitis, pneumonia)
developing as a result of compromised immunity or inadequate
therapy for ARI [13-15]. Increased susceptibility to ARI is
determined by a few factors, including genetic ones. There
is an ongoing search for possible immunogenetic markers of
such predisposition.

The aim of our study was to explore possible associations
between the polymorphisms of genes coding for key
proinflammatory cytokines and predisposition to frequent
respiratory infections in girls aged 7 to 17 years.

METHODS

We examined 116 girls aged 7 to 17 years residing in Samara
who visited a pediatric/adolescent gynecologist for a routine
checkup in 2014-2016. The following inclusion criteria were
applied: age between 7 and 17 years; the absence of severe
organic pathology; normal physical, sexual and cognitive
development. Exclusion criteria: age outside the specified
range; severe organic pathology; developmental abnormalities.
We analyzed the medical history of the patients (frequency of
respiratory infections and their course) and allele and genotype
frequencies for proinflammatory cytokine genes using PCR with
gel electrophoresis (SNP-EXPRESS assay; Litech; Russia). We
searched for the following SNPs: IL18 T-31C (rs1143627), IL18
T-511C (rs16944), IL1B8 C-3953T (rs1143634), IL1B G-1473C
(rs1143623); IL6 C-174G (rs1800795), and TNFa G-308A
(rs1800629). DNA was isolated from the buccal mucosa using
an express DNA isolation kit (Litech; Russia). SNPs selected
for our study are associated with human immune status and
were proposed as clinically and diagnostically relevant at the
15th International Histocompatibility and Immunogenetics
Workshop in Brazil in 2008 [16].

DNA was amplified in a DTlite-4S1 thermocycler (DNA-
Technology; Russia). The observed genotype frequencies
were tested for conformity to Hardy-Weinberg expectations
using Pearson’s 2. We measured possible associations and
assessed the significance of differences in the distribution of
categorical variables (odds ratios and 95% confidence intervals).
Statistical analysis was performed online on the website of the
Institute of Human Genetics (Munich, Germany) using DeFinetti
software [17]. The minor alleles were hypothesized to be risk
alleles and were analyzed in all combinations.

RESULTS

The analysis of clinical data and medical histories revealed
that 56.9% of the participants had ARI 6 to 10 times a year.
Of them, 10.6% had a chronic ENT pathology (tonsillitis,
pharyngolaryngitis) with frequent relapses (4 to 6 times a year)
in the setting of acute viral and/or bacterial infection. The girls
were divided into 2 groups: 65 girls constituted the group of
children with recurrent respiratory infections and 51 girls made
up the group without recurrent ARI.

The genotype frequency of 5 out of 6 analyzed SNPs
conformed to the Hardy-Weinberg equilibrium. The only
exception was TNFa (G-308A); therefore, this polymorphism
was excluded from further analysis (see Table).

The analysis of allele/genotype frequencies of the genes
encoding proinflammatory cytokines demonstrated that the
general sample was dominated by the carriers of the alleles 7-37,
G-1473 and C-3953 in the IL1B gene (p < 0.05) determining

the high levels of the encoded cytokines. In the case of IL183
(T-511C) and IL6 (C-174G), the alleles associated with high
and low levels of /L7 and /L6 were distributed in our sample
relatively equally.

Comparison of individual polymorphisms occurring at
the clinically relevant loci of the studied cytokine genes and
associated with high/low levels of their expression revealed that
homozygous and heterozygous C alleles at positions 37 and
511 of the IL15 gene were significantly more frequent in the
group of girls suffering from recurrent infections. The presence
of the C-37 allele increased the risk of frequent respiratory
infections twofold (OR = 2.05; Cl: 1.16-3.64) in comparison
with the T-37 allele. The highest risk of recurrent infections was
detected in the carriers of the CC genotype in comparison with
heterozygous CT carriers (OR = 2.58; Cl: 1.14-5.85) and the
pooled CT and TT genotypes (OR = 2.65; Cl: 1.25-5.63). The
presence of any C-571 allele variant also indicated a high risk
of recurrent respiratory infections (OR = 1.68; Cl: 0.99-2.83;
p =0.053). The risk of frequent respiratory infections increased
more than threefold in the carriers homozygous for CC in
comparison with heterozygous CT (OR= 3.28; Cl: 1.22-8.79),
homozygous 7T (OR = 2.9; Cl: 1.03-8.17) and the pool of
children with CT or TT (OR = 3.11; Cl: 1.25-7/76) at -511C/T
of the IL18 gene.

We failed to establish a statistically significant association
between recurrent respiratory infections and the IL6 (C-174G)
polymorphism, but the girls suffering from recurrent infections
were homozygous for the G allele associated with high levels of
IL6 1.5 times as rare as the girls without recurrent respiratory
infections (OR = 0.57; Cl: 0.20-1.59; p = 0.77).

DISCUSSION

Long-lasting and frequent respiratory infections, especially at
early age, present a medical challenge yet unsolved, creating
a serious social and economic burden for the family and the
society in general. The contemporary view on the problem
is that the primary causes of high susceptibility to infection
in children are the immaturity of the immune system and
genetic predisposition [18, 19]. Cytokines play an important
role in defense against pathogens: they regulate response to
infection not only at the immune system level but also at the
level of the whole organism. So far, extensive evidence has
been accumulated suggesting that SNPs of cytokine genes
can be functional and alter expression of the latter. Such
functional polymorphisms hereditarily determine the levels of
cytokine production in an individual, affecting the progression
and outcome of infectious diseases and immunopathological
processes [20]. Anti-inflammatory cytokines play a central role
in the formation and regulation of inflammatory response in
both innate and adaptive immunities. Therefore, research into
the polymorphisms of genes coding for key proinflammatory
cytokines can result in the emergence of new diagnostic and
therapeutic approaches [21, 22].

In this study, we analyzed associations between polymorphisms
of genes coding for key proinflammatory cytokines and
predisposition to recurrent respiratory infections in 7 to 17-year
old girls. Clinically relevant functional polymorphisms were
assessed, including IL1B (T-31C), IL1B (T-511C), IL1B (C-3953T),
IL1B (G-1473C), IL6 (C-174G), and TNFa (G-308A).

In the first stage of the study, we analyzed allele/genotype
frequencies of polymorphic variants of the genes encoding
proinflammatory cytokines in all study participants regardless of
their predisposition to frequent ARI and tested the conformity of
the observed data to the Hardy-Weinberg equilibrium. This is an
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Table. Polymorphic allele and genotype frequencies for the genes encoding proinflammatory cytokines in girls aged 7 to 17 years

G Allel Frequency, abs / %
ene ele,
polymorphism | genotype Al girls Without recurrent ARI | With recurrent ARI Odds ratio (Confidence interval)
n=116 n=>51 OP3 n=65 (minor allele dominating)
T 100/67.0 + 3.3* 46/75.0 + 4.7 54/60.0 + 4.4
—~
i';: [1]<—>[2]**: 2.05 (1.16-3.64), x* = 6.18. p=0.013 [11]<—>[12]**:

I 2.58 (1.14-5.85), x? = 5.28. p = 0.022[11]<—>[22]:
’u\:, C 61/33.0 £ 3.3 20/25.0 + 4.7 41/40.0 + 4.4 2.84 (0.87-9.28), y* = 5.28, p = 0.077 [11]<—=[12 + 22]"*
3 55/47.4 31/60.8 24/36.9 2.65 (1.25-5.63), x> = 6.53, p=0.011

CT 45/38.8 15/29.4 30/46.2
CC 16/13.8 5/9.8 11/16.9
. T 78/45.0 + 3.4 36/52 + 5.5 42/39 + 4.1
Q
= C 90 /55.0 + 3.4 34/48 + 5.5 56/61 + 4.1 [1]<—>[2]: 1.68 (0.99-2.83), x* = 3.74, p= 0.053
[

: [11]<—>[12]**: 3.28 (1.22-8.79), x* = 5.80, p = 0.016
% 26/224 17/333 9138 [11]<—>[22]**: 2.90 (1.03-8.17), x* = 3.13, p = 0.042
~ CT 52/44.8 19/37.3 33/50.8 [11]<—>[12+22]"*: 3.11(1.25-7.76), x> = 6.24, p = 0.013
h CcC 38/32.8 15/29.4 23/35.4
o) G 94/57.0 + 3.3 40/59.0 + 5.3 54/55 + 4.1
E C 78/43.0+3.3 31/41+5.3 47/45 + 41 [1]<=>[2]: 1.15 (0.68-1.94), 2 = 0.28, p = 0.600 [11]<->[12]:
i 2.00 (0.86-4.63), x? = 2.65, p= 0.104 [11]<—>[22]:

|
e @ s8/82.7 20/89.2 18/21.7 1.11 (0.39-3.18), x> = 0.04, p = 0.844 [11]<—>[12 + 22]:
Q GC 56 /48.3 20/39.2 36/55.4 1.69(0.77-3.68), x> = 1.72, p= 0.189
=
= CC 22/19.0 11/21.6 11/16.9
= 109/78.0 + 2.8* 48/80 + 4.2 51/77.0 + 3.8
§ T 43/22.0+2.8 17/20.0 + 4.2 26/23.0 + 3.8 [1]<=>[2]: 0.28 (0.65-2.33), x2 = 0.41, p = 0.524 [11]<—>[12]:
© 1.37 (0.61-3.09), x*> = 0.58, p = 0.447 [11]<—>[22]:

|
Q ce 737629 34/66.7 39/60.0 1.16 (0.24-5.57), x> = 0.04, p = 0.851 [11]<—>[12 + 22]:
= TC 36/31.0 14/27.5 22/33.9 1.33 (0.62-2.87), x2 = 0.54, p = 0.461
S|

7/6.0 3/5.9 4/6.2
C 79/45.0+34 31/40.0 + 5.2 48/48.0 + 4.3
)
N G 91/55.0+34 41/60.0 + 5.2 50/52.0 + 4.3 [1]<—>[2]: 0.72 (0.42-1.21), x* = 1.58, p = 0.209 [11]<—>[12]:
in 1.05 (0.40-2.76), x> = 0.01 p = 0.925 [11]<—>[22]:
]
Q ce 257215 10/19.6 15/231 0.57 (0.20-1.59), x2 = 1.18, p=0.277 [11]<—>[12 + 22]:
9 CG 54 /46.5 21/41.2 33/50.8 0.81 (0.33-2.00), x2 = 0.20, p = 0.652
GG 37/31.9 20/39.2 17/26.2
2 G 32/18.0+29
S A 106/92.0 = 2.9
&'IJ_ GG 10/8.6 Does not conform to the Hardy-Weinberg equilibrium
= (p=0.0001)
LZL GA 22/19.0
IS
AA 84/72.4

Note: ARI — acute respiratory infections; * — statistically significant differences in the allele frequency at the given locus (p < 0.05); ** — statistically significant

associations with increased risk of respiratory infections.

important stage because if observed frequencies are consistent
with those predicted by the Hardy—Weinberg equation, it
means that patient selection for a genetic study is adequate.
The frequencies of 5 out of 6 analyzed polymorphisms was
consistent with the Hardy-Weinberg equilibrium, except for
TNFa (G-308A). For the G-308A polymorphism of the TNFa
gene, the frequency of the heterozygous genotype observed
in the general sample was different from the predicted
frequency. This could be explained by the insufficient number
of observations and the character of allele distribution for this
locus in the studied group. Therefore, TNFa (G-308A) was
excluded from further analysis.

The analysis of allele and genotype frequencies of /L78and
IL6 revealed that the general sample was dominated by the
carriers of the T-37, G-1473 and C-3953 polymorphisms of
the IL1B gene and the G-174 polymorphism of the IL6 genes.
The distribution of IL1B (T-511C) alleles was relatively even. The
pattern of allele/genotype distribution for this polymorphism
was similar to that observed in the European female population
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[23] and Russian females residing in Moscow [24], which may
indicate the evolutionary advantage of the alleles that determine
high levels of proinflammatory cytokines in the Caucasian
population.

The subsequent analysis of the associations between
predisposition to frequent ARI and the carriership of the
studied alleles at the polymorphic loci of the genes encoding
proinflammatory cytokines demonstrated that the presence
of the C-37 and C-571 alleles in the IL75 gene significantly
increased the risk of recurrent respiratory infections (2- to
3-fold), especially in the homozygous patients. In the girls with
recurrent respiratory tract infections, the G allele in locus 174
of the IL-6 gene was 1.5 times rarer (p > 0.05). The discovered
association between the polymorphic C-37 and C-571 alleles of
the IL71p gene and frequent respiratory infections is consistent
with the literature: IL-78 plays a central role in the generation and
regulation of immune response against infection; carriership of
polymorphic variants at positions 37T and 577T in most cases
leads to an increase in the production of this cytokine in vivo
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and in vitro in comparison with C alleles, whose carriership
increases the severity and frequency of respiratory infections in
children and adults [25-27].

For some European populations, IL18 (T-31C) is in 100%
linkage disequilibrium with IL718 (T-511C) [28], which seems to
explain similar risks associated with this pair of SNPs.

The fact that only 2 SNPs of the /L7 gene were significantly
associated with frequent respiratory infections suggests the
need for identifying the subgroups with high prevalence of
bacterial/viral infections, the presence/absence of allergies, etc.
in the general sample of children predisposed to recurrent AR,
as well as the need for a larger patient sample. At the same time,
the cytokine system is a polymorphic, highly reliable pleiotropic
regulatory network of mediators whose biological effects are
exerted in a cascade manner, are very diverse and sometimes
excessive [29]. Therefore, a decrease in the expression of one
or several cytokine genes and the resulting low production
of the peptide mediator will not always be accompanied by
a pronounced pathology. This means that research into the
effects of polymorphisms in the cytokine genes should not be
limited to the analysis of carriership of individual polymorphic
variants occurring in a few cytokine genes. It is important to
consider linked inheritance, mutual effects, interactions with
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