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Pesiome. MHpexkuuss SARS-CoV-2 gaBisieTcss aTMoNaTOreHeTUYeCKUM (PakToOpoM HOBOI KOpPOHaBUPYC-
HOU MHbexuuu. BocmpruuMYnBOCTh K BUPYCY U, COOTBETCTBEHHO, 3a0071€Ba€MOCTb OTJIUYAETCS Y JeTel U
B3pocibiX. C OTHOU CTOPOHBI, 3TO OTpaXkKaeT BO3PACTHbIE OCOOEHHOCTU UMMYHHOTO oTBeTa. C npyroii cTo-
POHBI, peaiu3yeTcsl Uepe3 BbIpaboTKyY psiia IMTOKMHOB, B TOM yucie [L-2, u oTpaxkaeT reHeTU4eCKu-aeTep-
MUHUPOBAHHBIE OCOOEHHOCTU MPOAYKIIMU IMTOKUHOB. Llenbio ncciaenoBaHus ObUT aHATIU3 4YaCTOThI BCTPE-
yaeMocTU noumMopdHbiXx BapruaHTOB T-330G reHa /L2 y naliieHTOB C HOBOII KOPOHABUPYCHOM UH(MEKIIUEH.
Bcero 65110 06cenoBaHo 145 mauneHTos, u3 Hux 31,0% nereit (n = 45) u 69,0% B3pocibix (n = 100). dua-
THO3 «HOBasi KopoHaBUpycHast nHbekus» Bepudunrpoad metogomM OT-TTLP nmoarsepxnaroiero Hajiu-
yue Bupyca SARS-CoV-2 u BbIsiBIeHHE KITMHUYECKUX CAUMOITOMOB MH(MEKIIMW BEPXHUX AbIXaTeIbHBIX ITyTEH.
Tpynny KoHTposisi coctaBuau 50 310pOBBIX JOHOPOB-100poBOJIbLIEeB. U151 aHanu3a moaumopdusma T-330G
reHa /L2 VICTIONIb30BaIN ajuieiib-crienndnyeckyro TP ¢ sanekrpodopeTndecKoii neTeknueii B 3% arapo3s-
HoM reite («Jlutex», Poccus). JIist cpaBHeHUsI YaCTOT KOMOMHALIME ajulesieil UCTOIb30BaIM KPUTEPUA > U
orHoweHue maHcoB OR u (95% CI).

JoMuHupyomuM reHoTuroM y nanueHToB ¢ COVID-19 6b11 rerepo3urotHsiii reHotun GT moaumop-
dusma T-330G rena /L2. B rpynrie neTeii ¢ puCKOM pa3BUTUS HOBOII KOpOHABUPYCHOUW MHMEKIINU ObLI ac-
couuunpoBaH reHotun GG nomumopdusma T-330G rena /L2 (31,1% y nereit u 18,0% B rpyIine KOHTPOJIS,
p < 0,05, OR = 2,047). B To Bpemst kKak roMmo3urotTHbiit reHotun TT noaumopdusma T-330G rena /L2 aB-
JISIZICST TIPOTEKTUBHBIM TEHOTUITOM (€r0 YacTOTa BCTPEUYaeMOCTH COCTaBUJIA Y MallMeHTOB — 26,7%, B rpyI-
ne KoHTpojst — 54,0%, p < 0,05, OR = 0,315). ¥ B3pOC/bIX C PUCKOM Pa3BUTUSL HOBOI KOPOHABUPYCHOM
UHGEKIUU ObLT acCOUMUPOBaH reTepo3uroTHbiid reHoTun GT noanumopdusma T-330G rena /L2 (B rpyrme
nauueHToB — 44,0% nipotuB KoHTpoJis — 28,0%, p = 0,028, OR = 2,020). Huskuii pruck pa3BuTus 3a6oe-
BaHUSI ObLT aCCOLMUPOBAH ¢ ToMo3urotrHoro BapuaHtoM TT nmomumopdusma T-330G rena /L2 (B rpymre
nauueHToB 37,0% npotus KoHTposst — 54,0%, p = 0,024, OR = 0,500).
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IMomumopduszm T-330G nmpoMoTpoHO 30HBI TeHa /1.2 mo-pa3HOMY BJIMSET Ha ero npoaykuuwo. OT ypoB-
Hs IL-2 3aBUCUT HampaBjieHHMe UMMYHHOTrO oTBeTa U ero 3¢ deKTuBHOCTh. [ToHMMaHWe MHAMBUAYAIbHBIX
(aKTOpPOB, OMpPEAeasIONIMX OCOOEHHOCTH UMMYHHOIO OTBETA MOXKET MOMOYb B MOHUMAaHUM MEXaHU3MOB
paszsutust COVID-19-accoumupoBaHHBIX 3a001€BaHUIA U TOAOOPE MOAX0I0B K MEPCOHATU3UPOBAHHBIM Me-
TOJaM UX JISUEeHUSI.

Knroueswie cnosa: noaumopgusm eenos, SNP, T-330G I[L2, COVID-19, demu, SARS-CoV-2

FEATURES OF THE FREQUENCY OF OCCURRENCE OF T-330G
IL2 GENE POLYMORPHISM IN PATIENTS WITH COVID-19

Ageeva E.S2 Ablaeva R.N.?, Yatskov LLA.? Aleshina O.K.?,
Rymarenko N.V.2 Beloglazov V.A.?, Diadyura E.N.

@ V. Vernadsky Crimean Federal University, Simferopol, Republic of Crimea, Russian Federation
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Abstract. SARS-CoV-2 infection is the etiopathogenetic factor of the new coronavirus infection.
Susceptibility to the virus and, accordingly, the incidence differs in children and adults. On the one hand,
this reflects the age-related features of the immune response. On the other hand, it is realized through the
production of a number of cytokines, including IL-2, and reflects the genetically determined features of
cytokine production. The aim of the study was to analyze the frequency of occurrence of T-330G polymorphic
variants of the /L2 gene in patients with a new coronavirus infection. A total of 145 patients were examined,
including 31.0% of children (n = 45) and 69.0% of adults (n = 100). The diagnosis of a new coronavirus
infection was verified by RT-PCR confirming the presence of the SARS-CoV-2 virus and identifying clinical
symptoms of an upper respiratory tract infection. The control group consisted of 50 healthy volunteer donors.
Allele-specific PCR with electrophoretic detection in 3% agarose gel (Litech, Russia) was used to analyze the
T-330G polymorphism of the /L2 gene. To compare the frequencies of allele combinations, the 2 test and the
odds ratio OR and (95% CI) were used.

The dominant genotype in patients with COVID-19 was the heterozygous GT genotype of the T-330G
polymorphism of the /L2 gene. In the group of children at risk of developing a new coronavirus infection, the
GG genotype of the T-330G polymorphism of the /L2 gene was associated (31.1% in children and 18.0% in
the control group, p < 0.05, OR = 2.047). While the homozygous TT genotype of the T-330G polymorphism of
the /L2 gene was a protective genotype (its occurrence rate was 26.7% in patients, 54.0% in the control group,
p < 0.05, OR = 0.315). In adults, the heterozygous GT genotype of the T-330G polymorphism of the /L2
gene was associated with the risk of developing a new coronavirus infection (in the group of patients — 44.0%
versus control — 28.0%, p = 0.028, OR = 2.020). A low risk of developing the disease was associated with the
homozygous TT variant of the T-330G polymorphism of the /L2 gene (in the group of patients 37.0% versus
control — 54.0%, p = 0.024, OR = 0.500).

The T-330G polymorphism of the promoter zone of the /L2 gene differently affects its production. The
direction of the immune response and its effectiveness depend on the level of IL-2. Understanding the individual
factors that determine the features of the immune response can help in understanding the mechanisms of
development of COVID-19-associated diseases and the selection of approaches to personalized methods of
their treatment.

Keywords: polymorphism of gene, SNP, T-330G IL2, COVID-19, children, SARS-CoV-2
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Introduction

Infants and children under 5 years of age have a
unique immunophenotype and respond differently to

SARS-CoV-2 infection compared to adults who are
more often to develop a cytokine storm [4, 9]. For
children SARS-CoV-2 infection develops mild (27%)
or asymptomatic disease (66%) [2, 5, 7, 8]. Moderate
and severe severity is extremely rare in children (5 and
2%, respectively) [6].

Comparison of adult patients and children
also demonstrates differences in both the level of
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production and the functional characteristics of
the immune response. Increasing evidence has de-
monstrated that interleukins played an important
role in the progression of COVID-19. Compared
to mild COVIDI19 cases, serum interleukins levels
increased greatly in severe and critical patients [3].
Pro-inflammatory cytokines induce active production
of cytokines and the immune response. Interleukin 2
(IL-2) is a monomeric glycoprotein with a molecular
weight of approximately 15 kDa, produced by Th-1
cells. IL-2 plays a critical role in the differentiation
and survival of regulatory T cells, thus ensuring their
importance in the control of the immune response.
One of the best achievements in this direction was
to highlight the important role of single nucleotide
polymorphisms (SNPs) of those genes involved in the
immune regulatory mechanism. The aim of the study
was to analyze the frequency of occurrence of T-330G
IL2 polymorphic genes in patients with COVID-19.

Materials and methods

In total, 145 patients with a new coronavirus
infection were examined, represented by a group
of “children” and a group of “adults”. The group
of “children” (n = 45) — patients admitted to the
department of the Republican Children’s Infectious
Diseases Clinical Hospital with a new coronavirus
infection of moderate severity at the age of 0 to 14
years (n = 45). Distribution of children depending on
the age of the group 0-4 years old — 40.0% (n = 18),
5-9 years old — 22.2% (n = 10) and 10-14 years old —
37.8% (n=17).

The group of “adults” (n=100) — patients admitted
to the pulmonology department of the Institution
of Healthcare of the Republic of Crimea “Academic
Research Institute of Physical Methods of Treatment,
Medical Climatology and Rehabilitation named
after [.M. Sechenov” for the purpose of sanatorium
treatment after a new coronavirus infection. Women
made up 74.07% (n = 80) of the study population,
25.93% (n = 28) were men.

Inclusion criteria for the study were: previous
novel coronavirus infection. Signed informed consent
for inclusion in the study. The exclusion criteria were:
the presence of complicated forms of viral pneumonia
in the presence of severe functional pulmonary and
extrapulmonary disorders, age over 75 years.

Verification of the diagnosis of novel coronavirus
infection was based on confirmation of the SARS-
CoV-2 virus by RT-PCR and the presence of cli-
nically identifiable symptoms or signs of an upper
respiratory tract infection, namely throat congestion,
sore throat and fever, and on x-ray. All patients signed
an informed consent for the study.

The control group consisted of 50 relatively healthy
respondents, 32 women (64.0%) and 18 men (36.0%),
whose average age was 44.3+5.23 years.

The study was conducted in accordance with the
rules of the Helsinki Declaration of 1975, revised
in 2013 and approved by the Ethics Committee of
V.I. Vernadsky.

Methods

To analyze the T-330G polymorphism of the /L2
gene, an allele-specific polymerase chain reaction
with electrophoretic detection was used. DNA was
isolated from the whole blood of patients with a
new coronavirus infection and healthy volunteers
using the DNA-express blood kit according to the
manufacturer’s instructions. Allele-specific PCR
was performed using “T-330G [L2” kits (Liteh,
Russia) according to the manufacturer’s instructions.
Detection of amplification products was carried out
by horizontal electrophoresis in 3% agarose gel.

The study was conducted at the Collective Center
for the use of scientific equipment “Molecular
Biology” CFU named after V.I. Vernadsky.

The data obtained were analyzed using the
Statistica 8.0 software package. The expected allele
frequency was calculated based on the Hardy—
Weinberg law. To compare the frequencies of
allele combinations, the y? test was used with the
Yates correction for continuity. The association of
polymorphisms with novel coronavirus infection was
analyzed by determining the odds ratio (OR) test and
95% confidence interval (95% CI), p < 0.05.

Results and discussion

We found all the studied IL-2 mutations in
accordance with the Hardy—Weinberg law (p > 0.05).
As a result of the study, it was shown that the distribu-
tion of polymorphic variants of IL-2 genotypes
differed in all the research groups. The dominant
genotype in patients with COVID-19 was the he-
terozygous GT genotype of the T-330G /L2 gene
polymorphism (Table 1). Its frequency was statistically
significantly higher in patients than in the control
group (p < 0.05). In the group of healthy donors,
the most common genotype was homozygous TT of
the T-330G IL2 gene polymorphism. Its frequency
of occurrence was statistically significantly lower in
children and adults (Figure 1, Table 1, p < 0.05). The
frequency of occurrence of GG homozygous of the
T-330G L2 gene polymorphism in the adult group
was comparable to that in the control group, while in
children it was statistically significantly lower than in
adults (p < 0.05).

The analysis showed that in children with the risk
of a new development of coronavirus infection, the
GT genotype of the T-330G /L2 gene polymorphism
is associated. While the TT polymorphism of the
IL2 T-330G gene is a protective genotype (Table 1).
In adults, the GT genotype of the polymorphism of
the T-330G /L2 gene is associated with the risk of
developing a new coronavirus infection. While the
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TABLE 1. MULTIPLICATIVE INHERITANCE MODEL (x2 TEST, df = 1)

OR
Genotypes Case n (%) | Control n (%) X2 p values 95% CI
Children

TT 12 (26.7) 27 (54.0) 14.0 0.001 0.315 0.1740-0.5690
GT 19 (42.2) 14 (28.0) 3.714 0.054 — -

GG 14 (31.1) 9(18.0) 3.892 0.049 2.047 1.054-3.973

Adult

TT 37 (37.0) 27 (54.0) 5.162 0.024 0.500 0.284-0.880
GT 44 (44.0) 14 (28.0) 4.883 0.028 2.020 1.122-3.640
GG 19 (19.0) 9(18.0) 0 1.0 - -

TABLE 2. COMPARISON OF THE FREQUENCY OF ALLELES AND GENOTYPES OF T-330G /L2 POLYMORPHIC VARIANTS

(rs2069762) COMPARED WITH THE FREQUENCY OF OCCURRENCE IN POPULATIONS

Population | Sample size Reference allele Alternative allele
Study groups
Total 145 0.55 44 .4
Children 45 0.478 0.522
Adult 100 0.556 0.444
Control 50 0.680 0.320
According to the website rs2069762 RefSNP Report — dbSNP — NCBI (nih.gov)
African 4876 0.9219 0.0781
African American 4730 0.9207 0.0793
Asian 216 0.671 0.329
European 53642 0.69843 0.30157
Latin American 2 4672 0.6803 0.3197

120

100

Total

Children

ETT MGT

Adult

GG

Control

Figure 1. Genotype frequency of T-330G polymorphism of the IL2 gene in the studied group

Note.

*, significant differences from the groups of patients with control; **, significant differences from the group of children with adult.
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TT polymorphism of the /L2 T-330G gene is also
protective.

When detecting the frequency of occurrence of
alleles with a number of populations, a definite was
revealed. The frequency of T alleles of the T-330G
IL2 polymorphism both in the control group and
in patients with a new coronavirus infection was
considered similar to that in Asians, Caucasians and
Latin American, but was lower than in Africans and
African Americans (Table 2). Allele C of the T-330G
IL2 polymorphism was marked by an increased
frequency of occurrence in Asians, Caucasians and
Latin American, and was higher than in Africans and
African Americans.

Since the beginning of the COVID-19 outbreak, an
increasing number of cases of COVID-19 have been
confirmed. Various aspects of COVID-19 disecase are
described, taking into account risk factors such as age,
gender, and pre-existing metabolic conditions such
as diabetes, obesity, and hypertension. However, the
genetic background has often been overlooked to end
up being watched as a major player by COVID-19.

The cytokine storm arose with COVID-19, and
interleukins and IFNy were involved in the process
of hyperinflammation. Immune mediators, including
interleukins, have been shown to play an important
role in the development of COVID-19 [3]. It has been
noted that genotypes correlate with susceptibility to
COVID-19, mortality, and immune response activity.
When comparing our data on the frequency of
distribution of genotypes, that in adult patients of the
Caucasian race and lived in the Trans-Baikal Territory
the chance of developing SARS-COV-2 increased in
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