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Vaccination forms active immunity and represents an
effective way of preventing tick-borne encephalitis

(TBE). However, excessive vaccination is unjustified

in terms of economics and medical ethics. One of the
individualized approaches to vaccines is the selection

of vaccine doses depending on the expected levels

of immune response. Therefore, there is a need for

new methods for assessing potential human immune
responses prior to vaccination. The aim of this study

was to determine possible association between single
nucleotide polymorphisms (SNPs) located within OAS2
and OAS3 genes, which have been previously associated
with the development of severe forms of TBE, and the
formation of antibodies and cytokines upon vaccination
against TBE. The study involved 97 volunteers of both
sexes who had not previously been vaccinated against
TBE and had no contact with ticks. Venous blood samples
were collected one month after vaccination against TBE
using the EnceVir vaccine. Levels of specific IgG antibodies
against tick-borne encephalitis virus and interleukin 4 (IL-4)
were analyzed. Genomic DNA samples were genotyped
for the SNPs rs2285932, rs2072136, rs1293762, rs15895
and rs1732778 in genes encoding 2'-5'-oligoadenylate
synthetases OAS2 and OAS3. Antibody production in
response to vaccine administration was significantly
associated with SNP rs1732778 in the regulatory region

of the OAS2 gene. This indicator was significantly higher in
people with heterozygous genotypes G/A as compared to
people with homozygous genotypes G/G and A/A. Carriers
of the A allele (G/A or A/A genotypes) of the same SNP
had reduced IL-4 levels as compared to the homozygous
G/Gindividuals. Thus, the data obtained indicate that

SNP rs1732778 in the regulatory region of the OAS2 gene
correlates with the formation of antiviral IgG antibodies
and changes in IL-4 levels upon vaccination. Evidently, the
genetic polymorphism in OAS2 gene should be considered
when performing individualized TBE vaccinations.
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BakumHaums asnaetca 3dPeKTMBHbIM CPeACTBOM NPODUIAKTUKM
KneleBoro sHuedanvTa, opmM1pyoLLUM aKTUBHBIA UMMYHUTET.
OpHako M36bITOYHAA MMMYHM3aLMA NPY BaKUMHaLMW HeoMnpaB-
[aHHa C TOYKM 3peHVA SKOHOMUKM 1 MeAULIMHCKON 3TUKK. OfHM
13 NOAXOA0B K MHANBUAYaNM3aLMN BaKLMHALMK MOXET 6bITb
noabop 03 BaKLVHbI B 3aBUCMMOCTM OT OXKMAAEMOTO YPOBHA UM-
MyHHOFO OTBeTa nauueHTa. [103ToMy BO3HMKaeT HeO6X0ANMOCTb
pa3paboTKy METOLO0B OLIeHKM MOTEHLMaJIbHOTO YPOBHA UMMY-
HOMOrMYECKNX peakumin Yenoseka Ao NPOBEAEHNA BaKLMHALMN.
Llenb paboTbl — NOMCK BO3MOXHbIX acCOLMaLNA OQHOHYKNeoTU -
HbIX nonMmopdHbIx Mapkepos (OHIM) B reHax OAS2 n OAS3, pna
KOTOpPbIX paHee Obina HaAeHa Koppenauna C pa3BUTUEM TAXKESbIX
dopm KneweBoro sHUedannTa, a TakxKe C 06pa3oBaHNEM aHTUTEN
1 LMTOKNHOB MOC/e BakyMHaLMN NPOTUB KeLleBoro sHuedanuta.
B nccneposaHmm npuHanu yyactre 97 gobposonbles ob6oero
nona, paHee He BaKLMHWPOBAHHbIX N HE UMEBLUMX KOHTaKTOB

C Knewamm. Yepes oanH MecAL, Nocsie MMMYHU3aLUy BakLMHOW
«3HUeBnp» y HUX 6panv Npob6bl BEHO3HOW KPOBU. AHaNM3npoBanmu
ypoBHU crnieuyunduryecknx aHtTnTen IgG npoTrB BUpYCa Knelle-

BOro 3HUedanuTa n uHtepnenknHa 4 (U1-4). leHotnuposanu
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OHIM rs2285932, rs2072136, rs1293762, rs15895 n rs1732778 B
reHax 2'-5"-onuroageHunatcuHrtetas OAS2 n OAS3. BbipaboTka
aHTUTeN B OTBET Ha BBefeHMe BaKLMHbI Oblla OCTOBEPHO acco-
uumnpoBaHa ¢ OHIM rs1732778 B perynatopHom paioHe reHa OAS2.
TOT NoKa3aTenb OKa3ancA CyLeCTBEHHO BblLUe Yy NOAeN C rete-
PO3UroTHbIM reHoTUNoM G/A , ueM y Cy6beKTOB C FOMO3UMOTHBIMM
reHoTunammn G/G n A/A. lHgnBuabl-HoCcUTenn annens A B cocTaBe
reHoTunoB G/A n A/A 31oro e OHI umenn CHUXKEeHHBbIN ypo-
BeHb /J1-4 no cpaBHeHMIO C rOMO3UrOTHbIMU HAUBKUAaAMU G/G.
[onyyeHHble Hamy pe3ynbTaTbl CBUAETENLCTBYIOT O TOM, 4To OHI1
rs1732778 B perynatopHoii obnactu reHa OAS2 accoummpoBaH ¢
06pasoBaHVeEM NPOTUBOBUPYCHbIX aHTUTeN IgG 1 ypoBHem UJT-4
nocse BakuyHauuu. Mo-Bnanmomy, reHeTyeckmin nonumopdusm
B reHe OAS2 cnepyeT NprHUMaTb BO BHUMaHMe Npu UHAMBKAYa-
Nn3aunn BakLUMHONPOOUNaKTUKIM KnelleBoro sHuedanuTa.

KntoueBble cnosa: Kneweson sHUedanuT; BakumHaumsa; IgG
aHTuTena; reH; OAS2; OAS3; OfHOHYKNEOTUAHBIN Nnonumopdrm;
accoumauyms.
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infection that manifests as fever, intoxication and

damage to the gray matter of the brain (encephalitis)
and/or meninges (meningitis and meningoencephalitis)
(Ierusalimsky, 2001). The disease can lead to long-lasting
neurological and psychiatric complicating disorders or even
death of the infected patient. TBE agent is the RNA-containing
virus (TBEV) of the family Flaviviridae. The main vectors
of disease and natural reservoir for the agent to survive are
scale ticks Ixodes persulcatus and Ixodes ricinus. The cases
are being detected more and more often in new areas as the
evidence of the virus migration (Valarcher et al., 2015).
Vaccination is the efficient way of preventing TBE by active
immunity forming (Bilalova, 2009). Constant growth of
people mobility and intensification of migration process make
vaccination more and more urgent.

As new information is accumulated on immune response
development mechanisms, its prediction and potential side
effects, the differentiated approach towards preventive,
or so called individualized vaccination, becomes actual
(Medunitsin, 2004). Individualized vaccination aims to
create necessary immune protection for the organism
avoiding excessive immunization, which is unjustified and
inappropriate in terms of economics and medical ethics. One
ofthe individualized approaches is the vaccine dose selection
depending on its potency, vaccination process stage and the
expected levels of immune response. Thus, the methods should
be developed to assess the potential human immune responses
prior to vaccination.

Individual variability of antibodies formation and long-term
post-vaccinal presence is mainly determined by the inherited
peculiarities of cell-mediated and humoral immunity, type of
the vaccine, vaccination schedule and some environmental
factors, like nutrition (Poland et al., 2008). Genes to encode
the immune system proteins and DNA regulatory regions
near them comprise a large number of single nucleotide
polymorphisms (SNPs) (Poland et al., 2011). In the main

Tick-borne encephalitis (TBE) is a natural focal viral
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complex of histocompatibility genes, cytokine genes and their
receptors, SNPs have been established to correlate with the
individual immune response (or its absence) to the vaccination
(Linnik, Egli, 2016).

2'-5"-oligoadenylate synthetase protein family (OAS) are
important factors of innate antiviral immunity. In humans,
there are known four genes encoding the proteins of this
family. They are OA4S1, OAS2 and OAS3 located as a cluster
in q24 region of the chromosome 12 and OASL localized in
chromosome 12. In the cell, OAS1, OAS2 and OAS3 proteins
are in monomeric form. dsSRNA of the virus causes activation
of enzymes which use ATP as a substrate and catalyze
AMP polymerization producing 2'-5"-oligoadenylates.
Their reaction with latent endoribonuclease L leads to its
dimerization and activation, thus to both cell RNA and
VRNA degradation and consequently, virus reproduction is
suppressed. mRNA transcription of the OAS family genes
is induced by interferons (Hovanessian, Justesen, 2007;
Kristiansen et al., 2011; Yudin et al., 2018).

In groups with severe TBE cases (central nervous system
damages as meningo-encephalitic form of the disease)
and milder ones without central nervous system damages
(meningeal form, fever) and/or population control, analysis
of 23 SNPs within OA4S1, OAS2, OAS3 and OASL genes
has previously revealed statistically significant distinction
between genotype, allele and/or haplotype frequencies by five
SNPs; those were 151293762 (intron2), rs15895 (3'-UTR),
rs1732778 (3’-flanking region) of OA4S2 genes and rs2285932
(exon6, 11e438lle), rs2072136 (exon8, Ser567Ser) of OAS3
genes (Barkhash et al., 2010). SNPs within the genes of OAS
family are associated with susceptibility to other diseases
caused by flaviviruses, such as West Nile fever (Yakub et al.,
2005; Lim et al., 2009; Bigham et al., 2011; Danial-Farran
et al., 2015) and Dengue fever (Alagarasu et al., 2013;
Thamizhmani, Vijayachari, 2014), or with the response to the
hepatitis C antiviral interferon therapy (Imranet al., 2014).
ILH. Haralambieva et al. (2010) established the association
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Accoumauma reHos OAS C UMMYHUTETOM
NPOTUB KreLeBoro sHuedanvTa

of 23 SNPs in the OAS cluster with the level of antibodies
and interleukin-4, interleukin-6 and interleukin-10 secretion
upon rubella vaccination.

The study targets to determine possible association between
SNPs located within OAS2 and OAS3 genes being previously
associated with the development of severe forms of TBE, and
the formation of antibodies and cytokines upon vaccination
against TBE.

Materials and methods

The study involved 97 volunteers (56 men and 41 women)
aged from 15 to 30 years old (median age 26) who had
not previously been vaccinated against TBE and had no
contact with ticks recorded in their surveys. The EnceVir
vaccine against TBE (SPA “Microgen”, Tomsk) was used for
vaccination. It is a purified concentrated sterile suspense of
inactivated by formalin and aluminum hydroxide adsorbed
TBE virus grown in suspension culture of chicken embryos.
Vaccination was performed according to the scheme proposed
by the manufacturer. Venous blood samples were collected
one month upon the vaccination. The project was approved
by the ethics committee of the Research Institute of Internal
and Preventive Medicine, the branch of the Federal Research
Center Institute of Cytology and Genetics SB RAS. The
informed consent to participate in the investigation was
received from all the patients.

Levels of specific IgG antibodies against tick-borne
encephalitis virus (TBEV) and interleukin 4 (IL-4) were
analyzed by immune-enzyme assay using test-systems
VectoTBE-IgG-strip and Interleukin-4-IEA-BEST (JSC
“Vector-Best”, Koltzovo, Novosibirsk region).

The genomic DNA was isolated by peripheral blood
proteolysis followed by phenol extraction (Sambrook, Russel,
2006). Genotyping for the SNPs rs2285932, rs2072136,
rs1293762, rs15895 and rs1732778 in genes encoding
2'-5" -oligoadenylate synthetases O4S2 and OAS3 was
performed in accordance with techniques proposed by
A.V. Barkhash et al. (2010). Genotype deviation of distribution
from Hardy — Weinberg equilibrium was determined by
Hardy — Weinberg equilibrium calculator (http://www.oege.
org/software/hwe-mr-calc.shtml).

The Kolmogorov—Smirnov test was used to assess the
distribution normality of the traits under the study. As
the distribution of the characteristics was not normal, the
medians were calculated and 2575 % quartiles in the groups
being compared. The gender effect was assessed by Mann-
Whitney U test. Gender turned not to affect the analyzed traits
significantly and it was not further taken into account. For
genotype effect assessment, general linear model was used.
For statistical analysis of the dependent variable (specific IgG
antibodies level), logarithmic transformation to normality was
applied. Our earlier study of the same sample has established
the certain influence of the age on this indicator (Lutova et
al., 2016). Thus for the model, genotype was taken as a fixed
factor, while age as a covariate. Paired comparison was made
by post hoc analysis, F-test being applied. Critical value of
statistical significance for null hypothesis was taken as 0.05.
For the data treatment the software package STATISTICA
8.0 was used.
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Results

We have registered the protective immune response against
TBE in 85.8 % of women and 86.3 % of men, the IgG level
being > 100 IU/ml. Analogous results were earlier obtained
by other researchers while performing preventive vaccination
of adult population (Bilalova, 2009). In all the individuals
involved, IL-4 level was found to be within the range (0.37—
25.95 mg/ml) testifying the normal course of the vaccination
process (JSC “Vector-Best”, 2017).

In all the 97 samples, SNPs within the analyzed genes
were genotyped successfully, but for rs2072136, rs1293762
and rs15895 being not revealed in one sample. Aside from
rs1732778 (p < 0.05), there was no significant deviation of
genotype distribution from Hardy—Weinberg equilibrium for
all SNPs. For rare alleles, the frequencies were as follows:
0.309 for SNP 152285932 in OAS3 (T allele); 0.313 for SNP
rs2072136 in OAS3 (A allele); 0.411 for SNP rs1293762 in
0482 (T allele); 0.302 for SNP rs15895 in OAS2 (A allele)
1 0.361 for SNP rs1732778 in OAS2 genes (A allele). Those
results are in agreement with the frequencies of the involved
alleles being previously revealed in the population of Novosi-
birsk: 0.251, 0.294, 0.420, 0.281 and 0.273, correspondingly
(Barkhash et al., 2010).

The results of analysis of SNPs in genes encoding 2'-5" -oli-
goadenylate synthetases association with IgG against TBEV
and IL-4 levels are presented in Table. Antibody production
in response to vaccination was significantly associated with
SNP rs1732778 in the regulatory region of the OAS2 gene
(p < 0.05). In people with heterozygous genotypes G/A, this
indicator appeared to be significantly higher by comparison to
people with homozygous genotypes G/G and A/A (p < 0.01).
Carriers of the A allele (G/A or A/A genotypes) of the same
SNP had areduced IL-4 levels as compared to the homozygous
G/G individuals (p < 0.004). Moreover, the distinctions held
true upon application of Bonferroni correction for multiple
comparisons. SNP rs15895 association with IL-4 titers can
be considered as a tendency (p < 0.06). However, paired
comparisons revealed the individuals with the homozygous
A/A genotype to have significantly reduced IL-4 as opposed
to the carriers of the G allele (p < 0.04).

Discussion

Immune response upon vaccination is affected by numerous
factors including individual genetic peculiarities. To work
out the individual approach to preventive vaccination, it is
essential to identify the genetic markers which control the
immune response development (Medunitsin, 2004). Specific
antibody production upon the vaccine administration is
significantly governed by the genes encoding the main
histocompatibility complex proteins, genes of cytokines and
their receptors and of Toll-like receptors and others (Linnik,
Egli, 2016). However, genetic factors mediating the immune
response to vaccination against the flaviviral infections remain
hardly studied. There is only one published case of vaccine-
associated viscerotropic disease in 64-years old patient
with mutations in CCRS5 chemokine receptor and its ligand
RANTES genes after administration of the attenuated vaccine
against yellow fever (Pulendran et al., 2008). In the sample
involved in the present paper, deletion in the CCR5 gene
was earlier shown to offer promise as a potential marker of
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Association of SNPs in genes encoding 2'-5"-oligoadenylate synthetases with levels
of specific IgG antibodies against TBEV (IlU/ml) and IL-4 (mg/ml) upon vaccination against tick-borne encephalitis

Gene Position Region SNP Genotype Median* 25-75 % quartiles p**
19G
OAS3 112949145 Exon 6, rs2285932
p.lle438lle
OAS3 112961114 Exon 8, rs2072136
DSEISETSEr
G/A (n=46) 227.5 101.0-260.0
A/A(n=7) 216.0 39.0-260.0
0OAS2 112993031 Intron 2 rs1293762 G/G (n=35) 191.0 71.0-245.0 0.412
G/T (n=43) 237.0 145.0-260.0
T/T(n=18) 199.0 94.0-238.0
0OAS2 113010483 Exon 10, rs15895 G/G (n=48) 198.0 110.5-255.0 0.859
DIEIT20TID
G/A (n=38) 236.0 101.0-260.0
A/A (n=10) 199.0 136.0-243.0
0OAS2 113019120 3'-region, rs1732778 G/G (n=35) 191.0° 90.0-260.0 0.047
TIOTBP

OAS3 112949145 Exon 6, rs2285932 C/C(n=40) 9.89 4.47-15.65 0.835
DUEA3BIle
C/T (n =40) 10.06 5.36-15.21
T/T(n=5) 7.76 5.83-12.58
OAS3 112961114 Exon 8, rs2072136 G/G(n=37) 11.16 6.04-15.78 0.605
DSEISETSEr e e
G/A (n=40) 8.31 4.35-14.84
A/A(n=7) 10.0 4.56-14.28
OAS2 112993031 Intron 2 rs1293762 G/G (n=32) 9.21 5.83-15.21 0.926
G/T (n=38) 10.52 4.39-14.40
T/T(n=14) 8.04 4.82-16.67
OAS2 113010483 Exon 10, rs15895 G/G(n=43) 8.422 4.39-14.28 0.061
PTEIT20TID e e

OAS2 113019120 3"-region, rs1732778 G/G (n=25) 14.402 7.76-16.80 0.004
J307bp e s s s i
G/A (n=53) 8.420 4.56-12.46
A/A(n=7) 4560 3.36-12.58

*The same letters of superscripts indicate absence of significant differences between medians for different genotype according to post hoc analysis by F-test.
** Significance of SNP genotypes influences assessment by general linear model.
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successful vaccination against TBE in the Russian population
of West Siberia (Lutova et al., 2016).

This paper presents the investigations of polymorphisms in
five SNPs located within OA4S2 and OAS3 genes, which have
previously been associated with the development of severe
forms of TBE (Barkhash et al., 2010). To our knowledge, this
is the first study on the influence of SNP loci in genes encoding
2'-5"-oligoadenylate synthetases on the specific antibody
production upon vaccination against TBE. To eliminate
possible influence of foreign genetic and environmental
factors, the sample was formed mainly of young Russian
volunteers, who had not previously been vaccinated against
TBE and had no contact with ticks though having lived in the
endemic TBE region over a long period.

The frequencies of rare SNP alleles under the study
correspond well to those alleles frequencies previously
revealed in the Russian population of Novosibirsk (Barkhash
etal., 2010). The significant deviation of genotype distribution
from Hardy—Weinberg equilibrium was observed only for
SNP rs1732778 within the OAS2 gene. Other researchers
also noted the deviation of genotype distribution for SNPs
rs1732778, rs2285932 and rs2072136 in the samples of
Novosibirsk Russian residents with different forms of TBE
(Barkhash et al., 2010). Hence, the reason of the deviation of
SNP rs1732778 genotype distribution from Hardy—Weinberg
equilibrium may be explained not by genotyping errors, but
panmixia absence within the analyzed population, though the
population stratification or the influence of selection should not
be excluded either. It is notable that studying in seven ethnic
groups of Northern Eurasia has detected the lowest frequencies
of the G/G genotype for SNP rs2072136 within OAS3 gene
(the gene associated with predisposition to severe forms of
TBE development) in the Altaians, Khakasses, Tuvinians and
Shorians who probably have intensive contacts with ticks in
the places of residence (Barkhash et al., 2010). The authors
suggested that the tick-borne encephalitis virus might have
become the selection factor of certain variations of OAS genes
in Central Asia mongoloid people.

We have established the association of SNP rs1732778 in
0AS?2 gene with the level of IgG upon vaccination against
TBE (see Table). Antibody levels in individuals with the
G/A heterozygous genotype were significantly higher in
comparison to the ones with the homozygous genotypes G/G
or A/A. Such superiority of heterozygotes over homozygotes
can be observed rather often. For example, cellular immune
response to the pertussis toxin and filamentous hemagglutinin
was superior in the carriers of the A/G genotype of SNP
rs1800896 in the /L-10 gene promoter in comparison to
the one of the individuals with G/G or A/A genotypes
(Grondahl-Yli-Hannuksela et al., 2016). We have found the
only published paper aiming to investigate the role of OAS
genes in the immune response development upon vaccination.
[.H. Haralambieva with colleagues (2010) demonstrated that
minor alleles of SNPs rs1732778 and rs2464288 located
within the OAS2 gene are related to the higher level of specific
antibodies upon rubella immunization. SNP rs1732778 is
associated with sensibility to the flaviviral diseases: TBE
(Barkhash et al., 2010) and Dengue fever (Alagarasu et
al., 2013; Thamizhmani, Vijayachari, 2014). It should be
pointed that SNP rs1732778 is located at a distance of 7397
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bp from the 3'-region of the OA4S2 gene (UCSC Genome
Browser Gateway, 2017). It is not inconceivable that not this
SNP directly affects the trait, but the other one, which is in
linkage disequilibrium. In the chromosome 12 region of about
+250,000 bp, 11 genes are located in the vicinity of rs1732778
(RPH34, OASI1, OAS2, OAS3, DTXI, RASALI, CFAP73,
DOX54,RITA1,IQCD, TPCNI). However, only three of them
(namely, the genes encoding 2'-5"-oligoadenylate synthetases
0A4S1, OAS2 and OAS3) participate in the immune response
controlling.

Our investigations have established that SNP rs1732778
located within OAS2 gene is significantly associated with
the 1L-4 level upon vaccination against TBE. The result is
intensified, as association between the IL-4 level and SNP
rs15895, which is located in exon 10 of OAS2 gene at a
distance of 8637 bp from SNP rs1732778 has also appeared
to be a tendency (see Table). IL-4 is an important regulatory
cytokine which is produced by mast cells, Th2 cells,
cosinophils and basophils (Gadani et al., 2012). IL-4 controls
Th2-type cellular immunity activation (Zamorano et al., 2003),
IgE production and secretion by B cells (Geha et al., 2003)
and the alternative activation of macrophages, which differs
from usual anti-inflammatory activation (Gordon, 2003). As
the IL-4 level upon rubella vaccination is extremely low,
other scientists did not reveal any SNP associations within
OAS gene cluster (Haralambieva et al., 2010). The role of
IL-4 in humoral immune response development has not
been clarified yet. It can be assumed that innate antiviral
immunity, which is regulated by OAS family genes, is
involved to lymphocyte stimulation control thus modeling
the structure and amplitude of specific (adaptive) response
to the inactivated-virus vaccine.

This proposal is confirmed by the results of several
investigations. Of all the OA4S gene family in humans, OAS?2
has the highest level of induction by interferons (Sanda et
al., 2006). By a proteomics approach the direct physical
interaction between OAS2 and NOD?2 proteins was shown in
THP-1 human cell line (Dugan et al., 2009). NOD2 protein
is a member of Nodl/Apaf-1 family; being expressed in
leucocytes of the peripheral blood it plays an important role
in the immune response to bacterial lipopolysaccharides as
it binds to bacterial muramyl dipeptide and activates NFkB
protein (Ogura et al., 2001). NOD2 protein may probably
participate in the innate antiviral immunity formation.
Another protein from NOD-like receptor family, NLRP3
is known to be capable to interact with influenza A virus
(Allen et al., 2009).

Thus, the results we have obtained testify the fact that
SNP rs1732778 located in the regulatory region of the OA4S2
gene is associated with antiviral IgG antibodies and with the
IL-4 level upon vaccination against tick-borne encephalitis.
Genetic polymorphism in the OA4S2 gene should probably be
taken into consideration to perform individualized preventive
vaccination against this disease. However, due to the limited
sample size, the results from the study should be interpreted
with caution. Further investigations are needed to confirm those
associations for large independent population samples and to
analyze the mechanisms of the influence of polymorphisms in
genes encoding 2"-5 -oligoadenylate synthetases on the immune
response to vaccination against flaviviral diseases.
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