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ABSTRACT

One of the important directions for increasing the immunogenic properties of vac-
cine strains against highly dangerous infections is the search for adjuvants that not
only stimulate the immunological effectiveness of vaccination, but can also provide
a metabolic correction of the vaccination process. Organoselenium compounds
have immunotropic properties and an antioxidant effect, and therefore, the study
of the effect of the organoselenium compound 2,6-dipyridinium-9-selenabicyc-
lo[3.3.1]nonane dibromide (974zh) on the activity of the TLR2 and TLR4 gene expres-
sion by macroorganism cells of experimental animals immunized with Yersinia pes-
tis EV NIIEG vaccine strain, is a current area of research.

The aim of the work. To assess the TLR2 and TLR4 gene expression by cells of the im-
mune phagocyte system of experimental animals immunized with the Y. pestis EV
vaccine strain against the background of inmunomodulation with the organosele-
nium compound 974zh.

Materials and methods. The study was carried out on 125 certified outbred white
mice. Biological material (blood, spleen) was disinfected, and the spleen was homog-
enized. RNA isolation and reverse transcription were performed using commercial
reagent kits. The expression level of the TLR2 and TLR4 genes was determined using
real-time polymerase chain reaction with specific primers.

Results. When assessing innate immunity using the example of blood and spleen cells
of animal models, features of the TLR2 and TLR4 gene expression were revealed in re-
sponse to the introduction of the Y. pestis EV vaccine strain against the background
ofimmunomodulation with the 974zh. It was found that 974zh induces a statistically
significant increase in TLR2 gene expression when co-administered with Y. pestis EV
at a dose of both 10* CFU and 10° CFU.

Conclusion. Y. pestis EV against the background of immunomodulation with 974zh,
stimulates the expression of the TLR2 and TLR4 genes, which may indicate an increase
in the immunogenic properties of the Y. pestis EV vaccine strain under the influence
of this preparation.
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PE3IOME

OOHUM U3 8AXHbIX HANPABNIEHUU NOBbILWEHUA UMMYHO2eHHbIX C80UCME8 8AKYUHHbIX
wmammos npomue 0cob0 onNAcHbIX UHeKUUl A8/719emca NOUCK a0v08dHMO8, KOMo-
pbie He MOJIbKO CMUMYJIUPYOM UMMYHO/102UYECKYI0 3(hheKmusHOCMb 8AKYUHAYUU,
HO U MO2ym 0Ka3bl8ams MemaboiuvyecKyo KOppekyuto 8aKYUHAIbHO20 npoyecca.
CeneHopeaHu4eckue coeOUHeHUsA 06/1a0arm UMMYHOMPONHLIMU C80UCMBAMU U aH-
MUOKCUOAHMHbIM 3(h¢heKMOM, 8 C843U C YeM U3yyeHue 8/IUAHUA CeleHOP2aHUYeCKO-
20 cOe0uHeHus 2,6-0unupuduHuli-9-ceneHabuyukno[3.3.1JHoHaH dubpomuoa (974zh)
Ha akmugHocmeb 3Kkcnpeccuu 2eHo8 TLR2 u TLR4 knemKkamu MAkpoopeaHu3ma sxKcne-
PUMEHMAsbHbIX XUB0OMHBIX, UMMYHU3UPOBAHHbIX 8AKYUHHBIM wmammom Yersinia
pestis EV HUN3I, asnaemca akmyaneHsIM HanpasaeHuem uccie0osaHud.

Lens pa6omel. OyeHka 3kcnpeccuu 2eHo8 TLR2 u TLR4 knemkamu ummyHogazo-
yumapHoU cucmemsl 3KCNepUMEHMAsbHbIX XUBOMHbIX, UMYHU3UPOBAHHbIX 80K-
YUHHbIM wimammom Y. pestis EV Ha ¢poHe uMMYHOMOOYAYUU CeleHOP2aHUYeCKUM
coeduHeHuem 974zh.

Mamepuanel u memoosl. ViccnedosaHue NpogoousIU HA 125 cepmupuyuposaH-
Hbix 6ecnopoOHbIx besbix Mbluax. buonozudeckuli mamepuan (Kpo8s, cesie3éHKa)
obe33apaxusasnu, cene3éHKy 20MozeHU3Uposasnu. BeideneHue PHK u obpamHyto
MPAHCKpuNyuio ocywecmssasanau ¢ NOMOWbI0 KOMMePYecKUX KOMNJIeKmos pea-
2eHmoa8. YposeHo 3kcnpeccuu 2eHo8 TLR2 u TLR4 onpedensanu memooom nosume-
pasHol yenHol peakuuu 8 pedasabHOM 8peMeHU C UCNO/1b308aHUEM cneyuduyecKux
npatmepos.

Pesynemamel. [Ipu oyeHke 8poxx0EHHO20 UMMYHUMeMad HA npumMepe KemokK Kpo-
8U U cene3éHKU buomooeseli 8bisigieHbl 0CO6eHHOCMU 3Kcnpeccuu 2eHos TLR2 u TLR4
8 omaem Ha 8gedeHuUe 8aKUUHHO20 wmamma Y. pestis EV Ha poHe ummyHomodynayuu
npenapamom 974zh. YcmaHoenieHo, Ymo 0aHHbIU npenapam uHOyyupyem cmamu-
cmuyecKu 3Ha4umoe nosbluleHue 3xkcnpeccuu 2eHo8 TLR2 npu cosmecmHom eeede-
Huu c Y. pestis EV kak 8 0o3e 10* KOE, mak u 6 0o3e 10° KOE.

3akmoyenue. Takum obpasowm, Y. pestis EV Ha poHe ummyHomMoOynayuu npenapd-
mowm 974zh cmumynupyem skcnpeccuio 2eHos TLR2 u TLR4, ymo moxem caudemerne-
C€MB08aMb 0 NOBbIWEHUU UMMYHO2EHHbIX C80UICM8 8aKYUHHO20 wmamma Y. pestis EV
noo 8auAHUEM 3Mo2o npendpama.

Knroueesvle cnoea: skcnpeccus 2eHos8, TLR, ceneHopeaHuuyeckoe coeduHeHue,
umMMyHUmem

Ana untnposanuma: NMatngecatHmkosa A.b., [lybposuHa B.U., lOpbesa O.B., KopbiTos K.M.,
MeaHosa T.A,, MNotanos B.A., Mycanos M.B., banaxoHos C.B. BnnAxne ceneHopraHmyecko-
ro coeanHeHna 974zh Ha skcnpeccuio reHoB TLR2 n TLR4 B KneTKax KpPOBY 1 CeNle3éHKU
3KCMeprMeHTasbHbIX XMBOTHbIX MPW COBMECTHOM BBefeHuun c Yersinia pestis EV. Acta
biomedica scientifica. 2024; 9(3): 249-255. doi: 10.29413/ABS.2024-9.3.25
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INTRODUCTION

The greatest contribution to the prevention and con-
trol of infectious diseases has been made by vaccination
aimed at developing an immune response that provides
immunity to infectious disease pathogens. Great suc-
cess in the control and prevention of especially danger-
ous infections has been achieved thanks to the already
created vaccines. Most vaccines against especially dan-
gerous infections are attenuated strains of pathogens
or inactivated pathogens that have not only immuno-
genic and protective activity, but also residual virulence
and reactogenicity. Chemical, subunit and combination
vaccines do not have sufficient immunogenic activi-
ty and cannot be compared with live vaccines in terms
of effectiveness [1]. Therefore, the search for non-spe-
cific factors that can reduce the negative impact degree
of live vaccines on the body and increase their immuno-
genic activity, allowing to reduce the dose of antigen,
is relevant. Adjuvants can enhance the immune response
to the vaccine administration through various mecha-
nisms, including activation of humoral and cellular factors
of innate immunity [1]. Natural immunity forms an early
line of macroorganism defense against microbes with sub-
sequent initiation of adaptive immunity. Adjuvants are
able to initiate immune reactions of the innate immune
system through pattern recognition receptors (PRRs) [2].

One of the PRR families includes Toll-like recep-
tors (TLRs), which recognize the molecular structures
of pathogens and are an important element in the mech-
anism of both innate and adaptive immune responses
[3]. To date, at least 10 types of TLRs have been identi-
fied in humans and 13 in mice. TLRs are mainly expressed
on tissue cells that perform immune functions and di-
rectly communicate with pathogens. The receptors dif-
fer in adapter proteins and are localized both on the cell
membrane and inside the cell, ensuring the intracellular
activation signal conduction [4].

Toll-like receptors of types 2 and 4 are believed
to be specific for the early encounter of pathogenic bac-
teria with host cells. Receptors of these two types have
a wide range of activating ligands localized on bacte-
ria. TLR2 and TLR4 are expressed on monocytes, macro-
phages, neutrophils and myeloid dendritic cells, on endo-
thelium, intestinal epithelial cells and hepatocytes. When
TLR interacts with ligands, primary proinflammatory fac-
tors are induced, followed by immediate development
of mechanisms of both innate and acquired immunity.

The use of immunomodulatory adjuvants makes
it possible to activate innate immunity by stimulating
TLR, which can be used in the development of new drugs
for the treatment of infectious diseases and the creation
of vaccines for their prevention [5]. In recent years, syn-
thetic origin compounds that affect immunogenesis
have been actively studied and introduced into practice
as adjuvants [6, 7].

Previously conducted animal experiments have
shown that the experimental synthetic organoseleni-
um drug 2,6-dipyridinium-9-selenabicyclo[3.3.1]nonane
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dibromide (974zh) has immunotropic properties. Com-
bined use with the Y. pestis EV NIIEG vaccine strain al-
lows maintaining its immunogenicity while reducing
the antigen load by an order of magnitude (from 10*
CFU to 10% CFU) and reduces the allergic reaction during
vaccination [8, 9].

Considering the positive effect of this compound
on the macroorganism, studies of an experimental
synthetic organoselenium compound in combination
with vaccine strains as an adjuvant, which will induce
an increase in the expression of Toll-like receptor genes,
are promising.

THE AIM OF THE STUDY

Study of the organoselenium compound 974zh effect
on the expression of TLR2 and TLR4 genes in peripheral
blood cells and spleen of experimental animals when ad-
ministered Y. pestis EV NIIEG.

MATERIALS AND METHODS

In this study, we used the synthetic organoseleni-
um compound 2,6-dipyridinium-9-selenabicyclo[3.3.1]
nonane dibromide (974zh) (A.E. Favorsky Irkutsk Institute
of Chemistry, Siberian Branch of the Russian Academy
of Sciences) and the vaccine strain Y. pestis EV NIIEG (Ir-
kutsk Antiplague Research Institute, Rospotrebnadzor).

In the experiment, certified outbred white mice
(125 pcs.) of both sexes, standard in weight (18-20 g)
and housing conditions, were used as biomodels.
Work with animals was carried out in accordance
with the requirements of Directive 2010/63/EU of the Eu-
ropean Parliament and of the Council of the European
Union of September 22, 2010 on the protection of ani-
mals used for scientific purposes and the “Rules of Good
Laboratory Practice” approved by Order of the Ministry
of Health No. 199n dated April 01, 2016. The study was
approved by the local Ethics Committee of the institute
(protocol No. 3 dated June 01, 2020; protocol No. 7 dated
November 15, 2021).

The animals were divided into four experimental
groups and one control group (25 individuals each).
The test 974zh at a dose of 2.5 mg/kg of live weight was
administered to the animals subcutaneously in the left
hind paw in a volume of 0.5 ml, the cell culture was admin-
istered subcutaneously in the right hind paw in a volume
of 0.5 ml. Biomodels of the 1t experimental group were in-
oculated with the Y. pestis EV NIIEG vaccine strain at a dose
of 10 CFU per individual, those of the 2" experimental
group - at a dose of 10* CFU, those of the 3™ experimen-
tal group - at a dose of 10® CFU together with the drug
974zh, those of the 4" experimental group - at a dose
of 10* CFU in combination with 974zh. Intact white mice
were used in the control (V) group. Observations were car-
ried out for 21 days. White mice were humanely removed
from the experiment. Biological material was collected
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on the 1%, 3, 7t 14% and 21 days. The spleen was ho-
mogenized (grinded). Whole blood was used.

The material was disinfected according to the guide-
lines MU 3.5.5.1034-01. Samples in a volume of 100 ul
were placed in Eppendorf microcentrifuge tubes, mixed
with 300 pl of lysis buffer and heated at a temperature
of 65 °C for 15 min.

The RNA molecule was isolated using a reagent kit
for the isolation of total RNA from whole blood, cell cul-
tures and tissue samples RNA-EKSTRAN (OOO Sintol, Mos-
cow). To cleave residual double-stranded DNA in the sam-
ples, the enzyme DNase (OOO Sintol, Moscow) was used
according to the attached instructions.

The synthesis of the first DNA strand on the RNA ma-
trix was carried out using a set of reagents for the reverse
transcription (RT) reaction (OOO Sintol, Moscow).

The expression of TLR2 and TLR4 was studied using
a reagent kit for real-time polymerase chain reaction (RT-
PCR) in the presence of SYBS Green 1 (OOO Sintol, Mos-
cow). RT-PCR was carried out in a thermocycler detecting
DT-prime (OOO DNA Technologies, Moscow). Specific
primers and their sequences used in the reaction are pre-
sented in Table 1.

Statistical processing of the obtained data was per-
formed using the MS Excel software package (Microsoft
Corp., USA). Statistical significance was assessed using
the Mann - Whitney U-test. The relative concentration (RC)
of TLR gene copies was calculated in the RealTime_PCR
v. 7.7 program (DNA Technologies LLC, Moscow) and ex-
pressed in conventional units (c.u.). The results were con-
sidered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

It was established that the organoselenium com-
pound 974zh induces an increase in the expression
of TLR2 genes in the blood on the 1%t day with a subse-
quent increase by the 3 and 7" days, and in the spleen
—-onthe 3“and 14" days when this drug is administered
together with the vaccine strain Y. pestis EV at a dose
an order of magnitude lower than the generally ac-
cepted one, i.e. 10 CFU. Thus, in group Il of animals,
the relative concentration of TLR2 in the blood was
12.8 c.u. on the 1%t day of the study, 37.9 c.u. on the 3™

TABLE 1

SEQUENCE OF MOUSE TLR PRIMERS
FOR REAL-TIME PCR

Size
No. Gene S 5 -3’
equence (5" - 3’) (bp)
1 TLR2 F: 5-CAGCTGGAGAACTCTGACCC-3’ 103
R: 5-CAAAGAGCCTGAAGTGGGAG-3’
> TLR4 F: 5'-CAA CAT CAT CCA GGA AGGC-3 206

R: 5-GAA GGC GAT ACA ATT CCA CC-3’
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day, and 25 c.u. on the 7™ day. Thus, the median values
of TLR2 RC in blood cells were 2.8 times higher than
the values of group | on the 1%t day of the study, 12.3
times on the 3", and 22.7 times (p < 0.05) on the 7*" day.
The median value in animals of group Il was 2.1 times
higher on the 15t day and 7.1 times (p < 0.05) on the 3™
day compared to group Il. In addition, the level of TLR2
gene expression in animals of group Il statistical-
ly significantly increased compared to that in group
IV and was 2.8 times higher on the 15t day, 11.6 times
on the 3, 13.2 times on the 7™, and 2.8 times (p < 0.05)
on the 14" day of the study. In the blood cells of animals
of group |, the expression of this type of Toll-like recep-
tor did not increase and was lower than in the other
groups of experimental animals (fig. 1a).

In the spleen cells of white mice of group lll, the RC
expression of TLR2 genes was significantly higher com-
pared to the same indicator in other experimental
groups and in the control. On the 3™ day, the RC was
947 c.u., which is 4.7 times (p < 0.05) higher than
in group |, 1.7 times (p < 0.05) higher than in group
Il, and 155.2 times (p < 0.05) higher than in group IV.
On the 14™ day of observation, the RC of group Il was
501.1 c.u. and was statistically significantly higher than
the same indicator in all other groups of experimental
animals (fig. 16).

The level of TLR4 gene expression in the blood
of experimental animals immunized with Y. pestis EV
(10% CFU) in combination with an organoselenium com-
pound (Group lll) was statistically significantly higher
by 5.5 times (p < 0.05) than the expression of genes
of this type of Toll-like receptor in animals that were ad-
ministered only the vaccine strain Y. pestis EV at a dose
of 10* CFU (Group ll), and 2.4 times (p < 0.05) higher
compared to mice immunized with Y. pestis EV at a dose
of 10* CFU together with the 974zh (Group IV) on the 1%
day of observation. A statistically significant increase
in the median RC expression of TLR4 genes was observed
on the 7™ day in blood samples of animals of Group llI
relative to animals of Group | and was 3.9 times higher
(p < 0.05). In other cases, no statistically significant in-
crease in expression occurred. On the 3%, 14", and 21%
days, no statistically significant increase in the relative
concentration of TLR4 gene expression in blood cells
was observed (fig. 2a).

Administration of the experimental 974zh in com-
bination with Y. pestis EV at a dose of 10° CFU (Group
I) to biomodels increased the expression of TLR4 genes
in spleen cells. On the 1% day, an increase in concen-
tration was observed compared to Group V (control)
and Group Il, where white mice were administered only
the vaccine strain Y. pestis EV at a dose of 10* CFU. Com-
pared to other experimental groups, TLR4 expression
was lower on the 15t day. The organoselenium prepara-
tion induced TLR4 gene expression on the 3 and 14t
days. The relative concentration of gene expression
in Group Il on the 3 day was 1500 c.u. i.e., 17.8 times
(p < 0.05) higher than the concentration in group |,
2.3 times (p < 0.05) higher than in group I, and 256.4
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times (p < 0.05) higher than in group IV. On the 14" day,
the level of TLR4 gene expression in the spleen cells
of animals in group Ill was also statistically significantly
higher thanin groups|, Il,and IV, by 133.7,4.5, and 283.8
times, respectively. On the 7% and 215t days, no statis-
tically significant differences were recorded between
the median values of TLR4 gene expression in the group
of biomodels immunized with Y. pestis EV at a dose
of 10® CFU in combination with 974zh and other experi-
mental groups (fig. 26).

CONCLUSION

Thus, the revealed features of TLR2 and TLR4 gene
expression in the innate immune cells of biomodels
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in response to the administration of Y. pestis EV NIIEG
strainsin terms of level and kinetics depend ontheamount
of the administrated vaccine strain antigen (CFU)
and the presence or absence of the administrated 974zh.
This experimental organoselenium compound induces
an increase in the expression of TLR2 genes when co-ad-
ministered with Y. pestis EV at a dose an order of mag-
nitude lower than the generally accepted one (10® CFU)
on the 1%, 3 and 7™ days of observation in blood cells
and on the 3 and 14™ days in spleen cells.

In response to the administration of the 974zh
with the Y. pestis EV vaccine strain to experimental
biomodels, an increase in TLR4 expression was re-
corded in blood cells on the 15t and 7* days, in spleen
cells — on the 1%, 3 and 14" days of the experi-
ment. Studies have shown that when administrating
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a synthetic organoselenium compound in combina-
tion with the Y. pestis EV vaccine strain with a decrease
in the immunizing dose to 10° CFU, there is an increase
in the expression of the TLR2 and TLR4 genes in the blood
and spleen cells of biomodels at almost all observation
periods.

The Y. pestis EV administration both at a standard
dose (10* CFU) and at a dose an order of magnitude lower
(10° CFU), but without the experimental organoselenium
preparation, did not cause significant and statistically sig-
nificant changes in the expression of genes of the studied
types of Toll-like receptors.

All of the above suggests that increased expression
of TLR2 and TLR4 genes can enhance the immune re-
sponse to the vaccine and contribute to effective combat
against plague infection. Therefore, the experimental sele-
nium-containing compound 2,6-dipyridinium-9-selenabi-
cyclo[3.3.1]lnonane dibromide (974zh) can be considered
as a promising adjuvant.
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