Perm Medical Journal 2024 volume XLI no. 5

Scientific Article
UDC 616.419-089.847: [612, 622, 34: 612.111.94]-092.9
DOL 10.17816/pmj415147-159

INFLUENCE OF GLYCODELIN ON THE FORMATION OF IMMUNE
RESPONSE AT THE LEVEL OF T-HELPERS AND T-REGULATORY CELLS

IN AN IN VIVO EXPERIMENT

S.A. Zamorina', Ya.N. Troynich’, N.P. Loginova’*, N.V. Chemurzieva’,
M.S. Bochkova', V.P. Timganova', V.V. Vlasova', M.B. Rayev'
"Institute of Ecology and Genetics of Microorganisms, Ural Branch of the Russian Academy
of Sciences (‘IEGM UB RAS”) — a branch of the Perm Federal Research Center of the Ural Branch

of the Russian Academy of Sciences, Perm,
°E.A. Vagner Perm State Medical University, Russian Federation

© Zamorina SA, Troynich YaN, Loginova N.P, Chemurzieva N.V,, Bochkova MS, Timganova V.P, Vlasova V.V,
Rayev M.B, 2024

tel. +7 902 475 90 67

e-mail: natalitsa@yandex.ru

[Zamorina SA. — DSc (Biology), Leading Researcher of the Laboratory of Cellular Immunology and Biotechnology.
ORCID: 0000-0002-6474-1487; Troynich YaN. - Lecturer of the Department of Histology, Embryology and Cytology,
ORCID: 0000-0002-1053-6031; Loginova N.P. (*contact person) — DSc (Medicine), Associate Professor, Head of the De-
partment of Histology, Embryology and Cytology, ORCID: 0000-0001-8597-2682; Chemurzieva N.V. — PhD (Biology),
Head of the Department of Educational, Methodological and Scientific Support, ORCID: 0009-0006-0228-0896; Bochkova M.S. -
PhD (Biology), Researcher of the Laboratory of Cellular Immunology and Biotechnology, ORCID: 0000-0001-5784-6224;
V.P. Timganova — PhD (Biology), Researcher of the Laboratoty of Cellular Immunology and Biotechnology, ORCID: 0000-0003-
4581-1969; Vlasova V.V. — Junior Researcher of the Laboratory of Molecular Immunology, ORCID: 0000-0002-1656-7277,
Rayev M.B. - DSc (Biology), Head of the Laboratory of Cellular Immunology and Nanobiotechnology. ORCID: 0000-0001-
0882-4928].

© 3amopuna CA, Tportnuu A.H, Jlorunosa HIL, Yemypsuesa H.B, Boukosa M.C, Tumranosa BIL, Bracosa B.B, Pa-
eB MB, 2024

e +7 902 475 90 67

e-mail: natalitsa@yandex.ru

[3amopuna CA. — JOKTOp 6GHOIOTMYECKUX HAYK, BEAYIIMIT HAYYHBI COTPYAHUK J1a60PATOPUHN KIETOUYHON HMMYHO-
noruu 1 6uotexuonoruy, ORCID: 0000-0002-6474-1487; Jloruxosa H.IL (*KOHTAKTHOE JHII0) — JOKTOP MEAUIMHCKIX
HAyK, JOICHT, 3aBefyiomas Kadeapoit rucromorud, smbpuonorur ¥ muronorud, ORCID: 0000-0001-8597-2682;
Tpoviaia SLH. — npenofasatens Kapeapr! ructonorny, amGpuonorun u muronorii, ORCID: 0000-0002-1053-6031;
Yemypsuesa H.B. — kaHanuaar OMOIOrMYECKUX HAYK, HAYAIbHUK OTAENA YIEOHO-METOAMIECKOTO M HAYYHOTO ObeCreye-
uust, ORCID: 0009-0006-0228-0896; Boukosa M.C. — KaH/ijiaT GHOMOTMYECKHIX HAYK, HAYYHBIA COTPYAHUK JIAG0PATOPUN
KIETOYHOV UMMyHOMOTHH U 6rotexHomorun, ORCID: 0000-0001-5784-6224; Tumranosa BIL — kaHaugar 6uomoruye-
CKHX HAYK, HAYYIHBI COTPYIHUK MAG0PATOPUN KICTOYHOM HMMyHOMOMH 1 GroTextomorud, ORCID: 0000-0003-4581-1969;
Btacosa BB. — Ml HAYYHbIA COTPYIHUK TaGOPATOPHH MOMEKy/spHOi mmmyrosorie, ORCID: 0000-0002-1656-7277,
PaeB M.B. — JOKTOp GUOIOrMYECKUX HAYK, 3aBEAYIOMNY JJAOOPATOPUY KIETOYHON UMMYHOJIOTUU U HAHOOUOTEXHOJIOTUH,
ORCID: 0000-0001-6882-4928].

147



BIOLOGY AND EXPERIMENTAL MEDICINE

BJIUAHUE INTMKOAE/IMHA HA ®OPMUPOBAHUE UMMYHHOT'O
OTBETA HA YPOBHE T-XE/IIIEPOB U T-PEI'YJIATOPHBIX KIETOK
B DKCIIEPUMEHTE IN VIVO

C.A. 3amopuna', 4.H. Tpoinuy’, H.I1. lozunoea’*, H.B. Yemyp3ueed’,

M.C. Bouxoga', B.II. Tumzanoea', B.B. Biacosa', M.B. Paeg'

"Urcmumym sKon02uu u 2eHemuKy MUKpoopeanumos Ypansckozo omoenenus PAH — gunuan
Ilepmcko20 gpedepansozo Uccreoo8amensckozo yenmpa Ypansckozo omoenenus PAH, e. Ilepm,
*[epmckuii 20CyOapcmeeniblii MeOUUUHCKULL YHusepcumem umenu axaoemura E.A. Baznepa,
Poccuiickasn ®eoepaus

148

Objective. To study the influence of glycodelin on T-helpers and Tregs level in the process of forming an immune
response to the introduction of allogeneic bone marrow (BM) cells in a dynamic experiment on Wistar rats.
Materials and methods. The original experimental model "host versus transplant reaction" on male Wistar
rats without preliminary conditioning in recipients was used in the study. Animals were administered recom-
binant glycodelin against the background of allogeneic intraperitoneal transplantation of BM cells in a dy-
namic experiment. The level of peripheral T-helpers (CD4") and Tregs (CD4'CD25'FOXP3"), and the expres-
sion of FOXP3 in the spleen and mesenteric lymph nodes were assessed. The material was collected on the 3
and 21" days of the experiment.

Results. Glycodelin was shown to reduce the absolute number of T-helpers in the petipheral blood (on the 3™ and
21" days) and to increase the proportion of Tregs on the 21" day of the experiment against the background of the
introduction of allogeneic BM cells. It was found out, that glycodelin reduced the level of Tregs in the white pulp of
the spleen on the 3rd day of the experiment, while the number of these cells on the 21st day increased, reducing the
number of T-helpers at the same time. At the level of the mesenteric lymph nodes, glycodelin reduced the level of T-
helpers on the 21st day of the experiment, simultaneously increasing the number of Tregs. In general, a unidirec-
tional and distributed effect of glycodelin on the immune response at the level of T-helpers was observed, that was a
decrease of T-helpers, but an increase of Tregs on the 21st day of the experiment.

Conclusion. Thus, glycodelin had an immunomodulatory effect on T-helpers and Tregs formation. The vec-
tor of the obtained effects was immunosuppressive in nature and contributed to the suppression of the im-
mune response to allogeneic cells.

Keywords. Glycodelin, allogeneic transplant, immune response, T-helpers, T-regulatory lymphocytes, FOXP3,
Wistar rats.
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Heas. HccnepoBanue 3(p¢GEKTOB IMUKOAEINHA HA KOMMYECTBO T-Xemnepos u Treg B XOf€ Pa3BUTHA UMMYH-
HOTO OTBETA HA BBEJCHUE A/UIOTEHHBIX KIETOK KpbICam Wistar B JUHAMUKE.

MarepHaibl H METOABL YUUTBIBAA TOT (DAKT, YTO IMIMKOAENNH ABIAETCA (DETOIUIALEHTAPHBIM GENKOM C UM-
MYHOCYIPECCOPHOH AKTHBHOCTBIO, U3YJAIH TEPANEBTMYECKU OTCHLIMAN 3TOIO OEJIKA B IKCIEPUMEHTE i1 VivO.
Pabory npoBogmIu ¢ UCHONB30BAHUEM dABTOPCKON 3KCHNEPUMEHTAIBHON MOJEIM PEAKIUU «XO3AMH IIPOTHB
TPAHCIUIAHTATA>. PEIUIIEHTAMI ObLIN CAMIIBI KPbIC Wistar, He TIOfIBEPraBIIMecs TIPEABAPUTEIBHOIN [TUTOCTATH-
YECKOH Tepanuu. JKMBOTHBIM BBOJWIM PEKOMOMHAHTHBIN ITTMKOAEIHUH HA (POHE AJUIOTEHHON BHYTPHOPIOMNH-
HOU TPAHCIVIAHTALMY KIETOK KM B IMHAMUYECKOM SKCIEPUMEHTE, OLIEHUBASA CIEAYIOMUE IAPAMETPLL: YPOBEHbD
nepudepndeckix T-xemepos (CD4") u Treg (CD4'CD25 FOXP3"), akcmpeccuio CD4 1 FOXP3 B celie3erke u
OPBLKECYHBIX JTUM(DATIYECKUX Y3/IaX. MaTepuai 3a6upany Ha 3-1 U 21-€ CyT SKCIEPUMEHTA.

Pe3ynbTarhl. YCTAHOBIECHO, UTO B IPOLIECCE PA3BUTUA MMMYHHOIO OTBETA HA A/UIOAHTUIEHBI ITIUKOAEIUH
CHIEKAJI A0COMIOTHOE KOMAYECTBO T-XeNmepos B NEpU(EPUIECKOl KPOBU KPBIC Ha 3- 1 21-1 fieHb mocre
AUIOTPAHCIVIAHTALMY U YBEITMYUBAI YUCIO Treg depes Tpy Hefeny IKCIepUuMenTa. Ha 3-1 cyr GbuIo oTMeE-
YEHO CHIDKCHUE YPOBHA Treg B OO MyJIbIIEe CENE3EHKY, B TO BPEMA KaK HA 21-€ CyT HAOMOAIOCh YBEIUYE-
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HUE KOJMYECTBA 3TUX KIETOK IIPY O/JHOBPEMEHHOM CHIDKEHUM T-Xelepos. B OpbixeeuHbIx muMpaTude-
CKUX Y3/1aX ITIMKOZC/IMH TAKXKE CHIDKAJ YPOBEHD T-XemnepoB Ha 21-€ CyT SKCHEPUMEHTd, ORHOBPEMEHHO I10-
BBIIIAA KOJMMYECTBO Treg. B 1ienoM HaGMIOAAICA OfHOHANPABIEHHBINA 1 PACIPEAENEHHBIN 3(PEKT IMuKoe-
JIMHA HA (POPMUPOBAHUE UMMYHHOTO OTBETA Ha YPOBHE T-XEJIEPOB, 3AKTIOUAIOMUIC B CHIDKEHUH KOJIMYE-
crBa T-Xemmnepos, HO NOBBIIEHUN YPOBHA Treg Ha 21-€ CyT SKCIEPUMEHTA.

BeiBogpbl. TakuM 06pa3oM, IMIMKOAEINH OKa3blBal MMMYHOMOJYIMPYIOIEE AEHCTBUE HA (POPMUPOBAHUE
T-xennepos u Treg. Bekrop NomyueHHBIX 3(D(PEKTOB HOCKI HMMYHOJIETIPECCUBHBIN XapaKTeP U CIOCOOCTBO-
BJI [IOJAB/ICHUIO UMMYHHOT'O OTBETA HA AJUIOTEHHBIC KIETKU.

KiroueBsie €10Ba. [TMKOJEINH, /UIOTEHHBIN TPAHCIUIAHTAT, UMMYHHBIH oTBeT, T-xenmepsl, T-peryaarop-

neie muM¢onutsl, FOXP3, kpeice Wistar.

INTRODUCTION

Glycodelin (PP14, PAEP, alpha-2-micro-
globulin) is a dimeric glycoprotein with a
molecular weight of 42-56 kDa, a biomarker
of endometrial receptivity that predeter-
mines successful implantation. In 2018,
A. Dixit with co-author in an experiment on
mice showed that processing of alloactivated
mononuclear cells with glycodelin prevented
graft rejection [1]. This study revealed the
potential of this protein as a basis for a bio-
preparation that debilitates post-transplan-
tation complications. For example, Schneider
and co-author suggested the possibility of
using glycodelin in lung transplantation [2].
It is obvious that glycodelin can be used as a
pharmacological agent not only in trans-
plantology, but also in immunotherapy of
autoimmune diseases [3]. Despite the fact
that the immunosuppressive effects of gly-
codelin are well known [4], its role in the
regulation of the immune response at the
level of T-helper (Th) and T-regulatory cells
(Treg) is not studied well.

The immune response is a chain of se-
quential complex cooperative processes oc-
curring in the immune system in response to
an antigen. T cells, namely T-helper cells, play

one of the key roles in these processes. These
cells help B-cells in the production of anti-
bodies. They stimulate macrophages to in-
crease bactericidal activity, involve phagocytes
in sites of infection and inflammation, and
regulate the immune response with the help
of cytokines and chemokines. T-helper cells
can differentiate into different subpopulations
that differ in the spectrum of the produced
cytokines. Activation of these cells is accom-
panied with the appearance of CD25 mole-
cule on their membrane, which is the a sub-
unit of interleukin-2 receptor (IL-2Ra)) [5].
The activated T helper cells (CD4+CD25+ T
cells) are a heterogeneous population that
includes several subpopulations which differ
phenotypically and functionally. These also
include CD4+CD25highFOXP3+ regulatory
T lymphocytes (Treg) [6]. These cells show
highly suppressive functions and play an im-
portant role in many immunologic processes.
Thus, they are involved in the prevention of
hypersensitivity, autoimmune diseases and
suppression of graft versus host reaction
(GvHD), they maintain T-cell homeostasis.
The regulator of Tregs differentiation and
function is the FOXP3 transcription factor
expressed only in this subpopulation. There-
fore, the human and rodent Treg phenotype
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can be defined as CD4+CD25+FOXP3+ [7]. It
should be noted that these Treg function not
only directly in the site of alloantigen penetra-
tion and immune organs, but also in the pe-
ripheral blood.

The spleen is the most important
secondary organ of the immune system.
The content of lymphocytes in the white
pulp of the spleen reaches 85 % of the to-
tal number of cells, which is almost 25 %
of all lymphocytes in the body [8]. Thus,
the spleen with lymph nodes provides an
adequate immune response, and that is
the reason why we evaluated the differen-
tiation of T-helper cells and Treg both in
peripheral blood and in spleen and mes-
enteric lymph nodes.

The aim of the study is to analyze the
effect of recombinant form of glycodelin on
the number of T-helper cells and Treg in
peripheral blood, spleen and mesenteric
lymph nodes in the dynamics of develop-
ment of immune response to allogeneic
cells administration to Wistar rats.

MATERIALS AND METHODS

The experiments were conducted in the
vivarium of the Perm State National Research
University on 2-3-month-old male white
Wistar rats with an average weight of 250 g
(n= 38). The animals were held in conditions
appropriate to the all-Union State Standart
33216-2014 (“Rules for working with labora-
tory rodents and rabbits”). Bioethical stan-
dards (European Convention for the Protec-
tion of Experimental Animals (86/609/EEC;
1986)) were followed in all experiments,
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The study was conducted with the au-
thor's experimental model of the “host vs.
graft” reaction described earlier [9).

BM cells from femoral bones were
tested by cytostatic camptothecin to pre-
vent the development of an immune re-
sponse of donor cells against recipient cells
(“graft versus host” reaction). The animal's
mortification was conducted by decapita-
tion in accordance with international rules
of work with experimental animals at early
(3 days) and late (21 days) development of
immune response. At the same time, pe-
ripheral blood, spleen and mesenteric
lymph nodes were sampled. A minimum of
four different preparations of each organ
for an individual animal was examined.

Rats were divided into three experimen-
tal groups: The first group (n = 8) — intact
rats; the second group (n = 12) — glycodelin
control (animals were injected with alloge-
neic bone marrow cells intraperitoneally); the
third group (n = 12) — experimental animals
proper (after intraperitoneal injection of al-
logeneic cells intramuscular injections of re-
combinant glycodelin (*MBS718444, “MyBio-
Source”, Germany) on the 1st, 5th, 9th and
12th days). The calculated achievable concen-
tration of the medicine in the blood of ani-
mals was = 0.75 pg/mL.

Assessment of Th and Treg levels. The
level of these cells was evaluated according to
the previously described method [9]. Cytomet-
ric determination of the cells number in sub-
populations was conducted by using a ready-
made antibody set to rat T-cell surface mole-
cules FlowX Rat Regulatory T Cell Kit (R&D
Systems, USA), which includes anti-CD25-PE,
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anti-CD4-FITC and  anti-FOXP3-AlexaFluor
047 antibodies. Thawed blood samples were
analyzed. They showed no signs of hemolysis
and the cells remained well viable. CytoFLEX §
flow cytometer (Beckman Coulter, USA) was
used for this purpose. The results of cytometric
analysis are presented as the percentage of cells
in CD4+ (T-helper), CD4+CD25+FOXP3- (ac-
tivated T-helper), and CD4+CD25+FOXP3+
(regulatory E-cells) populations.

In addition to relative counts (per-
centage), the data were recalculated into
absolute values based on the total number
of lymphocytes per ml of peripheral blood.

Immunobistochemical study was con-
ducted by the previously described method
[10]. Monoclonal antibodies (Cloude-Clon
Corp, USA) to CD4 (SP35) and FOXP3 (re-
combinant; Tyr191-Glu412) were used to de-
termine the qualitative composition. The posi-
tive result of immunohistochemical reaction
was specific staining of cells. The results of the
enumeration are presented in the form of the
number of cells with positive expression of
CD4 or FOXP3 in the field of view.

Statistical processing of data was pet-
formed in the GraphPad Prizm 8 program
using two-factor dispersion analysis and
Tukey's posterior test.

Pearson correlation coefficient be-
tween CD4/FOXP3 expression values and
the number of helper and regulatory T cells
was also calculated. The significance level
was taken as 0.05.

RESULTS AND DISCUSSION

T-helper cells (CD4+ T cells) play a
central role in immune defense. Naive CD4+

T cells after encountering an antigen can
differentiate into key subpopulations of Thl,
Th2, Th17 and Treg cells under the influence
of a set of signals [6]. Treg have suppressive
activity toward effector immune cells. Treg
have suppressive activity toward effector
immune cells, controlling the preservation of
autotolerance, which prevents the develop-
ment of inflammatory autoimmune diseases.
They control the preservation of autotoler-
ance, which prevents the development of
inflammatory autoimmune diseases. Besides,
Treg are important in controlling the im-
mune response to allograft [11].

Effect of glycodelin on the level of
T-belpers and Treg in the peripheral
blood of experimental animals. 1t was
found that BM injection did not affect the
percentage and absolute content of T-helper
cells in the peripheral blood of rats (Fig. 1).
Glycodelin injection caused a decrease of the
absolute number of these cells both on the
3rd and on the 21st days of the experiment.
The decrease was significant both in relation
to intact animals and animals that received
allogeneic BM. Thus, glycodelin reduced the
Th level in this experiment.

At the same time, it was found that
the transplantation of BM to rats did not
affect the level of activated T-helper cells
(CD4+CD25+). Glycodelin injection also
had no impact on the content of activated
Th (see Fig. 1).

Besides, it was found that the percent-
age and absolute number of Treg in the to-
tal population of CD4+ T-cells significantly
decreased on the third day after administra-
tion of allogeneic cells to animals in relation
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Fig. 1. Percentage content and absolute number of T-belper (CD4+), activated T-helpers
(CD4+CD25+FOXP3-) and Treg (CD4+CD25+FOXP3+) in the peripheral blood of rats during injection of
allogeneic BM cells and glycodelin therapy on the background of allogeneic transplantation (n =4, M = m):
data are presented as the average and standard error of the average; * — p < 0.05; ™ —p < 0.01;
™ — p <0.001 (two-factor ANOVA Tukey's a posteriori test for multiple comparisons)
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4 Intact Control (BM) BM + Glycodelin
Treg Treg
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Fig. 2. The Treg level in the blood of experimental animals on the 3rd and 21st days after BM iransplantation

and glycodelin injection as an example of one experiment: on the abscissa axis is the fluorescence intensity of

cells stained with anti-FOXP3-antibodies; on the ordinate axis is the fluorescence intensity of cells stained with
anti-CD25-antibodies

to the indexes of intact rats. Glycodelin injec-
tions did not result of the changes in these
indices (see Fig. 1). Apparently, the injection
of allogeneic BM cells itself decreased the
number of Treg, which is consistent with the
data of Korsunsky and co-author [12]. On the
21st day after injection of allogeneic BM cells
in the 2nd group of animals (glycodelin con-
trol), the percentage and absolute amount of
Treg per ml of blood were also lower than in
the group of intact animals. At the same time,
glycodelin increased the percentage of Treg,
bringing the level of these cells closer to that
among the intact animals in the 3rd group of
animals (experiment) (see Fig. 1). Apparently,
on 21 days of the experiment we can talk
about antigen-specific Treg. Thus, glycodelin

is able to increase the level of Treg in the case
of immune response.

Thus, injection of glycodelin on the
background of allogeneic BM transplanta-
tion caused a decrease in the absolute num-
ber of T-helper cells. At the same time, the
level of activated T-helper cells in the blood
of the experimental groups of animals re-
mained unchanged. The increase of the
proportion of peripheral Treg in the final
experiment was demonstrated (on the 21st
day) under the influence of glycodelin in
comparison with the group to which BM
was injected.

Generally, the increase of Treg under
the influence of glycodelin is a highly im-
portant immunomodulatory effect that re-
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sults in suppression of the immune re-
sponse to allogeneic cells.

The effect of glycodelin on the
number of T-belper cells and Treg in the
spleen of experimental animals. Well-
developed functional areas were seen in the
spleen of rats without any exposures (group 1).
Wide cell-filled Billroth cords were clearly
defined in the red pulp. A moderate accu-
mulation of CD4+ lymphocytes (T-helper
cells) was observed in them. The vessels of
the red pulp were moderately dilated and
filled with blood cells. Visual assessment
showed that the white pulp covered about
one-third of the organ area. The periarterial
lymphoid muff (PALM) looked large and
multicellular. Lymphocytes formed clusters
with predominance of CD4+ cells along the
edge of the PALM. The observed lymphoid
nodules (B-area) varied in the size, most of
them were active. CD4+ -lymphocyte clus-
ters were detected in the marginal area. The
volume of white pulp increased in the
spleen of injected animals with only alloge-
neic BM (group 2) starting from the
3rd day. There was moderate, occasionally
single presence of positively stained
CD4+-cells in its areas.

Cells expressing CD4 molecule were
detected in the marginal area. The white
pulp areas looked active and large until the
21st day of the experiment. Multiple lym-
phocytes were seen, which formed diffuse
clusters or lymphocyte sheaths around
brush arterioles in the pulp. There was a
high level of CD4 T-helper molecule ex-
pression mainly detected in the marginal
area of the white pulp. More intense stain-
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ing of CD4+ cells was found in the Billroth
cords of the red pulp (Fig. 3).

Large and small vessels of the venous
channel with a wide lumen and with blood
cells were determined in the spleen of rats
in the experimental (3rd) group (allogeneic
BM + glycodelin) on the third day after al-
lotransplantation. Large accumulations of
CD4+-lymphocytes were observed in the
Billroth's cords, overfilled with cells. The
white pulp covered more than 40 % of the
organ area. All its areas looked developed
and active, B-area was represented by large
lymphoid nodules with signs of prolifera-
tion, and T-areas constituted a significant
part of the white pulp, forming a dense
cluster around the central artery. The ex-
pressing CD4-lymphocytes were located
along the edge of the PALM. Although the
functional areas of the white pulp remained
active until the end of the experiment, the
sizes of the T- and B-areas were reduced or
unchanged. Visually, the number of CD4+-
cells decreased, proliferation was slightly
reduced, however, there was an accumula-
tion of T-helper cells in the Billroth cords
masses, where their differentiation process
is usually completed (Fig. 3).

Statistical processing of the obtained
data was conducted for detailed analysis by
comparing the expression of CD4 molecule
and transcription factor FOXP3 in the white
pulp of the spleen of different animals groups.
As a result, it was found that in intact animals
the number of T-helpers (CD4+) were higher
than the number of T-effectors (CD8+). BM
injection (2nd group) resulted in a rapid in-
crease in the level of T-helper cells in the
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white pulp of the spleen, which was observed
on the 3rd and 21st days of the experiment.
The use of glycodelin (3rd group) did not af-
fect the level of T-helper cells, but on the 21st
day of the experiment resulted in a decrease
in the number of these cells in the white pulp
of the spleen. Thus, glycodelin reduced the
level of T-helper cells on the 21st day of the
experiment (Table).

It was shown that BM injection did
not change the level of FOXP3 expression
in the white pulp of the spleen in experi-
mental animals. The use of glycodelin on
the background of BM injection led to a
reliable decrease in the level of FOXP3 on
the 3rd day, but on the 21st day the effect
was opposite, and the differences were also
reliable in relation to the group of compari-
son (see the table).

Thus, glycodelin has an independent
increasing effect on the expression of the
Treg marker FOXP3, which may lead to a
localized decrease of the immune response
to alloantigens. This aspect of glycodelin is
the most important and interesting if we
consider this protein from the approach of
immunopharmacology.

Effect of glycodelin on the level of
T-belper and Treg in mesenteric lymph
nodes in experimental animals. 1t was
shown by evaluating the dynamics of CD4
expression in the mesenteric lymph nodes
that when allogeneic BM cells were injected
into the lymph nodes from the first days of
the experiment, the expression of the T-
helper marker was verified in the lymph
nodes in the sinuses of the cortical sub-
stance and in the form of clusters in the

cortical areas. The positively stained cells
were present in groups in deep layers of the
cortical substance, in the inter-nodal spaces
and formed large clusters in the medullary
substance cords by the 21st day.

Glycodelin injection at the beginning of
the experiment (3rd day) did not affect the
level of T-helper cells (CD4+), but increased
this index on the 21st day. Analysis of FOXP3
expression showed that BM injection did not
affect the level of Treg on the 3rd and 21st
days. FOXP3 expression on the 3rd day was
observed in single cells located diffusely
within the cortical substance of the organ, in
the inter-nodal spaces and in the subcapsular
sinus. FOXP3 expression was verified in dif-
fuse single cells within the cortical substance
and in the form of clusters in the subcapsular
sinus of the organ by the end of observation
(21st day). Glycodelin injection significantly
increased the expression of Treg marker on
the 21st day of the experiment.

Correlation analysis showed that there
is a close direct correlation between CD4
expression parameters in the spleen and
mesenteric lymph nodes under the influ-
ence of glycodelin (r = 0.88; p < 0.05),
whereas there are no correlations with the
level of peripheral T-helper cells. A correla-
tion between peripheral Treg levels and
FOXP3 expression in the spleen was found
in regard to FOXP3 expression under gly-
codelin exposure (r=0.74; p < 0.05).

Thus, glycodelin reduced the level of
T-helper cells at the level of mesenteric lymph
nodes on the 21st day of the experiment, at
the same time increasing the number of
Treg. In general, increased Treg level leads
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Fig. 3. CD4/FOXP3 expression in the spleen of experimental animals, immunohistochemistry,
x200, %400, based on individual slices
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Effect of glycodelin on CD4 and FOXP3 expression in the white pulp of spleen,

MEm
Marker expres- Intact BM, BM, BM+Gd, BM+Gd,
sion, . 8’ 3rd day, 21st day, 3rd day, 21st day,
% of cells n=12 n=12 n=12 n=12
Spleen
CD4 1534 + 456 2583 £ 643 20.11 £7.2%3* 2174 £ 6.24° 2057 £7.76%#
FOXP3 954+3.13 0.06 + 4.22 614+ 243 6.33+2.78* 1211 £642*#
Mesenteric lymph nodes

CD4 12.04 = 4.87 14.68 + 5.44 1477 £6.14 2243 £ 776" 15.02 £ 5.69#
FOXP3 9.76 £4.74 9.55+5.12 763 +432 7.87 £5.02 1266+ 7.13%#

Note: # — differences between time-matched BM and BM + Gd groups, * - differences with regard to
the group of intact animals, indicated only significant (p < 0.05) differences (two-factor ANOVA, Tukey's pos-

terior test for multiple comparisons).

to more successful transplantation of al-
logeneic cells.

CONCLUSIONS

It was found that glycodelin reduced
the absolute number of T-helpers in the pe-
ripheral blood of rats on the 3rd and 21st
day after allotransplantation and increased
the number of Treg on the 21st day of the
experiment. In the white pulp of spleen gly-
codelin decreased the level of Treg on the
3rd day, but increased their number on the
21st day, while decreasing the number of
T-helpers. At the level of mesenteric lymph
nodes, glycodelin decreased the level of
T-helpers on the 21st day of the experi-
ment, while increasing the number of Treg.
In general, a unidirectional and distributed
effect of glycodelin on the formation of
immune response at the level of T-helpers
was observed, which consisted in the de-
crease of T-helpers but increase of Treg on
the 21st day of the experiment. Obviously,

we observed a more expressed effect of gly-
codelin on the 21st day of the experiment,
when antigen-specific Treg are formed.

Generally, glycodelin decreased the
number of T-helper cells both in secondary
organs of the immune system and in the
peripheral blood, with a correlation be-
tween the pool of CD4+ cells in the spleen
and lymph nodes. Typical for this experi-
ment is that a correlative connection be-
tween Treg in the periphery and the level of
FOXP3 in the spleen also appears.

It is important to mention that previ-
ously we have shown that glycodelin in
similar experiments provided normalization
of the content of proteins of the acute
phase of inflammation (CRP, orosomucoid
and o-2M) to the level of intact animals [9],
and also reduced the level of proinflamma-
tory cytokine IL-17A [13]. Histologic study
of spleen slices revealed that glycodelin ac-
tivated immune system cells by stimulating
their proliferation (Ki-67) and their differ-
entiation, which was demonstrated by an
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increase in the number of plasma cells. The
content of macrophages (CD68+) signifi-
cantly decreased by the end of the study
(21st day), and eosinophilic infiltration was
observed [14]. Thus, glycodelin is able to
realize immunosuppressive effect in relation
to allogeneic cells, which leads to more suc-
cessful graft implantation.

It is known that at the level of human
cells recombinant glycodelin under condi-
tions of long-term cultivation in vitro in-
creased the level of antigen-specific Treg
and FOXP3 de novo expression with simul-
taneous inhibition of the functions of effec-
tor T-cells. The authors conclude that gly-
codelin has a potential therapeutic effect in
autoimmune diseases by preventing the de-
velopment of effector T-cells and inducing
antigen-specific Treg [15]. Thus, our data
also demonstrate an immunosuppressive
effect of glycodelin, leading to suppression
of the immune response to allogeneic cells.
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