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Abstract—Association between lymphocyte activation and formation of immune tolerance, as well as pregnancy outcome,
in the case of immunocytotherapy (ICT) was studied in women with idiopathic recurrent pregnancy loss (IRPL). The con-
tent and phenotypic characteristics of activated T lymphocytes and NK cells were investigated in the peripheral blood of
IRPL patients with different pregnancy outcomes (pregnancy prolongation to the full term and habitual miscarriage). The
fraction of activated cells in the subpopulation of cytotoxic T lymphocytes (CD3*CD8*/CD3"CD8*CD69") before ICT
was significantly lower in women who lost the pregnancy. After ICT, the fraction of these cells during weeks 5-6 of pregnancy
in woman with miscarriage was higher than in women with pregnancy prolonged to the full-term. Excessive content of acti-
vated cytotoxic lymphocytes can be a mechanism underlying impaired maternal immunotolerance to fetal alloantigens,
which is a leading factor of early pregnancy loss. The obtained data confirm the involvement of activated Th17 cells and
FOXP3* Treg cells in the formation of tolerance to paternal antigens of the fetus. Comparison of the decrease in the frac-
tion of CD4*CD25"e"RORyt* lymphocytes at the early gestation period (5-6 weeks) and significant upregulation of the
IL-17 production by in vitro stimulated whole blood cells in women with miscarriage with the same parameters in women
with prolonged pregnancy suggested an imbalance between pro-inflammatory Th17 cells and Treg cells. No such imbalance
in the content effector T lymphocytes was observed in women with the full-term pregnancy. Taken together, our data indi-
cate an important role of gestational activation of lymphocytes in the formation of maternal immune response to fetal

alloantigens necessary for the prolongation of pregnancy.
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INTRODUCTION

Tolerance to paternal antigens is an obligatory con-
dition for the normal course of pregnancy and a key fac-
tor of normal fetal development. It is established that sig-
nals from the fertilized oocyte (surface antigens and

Abbreviations: AHR, aromatic hydrocarbon receptor; ICT,
immunocytotherapy; IRPL, idiopathic recurrent pregnancy
loss; FOXP3, forkhead box p3 protein (transcription factor reg-
ulating cell differentiation and expression of cytokine partici-
pating in immune response suppression); NK cell, natural killer
cell; RORyt, retinoid-related orphan receptor (transcription
factor regulating differentiation of T lymphocytes to Thl7
cells); Thl, type 1 T helper; Th17, type 17 T helper; Treg cell,
regulatory T cell.
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secreted polypeptides, such as growth factors, cytokines,
human chorionic gonadotropin, preimplantation factor)
appear already several hours after fertilization and trigger
a cascade of hormonal responses that prepare mother’s
body for pregnancy [1]. Recognition of “foreign” pater-
nal antigens of the fetus results in the allogenic stimula-
tion of maternal immune system and development of cel-
lular and humoral responses that contribute to the forma-
tion of immune tolerance preventing fetus rejection and
providing normal course of pregnancy. However, early
spontaneous recurrent pregnancy loss is observed in 1-5%
women [2]. Pregnancy loss before weeks 7-8 with of ges-
tation in the absence of known miscarriage-causing fac-
tors (e.g., infections) is believed to be associated with
immune disorders, first of all, impaired recognition of
paternal antigens resulting in insufficient control over the
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development of inflammatory response. Impaired mater-
nal immune tolerance to fetal alloantigens can be a lead-
ing factor in the pregnancy interruption, including idio-
pathic recurrent pregnancy loss (IRPL), i.e., a complex
of symptoms associated with multiple recurrent miscar-
riages.

The problem of controlling and directing inflamma-
tory responses in the early pregnancy has been discussed
in the reproduction immunology for several decades,
especially the use of various approaches to immune
response correction, including alloimmunization with
paternal lymphocytes, immunocytotherapy (ICT), that
was proposed as a method for controlling immune toler-
ance formation and prolongation of pregnancy to the full
term in women with IRPL. Despite that ICT has been
used for a rather long time to prevent early pregnancy
loss, there is no unambiguous opinion on its efficiency
[3]. For this reason, the mechanisms underlying impaired
maternal immune tolerance to the fetal alloantigens, as
well as the effects of ICT, are still actively investigated.

Manifestations of alloimmune disorders during preg-
nancy are studied at the cellular and molecular levels,
both in patients and experimental models; however,
immune mechanisms responsible for the tolerance for-
mation and changes in the molecular and cellular factors
that lead to the impaired gestation remain unknown. For
a long time, the Th1/Th2 response paradigm had been
popular, which emphasized an importance of a ratio
between pro- and anti-inflammatory factors. According
to this paradigm, cells producing Th2-type cytokines are
essential for the tolerance induction and maintenance
during pregnancy, especially, at the early stages. This par-
adigm has been replaced by another one, which includes
regulatory T cells (Th1/Th2/Th17/Treg cells). At pres-
ent, it is believed that an important role in the tolerance
formation and maintenance belongs to cytotoxic and reg-
ulatory T cells, as well as natural killer (NK) cells. To elu-
cidate how ICT influences the immune system of women
with IPRL, it is necessary to take into consideration not
only the ratio between lymphocyte subpopulations, but
also the ability of these cells to respond to activating stim-
uli, e.g., mitogens that can act as polyclonal activators
and induce a cascade of changes in T and B lymphocytes.
These changes are similar to the changes occurring in
response to specific antigens, although they do not lead to
further differentiation of lymphocytes. The earliest mark-
er of activation is the membrane glycoprotein CD69
which is transiently expressed in activated lymphocytes.
CD69 expression is induced by the activating signal
through the T-cell receptor (TCR). Incomplete activa-
tion can lead to the anergy of effector T cells and dys-
function of Treg cells (via dysregulated production of the
transforming growth factor TGF-f). In the case of the
full-fledged activation, induced CD69 expression corre-
lates with the proliferation of T lymphocytes, their differ-
entiation, increase production of TGF-f, decrease in the
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severity of inflammation, and formation of tolerogenic
dendritic cells [4]. Treg cells also respond to the mitogen-
induced activation with an increase in the CD69 expres-
sion and changes in the functional state [5].

CD69 interacts through its cytoplasmic fragment
with proteins of the Jak3/Stat5 signaling pathway that
regulate the function of RORyt, which is a transcription
factor of Thl7 cells that directs differentiation of T
helpers towards the Th17 cells [6]. This might explain
CD69 participation in the polarization of effector
immune response toward Th1/Th17/Treg cells, which is
especially important in the early pregnancy. It was found
that STATS plays a key role in the induction of FOXP3
expression. FOXP3 is a transcription factor of T cells with
natural suppressor activity, which is confirmed, on one
hand, by the presence of STAT5-binding sites in the pro-
moter region of the FOXP3 gene and, on the other hand,
by the absence of FOXP3* Treg cells in STAT5-deficient
mice [7]. Therefore, CD69 can directly participate in the
regulation of the Th17/Treg cell balance [8, 9] and can be
considered as a natural modulator of T cell differentiation
programs. Unlike T lymphocytes, activation of NK cells
is not associated with proliferation, but with the effector
function based on the balance between inhibitory and
activating receptors.

It is important to identify specific features of
immune system in IRPL patients, as well as the ratio
between cytotoxic and Treg cells and the levels of their
activation after ICT in the cases of miscarriage and suc-
cessful prolongation of pregnancy resulting in the birth of
a viable baby, since this information can be helpful in pre-
dict the outcome of pregnancy in women with IRPL.

In this work, we studied the role of lymphocyte acti-
vation after ICT in the formation of immune tolerance in
women with IRPL.

MATERIALS AND METHODS

Thirty-six patients with IRPL were studied, who
became pregnant after pregestational alloimmunization.
In 30 patients, the pregnancy was full-term, followed by
the birth of a viable baby; 6 patients experienced miscar-
riage before 12 weeks of gestation. The control group
included 15 fertile non-pregnant women and 11 women
with 12-week physiological pregnancy.

Indications for being included into the group under
study were as follows: at least two cases of pregnancy loss
in the first trimester (with the same partner); the absence
of infectious, anatomic, genetic, hormonal, and autoim-
mune factors of pregnancy loss; the absence of severe
extragenital pathologies.

Indications for being included into the control group
were as follows: at least one labor in the history; no com-
plication in the obstetric and gynecological history; phys-
iological course of pregnancy.
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In both groups, women were 20 to 40 years old and
the pregnancy was started naturally.

Blood samples for analysis were taken on an empty
stomach from the ulnar vein. Blood from non-pregnant
women was withdrawn on days 18-22 of menstrual cycle;
blood samples from pregnant women were taken at weeks
5-6, 8-9, and 12 of pregnancy.

ICT procedure was performed using lymphocytes
collected from male partners before the conception and
during the first trimester of the pregnancy. All procedures
for the lymphocyte isolation and ICT were approved by
the Scientific Council of the National Medical Research
Center for Obstetrics, Gynecology, and Perinatology,
Ministry of Healthcare of Russian Federation (protocol
no. 19; December 25, 2012). Lymphocytes used for the
procedure corresponded to the criteria for donorship.

Male blood samples were taken from the ulnar vein
into a 50-ml sterile tube containing 200 pl of heparin
(5000 IU/ml) as an anticoagulant. Lymphocyte suspension
was isolated in a special room equipped with sterile laminar
flow box (AMS-MZMO, Russia) and centrifuge (ELMI,
Latvia). After careful mixing, the blood samples were incu-
bated at 37°C for 1—1.5 h. After separation into two layers
(upper layer, plasma with mononuclear cells; lower layer,
erythrocytes), the upper layer was transferred to a sterile
14-ml centrifuge tube and centrifuged for 7 min at
1500 rpm. The supernatant was removed and the pellet was
resuspended in 6 ml of sterile saline. The resulting suspen-
sion was divided in two portions; each portion was layered
onto 3 ml of Ficoll in a tube at a 1 : 2 ratio and centrifuged
for 30 min at 1500 rpm. Lymphocyte rings were collected
into a 14-ml sterile tube and washed twice with saline by
centrifuging for 7 min at 1500 rpm. The supernatant was
removed and the precipitate was carefully mixed with 2 ml
of sterile saline. The lymphocyte concentration in the
saline was (30-50) - 10° per ml. The lymphocytes were
injected intracutaneously on day 5-10 of menstrual cycle
into the palm surface of the woman’s forearm two times
with an interval of 1 month. After the onset of pregnancy,
immunization was performed during weeks 5-6 and 8-9.

The content of lymphocytes expressing CD69 was
evaluated after stimulation with 10 pg/ml phytohemagglu-
tinin (PHA) for 2 h in a CO,-incubator (SANYO, Japan)
at 37°C. The surface phenotype (CD3/CD4/CD69,
CD3/CD8/CD69, CD45/CD56/CD69) of the stimulat-
ed lymphocytes was assessed with monoclonal antibodies
(mAb) from the FastImmune kit (Becton Dickinson,
USA). Antibodies to CD3 and CD45 were labeled with
peridinin-chlorophyll-protein complex (PerCP); anti-
bodies to CD4, CD8, CD56 — with fluorescein isothio-
cyanate (FITC); and antibodies to CD69 — with phyco-
erythrin (PE). MAbs were added directly to the whole
blood; the cells were lysed with OptilLyse solution
(Beckman Coulter, USA).

To determine the fraction of RORyt" Thl7 cells
among CD4"CD25"" lymphocytes, the cells were isolat-
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ed by centrifugation in a density gradient using Ficoll-
verographin mixture with a density of 1.077 [28]. Before
permeabilization, the cells were stained with FITC-
labeled anti-CD4 antibodies and PE-labeled anti-CD25
antibodies; after permeabilization, the cells were stained
with anti-RORyt antibodies labeled with allophycocya-
nine (APC) (eBioscience, USA). The number of cells in
the lymphocytic gate was (1-1.5) - 10°.

Flow cytometry analysis was performed with a
Gallios flow cytometer (Beckman Coulter) using Kaluza
Software Version 1.2 (Beckman Coulter).

The content of IL-17 was assessed by the multiplex
analysis using a Cytometric Bead Array (CBA) analytic
system and with a standard Human IL-17A Flex set
(Becton Dickinson, USA) in the supernatants of cells
cultures after addition of mitogens [4 ug of PHA, 4 ug of
concanavalin A (Con A), 2 pg of lipopolysaccharide;
Cytokin-stimul-best kit, Vector-Best, Russia] to 1 ml of
whole blood. The cells were incubated in a CO, incubator
at 37°C for 24 h. The supernatant was obtained by cen-
trifugation for 10 min at 3000g and then for 3 min at
10,000g (Hettich, Germany); the specimens were
aliquoted and stored at —80°C. Analysis was performed
with a FACSCalibur flow cytofluorometer (Becton
Dickinson). The results were calculated using the
FlowCytomix-Pro-3.0 program (Becton Dickinson).

The data were processed statistically using Microsoft
Office Excel 2007 and MedCalc12 program for Windows
7. The hypothesis on the normal distribution was tested
using Kolmogorov—Smirnov and Shapiro—Wilk criteria
[29]. The data are presented as mean * standard error
(M £+ m). The significance of differences between the
groups was assessed with the Student’s #-test; the differ-
ences were considered significant at p < 0.05.

RESULTS

The content of CD69-expressing lymphocytes in the
peripheral blood of women with IRPL. Table 1 shows the
results of retrospective analysis of the content of lympho-
cytes expressing CD69 spontaneously and after in vitro
stimulation in the blood of IRPL patients with different
outcomes of pregnancy that started after pregestational
ICT and in non-pregnant fertile women of the control
group.

As seen from Table 1, no differences in the studied
parameters were observed between the control group and
IPRL patients with pregnancy prolonged to the full-term
on the ICT background either before and after the treat-
ment. In women who had miscarried in the first trimester,
the content of lymphocytes responding to the stimulation in
vitro before ICT was significantly lower than in the control
(subpopulations CD45"CD69*, CD3*CD8"CD69*, and
CD45"CD56"CD69%) and women with prolonged preg-
nancy (subpopulations CD45"CD69*, CD3*CD8*CD69",
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Table 1. The content of lymphocytes expressing CD69 in vitro in the peripheral blood of non-pregnant fertile women
(control) and patients with IRPL (before pregnancy) (M + m)

Phenotype Lymphocytes expressing CD69, %
of lymphocytes Expression it
expressing CD69 control (n = 15) i} eginzp r3%g)nancy miscarriage (n = 6)

CD45"CD69* spontaneous before ICT 7.9+0.8 7.8+0.8 73+1.3
after ICT + +

CD45"CD69* stimulated before ICT 30.7+£2.9 30.2+3.7 20.6 = 2.9% **
after ICT 249+29 420+ 11.7%

CD45"CD3*CD69" | spontaneous before ICT 6.2+0.6 6.0+ 1.1
after ICT 5.7%+0.5 57+1.3

CD45"CD3*CD69" | stimulated before ICT 25.7+3.7 27.1 £4.1 19.1 £ 2.7+
after ICT 22.0 £2.65 38.9 + 10.6*

CD3"CD4"CD69* stimulated before ICT 15922 154 t2.4 125t 2.1
after ICT 128 £ 1.9 222 +6.2%

CD3"CD8*CD69* stimulated before ICT 12.8 £ 1.6 11.7 £ 2.0 6.6 £0.7% **
after ICT 9.2+0.9 16.7 + 4.5%V*

CD45"CD56"CD69" | stimulated before ICT 3.8+0.5 S=* 2.7 £ (0.3%**
after ICT 40+0.7 56+ 1.3V

Notes. The difference is significant at p < 0.05 on comparison: * to the control, ** between the groups, ¥ to the initial values. The difference is sig-
nificant at 0.05 < p < 0.09 on comparison: * between the groups, * to the initial values.

CD45"CD56"CD69*, and CD45"CD3*CD69%). In this
group, ICT caused a trend (0.05 < p <0.09) to the increase
in the content of these subpopulations as compared to the
initial values, whereas the content of cytotoxic lympho-
cytes expressing CD69 after in vitro stimulation
(CD3"CD8"CD69") was significantly higher than in
women with prolonged pregnancy. It is likely that the ini-
tial decrease in the amount of lymphocytes followed by the
stimulation of response to the in vitro activation in women
with miscarriage could be associated with altered function-
al activity of these cells, especially, with their cytotoxicity.

To elucidate whether the favorable outcome of preg-
nancy is associated with changes in the content of CD69-
expressing lymphocytes, the amount of lymphocytes
responding to the activating stimuli in vitro was deter-
mined during the first trimester (Table 2). No changes in
the studied parameters were found during this period in
women with prolonged pregnancy.

Comparison of the content of CD69-expressing lym-
phocytes after pregestational ICT during weeks 5-6 of
pregnancy in women with prolonged pregnancy on the

ICT background and women with miscarriages revealed
significant differences between the two groups (Table 3). In
the ICT-subjected women who miscarried, the content of
CD69-expressing lymphocytes was significantly higher
than in women with prolonged pregnancy. Women who
experienced miscarriage demonstrated an increased con-
tent of lymphocytes expressing CD69 either spontaneous-
ly (CD45"CD69" and CD45"CD3*CD69™) or in response
to mitogens- (CD45"CD3*CD69", CD3"CD4"CD69*,
and CD3*CD8"CD69"), i.e., such increase was observed
for T lymphocytes, but not NK cells (CD45"CD56*CD69™).

We also evaluated the fraction of activated lympho-
cytes (CD69%) in the CD45*CD56", CD3"CD8", and
CD3"CD4" subpopulations (Table 4) and found that that
in patients who lost pregnancy, the fraction of cytotoxic
T-lymphocytes expressing CD69 on their surface
(CD3"CD8*CD69*, p = 0.006) before pregestational
ICT was lower than in women with prolonged pregnancy.
After ICT, there was a tendency for the elevation in the
fraction of activated T cells (CD3*CD4"CD69*, p =
0.09; CD3"CD8"CD69", p = 0.1), that became becoming
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Table 2. The content of CD69-expressing lymphocytes in IRPL patients during the first trimester of prolonged preg-

nancy (M = m)

CD69-expressing lymphocytes, %
Phenotype of CD69-expressing Expression
lymphocytes 5-6 weeks 8-9 weeks 12 weeks
(n=19) (n=18) (n=11)

CD457CD69* spontaneous 6.5+0.6 59+0.6 7.0+0.5
CD45"CD69* stimulated 29.2£4.0 33.6 £2.8 37.2t5.3
CD45*CD3*CD69* spontaneous 50+0.5 59+0.6 50+04
CD457CD3"CD69" stimulated 26.0 £ 3.6 29.7 £ 3.1 35455
CD3*CD4"CD69* stimulated 159+2.6 17.6 £ 1.9 18.4 £2.5
CD3*CD8*CD69" stimulated 10.7 £ 1.3 128 £ 1.7 17.0 £ 4.6
CD457CD56"CD69* stimulated 4.6 0.6 4.7%0.6 6.3+£25

Table 3. The content of CD69-expressing lymphocytes in IRPL patients during weeks 5-6 of pregnancy (M + m)

CD69-expressing lymphocytes, %
Phenotype of CD69-expressing Expression ] .
lymphocytes prolonged pregnancy miscarriage
5-6 weeks (n =19) 5-6 weeks (n = 6)

CD45"CD69* spontaneous 6.5+ 0.6 9.0 £0.7 (p = 0.008)
CD45"CD69* stimulated 29.2+4.0 45.1+6.9 (p=0.04)
CD45"CD3*CD69* spontaneous 50+0.5 7.1+ 0.7 (p=0.019)
CD45"CD3*CD69* stimulated 26.0 + 3.6 41.8 £ 7.1 (p =0.042)
CD3"CD4"CD69* stimulated 159+2.6 24.7 £ 4.1 (p =0.052)
CD3"CD8*CD69* stimulated 10.7 £ 1.3 17.2 £ 3.3 (p = 0.058)
CD45"CD56"CD69* stimulated 4.6 0.6 49+09

Table 4. The content of activated lymphocytes in IRPL patients with different pregnancy outcomes after pregestation-

al ICT (M + m)

Phenotype of CD69-expressing

Pregnancy outcome

CD69-expressing lymphocytes, %

lymphocytes before ICT after ICT weeks 5-6
of pregnancy
CD3"CD4*CD69*/CD3*CD4* full-term pregnancy 24.8 £ 4.3 21.1 £3.0 25.7+42
miscarriage in the 20.3+3.3 41.1£12.2; p=10.09 | 40.3 £+ 7.6;p=0.06
first trimester
CD3"CD8*CD69"/CD3*CD8" full-term pregnancy 33.3+43 26.2+2.6 32.5+3.8

CD45"CD56'CD69'/CD45"CD56*

miscarriage in the
first trimester

full-term pregnancy

miscarriage in the
first trimester

19.4 £2.4; p=0.006

28.9£4.0
21.9£3.7

42.6 £10.7;p=0.1

255132
31.8 £ 7.7

51.4+8.2;p=0.016

34.6 £4.9
399+£338

Note: Significant differences are between the groups with different pregnancy outcomes at the corresponding stage of examination.
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Table 5. The content of CD69-expressing lymphocytes in patients with IRPL at week 12 of pregnancy (M * m)

CD69-expressing lymphocytes, %
Phenotype of CD69-expressing Expression A A
lymphocytes physiological prolonged
pregnancy pregnancy
CD45*CD69* spontaneous 84105 7.0£0.5(p=0.04)
CD45"CD69* stimulated 372+54 372+53
CD457CD3"CD69" spontaneous 6.6 0.6 50+£0.4 (p=0.02)
CD45*CD3*CD69* stimulated 27.5+£2.6 354 %55
CD3"CD4"CD69* stimulated 19.4+25 184+25
CD3"CD8"CD69* stimulated 13.4+24 17.0 + 4.6
CD45*CD56*CD69* stimulated 55%£09 6.3%25
CD3"CD4"CD69/CD3*CD4* stimulated 32.0+4.3 323144
CD3"CD8"CD69*/CD3*CD8* stimulated 423472 427172
CD45*CD56"CD69*/CD45"CD56™" stimulated 434+ 5.6 38.3£5.9

at weeks 5-6 of pregnancy, especially for the fraction of
cytotoxic T lymphocytes (CD3*CD8*CD69* cell fraction
of CD3*CD8* lymphocytes, p = 0.016). No differences in
the relative content of activated NK cells were found.
Comparative analysis of the content of activated lym-
phocytes in the studied subpopulations at week 12 of preg-
nancy in patients with prolonged pregnancy and women
with physiological course of pregnancy revealed no signifi-
cant differences in the amount of CD69-expressing lym-
phocytes after in vitro stimulation. However, the content of
lymphocytes spontaneously expressing CD69 in vitro
(CD457CD69* and CD45"CD3*CD69%) was lower (p =
0.04 and 0.02, respectively) than in women with physiolog-
ical pregnancy (Table 5). The assessment of the fraction of
activated lymphocytes (CD69%) in the CD45"CD56%,

D (=23
o o
L L

RORyt+ faction
of CD47CD25"" cells, %
L F
o

N
o
L

weeks 5-6
of pregnancy

before ICT after ICT

when non-pregnant

CD3"CD8", and CD3"CD4" subpopulations of stimulat-
ed cells revealed no significant differences between the
groups.

Therefore, the response of T lymphocytes to the
stimulation during the first trimester in the ICT-subject-
ed IRPL patients with prolonged pregnancy did not differ
from the lymphocyte response in the control group.

The content of Th17 lymphocytes and in vitro 1L-17
production in women with IRPL. No differences were
found in the fraction of Thl7 cells (RORyt™) among
CD4"CD25"e" lymphocytes in the peripheral blood, as
well as in the IL-17 production by stimulated whole blood
cells in vitro, before and after pregestational ICT in
women who experienced miscarriage and patients with
prolonged pregnancy (Fig. 1).

b
p= 0.011
1500 1 p=0.04
p=0.014
— 1000 +
£
S~
o
o
N
= 500 4
before ICT after ICT weeks 5-6

of pregnanc
when non-pregnant preg Y

Fig. 1. The fraction of the RORyt* subpopulation of CD4*CD25"2" lymphocytes in the peripheral blood of women with IRPL (a) and in vitro
IL-17 production by stimulated whole blood cells (b). Light-gray bars, women with prolonged pregnancy; dark-gray bars, women with mis-

carriage.
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Fig. 2. The fraction of the RORyt" subpopulation among
CD4"CD25"e" lymphocytes (a) and in vitro IL-17 production by
stimulated whole blood cells (b) in IRPL patients with prolonged
pregnancy at week 12 of pregnancy. Open bars, women with phys-
iological course of pregnancy; light-gray bars, women with pro-
longed pregnancy.

A significant increase in the 1L-17 production by the
stimulated whole blood cells along with a significant
decrease in the fraction of CD4"*CD25"e"RORyt"* lym-
phocytes were observed at weeks of 5-6 of pregnancy in
women who miscarried as compared to the corresponding
values in women with prolonged pregnancy. No signifi-
cant differences in the fraction of CD4"CD25"¢"RORyt*
lymphocytes and IL-17 production by the stimulated
whole blood cells was found between women with pro-
longed pregnancy and women with physiological course
of pregnancy at 12 weeks of gestation (Fig. 2).

Therefore, the fraction of Thl7 cells among
CD4*CD25"M¢" lymphocytes and 1L-17 production by in
vitro mitogen-stimulated whole blood cells in patients
with prolonged pregnancy were not different from the
corresponding values in the control group.

The observed decrease in the fraction of
CD4"CD25"e"RORyt" lymphocytes at weeks 5-6 of preg-
nancy and significantly increased IL-17 production by
the stimulated whole blood cells in women with miscar-
riage as compared to women prolonged pregnancy sug-
gests a disturbance in the balance between Th17 and Treg
cells, which is essential for normal formation of immune
tolerance and regulation of immune response in the ear-
liest period of pregnancy.

DISCUSSION

Immune tolerance to paternal antigens is an obligato-
ry condition for the normal course of pregnancy and a key
factor in the normal development of the fetus. The control
of developing inflammatory responses during early gesta-
tion is necessary for creating a balance between the func-
tional and anatomic integrity of mother’s body during
uterus decidualization, embryo implantation, trophoblast
invasion, placenta formation, and subsequent growth of
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the fetus (if it does not have genetic abnormalities). The
limiting events take place before weeks 5-6 weeks of preg-
nancy, when the fetal egg can be clearly visualized by
ultrasonic examination and heart rhythm is established.
Therefore, pregnancy loss before weeks 7-8 in the absence
of known factors of miscarriage is believed to be associat-
ed with immune disorders and insufficient control of
inflammatory processes related to the recognition of
paternal antigens, which might lead to either rejection of
the fetus or arrest of its growth (missed pregnancy). IRPL
is the only obstetric complication which is commonly
believed to be caused mainly by immunity-related factors.

Controlling the intensity and direction of inflamma-
tory responses during early gestation by ICT is still a debat-
ed problem. So far, there is no common opinion on the
effectiveness of this procedure, because of differences in
the case histories of women included in the studies, differ-
ent immunization protocols, and different set of parame-
ters used for the assessment of female immune system dur-
ing immunization [10, 11]. Up to now, successful prolon-
gation of pregnancy by ICT is believed to be associated
with the transition of pregnant woman’s immune system
from the pro-inflammatory status to the anti-inflammato-
ry one. However, there is a growing body of evidence that
the pro-inflammatory status of maternal immune system is
required for successful embryo implantation and placenta
formation, which implies a revision of the ICT role in the
prolongation of pregnancy in women with IRPL [12].

Here, we analyzed the content in the peripheral blood
of lymphocyte subpopulations expressing CD69 in
response to in vitro stimulation with mitogens. CD69 is the
earliest antigen whose appearance on the cell surface is a
marker of cell response to activating stimuli. CD69 is
induced in the majority of hemopoietic cell lines, including
T and B lymphocytes and NK cells that can be detected
already an hour after the activating stimulus action [13].

The assessment of cell subpopulations expressing
CD69 in response to the activating stimuli during preg-
nancy can be important for understanding the mecha-
nisms of immune tolerance formation and regulation of
responses of maternal immune system to the fetal anti-
gens of paternal origin.

At present, the mechanism of CD69 participation in
the polarization of effector immune response toward
Th1/Th17/Treg cells is under discussion [4, 14, 15]. On
one hand, galectin-1 (Gal-1), which is expressed by the
endometrial stromal cells during the entire menstrual
cycle and whose expression is significantly activated dur-
ing embryo implantation, was identified as one of specif-
ic CD69 ligands. Gal-1 induces differentiation of den-
dritic cells toward the phenotype that suppresses
Th1/Thl7 differentiation via IL-10 and IL-27. Gal-1
interaction with CD69 stimulates the JAK3/STATS sig-
naling pathway involved in the formation of cells with the
phenotype specific for cells with natural regulatory (sup-
pressor) activity (Treg or FOXP3-expressing Treg cells).
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On the other hand, CD69 expression in the activated
lymphocytes promotes internalization and degradation of
the S1PRI1 receptor and suppression of the STAT3-
induced expression of IL-17, because interaction of
sphingosine-1-phosphate-1 (S1P1) with the G-protein-
associated SI1PRI1 stimulates the mTORc/HIF-1a
(mammalian target of rapamycin/hypoxia-inducible fac-
tor 1-alpha) and JAK2/pSTAT?3 signaling pathways, trig-
gering the formation of the Th1 or Th17 effector respons-
es. In this case, signaling pathways directed to the forma-
tion of Treg cells are supported [14, 15].

CD69 also contributes to the balance of
Th1/Th17/Treg cells by promoting the transport of tryp-
tophan by the LAT1-CD98 complex and activation of
aromatic hydrocarbon receptor (AHR) as a result of bind-
ing with the high-affinity natural ligand FICZ
(6-formylindolo[3,2-b] carbazol). FICZ induces the
Th17 direction of immune response via signal transduc-
tion to the corresponding promoter region [DRE (dioxin
responsible element) or AHRE (aryl hydrocarbon
responsible element)] [30]. The transport of amino acids
by CD69/LAT1-CD98 also activates serine/threonine
protein kinase mTOR (a subunit of the intracellular mul-
timolecular signaling complexes TORC1 and TORC2),
directing the development of the Thl and Th17 effector
response and preventing differentiation of Treg cells.

dendritic cell
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Moreover, mTOR controls the activity of HIF-1o, which
negatively regulates the function of Treg cells by promot-
ing FOXP3 degradation. AHR activation attenuates HIF-
la-mediated effects, thus influencing the differentiation
of effector T cells [14, 15].

In the early pregnancy, when metabolism is affected
and altered by hormones and proteins specific for this
period, signal transmission through CD69 can be associ-
ated mostly with the increased tryptophan transfer by the
LATI1-CD98 complex and AHR activation. Moreover,
insufficient formation of Treg cells can be caused by dis-
turbances of regulatory mechanisms during early preg-
nancy characterized by hypoxia development due to
endometrium decidualization and rearrangement of uter-
ine spiral arteries.

It is possible that both these mechanisms are activat-
ed during ICT, because in addition to the metabolic acti-
vation, introduction of multiple antigens also activates
specific immune response to weak antigens (adjuvant
effect). Lymphocyte response to the activation is different
in different environment (skin, uterus). It is likely that in
the uterus during pregnancy, at least one of the mecha-
nisms does not favor Treg formation under transient
hypoxic conditions.

All the above said is summarized in Fig. 3 (modified
from Cibrian and Sancher-Madrid [14]).

dendritic cell
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Fig. 3. Putative mechanisms for the regulation of Th1/Th17/Treg balance in physiological pregnancy and IRPL.
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Activation of immune system in women with IRPL
by immunization with lymphocytes from the male partner
was confirmed by appearance of anti-paternal anti-leuko-
cyte antibodies and by the dynamics in the content of
these antibodies from one procedure to another in preg-
nant and in non-pregnant women [16, 17]. However, no
signs of T cell activation, including changes in the content
of CD47CD25""CD127"°%/~ Treg cells, were observed in
the lymphocyte subpopulations in the peripheral blood of
women with the full-term pregnancy subjected to ICT
before the conception [18]. No changes were also found in
the content of CD4"CD25"¢"RORyt* Th17 lymphocytes
(Fig. 1a) and IL-17 production (Fig. 1b) in the subpopu-
lations of CD69-expressing lymphocytes (Table 1). The
changes in the content of Treg cells were observed during
the first trimester in women with the full-term pregnancy
[19], which indicated an important role of gestational
metabolic activation and regulatory proteins and peptides
specific for the early pregnancy in the formation of the
maternal immune system response to fetal alloantigens.
The subpopulations of lymphocytes in the peripheral
blood of IRPL patients with the full-term pregnancy were
the same as in women with the physiological course of
pregnancy beginning week 12 of gestation [20]. No differ-
ences were found in the content of CD69-expressing lym-
phocytes (Table 5), the fraction of CD4"CD25"¢"RORyt*
Ilymphocytes, and IL-17 production of (Fig. 2). Therefore,
ICT was beneficial for the pregnancy prolongation in
these women, and the success of ICT was associated with
the formation of a balance between the content of effector
T lymphocytes and cytokine production essential for preg-
nancy maintenance (Fig. 3).

Before the ICT, the amount of lymphocytes respond-
ing to the in vitro stimulation in women with IRPL who
lost pregnancy in the first trimester was significantly lower
than in women with prolonged pregnancy (Table 1). After
pregestational ICT, the level of CD3"CD8"CD69" lym-
phocytes in these women increased. At weeks 5-6 of preg-
nancy, the amount of T lymphocytes expressing CD69
spontaneously (CD45*CD69* and CD45"CD3"CD69")
and in response to the stimulation with mitogens
(CD45*CD3*CD69", CD3*CD4*CD69", and
CD3*CD8*CD69") significantly increased. The fraction
of cytotoxic CD3*CD8"CD69" T lymphocytes among
CD3"CDS8* lymphocytes also increased (Tables 3 and 4).
There were no differences in the content of CD69-
expressing NK cells and the fraction of activated NK cells.

It has become generally accepted that in normal
pregnancy, NK cells mainly ensure trophoblast invasion
and remodeling of spiral arteries under the influence of
microenvironment that develops in response to the recog-
nition of fetal antigens, which in its turn, is a prerequisite
for the generation of specific peripheral tolerance in
physiological pregnancy [21]. The balance between the
cytotoxic activity of T lymphocytes and NK cells is very
important for the normal pregnancy course [22]. It is pos-

BIOCHEMISTRY (Moscow) Vol. 85 No. 5 2020

591

sible that the level of CD69 expression on the T lympho-
cyte surface in the peripheral blood before the in vitro
stimulation during ICT can be a marker of specific
response of T lymphocytes to the paternal antigens of the
fetus. In such case, we may assume that in women with
IRPL, an increased response of cytotoxic lymphocytes to
the polyclonal stimulation also reflects an increase in the
specific response to fetal antigens.

Hence, the results of our study do not confirm the
hypothesis on the impaired recognition of paternal anti-
gens of the fetus as a leading factor of pregnancy loss.
Instead, we suggest a possibility of controlling the inflam-
matory reactions in response to the appearance of anti-
gens of the semi-allogenous fetus in woman’s reproduc-
tive tract. It is likely that ICT acts as one of such control-
ling therapeutic measures. It cannot be excluded that in
the majority of patients, ICT can suppress the excessive
response of lymphocytes to both polyclonal stimulation
and stimulation of T lymphocytes by fetal antigens, as
indicated by the observed steady levels of CD69 expres-
sion on the surface of CD3" lymphocytes at all times of
prolonged pregnancy, but not in patients with miscar-
riage, in which mitogen-stimulated in vitro expression of
CD69 by cytotoxic T lymphocytes was higher than in
women with prolonged pregnancy, in the absence of dif-
ferences in the response of NK cells to the polyclonal
stimulus.

We have shown earlier that in women who lost preg-
nancy, the content of NK cells before the immunization
in the pregestational period had been lower than in
patients with prolonged pregnancy. The correlation
between the low level of CD56" lymphocytes and proba-
bility of pregnancy loss in the first trimester was retained
also at weeks 5-6 of pregnancy [23]. This confirms the
suggestion that that low levels of both Treg and NK cells
are reliable markers of spontaneous abortion [24]. The
low level of CD4"CD25"e"CD127°%~ Treg cells in the
peripheral blood both before the pregestational ICT and
at weeks 5-6 of pregnancy was characteristic of IRPL
women patients [23, 25]. As mentioned above, an
increase in the content of these lymphocytes was observed
only in patients with prolonged pregnancy. Moreover, we
found that in patients subjected to ICT, not only the level
of NK cells decreased to the minimum at weeks 5-6 weeks
of pregnancy as compared to the initial level in women
who lost this pregnancy [23], but that the fraction of
CD4*CD25"e"RORyt* lymphocytes also decreased to the
minimum at the same time, which was accompanied by a
high production of IL-27 by the stimulated cells of the
peripheral blood (Fig. 1). On one hand, low blood Ievel of
CD4*CD25"e"RORyt* cells can reflect activated migra-
tion of Th17 cells from the peripheral blood; on the other
hand, high production of IL-17 indicates the presence in
peripheral blood of cells which are able to intensively
secrete IL-17 upon stimulation and to provide the Th17-
type of proinflammatory response.
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All the above said allows us to suggest formation of
impaired immune response in IRPL patients who lost
pregnancy and inability of ICT to control inflammatory
reactions in these patients during early pregnancy. Note
that the high levels of IL-17 production by stimulated
peripheral blood cells in women with physiological course
of pregnancy and in IRPL patients with prolonged preg-
nancy at week 12 indicate that procedures performed for
prolonging the pregnancy should weaken but not abolish
the Th17 response in women with IRPL.

Our data confirm the involvement of activated Th17
cells along with FOXP3* Treg cells in the formation of tol-
erance to paternal antigens of the fetus. In the future, it will
be necessary to assess the role of the transcription factor
RORyt and Th17 cells in the formation or suppression of
tolerance to the paternal antigens during pregnancy [26].
Although we have not demonstrated the possibility of con-
current expression of RORyt and FOXP3 in CD4*CD25"e"
cells, there are experimental data on the association of
RORyt expression in FOXP3* Treg cells with the high-level
synthesis of the interferon-regulating factor 4 which pro-
vides Treg cells with the ability to suppress the Th2
response, which is very important in early pregnancy [27].

Thus, our assessment of the ability of peripheral blood
lymphocytes of patients with IRPL to respond to the in
vitro stimulation by expressing CD69 is in agreement with
the current concepts on the immune relations between
mother and fetus in early pregnancy. These results also
confirm the formation of immune tolerance to fetal
alloantigens of paternal origin in patients with IRPL whose
pregnancy was prolonged to the full term and ended with
birth of a viable child, in response to ICT in the pregesta-
tional period and during the first trimester. We showed that
ICT was unable to control the tolerance formation in the
IRPL women who lost the observed pregnancy. These
results expand our knowledge on the role of lymphocyte
activation in the formation of immune tolerance to fetal
alloantigens in early pregnancy in women with IRPL.
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