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Pesome. /lokaszaHa BaxkHas pPOJIb MMMYHHBIX HapyHICHWI B IIPUBBIYHOM HEBBIHAIIIMBAHUM OepeMeH-
HOCTHU. YTOUHCHUE XapakTepa auddepeHInpoBKu B-mmMdonnToB 1 (haKTOpOB ee PeryIsIui Y SKeHIITTH C
YIPOXAOIINM BBEIKMABIIIECM W IPUBBIYHBIM HEBBIHAIIMBAHUEM OSpeMEHHOCTH B aHaAMHE3€ SIBIISICTCS aKTy-
aITbHOI TIPOOJIEMOI1, TIOCKOJIBKY ITO3BOJIUT BBISIBUTH MMMYHHBIC MEXaHMN3MBI IaTOTeHE3a TaHHOM ITaTOJIOTUH.

Llenp: ycTaHOBUTH 0COOCHHOCTH TUMPepeHIINPOBKU B-T1nMMOIIMTOB 1 (paKTOPOB ¢ PeryIsinui y KeH-
IIWH C TIPUBBIYHBIM HEBBIHAIMMBAHUEM OCSpEeMEHHOCTH B aHaAMHE3¢ M YTPOKAIOIINM CaMOIIPOM3BOIBHBIM
BBIKMIBIIIIEM Ha MOMEHT OOCJICIOBaHUSI.

brutn obcenoBaHbl 6epeMeHHBIE XKEeHITMHBI B Bo3pacTe 18-40 JieT B cpoke recraiuu 5-12 Hemenb. Oc-
HOBHYIO IpYyIITy cOCTaBuIn 60 GepeMeHHBIX KEHIIUH C YIPOXAIOIIMM CaMOIIPOU3BOJIbHBIM BHIKUAIBIIIIEM Ha
MOMCHT 00CJIeIOBaHMS U IIPUBBIYHLIM HEBBIHAIIIMBAaHEM B aHaMHe3e. B KauecTBe KOHTPOJIST 00CIeI0BaHO
35 6epeMeHHBIX KeHIIIUH ¢ HEOCIIOXKHEHHBIM TeUdeHrueM OcpeMeHHOCTH. [pymiy cpaBHEHMS COCTaBIIIA 25
TIepBOOEPEeMEHHBIX XXCHIIWH C YTPOKAIOIIM CaMOIIPOM3BOILHBIM BEIKMIBIIIICM Ha MOMEHT 0OCJICTOBAHMSI.
MarepuanoM ncciaeaoBaHUS CIIy:KIIa TiepudeprmdecKas BEHO3HAsI KPOBb. METOIOM IIPOTOYHOI TUTOMTIO-
OPUMETPHUU OIpeAesstin cyoromynsaunu B-mmmdonuros CD19*, CD19*IgD*, CD20*IgM*, CD20"IgG™;
CD19*CD20-CD38*, CD19"CD27-, CD19*CD27*. CeiBopotounsiii ypoBeHb BAFF 1 APRIL oneHuBaics
METOIOM UMMYHO(GEPMEHTHOTO aHAJIN3a.

B ocHOBHOIT Trpymme 3apeTMCTPUPOBAHO YBEIIMUYCHHE B TepUdeprIecKoil KPOBU ITOJM B-KiIeTOK,
CD20*IgM™* mnMbOLIMTOB 1 KJIETOK ITaMSITH, HaApSIOTy CO CHIDKECHUEM YPOBHS HAaWBHBIX KJIETOK U TIa3MO-
IMTOB. B rpyrire cpaBHeHUSs 3aperucTpMpPOBaHO YBEJIMUEHUE 101 He3pebix I[gM™B-kineTtok, HUpKyaupy-
FOIIMX KJIETOK ITaMSITH HapsIIy CO CHIDKEHNEeM HauBHBIX B-mmMmdoninToB. B ocHOBHOII TpyIiiie HaOJIIOIAIOCh
BBIpaXXKCHHOE CHIDKCHUE CBIBOPOTOUHOTO YpoBHSI BAFF 110 cpaBHEHMIO C TPYITIIOit KOHTPOJISI M CpaBHEHMS.
Ananus conepxanusg APRIL nmokaszan BbIpaxk€eHHYIO TEHASHLIMIO K CHUXXEHMIO B TPYMIax C yrpoXKarolum
BBIKMIBIIIEM OTHOCUTEILHO 3I0POBBIX OcpeMeHHBIX. TaKMM 00pa30oM, YTpOKaIOIIUii MPUBBIYHBIN U CITOpa-
IUYSCKUI BBIKUIBIIN OBUIA aCCOIMUPOBAHBI CO CABUTOM IM(pGepeHIIMPOBKN B-TMMMOIIMTOB B CTOPOHY
He3pesbiX opM 1 HepocTaTkoM peryaupytoiiero BiusHus BAFF u APRIL, uto BeipaxaeTcst B HapylLIeHUN
B-xieTouHOTrO roMeocTasa u 0CcJIabJICHUM TYMOPaTbHBIX 3(D(MEKTOPHBIX MEXaHU3MOB Ha CHICTEMHOM YPOBHE.
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BoisiBieHHBIE U3MEHEHMST MOTYT CBUJIETEILCTBOBATH O €IMHOM MEXaHU3Me Pa3BUTHSI YTPOXKAIOIIETO CaMO-
MPOM3BOJILHOTO BBIKUIBIIIA, BHIPAXKEHHOCTh KOTOPOTO YBEJIMUYMBAETCSI TIPU TTOBTOPHOI TToTepe OepeMeH-
HOCTU. DTU U3MEHEHMST MOTYT MPUBOAUTH K YCWICHUIO 3(h(HEeKTOPHBIX IIUTOTOKCUUECKUX MEXaHU3MOB U1
YBEJIMYEHUIO ITPOBOCHATUTEIBHBIX IIMTOKWMHOB, UTO MOXKET MPUBECTH K PA3BUTHIO TTOBPEKAAIONINX PEaKITU
B (peToruTtarieHTapHOM KOMILJIEKCE, OTPasKeHUEM Yero MOXKET SIBJISIThCSI KIIMHUYeCKasi KapTUHA yrpo3bl TIpe-
pbIBaHUSI O€PEeMEHHOCTH.

Knrouesnie crosa: bepemennocms, yepo3a npepuleanus bepemeHHOCMU, NPUSblMHoe HesbiHauusanue, B-aumgpouumot, BAFF, APRIL

REGULATION OF PERIPHERAL B-LYMPHOCYTE
DIFFERENTIATION IN RECURRENT MISCARRIAGE
Malyshkina A.L*", Sotnikova N.Yu.*?, Kust A.V.2, Voronin D.N.?

¢ V. Gorodkov Ivanovo Research Institute of Maternity and Childhood, Ivanovo, Russian Federation
b Ivanovo State Medical Academy, Ivanovo, Russian Federation

Abstract. The important role of immune disorders in recurrent miscarriage has been proven. Clarification of
the character of B-lymphocyte differentiation and its regulation factors in women with threatened miscarriage
and recurrent miscarriage in history is an urgent problem, since it will reveal the immune mechanisms of the
pathogenesis of this pathology. Purpose: to establish the features of B-lymphocyte differentiation and factors
of its regulation in women with a history of recurrent miscarriage and threatening spontaneous miscarriage at
the time of examination.

Were examined pregnant women aged 18-40 years at a gestation period of 5-12 weeks. The main group
consisted of 60 pregnant women with a threatening spontaneous miscarriage at the time of examination and
a history of recurrent miscarriage. As a control, 35 pregnant women with uncomplicated pregnancy were
examined. The comparison group consisted of 25 primary pregnant women with threatened spontaneous
miscarriage at the time of examination. The material for the study was peripheral venous blood. Subpopulations
of B-lymphocytes CD19*, CD19" IgD*, CD20"IgM*, CD20*IgG* were determined by flow cytometry;
CD19*CD20-CD38*, CD19*CD27-, CD19"CD27". Serum levels of BAFF and APRIL were assessed by
enzyme-linked immunosorbent assay.

In the main group, an increase in the proportion of B-cells, CD20*IgM*-lymphocytes and memory cells
was recorded in the peripheral blood, along with a decrease in the level of naive cells and plasma cells. In the
comparison group, an increase in the proportion of immature IgM™*B-cells, circulating memory cells, along
with a decrease in naive B-lymphocytes, was registered. in the main group there was a pronounced decrease
in the serum BAFF level compared with the control and comparison groups. Analysis of the APRIL content
showed a pronounced downward trend in groups with threatened miscarriage relative to healthy pregnant
women. Thus, threatening habitual and sporadic miscarriages were associated with a shift in the differentiation
of B-lymphocytes towards immature forms and a lack of regulatory influence of BAFF and APRIL, which is
reflected in the disruption of B-cell homeostasis and weakening of humoral effector mechanisms at the systemic
level. The revealed changes may indicate a single mechanism for the development of a threatening spontaneous
miscarriage, the severity of which increases with repeated loss of pregnancy. These changes can lead to an
increase in effector cytotoxic mechanisms and an increase in proinflammatory cytokines, which can lead to the
development of damaging reactions in the fetoplacental complex, which can be reflected in the clinical picture
of the threat of termination of pregnancy.

Keywords: pregnancy, threatened abortion, recurrent miscarriage, B-lymphocytes, BAFF, APRIL

The problem of the etiology and pathogenesis of
recurrent miscarriage remains of high priority, despite
the attention paid to it. Currently, the attention is
attracted by the immune mechanisms of recurrent
pregnancy loss. Recurrent miscarriage in 50% cases is
associated with pathological changes in various arms
of the immune system and an inadequate maternal
response to a semi-allogeneic fetus [2]. Pregnancy

is a complex multi-stage process that includes
fertilization, implantation, placentation and further
embryonic development. Such processes are regulated
by hormones, cytokines and many other intercellular
interactions. The mother-fetus immune relationship
is currently viewed as a two-way interplay process. On
the one hand, fetal antigens must be presented to the
maternal immune system, and on the other hand, the
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maternal immune system must recognize them and
respond. [1].

B-lymphocytes play an important role during un-
complicated pregnancy as they produce antibodies
involved in humoral immune responses. Recently,
the autoantibody-producing B-lymphocytes has been
studied in complicated pregnancy, such as sponta-
neous miscarriage, preeclampsia, intrauterine growth
retardation, stillbirth and premature birth [10].
Currently, there are sporadic data on changes in
B-lymphocyte subpopulations during recurrent
miscarriage. According to Baturina et al., Recurrent
pregnancy loss was paralleled with decreased primary
naive IgD*CD38 B-cell number in peripheral blo-
od [3]. In addition, it was evidenced about increased
number of CDI19*CD5*-cells with simultaneously
decreased CDI19*-lymphocytes in women with a
history of recurrent miscarriage [4]. These data suggest
that the character of B-lymphocyte differentiation
changes significantly in recurrent miscarriage.

Differentiation of B-lymphocytes is regulated
by various factors. The most significant factors are
soluble ligands BAFF (B-cell activation factor) and
APRIL (proliferation-inducing ligand) [5]. Elevated
serum levels of BAFF and APRIL are associated with
autoimmune diseases. The severity of diseases and the
level of pathogenic autoantibodies directly depend on
the serum level of BAFF and APRIL [13]. Anincreased
level of BAFF and APRIL was observed in patients
with autoimmune diseases such as systemic lupus
erythematosus, rheumatoid arthritis, diabetes [12],
systemic scleroderma, etc. [14].

Currently, only sporadic data on the level of
BAFF in recurrent pregnancy loss are available. The
BAFF level was significantly reduced in patients
with repeated spontaneous decidual and trophoblast
abortion compared with healthy pregnant women [8].
Serum BAFF was reduced in pregnant women with
fetal growth retardation [6]. Currently, no literature
data on the APRIL level during pregnancy are found.

The aim of our study was to establish the cha-
racteristics of B-lymphocyte differentiation and fac-
tors of its regulation in women with former recurrent
miscarriage and threatened termination of pregnancy
at the time of examination.

Materials and methods

The study was carried out at the V. Gorodkov
Ivanovo Research Institute of Maternity and
Childhood of Ministry of Health of Russia in the years
2018-2020. Pregnant women aged 18-40 years were
examined at the gestation period of 5-12 weeks. The
main group consisted of 60 women with threatened
spontaneous miscarriage upon examination and
former recurrent miscarriage. The control group
consisted of 35 women with uncomplicated course
of pregnancy. The comparison group included 25

pregnant women with threatened sporadic miscarriage
upon examination. The inclusion criteria for the study
were: spontaneous singleton uterine viable pregnancy
confirmed by ultrasound and signs of threatened
miscarriage. The exclusion criteria were: a miscarriage
in progress, structural changes in the karyotypes of
spouses established at the pregravid stage, anomalies
in development of the reproductive system,
anembryonia, pregnancy with the help of assisted
reproductive technologies, autoimmune diseases,
endocrine dysfunctions, acute and exacerbated in-
flammatory chronic diseases, allergic reaction upon
examination, cancer processes. Peripheral blood
samples were used in the study.

Using a flow cytometer FACSCanto II (BD
Biosciences, USA), we determined percentage of
CDI19*B-cells, expression of immunoglobulins
CDI19*IgDh*, CD20*"IgM*, CD20*IgG*; level of
plasma cells (CD19*CD20-CD38") and naive cells
(CD19*CD27°); memory cells CD19*CD27*. We
determined the percentage of subpopulations in the
pool of CDI19" or CD20*-lymphocyte gate cells.
We used the following monoclonal antibodies: anti-
CD19 conjugated with PE (Beckman Coulter,
France), anti-CD19 conjugated with APC (Beckman
Coulter, France), anti-CD20 conjugated with FITC
(Beckman Coulter, France), anti-CD27 and CD38
conjugated with PE (Beckman Coulter, USA) and
anti-IgD conjugated with FITC (Beckman Coulter,
USA), anti-IgM conjugated with PE (eBioscience,
USA), anti-IgG conjugated with PE-Cy7 (Becton,
Dickinson and Company, USA). There were analyzed
at least 10,000 cells in each sample by using the
BDFACS Diva Software (Becton Dickinson, USA).
The level of serum BAFF and APRIL was measured
by ELISA (eBioscience, Austria).

Statistical data processing was carried out using
licensed software packages, e.g., Microsoft Office
2010, Statistica for Windows 13.0. The data are
presented as mean (M) and standard error of the
mean (m). Statistical significance between differences
was assessed by the Student’s test, because the
data followed the criteria of normal distribution.
Differences were considered statistically significant at
p <0.05.

Results and discussion

While assessing the count of peripheral B-lym-
phocytes, it was found that women with threatened
recurrent miscarriage had it significantly increased
among CDI19*-cell subset compared to remaining
pregnant women (Table 1) (p < 0.05 in all cases).
Assessing the level of IgM- and IgG-positive
CD20*B-lymphocytes in the peripheral blood in main
group found increased percentage of CD20*IgM™*-
lymphocytes compared to the control group (p < 0.05)
that tended to increase while compared to pregnant
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TABLE 1. CHARACTERISTICS OF THE CONTENT OF CD19*B-LYMPHOCYTES, IgM* AND IgG* CELLS IN THE POOL OF
CD20* LYMPHOCYTES, NAIVE B-CELLS, PLASMA CELLS, MEMORY B-CELLS IN THE POOL OF CD19* PERIPHERAL BLOOD
LYMPHOCYTES IN WOMEN WITH TREATENED SPONTANEOUS ABORTION AND RECURRENT MISCARRIAGE IN HISTORY

Indicator, % Control group Main group Comparison group
(M£m) (n =35) (n = 60) (n = 25)
CD19*B-cells 4.6+0.4 6'00_10'47 5.21+£1.00
p, =0.02
Immature B-cells 40.43+3.24
CD20°IgM* 30.0+4.0 b, =005 36.77+4.73
Mature B-cells
CD20°1gG* 8.0£1.9 5.05+0.98 6.01+1.14
Plasmacytes 31405 1.96+0.25 6'903(1)'(7)2
CD19*CD38*CD20- T p, =0.03 P2 o
p; = 0.01
B memory cells 50.06+4.28 43.98+3.02
CD19°IgD* 33.9£2.3 b, = 0.01 b, = 0.02

Note. p, is the level of statistical significance of the differences between the main and control groups; p, is the level of
statistical significance of the differences between the comparison group and the control group; p; is the level of statistical
significance of differences between the main group and the comparison group.

TABLE 2. CHARACTERISTICS OF THE FACTORS REGULATING THE DIFFERENTIATION OF B-LYMPHOCYTES IN WOMEN
WITH THREATENING SPONTANEOUS MISCARRIAGE AND RECURRENT MISCARRIAGE IN HISTORY

Indicator, % Control group Main group Comparison group
(M£m) (n = 35) (n =60) (n = 25)
1.30 £0.05 1.90+0.21
BAFF 1.5+0.1 b, =003 0, = 0.01
APRIL 1.210.8 0.34+0.06 0.31+0.43

Note. p, is the level of statistical significance of the differences between the main and control groups; p, is the level of
statistical significance of the differences between the comparison group and the control group.

women with threatened sporadic miscarriage. The
number of CD20*IgG*B-lymphocytes was reduced
in groups with threatened recurrent and sporadic
miscarriage compared with healthy pregnant women
(p < 0.05).

Analyzing differentiation features of peripheral
B-lymphocytes showed that the number of naive
CD19*CD27-B-lymphocytes in the main group and
the comparison group was lower than in the control
group. The number of plasma cells CD19"CD20-
CD38"-cells in the main group was significantly lower
than in remaining subjects (p < 0.05 in all cases). In the
peripheral blood of patients of the main group and the
comparison group, the number of CD19*CD27*B-
memory cells was higher than in those lacking threa-
tened termination of pregnancy.

Evaluation of the factors regulating B-lymphocyte
differentiation showed a significant decrease in the
serum BAFF level in the study group compared to
other pregnant women (Table 2). The difference in
serum BAFF concentration in comparison vs. control
group was statistically significant. Analysis of the
serum APRIL level showed that in the main group it

prominently tended to decrease in pregnant women
with threatened termination of pregnancy compared
with healthy pregnant women.

According to the literature, physiological pre-
gnancy is accompanied by hormone-mediated B-cell
lymphopenia and increased level of circulating
BAFE which is necessary for differentiation of
immature transitional B-cells into naive mature
B-cells [10]. Here, we estimated the number of
circulating B-lymphocytes and subset composition,
as well as serum concentration of factors regulating
B-cell differentiation. The data obtained showed
that women with threatened habitual miscarriage
were characterized by pronounced changes in
B-lymphocyte subset composition. According to our
data, threatened recurrent miscarriage was associated
with B-cell lymphocytosis, increased percentage of
immature CD20*IgM™* and memory B-cells, along
with decreased count of naive and plasma cells.

CD20*IgM*B-cells are characterized as immature,
short-lived B-lymphocytes that undergo antigen-
independent positive selection leading to elimination
of cells exerting high affinity to autoantigens. This
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B-cell subpopulation is characterized by long-term
inactivation after contacting cognate antigen and
reduced potential for further clonal proliferation and
differentiation. In addition, immature B-cells exhibit
reduced affinity to antigens, immature phenotype and
lowered expression of receptors for major regulatory
ligands [11].

Similar changes in B-lymphocyte differentiation
were observed among women at risk of terminated
first pregnancy. We observed increased percentage of
immature IgM*-cells, circulating memory cells and
decreased naive B-lymphocytes. We assume that the
data obtained may suggest a single mechanism for
developing threatened miscarriage. Moreover, the
magnitude of skewed B-lymphocyte differentiation
progress along with recurrent loss of pregnancy.

BAFF and APRIL signal through the three
receptors: BAFF specific receptor (BAFF-R),
L-TACI (transmembrane activator-1 and calcium
modulator and cyclophilin ligand interacting with
CD267) and BCMA (B-cell maturation antigen,
CD269). The BAFF-BCMA interaction plays an
important role in the survival of plasma cells. The
BAFF-BAFFR interaction leads to activation of the
NFB- B pathway and the transcription of the anti-
apoptotic factor Bcl-2. This promotes the survival of
marginal, follicular zones, as well as IL-10-producing
B-lymphocytes [9]. Signaling through TACI and
BCMA is important for survival of APRIL-induced
IgA*Breg [5].

BAFF plays a critical role in the homeostasis of
the entire B-lymphocyte pool under physiological
conditions, contributing to survival and maturation
of B-cells. It is known that increased activation of
B-cells leads to excessive generation of plasma cells
and potentiation of humoral reactions, which can lead
to the development of autoimmune processes [11]. In
addition, the BAFF / BAFF-R interaction activates
the PI3K-Akt signaling pathway as well as increases
viability and activation of T-lymphocytes, which are
involved in recurrent miscarriage [9]. Thus, BAFF
is involved in maintaining B-cell homeostasis and is
an essential factor in the pathogenesis of recurrent
miscarriage.

It has been shown that exposure to BAFF and
APRIL in vitro and in vivo enhances the expression of
the immunosuppressive cytokine IL-10 by regulatory
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