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Abstract
Background: Pregnancy-specific β1-glycoproteins are capable of regulating innate and adaptive immunity, exerting
predominantly suppressive effects. In this regard, they are of interest in terms of their pharmacological potential for
the treatment of autoimmune diseases and post-transplant complications. The effect of these proteins on the main
pro-inflammatory subpopulation of T lymphocytes, IL-17-producing helper T cells (Th17), has not been
comprehensively studied. Therefore, the effects of the native pregnancy-specific β1-glycoprotein on the
proliferation, Th17 polarization and cytokine profile of human CD4+ cells were assessed.
Results: Native human pregnancy-specific β1-glycoprotein (PSG) at а concentration of 100 μg/mL was shown to
decrease the frequency of Th17 (RORγτ+) in CD4+ cell culture and to suppress the proliferation of these cells
(RORγτ+Ki-67+), along with the proliferation of other cells (Ki-67+) (n = 11). A PSG concentration of 10 μg/mL
showed similar effect, decreasing the frequency of Ki-67+ and RORγτ+Ki67+ cells. Using Luminex xMAP technology,
it was shown that PSG decreased IL-4, IL-5, IL-8, IL-12, IL-13, IL-17, MIP-1β, IL-10, IFN-γ, TNF-α, G-CSF, and GM-CSF
concentrations in Th17-polarized CD4+ cell cultures but did not affect IL-2, IL-7, and MCP-1 output.
Conclusions: In the experimental model used, PSG had а mainly suppressive effect on the Th17 polarization and
cytokine profile of Th17-polarized CD4+ cell cultures. As Th17 activity and a pro-inflammatory cytokine background
are unfavorable during pregnancy, the observed PSG effects may play a fetoprotective role in vivo.
Keywords: Pregnancy-specific β1-glycoprotein, Helper T cells, Pregnancy, Cytokine profile, RORγτ transcription
factor, Interleukin-17

Background
During pregnancy, the maternal immune system undergoes alloimmunization by fetal antigens [1, 2]. As a result,
a dynamic balance of immune tolerance formes, in which
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placental protein hormones are prominent [3]. Pregnancyspecific β-1-glycoproteins (PSGs) are produced during
pregnancy by syncytiotrophoblast cells [4]. PSGs are the
product of the expression of psg genes and are members
of a protein family that includes more than 30 isoforms [3,
5]. The level of PSGs in peripheral blood during the third
trimester reaches 200–400 μg/mL, which significantly exceeds the content of other known placental proteins [6].
PSGs are known to regulate innate and adaptive immunity
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[7–9]. Immunomodulatory effects of these proteins, such
as the activation of TGF-β [10], stimulation of FOXP3 expression by T cells [11] and IDO expression by monocytes
[12], suppression of pro-inflammatory cytokine production by intact mononuclear cells [13], and modulation of
the functional activity of naive and memory T cells [14],
demonstrate their important role in the formation of fetomaternal tolerance.
Among other factors, the ratio of anti-inflammatory
and pro-inflammatory lymphocyte subsets (Treg and
Th17) is essential for successful fetal development. During a healthy pregnancy, the Treg/Th17 ratio shifts towards Treg cells [15], and a decrease in Tregs and/or an
increase in the Th17 percentage accompanies pregnancy
disorders such as preeclampsia, preterm birth, misscarriage, and unexplained recurrent pregnancy loss [16].
Even in the case of a relatively successful pregnancy, an
increased pro-inflammatory background may cause deviations from the typical development of the nervous system, which lead to an increased risk of neuropsychiatric
disorders [17–19].

Fig. 1 Research design
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The triggering factor for these pregnancy complications may be IL-17, which induces the synthesis of
the pro-inflammatory cytokines IL-1β, TNF-α, IL-6,
and IL-8, along with the neutrophil-specific chemokines CXCL1, CXCL2, CXCL5, CXCL8, and RANKL;
and matrix metalloproteinases (MMP-3, − 9, − 13)
[20, 21].
Failed immune regulation of Th17 leads not only to
pregnancy complications but also to the development of
autoimmune diseases such as asthma, psoriasis, rheumatoid arthritis, Crohn’s disease, multiple sclerosis, and
others [22, 23]. Interestingly, a progression of Th2-type
autoimmune disease has been observed during pregnancy, while Th1/Th17-type autoimmune deseases
underwent remission [24]. These data confirm that
Th17-mediated immune responses are undesirable during pregnancy and are suppressed by factors that are
generated during gestation.
Therefore, the objective of this study was to elucidate
the effects of PSGs on the Th17 polarization of CD4+
cells and their cytokine production.

Timganova et al. BMC Immunology

(2020) 21:56

Page 3 of 8

Results and discussion
The effect of PSG on the Th17 polarization of CD4+ cells

Isolated CD4+ T cells were cultivated for 72 h in the
presence of a native PSG, TCR–activator, IL-1β, and
IL-6, with subsequent assessment of proliferation
using flow cytometry, detection of RORɣτ (RAR (retinoic acid receptor)-related orphan receptor gamma)
and Ki-67 expression, and evaluation of different
cytokine concentrations in culture supernatants
(Fig. 1). We used concentrations of PSG (1, 10, and
100 μg/mL) that correspond to the first, first-second,
and second-third trimesters of pregnancy, respectively
[6, 25].
When estimating the effect of PSG on the proliferation of CD4+ T cells that accompanied their Th17
polarization, it was established that the addition of
PSG into CD4+ cultures at concentrations of 10 and
100 μg/mL dose-dependently changed the percentages
of proliferating and non-proliferating cells (Table 1).
According to the differential gating method, PSG concentrations of 10 μg/mL and 100 μg/mL decreased the
percentage of proliferating and increased the percentage of non-proliferating helper T cells. PSG did not
affect the percentage of dead and apoptotic cells.
Thus, PSG, in our study, primarily suppressed the
proliferation of CD4+ T cells in Th17-polarizing conditions (Table 1).
The antiproliferative effect of PSG was previously
known [8, 26], but there was no evidence of the effect of
this placental protein hormone on the Th17 proinflammatory subpopulation. In our previous study, the
general inhibitory effect of PSG on CD4+ T cell proliferation was shown [27], but we now confirmed this effect
for RORγτ+ Th17. This effect is probably due to a single
mechanism of latent TGF-β1 activation for all lymphocytes [28, 29].
When studying the effect of PSG on Th17 differentiation, it was found that PSG at a concentration corresponding to the last trimester of pregnancy (100 μg/mL)
significantly decreased the number of CD4+ lymphocytes
expressing the RORγτ transcription factor, the main
intranuclear marker of Th17 cells [30] (Fig. 2).

The differentiation processes of Th17 cells are accompanied by the active proliferation of these cells [31].
Therefore, we evaluated the level of intracellular expression of Ki-67, which appears in actively proliferating
cells [32, 33].
PSG (10 and 100 μg/mL) suppressed the expression of
Ki-67 in Th17-polarized CD4+ cells (Fig. 2). This effect
correlates with the data from the differential gating
method (10 μg/mL: r = 0.69, P = 0.011; 100 μg/mL: r =
0.65, P = 0.018).
Next, we analyzed the effect of PSG on RORγτ
expression, depending on the proliferative status of
the cells. For this purpose, the percentages of
RORγτ+Ki-67+ (proliferating) and RORγτ+Ki-67−
(non-proliferating) cells were determined (Fig. 2). PSG
at concentrations of 10 and 100 μg/mL decreased the
amount of proliferating Th17 (RORγτ+Ki-67+) cells in
the CD4+ cell culture. Correspondingly, the percentage of non-proliferating Th17 cells (RORγτ+Ki-67−) in
the culture increased (Fig. 2).
Thus, PSG regulates both the proliferation and differentiation of CD4+ cells under Th17 polarizing conditions, rendering mainly an inhibitory effect.
The influence of PSG on the cytokine profile of Th17polarized CD4+ cells

When analyzing the cytokine profile of Th17-polarized
CD4+ cell cultures, we found that PSG at concentrations
of 10 and 100 μg/mL decreased the production of IL-10,
IFN-γ, MIP-1β, and TNF-α (Table 2).
In some cases, an inhibitory effect of only a high concentration of PSG on the production of cytokines was
found. PSG at concentration of 100 μg/mL suppressed
the production of IL-4, IL-5, IL-8, IL-12, IL-13, IL-17,
G-CSF, and GM-CSF (Table 2). Among the abovementioned cytokines, the pregnancy protein had the
most pronounced inhibitory effect on the secretion of
IL-17 (2.64-fold) and GM-CSF (2.74-fold).
Reduction in IL-17 output in 100 μg/mL PSG CD4+
culture correlates with a decrease in the proliferating
RORγτ+Ki67+ cell percentage and inversely correlates
with an increase in the non-proliferating RORγτ+Ki67−

Table 1 PSG effect on the proliferative status of CD4+ cells in Th17-polarizing conditions
Culture

The percentage of cells from all living lymphocytes
Proliferating

Control

Non-proliferating

Apoptotic

M

SD

P

M

SD

P

M

SD

P

49.91

7.718

–

47.63

7.512

–

2.458

0.331

–

PSG 1 μg/mL

48.99

7.935

0.7539

48.61

7.675

0.7273

2.5

0.3578

0.9672

PSG 10 μg/mL

47.26

6.722

0.0258

50.26

6.551

0.0197

2.479

0.2999

0.9842

PSG 100 μg/mL

42.34

5.642

0.001

55.04

5.417

0.0011

2.627

0.469

0.438

n = 11; M – arithmetic mean, SD – standard deviation, P – P-value; control – the CD4+ cell culture without PSG, but with TCR-activator, IL-1β, and IL-6. Bold P
values indicate significant differences as compared with control by the one-way ANOVA with Dunnett’s multiple comparisons test
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Fig. 2 Effect of PSG on RORγτ and Ki-67 expression in the Th17-polarized CD4+ cell culture. Note: n = 11; control – the CD4+ cell culture without
PSG, but with TCR-activator, IL-1β, and IL-6. The box shows the interquartile range (Q1-Q3), the band inside the box is the median (Me), and ends
of the whiskers represent the minimum and maximum of all the data.* - significant differences (P < 0.05) compared with the control by the
Friedman test with Dunn’s multiple comparisons test

cell percentage and thus may be directly associated with
the antiproliferative effect of PSG.
In addition to IL-17, their major effector cytokine,
Th17 cells can produce IL-21, IL-22, TNFα, IFNγ, and
GM-CSF. This impressive arsenal helps cells cope with
extracellular and intracellular bacteria; ensure protective
immunity to Mycobacterium tuberculosis, Chlamydia
trachomatis, fungi, and viruses; protect mucosal homeostasis; and enhance the neutrophil response. Conversely,
it is involved in inflammation and several autoimmune
diseases [34]. IL-17 has been shown to activate the nuclear factor (NF)-kB downstream signaling pathway,
which results in the expression of pro-inflammatory
cytokine genes, such as TNF-α, IL-1, IL-6, G-CSF, and
GM-CSF; the chemokines CXCL1, CXCL5, IL-8, CCL2,
and CCL7; the matrix metalloproteinases MMP1,
MMP3, MMP9, and MMP13; and the antimicrobial peptides defensins and S100 proteins [35]. Since IL-17 is a
decisive factor triggering inflammatory reactions, it is
quite logical that in our study, a decrease in its

concentration in 100 μg/ml PSG cultures correlated with
a decrease in TNF-α (r = 0.78, P = 0.003) and IFN-γ (r =
0.73, P = 0.007). TNF-α, like other IL-17-derived proinflammatory cytokines, is highly undesirable during
pregnancy, as it can causе pregnancy complications,
such as recurrent miscarriage, premature rupture of fetal
membranes, preeclampsia and intrauterine fetal growth
retardation [36].
In our study, PSG at a concentration of 100 μg/mL
inhibited the production of G-CSF and GM-CSF by
CD4+ cells under Th17-polarizing conditions (Table
2). These hematopoietic colony-stimulating factors are
necessary for the onset and progression of pregnancy,
but above all, locally. Other pregnancy proteins may
stimulate their synthesis in vivo. In particular, it is
known that the expression of GM-CSF is triggered by
chorionic gonadotropin [37], the concentration and
therefore the dose-dependent effect of which are significantly higher in the first trimester of pregnancy
than PSG.
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Table 2 PSG effect on the cytokine/chemokine profile of the Th17-polarized CD4+ cell culture
Cytokine
(pg/mL)

Control

PSG concentration
1 μg/mL

10 μg/mL

100 μg/mL

IL-2

335,63 (245,64-442,40)

291,51 (205,12-614,36)

283,09 (196,76-597,03)

245,33 (220,51-360,54)

IL-4

11,7 (10,66-13,06)

11,26 (8,98-12,65)

10,10 (8,79-11,36)

10,46 *(9,21-11,21)

IL-5

275,23 (255,28-292,34)

281,69 (231,28-294,73)

240,85 (231,14-281,29)

226,75 *(215,79-245,03)

IL-7

2,44 (2,08-2,63)

1,73 (1,57-2,73)

2,51 (1,61-2,81)

1,73 (1,61-1,79)

IL-8

2568 (1774–3204)

1748,39 (1084,57–2207,15)

1632,86 (1512,27-3047,92)

1807,68 *(1109,83-2386,00)

IL-10

1125,84 (968,65-1605,55)

728,61 (387,41-1330,60)

634,33 *(576,84-843,67)

321,45 *(255,58-745,42)

IL-12

7,18 (6,19-8,15)

6,71 (6,28-7,95)

6,81 (6,17-8,52)

5,80 *(5,70-7,11)

IL-13

360,56 (301,15-506,65)

271,43 (238,28–774,10)

252,04 (185,75-305,85)

165,30 *(109,11-295,97)

IL-17

7836 (6093–8037)

7873,86 (1328,34-8082,78)

3239,92 (1611,37-7955,67)

2966,21 *(1280,53-5110,84)

G-CSF

35,45 (25,44-42,35)

24,52 (19,87-28,87)

22,24 (17,49-31,48)

19,39 *(16,79-23,40)

GM-CSF

651,87 (524,99-786,04)

432,00 (260,92-653,92)

321,18 (186,05-508,75)

237,85 *(67,11-275,20)

IFN-ɣ

987,56 (746,74-1142,26)

764,75 (605,65-1125,11)

609,74 *(417,27-693,11)

381,27 *(236,37-726,22)

MCP-1

39,62 (37,53-43,76)

37,86 (32,58-40,98)

36,87 (26,57-43,23)

35,46 (30,97-45,22)

MIP-1β

1844,29 (1702,16-1878,91)

1851,78 (980,31-1891,95)

1177,67 *(794,94-1827,56)

884,21 *(694,04-1572,02)

TNF-α

7357,46 (6516,69-14,856,20)

4349,65 (2888,17-9145,45)

3908,57 *(2726,18-6163,68)

3494,69 *(2965,56-4781,27)

n = 11; Medians with interquartile range (Me(Q1-Q3)) are presented. Control – the CD4+ cell culture without PSG, but with TCR-activator, IL-1β, and IL-6. * Significant differences (P < 0.05) compared with the control by the Friedman test with Dunn’s multiple comparisons test

In addition to inhibiting the “classic” pro-inflammatory
cytokines and chemokines, PSG, in our study, also decreased the production of anti-inflammatory cytokines
such as Il-4, IL-10, and IL-13. The decrease in IL-10 output in the 10 μg/mL PSG culture was inversely correlated
with the percentage of RORγτ+ cells. This result is logical
since the main producers of IL-10 are Treg, Th2, and the
effector Th1 [34, 38]. The presence of these cells in the
cultures is very likely since we Th17 polarized not only
naive but all CD4+ T cells. The cultures initially contained
a mixture of different T helper subsets, including Th1, T
reg, and Th17, which are known to have plasticity and can
transdifferentiate from one subpopulation to another, depending on the cytokine environment [39, 40]. Most likely,
the main portion of helper T cells polarized into RORγτ+
Th17 due to the cytokine background (Fig. 2); however,
some of the CD4+ T cells “remained true” to their original
phenotype.
Interestingly, although the concentration of IL-4 in
cultures of Th17-polarized CD4+ cells was initially low
in the control (Me = 11.7 pg/ml), in the 100 μg/mL PSG
culture, there was a significant decrease in the production of this cytokine (Me = 10.46 pg/ml), which correlated (r = 0.67, P = 0.014) with a reduction in the
percentage of Ki67+ and RORγτ+Ki67+ cells. Perhaps,
due to the plasticity of the T helper phenotypes, a small
percentage of transitional cell subsets co-expressing,
along with IL-17, a variety of other cytokines, including
IFN-γ, IL-10, and IL-4, is formed in the proinflammatory cytokine environment, as occurs with
autoimmune diseases [40].

Regarding the suppression of cytokine production, our
previous studies have already shown a simultaneous decrease in the production of both pro-inflammatory (IFNγ) and anti-inflammatory (IL-4) cytokines [27] by CD4+
T cells under the influence of PSG. This effect can probably be associated with the “universal” antiproliferative
effect of this pregnancy hormone since, in this study, a
correlation of the percentage of Ki67+ (proliferating)
cells was detected with the decrease in concentrations of
several cytokines, including IL-4, IL-17, GM-CSF, IFN-γ,
and TNF-α, and the chemokine MIP-1β [28, 29, 41].

Conclusions
Thus, in the experimental model used, PSG had an
expressed suppressive effect on the proliferation and
Th17 polarization of CD4+ T cells and on their cytokine/chemokine production. As Th17 activity and an increase in pro-inflammatory cytokine production are
unfavorable during pregnancy, the revealed PSG effects
may play a fetoprotective role in vivo.
Materials and methods
Study groups

Venous blood samples were collected from healthy donors (non-pregnant women, n = 11, 21–39 years old) by
venipuncture with vacuum tubes (BD Vacutainer™,
Greiner-bio-one, Austria).
Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (Diacoll 1077,
Dia-m, Russia, ρ = 1.077 g/cm3). The maximum time
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between collection of a blood sample and separation in a
density gradient was 30 min.
Native PSG isolation

PSG was purified from the blood of healthy pregnant
women according to the technique developed by Mikhail
Rayev [42] and described in detail elsewhere [27]. PSG
preparation is a mixture of the following proteins: PSG1,
PSG3, PSG7, PSG9, and some of their isoforms and
precursors.
Isolation and cultivation of CD4+ cells

CD4+ cells were obtained from PBMCs by positive
immunomagnetic separation (MACS® MicroBeads and
MS Columns, Miltenyi Biotec, Germany). The purity of
the isolated T helper population was checked using a
two-color BD Simultest™ IMK-Lymphocyte kit (Becton,
Dickinson and Company, BD Biosciences, USA) and a
CytoFLEX S Flow Cytometer (Beckman Coulter, USA).
The percentage of B-cells (CD3−CD19+) did not exceed
0.02%, monocytes (CD45+CD14+) – 0.2%, CTLs
(CD3+CD8+) – 1%, and NK-cells (CD3−CD16/56+) –
0.05%. The portion of CD3+CD4+ cells varied within
97–99%.
Isolated CD4+ cells were cultured in 96-well plates
(1 × 106 cells/mL, 200 μL) in complete medium (CM),
RPMI-1640 (Sigma-Aldrich, USA) supplemented with
10% FBS (Sigma, USA), 10 mM HEPES, 2 mM L-glutamine (both from ICN Pharmaceuticals, USA), and 30 μg/
mL gentamycin (KRKA, Slovenia), and in a humidified
CO2 incubator at 37 °C and 5% CO2 for 72 h.
Cultures without PSG served as a control. The viability
of the cells after incubation evaluated using 0.4% trypan
blue (Invitrogen, USA) was 95–98%. PSG did not affect
either the cell number or the viability of cells.
Th17 polarization

To polarize CD4+ cells into Th17 cells, we used TCRactivator (T Cell Activation/Expansion Kit human, Miltenyi Biotec, Germany) and the IL-1β and IL-6 cytokines
at concentrations of 10 ng/mL (Miltenyi Biotec,
Germany) [43].
Th17 polarization resulted in a significant increase in
the percentage of proliferating CD4+ cells (Me (Q1-Q3),
from 11.32 (9.32–15.63) to 42.33 (34.03–50.14)), accompanied by a simultaneous decrease in the percentage of
non-proliferating cells (from 83.56 (77.85–97.53) to 47.84
(39.47–53.57)), while the level of apoptosis cells did not
change. In general, this result indicates an adequate activation of CD4+ cells in the present experimental model. The
obtained data are consistent with similar experiments,
where we studied the proliferation of TCR-activated
helper T cells in the presence of IL-2 [44].
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The independent effect of Th17 polarization consisted of a significant (more than 60-fold) increase in
the number of cells expressing Ki-67 (Additional file 1,
Table S1).
The effect of Th17 polarization on the cytokine/chemokine profile of CD4+ cells was expressed as a reliable
increase in IL-2, IL-4, IL-5, IL-7, IL-10, IL-17, G-CSF,
GM-CSF, IFN-γ, MIP-1β, and TNF-α output. The most
pronounced increase was observed in the TNF-α and IL17 concentrations, thus confirming the predominance of
IL-17-producing cells in culture and, in general, the successful formation of a pro-inflammatory background
(Additional file 2, Fig. S1).

Flow cytometry

The main transcription factor of Th17 cells is RORγτ
[26]. Therefore, after 72 h of cultivation, we determined
the frequency of Th17 cells as a percentage of RORγτ+
CD4+ cells. To evaluate the percentage of proliferating
Th17 cells, we assessed the level of intracellular Ki-67
protein.
Sample preparation for intracellular/intranuclear staining was performed with a FOXP3 Fix/Perm Buffer Set
(Biolegend, USA). Stained samples were analyzed by
running a two-color flow cytometry assay with a CytoFLEX S (Beckman Coulter, USA). The antibodies used
were anti-RORg(t)-PE, human and mouse, and anti-Ki67-PerCP-Vio700™, human and mouse (both Miltenyi
Biotec, Germany).
The frequencies of RORγτ+, Ki-67+, ROR-γτ+Ki-67+,
and RORγτ+Ki-67− cells were assessed. The data are presented as percentages of RORγτ+, Ki-67+, RORγτ+Ki67+, and RORγτ+Ki-67− cells from all events in the gate
of living СD4+ lymphocytes established according to
FSC and SSC properties. The threshold between positive
and negative cells was determined using the fluorescence
minus one (FMO) controls. Flow cytometry data were
analyzed using CytExpert 2.0 software (Beckman
Coulter, USA).

Proliferation analysis

An author-modified differential gating method [45] was
used to determine the proliferative status of cells. In our
study, in contrast to the above-referenced method, we
did not calculate the absolute but rather the relative
number of proliferating cells. That is, we calculated the
percentage of cells in each gate (proliferating, nonproliferating, and apoptotic) from all cells in the three
gates [27, 46].
Data were acquired on a CytoFLEX S Flow Cytometer
and analyzed in CytExpert 2.0 software (Beckman
Coulter, USA).
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Evaluation of the cytokine profile

After 72 h of incubation in the culture supernatants of
Th17-polarized CD4+ cells, the IL-2, IL-4, IL-5, IL-7, IL8, IL-10, IL-17, G-CSF, GM-CSF, IFN-γ, MCP-1, MIP1β, and TNF-α concentrations were determined in the
supernatants of CD4+ cell cultures using a Bio-Plex®
Multiplex Immunoassay System (Bio-Rad, USA).
Procedures were performed according to the “Bio-Plex
Pro™ Human Cytokine 27-plex Assay” and “Bio-Plex
Pro™ Human Th17 Cytokine Panel 15-Plex” protocols.
The results were recorded using a Bio-Plex automatic
microplate photometer and Bio-Plex Manager software
(Bio-Plex® 200 Systems, Bio-Rad, USA). The cytokine
concentrations were determined from a calibration curve
for each cytokine (dynamic range from 2 to 32,000 pg/
mL) according to the manufacturer’s recommendations.

Page 7 of 8

Funding
The work was performed as part of the state assignment, state registration
number: AAAA-A19–119112290007-7 (“IEGM UB RAS”), and “The Grant of the
President of the Russian Federation for state support of leading scientific
schools of the Russian Federation” (Immanuel Kant Baltic Federal University)
No. НШ-2495.2020.7. Funding was provided by the “IEGM UB RAS” and the
Immanuel Kant Baltic Federal University, both in equal shares.
Availability of data and materials
The datasets of flow cytometry data generated during the current study are
available at FlowRepository, http://flowrepository.org/id/FR-FCM-Z2HS.
Ethics approval and consent to participate
The research was performed according to World Medical Association’s
Declaration of Helsinki and Council of Europe Protocol to the Convention on
Human Rights and Biomedicine and approved by the Ethics Committee of
the Institute of Ecology and Genetics of Microorganisms, Ural Branch of the
Russian Academy of Sciences (IRB00010009) on 12.06.2016. Written informed
consent was obtained from all the participants.
Consent for publication
Not applicable.

Statistics

The statistical data analysis was performed with GraphPad Prism 6 using one-way ANOVA (proliferation, differential gating) and the paired Friedman test with
Dunn’s multiple comparisons test (RORɣτ and Ki-67, cytokines). Data are presented as arithmetic means and
standard deviations (M ± SD) and medians with first and
third quartile values (Me (Q1 − Q3)), respectively. Differences were considered significant at P < 0.05. In some
cases, the Spearman correlation coefficient was
calculated.

Supplementary Information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12865-020-00385-6.
Additional file 1: Table S1. The effect of Th17 polarization on the
RORγτ and Ki-67 expression in CD4+ T cells. Medians and interquartile
ranges of cell percentages from all alive CD4+ T-cells are presented (Me
(Q1–Q3)). Control – CD4 + cell culture with CM only, * - Significant differences (P < 0.05) compared with the control by the one-way ANOVA with
Dunnett’s multiple comparisons test; n = 11.
Additional file 2: Fig. S1. Cytokine profile of Th17-polarized CD4+ cell
culture. Medians of cytokine concentrations in control CD4+ culture (with
TCR-activator, IL-1β, and IL-6) are presented; n = 11. The box shows the
interquartile range (Q1-Q3), the band inside the box is the median (Me),
and the ends of the whiskers represent the minimum and maximum of
all the data.

Abbreviations
PSG: Pregnancy-specific β1-glycoprotein; Th17: IL17-producing helper T cells;
TCR: T-cell receptor; CM: Complete medium
Acknowledgments
Not applicable.
Authors’ contributions
SAZ and VPT conceived and supervised the study; MBR, MSB, and PVK
isolated the PSG; VPT and MSB performed the culture experiments; LSL and
NMT performed the multiplex assay and data pre-processing; VPT, MSB, and
PVK analyzed the data; and SAZ and VPT wrote the manuscript. All authors
reviewed the results and approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Institute of Ecology and Genetics of Microorganisms, Ural Branch of the
Russian Academy of Sciences - branch of the Perm Federal Research Center,
Ural Branch of the Russian Academy of Sciences, Goleva str., 13, Perm,
Russian Federation 614081. 2Immanuel Kant Baltic Federal University, A.
Nevsky str., 14, Kaliningrad, Russian Federation 236016.
Received: 12 March 2020 Accepted: 26 October 2020

References
1. Bianchi DW, Zickwolf GK, Weil GJ, Sylvester S, DeMaria MA. Male fetal
progenitor cells persist in maternal blood for as long as 27 years
postpartum. Proc Natl Acad Sci U S A. 1996. https://doi.org/10.1073/pnas.93.
2.705.
2. Koch CA, Platt JL. T cell recognition and immunity in the fetus and mother.
Cell Immunol. 2007. https://doi.org/10.1016/j.cellimm.2007.05.006.
3. Moore T, Dveksler GS. Pregnancy-specific glycoproteins: complex gene
families regulating maternal-fetal interactions. Int J Dev Biol. 2014. https://
doi.org/10.1387/ijdb.130329gd.
4. Zhou G-Q, Baranov V, Zimmermann W, Grunert F, Erhard B, MinchevaNilsson L, Hammarström S, Thompson J. Highly specific monoclonal
antibody demonstrates that pregnancy-specific glycoprotein (PSG) is limited
to syncytiotrophoblast in human early and term placenta. Placenta. 1997.
https://doi.org/10.1016/0143-4004(77)90002-9.
5. Moldogazieva NT, Mokhosoev IM, Terentiev AA. Pregnancy specific β1glycoproteins: combined biomarker roles, structure/function relationships
and implications for drug design. Curr Med Chem. 2017. https://doi.org/10.
2174/0929867324666161123090554.
6. Towler CM, Horne CH, Jandial V, Campbell DM, MacGillivray I. Plasma levels
of pregnancy-specific beta1-glycoprotein in normal pregnancy. Br J Obstet
Gynecol. 1976. https://doi.org/10.1111/j.1471-0528.1976.tb00743.
7. Snyder SK, Wessells JL, Waterhouse RM, Dveksler GS, Wessner DH, Wahl LM,
Zimmermann W. Pregnancy-specific glycoproteins function as
immunomodulators by inducing asecretion of IL-10, IL-6 and TGF-beta1 by
human monocytes. Am J Reprod Immunol. 2001. https://doi.org/10.1111/j.
8755-8920.2001.450403.
8. Motrán CC, Díaz FL, Gruppi A, Slavin D, Chatton B, Bocco JL. Human
pregnancy-specific glycoprotein 1a (PSG1a) induces alternative activation in
human and mouse monocytes and suppresses the accessory celldependent T cell proliferation. J Leukoc Biol. 2002. https://doi.org/10.18632/
oncotarget.18564.
9. Motrán CC, Diaz FL, Montes CL, Bocco JL, Gruppi A. In vivo expression of
recombinant pregnancy-specific glycoprotein 1a induces alternative

Timganova et al. BMC Immunology

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.
24.

25.

26.

27.

(2020) 21:56

activation of monocytes and enhances Th2-type immune response. Eur J
Immunol. 2003. https://doi.org/10.1002/eji.200323993.
Blois SM, Sulkowski G, Tirado-González I, Warren J, Freitag N, Klapp BF, Rifkin
D, Fuss I, Strober W, Dveksler GS. Pregnancy-specific glycoprotein 1 (PSG1)
activates TGF-β and prevents dextran sodium sulfate (DSS)-induced colitis in
mice. Mucosal Immunol. 2014. https://doi.org/10.1038/mi.2013.53.
Zamorina SA, Litvinova LS, Yurova KA, Dunets NA, Khaziakhmatova OG,
Timganova VP, Bochkova MS, Khramtsov PV, Rayev MB. The effect of
pregnancy-specific β1-glycoprotein 1 on the transcription factor FOXP3
expression by immunocompetent cells. Dokl Biochem Biophys. 2016.
https://doi.org/10.1134/S1607672916050161.
Zamorina SA, Timganova VP, Bochkova MS, Khramtsov PV, Raev MB. Effect
of pregnancy-specific β1-glycoprotein on indoleamine-2,3-dioxygenase
activity in human monocytes. Dokl Biol Sci. 2016. https://doi.org/10.1134/
S0012496616040165.
Rayev MB, Litvinova LS, Yurova KA, Dunets NA, Khaziakhmatova OG,
Timganova VP, Bochkova MS, Khramtsov PV, Zamorina SA. Role of the
pregnancy-specific glycoprotein in regulation of the cytokine and
chemokine profiles of intact mononuclear cells. Dokl Biol Sci. 2017. https://
doi.org/10.1134/S001249661704007X.
Rayev MB, Litvinova LS, Yurova KA, Khaziakhmatova OG, Timganova VP,
Bochkova MS, Khramtsov PV, Zamorina SA. The role of pregnancy-specific
glycoprotein in regulation of molecular genetic differentiation mechanisms
of immune memory T cells. Med Immunol (Russia). 2019;(In Russ). https://
doi.org/10.15789/1563-0625-2019-1-49-58.
Santner-Nanan B, Peek MJ, Khanam R, Richarts L, Zhu E, De St. Groth. B. F,
Nanan R. Systemic increase in the ratio between Foxp3+ and IL-17producing CD4+ T cells in healthy pregnancy but not in preeclampsia. J
Immunol. 2009. https://doi.org/10.4049/jimmunol.0901154.
Figueiredo AS, Schumacher A. The T helper type 17/regulatory T cell paradigm
in pregnancy. Immunology. 2016. https://doi.org/10.1111/imm.12595.
Goldstein JM, Cherkerzian S, Seidman LJ, Donatelli JA, Remington AG,
Tsuang MT, Hornig M, Buka SL. Prenatal maternal immune disruption and
sex-dependent risk for psychoses. Psychol Med. 2014. https://doi.org/10.
1017/S0033291714000683.
Jones KL, Croen LA, Yoshida CK, Heuer L, Hansen R, Zerbo O, DeLorenze
GN, Kharrazi M, Yolken R, Ashwood P, Van de Water J. Autism with
intellectual disability is associated with increased levels of maternal
cytokines and chemokines during gestation. Mol Psychiatry. 2017. https://
doi.org/10.1038/mp.2016.77.
Ghassabian A, Albert PS, Hornig M, Yeung E, Cherkerzian S, Goldstein RB,
Buka SL, Goldstein JM, Gilman SE. Gestational cytokine concentrations and
neurocognitive development at 7 years. Transl Psychiatry. 2018. https://doi.
org/10.1038/s41398-018-0112-z.
Zenobia C, Hajishengallis G. Basic biology and role of interleukin-17 in
immunity and inflammation. Periodontol. 2000;2015. https://doi.org/10.
1111/prd.12083.
Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 cells. Annu Rev
Immunol. 2009. https://doi.org/10.1146/annurev.immunol.021908.132710.
Tabarkiewicz J, Pogoda K, Karczmarczyk A, Pozarowski P, Giannopoulos K.
The role of IL-17 and Th17 lymphocytes in autoimmune diseases. Arch
Immunol Ther Exp. 2015. https://doi.org/10.1007/s00005-015-0344-z.
Xie Q, Wang SC, Li J. IL-17: a potential therapeutic target for rheumatoid
arthritis. Clin Rheumatol. 2012. https://doi.org/10.1007/s10067-012-2004-6.
Piccinni MP, Lombardelli L, Logiodice F, Kullolli O, Parronchi P, Romagnani S.
How pregnancy can affect autoimmune diseases progression? Clin Mol
Allergy. 2016. https://doi.org/10.1186/s12948-016-0048-x.
Wurz H, Geiger W, Kunzig HJ, Jabs-Lehmann A, Bohn H, Luben G.
Radioimmunoassay of SP1 (pregnancy-specific beta1-glycoprotein) in
maternal blood and in amniotic fluid normal and pathologic pregnancies. J
Perinat Med. 1981;9:67–78.
Ivanov II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A, Lafaille JJ, Cua DJ,
Littman DR. The orphan nuclear receptor RORgt directs the differentiation
program of Proinflammatory IL-17+ T helper cells. Cell. 2006. https://doi.org/
10.1016/j.cell.2006.07.035.
Annunziato F, Cosmi L, Liotta F, Maggi E, Romagnani S. The phenotype of
human Th17 cells and their precursors, the cytokines that mediate their
differentiation and the role of Th17 cells in inflammation. Int Immunol.
2008. https://doi.org/10.1093/intimm/dxn106.

Page 8 of 8

28. Gerdes J, Schwab U, Lemke H, Stein H. Production of a mouse monoclonal
antibody reactive with a human nuclear antigen associated with cell
proliferation. Int J Cancer. 1983. https://doi.org/10.1002/ijc.2910310104.
29. Lopez F, Belloc F, Lacombe F, Dumain P, Reiffers J, Bernard P, Boisseau MR.
Modalities of synthesis of Ki67 antigen during the stimulation of
lymphocytes. Cytometry. 1991. https://doi.org/10.1002/cyto.990120107.
30. Harris SJ, Anthony FW, Jones DB, Masson GM. Pregnancy-specific β1glycoprotein: effect on lymphocyte proliferation in vitro. J Reprod Immunol.
1984. https://doi.org/10.1016/0165-0378(84)90015-9.
31. Timganova V, Bochkova M, Khramtsov P, Kochurova S, Rayev M, Zamorina S.
Effects of pregnancy-specific β-1-glycoprotein on the helper T-cell response.
Arch Biol Sci. 2019. https://doi.org/10.2298/ABS190122019T.
32. Fox FE, Ford HC, Douglas R, Cherian S, Nowell PC. Evidence that TGF-β can
inhibit human Т-lymphocyte proliferation through paracrine and autocrine
mechanisms. Cell Immunol. 1993. https://doi.org/10.1006/cimm.1993.1177.
33. Ballesteros A, Mentink-Kane MM, Warren J, Kaplan GG, Dveksler GS.
Induction and activation of latent transforming growth factor-β1 are carried
out by two distinct domains of pregnancy-specific glycoprotein 1 (PSG1). J
Biol Chem. 2015. https://doi.org/10.1074/jbc.M114.597518.
34. Kamali AN, Noorbakhsh SM, Hamedifar H, Jadidi-Niaragh F, Yazdani R,
Bautista JM, Azizi G. A role for Th1-like Th17 cells in the pathogenesis of
inflammatory and autoimmune disorders. Mol Immunol. 2019. https://doi.
org/10.1016/j.molimm.2018.11.015.
35. Iwakura Y, Ishigame H, Saijo S, Nakae S. Functional specialization of
interleukin-17 family members. Immunity. 2011. https://doi.org/10.1016/j.
immuni.2011.02.012.
36. Azizieh FY, Raghupathy RG. Tumor necrosis factor-α and pregnancy
complications: a prospective study. Med Princ Pract. 2015. https://doi.org/10.
1159/000369363.
37. Paiva P, Hannan NJ, Hincks C, Meehan KL, Pruysers E, Dimitriadis E,
Salamonsen LA. Human chorionic gonadotrophin regulates FGF2 and other
cytokines produced by human endometrial epithelial cells, providing a
mechanism for enhancing endometrial receptivity. Hum Reprod. 2011.
https://doi.org/10.1093/humrep/der027.
38. Trinchieri G. Interleukin-10 production by effector T cells: Th1 cells show self
control. J Exp Med. 2007. https://doi.org/10.1084/jem.20070104.
39. Cohen CJ, Crome SQ, MacDonald KG, Dai EL, Mager DL, Levings M.K.
Human Th1 and Th17 cells exhibit epigenetic stability at signature cytokine
and transcription factor loci. J Immunol 2011; doi:https://doi.org/10.4049/
jimmunol.1101058.
40. Ghoreschi K, Laurence A, Yang XP, Hirahara K, O'Shea JJ. T helper 17 cell
heterogeneity and pathogenicity in autoimmune disease. Trends Immunol.
2011. https://doi.org/10.1016/j.it.2011.06.007.
41. Jones K, Ballesteros A, Mentink-Kane M, Warren J, Rattila S, Malech H, Kang
E, Dveksler G. PSG9 stimulates increase in FoxP3+regulatory T-cells through
the TGF-β1 pathway. PLoS One. 2016. https://doi.org/10.1371/journal.pone.
0158050.
42. Rayev MB. Method for isolation and purification of trophoblastic β1glycoprotein. RF Patent. 2009;2367449(Byull):26.
43. Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sallusto F. Interleukins
1β and 6 but not transforming growth factor-β are essential for the
differentiation of interleukin 17-producing human T helper cells. Nat
Immunol. 2007. https://doi.org/10.1038/ni1496.
44. Zamorina SA, Timganova VP, Bochkova MS, Khramtsov PV, Fomicheva KA,
Rayev MB, Chereshnev VA. α-Fetoprotein influence on the conversion of
naïve T-helpers into memory T-cell effector subpopulations. Dokl Biol Sci.
2018. https://doi.org/10.1134/S0012496618050113.
45. Vesela R, Dolezalova L, Pytlik R, Rychtrmocova H, Mareckova H, Trneny M.
The evaluation of survival and proliferation of lymphocytes in autologous
mixed leukocyte reaction with dendritic cells. The comparison of
incorporation of 3 H-thymidine and differential gating method. Cell
Immunol. 2011. https://doi.org/10.1016/j.cellimm.2011.06.006.
46. Zamorina SA, Litvinova LS, Yurova KA, Khaziakhmatova OG, Timganova VP,
Bochkova MS, Khramtsov PV, Rayev MB. The role of human chorionic
gonadotropin in regulation of naive and memory T cells activity in vitro. Int
Immunopharmacol. 2018. https://doi.org/10.1016/j.intimp.2017.10.029.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

