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Abstract—The influence of leptin and ghrelin, as well as their combined effects, on the expression of mem-
brane molecules and cytokine production by NK cells from peripheral blood was studied in vitro. The effects of
hormones were assayed at the concentrations corresponding to their peripheral blood levels in the course of
physiological pregnancy. It was established that the investigated hormones exerted significant effects only at the
concentrations typical of the II—III trimester of pregnancy. In particular, leptin and ghrelin and their combina-
tion increased the number of CD356P"#"NKp46*NK cells in the suspension of mononuclear cells and inhibited
the expression of homing molecules CCR7 and inhibitor molecules LILRB in NKp46+*NK cells. Leptin and its
combination with ghrelin increased the expression of L-selectin in CD56""#"NKp46™NK cells but inhibited
the secretion of IL-10 by NKp46*NK cells. Leptin reduced the production of IL-4 by NKp46™ cells, while
ghrelin eliminated this effect. The hormones did not influence the expression of inhibitory molecules
NKG2A in NKp46™ cells and the production of TGF-B1, IL-17A, and IFN-y by these cells. Thus, the inves-
tigated hormones at the concentrations typical of the II—III trimester of pregnancy effectively regulate the

expression of membrane molecules and cytokine production by NK cells of the peripheral blood.
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INTRODUCTION

Peptide hormones leptin and ghrelin are functional
antagonists regulating energy homeostasis, the
immune and reproductive systems [1]. Acting at the
hypothalamic level, leptin and ghrelin oppositely con-
trol the feeling of hunger and appetite by regulating
food intake, adipose tissue metabolism, energy metab-
olism, and the processes of growth and development
[1]. Both hormones have marked immunoregulatory
activities [1—3]. The immunomodulating effects of
leptin and ghrelin have been studied mainly in obesity
and inflammation models, when hormone concentra-
tions considerably exceed the physiological values. It
has been shown that leptin is a proinflammatory hor-
mone contributing to a predominance of cell-medi-
ated immune response [4], while ghrelin demonstrates
an anti-inflammatory activity: it exerts an antagonistic
effect on leptin by blocking leptin-induced proinflam-
matory reactions [5—7]. Both hormones are able to
regulate the expression of each other’s receptors in tar-
get cells [5—7]. The combined effect of leptin and
ghrelin, both within a cell and at the level of the whole
organism, results in the formation of cooperative
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effects that determine the energy and immune homeo-
stasis [1, 5—7].

In pregnancy, energy metabolism, adipose tissue
metabolism, and immunoreactivity of maternal
organism undergo substantial changes, and the levels
of leptin and ghrelin in peripheral blood significantly
increase, because both hormones regulate implanta-
tion, are actively secreted by the placenta, and control
fetal growth and development [1—3]. The systemic
suppression of adaptive immune response during
pregnancy is compensated for by the activation of
innate immunity, the most important effectors of
which are natural killers (NK cells). More than 80—
90% of peripheral mature NK cells have a
CD167CD56%™ phenotype and demonstrate high cyto-
toxicity compared to CD16'°%/"¢CD56P1et their popula-
tion being predominant among the lymphoid cells local-
ized in the decidual envelope in the period of early preg-
nancy [8—10]. The decidual CD16°"/"¢CD56Prieht NK
cells secrete cytokines and have low cytolytic activities,
being directly involved in implantation and angiogenesis
during pregnancy [11]. It is supposed that decidual NK
cells maturate from the peripheral CD16°%/neeCD56bright
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Ilymphocytes migrating to the uterus [8], while the cyto-
Iytic potential of the total pool of peripheral blood NK
cells decreases during pregnancy due to reduction of
the percentage of CD167CD569™ lymphocytes, and
the increase in their number is associated with recur-
rent pregnancy loss [§—12]. An important indicator of
the functional activity of NK cells is the presence on
their surface of inhibitory and homing receptors, the
expression of which varies over the course of preg-
nancy [12].

It is known that the CD56"¢"t NK cells are able to
produce considerable amounts of various cytokines,
which was a basis for distinguishing different subtypes
of NK cells [10, 11]. So, NK1 produce mainly inter-
feron (IFN)-y and the tumor necrosis factor (TNF)-o;
NK2 produce interleukine (IL)-4, IL-5, IL-6, I1L-13;
NK3 produce the transforming growth factor (TGF)-
B1; NKrl produce IL-10 [10, 11]. Some works have
shown that leptin and ghrelin play a key role in regula-
tion of the functional activity of NK cells expressing
specific hormone receptors [13—15]. However, the
mechanisms of realization of the immunoregulatory
effects of leptin and ghrelin at physiological concen-
trations typical of pregnancy in regulation of the func-
tional activity of NK cells are actually unstudied.

The goal of this work was to investigate the role of
leptin and ghrelin at concentrations characteristic of
pregnancy in regulation of the expression of mem-
brane molecules and cytokine production by periph-
eral blood NK cells of women in vitro.

MATERIALS AND METHODS

The work was carried out using the fractionated
suspension of peripheral blood mononuclear cells
(PBMC) from healthy nonpregnant women of repro-
ductive age (from 23 to 38 years old). The PBMC sus-
pension was obtained by centrifugation in the ficoll—
verographin density gradient (1.077 g/cm?). The cells
were cultured in a complete culture medium (CCM)
containing RPMI-1640 supplemented with 10% fetal
calf serum (Sigma, USA), 10 mM HEPES (ICN
Pharmaceuticals, Inc., USA), 2 mM L-glutamine
(ICN Pharmaceuticals, Inc.), and 100 ug/mL genta-
micin (KRKA, Slovenia). Leptin (Sigma, USA) was
added to CCM at the concentrations of 10 and
35 ng/mL, corresponding to its content in peripheral
blood in I and I1-III trimesters of pregnancy, respec-
tively [3]. Ghrelin (Sigma, USA) was added at con-
centrations 1.25 and 0.83 ng/mL that were comparable
to its level in peripheral blood in I—II and III trimes-
ters of pregnancy, respectively [2]. To study the joint
effects, the hormones were added to the cultures
simultaneously at the concentrations exerting statisti-
cally significant effects (leptin 35 ng/mL + ghrelin
0.83 ng/mL), which corresponds to the hormone
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combination in the peripheral blood in II—III trimes-
ters of pregnancy. The control samples contained,
instead of the hormones, the normal saline used for
their dissolution.

For assessing the influence of the hormones on the
level of CD56 expression (Anti-human CD56-PE,
Beckman Coulter, USA), the PBMC suspension was
incubated with the hormones for 72 h and then the
phenotype of NK cells was assessed. NK cells were
identified by the presence of specific marker NKp46
(Anti-human CD335-PC5, Beckman Coulter, USA)
in the lymphocyte gate by the flow cytometry method.
The NKp46 molecule is constitutively present in the
entire population of NK cells and is one of the basic
markers for their identification [9]. The NKp46™* cells
were used to assess the expression of the homing mol-
ecule CCR7 (Anti-human CD197-FITC, eBiosci-
ence, USA), the expression of L-selectin (Anti-
human CD62L-FITC, Beckman Coulter, USA) and
inhibitory molecules NKG2A (Anti-human CD159-PE,
Beckman Coulter, USA) and LILRB (Anti-human
CD85j-PE, Beckman Coulter, USA). The cells were
stained according to the protocol provided by the
manufacturer of monoclonal antibodies. No less than
100000 cells were counted. The respective isotype
controls were used for controlling the nonspecific
binding and allocation of a lymphocytic window with
negative fluorescence.

At the following stage, NK cells were isolated from
the PBMC suspension by the method of immunomag-
netic separation using Dynabeads Untouched Human
NK Cells Kit (Invitrogen, USA). The purity of isola-
tion assessed by the NKp46 marker expression was
95%. The enriched suspension of NKp46™ cells (5 X
10°/mL) was incubated with the hormones in CCM in
a volume of 500 uL for 72 h at 37°C in the 5% CO,
atmosphere. To maintain the viability of separated NK
cells, cytokines (GIBCO, USA) were added to all
samples (ng/mL): IL-2, 1; IL-12, 2; IL-15, 10 [18].
Upon completion of the incubation, the supernatant
was collected and the levels of 1L-4, 1L-10, IL-17,
IFN-vy, and TGF-B1 were assessed by the method of
enzyme immunoassay (Cytokine, Russia). The results
are given as the arithmetic mean and standard devia-
tion of the mean (mean £ SD). Since the data distri-
bution in all groups under study obeyed the law of nor-
mal distribution, which was ascertained by the
Fischer’s test, the statistical significance of differences
between the groups was evaluated by the paired Stu-
dent’s r-test.

RESULTS AND DISCUSSION

The study of hormonal effects on the level of CD56
expression in NKp46™* cells has shown that leptin and
ghrelin at the concentrations typical of II—III trimes-
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Table 1. Effects of leptin, ghrelin, and their combination on the level of CD56 expression and the expression of NKG2A,
LILRB, CCR7 and L-selectin (CD62L) molecules by NKp46* cells

Experimental CD56bright of CCDD652iTght C(};I;SET“‘ LILRB", % CCR7" NKG2A*, %
conditions n=12) (n= 7)’ % (n= 7)’ % (n=06) n=17) n=17)

Control 1.67 +0.52 126+0.13 | 1556+2.59 | 4.04+069 | 081011 | 5.01+0.56
Leptin, 10 ng/mL | 3.45+0.99 2.88+0.89 | 1505+3.07 | 4.05+£0.78 | 073+0.19 | 4.11+0.78
Leptin, 35ng/mL | 3.384£0.09% | 2.10+0.32*| 18.65+3.02 | 2.93+046*| 0.53+0.06*| 4.77+0.76
Ghrelin, 1.25 ng/mL | 2.06 + 0.98 274+0.89 | 1495+3.19 | 487+0.83 | 0.81+£020 | 4.86+0.09
Ghrelin, 0.83 ng/mL | 3.05+0.74* | 218+ 101 | 1540+2.03 | 2.28+0.53*| 0.49+0.08*| 5.360.95
éﬁgﬁﬁggiﬁ;}n; 3.08+0.81% | 240+0.25%| 13.07+2.45 | 272+041%* | 0.41+0.06*| 4.23+0.83

Here and in Table 2: * The difference from the respective control is significant at p < 0.05 by the paired Student’s #-test. The data in col-
umn 1 are given as percentage of CD56P"2M of the total number of CD56+NKp46Jr cells; the data in columns 2 and 3 are given as per-
centage of CD56P"8MCDE2LT and CD569™CD62L" of the total number of NKp46™" cells; the data in columns 4—6 are given as per-
centage of NKp46+ cells positive for a given marker of the total cell number in the lymphocyte gate.

ters of pregnancy, acting both separately and together,
increase the number of CD56"€"NKp46* cells in the
PBMC suspension (Table 1, Fig. 1). The hormones
have no significant effects at the concentrations corre-
sponding to their levels in peripheral blood in I—II tri-
mesters of pregnancy. Given that decidual CD56Prisht
NK cells mature from peripheral cells via the transfor-
mation of CD569mCDI16"-NK [8], it may be sup-
posed that the hormones at the concentrations under
study promote an acquisition of the regulatory pheno-
type by NK cells. Such conversion was observed also
during cultivation in vitro of CD56"CD16" NK cells
isolated from peripheral blood with TGF-B1 or with
the cells of decidual stroma [16].

The regulatory NK cells express inhibitory recep-
tors, such as NKG2A and LILRB, which allows them
to implement the immunotrophic function instead of
the cytolytic one [11, 17, 20]. The inhibitory molecule
LILRB belongs to the family of immunoglobulin-like
receptors limiting the transduction of activation signal
into the cell when it binds to the ligand [11, 17, 20].
NKG?2A is a high-affinity inhibitory receptor, the
ligand of which is a “nonclassical” major histocom-
patibility complex (MHC) class I molecule — HLA-E,
which does not allow the NK cells to lyse the tropho-
blast cells recognized by them [20]. It was established
that leptin and ghrelin have no effect on the expression
of the NKG2A inhibitory molecule but, at the concen-
tration corresponding to II—III trimesters of preg-
nancy, reduce the expression of LILRB molecule in
NKp46™* cells, acting both independently and jointly
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(Table 1, Fig. 2), which suggests the involvement of
these hormones in the regulation of the cytotoxic
potential of NK cells.

At the following stage, the hormonal effects on the
expression of homing molecules CCR7 and L-selectin
(CD62L) in the population of NKp46* cells were
assessed. It was shown that leptin and ghrelin at the
concentrations corresponding to the II—III trimesters
of pregnancy, as well as the hormonal combination,
suppress the expression of chemokine receptor CCR7
in the NKp46* cells (Table 1, Fig. 3). Leptin at the
concentration of the II-III trimesters of pregnancy
and the leptin/ghrelin combination increase the num-
ber of CD56"e" NK cells bearing L-selectin (Table 1,
Fig. 4), whereas the expression of L-selectin in
CD56dim NK cells is not influenced by the hor-
mones. Considering that a high level of expression of
CCR7 molecules in CD56et NK cells is associated
with their homing to lymph nodes [21] and a height-
ened expression of L-selectin is associated with their
enhanced level in the placenta [22], we can suppose
that these hormones will promote the migration of
CD56brieht NK cells to the placenta in the course of
physiological pregnancy. It should be noted that the
hormonal effects manifest themselves only in the sub-
population of CD356%1eht NK cells with a statistically
significant increase in their level. This fact is import-
ant as it reflects the possibility of hormone-mediated
late migration of the CD56"1eht NK cells to the decid-
ual envelope.

No.1 2017
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Fig. 1. Histograms demonstrating the hormonal effects on the level of CD56 expression in NKp46Jr cells in the 72-h PBMC cul-

ture (by the example of one experiment). Abscissa, fluorescence
intensity on channel FL2 (PE staining).

It is known that CD56b"eht NK cells are able to pro-
duce considerable amounts of cytokines. The IFN-y-
producing NK1 cells are predominant in the periph-
eral blood of nonpregnant women [19]. The number of
NKirl cells secreting IL-10 increases over the course of
pregnancy. Decidual NK cells are represented mainly
by NK3 lymphocytes producing TGF-B1, which
determines their immunosuppressive effect on many
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intensity on channel FL3 (PC5 staining); ordinate, fluorescence

lymphocyte populations [19]. Analysis of changes in
the cytokine spectrum of NK cells under the influence
of leptin and ghrelin indicated that both hormones,
irrespective of their concentrations, have no effect on
the production of IFN-y, TGF-B1, and IL-17A but
suppress the secretion of IL-10 by NKp46™ cells. In
addition, leptin at the concentration corresponding to
the II-III trimester of pregnancy also reduces 1L-4
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Fig. 2. Histograms demonstrating the hormonal effects on the inhibitory molecule LILRB expression in NKp46Jr cells in the 72-h
PBMC culture (by the example of one experiment). Abscissa, fluorescence intensity on channel FL2 (PE staining); ordinate, flu-

orescence intensity on channel FL3 (PC5 staining).

production by the separated NK cells. The hormonal
combination of the second half of pregnancy has no
effect on the IL-17A, IFN-yand TGF-B1 production
either but significantly reduces the IL-10 production
by NKp46* cells. However, the IL-4-suppressing
effect of leptin is lost when it is used together with
ghrelin, i.e., ghrelin neutralizes the effect of leptin
(Table 2). Thus, the hormones do not influence the
production of cytokines determining the type of regu-
latory NK cells, such as NK1 and NK3, but reduce the
possibility of formation of NK2 and NKrl. It seems
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likely that the effects of the hormones are possible only
in the IT—III trimesters of pregnancy, but this matter
needs further investigation.

Thus, leptin and ghrelin at the above concentra-
tions actively participate in the control of surface mol-
ecule expression and cytokine production by NK cells,
which is associated with the regulation of their func-
tional activity. The hormones exert their basic modu-
latory effects at the concentrations typical of the sec-
ond half of pregnancy. In spite of the fact that leptin
and ghrelin are functional antagonists in the regula-
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Fig. 3. Histograms characterizing the hormonal effects on the CCR7 ™" expression by NKp46™ cells in the 72-h PBMC culture
(the data of one experiment). Abscissa, fluorescence intensity on channel FL1 (FITC staining); ordinate, fluorescence intensity

on channel FL3 (PCS staining)

Table 2. Effects of the hormones on the cytokine secretion (pg/mL) by separated NKp46* cells (n = 9)

Experimental conditions 1L-4 IL-10 TGF-B1 IL-17A IFN-y
Control 8.69 £ 0.19 25.62 £ 1.25 263.08 = 7.84 239.36 = 4.74 506.45 +26.40
Leptin, 10 ng/mL 7.5£0.98 24.96 = 1.69 270.49 £20.37 | 225.39+12.38 | 520.45+£45.29
Leptin, 35 ng/mL 7.63 £ 0.31* 23.61 £0.97% | 275.88+£19.99 | 221.63+13.63 | 555.91 + 36.44
Ghrelin, 1.25 ng/mL 8.87 £0.89 23.89 £ 1.95 27198 £10.39 | 253.35+14.39 | 450.36 = 45.69
Ghrelin, 0.83 ng/mL 8.26 £ 0.58 22.04 + 1.33* | 267.50 = 8.00 244.58 £ 15.85 | 439.89 £ 55.32
Leptin, 35 ng/mL + i + " " + "
Ghrelin, 0.83 ng/mL 8.29+0.83 22.20 £ 1.30 271.07 £ 8.94 213.00 £+ 11.12 444.15 £ 52.47
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Fig. 4. Histograms demonstrating effects of hormones on the expression of CD62L molecules in CD56YNKp46™ cells in the
72-h PBMC culture (by the example of one experiment). Abscissa, fluorescence intensity on channel FL1 (FITC staining);
ordinate, fluorescence intensity on channel FL2 (PE staining).

tion of appetite, metabolism and functions of most the case of their joint application. In the second half of
cells of the immune system [1, 6, 23], their effect on  pregnancy, the hormones and their combination
NK cells is mainly unidirectional and maintained in  increase the number of CD56%e" NK cells bearing
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L-selectin but reduce the content of the chemokine
receptor CCR7 and the inhibitory molecule LILRB in
NK cells without affecting the level of NKG2A. The
hormones do not influence the production of cyto-
kines determining the types of regulatory NK cells but
prevent the formation of NK2 and NKrl subtypes.
Generally, it may be supposed that the joint effect of
leptin and ghrelin during pregnancy promotes the for-
mation of the regulatory phenotype of NK cells for
their subsequent migration to the endometrium.
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