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Pesiome. BepeMeHHOCTD MpecTaBisieT coboii (heHOMEH eCTeCTBEHHOM TMOJIyaJlJIOTeHHOW TpaHCIUIaH-
Talliy, MOCKOJbKY TUIOA HAMOJOBUHY UYKE€POJAEH B CUJIYy DKCIIPECCUU OTIIOBCKMX aHTUTEHOB. YCTaHOB-
JIEHO, YTO TUIOTAJaMUYECKUI TOPMOH KUCCIIENITUH B MEepUo] OEPEeMEHHOCTU BbIpabaThiBaeTCsl CUHIIM-
THOTPOo(OOIACTOM TUIALIEHTHI U y4acTBYET B (POPMUPOBAHUU HOBOTO CIEUIM(PUIECKOTO TOPMOHATIBHOTO
¢doHa. B KpoBU OGEpeMEHHBIX XEHIIWH [HUPKYIUPYIOT HECKOJIBbKO (DOPM TOpMOHa: KHUCCIeNnTrUH-10, Kuc-
CIienTuH-14 1 KuccrenTuH-54 (110 KOJIMYECTBY aMUHOKUCIIOTHBIX OCTAaTKOB B MOJIEKYJIe TOPMOHA), OJI-
HAaKO OCHOBHOW aKTUBHOU (popmoii siBisieTcsi KuccrnenTuH-54. OCHOBHBIM MeXaHU3MOM (OpMUPOBa-
HUS UMMYHHOU TOJIEPAaHTHOCTHU BO BpeMsi OEPEeMEHHOCTH SIBJSIeTCS MHAYKIIMS KCIIpeccun depmeHTa
uHaonaMuH-2,3-auokcureHassl (IDO) aHTUTeHIIPE3eHTUPYIOIIMMU KJIETKaMu nepudepudeckoii KpoBU,
BCJIEJICTBUE 4Yero mpoucxoaut karanus tpuntodana (Trp) mo kunypenunos (KYN), 6mokupyomumx ak-
TUBALMIO U BBI3BIBAIOIIUX arlomnTo3 HuToToKcudecknux CD8*T-muMbOoUTOB B 30HE CONMPUKOCHOBEHUS
MaTEePUHCKUX UMMYHHBIX KJIETOK C aHTUT€HAMU TJlalleHTapHo-deTanbHOro Komrekca. Kpome atoro, B
nepuo 6epeMeHHOCTH BaXKHasi POJib OTBOJUTCS MPOLIECCY allONTO3a, MOCKOJbKY aKTUBUPOBAHHbBIE KJIET-
K1 MOTYT OBITh MOTEHIIMAJIBbHO OMAaCHBIMU JJIs1 pa3dBuBalolierocs riona. MMMyHOKOMIETEHTHbIE KJIETKU
KPOBH 3KCIpPEeCcCCUpyIoT crienndudeckuii MeMopaHHbiil perientop KuccrentuHa (KISS-1R). ITockonbky
KUCCIIETITUH-54 TIOCTYIaeT B CUCTEMHBINT KPOBOTOK TOJIbKO BO BpeMsi 06 pEMEHHOCTU, TO TOPMOH OKa3bl-
BaeT JIeCTBUE HA UMMYHHBIE KJI€TKU TOJIBKO B 3TOT MEPHUO/I.

Llenbio naHHO pabOTHI ObLIA OLIEHKA BJIMSIHUS KUCCIIETITUHA-54 B KOHLIEHTPALIMIX, COTIOCTABUMBIX C €TO
YPOBHEM BO BpeMsl (pU3MOIOTUUECKON OepeMeHHOCTH, Ha aKTUBHOCTh IDO 1 armonTo3 muMdonmnToB nepu-
bepryeckoil KpoBH.

B kauectBe 00beKTa UCCIENOBAHUS UCIIOIb30BATMCh MOHOHYKJIEAPHbIE KJIETKU Mepudepuieckoil KpoBu
(PBMC) nonyuennbie oT 10 3mopoBbIX HEOEpEeMEHHBIX XEHIIIMH PEeNPOAyKTUBHOTO Bo3pacTa (ot 23 mo 32
JIeT). AtonTo3 JUMM(pOIUTOB OolieHUBaIu B cycrieH3un PBMC nytem okpaimmrBaHus aHHEKCUHOM-V 1 oau-
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CThIM ITponuareM. OTipenesieHre KOJIMYeCTBa KJIETOK Ha paHHEN U MO3IHEe CTaausIX alonTo3a MPOBOIUIN B
U30UpPOBaHHOM reiite TMMdonuToB. AKTUBHOCTh IDO B PBMC onpenensiiy crieKTpopoTOMETpUUYECKU MO
n3MeHeHu10 KoHueHTpauuu KYN — nepBoro ctabuyibHOro Metaboiura myTu pacrnana Trp.

BoigiBiieHo, uTO KuccnenTuH-54 B KoHUeHTpauuu 4,6 pM, coorBercTBytoweii 11 TpumecTpy GepeMeH-
HOCTH, IOCTOBEPHO YCUJIMBAET aKTUBHOCTH DO, yBemunBaeT KOJIMYECTBO KIETOK, HAXOMSIIIINXCSI B pAaHHE!N
U MO3[IHEU CTaausx anomnro3a. Takum oopa3om, KUCCTIENTUH-54 SBJISIETCS BaXKHBIM MEXaHU3MOM KOHTPOJIS
STUX TIPOLIECCOB B IMEPUOJ OEPEeMEHHOCTH, HAMIPABJIEHHBIM Ha 3alIUTY MOJIyaJUIOTeHHOTO TJ10/1a OT HebJaro-
MPUSITHBIX UMMYHHBIX PEaKkiMii MaTepu U 6JIarONMpPUSITHBIM pa3BUTHEM OEpPEMEHHOCTH.

Knrouesuie cnosa: kuccnenmur-54, 6epemernocms, anonmo3s, UHOOAAMUH-2, 3-0UOKCULeHA3A, MOHOHYKACADHbIe KAeMKU
nepugepu4eckoil Kposu, Aumgpoyumol

REGULATION OF KISSPEPTIN-54 ACTIVITY OF INDOLAMINE-
2,3-DIOXYGENASE AND APOPTOSIS OF PERIPHERAL BLOOD
LYMPHOCYTES

Gorbunova O.L., Shirshev S.V.

Institute of Ecology and Genetics of Microorganisms, Ural Branch, Russian Academy of Sciences, Branch of Perm
Federal Research Center, Ural Branch, Russian Academy of Sciences, Perm, Russian Federation

Abstract. Pregnancy is a phenomenon of natural semi-allogeneic transplantation, since the fetus is half
alien due to the expression of paternal antigens. It was found that the hypothalamic hormone kisspeptin
during pregnancy is produced by the syncytiotrophoblast of the placenta and participates in the formation
of a new specific hormonal background. Several forms of the hormone circulate in the blood of pregnant
women: kisspeptin-10, kisspeptin-14 and kisspeptin-54 (according to the number of amino acid residues in
the hormone molecule), but the main active form is kisspeptin-54. The main mechanism for the formation
of immune tolerance during pregnancy is the induction of the expression of the enzyme indolamine-2,3-
dioxygenase (IDO) by antigen-presenting cells of peripheral blood, resulting in the catalysis of tryptophan
(Trp) to kynurenins (KYN) blocking the activation and causing apoptosis of cytotoxic CD8*T lymphocytes
in the zone of contact of maternal immune cells with placental-fetal complex antigens. In addition, during
pregnancy, an important role is assigned to the process of apoptosis, since activated cells can be potentially
dangerous for the developing fetus. Immunocompetent blood cells express a specific membrane receptor of
kisspeptin (KISS-1R). Since kisspeptin-54 enters the systemic circulation only during pregnancy, the hormone
has an effect on immune cells only during this period.

The aim of this work was to evaluate the effect of kisspeptin-54 in concentrations comparable to its level
during physiological pregnancy on IDO activity and apoptosis of peripheral blood lymphocytes.

Peripheral blood mononuclear cells (PBMC) obtained from 10 healthy non-pregnant women of reproductive
age (from 23 to 32 years) were used as the object of the study. Lymphocyte apoptosis was assessed in PBMC
suspension by staining with annexin-V and propidium iodide. The determination of the number of cells in the
early and late stages of apoptosis was carried out in the isolated gate of lymphocytes. IDO activity in PBMC
was determined spectrophotometrically by changes in the concentration of KYN, the first stable metabolite of
the Trp decay pathway.

It was found that kisspeptin-54 at a concentration of 4.6 pM corresponding to the second trimester of
pregnancy significantly enhances the activity of IDO, increases the number of cells in the early and late stages
of apoptosis. Thus, kisspeptin-54 is an important mechanism for controlling these processes during pregnancy,
aimed at protecting the semi-allogeneic fetus from adverse immune reactions of the mother and the favorable
development of pregnancy.

Keywords: kisspeptin-54, pregnancy, apoptosis, indolamine-2,3-dioxygenase, peripheral blood mononuclear cells, lymphocytes
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Introduction

Pregnancy is a phenomenon of natural semi-
allogeneic transplantation since the fetus is half
foreign due to the expression of paternal antigens [12].
During pregnancy, the mother’s immune system
is restructured due to the formation of a specific
immune tolerance aimed at preserving the fetus
from adverse immune reactions of the mother and,
simultaneously, protecting the mother and fetus from
pathogens [8]. The expression of indolamine-2,3-
dioxygenase (IDO) by antigen-presenting peripheral
blood cells is one of the mechanisms for the formation
of peripheral tolerance during pregnancy. IDO
catalyzes tryptophan (Trp) to kynurenines (KYN),
which block the activation and cause apoptosis of
cytotoxic CD8*T lymphocytes in the zone of contact
of maternal immune cells with placental-fetal complex
antigens [8]. Also during pregnancy, an important role
is assigned to the process of apoptosis, programmed
cell death of cells. In addition to the elimination of
altered — damaged, defective, mutant or infected cells,
through apoptosis, the processes of differentiation
and morphogenesis are realized during the formation
of tissues and organs, the cellular homeostasis of an
already formed organism is maintained, as well as its
protection from pathogens during the implementation
of protective reactions [15].

Pregnancy hormones play an important role in
this restructuring, having a regulating effect on the
cells of the mother’s immune system [10]. It has
recently been established that the hypothalamic
hormone kisspeptin is also produced by the placental
syncytiotrophoblast [5], and can have systemic effects
on the leukocytes of a pregnant woman since they
express a specific membrane Kkisspeptin receptor
(KISS—1R) [9]. KISS-1R is a membrane protein
that belongs to the class of Gag-associated receptors
(GPCR) [4]. However, there are few data on the
immunomodulatory effect of kisspeptin on the cells of
the immune system. We have previously shown that the
interaction of kisspeptin-54 with CD4*T lymphocytes
causes their transformation into suppressor type
regulatory cells (Treg) with simultaneous inhibition of
Th17 differentiation and their functional activity [3].

The aim of this work was to evaluate the effect of
kisspeptin-54 in concentrations comparable to its
level during physiological pregnancy on IDO activity
and apoptosis of peripheral blood lymphocytes.

Materials and methods

Hormone

Kisspeptin (Kisspeptin-54, Metastin, Synthetic,
CALBIOCHEM, USA) was used in physiological

concentrations corresponding to its level in peri-
pheral blood in the first, second and third trimes-
ters of pregnancy: 1,3 pM, 4,6 pM and 9,6 pM,
respectively [5].

Objects of research

The object of the study was peripheral blood
mononuclear cells (PBMC), as well as separated
monocytes and neutrophils obtained from 10 healthy
non-pregnant women of reproductive age (from 23 to
32 years). Venous peripheral blood was collected in
the follicular phase of the menstrual cycle (day 5-11)
since the expression of KiSS-1R has a maximum
during this period [2]. The study was conducted in
accordance with the Helsinki Declaration of the BMA
of 2000 and the Protocol of the Council of Europe
Convention on Human Rights and Biomedicine of
1999. The approval was received from the Ethics
Committee of the Institute of Ecology and Genetics
of Microorganisms of the Ural Branch of the Russian
Academy of Sciences. Voluntary informed consent to
the examination was required to be included in the
study. The individuals taking hormonal drugs were
excluded from participation.

Isolation and cultivation of cells

PBMC of blood was obtained by centrifugation at
350xg for 40 minutes on a Ficoll-Urographin density
gradient (1,077 g/cm?®) (Pharmacia, Sweden; Bayer
Schering Pharma AG, Germany). After that, the
cells were washed with RPMI 1640 (Sigma-Aldrich,
USA). Then PBMC were divided into two parts. The
first part was used to determine the activity of IDO.
The second part was used to determine apoptosis of
lymphocytes. The viability of PBMC determined by
the inclusion of the vital dye eosin (0,01%) (Sigma,
USA) was 95-98%.

Culturing of PBMC (10° cell/mL) with kiss-
peptin-54 was performed in a complete nutrient
medium containing RPMI 1640 (Sigma-Aldrich,
USA) with the addition of 10% FBS (Sigma, USA),
10 mM Hepes (ICN Pharmaceuticals, USA), 2 mM
L-glutamine (ICN Pharmaceuticals, USA) and
30 pg/mL gentamicin (KRKA, Slovenia) at 37 °C and
5% CO, for 1 h. A hormone solvent (0,9% NaCl) was
added to the control samples.

Determination of lymphocyte apoptosis

Lymphocyte apoptosis was evaluated in PBMC
suspension by staining with annexin-V (AnV-FITC,
Caltag, USA) and propidium iodide (PI, eBioscience,
USA). This method makes it possible to identify cells
in the early (AnV*/PI~) and late (AnV*/PI") stages of
apoptosis [13]. Dexamethasone (10°® M, “KRKA”,
Slovenia) was used to induce apoptosis, which was
introduced into cultures 30 minutes before the hor-
mone. The control was samples to which only an
apoptosis inducer was added. Incubation was carried
out for 24 hours in a full nutrient medium, at 37 °C
and 5% CO,. The results were taken into account
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TABLE 1. EFFECT OF KISSPEPTIN-54 ON LYMPHOCYTE APOPTOSIS

Apoptosis, %
Experimental impact
n An*Pr An*Pr*
Control 10 10.60+0.82 15.69+0.96
Kisspeptin-54, 10 12.65+0.50 18.12+0.18
1,3 pM p <0.05 p <0.05
Kisspeptin-54, 10 17.88+£1.23 17.20+0.56
4,6 pM p <0.05 p <0.05
Kisspeptin-54, 10 15.48+0.84 19.71+£0.99
9,6 pM p <0.05 p <0.05

on a FACSCalibur flow cytofluorimeter (Becton
Dickinson, USA). The determination of the number
of cells in the early and late stages of apoptosis was
carried out in the isolated gate of lymphocytes.

Determination of IDO enzymatic activity

IDO activity in PBMC was determined spectro-
photometrically by changes in the concentration of
KYN, the first stable metabolite of the Trp degradation
pathway [1]. For this purpose, PBMC stimulated
with lipopolysaccharide (LPS) (100 ng/mL, Sigma,
USA) was cultured in HBSS containing 100 uM
of Trp (Sigma, USA) for 4 hours. Then, 50 pL of
30% C,HCL,0, was added to 100 pL of the cellular
supernatant, shaken and centrifuged for 5 min. Then
75 uL the resulting reaction mixture was added to the
wellsofthe 96-well plate, mixed withan equal volume of
Ehrlich reagent (100 mg of p-dimethylbenzaldehyde,
50 mL C,H,0,). Optic density was measured at 492
nm using a microplate reader (Synergy H1, BioTek,
USA).

Statistical analysis

The obtained experimental data were processed
using variational statistics. For the variables repre-
senting the analyzed sample, the arithmetic mean
and the error of calculating the average (M+m) were
calculated. For statistical verification of compliance
with the law of normal distribution, the Fisher
criterion was used. Given that the sample distribution
was normal in all tests, the reliability of the differences
between the mean values was evaluated according to
the Student’s paired t-test.

Results and discussion

The effect of kisspeptin-54 on lymphocyte apoptosis
Kisspeptin-54 increases the number of cells in the
stage of early apoptosis in concentrations characte-
ristic of the Il and III trimesters of pregnancy.
Introduction of kisspeptin-54 into PBMC culture,
regardless of concentration, leads to an increase in
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Figure 1. Kisspeptin-54 influence on IDO activity

Note. ¥, p < 0.05 compared with control, pair Student's t-test. #, p < 0.05 compared with LPS, pair Student’s t-test.
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the percentage of cells in the late stage of apoptosis
(Table 1).

Modulation of IDO activity by kisspeptin-54

When evaluating the LPS-induced activity of
IDO into PBMC, it was found that kisspeptin-54 at a
concentration of 4,6 pM corresponding to the second
trimester of pregnancy significantly increases the
activity of IDO (Figure 1).

Thus, the hormone initiates immune tolerance at
the level of adaptive immune responses. It is important
to emphasize that the concentration of kisspeptin-54,
observed only in the second trimester of pregnancy, the
most vulnerable to immunocompromising conditions,
has such plasticity of the regulatory potential [11].
Considering that IDO is produced only by antigen
presenting cells, which are mainly represented
by monocytes in PBMC, it can be assumed that
kisspeptin-54 enhances LPS-stimulating signaling,
leading to the expression of active IDO in these cells.

Summarizing the results obtained, it can be
argued that kisspeptin-54 is directly involved in the
regulation of PBMC apoptosis, which is obviously an
important mechanism for controlling the activation
of these cells during pregnancy. Stathaki, M. and
co-authors also showed that kisspeptin-54 induces
apoptosis of lymphocytes in vitro [14]. In addition,
we have shown that kisspeptin-54 promotes the
formation of peripheral tolerance by stimulating
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