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Pesome. B HacTosIiee BpeMsT BBISBIICHO CYIIIECTBOBaHME IITMPOKOTO cIiekTpa cyoromysauii CD8*T-
JIMMDOIIMTOB, CPEIU KOTOPBIX BHIIEISIIOT CYOITOITYJISIIIMY HAUBHBIX U 3((HOEKTOPHBIX KJIETOK, a TAKKe KJIIETOK
namMatu. Cuuraercs, yto CD8*T-nmuMdOIUTHI IBISIOTCS MOMyasyel TMM@oLMnTOB, 00JIafaroIeit BBICOKOM
IIUTOTOKCUYECKON aKTUBHOCTHIO, YTO MMEET UYpe3BbIUaliHOE 3HAaUeHUE BO BpeMsl 0EpeMEHHOCTU. YUUTHI-
Basl, YTO Kaxkaasi CyOnmomyJIsIIUs XapaKTepu3yeTCss COBOKYITHOCTBIO TIPOIYLIMPYEMBIX MEAUATOPOB, ITOBEPX-
HOCTHBIX Y BHYTPUKIIETOUHBIX MapKePOB, MOKHO IMTPEATIOJIOXNATH UX POJIb B ITATOTeHE3e ITPEXKIeBPEMEHHBIX
pPoaoOB. DTO OIpeAenIo HEOOXOAUMOCTh MCCIeNOBAaHUS POJIM HAaMBHBIX KJIETOK, 3(p(PEKTOPHBIX KIIETOK
M KJICTOK IaMSITU B pa3BUTUM CIIOHTAaHHBIX MPEKICBPEMEHHBIX PoaoB. JlaHHBIE O COAepsKaHNM HANMBHBIX
CDS8"-numdonuToB B nepudeprudeckoii KPOBU KEHIIWH C YIPOXKAIOIIUMU MPEXIECBPEMEHHBIMUA POIaMU
MPAKTUUECKN OTCYTCTBYIOT. YCTaHOBJIEHO, UTO MHpibTpanust CD8*-mmMmdonnToB B 30He MaTOYHO-TLIA-
IIEHTapHOIO KOHTaKTa ObljIa CBs3aHa C pa3BUTHEM CBOEBPEMEHHBIX POAOB. XpOHUUYECKUI XOPUOAMHUOHUT
SIBJISICTCSI HauboJiee pacIpoCTPaHEHHBIM COCTOSIHUEM MPU MIMONATUYCCKUX TIPEXIEBPEMEHHBIX pomax 1
XapakTepusyeTcs uHuiIbTpauueit MatrepuHckux CD8*T-k1eTok B XoproaMHUOTUYEeCK1e MeMOpaHbl. B Ha-
CTOSIIIEE BPEMSI CUMTACTCS, YTO XPOHUUECKHE BOCTIAJIMTEIbHBIC MOPAXKEHUS TJIALICHTHI IIPEICTaBISIOT CO0O0i
MaTepUHCKOe aHTU(hETATLHOE OTTOPXEHME. DTO TTOCITY>KUIIO ITOBOAOM JIJTsI UCCIIEAOBAHUS POJIM ATUX KIIETOK
B ITaTOTeHe3e MPEeXIEBPEMEHHBIX POIOB.

Llenp — yCTAaHOBUTH BO3MOXKHBIN ITATOTeHETUICCKIIT MEXaHU3M TIPEXKIEBPEMEHHBIX POJIOB Y SKSHIIH C
YIPOXAMIIMMU MIPEKICBPEMEHHBIMIA POJAaMU Ha OCHOBAaHUM BBISIBICHHBIX O0COOCHHOCTEH muddepeHI-
POBKU 1 PYHKIIMOHAIbHOM akTUBHOCTU CD8*-n1nuM@oumnTOB HAa CUCTEMHOM YPOBHE.

OO6cnenoBaHNE KEHIIWMH MTPOU3BOAMIOCE Ha 0a3e PenepabHOTO TOCYIAPCTBEHHOTO OIOMKETHOIO yU-
pexneHust «MBaHOBCKUI HayYHO-MCCIEI0BaTEIbCKUIT MHCTUTYT MaTepuHCTBa 1 aetctBa nMeHu B.H. To-
poakoBa» MuHUCTEPCTBA 3ApaBooxpaHeHust Poccuu. Bcero ObL10 00CienoBaHo 126 KEeHIIWH, KOTOPbIE
PETPOCIIEKTUBHO OBUIM TTOApa3ae/IeHbl Ha 2 OCHOBHBIC TPYMITHI — SKEHIIIWHBI ¢ YTPOXKAIOIINUMU TIPEXIeBpe-
MEHHBIMU pojiamMu (n = 68), KoTopkie ObLIa MOApa3aeacHa Ha 2 TTOArPYIIIbI — C KCXOA0M O€peMEHHOCTH TIpe-
XKIneBpeMeHHbIe poasbl (n = 30) u cBoeBpeMeHHbIe poAbl (n = 38). B rpyrimy KOHTpOJIs BOILIA 58 KEHIIUH C
HEOCJIOXKHEHHBIM TeUeHEeM OepeMeHHOCTH U pOaMBIINe CBoeBpeMeHHO. B monymsiuuu CD8*-numdonuToB
OMpeNessiin conepkaHue LeHTpalbHBIX — Tem (CD45RA-CD62L"), nmperepMuHaibHO-audbGbepeHIIMpo-
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BaHHBIX — Tem (CD45RA-CD62L°) u TepmuHanbHO-muddepeHmpoBanHbix — Temra (CD45RATCD62L)
KJIETOK TTaMsITU. Bo Bcex TOMyIsAMsIX KISTOK MaMSTH OIIPEAe/IsIN COAepKaHNe KJIETOK, BHYTPUKICTOYHO
npoayuupyouux Granzyme B. McciengoBaHus IpoBOAMIN C TIOMOILLIBIO MOHOKJIOHaIbHbIX aHTUTENT (MAT)
MEeTOAOM NMpPOTOYHOI InTodmoopumerprun Ha nutomerpe FACSCanto 11 ¢ ncrionb3oBanmueM NporpaMMHOTO
obecrnieueHust FACSDiva (Becton Dickinson, CIIA).

INpoBeneH aHaIU3 0COOCHHOCTEM OTHOCUTEIBHOTO cofepkaHust CD8* -mmMdonnToB B OCHOBHOI IpyIITie
JKEHIIMH B 3aBUCUMOCTHU OT ucxona oepemeHHoCcTU. [1pu cpaBHEeHUY MALIMEHTOK, UMEIOIINX KIMHUKY YyTPO-
KaIOIIUX TIPEeXICBPEMEHHBIX POIOB, OEPEeMEHHOCTh KOTOPBIX 3aBEPIIMIACh MPEKICBPEMEHHO, BBISIBIICHO
0oJiee Boicokoe coaepxkaHrne CD8*-nmum@ouunToB, 4eM B rpyIire XXeHIIUH, POIUBIINX CBOEBPEMEHHO, YTO
CBUJIEIBCTBYET O BBICOKOU CTUMYJISIIIMUA MUTOTOKCUYECKNX T-TUMMOIIMTOB Y 3TOU Ipymnmbl XXeHIIWH. [Tpn
YIPOXKAIOIIMNX TIPEXKACBPEMEHHBIX poIaX IMIPOUCXOAUT ITOBBIIIICHUE COACPKAaHUS B MepudepruiecKoil KpOBU
HauBHbIX CD8"-nmumdonuToB. laHHble 0 coaepxkaHuu HauBHbIX CD8*-1uMdounToB B nepudepudeckoi
KPOBHU XEHIINH C YIPOXAIOIIMMU TIPEXICBPEMEHHBIMU POIAMHU IIPAKTHISCKU OTCYTCTBYIOT. [1oBHIIICHIIE
ypoBHs CD8*Tn GoJjiee BhIpaxkeHO B MOATPYIIIE KEHIIUH ¢ 0JIarONPUSITHBIM UCXOJO0M O€pEMEHHOCTHU. YUU-
TBIBAsI 3TOT (DAKT, MOKHO MPEATIONIOXUTD, UTO Y KCHIINH C Pa3BUBIINMUCS MPEKICBPEMEHHBIMUA POIaMU
oosiee Hu3kuit CD8* Tn cBsI3aH ¢ ux ycuneHHol auddepeHLnpoBKoit B apdekTopHble T-1MMOOLUTHI, €
TMOCJIeAYIONIEN NX MUTpaIMeit B 30HY TJIalleHTAllMU. DTOT MPOIIeCC MOT OIpeIeIsiTh OTMEUYeHHOE HAMU CHU-
XXEHMEe YPOBHSI TepMUHaNbHO-IMP(EepeHIIMPOBAHHBIX IpaH3uM-MNpoayuupymommux CD8*-muMdounTos B
TMOATPYIIIE KXEHIITWH C UCXOJIOM OEpEeMEHHOCTH TPEKAEBPEeMEHHBIC POIBI, UYTO COBMAJIO C JTUTEPATYPHBIMU
TaHHBIMMU.

Knrouesuie crosa: 6epemennocms, npexcoegpemertoie podvt, T-aumgoyumot

ROLE OF CYTOXIC T-LYMPHOCYTES IN THE PATHOGENESIS
OF PRETERM BIRTH

Radzhabova N.R.2, Sotnikova N.Yu.*?, Kudryashova A.V.2,
Borzova N.Yu.2, Malyshkina A.L>"

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

Abstract. Currently, the existence ofawide range of subpopulations of CD8*T-lymphocyteshasbeen revealed,
among which there are subpopulations of naive and effector cells, as well as memory cells. CD8*T-lymphocytes
are thought to be a population of lymphocytes with high cytotoxic activity, which is of extreme importance
during pregnancy. Given that each subpopulation is characterized by a set of produced mediators, surface and
intracellular markers, we can assume their role in the pathogenesis of preterm birth. This determined the need
to investigate the role of naive cells, effector cells, and memory cells in the development of spontaneous preterm
birth. Data on the content of naive CD8*-lymphocytes in the peripheral blood of women with threatened
preterm birth are practically absent. It was found that the infiltration of CD8"-lymphocytes in the area of utero-
placental contact was associated with the development of timely delivery. Chronic chorioamnionitis is the most
common condition in idiopathic preterm birth and is characterized by the infiltration of maternal CD8"T-
cells into the chorioamniotic membranes. Currently, it is believed that chronic inflammatory lesions of the
placenta represent maternal antifetal rejection. This led to the study of the role of these cells in the pathogenesis
of preterm birth. Purpose. To establish a possible pathogenetic mechanism of preterm birth in women with
threatened preterm birth on the basis of the revealed features of differentiation and functional activity of CD8"-
lymphocytes at the systemic level

Materials and methods. The survey of women was carried out on the basis of the Federal State Budgetary
Institution “V. Gorodkov Ivanovo Research Institute of Maternity and Childhood” of the Ministry of Health
of the Russian Federation. A total of 126 women were examined, which were retrospectively divided into 2
main groups — women with threatened preterm birth(n = 68), which was divided into 2 subgroups — with
the outcome of pregnancy preterm birth (n = 30) and timely delivery (n = 38). The control group included
58 women with uncomplicated pregnancy and who gave birth on time. In the CD8*-lymphocyte population,
the content of central — Tcm (CD45RA-CD62L"), preterminally differentiated-Tem (CD45RA-CD62L")
and terminally differentiated-Temra (CD45RA*CD62L°) memory cells was determined. In all memory cell
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populations, the content of cells producing Granzyme B intracellularly was determined. The studies were
performed using monoclonal antibodies (mAT) by flow cytometry on a FACSCanto II cytometer using the
FACSDiva software (Becton Dickinson, USA).

The analysis of the features of the relative content of CD8*-lymphocytes in the main group of women,
depending on the outcome of pregnancy, was carried out. When comparing patients with a clinic of threatened
preterm birth, whose pregnancy ended prematurely, a higher content of CD8"-lymphocytes was revealed
than in group ¢ of women who gave birth in a timely manner, which indicates a high stimulation of cytotoxic
T-lymphocytes in this group of women. With threatening preterm birth, there is an increase in the content
of naive CD8*-lymphocytes in the peripheral blood. Data on the content of naive CD8*-lymphocytes in the
peripheral blood of women with threatened preterm birth are practically absent. The increase in CD8*Tn levels
is more pronounced in the subgroup of women with a favorable pregnancy outcome. Given this fact, it can be
assumed that in women with preterm birth, a lower CD8*Tn is associated with their increased differentiation into
effector T-lymphocytes with their subsequent migration to the placental zone. This process could determine
the observed decrease in the level of terminally differentiated granzyme-producing CD8"-lymphocytes in a

subgroup of women with a pregnancy outcome of preterm birth, which coincided with the literature data.

Keywords: pregnancy, preterm birth, T-lymphocytes

Introduction

Preterm birth is of great interest to researchers
around the world, as its pathogenesis remains un-
explored. Since pregnancy is a process covering long-
lasting development of semi-allogeneic fetus in the
uterus, aunique immunological situation is established
in the “mother-fetus” interface. It is well known that
the placenta is not an absolute barrier to the body
cells, and the results of numerous studies show that
during pregnancy, fragments of chorionic villi and
fetal antigens enter maternal peripheral bloodstream.
This is not accompanied by a pathological response
from maternal immune system, since its emerging
immune adaptation at the “mother-fetus” system
allows semi-allogeneic fetus avoid rejection. Of all the
suspected causes associated with spontaneous pre-
term birth, one of the most fundamental is patho-
logical inflammation. Most immunological stu-
dies have focused on the role of innate immunity in
the mechanisms leading to preterm birth. Indeed,
the stimulation of neutrophils and macrophages by
administered endotoxin or the activation of invariant
natural killer T-cells by alpha-galactosylceramide
causes premature birth [1, 6]. However, pathological
inflammation can also be mediated by T-cells, a
cellular component of the adaptive immune system.
In some studies, it was found that T-cell infiltration in
the area of utero-placental contact (i.e., the decidual
membrane) was associated with the development of
timely delivery [10]. Chronic chorioamnionitis most
commonly results in idiopathic preterm birth being
characterized by the infiltration of maternal CD8*T-
cells into chorioamniotic membranes. Emerging
lesion is often accompanied by aseptic inflammation
associated with the infiltration of the placental
basal layer by lymphocytes or plasma cells [8]. It is
currently believed that chronic inflammatory lesions
in the placenta represent maternal anti-fetal rejection
reaction. Since the adaptation of maternal immune
system is involved in the processes that ensure suc-

cessful course of pregnancy, the cause of premature
birth can be coupled to impaired immunological to-
lerance from the very beginning of pregnancy, star-
ting with disturbed embryo implantation. Early
immune disorders can lead to impaired maternal im-
munological tolerance and, as a result, to excessive
inflammation [4]. This led to the study a role of such
cells in the pathogenesis of preterm birth, and the aim
was to uncover potential pathogenetic mechanism
of preterm birth in women with threatened preterm
birth on the basis of the identified features of CD8"-
lymphocyte differentiation and functional activity at
the systemic level.

Materials and methods

The females enrolled to thye study were
examined at the Federal State Budgetary Institution
“V. Gorodkov Ivanovo Research Institute of Mater-
nity and Childhood” of the Ministry of Health of
the Russian Federation. A total of 126 women were
examined, which were retrospectively divided into 2
main groups — women with threatened preterm birth
(n = 68), which was further divided into 2 subgroups —
females with differed outcome of pregnancy such as
preterm birth (n = 30) and timely delivery (n = 38).
The control group included 58 women with uncom-
plicated pregnancy, whose anamnesis was not bur-
dened by the presence of premature birth, habitual
miscarriage, late spontaneous miscarriages, finished
with timely delivery. The exclusion criteria were:
multiple pregnancy, severe extragenital pathology,
acute /exacerbation of chronic infection and acute
allergic reactions at the time of examination, pre-
eclampsia/eclampsia, prenatal amniotic fluid lea-
kage, placental abruption. The study material was
presented by peripheral venous blood samples. In
the CDS8*-lymphocyte population, percentage of
central — Tem (CD45RA-CD62L"), preterminally
differentiated-Tem (CD45RA-CD62L°) and termi-
nally differentiated-Temra (CD45RA*CD62L") me-
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mory cells were determined. In all memory cell po-
pulations, percentage of perforin- and granzyme
B-producing cells was determined. The studies were
performed using monoclonal antibodies (mAT) for
flow cytometry on a “FACSCanto II” cytometer using
the “FACSDiva” software (“Becton Dickinson”,
USA). Monoclonal antibodies anti-CDS8, anti-
CD45RA, anti-CD62L, anti-Perforine, anti-Gran-
zymeB (eBioscience) were used. Cell staining and
fixation were carried out by routine protocol in ac-
cordance with the manufacturer’s instructions.
Percentage of cells producing intracellular Granzyme
B in the CD8*-lymphocyte population was evaluated
by using the intracellular cell staining procedure
with the commercial kit “FIX & PERM cell per-
meabilization reagents” (Invitrogen, USA) for per-
meabilization of the cell membrane. Statistical and
mathematical data processing was carried out by using
the package of licensed programs “Microsoft Office
2013, “Statistica for Windows 12.0, StatSoftlnc.”,
“MedCalc v7.4.4.1”. The normality test of the sam-
ple data was determined using the Shapiro-Wilk
and Kolmogorov-Smirnov criteria. Here, data dis-
tribution in the studied groups differed from the
normal distribution (Gauss). To assess significance of
differences in the compared values between the study
groups, the Mann—Whitney U-test and the Fisher
exact two-tailed two-point test were used (at p < 0.05,
the differences were considered significant). The data
are presented as Me — median, indicating 25% (Q, ,s)
and 75% (Q,-s) quartile, indicating the number of
studies performed in the group (n).

Results and discussion

The analysis of the obtained data showed that
percentage of CDS8*-lymphocytes in patients with
threatened preterm birth was higher than in the control
group (p = 0.000). We also assessed percentage of
CDS8*-lymphocytes in the main group depending on
the outcome of pregnancy. While comparing patients
with a clinical picture of threatened preterm birth
resulting in preterm vs. term delivery, a higher level of
CD8*-lymphocytes was revealed (33.5 (28.5-37.7) %;

26.8 (23.1-29.7) %, p = 0.033). Distribution of naive
CD45RA*CD62L* (TN)-cells, central (TCM)
CD45RA-CD62L*-cells, preterminally differentiated
(TEM) CD45RA-CD62L-cells, and terminally
differentiated (TEMRA) CD45RA*CD62L -cells
among peripheral blood cytotoxic T-lymphocytes are
shown in Table 1.

In the group of women with threatened preterm
birth, a high level of naive cells in the CD8"-lym-
phocytes was revealed, compared with pregnant
women in the control group (p = 0.000). However,
no differences between these groups in percentage
of central, preterminal and terminal differentiated
cells were found (p > 0.05). In the subgroup of
women with threatened preterm birth and a favorable
pregnancy outcome, an increased percentage of
Tn CDS8*-lymphocytes was observed compared to
control group (p = 0.022). A comparison of TCM,
TEM, and TEMRA levels in the groups of women
with threatened preterm birth revealed no significant
differences depending on the outcome of pregnancy
(p > 0.05). Significant differences in percentage
of central, preterminal and terminal differentiated
cells in the subgroups of women with the outcome of
pregnancy-premature and timely delivery were not
revealed. (p > 0.05). We also analyzed the features
of intracellular Granzyme B production in CD8*-
lymphocytes in the studied groups. There were found
no significant differences in percentage of Granzyme
B-producing cells in all CD8* memory cell subsets in
control and main group of women with threatened
preterm birth (p > 0.05). A comparatively analyzed
percentage of Granzyme B-producing CD8*TCM,
CDS8*TEM, and CDS8*TEMRA-cells in a subgroup of
women with pregnancy resulting in term delivery and
control revealed no significant differences (p > 0.05
in all cases). Women with a preterm pregnancy had
decreased percentage of GranzymeB-producing
terminal differentiated cells, compared with women
having term delivery, as well as compared with the
control group (p = 0.01 and p = 0.001, respectively).
No significant differences in percentage of Granzyme
B-producing CD8*TCM and CDS8*TEM between
subgroups with the outcome of preterm pregnancy

TABLE 1. CONTENT OF NAIVE CELLS AND CELLS IN THE POPULATION OF CD8*-LYMPHOCYTES IN THE PERIPHERAL
BLOOD IN WOMEN WITH UNCOMPLICATED PREGNANCY AND WITH THREATENED PRETERM BIRTH

Threatened preterm Threatened preterm birth
Indi o ) - - - Control group
ndicator, % birth Preterm birth Timely delivery n=58
n =68 n=30 n=38
41.35 (32.7-51.00) ) 40.7 (33.3-46.4) )

Ty b = 0.001 37 (29.3-48.4) b =0.022 32.9 (28.5-41.1)
Tewm 11.1 (8.14-15.50) 11.1 (9.0-13.5) 10.1 (7.9-14.2) 11.9 (8.7-15.3)
Tew 17.4 (30.0-30.8) 22.8 (16.9-32.1) 25.9 (19.15-30.30) 25.6 (19.9-34.2)
Tewra 19 (13.4-29.6) 18.5 (14.3-30.1) 24 (16.6-30.6) 22.4 (14.6-29.6)

Note. P, the statistical significance of the differences is indicated in comparison with the indicators of the control group.
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and term delivery (p > 0.05 in all cases). An important
mechanism of immunoregulation during pregnancy
is the activation of T-lymphocytes altering modality
of their differentiation and functional activity [13,
14]. In most studies, increased functional activity
highlighted by excessive production of granzyme
B molecules in the population of cytotoxic T-lym-
phocytes is associated with early spontaneous mis-
carriage, preeclampsia, and fetal growth retarda-
tion [4]. It is known that contact with an antigen
triggers a cascade of reactions promoting the diffe-
rentiation of naive lymphocytes into effector cells
and memory cells. Naive T-cells (TN) exert low
cytotoxic activity and circulate in the maternal body
seeking out for antigens, detection of which elicits
T-cell differentiation into effector cells migrating to
inflammatory or alloimmune tissues [3]. A number of
studies revealed that effector T-cells are present in the
area of utero-placental contact (decidual membrane).
It is proved that they are involved in the development
of term delivery in physiologically occurring pre-
gnancy [10, 13]. Virtually no data on percentage of
naive CD8*-lymphocytes in the peripheral blood of
women with threatened preterm birth are available.
This accounted for the need to investigate a role of
naive cells, effector cells, and memory cells in the
development of spontaneous preterm birth. According
to our study, threatened preterm birth is coupled to
increased percentage of naive CDS8*-lymphocytes
in the peripheral blood. Due to the fact that partial
thymus involution as a natural process occurs during
pregnancy, we are unable to unambiguously conclude
about the nature of differentiation of naive CD8*-
lymphocytes in threatened preterm labor (thymic/
extrathymic). The most likely factors stimulating
the differentiation of naive cytotoxic T-lymphocytes
are the expression of specific HLA antigens, as well
as the particles of cytotrophoblast cells entering
the maternal bloodstream in early pregnancy [4].
Thus, recent studies have shown that fetal T-cells
are activated in different subgroups of preterm labor
and can cause various inflammatory reactions in the
amniotic cavity, leading to preterm birth [5]. The
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