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“Relaxin-dependent” way of implementing Shekis
spontaneous preterm labor in multiple pregnancies:
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BACKGROUND: Despite numerous studies, the etiopathogenesis of preterm birth in multiple pregnancy remains unclear,
which determines the low effectiveness of measures for the prevention of preterm birth. This fact makes it necessary to
study possible ways of implementing preterm birth in multiple pregnancies and to search for new biomarkers of their patho-
genetic links. Experimental and clinical studies have demonstrated the contribution of the pleiotropic hormone relaxin to the
regulation of a wide range of physiological processes and its role in the implementation of the pathogenetic mechanisms of
pregnancy complications, primarily premature birth. The proven autocrine / paracrine mechanism of placental relaxin action,
which implements important local effects, determines the prospects for studying the contribution of its dysregulation to the
implementation of spontaneous preterm labor in multiple pregnancies.

MATERIALS AND METHODS: A morphological examination of 92 placentas from 46 deliveries of dichorionic diamniotic
twins was performed: 24 of them were spontaneous premature births and 22 spontaneous term births. Histological examina-
tion of placentas along with immunohistochemical verification of relaxin 2 expression in the chorionic villus of the dichorial
twins’ placentas were carried out.

RESULTS: Histological examination of the dichorionic twins’ placentas revealed that those from spontaneous preterm
birth were characterized by a higher frequency of chronic placental insufficiency with reduced compensatory and adaptive
mechanisms and more pronounced circulatory disorders in the circulatory bed of the villous tree, when compared to placen-
tas from spontaneous term labor. The first verification of relaxin 2 expression in the chorionic villi of the dichorionic twins'’
placenta showed the role of the peptide in the initiation of spontaneous preterm birth. The relative area of relaxin 2 expression
in spontaneous preterm labor was significantly higher (p < 0.05) compared to that in spontaneous term labor.

CONCLUSIONS: The data obtained confirm the hypothesis put forward about the involvement of placental relaxin in the
pathogenesis of spontaneous preterm labor in multiple pregnancies. The authors were the first to propose the definition of
a “relaxin-dependent” way of implementing spontaneous preterm labor. To help define new preventive strategies, the pros-
pects for further studies of the role and significance of relaxin in the implementation of pathogenic processes involved in
spontaneous preterm birth in multiple pregnancies have been outlined.
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«PenakcuH-3aBUCUMBIA» NYTb peanusauuu
CNOHTaHHbIX NpeXaeBpeMeHHbIX poaoB
npyu MHOroMJO0AMMU: BKNAaA NiaLeHTapHoro
pefakcuHa-2

© 0.B. Mauynua, 0.H. becnanosa, M.I. bytenko, 10.11. Muniotuna, T.I'. Tpans, I'.X. Tonnbosa

Hay4Ho-uccnenoBaTenbCKMii MHCTUTYT aKyLLepCTBa, MMHeKonorum u penpogyktonorum uM. [1.0. Otra, Cankt-letepbypr, Poccua

0bocHosaHue. HecMOTPA Ha MHOrOYMCNEHHbIE UCCIe0BaHMA, 3TUOMNATOreHe3 NperaeBpeMeHHbIX POAOB NpY MHOMO-
MN0AMM OCTAETCA HEAOCTAaTOMHO ACHBIM, YTO 06YCNOBAMBAET HU3KYI0 3PGEKTMBHOCTb NPEBEHTUBHLIX M TEpANeBTUYECKMX
MepONPUATUIA, HanpaBeHHbIX HAa COXpaHeHWe MHOrOMNOLHON bepeMeHHOCTU. B cBA3M ¢ 3TMM oueBMHa HeobxoaMMocTb
M3Y4EeHMA BO3MOMKHbIX NYTEN peanu3aLm npexaeBpeMeHHbIX POSOB NPYM MHOFOMIOAMM U NOUCKA HOBbIX B1IOMapKepoB MxX
MaToreHeTUYeCKMX 3BeHbEB. B 3KCMEepUMEHTaNbHBIX M KIMHUYECKMX UCCNeAoBaHMAX Obi NPoAeMOHCTPMPOBaHbLI BKNag
MNeMoTPONHOr0 roPpMOHa PenaKCcMHa B PErynALMIO LUMPOKOro CreKTpa GU3MONOrnYecKMX NpoLeccoB U ero pofb B pe-
anusaummn NaToreHeTUYECKUX MEXaHWU3MOB OC/IOMKHEHMIA BepeMeHHOCTH, B MepBylo ovepefdb MPeXaeBpeMeHHbIX POLOB.
[loKasaHHbIN ayTOKPUHHBIA/MapaKpUHHBIA MEXaHWU3M OENCTBUA NaLEHTApHOMO0 PenaKkcuHa, Peanu3yiolero BaKHbIe Jo-
KanbHble 3QQeKTb, onpenenAaeT NepcrnekTMBHOCTb M3Y4YEHWUA BKaZa ero AeperynAauMm B peanv3aumio CNoHTaHHbIX npe-
¥OEBPEMEHHbLIX POAOB NPY MHOMOMN0ANM.

Mamepuanel u Memodel. lpoBefeHo MopdoNOrMyeckoe UccnenoBaHne 92 NnaweHT oT 46 bepeMeHHOCTeN AUXopuanb-
HOM IMaMHMOTMYECKON OBOMHEN: U3 HUX 24 3aBEPLUMAINCH CMOHTAHHBIMW NpPEKAEBPEMEHHBIMA poAaMu, 22 — CMOHTaH-
HbIMWU CPOYHBIMM pofaMu. BbiNonHEHbI TMCTONOrMYeCKoe UCCNefoBaHWE MALEHT, MMMYHOTMCTOXMMUYECKan BepudmKa-
LIMA IKCNPeCccun penakcuHa-2 B BOPCMHYATOM XOPUOHE MIALEHT AMXOPUasbHBIX [IBOEH.

Pe3synomamei. Mpy rUCTONOrMYECKOM MUCCNefoBaHUM NNALEHT LeTei 0T GUXOPUanbHOW MHOMONNOAHOM 6epeMeHHOCTM
BbINI0 YCTAHOBNEHO, YTO MJIALEHTLI JeTel NpU CMOHTAHHBIX NPEXAeBPEMEHHbIX POAaxX XapaKkTepusyloTcA bonblueit YacTo-
TOM XPOHWYECKON NaLeHTapHOM HeJ0CTaTOMHOCTM CO CHUMEHHBIMM KOMMEHCATOPHO-NPUCNOCOOMTENbHBIMM MeXaHW3Ma-
MK, bonee BbIPaXKEHHbIMU LMPKYNATOPHBIMUA HapYLIEHWAMU B LMPKYNATOPHOM PYCe BUINIE3HOr0 [epeBa B CpPaBHEHWUM
C MyaueHTaMu NPy CMOHTaHHbIX CPOYHbIX pofax. [lpoBefeHHan BrepBble BEPUPUKALIMA IKCNPECCUM penaKkcuHa-2 B Bop-
CMHaxX XOpMOHa NNALEHT OMXOpUanbHbIX BOEH MOKa3ana ero posib B UHULMALMK CMOHTAHHBIX MPeX4EBPEMEHHBIX POLOB.
OTHoCWTENbHas MNoLLagb 3KCMPECCUM PeNlakcuHa-2 NpU CMOHTaHHBIX NpesaeBpeMeHHbIX poaax bbina 4OCTOBEPHO Bhbille
(p < 0,05) no cpaBHEHMIO C JaHHLIM NOKA3aTeeM MPU CMOHTAHHBIX CPOYHLIX POAAX.

3arnoyeHue. TlonyveHHble JaHHbIe NOATBEPHKAAIOT FMMNOTE3Y O BKNaAe NaLeHTapHOr0 peflakcMHa B MaToreHes CnoH-
TaHHbIX MPEeXAEBPEMEHHBIX POLOB NpY MHOronnoavu. ABTOpbl BRepBble Oanu OMNpeaeneHne «penakCMH-3aBUCMMOr0o»
MyTW peanusaummy CNoHTaHHbIX NPerKOeBPeEMEHHbIX POOB, NPeACTaBUNM NEPCNEKTMBLI JaNbHENLWMX UCCef0BaHUN CTe-
MEeHW BKNada, 3HAYMMOCTM PenaKkCMHa B peanv3auny naToreHeTUYeCKMX MPOLeccoB, NPUMBOAALLMX K CMOHTaHHBIM Mpe-
}KOEBPEMEHHLIM PoAaM Mpy MHOTOM0ANM, 41A pa3paboTKM HOBbIX NMPEBEHTUBHLIX CTPATErUA.
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BACKGROUND

Currently, there is a steady increase in the frequency
of multiple pregnancies, which are associated with the
widespread use of assisted reproductive technologies.
Pathological multiple pregnancies at all stages of gestation
are associated with a considerable increase in the frequency
of obstetric complications, surgical delivery, and a high level
of perinatal losses [1]. Preterm delivery (PD), in turn, most
often complicates multiple pregnancies. In addition, about
40% of multiple pregnancies are induced PD (based on
medical necessity for the mother and fetuses) and 60% are
spontaneous PD.

Spontaneous PD is well known as a “major obstetric
syndrome.” It can be caused by maternal, paternal, fetal, or
environmental factors. To date, there are four main groups
of causes of PD: infectious and inflammatory (about 40%),
activation of the maternal—fetal hypothalamic—pituitary—
adrenal system (about 30%), bleeding (about 20%), and
uterine hyperextension (about 10%) [1, 2].

Nevertheless, most researchers indicate the unclear
nature of etiopathogenesis of PD in multiple pregnancies.
This factor largely determines the low efficiency of
preventive and therapeutic measures that are aimed at
maintaining multiple pregnancies. Hence, there is an obvious
necessity to study the possible ways of implementing PD in
multiple pregnancies and search for new biomarkers of their
pathogenetic links.

Experimental and clinical studies have demonstrated
that the pleiotropic action of the forms of this polypeptide
hormone circulating in the mother’s blood has prompted the
study of relaxin as a biomarker. A large array of information
is available about their endocrine action and participation in
the regulation of a wide range of physiological processes
during pregnancy [3].

In early pregnancy, relaxin stimulates biochemical
changes in the cells of the endometrial stroma, thereby

Vol 70 (2) 2021

Journal of Obstetrics and Women's Diseases

playing an essential role in its decidualization. In addition,
it modulates the activity of matrix metalloproteinases,
increases the local concentration of immunocompetent cells,
and enhances angiogenesis, thus favoring the implantation of
embryo [5-7]. In the late stages of gestation, relaxin affects
the maturation of the cervix by regulating the sequential
processes of collagen degradation and remodeling.
Furthermore, it causes the relaxation of the ligaments of
the pubic articulation of the pelvic bones, which contributes
to the optimal preparation of the maternal organism for
physiological childbirth [6-9].

At the same time, the literature demonstrated that
both a deficiency and an excess of relaxin in the blood can
exert negative consequences on pregnancy [9]. Studies
have also shown the negative effects of hyporelaxinemia
on carbohydrate metabolism, as well as the association
between hyperrelaxinemia and the risk of spontaneous PD
[10-13].

The study of placental relaxins did not reveal their
significant concentrations in the maternal blood; therefore,
the conclusion was drawn about the predominantly
autocrine/paracrine mechanism of their action, through
which important local effects are implemented [14-17]. The
discovery of expression of relaxin receptors in the endothelial
cells of the placenta vessels prompted the assumption that
relaxins are involved in the control of placental perfusion
and therefore play the role of important regulators of the
adequate functioning of the mother—placenta—fetus system
[17-19] (Fig. 1).

The contribution of the deregulation of placental re-
laxins toward the pathogenesis of pregnancy complica-
tions, primarily PD, has not been studied in both singleton
pregnancies and multiple pregnancies. Studies on singleton
pregnancies obtained fragmentary data on the effects of
relaxins on PD via collagenolytic action on the structures
of the membranes with a further decrease in their strength
and rupture [16, 20]. Importantly, researchers have also

{

Chronic placental insufficiency:
ischemia + oxidative stress

Preterm uterine contractions

Chronic infection Acute infection Non-infectious Developmental (amnion Mechanical
vascular injury structures) disorder abnormality
v v
Autocrine/paracrine hormones/ Matrix metalloproteinases +
Maternal stress cytokines + tissue inhibitors of metalloproteinases

Preterm discharge
of amniotic fluid

Increased matrix degradation

Reduced tensile strength
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——  Remodeling of the uterine cervix

Fig. 1. Pathological processes that potentially occur in preterm delivery by influencing autocrine/paracrine hormonal regulation ([21],

as amended)
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demonstrated the ability of relaxins to increase the con-
tractile activity of the uterus by stimulating the expressions
of mRNA and the levels of proteins—cyclooxygenases-1
and -2—involved in the production of contractile prosta-
glandins E, and, thus, in conditionally aseptic conditions to
reproduce the cascade of inflammatory response reactions
[16, 17, 20-22].

To date, researchers are discussing the role of
“relaxin system” in spontaneous PD, namely the disorder
of adequate proliferation of fetal membranes, which are
essential for the adaptation of the fetal membranes to the
fetus and placenta growth, as well as acute infection and
an aseptic inflammatory reaction leading to the onset of
labor [19-22]. Thus, the study of placental relaxin in the
occurrence of spontaneous PD in multiple pregnancies
seems promising.

MATERIALS AND METHODS

A morphological study of 92 placentas (m) from
46 pregnancies (n) of dichorionic-diamniotic twins was
performed. The main group included spontaneous PD
(n =24, m = 48) with a gestational age of 28-36 weeks
and the control group included spontaneous delivery at
term (n = 22, m = 44) a the gestational age of 37 weeks or
more.

Histological method

Sampling, preparation of material for research, and
preparation of histological specimens were performed in
accordance with the order of the Ministry of Health of the
Russian Federation dated March 24, 2016 No. 179n “On the
Rules for conducting pathological studies.” The material
was fixed in 10% neutral formalin (pH: 7.2), and the pro-
cessing was performed according to the standard protocol.
The obtained blocks were cut into the sections with a thick-
ness of 3-5 pm. For overview staining, hematoxylin and
eosin were used. The study was performed on an Olym-
pus CX31 microscope (Japan) at magnifications of 100x
and 400x.

Immunohistochemical method

The study was performed on paraffin sections with
a thickness of 5 ym, which were placed on glass slides
coated with a poly-L-lysine film (Sigma, Japan). The immu-
nohistochemical reaction was performed using a standard
one-step protocol with antigen retrieval (high-temperature
tissue treatment) in 0.01 M of citrate buffer with a pH of 6.0.
The Abcam Mouse and Rabbit Specific HRP Plus (ABC) De-
tection IHC Kit (RTU) [ab93697] (Abcam, UK) was used as an
imaging system.

The immunohistochemical method of the study included
a quantitative and qualitative assessment of the expression
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of relaxin-2 (RLN2) using primary monoclonal rabbit
antibodies Anti-Relaxin 2/RLN2 [clone EPR 14205] ab183505
Abcam (UK) at a standard dilution of 1:1500.

Digital microscopy and morphometry

The quantitative assessment of the results of immuno-
histochemical studies was performed on microphotographs
obtained using a microscopic image fixation system com-
prising an Olympus BX46 microscope and CellSens 47 Entry
software. Fields of view containing tissue defects, staining
defects, and artifacts were excluded from photography.
Photographing was performed at a magnification of 400x
(eyepiece x 10, lens x 40) in the Photo mode, with exposure
time of 1/38 s, a maximum camera sensitivity, image size
of 2080 x 1544 pixels, and graphic image format of JPEG
(normal). The proportion of the occupied expression of the
marker under study was calculated using the VideoTest-
Morphology 5.2 program (VIDEOTEST, Russia).

In each section in five fields of view, the following was
assessed:

+ the optical density of expression was calculated auto-
matically in accordance with the Bouguer—Lambert—Beer
law; the use of the so-called optical expression density,
which is the basic parameter of the VideoTest-Morphol-
ogy 5.2 program, for analyzing optical parameters of
microphotographs is acceptable because measurements
are performed by analogy with spectrophotometric anal-
ysis;

+ for the relative area of expression, the ratio of the area of
immunopositive cells to the total area of the preparation
was calculated S (%) = (Syqsitve/ Stora) * 100, after which

the average values of the studied parameters were cal-

culated.

Statistical analysis

The results were statistically processed using Statisti-
ca 10 (StatSoft, Inc.) and Microsoft Excel software. The Sha-
piro—Wilk test (W-test) was used to test the normal distribu-
tion. To compare the studied parameters, the nonparametric
Mann-Whitney test (U-test) and the Kruskal-Wallis test
(H-test) were used.

The relationship between the studied parameters
was assessed using the Spearman’s rank correlation
coefficient r,. The bond strength was determined according to
the following indications: very weak (0-0.3), weak (0.3-0.5),
medium (0.5-0.7), high (0.7-0.9), and very high (0.9-1).

In the pairwise comparison between the groups, the
single-factor analysis of variance was applied, which
included post hoc analysis according to the Bonferroni
method and the comparison of differences of the means
according to the Tukey method.

For all types of analysis, values of p < 0.05 were taken
as statistically significant.
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Clinical and anamnestic characteristics of the
groups. Pregnant women with dichorionic—diamniotic twins
in the study groups were comparable in age (p > 0.05). Ges-
tational complications such as istmicocervical insufficiency,
gestational diabetes mellitus, hypertensive conditions (preg-
nancy arterial hypertension, preeclampsia), and chronic pla-
cental insufficiency (CPI) were identified most frequently
in both study groups. Nevertheless, significant differences
between the groups were revealed only in the incidence of
gestational diabetes mellitus, which was significantly more
frequent in spontaneous PD (p < 0.05) than in the main group
(37.5% [91 and 19.1% [4]).

In the studied groups, specific complications of multiple
pregnancies with dichorionic—diamniotic twins such as the
dissociation of fetal development and the antenatal death of
one fetus from twins were assessed (the weight of one of
the fetuses is less than the 10" percentile and discordance
of the estimated fetal weight of more than 25% [according
to the US]) [121]. Only in one case in the spontaneous PD
group, the difference between the estimated fetal weight
was borderline and amounted to 23%. In this pregnancy,
spontaneous PD occurred at a term of 28 weeks of gestation.
Importantly, there were no cases of antenatal death of one
of the fetuses in the study groups.

Histological examination of the placenta of
dichorionic twins. The histological examination of the
placentas included an assessment of placental mass,
placental-fetal index (PFI), compliance with gestational
age, circulatory disorders, compensatory—adaptive changes,
the type and severity of CPI, exudative and hematogenous
inflammatory changes, and abnormalities in the
development of placentas. Differences in indicators were
determined by both groups and the placenta of fetuses in
twin pairs.

Placenta weight. The weight of the placentas of di-
chorionic—diamniotic twins varied from 170 to 860 g. The
average weight of the placentas of the first and second fe-
tuses did not differ for twin pairs in all the studied groups
(p < 0.05).

No significant differences were revealed (p > 0.05)
while assessing the weight of the placenta for both fetuses
in the early (463.4 +177.3 g) and late (349.3 + 102.8 g)
spontaneous PD. In spontaneous PDs, placental weight
was weakly positively correlated with weight (r=0.29)
and the height of twins at birth (r = 0.38). At term delivery,
the correlation between the weight of the placenta and the
weight of children was moderately positive (r = 0.60).

Placentalfetal index. There were no significant differ-
ences in PFl with spontaneous PD and spontaneous term de-
livery (0.16 £ 0.01 and 0.15 + 0.01, p > 0.05). A significantly
higher PFI (p < 0.05) was noted in early PD than late PD
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(0.19 £0.05 and 0.15 £ 0.03) and the height of children
(r=-0.51). At term delivery, there was a positive relation-
ship between placental weight and PFI (r = 0.64).

CPI. Differences in the frequency of CPI detection
(compensatory—adaptive changes, circulatory disorders
of varying severity) and the degree of CPI compensation
(compensated, subcompensated, and decompensated) in
the study groups were assessed.

Inconsistency of placentas with gestational age (CPI).
There were no differences between the groups in terms of
inconsistency between the placentas and the gestational
age (p > 0.05). At the same time, the assessment of the
intragroup differences between the indices of the placentas
of the first and second fetuses determined that in the group
of spontaneous delivery, the placenta of the second fetuses
differed significantly from the first fetuses in a greater
frequency of inconsistency with the gestational age
(62.5% [15] and 58.3% [14] with PD [p < 0.01], 68.2% [15]
and 50% [11] with term delivery [p < 0.05]).

Degree of CPl compensation. The incidence of compen-
sated CPI was comparable in all groups. In the group of
spontaneous PD, subcompensated placental insufficiency
among the former occurred significantly (p =0.01) more
often as compared with the spontaneous delivery at term
(29.2% [71 and 4.5% [1]). At the same time, among the pla-
centas of second fetuses, there were no significant differ-
ences in the frequency of subcompensated CPI (29.2% [7]
and 22.7% [5], p > 0.05).

The analysis of incidence of subcompensated CPI in
the placentas of the first and second fetuses showed
a tendency to its higher incidence among the second fetuses
(p=0.092). In the study of the placentas of both fetuses,
subcompensated CPI was detected significantly more often
(p=0.012) in early PD as compared with late PD groups
(60.0% [6] and 16.7% [6]).

CPI with signs of decompensation in the placentas of the
study groups was not found.

Circulatory disorders. Severe circulatory disorders
were significantly (p = 0.04) more common in the group of
spontaneous PD as compared with spontaneous delivery
group at term both among the placentas of the first fetuses
(50% [12] and 27.3% [6]) and among the second fetus
placentas (54.2% [13] and 31.8% [7]).

Compensatory and adaptive changes. No significant
differences were found in terms of severity of compensatory—
adaptive changes, both while comparing the placenta of both
fetuses and comparing twin pairs.

Inflammatory changes in the placenta. Considering
the small number of placentas with signs of inflammatory
changes, they were assessed for both fetuses in each group.
The frequency of infectious and inflammatory processes in
the placenta was twice lower than indicated in the literature
and amounted to 22.8%.

DBOI: https://doi.org/10.17816/JOWD60946

31



32

OPUTMHATTBHOE VICCIELOBAHME

Tom 70, N2 2, 2021

Table. Histological characteristics of dichorionic twin placentas in the study groups
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Spontaneous preterm delivery Spontaneous delivery at term
Type of delivery (n =24, m = 48) (n =22, m = 44) p-value
% (n)
CPI
Discrepancy with gestational age 60.4 (29) 59.1 (26) <0.05
Type of CPI
Hypoplastic 6.9 (2) 11.5@3) <0.05
Dissociated 86.2 (25) 84.6 (22) <0.05
Hyperplastic 6.9 (2) 3.9(1) <0.05
Degree of CPl compensation
Compensated 51.7 (15) 76.9 (20) <0.05
Subcompensated 48.3 (14) 23.1(6) 0.01
Decompensated 0 0 -
Compensatory and adaptive changes
Mild 0 2.3(1) <0.05
Moderate 95.8 (46) 93.2 (41) <0.05
Significant 4.2 (2) 45(2) <0.05
Circulatory disorders
Mild 8.3 (4) 18.2 (8) <0.05
Moderate 39.6 (19) 432 (19) <0.05
Significant 50.0 (25) 29.6 (13) 0.03
Infectious and inflammatory changes
Exudative inflammation
Membranitis 6.25 (3) 0.09
Chorioamnionitis 8.4 (4) 2.3(1) <0.05
Funiculitis 4.2 (2) 2.3(1) <0.05
Hematogenous ingress of infection
Villusitis A4 (4) 4.6 (2) <0.05
Deciduitis 2(2) 4.6 (2) <0.05

Note. CPI — chronic placental insufficiency.

Nevertheless, there was a tendency (p = 0.09) in the group
of spontaneous PD to a higher frequency of inflammatory
changes as compared with the group of spontaneous term
delivery. In the main group, membranitis was noted in
6.25% (3) of cases, whereas it was not registered in the
control group. Chorioamnionitis was diagnosed in 8.4% (4)
of cases in group 1 and in 2.3% (1) of cases in group 2.
Funiculitis was noted in 4.2% (2) and 2.3% (1) of cases in
group 1 and 2, respectively, but the differences were not
were statistically significant (p > 0.05). In the group of early
PD, there were 20% (2) cases of chorioamnionitis, which was
significantly higher (p > 0.05) as compared with late PD (in
these groups, chorioamnionitis was not detected).

While assessing infectious lesions of the placentas
caused by hematogenous infection, the proportion of
villusitis in the study group was 8.4% (4) and was slightly
higher compared with the control group (4.6%, 2), but the

differences were not statistically significant (p > 0.05).
Villusitis was detected only at early PD in 20% (2) of cases.
The number of deciduites was comparable in the group of
preterm and term delivery (4.2% [2] and 4.6% [2]; p > 0.05).

Table shows the comparative histological characteristics
of dichorionic twin placentas in the study groups. The data
are presented for the placentas of both fetuses in twin pairs.

Immunohistochemical study. The immunohistochemi-
cal verification of RLN2 expression in placental villous cho-
rion was performed. The distribution of RLN2 expression
was uniform in syncytiotrophoblast, cytotrophoblast, and
chorionic villus stroma of dichorionic—diamniotic twin pla-
centa in the study groups.

The relative area of RLN2 expression was 26.6 + 1.4%
in the placentas of the first fetuses and 28.2 + 1.3% in the
placentas of the second fetuses. There were no significant
differences in the comparison of RLN2 expression indices
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in the placentas of the first and second fetuses with
spontaneous PD, (p > 0.05).

In the group of spontaneous term delivery, the relative
area of RLN2 expression in the placentas of the first fetuses
was significantly lower (p = 0.02) than the placentas of the
second fetuses (23.1 + 1.4 and 26.1 + 1.5%).

The optical density of RLN2 expression of the placenta
of the fetuses in the study groups did not differ from each
other (p > 0.05).

Relationship between RLN2 expression indices in the
villous chorion of the placenta of the first and second
fetuses. The correlation and regression analysis was per-
formed to assess the relationship between the severity of
RLN2 expression in the placentas of the first and second fe-
tuses in the study groups. According to the correlation analy-
sis, there was no linear relationship between the parameters
of RLN2 expression (r = 0.25) in the villous chorion of the
placentas of the first and second fetuses. The regression
analysis also showed low coefficients of determination for
the relative area of RLN2 expression (R? = 0.09).

Expression of RLN2 in placental villi depending on
the type and timing of delivery. The average value of
the relative area of RLN2 expression in spontaneous PD
was 27.4 + 1.0%, whereas this indicator was significantly
lower in term delivery (24.6 + 1.0%) (p = 0.03). The data are
presented in Fig. 2. The main and the control groups showed
no differences in the assessment of the optical density of
RLN2 expression (0.10 + 0.002 and 0.11 + 0.002, p > 0.05).

Figure 3 shows the expression of RLN2 in the villous
chorion of the placenta of dichorionic twins in the compared
groups.

An analysis of variance of RLN2 expression indices in the
case of early and late PD revealed no significant differences,
both when compared depending on the gestational period
and histological parameters (p > 0.05).
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Fig. 2. Expression area of relaxin-2. *p < 0.05

Expression of relaxin in the villous chorion of the
placenta depending on the type of onset of delivery.
According to the variant of development of labor activity
(beginning with contractions/premature discharge of amniotic
fluid), the group of spontaneous PD was characterized by
a high frequency of the onset of delivery with a premature
discharge of amniotic fluid (70.8%, 17). In delivery at
term, the labor activity started somewhat more often with
contractions (54.5%, 12) than with the preterm discharge of
amniotic fluid (45.5%, 10).

With the preterm discharge of amniotic fluid, the relative
area of RLN2 expression was 26.7 + 2.7% in the spontaneous
PD group and 27.3 + 2.6% at the onset of delivery with uterine
strains. The differences were not significant (p > 0.05).

DISCUSSION

In this study, we performed a histological assessment
of the placentas of children from dichorionic multiple
pregnancies, born at different terms of gestation through
a spontaneous delivery. CPI with a reduced compensatory
ability (subcompensated CPI) and pronounced circulatory

~a
—
-

>
- T

Fig. 3. Expression of relaxin-2 in the villous chorion of the placenta of dichorionic twins: @ — in spontaneous preterm delivery;

b — in delivery at term. Immunohistochemical staining, 400x
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disorders were diagnosed with a higher frequency in PD as
compared with the placentas of children from term delivery.
The placentas in early PD were characterized by a lower
“placental reserve” as compared to placentas from late PD.

In dichorionic multiple pregnancies, despite the
commonality of intrauterine existence, each of the fetuses is
under different conditions due to different resources and the
possibilities of implementing the compensatory mechanisms
of each of the placentas. Thus, the placentas of the first and
second fetuses in twin pairs were significantly different
from each other. In the placentas of the second fetuses,
more pronounced morphofunctional changes were noted
than the placentas of the first fetuses, which, probably, also
determines the high frequency of adverse outcomes among
the second fetuses, described by the authors studying the
problem of perinatal complications in multiple pregnancies
(23, 24].

Attention was directed to the low total number of
infectious and inflammatory processes in the placentas of
dichorionic twins, despite the significant role of infectious
and inflammatory processes in the placentas as presented
in the literature. Nevertheless, inflammatory changes in the
placenta, both exudative (ascending) and hematogenous
(descending), were detected in 20% of cases with early PD.
They were absent in late delivery. Therefore, the results
obtained, on the one hand, indicate a significant contribution
of inflammation to the multifactorial process of PD (primarily
early PD) and,on the other hand, other mechanisms of PD in
multiple pregnancies.

This study has shown that one of such mechanisms for
the implementation of PD can be a “relaxin-dependent”
pathogenetic pathway. The first verification of RLN2
expression in the placentas of dichorionic twins revealed its
probabilistic role in the initiation of spontaneous PD. There
were no differences in the level of relaxin expression at the
onset of PD with a premature discharge of amniotic fluid
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