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Abstract

Histological, histochemical, immunohistochemical and morphometric methods studied 12 consecutive identical twins with total villous shell, weighing 650 - 800
g and 12 consecutive singleton pregnancies weighing 450-550 g. Gestational age 39-40 weeks, for no pathology, no independent labor complications. Objective -
histological analysis of the placenta villous membrane monochorionic identical human twins. The epithelium of the terminal villi of identical twins showed a high
proliferative activity of Ki-67-positive nuclei (in singleton pregnancy rate is 3 times lower). Vascularization of the villi is carried angiogenesis mechanisms. Data
obtained in the study suggest that placental villous tree monochorionic twins is characterized by incomplete human histogenesis of the main structural components

of terminal villi.

Introduction

The frequency of multiple pregnancy increases in recent decades
due to the increase in the mother’s age at the time of the birth of the child
and the use of assisted reproductive technologies [1]. The proportion
of monozygotic twins is 4 per 1000 genera [1], of which 20-30% have
a common chorionic plate [2]. Monochorionic twins, in comparison
with dichorionic ones, are distinguished by significant perinatal
mortality (18-35%) [2]. Vascular placental anastomoses connect both
fetuses through the chorion [3], which can cause a hemodynamic
imbalance between them and lead to a significant risk of restriction
of height and weight, aneuploidy, structural abnormalities of the fetus,
placenta and umbilical cord [1,3]. Specific complications of multiple
pregnancy are transfusion syndrome of twins and twin disappearance
syndrome; intrauterine fetal death may lead to cerebral ischemia of the
twin and subsequent neurologic impairment [3]. At the same time, in
the available literature information on the histological structure of the
chorionic plate of the human placenta with monotonous wins are few
and scattered.

The aim of the work is a histological analysis of the villous shell of
monochorionic placenta of monozygotic twins of a human.

Materials and methods

The material was obtained from the maternity hospitals of Yaroslavl
in pregnancies that occurred without pathology and independent labor
without complications. Pathomorphological research was carried out in
the clinical hospital N.V. Solovyov, Yaroslavl. The study was approved
by the ethical committee of the Yaroslavl State Medical University
(protocol No. 41 of October 4, 2016). We studied 12 sequences with
developing monotonous twins, who had their own umbilical cord;
amnion, chorion and other membranes, including the placenta, were
common. The gestation period is 39-40 weeks, the mass of the afterbirth
is 650-800 g. As a comparison, the chorion of 12 stages was studied in
a single pregnancy with a mass of 450-550 g. From the fetal membrane
of the placenta excised fragments in the central, middle and marginal
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part, the material was fixed in 10% neutral formalin and liquid Carnoy.
Serial sections 4-5 microns thick were stained with hematoxylin
and eosin, according to McManus and Hart. The glycogen content
was detected by a Schiff-iodic acid reaction (control with amylase).
Immunohistochemical study was performed on dewaxed sections with
an indirect immunoperoxidase method using the Ki-67 proliferation
marker (Ventana, USA), followed by staining with Mayer’s hematoxylin.
The number of immunopositive nuclei and the determination of the
proliferation index were performed on the immunohystoster of Roche
Benchmark XT Ventana (USA). At the same time, 1000 nuclei were
counted in the trophoblastic epithelium of intermediate, terminal
villi (TV) and syncytial kidneys (SK), endothelium of capillaries and
arteries, smooth myocytes of arteries TV. The outer diameter of the
branches of the chorion arteries was measured with a screw-eyepiece
micrometer MOV -1-15x (LOMO, Russia). The quantitative data were
processed by the method of variational statistics. The significance of the
differences was judged from the Student’s t-value.

Resolutions and contiguity

The chorionic plate of identical twins is represented mainly
by a dense network of terminal villi located in a wide intervorsing
space. TV is well vascularized with 5-7 fetal capillaries (Figure la).
Hemocapillaries are surrounded by a loose fibrous connective tissue
and occupy a peripheral position under the trophoblastic epithelium.
The epithelium of TV is flattened, on it numerous syncytial kidneys
(SK) are formed, represented by clusters of syncytiotrophoblast (ST)
nuclei (Figure la). Nucleated thin sections of the epithelium, which
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are in direct contact with fetal hemocapillaries, form syncytocapillary
membranes.

In the epithelium of TV monozygotic twins, high proliferative
activity of Ki-67 positive nuclei were revealed (in single-pregnancy
- 3 times lower) (Table 1, Figure 1b). The epithelium of intermediate
villi (IV) is characterized by an insignificant index of proliferation (in
singleton pregnancy the marker gives a negative reaction). In SK the
index of proliferation is reduced almost 4 times in comparison with the
epithelium of TV, but 2 times exceeds the level of the index in single
pregnancy.

Arterial vessels of the chorionic plate of the placenta in single-
pregnancy and monotonous twins have pronounced structural features:
the middle shell is characterized by significant development and is
represented by two layers of smooth mitsites: internal - obliquely-
longitudinal and external - circular (Figure 2a). Tunica media contains
a dense network of reticular and elastic fibrils, tunica externa is
surrounded by intertwining bundles of collagen fibers (Figure 2b).
Cytoplasm of smooth myocytes is characterized by a high content of
glycogen. The diameter of the arteries varies from 60 to 120 microns. In

Figure 1. Terminal nores of the monochorionic placenta of monozygotic twins of a human

a - syncytial kidneys and hemocapillaries; b-immunoexpression of the Ki-67 marker (* -
asterisk) in the cytotrophoblast.

Masson coloring (a); immunohistochemical reaction with anti-Ki-67 antibody with staining
of Mayer’s hematoxylin (b). Increase 300.
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Figure 2. Chorionic arteries of identical twins of a human

a - internal oblique-longitudinal and outer circular layer of smooth myocytes in the middle
shell; b - intertwining bundles of collagen fibers surrounding the artery.

Staining with hematoxylin and eosin (a); by Masson (b). Increase 200.

single-pregnancy, the number of such vessels in the chorionic plate is
almost 50% (47.3 + 1.2), and for monozygotic twins it approaches 90%
(89.1 £3.5,P <0.01).

The index of Ki67 immunopositively nuclei in the blood vessels of
the IV and TV chorion of a person with a two-fetal pregnancy is higher
than in the case of a single-fetal pregnancy (Table 1). The maximum
number of Ki-67 immuno-positive nuclei was detected in the capillary
endothelium (2.7 times as compared with the arteries). The level of
proliferation of smooth myocytes in the arteries of terminal villi in the
case of bifacial pregnancy exceeds by 1.5 times the values of the index
for single-fetal pregnancy.

Conduction senders

In the course of the study, it was found that when developing
identical twins of a human (at 39-40 weeks of gestation), the villous tree
of the monochorionic placenta is represented mainly by TV covered
with numerous non-nuclear regions that contact the fetal capillaries
and form the syncytiocapillary membranes. This coincides with the
morphological picture of the villous tree of the child’s place in the X
month of single-pregnancy [4,5], where the most numerous species
(50%) are also TV. In functional terms, it is important to emphasize that
in the zone of fetal sinusoidal capillaries the blood flow slows down and
the contact time of the erythrocyte with the placental barrier increases
[4]. Therefore, the histological characteristics of placental barriers in
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Table 1. The index Ki67 of immunopositive nuclei in trophoblastic epithelium and blood vessels of intermediate and terminal villi chorionic villus in single and two-fetal pregnancy,% (x

+ sx)

Epithelium of syncytial Endothelium capillaries

Smooth myocytes of

Group of observations Epithelium IV Epithelium TV kidneys of TV Endothelial arteries TV arteries TV
singleton pregnancy - 94+1.5 33+0,8 28+04 09+0.2 1.7£0.2
bipartite pregnancy 0.5+0,1 28.2 £3.3* 72+ 1.5% 7.5+ 1.1% 1.8+£0.2% 2.5+0.3%

Note: TV - terminal villi of the chorion; IV - intermediate villi of the chorion. Differences are significant: * at P <0.01

single- and two-fetal pregnancies do not have significant structural
differences. Analysis of monochorionic placenta of monozygotic twins
showed pronounced proliferative activity of trophoblastic epithelium
TV. At the end of a single-pregnancy pregnancy, the proliferation
marker gives a negative reaction in the epithelium of all types of villi,
except terminal ones, where the proliferation index is only 0.5% [5]. It is
emphasized that in the peripheral cytotrophoblast cells in the dynamics
of pregnancy, the synthesis of DNA is not accompanied by entry
into mitosis, but endomitotic reproduction occurs, the cells become
polyploid and acquire the ability to migrate [6]. Thus, the registered
level of proliferative activity of the epithelium of TV; evidently
indicates the incomplete histogenesis of the monochorionic placenta
and the growth of the branches of the villous tree in accordance with
the functional demands of the two fruits. Relative “immaturity” of the
placental barrier can be one of the factors that initiate the development
of fetal and placental abnormalities in multiple pregnancies [1,3].

In this work, a significant number of syncytial kidneys on the surface
of TV and IV with mononuclear twins is shown. The proliferation index
of Ki-67 in the joint of the chorionic twin plate exceeds the values for
single-fetal pregnancy. The formation of SK leads to an increase in the
total area of villi 1.8 times [5]. The reaction to the Ki-67 marker in the
SK epithelium is negative [5], which does not coincide with our results
and data on its presence [7].

It is known that joint ventricles, or resorptive nodules, are
syncytiotrophoblast (ST) derivatives, are represented by a cluster of
ST nuclei [8], the amount of SK increases toward the termination of
pregnancy [9]. There is no common opinion on the role of the SK. Some
authors consider them to be a product of ST degradation in response
to hypoxia [10] or ischemia [11]. The amount of SK can increase with
preeclampsia [12]. The joint venture may participate in the emergence
of new villi or be able to unscrew, forming free multinuclear symplasts
in the intervorsing space, and being carried by blood, revealing itself
in remote organs [8]. Probably, free symplasts reflect the consistency
of quantitative relationships between the cyto- and syncytiotrophoblast
[13]; or are regulators of hemostasis, and, as migrants in the lung
parenchyma of the mother, induce immune tolerance to the fetus [5,14].

It was found that the majority of arterial vessels of the placenta
chorionic membrane in single and especially multiple pregnancies have
in the tunica media expressed oblique-longitudinal and circular layers
of smooth myocytes, as well as a well-developed network of elastic
fibers. In the arterial basin of the fetus and children’s place, we have
previously shown the presence in the vascular wall of the complex of
additional smooth muscle structures [15], providing normal organo-
and histogenesis and creating conditions for optimal distribution of
blood flow in the placenta, minimizing trophic and oxygen starvation
of the fetus. Vessels of twins in the common placenta are reported with
the help of numerous anastomoses [3]. In the field of anastomoses,
multiple bends and branches of blood vessels, arteries are able to actively
contract and compensate for the limited possibilities of cardiac output
in conditions of volumetric loading and increase in blood pressure [4].

Proliferation of the main cellular populations of fetal arteries
and capillaries, registered in the course of this work, confirms the
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observations [5], indicating the vascularization of villi in the third
trimester of pregnancy by the mechanisms of angiogenesis.

Thus, the data obtained in the study allow us to conclude that the
villous tree of the monochorionic placenta of identical twins in the late
neural period of early human development is characterized by incomplete
histogenesis of the basic structural components of terminal villi.
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