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ABSTRACT
Extracellular vesicles are membrane-limited nanovesicles of endosomal or plasma membrane origin present in most bio-
logical fluids. They are capable of transporting various substances and are considered biomarkers of pathological conditions. 
In preeclampsia, increased levels of placental extracellular vesicles containing antiangiogenic factors have been observed. 
Moreover, placental extracellular vesicles in preeclampsia are characterized by low strongly anti-inflammatory factor levels 
and increased high-mobility group nuclear protein levels, indicating cellular damage. Similar to other pathological conditions, 
the onset of preeclampsia is accompanied by increased extracellular vesicle concentrations, which are detectable as early as 
11 weeks of gestation. This review aimed to highlight the role of extracellular vesicles in the course of pregnancy and in the 
development of preeclampsia. Full-text review and original research articles published in Russian and English were com-
prehensively analyzed using the eLibrary.Ru, Google Scholar, and PubMed databases, covering the period from 1989 to 2024. 
The search employed the following keywords: плацентарные внеклеточные везикулы (placental extracellular vesicles), 
внеклеточные везикулы во время беременности (extracellular vesicles during pregnancy), and внеклеточные везикулы 
и преэклампсия (extracellular vesicles and preeclampsia). Severe preeclampsia has been associated with a significant in-
crease in the number of extracellular vesicles of various origins. Several authors have demonstrated that placental extracellular 
vesicles can enter the fetal circulation; however, whether they induce a harmful effect on the fetus remains unclear. Placental 
extracellular vesicles play a crucial physiological role during pregnancy. They serve as indicators of gestational progression, 
which makes it possible to quantify them for the prediction of various pregnancy complications.

Keywords: extracellular vesicles; pregnancy; implantation; preeclampsia; prediction.

To cite this article:
Mustafin IG, Kurmanbaev TE, Yupatov EYu, Nabiullina RM, Mukhametzyanova ZR. Role of placental extracellular vesicles in the physiology and pathology of 
pregnancy. Kazan Medical Journal. 2025;106(4):619–625. DOI: 10.17816/KMJ642505 EDN: SLZOIL

The article can be used under the CC BY-NC-ND 4.0 license
© Eco-Vector, 2025

https://doi.org/10.17816/KMJ642505
https://www.elibrary.ru/SLZOIL
https://doi.org/10.17816/KMJ642505
https://www.elibrary.ru/SLZOIL
https://creativecommons.org/licenses/by-nc-sa/4.0/


Рукопись получена: 03.12.2024	 Рукопись одобрена: 10.03.2025	 Опубликована online: 13.05.2025

DOI: https://doi.org/10.17816/KMJ642505  EDN: SLZOIL

Роль плацентарных внеклеточных везикул 
в физиологии и патологии беременности
И.Г. Мустафин1, Т.Е. Курманбаев2, Е.Ю. Юпатов3,4, Р.М. Набиуллина1, З.Р. Мухаметзянова1

1 Казанский государственный медицинский университет, г. Казань, Россия;
2 Военно-медицинская академия им. С.М. Кирова, г. Санкт-Петербург, Россия;
3 Казанская государственная медицинская академия — филиал Российской медицинской академии непрерывного профессионального 

образования, г. Казань, Россия;
4 Казанский (Приволжский) федеральный университет, г. Казань, Россия

АННОТАЦИЯ
Внеклеточные везикулы — мембранные нановезикулы эндосомального или плазматического происхождения, присут-
ствующие в большинстве жидкостей организма. Внеклеточные везикулы способны переносить различные вещества, 
и в последнее время рассматриваются как биомаркеры различных патологических состояний. Установлено, что при преэ-
клампсии наблюдается увеличение уровня плацентарных внеклеточных везикул, содержащих антиангиогенные факторы. 
Кроме того, при преэклампсии плацентарные внеклеточные везикулы характеризуются низким содержанием факторов 
с выраженным противовоспалительным действием и высоким уровнем ядерных белков высокой мобильности, что от-
ражает повреждение клеток. При развитии преэклампсии, как и при многих других патологических состояниях, наблюда-
ется увеличение количества внеклеточных везикул, причём уже с 11-й недели гестации. Целью данного обзора является 
освещение роли внеклеточных везикул в процессе развития беременности, а также при присоединении преэклампсии. 
Проведён анализ опубликованных полнотекстовых научных обзорных и оригинальных статей на иностранном (англий-
ском) и русском языках с использованием баз данных eLibrary.Ru, Google Scholar и PubMed за период с 1989 по 2024 год. 
Для поиска были использованы следующие ключевые слова: «плацентарные внеклеточные везикулы», «внеклеточ-
ные везикулы во время беременности», «внеклеточные везикулы и преэклампсия». Установлено, что при тяжёлой пре-
эклампсии наблюдается статистически значимое увеличение внеклеточных везикул различного происхождения. Ряд 
авторов показал, что плацентарные внеклеточные везикулы попадают в кровоток плода, однако остаётся нерешённым 
вопрос, оказывают ли они повреждающее действие на организм плода или нет. Плацентарные внеклеточные везикулы 
имеют важное физиологическое значение во время беременности: они являются индикаторами течения процесса ге-
стации, что обусловливает возможность определения их количества с целью прогнозирования различных осложнений 
беременности. 
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Extracellular vesicles are membrane-limited nanovesicles 
originating from the endosomal or plasma membrane and 
occur in most biological fluids. They contain fragments of 
the producer cell membrane, including surface receptors/
ligands. The composition of the extracellular vesicles de-
pends on the producer. Extracellular vesicles are usually di-
vided into exosomes (50–150 nm) and microvesicles (100–
1000 nm). Exosomes are of endocytic origin and are released 
from cells by the fusion of a multivesicular endosome with 
the outer plasma membrane. In contrast, the microvesicles 
bud directly from the cell surface. Both types of extracellular 
vesicles cause various biological effects [1, 2]. The Interna-
tional Society for Extracellular Vesicles recommended using 
the term extracellular vesicles because of the complexity 
of isolating and distinguishing vesicle subtypes [3].

The main components of extracellular vesicle membranes 
are cholesterol, sphingomyelins, and phosphatidylcholines, 
with a significant enrichment in sphingomyelin, ganglio-
sides, and phosphatidylserine [4, 5]. Because of the presence 
of a lipid bilayer, extracellular vesicles are highly stable and 
are protected from degradation in the extracellular environ-
ment [6, 7]. Additionally, extracellular vesicles may also con-
tain prostaglandins, leukotrienes, endocannabinoids, or ly-
sophospholipids  [8, 9]. Extracellular vesicles can transport 
proteins that were previously considered intracellular and 
nonsecreted. Various nucleic acids, including DNA, mRNA, 
microRNA, and tRNA, are also components of the extracel-
lular vesicles [10]. Extracellular vesicles that contain mRNA 
affect protein synthesis, whereas those with microRNA and 
tRNA regulate protein translation through RNA-induced si-
lencing [10]. Because of their structure, extracellular vesicles 
can be biomarkers of various pathological conditions [7, 10].

This review aimed to highlight the role of extracellular 
vesicles during pregnancy as well as in the development of 
preeclampsia. We analyzed full-text scientific reviews and 
original articles, in foreign (English) and Russian languages, 
published from 1989 to 2024 using the eLIBRARY.RU, Google 
Scholar, and PubMed databases. The following keywords 
were used for the search: плацентарные ВВ (placental ex-
tracellular vesicles), ВВ во время беременности (extracel-
lular vesicles during pregnancy), and ВВ и преэклампсия 
(extracellular vesicles and preeclampsia).

ROLE OF EXTRACELLULAR VESICLES 
IN IMPLANTATION
Implantation is a multi-stage process that includes several 
stages  [5]. Animal experiments have shown that the mor-
ula stage embryo enters the uterus on the 6th day, before 
forming a blastocyst with an inner cell mass and a blasto-
cele, or central cavity, surrounded by a monolayer of tropho-
blast cells. After the rupture of the zona pellucida, the inner 
cell mass (the embryo and associated extraembryonic mem-
branes) takes on an ovoid and tubular shape and begins to 
elongate until it occupies the entire length of the uterine horn 

ipsilateral to the corpus luteum [11]. Elongation is important 
for the body to recognize pregnancy. Remodeling and proli
feration of trophoblast cells [12] cause a significant increase 
in embryo length during elongation [13]. The paternal set of 
chromosomes is responsible for the development of the cho-
rion, whereas the female set is responsible for the develop-
ment of internal organs [14].Apart from hormonal factors, in-
tercellular communication between the endometrium and the 
fertilized egg is important for successful implementation [2, 
12, 13]. There is a recent accumulation of evidence indicating 
the role of extracellular vesicles in the intercellular commu-
nication [2].

Extracellular vesicles exert their biological effects 
through interaction with the surface or intracellular recep-
tors of the recipient cell, resulting in the expression of cer-
tain genes  [15]. Extracellular vesicles are an important 
component of the reproductive system of humans and ani-
mals [1, 2, 10, 15]. Endometrial extracellular vesicles are in-
volved in the regulation of blastocyst implantation. Their 
number is maximal in the secretory phase, i.e., it depends 
on the phase of the menstrual cycle, which is necessary for 
synchronizing the development of the embryo and the en-
dometrium [16]. Experiments on rats showed that endome-
trial extracellular vesicles containing miRNA-30d increased 
the adhesive capacity of trophoblasts. Their number also in-
creases in women during the implantation window [17]. More 
than 200 microRNA fragments and more than 1000 different 
proteins have been isolated from extracellular vesicles pro-
duced by human endometrial ECC-1 (endometrial cancer cell 
line) cells contain [18]. Extracellular vesicles increase the ad-
hesive capacity of trophoblast cells through focal adhesion 
kinase signaling and increasing fibronectin [18, 19].

When the blastocyst contacts the endometrium, a hema-
toma is formed, the purpose of which is to fix the fertilized 
egg and regulate the depth of chorion invasion [20]. During 
the blastocyst implantation, the trophoblast differentiates 
into a cytotrophoblast (outer layer) and a syncytiotropho-
blast (inner layer). As the blastocyst grows, a layer of syn-
cytial cells, the syncytiotrophoblast, is formed in the cytotro-
phoblast. Cytotrophoblast cells secrete a substantial amount 
of proteolytic enzymes that promote the lysis of the endome-
trial stroma. The walls of the spiral arteries and syncytiotro-
phoblast cells form finger-like protrusions from which villi 
are formed. The fetus’ blood and mother’s do not mix due to 
the peculiarities of placental blood flow: the fetal blood from 
the umbilical arteries enters the capillaries of the villi pro-
truding into the intervillous space, which is washed by the 
mother’s blood. The intervillous space is supplied with blood 
by the spiral arteries of the endometrium, which are in a state 
of gestational remodeling, i.e., dilated and full-blooded. 
The remodeling of spiral arteries is controlled by natural 
killers, which stimulate the synthesis of angiogenic factors: 
VEGF (vascular endothelial growth factor), angiopoietins, and 
matrix metalloproteinases MMP-2 (matrix metalloprotein-
ase-2) and MMP-9 (matrix metalloproteinase-9) [21].
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ROLE OF PLACENTAL EXTRACELLULAR 
VESICLES DURING PREGNANCY
Sabapatha et al. (2006) isolated placental extracellular vesi-
cles using gel chromatography and identified them using an-
tibodies against placental alkaline phosphatase (PLAP). Lat-
er, extracellular vesicles were isolated from trophoblast cell 
cultures and placental tissue [22]. Approximately 1–2 × 1011 
extracellular vesicles, 10%–20% of which are PLAP-posi-
tive placental extracellular vesicles, circulate in the plasma 
of pregnant women at the early stages of gestation [22]. The 
number of extracellular vesicles gradually increases toward 
the third trimester and does not depend on the sex of the fe-
tus or the mother’s body mass index [23, 24]. A comparable 
number of extracellular vesicles circulates in the fetal blood-
stream, of which approximately 45% originate from the pla-
centa [25].

The primary and most important role of the extracellular 
vesicles is their participation in the formation of the fetopla-
cental blood flow through their involvement in the remodel-
ing of spiral arteries [21].

Placental extracellular vesicles are involved in the regu-
lation of immunological reactions [1, 2, 9]. The fetus is essen-
tially an allograft. For the successful development of preg-
nancy, immunological tolerance must occur, most often by 
inhibiting the activation of maternal T-lymphocytes (T cells) 
and natural killer (NK) cells [26]. This is achieved through the 
expression of UL16-binding proteins (ULBP1-5) on extracel-
lular vesicles, as well as proteins encoded by genes asso-
ciated with chain I of the major histocompatibility complex 
(MHC)–MIC. Interaction with these ligands causes a selective 
and dose-dependent decrease in the activity of the NKG 2 D 
receptor, which is present on NK cells, and CDC8+ and γ-δ- 
on T cells [27, 28]. Placental microvesicles also express B7 li-
gands, including B7–H3, which causes suppression of T cell 
activation. The presence of the HLA-G5 isoform (human leu-
kocyte antigen G5) in microvesicles protects fetal tissue from 
attack by maternal immune cells [27].

The expression of syncytin-1 by placental extracellular 
vesicle suppresses the production of tumor necrosis factor 
alpha (TNF-α) and interferon gamma (IFN-γ), important pro-
inflammatory agents associated with early pregnancy loss 
and preeclampsia [29]. Mikaelyan et al. (2019) showed a de-
crease in mitochondrial proteins in microvesicles circulating 
in the maternal bloodstream during the development of fetal 
growth retardation syndrome [30].

In addition to their anti-inflammatory activity, placental 
extracellular vesicles have pro-inflammatory effects, mani-
fested in their activation of macrophages and release of cy-
tokines, including TNF-α (tumor necrosis factor-α), MIP-1α 
(macrophage inflammatory protein-1α), interleukin (IL)-1α, 
IL-6, IL-8 and IL-1β from endothelial cells [31].

ROLE OF PLACENTAL EXTRACELLULAR 
VESICLES IN THE GENESIS 
OF PREECLAMPSIA
Preeclampsia is a multisystem pregnancy complication char-
acterized by hypertension after gestational week 20, protein-
uria and/or edema, as well as a high incidence of adverse 
pregnancy outcomes for the mother and fetus. Insufficient 
remodeling of spiral arteries, oxidative stress, dysfunction 
of the vascular endothelium in the mother, and systemic in-
flammation are important in the pathogenesis of preeclamp-
sia [32–34].

Preeclampsia is characterized by an increase in the lev-
el of placental extracellular vesicles containing antiangio-
genic factors, i.e., soluble fms-like tyrosine kinase-1 (sFlt-
1) and endoglin. These components a pronounced damage to 
the endothelium, contribute to a decrease in the activity of 
endothelial nitric oxide synthetase (eNOS), and affect plate-
let function [35, 36]. Placental extracellular vesicles in pre-
eclampsia contain low levels of microRNA-548c-5p, which 
have a pronounced anti-inflammatory effect and high levels 
of nuclear high-mobility proteins, which indicate cell dam-
age [35–39]. An increased content of placental extracellular 
vesicles in preeclampsia, which occurs as early as gestation-
al week 11, can be used for the early diagnosis of preeclamp-
sia [40].

Han et al. (2020) conducted a series of experiments with 
placental extracellular vesicles obtained from pregnant 
women with preeclampsia. After isolation, extracellular ves-
icle culture was administered to non-pregnant mice, which 
developed hypertension and proteinuria. The authors found 
that placental extracellular vesicles caused vasoconstriction, 
increased the influx of calcium ions into vascular smooth 
muscle cells, and contributed to a decrease in cerebral per-
fusion [41].

In our previous study we found that, in severe preeclamp-
sia, there is a statistically significant increase in erythrocytes, 
placental extracellular vesicles, as well as extracellular ves-
icles with tissue factor and lipopolysaccharide of Gram-neg-
ative microorganisms; in moderate PE, there is an increase in 
extracellular vesicles with tissue factor and lipopolysaccha-
ride of Gram-negative microorganisms [42].

Several previous studies have demonstrated that placen-
tal extracellular vesicles can enter the fetal circulation; how-
ever, whether they exert a detrimental effect on the fetus re-
mains unresolved [25, 43].

There are numerous publications demonstrating the pos-
sibility of using the occurrence of fetal microvesicles in the 
maternal bloodstream to diagnose various intrauterine pa-
thologies [44–46].
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CONCLUSION
Placental extracellular vesicles play an important physiolog-
ical role during pregnancy: they serve as indicators of gesta-
tional progression and can be quantified for the prediction of 
various pregnancy complications.
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