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ABSTRACT

The aim: To assess the values of endothelial vascular growth factor (VEGF) in blood serum and circulating endothelial microparticles CD32*CD40" in the peripheral blood of
pregnant women depending on the severity of obesity and presence of preeclampsia.

Materials and methods: the study included 122 pregnant women divided into groups in accordance with their height and weight parameters and presence of preeclampsia.
We studied the serum VEGF concentration by enzyme-linked immunosorbent assay, carried out the count of (D32*(D40* circulating endothelial microparticles in the peripheral
blood by using flow cytometry.

Results: It has been found out the serum VEGF concentration in pregnant women with obesity decreases with rising level of obesity and the preeclampsia manifestation. In
contrast to the decrease in this marker, there is an increase in the number of circulating endothelial microparticles CD32*CD40* in the peripheral blood of pregnant women with
obesity and preeclampsia. This pattern of these indicators points out the presence of endothelial dysfunction, which may contribute to occurrence of preeclampsia in pregnant
women with concomitant obesity.

Condlusions: The indicators of VEGF concentration and the count of circulating endothelial microparticles (D32*(D40* in the blood serum can serve as reliable markers for

evaluating the severity of endothelial dysfunction in pregnant women with concomitant obesity and preeclampsia.
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INTRODUCTION

Preeclampsia (PE) is known as one of the complex medical
and social challenges for modern obstetrics and gynae-
cology due to the high occurrence of morbidity, serious
complications, and mortality. The incidence of preeclamp-
sia in the structure of complications, which may develop
over gestation, ranges from 6% to 12% in healthy pregnant
women, and from 20% to 40% in pregnant women with
extragenital diseases or conditions. In the global structure
of maternal mortality over the past 10 years, PE has been
consistently ranking the thirds position [1]. Obesity is
considered as one of the key risk factors for PE; the inci-
dence of obesity among pregnant women makes up 15-38%
[2]. Though, much has been done in investigating PE and
obesity, the ultimate mechanisms of the pathogenesis of the
separate conditions as well as the comorbidity between PE
and obesity are still remaining unclear.

Endothelial dysfunction (ED) and low-intensity systemic
inflammation are the main pathogenetic mechanisms of
both PE and obesity. Endothelial dysfunction manifests by
the reduced production of endothelial nitric oxide (NO),
which runs down endothelium-dependent vasodilatation,
the increase in oxidative stress, known as an initiating fac-
tor of endothelial damage with the further development of
characteristic PE symptoms [3]. Chronic vascular affection
is characterized by the damage to endothelial cells along the
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vascular wall that is manifested by the presence of circulat-
ing endothelial microparticles (CEM). It has been proven
that CD32*CD40* CEM serve as a marker of endothelial
dysfunction, and changes in their content represent the ED
progression in pathological conditions or the possibility of
the endothelial recovery [4]. Circulating endothelial micro-
particles have been found out to stimulate inflammatory
processes in the vascular wall by activating the synthesis of
such pro-inflammatory markers as IL-6, TNF-a, NF-«f [5].
Previous reports have demonstrated the level of CD31* /
42"/ CD62* / CD105" CEM is probably higher in women
with PE, but so far no data have been found referring the
CEM level in pregnant women with PE and obesity that
may contribute much to early ED detection under these
circumstances [6].

Vascular endothelial growth factor (VEGF), a marker
representing the vascular endothelium condition, plays an
important role in the PE pathogenesis. VEGF is known to
stimulate the production of a potent vasodilator NO as-
sociated with gestational vasodilatation typical for normal
pregnancy. It has recently been shown that the C rs3025039
allele polymorphism of the VEGE-A gene is associated with
the PE development in pregnant women [7]. Moreover, the
studies on VEGF-gene knockout mice have demonstrated
the deterioration of VEGF signalling pathways in the kid-
ney results in clinical manifestations of preeclampsia such
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as proteinuria and glomerular endotheliosis. At present
there are conflicting data on the level of VEGF synthesis
in PE, as reported about its elevated, decreased and normal
levels over gestation [8, 9]. Recent studies have pointed out
the reduced VEGF levels in the blood of pregnant wom-
en with obesity [10] can be considered as a stimulating
factor in the development of endothelial dysfunction and
inflammation. However, the role of VEGF in the patho-
genesis of conditions, which might occur during gestation
and possible comorbidities is still poorly understood and
requires further in-depth study of this marker in gestation
complicated with preeclampsia and obesity.

THE AIM

There is a presumption that the indicators of vascular
endothelial growth factor (VEGF) concentration and
the number of circulating endothelial microparticles
D32*CD40* depend on body weight indices and the pres-
ence of preeclampsia. Therefore, we aimed at evaluating
the diagnostic role of markers of endothelial dysfunction
such as VEGF in the blood serum and circulating endo-
thelial microparticles CD32*CD40" in the blood plasma
of pregnant women with obesity of varying degrees and
confirmed preeclampsia.

MATERIALS AND METHODS

Our study included 122 pregnant women in the third tri-
mester who received antenatal care at maternity welfare
clinics and obstetric departments of Poltava city for 2018 -
2019. They were divided into 6 groups: the 1% group (con-
trol) consisted of women with uneventful uncomplicated
course of pregnancy and physiological body weight index
(BMI) 18.5-24.9 kg/m?) (n=20); the 2™ group involved
pregnant women with class I obesity (n=15); the 3rd group
included pregnant women with class II-III obesity (n=15);
the 4™ group was made up of pregnant women with PE and
physiological body weight (n=8); the 5™ group consisted of
pregnant women with PE and class I obesity (n=14); the 6™
group included pregnant women with PE and class II-III
obesity (n=14). We studied the serum VEGF concentra-
tion and performed the count of CD32*CD40* circulating
endothelial microparticles. The study design was approved
by the Commission on Bioethics, Ukrainian Medical
Stomatological Academy (Minutes Ne 170, 24.01.2019).
Written consents were given by all study participants.

The class of obesity in pregnant women was calculated
by the height-weight parameters with the BMI calculation,
taking into account the gestational age and age of women,
according to the table developed by N.S. Lutsenko [11]. In-
clusion criteria were the following: monosyesis, women in
the third trimester of gestation without severe extragenital
diseases or conditions.

The expression level of circulating endothelial micropar-
ticles CD32*CD40" in venous blood was measured by flow
cytometry using murine anti-human monoclonal CD40
antibodies conjugated to FITC (BD Pharmingen, USA)

1906

and PE murine anti-human monoclonal CD32 antibodies
(BD Pharmingen, USA) by the flow cytometer “EPIX XL-
MCL” (Beckman Coulter, USA). Murine IgG labelled with
fluorescent dyes were used as control. Data for calculating
the absolute number of particles, taking into account the
dilution during the measurement, were represented in the
form of Ax107/1.

The serum VEGF concentration was assessed by en-
zyme-linked immunosorbent assay according to the man-
ufacturer’s instructions (Vector-Best, Russia).

Statistical analysis of the findings obtained was per-
formed using the program “Statistica 7.0” (StatSoft Inc.,
USA) by methods of descriptive statistics with the calcu-
lation of quantitative indicators as average sample values
(M) and mean error (m) in the study groups. The statistical
significance of the differences was determined by the Stu-
dent’s t-test. The difference value of p<0.05 was considered
statistically significant.

RESULTS

Analysis of the expression level of CD32*CD40*CEM showed
(Fig. 1A) that in the group of the pregnant women with class I
obesity the indicators tend to increase in 2.5 times in contrast
to the group of the women with uncomplicated pregnancy and
physiological body weight (3.29+0.83 x 107/1 vs. 1.33+0.54 x
107/1, p>0.05). However, in the pregnant women with class
II-11I obesity, the level of CD32*CD40*CEM was probably
6.6 times higher than in the groups of women with normal
pregnancy and physiological body weight (8.86+1.48 x 107/1
vs. 1.33+0.54 x 107/1, p<0.05). We found the level of CD32*C-
D40*CEM in the group of the pregnant women with class II-
I1I obesity was probably in 2.7 times higher than in the group
of the pregnant women with class I obesity (8.86+1.48 x 107/1
vs. 1.33+0.54 x 107/1, p<0.005).

The level of CD32*CD40'CEM (Fig. 1B) in the group
of the pregnant women with PE and concomitant class I
obesity was probably higher than in the pregnant women
with PE and physiological body weight (9.76+2.66 x 107/1
vs. 7.64£1.26 x 107/1, p<0.05). Similarly, in the pregnant
women with PE and class II-III obesity, the expression level
of CD32*CD40*CEM is probably 1.7 times higher than in
the group of the pregnant women with PE and physiolog-
ical body weight (13.13+0.55 x 107/1 vs. 7.64+1.26 x 107/1,
p<0.002). No significant difference was observed between
the groups of the pregnant women with PE and class I
obesity, and the pregnant women with PE and class II-1II
obesity (9.76£2.66 x 107/1 vs. 13.13£0.55 x 107/1).

Analysis of the expression level of CD32*CD40'CEM
in the blood serum of the studied groups showed that this
marker in the pregnant women with class I obesity is prob-
ably lower than in the pregnant women diagnosed as hav-
ing PE and concomitant class I obesity (3.29+0.83 x 107/1
against 9.76+2.66 x 107/, p<0.05). The expression level
of CD32*CD40*CEM in the pregnant women with class
I1-1II obesity is probably lower than that in the pregnant
women with PE and class II-III obesity (8.86+1.48 x 107/1
vs. 13.13£0.55 x 107/1, p<0.05).
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Fig. 1. Level of expression of circulating endothelial microparticles CD32+CD40+ in: (A) pregnant women with physiological body weight, pregnant
women with class | obesity, and pregnant women with class II-I1l obesity; (B) pregnant women with preeclampsia and physiological body weight, pregnant
women with preeclampsia and class | obesity, and pregnant women with preeclampsia and class II-1ll obesity.
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Fig. 2. Serum VEGF concentration in: (A) pregnant women with physiological body weight, pregnant women with class | obesity, and pregnant women
with class II-1ll obesity; (B) pregnant women with preeclampsia and physiological body weight, pregnant women with preeclampsia and class | obesity

and pregnant women with preeclampsia and class II-1ll obesity

Thus, the results obtained show that the expression level
of CD32*CD40*CEM gradually grows in the pregnant
women along with the increase in obesity when compared
with the women who have normal uncomplicated pregnan-
cy and physiological body weight. A similar tendency in the
elevation of the expression level of CD32*CD40*CEM and
the increasing level of obesity was observed in the pregnant
women with confirmed diagnosis of PE.

The assessment of the serum VEGF concentration in the
pregnant women reveals (Fig. 2A) that the group with the
class I obesity has the values, which are probably lower
in contrast to the group of the women with physiological
body weight (234.7£15.4 pg/ml vs. 876.1+101.9 pg/ml,
p<0.001). Similarly, in the pregnant women with class
II-1II obesity, the level of VEGF concentration is proba-
bly 6.2 times lower than in the group of the women with
uncomplicated pregnancy and physiological body weight

(141.1+10.8 pg/ml vs. 876.1+101.9 pg/ml, p<0.001). The
level of VEGF concentration in the group of the pregnant
women with class II-III obesity is probably 1.7 times lower
than the relevant indicators in the group with class I obesity
(141.1+10.8 pg/ml vs. 234.7+15.4 pg/ml, p<0.0001).

The level of VEGF concentration (Fig. 1B) in the group
with PE and class I obesity is probably 1.8 times lower than
in pregnant women with PE and physiological body weight
(92.9£5.5 pg/ml vs. 167.6+10.3 pg/ml, p<0.005), whereas
the level of VEGF concentration in the pregnant women
with PE and concomitant class II-IIT obesity is probably
2.2 times lower than in the group of the pregnant women
with PE and physiological body weight (73.6+11.1 pg/ml
vs. 167.6+£10.3 pg/ml, p<0.0001). We have observed that
the level of this growth factor is probably 1.3 times lower
in the group of pregnant women with PE and class II-III
obesity than the relevant indicator in the group of pregnant
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women with PE and class I obesity (73.6+11.1 pg/ml vs.
92.9+5.5 pg/ml, p<0.05).

The analysis of the serum VEGF concentration has
demonstrated the level of this marker in the pregnant
women with class I obesity is probably higher than in the
pregnant women with PE and class I obesity (234.7+15.4
pg/mlvs. 92.9+5.5 pg/ml, p<0.001). The level of VEGF con-
centration in the pregnant women with class II-III obesity
is probably higher than in the pregnant women with PE
and concomitant class II-IIT obesity (141.1+10.8 pg/ml vs.
73.6%11.1 pg/ml, p<0.001).

Hence, the data showed a significant decrease in the level
of VEGF concentration in the pregnant women against the
background of increasing obesity in comparison with the
women with physiological body weight. Similarly, in pre-
eclampsia, the VEGF concentration decreases significantly
with increasing severity of obesity.

Vascularisation of the placenta plays a vital role in the
development of a foetus and is crucial over the course of
gestation. A number of factors are involved in the regula-
tion of angiogenesis, including CEM, whose concentration
reflects the state of the endothelium, and VEGE, which
induces the synthesis of NO, a powerful vasodilator, nec-
essary to maintain low vascular resistance of fetoplacental
circulation [12].

DISCUSSION

The study has demonstrated that in gestation complicated
with obesity, there is an increase in the level of the endothe-
lial dysfunction marker CD32*CD40*CEM and a decrease
of the angiogenic factor VEGF in the peripheral blood
circulation. The increase in the level of CD32*CD40*CEM
expression and the decrease in the level of the angiogenic
factor VEGF in pregnant women with PE and concomitant
obesity point out a more pronounced aggravating effect of
obesity as one of the risk factors for pregnancy. At the same
time, there is an increasing tendency to change both mark-
ers as the severity of obesity increases from class I to class
II-1I1. The growth in CD32*CD40*CEM in obese pregnant
women indicates a strong effect produced by mediators
of adipose tissue inflammation and damaged placenta,
namely IL-6, TNF-a and leptin on the structure of maternal
endothelial cells through the induction of their apoptosis
[13], increased CEM secretion and CD31* / CD42b-CEM
circulation in the peripheral blood [14]. Activation of endo-
thelial cells can contribute to both inflammatory reactions
and vasoconstriction, leading to endothelium-dependent
vasodilatation, intense vasoconstriction, and others. In
obese pregnant women, the increased expression of pla-
cental endothelial damage marker IL-1f is associated with
increased maternal BMI [15]. We have found out a decrease
in VEGF in obese pregnant women can result from either
the VEGF blockade with soluble sVEGF form [16], or a
decrease in the formation of complex interactions VEGF -
Flt-1 in the placenta that causes a decrease in branching
of placental angiogenesis in pregnancies complicated with
obesity that results in the deterioration of intra-placental
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perfusion, followed by placental ischemia [17]. Some
authors consider the increased VEGF and eNOS in the
placental endothelium in obese women suggest the possible
existence of a compensatory mechanism for remodelling
in placental circulation associated with obesity [18].

Our data on elevated levels of CD32*CD40*CEM during
gestation complicated with PE and obesity are consistent
with findings in the literature [19], which showed that the
level of CEM goes up with the progression of endothelial
dysfunction severity and PE severity. It is known that PE is
characterized by impaired development of placenta that is
associated with inadequate trophoblast invasion and mod-
elling of spiral arteries as a result of angiogenic, immune
and inflammatory dysregulation at the interface between
the maternal and foetal parts of the placenta. One of the
main risk factors for PE occurrence in pregnant women is
obesity, as adipose tissue is known as a powerful producer
of inflammatory mediators that can contribute to the PE
development. The elevation in the CD32*CD40*CEM we
detected may indicate not only an increase in ED, but also
an increase in the systemic inflammatory response involv-
ing pro-inflammatory cytokines IL-6 and TNF-a [11]. The
decrease in VEGF concentration in pregnant women with
PE and concomitant obesity is confirmed by data on the
reduction of the level of free circulating VEGF [20] and
the lowering in bioavailability of membrane-bound VEGF
receptors in preeclampsia that is associated with systemic
and placental angiogenic imbalance [21].

Thus, ED can be regarded as a potential contributor to the
development of pathogenetic mechanisms in the develop-
ment of preeclampsia that is mediated by the markers of in-
flammatory activation of endothelium CD32*CD40*CEM
and VEGE and obesity acts as an independent triggering
factor for the development of preeclampsia and systemic
inflammation and can also further to the development
of metabolic imbalance, placental dysfunction and foetal
distress.

Given the relevance of preeclampsia as a grave compli-
cation in modern obstetrics and the prevalence of obesity
over the world, perplexity and various negative conse-
quences for both mother and foetus, the further detailed
study of the pathogenesis of preeclampsia is required to
develop adequate etiopathogenetic treatment and elaborate
the prevention program of this disease for pregnant women
with concomitant obesity.

CONSLUSIONS

Our work has led us to conclude that:

1. Angiogenic factor VEGF in the serum of pregnant wom-
en with concomitant obesity over the third trimester nat-
urally decreases with the increase in the level of obesity.

2. In pregnant women with preeclampsia, there is a signif-
icant decrease in the serum VEGF concentration, which
progresses when combining preeclampsia and obesity.

3. An increased content of circulating endothelial micro-
particles CD32*CD40" found out in the blood of patients
with preeclampsia indicates severe endothelial damage.
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4. The severity of endothelial dysfunction, which is man-
ifested by the rise in the level of circulating endothelial
microparticles CD32*CD40*, increases in direct propor-
tion to the severity of obesity.

5. The count of circulating endothelial microparticles
CD32*CD40" and indicators of VEGF concentration in
the blood can serve as reliable markers for determining
the severity of endothelial dysfunction in pregnant
women with concomitant obesity and preeclampsia.

REFERENCES

1. Stevens W., Shih T, Incerti D. et al. Short-term costs of preeclampsia
to the United States health care system. Am. J. Obstet. Gynecol.
2017;217(3):237-248. doi: 10.1016/j.2jog.2017.04.032.

2. Tyshko K., Gnatko E. Osoblyvosti perebihu polohiv u vahitnykh z
ozhyrinnyam [Characteristics of Labour Progression in Pregnant Obese
Women]. Ukrainian scientific medical youth journal. 2020;1(115):9-17.
d0i:10.32345/USMY).1(115).2020.9-17 (in Ukrainian)

3. Lopez-Jaramillo P, Barajas J., Rueda-Quijano S.M. et al. Obesity and
Preeclampsia: Common Pathophysiological Mechanisms. Frontiers in
Physiology. Dec.2018;9:1838. doi: 10.3389/fphys.2018.01838.

4. Kutsenko N.L., Savchenko L.G., Kaydasheva E.I. et al. Determination
of circulating (D32+ (D40+- microparticles — modification of
degradation assessment of endothelial cells. Clinical Laboratory
Diagnostics. 2011;7: 20-23.

5. Raj Paudel K., Panth N., Dong-Wook K. Circulating Endothelial
Microparticles: A Key Hallmark of Atherosclerosis Progression.
Scientifica, 2016(2):1-9. doi: 10.1155/2016/8514056.

6. Petrozella L., Mahendroo M., Timmons B. et al. Endothelial microparticles
and the antiangiogenic state in preeclampsia and the postpartum

14. Berezin A.E. Biosensing of circulating apoptotic endothelial cell micro
particles: the impact in risk stratification of obesity J Appl Biotechnol
Bioeng. 2017;2(2):58-60.

15. Aye L.L., Lager S., Ramirez V.I. et al. Increasing maternal body mass
index is associated with systemic inflammation in the mother and the
activation of distinct placental inflammatory pathways. Biology of
Reproduction. 2014;90:129. doi:10.1095/biolreprod.113.116186.

16. Karaman S., Hollmen M., Robciuc M.R. et al. Blockade of VEGF-C and
VEGF-D modulates adipose tissue inflammation and improves metabolic
parameters under high-fat diet. Mol. Metab. 2015;4:93-105. doi:
10.1016/j.molmet.2014.11.006.

17. Dubova E.A., Pavlov K.A., Borovkova E.I., et al. Vascular endothelial
growth factor andits receptors in the placenta of pregnant women with
obesity. Bulletin of Experimental Biology and Medicine. 2011;151:253-
258.

18. Salvolini E., Vignini A., Sabbatinelli J. et al. Nitric oxide synthase and
VEGF expression in full-term placentas of obese women. Histochem
Cell Biol. 2019;152:415—422. doi: 10.1007/500418-019-01819-y.

19. Marques F.K., Campos F.M.E, Filho 0.A.M. et al. Circulating microparticles
in severe preeclampsia, Clinica Chimica Acta. 2012;414:253-258. doi:
10.1016/j.cca.2012.09.023.

20. Veropotveljan PN., Radchenko V.V., Cehmistrenko 1.S. et al. Problema
prejeklampsii daleka ot svoego reshenija [The problem of preeclampsia
is far from being solved]. Woman’s health.2017;1(117):25-30. (in
Russian).

21. Lecarpentier E., Tsatsaris V. Angiogenic balance (sFlt-1/PIGF) and
preeclampsia. Annales d’Endocrinologie 2016;77:97-100. doi:10.1016/].
ando.2016.04.007.

This article follows from Researh Porject “Pathogenetic

period. Am J Obstet Gynecol. 2012;207(2):140. doi: 10.1016/j.
3j0g.2012.06.011.

7. Amosco M.D., Villar V.A., Naniong J.M. et al. VEGF-A and VEGFR1
SNPs associate with preeclampsia in a Philippine population. Clin
Exp Hypertens. 2016;38(7):578-585. doi:10.3109/10641963.2016.1
174252.

8. Tsatsaris V., Goffin F.,, Munaut C. et al. Overexpression of the Soluble

role of endothelial dysfunction and genetic peculiarities in
pathological conditions during gestation and gyneacological
diseases” (state registration number 0117U005253).

ORCID and contributionship:
Marta M. Zelinka-Khobzey: 0000-0002-8350-2529 #BP
Kostiantyn V. Tarasenko: 0000-0002-7410-4107**

Vascular Endothelial Growth Factor Receptor in Pre-eclamptic
Patients: Pathophysiological Consequences. J Clin Endocrinol
Metab. 2003;88(11):5555-5563. doi: 10.1210/jc.2003-030528.

9. Adu-Bonsaffoh K., Antwi D.A. et al. Endothelial dysfunction in the
pathogenesis of pre-eclampsia in Ghanaian women. BMC Physiol.
2017;17(1):5. doi:10.1186/512899-017-00294.

10. Janbakhishov T., Caglayan E., Acet F. et al. Effect of vascular endothelial
growth factor on fetal vessels among obese pregnant women. Int J
Gynaecol Obstet. 2020;151(2):231-236. doi: 10.1002/ijgo.13346.

11. Tarasenko K.V., Gromova A.M., Pikul K.V. et al. Pathogenesis of insulin
resistance in pregnant women with obesity. Wiad. Lek. 2018;71(4):801-
806.

12. Tarasenko K. V., Garin V. V. Vliyanie korrigiruyuschey terapii na
obmen oksida azota v sosudistom rusle platsentyi pri materinskom
metabolicheskom syndrome [The influence of corrective therapy on the
exchange of nitric oxide in the vascular bed of the placenta in maternal
metabolic syndrome]. Medicine today and tomorrow. 2015;4(69):63-7.
(in Russian).

13. Kretschmer T, Schulze-Edinghausen M., Turnwald E.M. et al. Effect of
Maternal Obesity in Mice on IL-6 Levels and Placental Endothelial Cell
Homeostasis. Nutrients. 2020;12(2):296. doi:10.3390/nu12020296.

Tetiana V. Mamontova: 0000-0003-4967-9379 ¢

Conflict of interest:

The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Marta M. Zelinka-Khobzey

Poltava State Medical University

23 Shevchenka St., 36011 Poltava, Ukraine
tel: +-380961804036

e-mail: zelinka88@ukr.net

Received: 12.01.2021
Accepted: 06.07.2021

A —Work concept and design, B — Data collection and analysis, C— Responsibility for statistical analysis,
D —Writing the article, E — Critical review, F — Final approval of the article

1909



