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We performed a morphological study of placentas from women with type 1 diabetes mellitus 
receiving insulin therapy (insulin pump). Expression of vascular endothelial growth factor 
(VEGF) and its receptors (VEGFR-1, VEGFR-2, VEGFR-3) was demonstrated by immuno-
histochemical methods. Processes of branched angiogenesis predominated in the placentas 
from women with type 1 diabetes mellitus. Immunohistochemical study revealed more in-
tensive reaction of VEGF and its receptors in syncytiotrophoblast and capillary endothelium 
of terminal villi.
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Placenta plays a central metabolic role and apart from 
the synthesis of various hormones it regulates trans-
port of nutrients from the mother to the fetus and pro-
moted metabolic adaptation of the maternal organism 
to different periods of pregnancy. Pregnancy against 
the background of diabetes mellitus is associated with 
high incidence of fetal and maternal pathologies; some 
of them are determined by placental dysfunction [2].

Type 1 diabetes mellitus (DM1) in pregnant 
women is associated with disturbances in glucose and 
oxygen metabolism, which affects to the development 
and function of the placental villous tree [6]. Under 
these conditions, the main changes occur in cells con-
tacting with maternal blood (syncytiotrophoblast) and 
fetus (endothelium of villous vessels) [5]. In turn, ad-

equate growth and remodeling of fetoplacental vessels 
depends on various factors located on both sides of 
the placental barrier. Pathological changes in mater-
nal hemodynamics and chemical composition of the 
blood (hypoxia, hyperglycemia) changes in the level 
of growth factors, cytokines, and infl ammatory media-
tors can directly affect the growth, development, and 
function of fetoplacental vessels and, hence, the fetus.

The leading role in angiogenesis processes in the 
placenta is played by vascular endothelial growth fac-
tor (VEGF) regulating the development of new blood 
vessels via interaction with the corresponding tyrosine 
kinase receptors [7,9].

Here we performed immunohistochemical analy-
sis of VEGF and its receptors (VEGFR-1, VEGFR-2, 
VEGFR-3) in the placenta of women with DM1.

MATERIALS AND METHODS

We performed morphological analysis of 18 placentas 
obtained after term delivery (39-40 weeks). The main 
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group is presented by 12 pregnant women (age 26-39 
years) with medium-severe DM1 receiving intensifi ed 
scheme of insulin therapy (ultrashort acting insulin As-
part) according to the basis bolus principle via insulin 
pump. The control group included 6 women (age 23-
37 years) with normal body weight and physiological 
pregnancy.

After macroscopic examination of the placentas, 
specimens taken from the central zone were fi xed in 
10% neutral formalin. Histological study was perfor-
med on paraffi n sections stained with hematoxylin 
and eosin. Immunohistochemical analysis was per-
formed routinely using ready-to-use rabbit polyclonal 
antibo dies to VEGF, VEGFR-1 (Flt-1), VEGFR-2 
(Flk-1), VEGFR-3 (Flk-4) and a polymer detection 
system (Spring Bioscience). The samples were boiled 
in citrate buffer (pH 6.0) for primary demasking of 
the antigen and incubated for 15 min with 0.3% H2O2 
for blockade of endogenous peroxidase. Hematoxylin 
was used for background staining. Quantitative anal-
ysis of immunohistochemical expression of VEGF 
and its receptors was performed in syncytiotropho-
blast, vascular endothelial cells, and mesenchymal 
cells of terminal and mature intermediate villi using 
an image analysis system on the basis of Аxio Im-
ager M1 microscope and AxioVision software (Carl 
Zeiss). The data were processed using Statistica 6.0 
software.

RESULTS

Histological study of control preparations of the pla-
centa stained with hematoxylin and eosin showed that 
the villous tree was primarily presented by capil larized 
terminal villi, while mature intermediate villi were less 
numerous. The structure of the placentas generally 
corresponded to the pregnancy term. The compen-
satory and adaptive processes (syncytial knots and 
syncytiocapillary membranes) were moderately ex-
pressed. Fibrinoid depositions (primarily around the 
truncal villi) and small calcinosis foci were seen near 
the basal plate.

In DM1, the maturity of placental villi correspon-
ded to gestation term in 4 cases (33.3%), while in 8 
placentas (66.7%) maturation of the villous tree was 
delayed by 2-4 weeks. The villous tree was primarily 
presented by medium-size and small rounded villi with 
abundant capillaries and syncytial knots. It should be 
noted that capillaries were located not only at the pe-
riphery of the villus, but the equally distributed in it. 
In 3 cases, changes of the villi (chorangiosis) were de-
tected, and small chorangioma (1×1×1 cm) was found 
in one placenta. Thickening of syncytiotrophoblast 
indicated increased epithelium-capillary distance. In 
some villi, more or less pronounced edema and in-

creased number of stromal macrophages (Hofbauer 
cells) were observed. The relative contribution of in-
tervillous space decreased under these conditions.

Immunohistochemical analysis of control placen-
ta preparations showed cytoplasmic localization of 
VEGF in all cells of the villi. The maximum expres-
sion was found in syncytiotrophoblast and the mini-
mum in mesenchymal cells (Fig. 1, a). In women with 
DM1, more intensive reaction of VEGF in structures 
of terminal villi was noted (Fig. 2). The most inten-
sive expression surpassing the control level by 29.9% 
(p<0.05) was found in syncytiotrophoblast cells (Fig. 
1, b). VEGF expression in endotheliocytes surpassed 
the normal values by 21.1% (p<0.05), while in mes-
enchymal cells by only 6.1% (p>0.05).

Immunohistochemical analysis of VEGFR distri-
bution in control placentas revealed lower levels of 
their expression in cells of terminal villi in comparison 
with the expression of the corresponding growth factor. 
VEGFR-3 was more intensively expressed, especially 
in the syncytiotrophoblast. The level of VEGFR-2 ex-
pression was minimum, especially in mesenchymal 
cells (Fig. 1, c).

In placentas from women with DM1, expression 
of the three studied receptors EGFR was enhanced and 
this increase was more marked in comparison with the 
expression of VEGF. The maximum intensity of the 
reac tion was noted for VEGFR-2 (Fig. 1, d): it sur-
passed the control level in mesenchymal cells of termi-
nal villi by 2.4 times and in capillary endothelial cells 
and syncytiotrophoblast cells by 1.8 times (p<0.05). 
Maximum differences in VEGFR-1 expression in DM1 
(Fig. 1, e) and normal physiological pregnancy (Fig. 
1, f) were also observed in mesenchymal cells. Mini-
mum values, but surpassing the control level by 43.1% 
(p<0.05) were observed in endothelial cells of terminal 
villi. In turn, the most intensive expression of VEG-
FR-3 (by 57.8% surpassing the normal) was detected 
in syncytiotrophoblast cells and minimum expression 
(but still surpassing the control by 27.4%) was noted 
in mesenchymal cells.

Thus, placentas of women with DM1 were char-
acterized by uneven increase in the expression of the 
studied VEGF receptors in cells of terminal villi. This 
conclusion was confi rmed by the analysis of relative 
intensity of the expression of VEGF and its receptors 
(Table 1).

Indeed, the calculated coeffi cients in DM1 were 
higher than in physiological pregnancy. Different de-
gree of elevation of these values in different cell types 
is worthy of note, which probably attests to placen-
tal dysfunction of DM. The most pronounced devia-
tion from the normal were revealed for VEGFR-2/
VEGF (by 130.5%, p<0.01) and VEGFR-1/VEGF (by 
78.9%, p<0.05) in mesenchymal cells of terminal villi. 
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Fig. 1. Immunohistochemical changes in placental villi in the control group (a, c, e) and women with DM1 (b, d, f). a, b) VEGF expression; 
c, d) VEGFR-2; e, f) VEGFR-1. Immunoperoxidase staining, 400.

In capillary endothelial cells and syncytiotrophoblast 
cells, the maximum increase was noted for VEGFR-2/
VEGF, by 47.8 and 368%, respectively (p<0.05).

In general, changes in the placentas from women 
with DM1 were characterized by predominance of an-
giogenesis processes with the formation of branched 
vessels and more pronounced expression of VEGF and 

its receptors in all studied structures of terminal villi 
in comparison with normal placentas.

The observed changes agree with published results 
of morphological and molecular genetic studies of the 
placenta in DM [1,4]. It was found that VEGFR-2 is 
the main transmitter potentiating the mitogenic and 
angiogenic effects of VEGF [3,12]. Binding of VEGF 
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with VEGFR-2 activated angiogenesis via stimula-
tion of proliferation and growth of endothelial cells. 
VEGFR-2 induces the growth of vessels via activation 
of the Raf-Mek-Erk pathway. The key role of this re-
ceptor in vasculo- and angiogenesis is also confi rmed 
by the fact that vascular islets and blood vessels do not 
form in mice lacking these receptors, which leads to 
intrauterine death of these embryos on gestation days 
8.5-9.5 [11].

Hyperglycemia and moderate hypoxia are associ-
ated with enhanced expression and binding of VEGF 
with VEGFR-2 in endothelial cells of villous vessels, 
which leads to hypercapillarization of intermediate and 
terminal villi [8]. It should be noted that pregnancy be-
gan against the background of decompensation of car-
bohydrate metabolism and compensation was achieved 
later (gestation weeks 6-8) under conditions of pump 
insulin therapy.

Insulin, in turn, enhances VEGF expression through 
direct interaction with its promoter [10]. During preg-
nancy complicated by DM, hyperglycemia in the ma-

ternal body induces hyperinsulinemia of the fetus, 
which stimulates production of VEGF by endothe-
lial cells of the fetoplacental vessels. In turn, insulin 
therapy can enhance VEGF expression in villous tro-
phoblast.

Thus, considerable changes in immunohistoche-
mi cal profi le of VEGF and its receptors in cells of 
placental villi were revealed despite effective correc-
tion of glucose level in all women. These changes in 
immunophenotype of terminal villi attest to placental 
abnormalities and can disturb the development of the 
fetus and newborn. Hence, the development of new 
methods of correction of metabolic disturbances in 
pregnant women with DM is an urgent problem.
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TABLE 1. Ratio of Receptor to Growth Factor Expression in Structures of Placental Villi in DM1 (M±m)

Cells

VEGFR-1/VEGF VEGFR-2/VEGF VEGFR-3/VEGF

control DM1 control DM1 control DM1

SCT 0.62±0.02 0.73±0.02 0.50±0.02 0.69±0.02 0.74±0.03 0.89±0.03

EC 0.56±0.02 0.67±0.02 0.46±0.02 0.69±0.02 0.65±0.02 0.73±0.03

Mes 0.53±0.02 0.95±0.03 0.39±0.02 0.89±0.03 1.39±0.05 1.67±0.06

Note. SCT: syncytiotrophoblast; EC: capillary endothelial cells; Mes: mesenchymal stromal cells.

Fig. 2. Changes in the expression of VEGF and its receptors in 
placental villi in DM1. Ordinate: % above the normal values. Open 
bars: syncytiotrophoblast; dark bars: capillary endothelial cells; 
shaded bars: mesenchymal stromal cells of villi.
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