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Summary 
Introduction. The search for a statistically significant link between sFasL and their potential regulators MMP-2 is necessary to optimize the tactics of managing and treating pregnant women with perinatal infections.

Purpose. To determine the level of MMP-2 in pregnant with perinatal infections and its role in the development of placental dysfunction.

Materials and methods. The study involved examination of 230 pregnant, who were divided into 3 groups (60 people each): Group I with viral (CMV, HSV-1,2,6 types), Group II with bacterial (chlamydia, ureaplasma, mycoplasma) and Group III with mixed infection. Group IV was the control one, and included 50 pregnant with a physiological course of pregnancy. The study implied determination of serum levels of MMP-2 and sFasL, the level of caspase-3 in the placenta, ultrasound was performed by the MINDRAY M7 (China) scanner. The data obtained were statistically processed using the STATISTICA software.
Results and discussion. Pregnant women with perinatal infection were found to have a significant increase in sFasL and caspase-3 levels in all the studied groups as compared to corresponding values in the control group (Kruskal-Wallis test, p<0.001). In all groups of pregnant women with perinatal infection the level of MMP-2 in serum was elevated with respect to control values approximately 3-4 times (Kruskal-Wallis test, p <0.05). According to ultrasound data, hypoplasia of placenta was observed in (46.6 ± 6.4)% of cases in Group І and in (30 ± 6.4)% in Group ІІІ. In Groups II and III, placental hyperplasia was detected in (20 ± 5.2)% and (26 ± 5.7)% of cases, respectively.

Conclusions. The findings showed that secondary to the impact of perinatal infection among a number of indices in the peripheral blood of pregnant women, a significant role is played by an increase in levels of MMP-2 and sFasL. These indices reflect and determine the induction of apoptotic response from the placenta in this category of pregnant women. The revealed increase in caspase-3 level means that pregnant women with perinatal infections undergo caspase cascade of apoptosis in placental cells. Thus, the obtained results indicate that pregnant women with perinatal infections develop an increase in the level of MMP-2 and activation of the Fas-dependent signaling pathway of programmed cell death, which leads to the launch of a caspase cascade of apoptosis in placental cells. An increase in the loss of placental cells due to apoptosis may be one of the key factors triggering the development of placental dysfunction [10,11] and, as a consequence, unfavorable conditions for fetal development.
Introduction. The process of formation and functioning of the “mother - placenta – fetus” system is controlled by common in their biological nature and opposite in their biological effects processes of cellular proliferation, caused by the action of growth factors and apoptosis [1]. Cell proliferation and programmed cell death are multidirectional processes that determine the fate of a particular cell in a cell population. It was stated [2] that the timing of implementation and severity of placental dysfunction (PD) are due to the degree of maladaptation of the endothelial system, activation of immunopathological reactions in the placenta, manifested in the trophoblast induced programmed cell death of lymphocytes and changes in the regulation of cell proliferation. The presence of a correlation between markers of endothelial dysfunction, apoptosis and cell proliferation indicates a close pathogenic relationship between angiogenesis disorders, vascular endothelial functions, immunopathological and proliferative processes in pregnant women with PD, especially of infectious origin [3].
The formation of the placenta, which is closely related to the destruction of basement membrane and extracellular matrix, is an invasive process. It involves a number of enzymes, in particular matrix metalloproteinases (MMP), whose main purpose is to regulate activation and intensive tissue rebuilding. Presented in an inactive form, after transport to the intercellular space, MMP is activated by a number of other proteinases [4, 5].

Formation of the placenta is associated with cell proliferation and reorganization in the local vascular system, accompanied by the increased activity of enzymes. This is important for the successful development and progress of pregnancy [6]. MMP-2, along with other MMPs, is involved in the transformation of the apoptotic ligand FASL into its soluble form of sFasL and thus may affect apoptosis [7,8]. The system of the Fas receptor membrane and its FASL ligand are one of the main ways of launching apoptosis in the placenta, which leads to the development of the fetoplacental complex dysfunction and, as a consequence, the pathological course of pregnancy. Assessment of the level of MMP-2 is not only important for prognosis, but also represents the monitoring of the subcellular index reflecting the conditions for the formation of the placenta [8]. In view of this, the study of MMP-2 activity in pregnant women with perinatal infections (PIns) and the search for a statistically significant relationship between the level of sFasL and MMP-2 as its potential regulator is relevant and necessary to optimize the tactics of management and treatment of this category of women

Purpose. To determine the level of MMP-2 in pregnant women with perinatal infections and its role in the development of placental dysfunction.

Materials and methods. For this purpose the study involved examination of 230 pregnant women after 22 weeks of gestation, who were divided into 3 groups (60 women each): Group I with viral (CMV, HSV-1,2,6 types), Group II with bacterial (chlamydia, ureaplasma, mycoplasma) and Group III with mixed infection. Group IV was the control one and included 50 pregnant women with a physiological course of pregnancy.

In the blood serum of pregnant women, the level of matrix metalloproteinase-2 (MMP-2) was measured by the immune enzyme method using the kits of human MMP-2 reagents produced by RD Systems (USA). A quantitative determination of the level of sFasL in blood serum and caspase-3 in the placenta was performed by ELISA according to the manufacturer's instructions using the diagnostic kits for sFasl and caspase-3 produced by eBioscience (USA). Ultrasound study was conducted by the MINDRAY M7 scanner (China)

The resulting data was statistically processed using the STATISTICA software. Quantitative indices were given as median (Me), interquartile scale (LQ - lower quartile, UQ - upper quartile) and sample size (min - minimum value, max - maximum value) or in the form X ± m, where X is the average value, and m is the standard error of the mean. For indices that characterize qualitative characteristics, the absolute number and relative value in percentage (%) was indicated. The percentage error ( was calculated by the formula: (=
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To check the coincidence of the distribution of quantitative indices with norm in groups, we used the Kolmogorov-Smirnov test. Since the law of distribution of the numerical indices under study was different from the norm, the statistical significance was checked with the Mann-Whitney U-test (in case of paired independent entities), the Kruskal-Wallis test (in the case of multiple independent entities). In case of dependent entities, the Wilcoxon W-criterion was used. Qualitative characteristics were compared with the use of Pearson criterion and Fischer’s exact test. Differences were considered statistically significant at p <0.05.

Results and discussion. Pregnant women were found to have a significant increase in apoptotic indices in all studied groups compared with the corresponding values ​​in the control group (Kruskal-Wallis test, p <0.001). The apoptotic ligand sFasL in Group IV patients was practically not detected: median – 0.00; the interquartile range was 0.00-0.40 ng / ml, while the median value of this indicator in Groups ІІ and ІІІ was 1.00 ng / ml and 1.05 ng / ml, respectively (with an interquartile range of 0.83 ÷ 1.14 ng / ml in Group II and 0.81 ÷ 1.17 ng / ml in Group III) (Fig. 1). In Group I, the median sFasL value was 0.64 ng / ml (with an interquartile range of 0.44 ÷ 1.04 ng / ml). The maximum value of sFasL was recorded in Group III, where it was 3.00 ng / ml, while the maximum value of this indicator in Group IV was 1.00 ng / ml [9].
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Fig. 1 - The level of sFasL (ng / ml) in the peripheral blood of pregnant women in the examined groups
Concentration of MMP-2 in serum of women in the control group is presented in Table. 1

Table 1

Concentration of MMP-2 in serum of healthy pregnant women (ng / ml)
	Clinical groups
	Statistical indices 

	
	Average 
	Median 
	Min 
	Max
	LQ
	UQ
	Standard error

	Control group (IV)
	11.88
	12.79
	0.000
	18.56
	10.72
	15.67
	5.16


Subsequently, the dependence of the content of the MMP-2 enzyme in groups was determined using a discriminant analysis of the grouping of variables, which demonstrated that this parameter depended on the group at a statistically significant level (Kruskal-Wallis test, p <0.01).

Indices of MMP-2 in blood serum of patients with PIns depending on the group are presented in Fig. 2
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Fig.2 - Level of MMP-2 (ng / ml) in peripheral blood of pregnant in clinical groups under study

The given data show that in all groups of pregnant women with PIns, the level of MMP-2 in serum was elevated with respect to the control values approximately 3-4 times (Kruskal-Wallis test, p <0.05).

Thus, in Group I the median MMP-2 was 31.18 ng / ml, and the interquartile range was 27.87 to 35.50 ng / ml. In Group II the median was 30.12 ng / ml, and the interquartile range was 29.87÷33.18 ng / ml. Group 3 was found to have the highest rates of MMP-2: median – 36.05 ng / ml, interquartile range – 29.84 ÷ 43.29 ng / ml.
The level of the effector unit of apoptosis – caspase-3 in the placenta was studied to understand whether there was a high activation of the cell death program in placental cells in pregnant women with a PIn. Results of biopsies of the placenta were obtained after labor, and were examined for the contents of this apoptotic marker. In all studied groups, there was a significant increase in the number of caspase-3 in the placenta tissue compared with control (Kruskal-Wallis test, p <0.01) (Fig. 3).
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Fig. 3 - The level of caspase-3 (ng / ml) in the placenta of pregnant women in the groups under investigation
Assessment of the findings showed the following tendency: the most marked increase in caspase-3 levels was found in Groups II and III, the median values of which were 5.42 ng / ml and 4.60 ng / ml, respectively, and the interquartile range was 5.20 ÷ 5.55 ng / ml in Group II and 3.51 ÷ 6.40 ng / ml in Group III. Moreover, it should be noted that the interquartile rangee in Group III covered the range of corresponding values of this indicator in Groups II and I. Such a feature may be explained by the combined effect of bacterial and viral infectious agents present at the same time in pregnant of Group III, which affects the activation of programmed death of placental cells. The level of caspase-3 in Group I was relatively high in relation to control, but to a lesser extent as compared with the Groups II and III. In this case, the median was 2.50 ng / ml, the interquartile range was 2.22 ÷ 2.78 ng / ml. On the one hand, we assume that in the case of viral infection not only caspase-dependent but also other signaling pathways of apoptosis are activated in the placenta, and on the other hand we cannot exclude simultaneous development of complex regulatory processes that block the apoptosis in the cells infected with the viruses.
Assessment of ultrasound findings on the condition of the placenta in the examined patients showed the following results: placental hypoplasia occurred in (46.6 ± 6.4)% of cases in Group І and in (30 ± 6.4)% in Group III. At the same time, in the Groups II and III, placental hyperplasia was detected in (20 ± 5.2)% and (26 ± 5.7)% of cases, respectively. These data suggest that perinatal viral infections cause a shift of cellular processes in the placenta toward apoptosis, whereas perinatal bacterial infections activate not only apoptosis, but also processes of cell proliferation in the placenta, manifested in the development of hyperplasia of the latter in Groups II and III.

Conclusion. The findings showed that secondary to the impact of perinatal infection among a number of indices in the peripheral blood of pregnant women, a significant role is played by an increase in levels of MMP-2 and sFasL. These indices reflect and determine the induction of apoptotic response from the placenta in this category of pregnant women. The revealed increase in caspase-3 level means that pregnant women with perinatal infections undergo caspase cascade of apoptosis in placental cells. Thus, the obtained results indicate that pregnant women with perinatal infections develop an increase in the level of MMP-2 and activation of the Fas-dependent signaling pathway of programmed cell death, which leads to the launch of a caspase cascade of apoptosis in placental cells. An increase in the loss of placental cells due to apoptosis may be one of the key factors triggering the development of placental dysfunction [10,11] and, as a consequence, unfavorable conditions for fetal development.
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