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Summary

The development of pre-eclampsia is associated with immunological interactions between the foreign maternal and fetal
tissues, which are characterized by a predominance of the influence of type 1 T-helper cells, leading to increased production
of highly aggressive pro-inflammatory cytokines. However, the mechanism of cellular-humoral immune and cytokine changes
leading to the manifestation of pre-eclampsia is not fully understood and no corrective measures have been developed.

Purpose. To investigate the changes in the cellular-humoral immunity and cytokine profile in a cervical mucus of pregnant
women at high risk for developing PE and to find out the effectiveness of the proposed secondary prevention of PE in the
normalization of these indicators.

Method and Materials. The main group (MG) consisted of 91 pregnant women with risk factors for pre-eclampsia who
had impaired blood flow in the uterine spiral arteries at 18-20 weeks of pregnancy. Among them, 59 patients (MG-1I) received
secondary prevention of pre-eclampsia from 18-20 weeks until delivery using metformin, vitamin D3, and corvitin, while the
remaining 32 patients (MG-1) declined preventive measures. The control group (CG) consisted of 30 healthy pregnant women.

The research was regulated by the rules of humane treatment of patients in accordance with the requirements of the Tokyo
Declaration of the World Medical Association, the international recommendations of the Helsinki Declaration on Human Rights,
the Convention of the Council of Europe on Human Rights and Biomedicine, and the laws of Ukraine.

TNF-o, INFy and IL-10 levels were determined in cervical mucus by enzyme-linked immunosorbent assay (ELISA), peripheral
blood lymphocyte CD3+, CD4+, CD8+, CD16+, CD22+ levels were assessed by indirect immunofluorescence. The CD4/CD8
ratio was calculated as an immunoregulatory index. Blood serum immunoglobulin (Ig) levels were determined by competitive
enzyme-linked immunosorbent assay (4, M, and G). The concentration of circulating immune complexes (CIC) in blood serum
was measured by the immunoturbidimetric assay.

The data were analyzed by mathematical-statistical methods, calculating the mean (M), variance (c), and standard error (m),
applying Student s t-test, and performing correlation analysis using the statistical program «STATISTICA» (StatSoft Inc., USA).

The paper is an excerpt from the initiative scientific research project of the Department of Obstetrics and Gynecology Ne 2 of
the Poltava State Medical University entitled « Optimization of approaches to management of pregnancy in women at high risk
of obstetric and perinatal pathology» (state registration number 0122U201228, duration: 10.2022-09.2027).

Results. In women at high risk of developing pre-eclampsia (MG-1), a significant decrease in the concentration of T helper
cells (CD4+), an increase in T suppressor/killer cells (CD8+), a decrease in the immunoregulatory index, a decrease in B cells
(CD22+) and an increase in CIC were observed. In addition, CIC greater than 100 [U/ml strongly correlated with the development
of pre-eclampsia. IgM levels were significantly elevated in women with pre-eclampsia, indicating possible trophoblastic stimulation
of their immune system, while IgG levels were significantly reduced. Women with pre-eclampsia had a significant predominance of
pro-inflammatory cytokines and a deficiency of anti-inflammatory cytokines. In women of the MG-II group who received the proposed
complex of secondary prevention of pre-eclampsia, the content of T-helper cells (CD4+) and T-suppressor/killer cells (CD8+) was
normalized. The immunoregulatory index increased significantly, and the number of CD22+ cells was about the level observed in
healthy pregnant women. The concentrations of IgA and IgG increased to the levels observed in the control group, while the level of
IgM decreased. The level of CIC decreased in pregnant women with MG-II, in contrast to the levels observed in women with MG-1.
The levels of pro-inflammatory cytokines INF-y and TNF-o. decreased after preventive treatment. However, the levels of the anti-
inflammatory cytokine IL-10 increased significantly in MG-II, leading to a significant reduction in the TNF-a/IL-10 ratio (p<0.001).

Conclusions. Pregnant women with a history of increased risk factors for PE and a decrease in the intensity of blood
flow in the spiral arteries of the uterus at 18-20 weeks of gestation have a pronounced imbalance of the T-cell subpopulation,
which is accompanied by a decrease in the production of T-helpers (CD4+) and an increase in the synthesis of T-suppressors/
killers (CD8+), which causes a decrease in the immunoregulatory index. This is accompanied by the development of a cytokine
imbalance with a predominance of pro-inflammatory cytokines and a deficiency of anti-inflammatory cytokines, and is also
associated with a significant decrease in the concentration of IgG and a decrease in the number of B cells. Such changes are
a consequence of the exhaustion of the reactivity of the humoral link of the general immunity, creating the conditions for the
frequent manifestation of PE, which occurs in almost half of such women. The application of our proposed improved method of
secondary prevention of pulmonary embolism in pregnant women with a high risk of developing this disease leads to significant
positive changes in the work of the immune system and a corresponding improvement in clinical results. It makes it possible to
reduce the frequency of PE development by 1.4 times and to prevent the occurrence of its severe forms by 2.6 times.
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Introduction to occupy a prominent position in the structure of perinatal
Despite the long-standing concern of researchers on the and maternal morbidity and mortality, and its pathogenesis
problem of pre-eclampsia (PE), this pathology continues is not fully understood [1-4]. Therefore, obstetrics still
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lacks an effective treatment and prevention scheme for
this disease [5-7].

Nowadays, one of the most accepted theories
regarding the development of PE is the one that links the
pathogenic processes of its development to the improper
transformation of spiral vessels during the replacement of
their endothelium by trophoblast cells [8-10]. In this case,
the vascular endothelium remains sensitive to the action
of numerous pressor factors, and a high-resistance blood
flow prone to vasospasm is formed in the uteroplacental
complex [11-15]. Immunological factors and changes in
cytokine balance play an important role in this process
[16-18].

During physiological pregnancy, trophoblast cells,
which are foreign to the mother’s body, initiate a series
of immunological reactions, during which the level of
production of proinflammatory cytokines of the Thl type
by monocytes decreases [19-21] and, on the contrary, the
production of Th2 cytokines increases [16-22].

It is believed that the development of PE is associated
with immunologic interactions between the foreign
maternal and fetal tissues, with a predominant influence
of type 1 T-helper cells, leading to increased production
of highly aggressive pro-inflammatory cytokines [22].
However, the specific factors that initiate the switch
in the immune response are still unknown. There is no
formulated unified mechanism for the complex cellular-
humoral immune and cytokine changes that lead to the
manifestation of PE, nor are there reliable markers or
predictors of these changes, nor have corrective measures
been developed. Therefore, there is an urgent need for
further investigation into the clinical and immunological
mechanisms underlying the development of PE.

Purpose. To investigate the changes in the cellular-
humoral immunity and cytokine profile in a cervical mucus
of pregnant women at high risk for developing PE and
to find out the effectiveness of the proposed secondary
prevention of PE in the normalization of these indicators.

Method and Materials. We studied the cellular-
humoral immunity and cytokine status in 121 pregnant
women at 28-32 weeks of gestation. The main group (MG)
consisted of 91 pregnant women with risk factors for the
development of pulmonary embolism based on their med-
ical history. The Doppler ultrasound performed at 18-20
weeks of pregnancy showed slow blood flow in the uterine
spiral arteries. The MG patients were divided into two
subgroups: 32 patients (MG-I) who declined our proposed
secondary prevention of PE [7], and the other 59 patients
(MG-II) who received enhanced secondary prevention of
pre-eclampsia from 18-20 weeks of pregnancy until de-
livery, using metformin at a dose of 2000 mg/day, vitamin
D3 at a dose of 4000 IU/day, and corvitin administered by
10-day monthly courses of intravenous infusions at a dose
of 500 mg/day. The control group (CG) consisted of 30
healthy pregnant women with no risk factors for pulmonary
embolism and no impairment of blood flow in the uterine
spiral arteries.

The research was conducted in accordance with the rules
of humanitarian treatment of patients, the provisions of the
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Tokyo Declaration of the World Medical Association, the
requirements of the international recommendations of the
Helsinki Declaration of Human Rights, the Convention of
the Council of Europe on Human Rights and Biomedicine,
the laws of Ukraine, and the requirements of the Ethical
Code of Ukrainian Physicians.

At 28-34 weeks of gestation, the levels of pro- and
anti-inflammatory cytokines (TNF-a, INFy, IL-10) in
cervical mucus were determined by enzyme-linked
immunosorbent assay (ELISA) using standard
commercial kits from Vector BEST. Rates of cellular-
humoral immunity were determined in blood samples.
Lymphocyte phenotyping in peripheral blood was carried
out by indirect immunofluorescence using commercial
erythrocyte diagnostic kits for CD3+, CD4+, CD8+,
CD16+, CD22+ antibody classes from Granum, RPL, LTD
(Ukraine, Kharkiv). At present, monoclonal antibodies
(MADb) of CD3+ class are considered to characterize
the total population of T lymphocytes, CD4+ for T
helper/inducer population, CD8+ for T suppressor/killer
population, CD22+ for B cells. The immunoregulatory
index CD4/CD8 was calculated, which indicates the ratio
of lymphocytes with helper and suppressor activity. The
functional activity of T lymphocytes was assessed using
the lymphocyte blast transformation reaction (LBTR) with
phytohemagglutinin (PHA) as a non-specific mitogen. [19].
Serum immunoglobulin (Ig) levels were determined using
a test system based on the principle of competitive enzyme-
linked immunosorbent assay (ELISA) with immobilized
antigens (A, M and G) and [20]. The concentration of
circulating immune complexes (CIC) in blood serum was
determined by the method of immunoturbidimetric analysis
(reagent kit of «CIC-HEMA» company).

The obtained data were processed using methods of
mathematical statistics, calculating the mean (M), variance
(o), standard errors of the mean (m), applying the Student’s
t-test and correlation analysis using the statistical software
«STATISTICA» (StatSoft Inc., USA).

The paper is an excerpt from the initiative scientific
research project of the Department of Obstetrics and
Gynecology #2 of the Poltava State Medical University
entitled «Optimization of approaches to management of
pregnancy in women at high risk of obstetric and perinatal
pathology» (state registration number 0122U201228,
duration: 10.2022-09.2027) [1].

Results and Discussion

The concentration of leukocytes in the blood of women
with MG-I (total) was 6.3+0.3*109/L and did not differ
significantly from the values in women with MG-I with PE
or from the values in CG. The absolute lymphocyte count
in all patients in MG-I was 1.7 £ 0.05*10%L (p<0.05),
which was almost similar to the values of this indicator
in healthy pregnant women. The absolute number of T
lymphocytes (CD3+) was 1.0 + 0.04*10°/L (p<0.05), with
a tendency to decrease compared to control values.

Among T cells, a decrease in the number of T helper
cells was observed in women with MG-I (overall) with
0.50 = 0.03*109/L (p > 0.05) and in patients with MG-I
with PE (0.40 £ 0.02*10%L (p < 0.001). In healthy pregnant
women this indicator was 0.58 + 0.03*10°/L. However,
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the number of T-suppressor/killer cells increased in MG-
I, especially in women with PE (0.48+0.05*10°L). At the
same time, the values in healthy women were 0.37+0.02
per 10°/L (p <0.05).

The immunoregulatory index, i.e. the ratio of CD4+
to CD8+ cells, was significantly decreased in women
with MG-I. In patients with PE from this group it was
0.83+0.07 compared to 1.56+0.10 in healthy pregnant
women (p <0.001).

We also observed a decrease in the absolute number
of CD22+ cells in patients with MG-I, which was
0.60+0.02*109/L in the whole group (p <0.05) and
0.57£0.04*109/L (p <0.050) in women with PE. In
pregnant women in the control group, the value was 0.68
+0.03*109/L.

Apparently, patients with MG-I who did not receive the
proposed treatment experienced a significant decrease in
T-helper cells (CD4+) along with a significant increase in
the concentration of T-suppressor/killer cells (CD8+). This
led to a decrease in the immunoregulatory index, a decrease
in the number of B cells (CD22+) and a tendency toward
a decrease in the absolute number of T lymphocytes
(CD3+). Pre-eclampsia occurred in 43.8 % of the cases in
the women of this group.

The concentration of IgA tended to decrease in MG-I
(1.89 £ 0.04 g/L vs. 2.08 £ 0.11 g/L in CG; p >0.1)
compared to control values. IgM levels in women with PE
of MG-I were significantly elevated (1.66 + 0.03 g/L vs.
1.49 + 0.06 g/L in CG; p <0.02), indicating trophoblastic
stimulation of the immune system in these women [14].
1gG levels were significantly reduced both in the total MG-1
(11.06 + 0.3 g/L compared to the normal range of 13.97 +
0.4 g/L; p <0.001) and in pregnant women with PE (9.28
+ 0.4 g/L; p <0.001). The decrease in IgG concentration
correlated with a decrease in B lymphocytes (CD22+) both
in the MG-I as a whole (r=0.47; p <0.05) and in patients in
this group who developed PE (r=0.58; p <0.01).

It should be noted that in healthy pregnant women,
the concentration of IgG in blood serum increases. This is
associated with increased synthesis. In women with PE, we
observed a significant decrease in Ig G. We hypothesize that
this decrease is caused by exhaustion of the reactivity of
the humoral part of the general immune system in PE [17].

We also observed an increase in CIC in MG-I (95.5 +
4.6 TU/ml compared to the normal range of 84.1 + 3.5 TU/
ml; p <0.05), especially in pregnant women with PE (103.7
+ 5.1 IU/ml). An increase in CIC above 100 IU/ml was
associated with the development of PE (r=0.76, p<0.05).

Significant increases in pro-inflammatory cytokine
levels, particularly INF-y and TNF-a, were also observed
in patients in the above group. At this time point, the level
of INF-y in cervical mucus in women with MG-I was
13.06 +0.70 pg/mL compared to 10.42 = 0.51 pg/mL in the
control group (p <0.01), and the concentration of TNF-a
in MG-I was 7.05 + 0.54 pg/mL compared to 3.40 + 0.24
pg/mL in the control group (p < 0.001). In women with
PE of MG-I, the level of pro-inflammatory cytokines was
significantly increased not only compared to women in
the control group but also compared to the total group of
pregnant women of MG-I (INF-y was 15.80 + 0.85 pg/ml;
TNF-a was 8.79 + 0.48 pg/ml).

In contrast to the increased levels of pro-inflammatory
cytokines, the concentration of the anti-inflammatory
cytokine IL-10 was significantly decreased in the studied
pregnant women. It was 4.90 + 0.25 pg/ml in women with
PE compared to 9.56 + 0.63 pg/ml in the control group
and 6.14 + 0.19 pg/ml overall in the MG-I (p<0.001). This
indicates immunosuppression in pregnant women with
PE, which likely contributes to the inability of trophoblast
cells to fully invade the uterine spiral arteries, leading to
the development of endothelial dysfunction.

The changes in the levels of pro- and anti-inflammatory
cytokines caused the increase in the TNF-a/IL-10 ratio. It
was 3.2 times higher in total MG-I (1.15 + 0.06 vs. 0.36
+ 0.02 in the control group; p <0.001) and 5 times higher
in pregnant women with MG-I who developed PE (1.80 +
0.09; p <0.001 in the same comparison).

We hypothesize that the excessive release of pro-
inflammatory cytokines in the presence of deficient anti-
inflammatory cytokines, along with increased levels of
T-suppressor/killer cells and increased production of
IgM, indicates an exaggerated inflammatory response in
the maternal organism, likely directed against foreign
fetal antigens [16-18]. This response leads to incomplete
invasion of trophoblast cells into the spiral arteries of the
uterus, resulting in systemic endothelial dysfunction and
the development of pre-eclampsia [18-20].

Application of the proposed treatment in women with
MG-II contributed to significant improvement in rates
of cellular-humoral immunity and cytokine profile. The
levels of CD4+ T-helper cells and CD8+ T-suppressor/
killer cells in women with MG-II were almost similar to
the levels observed in the control group. Despite a slight
increase in CD4+ cells in MG-II compared to MG-I,
the immunoregulatory index, which was significantly
decreased in MG-I women (1.22 + 0.06 compared to
1.56 £ 0.10 in CG; p <0.02), increased slightly in MG-II
and reached 1.35 + 0.11 (compared to 1.56 £ 0.10 in
healthy pregnant women; p >0.1). The increased absolute
level of CD22+ in women with MG-I, MG-II was not
significantly different from that observed in healthy
pregnant women (0.65 + 0.07).

In MG-II women, the concentration of IgA, which showed
atendency to decrease in MG-I (1.89 = 0.04 g/L compared to
2.08 £0.11 g/L in CG; p >0.1), was 1.97 £ 0.09 g/L, which
was not significantly different from the values in healthy
pregnant women. The level of IgM in the MG-II women
was 1.38+0.07 g/L, which was also not significantly different
from the control values (p>0.1). The level of 1gG, which
was significantly lower in untreated women (11.06+0.3 g/L
compared to the normal range of 13.97+0.4 g/L; p <0.001),
increased to 12.8+0.6 g/L in treated pregnant women of
MG-II, which was significantly higher than the level of
this immunoglobulin in MG-I, but did not reach the level
observed in CG (p <0.01). The concentration of CIC in
pregnant women with MG-II was decreasing, in contrast
to the levels in women with MG-I (90.4 + 5.6 IU/ml vs.
95.5 + 4.6 IU/ml, respectively; p >0.02).

After the preventive treatment, the levels of the pro-
inflammatory cytokines INF-y and TNF-a, which were
elevated in patients with MG-I, decreased. The level of
INF-y in cervical mucus was 11.30 + 0.70 pg/mL in MG-II
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compared to 13.06 + 0.70 pg/mL in MG-I (p <0.02), and
the amount of TNF-a was 4.04 + 0.82 pg/mL in MG-II
compared to 7.05 + 0.54 pg/mL in MG-I (p <0.001). On
the contrary, the concentration of the anti-inflammatory
cytokine IL-10 increased significantly in MG-II, reaching
8.93 + 0.54 pg/ml, compared to 6.14 + 0.19 pg/ml in
pregnant women of MG-I (p<0.001). The TNF-o/IL-10
ratio was significantly decreased in MG-II compared to
MG-I (0.45 £ 0.10 vs. 1.15 + 0.06; p <0.001).

Thus, in contrast to the suppression of cellular-humoral
immunity and the imbalance of pro- and anti-inflammatory
cytokines observed in women who did not receive the
improved prevention of the development of PE proposed
by us, in the group of pregnant women who received it, we
noted an improvement in indicators of immunity and their
normalization to levels typical of healthy pregnant women.
This was associated with a more favorable course of
pregnancy. Thus, the improved approach to the prevention
of the occurrence of PE made it possible to reduce the
frequency of the development of PE by 1.4 times. The
frequency of severe pulmonary embolism in women who
received the proposed complex of preventive measures
decreased by 2.6 times compared to the frequency of severe
forms of this complication in patients who did not receive
the indicated treatment.

Conclusions:

1. Pregnant women with a history of increased risk
factors for PE and a decrease in the intensity of blood
flow in the spiral arteries of the uterus at 18-20 weeks
of gestation have a pronounced imbalance of the T-cell
subpopulation, which is accompanied by a decrease in

References:

the production of T-helpers (CD4+) and an increase in
the synthesis of T-suppressors/killers (CD8+), which
causes a decrease in the immunoregulatory index. This is
accompanied by the development of a cytokine imbalance
with a predominance of pro-inflammatory cytokines and
a deficiency of anti-inflammatory cytokines, and is also
associated with a significant decrease in the concentration
of IgG and a decrease in the number of B cells. Such
changes are a consequence of the exhaustion of the
reactivity of the humoral link of the general immunity,
creating the conditions for the frequent manifestation of
PE, which occurs in almost half of such women.

2. The application of our proposed improved method of
secondary prevention of pulmonary embolism in pregnant
women with a high risk of developing this disease leads
to significant positive changes in the work of the immune
system and a corresponding improvement in clinical
results. It makes it possible to reduce the frequency of PE
development by 1.4 times and to prevent the occurrence
of its severe forms by 2.6 times.

Prospects for further research. The identified
features of immunosuppressive mechanisms in pregnant
women with PE call for further research to investigate alter-
ations in nitric oxide metabolism in this patient population.

Conflict of Interests. The authors have no conflicts
of interest to declare.

Founding source. This research received no specific
grant from any funding agency in the public, commercial,
or non-profit sectors.

1. Likhachov V, Taranovska O. Changes in the intensity of uterine circulation in pregnant women with a history of chronic
endometritis. Neonatol. hir. perinat. med. 2023;13(2(48):78-84. doi: 10.24061/2413-4260.X111.2.48.2023.11

2. Erez O, Romero R, Jung E, Chaemsaithong P, Bosco M, Suksai M, et al. Preeclampsia and eclampsia: the conceptual evolution
of'a syndrome. Am J Obstet Gynecol. 2022;226(2S): S786-803. doi: 10.1016/j.ajog.2021.12.001

3. Lemish NY. Perebih vahitnosti ta polohiv u zhinok iz preeklampsiieiu [The course of pregnancy and childbirth in women with
preeclampsia]. Ukrains’kyi zhurnal Zdorov’ia zhinky. 2023;1(164):39-44. doi: 10.15574/HW.2023.164.39 (in Ukrainian).

4. Boutin A, Gasse C, Demers S, Giguére Y, Tétu A, Bujold E. Maternal Characteristics for the Prediction of Preeclampsia in
Nulliparous Women: The Great Obstetrical Syndromes (GOS) Study. J Obstet Gynaecol Can. 2018;40(5):572-8. doi: 10.1016/j.

j0ge.2017.07.025

5. Zhabchenko I, Zadorozhna T, Tertychna-Teliuk S, Likhachov V, Korniiets N, Oleshko V, et al. Platsentarni porushennia u vahitnykh
— peremischenykh osib v umovakh persystentnoho stresu [Placental disorders in displaced pregnant women who are in persistent stress].
Reproduktyvna endokrynolohiia. 2023;67:107-13. doi: 10.18370/2309-4117.2023.67.107-113 (in Ukrainian).

6. Boutin A, Gasse C, Guerby P, Giguere Y, Tétu A, Bujold E. First-Trimester Preterm Preeclampsia Screening in Nulliparous
Women: The Great Obstetrical Syndrome (GOS) Study. J Obstet Gynaecol Can. 2021;43(1):43-9. doi: 10.1016/j.jogc.2020.06.011

7. Hypertension in pregnancy: diagnosis and management. NICE guideline [Internet]. National Institute for Health and Care
Excellence; 2019 [updated 2023 April 17; cited 2023 Sep 10]. Available from: https://www.nice.org.uk/guidance/ng133

8. Barrientos G, Pussetto M, Rose M, Staff AC, Blois M, Toblli JE. Defective trophoblast invasion underlies fetal growth restriction
and preeclampsia-like symptoms in the stroke-prone spontaneously hypertensive rat. Mol Hum Reprod. 2017;23(7):509-19. doi: 10.1093/

molehr/gax024

9. Brosens I, Puttemans P, Benagiano G. Placental bed research: I. The placental bed: from spiral arteries remodeling to the great
obstetrical syndromes. Am J Obstet Gynecol. 2019;221(5):437-56. doi: 10.1016/j.2j0g.2019.05.044
10. Makarov O, Likhachov V, Taranovskaya O, Dobrovolska L, Vashchenko V. Role of uterine blood flow disturbances in the

development of late gestosis. Wiad. Lek. 2018;71(9):1719-21.

11. Davydova YuV, Lymans’ka AYu, Ohorodnyk AO, Butenko LP. Rol” endotelial’noi dysfunktsii v henezi preeklampsii ta shliakhy
profilaktyky yii vynyknennia v nastupnii vahitnosti [The role of endothelial dysfunction in the genesis of preeclampsia and ways to
prevent its occurrence in the next pregnancy]. Perynatolohiia ta pediatriia. 2019;2(78):13-8. doi: 10.15574/PP.2019.78.13 (in Ukrainian).

12. Skrypnyk I, Maslova G, Lymanets T, Gusachenko I. L-arginine is an effective medication for prevention of endothelial
dysfunction, a predictor of anthracycline cardiotoxicity in patients with acute leukemia. Exp Oncol. 2017;39(4):308-11.

13. Markin LB, Popovych OI, Popovych Al. Doplerometrychne doslidzhennia matkovo-platsentarno-plodovoho krovoplynu u
vahitnykh z pervynnoiu arterialnoiu hipotoniieiu [Doplerometric examination uterine-placental-fetal hemodynamic in pregnant women

108



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OQOCIIAHUX POBIT

with arterial hypotension]. Aktualni pytannia pediatrii, akusherstva ta hinekolohii. 2017;(1):100-4. doi: 10.11603/24116-4944.2017.1.7397
(in Ukrainian)

14. Bartmann C, Segerer SE, Rieger L, Kapp M, Siitterlin M, Kdmmerer U. Quantification of the predominant immune cell
populations in decidua throughout human pregnancy. Am. J. Reprod. Immunol. 2014;71(2):109-19. doi: 10.1111/aji.12185

15. Demers S, Boutin A, Gasse C, Drouin O, Girard M, Bujold E. First-Trimester Uterine Artery Doppler for the Prediction of
Preeclampsia in Nulliparous Women: The Great Obstetrical Syndrome Study. Am J Perinatol. 2019;36(09):930-5. doi: 10.1055/5-0038-
1675209

16. Vashchenko VL, Likhachev VK, Dobrovolska LM, Taranovska OO. Vplyv vtorynnoyi profilaktyky rozvytku preeklampsiyi
u zhinok hrupy vysokoho ryzyku na pokaznyky fetoplatsentarnoho krovotoku. [The effect of secondary prevention of preeclampsia in
high-risk women on indicators of fetoplacental blood flow]. Visnyk problem biolohii i medytsyny. 2020;3(1):94-7. doi: 10.29254/2077-
4214-2020-3-157-94-97 (in Ukrainian).

17. Konkov DG, Bulavenko OV, Dudnyk VM, Buran VV. Suchasni aspekty patohenetychno obumovlenoi profilaktyky preeklampsii
[The modern features of pathogenesislinduced prevention of preeclampsia]. Perynatolohyia y pedyatryia. 2016;1:46-50. doi: 10.15574/
PP.2016.65.46

18. Boutin A, Demers S, Gasse C, Giguére Y, Tétu A, Laforest G, et al. First-Trimester Placental Growth Factor for the Prediction
of Preeclampsia in Nulliparous Women: The Great Obstetrical Syndromes Cohort Study. Fetal Diagn Ther. 2019;45(2):69-75.
doi: 10.1159/000487301

19. Barkovsky DE. Neiroimunoendokrynni markery prohnozuvannia preeklampsii [Neuroimmunoendocrine markers of predicting
of preeclampsia]. Patologia. 2018;15(3):302-8. doi: 10.14739/2310-1237.2018.3.151718 (In Ukrainian).

20. Faas MM, Spaans F, de Vos P. Monocytes and macrophages in pregnancy and pre- eclampsia. Front. Immunol [Internet].
2014[cited 2023 Oct 28];5:298. Available from: https://www.frontiersin.org/articles/10.3389/fimmu.2014.00298/full doi: 10.3389/
fimmu.2014.00298

21. Townsend R, O’Brien P, Khalil A. Current best practice in the management of hypertensive disorders in pregnancy. Integr Blood
Press Control. 2016;9:79-94. doi: 10.2147/IBPC.S77344

22. Burgess A, McDowell W, Ebersold S. Association Between Lactation and Postpartum Blood Pressure in Women with
Preeclampsia. MCN Am J Matern Child Nurs. 2019;44(2):86-93. doi: 10.1097/NMC.0000000000000502

MOKJHUBOCTI KOPEKIIII MOPYIIEHDB KAITUHHO-T'YMOPAJIBHOI'O IMYHITETY TA IIUTOKIHOBOTO
CTATYCY ¥ BATITHUX I'PYIIA BUCOKOTI'O PU3UKY MO BUHUKHEHHIO MPEEKJIAMIICIT

B. JI. Bawenko

HoaTaBebkuii Aep:xaBuuii MmeaxnyHuii yniBepcurer MO3 Ykpainu
(m. ITonTaBa, Ykpaina)

Pesiome.

Po3BuTok npeekgamicii moB’si3aHii 3 IMyHOJIOTIYHUMH BiTHOCHHAMHU MK 4y)KOPiIHUMHU TKaHMHAMK MaTepi Ta IUIOAY, SIKi Ie-
pebiratoTh 3 MpeBaIloBaHHAM BILIMBY T-xenmnepis | THIy, BHACIIIOK 4Or0O 3pocTae BUPOOICHHS BUCOKOArPECHBHUX MPO3aNaIbHUX
uuToKiHiB. OJJHAK 10CI HE BUBYCHUI MEXaHi3M KJIITHHHO-IYMOPAJIbHUX IMyHHHX Ta IIUTOKIHOBUX 3MiH, 1110 IPUBOSATH 10 MaHidecTawil
MpeeKIIaMIIcii, He po3po0ieHi 3acobu 11 KopeKitii.

Meta pocaimpxkennsi. J{OCTiIUTH 3MiHN KITITHHHO-TYMOPAJIBbHOTO IMyHITETy Ta LUTOKIHOBOTO MPOGINI0 y LepBiKAIbHOMY CIIH3i
BariTHUX 3 BUCOKUM pu3nkoM po3ButKy [1E Ta 3’sicyBat edekTrBHICTH 3aripornoHoBanoi BropunHoi npodinaxruku [1E y Hopmaizaril
LIUX TIOKA3HUKIB.

Marepiaa Ta metonu gociimkennsi. OcHony rpymy (OI') ckianu 91 BaritTHa 3 HasBHICTIO (DaKTOPIB PH3MKY MpeeKIaMIIcii, ki
B 18-20 TrKHIB BariTHOCTI MaJjiM CIIOBUIbHEHHUI KPOBOTOKY B Oaceiini ciipanbHux aprepiit Mmarku. 59 mamientok (OI-1I) 3 18-20 TmxHiB
JI0 PO3POKEHHS OTPUMYBAJIH BTOPUHHY MPOMIIAKTUKY MPECKIaMIICiT 3 BUKOPUCTaHHAM MeT(opMiHy, Bitaminy D3 Ta KOpBiTHHY; iHIII
32 nauientku (OI'-I) BinmoBuucs Big npodinakruku. Konrponsny rpymny (KI') ckinanu 30 310poBHX BariTHUX.

Hocnipkenns periaMentyBanucs [IpaBuiaMu ryMaHHOTO CTaBJI€HHs [0 MaieHTa 3rigHo 3 Bumoramu Tokiiicekol neknaparii Bee-
CBITHBOI MeIuHOT acouianii, Mi>KHapOAHUMHU pekoMeHaauisMu [ enbciHChbKOT Jekiapaltii 3 npas oaunu, Konsenuieto Pagu €sponu
110/I0 [TPaB JIFOAUHH 1 GioMeuunHy, 3aKkoHaMH YKpaiHH.

Busznauanu: TNF-a, INFy, IJI-10 y nepBikansHOMY cin3i 3a JOMOMOIO0 iMyHO(EPMEHTHOTO aHai3y; piBeHb JTiM(OLHMTIB Mepu-
¢depuunoi kposi kiacis CD3+, CD4+, CD8+, CD16+, CD22+ MeTo0M HenpsiMoi iMyHO(IIF0OPECLEHIIIT 3 pO3paXKHKOM iIMyHOPETyIisi-
TopHroro innekck CD4/CD8; piBeHb cupoBaTkoBuX iMyHOrmoOyiHiB (Ig) MeTosoM iMyHO(GEpMEHTHOTO aHai3y; CHPOBATKOBHUIl PiBEHb
HUpKyarorounx iMmyHHHX KomiutekciB (L[IK) MeTomgom iMyHHOTO TypOOMETPHUYHOTO aHaTi3y.

Jani 00poOIsTH IUTIXOM PO3paxyHKy cepeaHix BubipkoBux 3HaueHb (M), aucnepcii (0) Ta MOMUIIOK CepeiHiX 3Ha4eHb (m),
3 omiHKoIo KpuTepito CT’IoeHTa Ta NPOBEICHHIM KOPEILILIHHOTO aHalizy 3a qonomoroko cratuctudHoi nporpamMu «STATISTICA»
(«StatSoft Inc.», CILIA).

CrarTsi BUKOHAHA SIK ()parMeHT iHiLiaTHBHOT HAyKOBO-10CIi THOT pOOOTH, siKa IPOBOUTHCS CIiBPOOITHIUKAMK KadeapH aKyliepcTBa
Ta rinexosorii Ne 2 TTontaBchKoro AepaBHOTO MEUYHOTO YHiBepcuTeTy « ONTHMI3aList MiAXOIIB 10 BEICHHS BAriTHOCTI y KIHOK TPyIIl
BHCOKOTO PH3UKY [10 BAHUKHEHHIO aKyLIePChKOI Ta nepuHaTaibHoi naronorii» (Ne gepxpeectparii 01220201228, TepMiH BUKOHAHHS
10.2022-09.2027).

PesyabTaTn gociuimkeHHs. Y )KiHOK 3 BUCOKUM PH3UKOM po3BUTKY npeekamicii (OI'-1) BusiBieHe 3MeHIeH s piBHiB T-xemnmepiB
(CD4+), mipBumiennst kiapkocti T-cynpecopis/kiepiB (CD8+), 3HIKEHHS iIMyHOPETyJISITOPHOTO 1HACKCY, 3MEHIIICHHSI KiTbKOCTI B-KitiTnn
(CD22+) ta 3pocranns LIIK. ITpu ripomy cuposarkoBuii piBersb LK, o nepesurrysas 100 ox/mi, 6yB TiCHO OB’ si3aHUiT 3 PO3BUTKOM
npeexaMIcii. Y HalieHToK 3 MpeeKIaMIICiero J0CTOBIPHO 3pocTaia KoHeHTpauis [gM 3meHnryBanacs KinbkicTs IgG, 1o Mmoxe OyTu
OB’ s13aHUM 3 TPO(POOIACTUYHOIO CTUMYJISILIIEI0 IMyHHOT CHCTEeMH 1UX HaiieHToK. OKpiM [bOro, 3HAW/ICH] 3pyLICHHS OaNaHCy LIUTOKIHIB
LEPBIKAIBHOTO CIIN3Y, L0 POSIBISIOTHCS 3HAYHHM JOMIHYBaHHSM [PO3aNabHUX [UTOKIHIB P HEJOCTATKY MPOTH3ANAIbHUX. Y )KIHOK
OT'-1I micJ1st 3acTOCyBaHHS 3aMIPOIIOHOBAHOTO KOMILIEKCY BTOPUHHOI MPO(IIaKTUKH ITPeeKIaMIIcii HOpMati3oByBaBcs BMICT T-xenmnepis
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(CD4+) ta T-cynpecopip/kinepi (CD8+); 1ocToBipHO 301IBIIMBCS IMyHOPETYISITOPHAN 1HAEKC, KUTbKicTh CD22+ Habmimkamacs 10
3Ha4YeHb y 310poBUX BariTHUX. KonnenTpanis IgA ta IgG migsumryBanacst 10 piBHs, IPUTAMaHHUX KOHTPOJBHIHN IPyIi. 3MEHIITYBaBCs
piens Ig M. Kinskicts HIK y Baritaux OI'-1I 3HMXYyBanacsi, Ha BigMiHy Bix noka3sHukiB y xkiHok OI'-I. PiBui murokini INF-y ta TNF-a
TTiCIISt IPOBEICHOTO NPO(IIAKTUIHOTO JIIKYBaHHS, 3HIDKYBasics. HatoMicTs koHIeHTpaltis npoTu3anansHoro nutokiny 1L-10 B OI'-11
JIOCTOBIPHO 3pOCTaa, MO IPHU3BENO A0 JOCTOBiIpHOTO 3HIDKeHHS Koedimienty TNF-a/IL-10 (p<0,001).

BucnoBkun. Barithi 3 paktopamu migsuimeHoro pusuky I1E B anamue3i 1 3HIDKEHHSM IHTEHCHBHOCTI KPOBOIUIMHY B CITIPAIEHUX
apTepisix Marku B 18-20 TrkHEBOMY TepMiHi recramnii MaloTh BUPaKeHUH qucOananc cyonomyssnii T-KIIiTHH, IO CyIPOBOIKYETHCS
3HIKEHHSIM BUpoOneHHs T-xennepis (CD4+) i1 mixBuimenHsM cuute3y T-cynpecopis/kinepis (CD8+), mo BUKINKaE 3MEHIIEHHS
IMyHOpETYISTOPHOTO iHJeKCy. Lle cynpoBOIKYIOTECS PO3BUTKOM ITUTOKIHOBOTO JTHCOATAHCY 3 IPEBAIIOBAHHSIM IPO3aNaNbHIX 1 gedi-
IIUTOM TPOTH3AAILHUXIIUTOKIHIB, 8 TAKOXK MOEIHYETHCS 3 CyTTEBUM MaAiHHs KoHIEeHTpanii IgG 1 3HMmKEHHAM KUTbKOCTI B-xutiTuH.
Taxki 3MiHU € HACJIJKOM BHCHA)KEHHSI pEaKTHBHOCTI I'yMOPAJIbHOI JIAHKH 3arajbHOTO IMYHITETY i CTBOPIOIOTH IEPELyMOBH JUISl 4acTol
Marigecrauii [1E, mpuTamanHO1 TakuM *KiHKaM Maike B IIOJIOBHHI BUTIAKIB. 3aCTOCYBaHHS 3alIPONOHOBAHOTO HAMH YIOCKOHAJICHOTO
METOAy BTOPHHHOI NpodinakTuky BUHUKHEHHs [1E y BariTHUX 3 BUCOKMM PH3HKOM PO3BUTKY IIOTO 3aXBOPIOBAHHS IPU3BOIUTE 10
TIO3UTHBHHX 3MiH y pOOOTI CHCTEMH IMYHITETY 1 BI/ITIOBITHOTO OKPAIICHHS KIIHIYHUX HAcIiKiB. BoHo nae 3mory B 1,4 pas3u 3HU3UTH
gacToTy po3ButKy I1E i B 2,6 pa3u npodinakrye BUHUKHEHHS TSHKKUX 11 hopM.

KurouoBi cj1oBa: npe exnamcis; KI1iTHHHO-TyMOPaIbHUI iMyHITET; IUTOKIHHU.
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