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Abstract: The aim of the study was to assess the role of concentrations of interleukin-17 (IL-17),
placental growth factor (PIGF) and soluble endoglin (SENG), as well as the PIGF/sENG ratio in
pregnancy complicated by pre-eclampsia (PE) and normal pregnancy. The concentrations of IL-17,
PIGF and sENG were measured with the use of immunoenzymatic methods. The concentrations
of IL-17 were significantly higher in PE patients when compared to control patients. In the group
of patients with PE, the levels of IL-17 positively correlated with systolic blood pressure. On the
other hand, IL-17 negatively correlated with neonatal birth weight. The concentrations of PLGF were
significantly lower and sENG significantly higher in studied patients when compared to controls.
The PIGF/sENG ratio in the PE group was significantly lower when compared to healthy third
trimester pregnant patients. In the study group, negative correlations were observed between the
sENG concentrations and thrombocyte levels. The higher concentrations of IL-17 in PE could suggest
its role as an inflammatory agent in the pathogenesis of the syndrome. Moreover, the negative
correlation between IL-17 and a neonatal birth weight could suggest the role of the cytokine in the
development of fetal growth restriction (FGR) associated with PE. It seems possible that IL-17 can
be a useful marker of the risk of FGR in pregnancy complicated by PE. Furthermore, the results
suggested the potential role of sSENG and the PIGF/sENG ratio in the prediction of adverse outcomes
such as HELLP syndrome and DIC.

Keywords: interleukin-17 (IL-17); endoglin (SENG); FGR (fetal growth restriction); placental growth
factor (PIGF); PIGF/sENG ratio; pre-eclampsia; pregnancy

1. Introduction

Pre-eclampsia (PE) is a leading cause of perinatal morbidity and mortality associated
with pregnant women and newborns in developed as well as developing countries [1,2].
Placental insufficiency associated with PE is dangerous for the fetus, leading to fetal
growth restriction (FGR), the premature abruption of placenta and hypoxia, often causing
stillbirth [3,4]. It has been observed that placental insufficiency in PE is associated with
a vascular dysfunction. Potential abnormalities concerning vascular dysfunction include
incomplete spiral artery remodeling, impaired placentation and, finally, endothelial damage.
These abnormalities can be associated with immune alterations and the imbalance in pro-
and antiangiogenic factors [5]. Moreover, some authors have underlined the suspicion of
the immaturity of the pre-eclamptic placenta [6]. Currently, in the pathogenesis of PE, the
role of inflammation is emphasized [7,8]. In the course of PE, an inappropriate trophoblast
invasion occurs, which leads to the production of inflammatory mediators through the
ischemic placenta and to the imbalance between pro- and antiangiogenic factors [7,8]. Thus
far, no effective predictions of severe PE complications have been described that would
allow for the prevention and better management of severe complications and adverse
outcomes of the syndrome.
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Recently, in order to better explore and understand the immunological complica-
tions of pregnancy, the Th1/Th2 paradigm was extended to the Th1/Th2/Th17/Treg
paradigm [9]. Th17 cells have been discovered as a subpopulation of T cells, whose cy-
tokine profile is different from Thl and Th2 cells [10]. The main task of Th17 helpers is
the production of interleukin-17 (IL-17). Many studies found an increased proportion
of Th17 subpopulations in pregnancies complicated by miscarriage and preterm birth,
as well as pre-eclampsia [11-13]. Interleukin-17 (IL-17, also known as IL-17A) is a major,
strongly proinflammatory cytokine produced by Th17 helper cells [14]. Interleukin-17, a
cytokine with potent pro-inflammatory properties, has a proven role in the development of
inflammatory processes and acute immunological graft rejection, as well as autoimmune
diseases. It has also been shown to affect the maturation of dendritic cells and inhibit
the response from regulatory T cells (Treg), responsible for the phenomenon of immune
tolerance [14].

The production of inflammatory mediators through the ischemic placenta and the
release of soluble angiogenic and antiangiogenic factors into the maternal plasma seem
to play a crucial role in the pathogenesis of PE. The proper trophoblast invasion and
development of the placenta need an intensive angiogenesis. The process of angiogenesis,
under normal physiological conditions, requires a dynamic balance between stimulants
and inhibitory components [15-18].

The placental growth factor (P1GF) belongs to the family of vascular endothelial growth
factors. PIGF plays a key role in the angiogenesis, proliferation, maturation and stabilization
of new blood vessels. The receptor for PIGF is called fms-related tyrosine kinase-1 (VEGFR-
1, sFlt-1). It is found on endothelial cells, smooth muscle cells and monocytes. The receptor
sFlt-1 binds to PIGF and VEGF and reduces their serum concentrations. This way, the
receptor blocks the interaction of VEGF with VEGFR-2 receptors, which are present on
endothelial cells, and they are responsible for the synthesis of nitric oxide [19-21].

Endoglin (sENG) is an important antiangiogenic factor. Endoglin (CD105) is a type I
membrane glycoprotein located on cell surfaces. It is a homodimer protein that consists of
two subunits (95 kDa) joined with a disulfide bridge. It is localized on proliferating, active
endothelial cells, and is present on syncytiotrophoblast cells [22,23]. It plays a crucial role in
angiogenesis, in the development of the cardiovascular system and in vascular remodeling.
Human endoglin is also involved in platelet-endothelium interactions [24]. Upon the
proteolytic processing of the extracellular domain of ENG by matrix metalloproteinase-
14 (MMP-14) and matrix metalloproteinase-12 (MMP-12), a circulating form of endoglin
(soluble endoglin, sENG) can be released. Soluble endoglin can be detected in blood
circulation [25,26].

The identification of the most useful inflammatory and angiogenic markers of pre-
eclampsia is currently the subject of many studies. The purpose of our study was to estimate
the role of IL-17, PIGF and sENG, as well as the PIGF/sENG ratio in pregnancy complicated
by PE and in normal pregnancy, as well as their associations with severe complications and
adverse outcomes of PE.

2. Materials and Methods

The patients participating in the study were admitted to the Department of Gyne-
cology and Obstetrics, University Hospital, Rzeszow, Poland. The study group included
35 pregnant patients with pre-eclampsia (PE). The patients with PE were diagnosed ac-
cording to the diagnostic criteria of the American College of Obstetricians and Gynecol-
ogists [27]. Blood samples from patients with PE were taken between the 29th and 35th
week of pregnancy. None of patients from the study and control groups were affected
by pre-existing clinical disorders. The exclusion criteria were chronic hypertension, renal
diseases and autoimmune diseases, such as diabetes, lupus or theumatoid arthritis, before
pregnancy, as well as obesity. All pregnancies from the study and control groups were
single. The patients with multiple gestations were excluded from the study and control
groups because of difficulties with the interpretation of the results of the angiogenic factor
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concentrations in cases of multiple pregnancies when compared to single pregnancies. The
patients from the study and control groups were not in active labor. The control group
included 45 healthy women with uncomplicated pregnancies. They were recruited from
the outpatient clinic. A flow chart shows the pregnant women from the control group that
were included and excluded from the study (Figure 1).

Pregnant women—first trimester Pregnant women excluded—first
(n=53) trimester (n = 5):

Reason 1—Diabetes (n = 2)
‘ Reason 2—Pregnancy Loss (n = 2)

Reason 3—Twin Pregnancy (n = 1)

v
Pregnant women—second
trimester (n = 48) - Pregnant women excluded — second
trimester (n = 3):
l Reason 1—Intrauterine Infection
(n=1)
Pregnant women—third trimester Reason 2—Premature Rupture of
(n = 45) Membranes (n = 1)
Reason  3—lIntrauterine  Fetal
Death (n=1)

Figure 1. Flow chart showing the pregnant women from the control group that were included and
excluded from the study.

Blood samples from healthy women were taken in the first (8-12 week), second
(18-22nd week) and third trimester (28-34th week) of pregnancy. All patients gave their
informed consent for inclusion before they participated in the study and for peripheral
blood sampling. The study was conducted in accordance with the Declaration of Helsinki.
The study design and protocol were approved by the local ethics committee (Figure 1).
The clinical characteristics of patients from the study and control groups are presented in
Table 1.

Table 1. The clinical and laboratory characteristics of pregnant patients with PE (n = 35) and women
in normal pregnancy (n = 45).

I Trimester II Trimester III Trimester PE Sisgtitiifsi:::(l:e
Age (years) 30£5 305 305 33+4 NS
First pregnancy 17 17 17 21 NS
Subsequent pregnancy 27 27 27 12 NS
The duration of gestation (days) - - 275 £ 18 245 £ 35 <0.005
Time of blood collection (weeks of gestation) 10£2 20+2 32+2 32+3 NS
Birth weight (g) - - 3210 + 375 2278 + 976 <0.0001
Systolic blood pressure (mmHg) 120 £ 25 110 £15 112 +£13 155 + 14 <0.001
Diastolic blood pressure (mmHg) 85+ 10 78 £15 73+£9 102 £10 <0.001
Total protein (g/dL) 7.6 £0.5 75+04 6.4+03 5.8 £+ 0.65 <0.01
Pulsatile index (PI) in umbilical artery (UA) - - 0.85 £ 0.25 0.62 £0.20 <0.05
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Table 1. Cont.

I Trimester II Trimester III Trimester PE Sisgt;tiifsiziacicl:e
Proteinuria (g/L) - - - 545 + 130 -
ALAT (U/L) 18+£6 21 %5 2248 44 +12 <0.05
Platelets (10%/uL) 250 £ 65 240 £ 55 233 4 60 205 £ 75 <0.05
Prothrombin time (s) 120+ 04 11.0+£04 11.0+04 102+£05 <0.05
D-dimer (ug/L) 457 £+ 180 565 £ 210 957 £ 240 1567 £ 1100 <0.05
Fibrinogen (g/L) 3.8+0.38 45+07 49409 45+11 NS
Kalium (mmol/L) 3.8+04 39+£03 40+£03 42+04 NS
Natrium (mmol/L) 137 £ 1.5 135 £ 1.4 135+ 1.6 138 3.4 NS
Glomerular filtration rate (mL/min/1.73 m?) 101 £ 30.5 102 £28.5 104 +£32.3 87.8+37.8 <0.05
Creatinine (mg/dL) 05+03 05404 0.6+03 0.8+03 NS
Uric acid (mg/dL) 3.8+ 05 39+05 39+038 59+16 <0.005
Urea (mg/dL) 16.1 £4.8 178 £5.0 191 £5.2 2245 £ 15 NS

The sera concentrations of IL-17, PIGF and sENG were measured with the use of an
immunoenzymatic method. Commercially available kits were used for the study. For
the detection of IL-17, the Diaclone Company (Besancon, France) was used (catalog no.
850.940.096). For PIGF detection, an R&D Systems™ Human PIGF Quantikine ELISA Kit
was used (catalog no. DPGO00). For soluble endoglin detection, a Human CD105/soluble
Endoglin ELISA Kit USCN Life Science Inc. (West Logan, UT, USA) (product no. SEA980Hu)
was used. The measurements were performed according to the manufacturer’s protocols.

The results were presented as the mean and the standard deviation. The statistical
differences between the groups were estimated using the Mann-Whitney U-test, chi-
squared test and Fisher’s exact test. Differences were defined as statistically significant at the
level of p < 0.05. For the correlation analysis, Spearman’s rank correlation coefficient test was
performed. Two-tailed p-values of less than 0.05 were considered as statistically significant.

3. Results

The concentrations of IL-17 in sera of patients with pregnancies complicated by pre-
eclampsia were significantly higher when compared to third trimester healthy pregnant
women (PE vs. III trimester: IL-17: 3.90 & 1.35 pg/mL vs. 2.35 &+ 0.53 pg/mL; p < 0.01).
In the third trimester of pregnancy, the concentrations were significantly higher when
compared to the second trimester (III trimester vs. II trimester: 2.35 &+ 0.53 pg/mL vs.
1.63 £ 0.56 pg/mL; p < 0.05). Furthermore, in the second trimester of pregnancy, the
concentrations were significantly higher when compared to the first trimester (II trimester
vs. I trimester: 1.63 &+ 0.56 pg/mL vs. 1.12 &+ 0.42 pg/mL; p < 0.05). The concentrations
of IL-17 in the control group were higher the later a patient was included in the research
and the later the blood was drawn for the analysis (R = —0.45, p < 0.05). This relationship
suggested that in normal pregnancy, the concentration of IL-17 gradually increases. The
results are presented in Figure 2.

In the group of patients with pre-eclampsia, the levels of IL-17 positively correlated
with systolic blood pressure (R = 0.42; p < 0.01). On the other hand, the concentrations of
IL-17 correlated negatively with the neonatal birth weight (R = —0.47, p < 0.01).

The concentrations of PIGF were significantly lower in patients with PE when com-
pared to the controls (PE vs. III trimester: 3.36 &+ 0.54 pg/mL vs. 29.24 + 5.82 pg/mL,
p <0.0001). The concentrations of PIGF in the third trimester of a normal pregnancy
were significantly higher when compared to the second trimester (III vs. II trimester:
29.24 + 5.82 pg/mL vs. 21.65 &+ 3.75 pg/mL, p < 0.05). Moreover, the concentrations of
PIGF in the second trimester of normal pregnancy were significantly higher when com-
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pared to the first trimester (Il vs. I trimester: 21.65 + 3.75 pg/mL vs. 5.42 £ 0.89 pg/mL,
p <0.001). The results are presented in Figure 3.

6 -

5 ]

| trimester |l trimester Il trimester PE

Figure 2. The concentrations of interleukin-17 (IL-17) (pg/mL) in sera of patients with PE (n = 35)
and in sera of women in the first, second and third trimesters of normal pregnancy (n = 45).
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Figure 3. The concentrations of PIGF (pg/mL) in sera of patients with PE (n = 35) and in sera of
women in the first, second and third trimesters of normal pregnancy (n = 45).

In the group of patients with PE, moderate positive correlations were noticed between
the concentrations of PIGF and the level of plasma protein (R = 0.47, p < 0.05). On the
other hand, there were weak negative correlations between the concentrations of PIGF
and diastolic pressure (R = —0.37, p < 0.01), as well as the concentrations of PIGF and
proteinuria in the group of patients with PE (R = —0.65, p < 0.01).

In normal pregnancy, we observed positive correlations between the concentrations of
PIGF and the week of pregnancy when the blood was taken (R = 0.8, p < 0.01).

The concentrations of sENG in patients with PE were significantly higher when
compared to healthy women in the third trimester of normal pregnancy (PE vs. III trimester:
11.47 + 4.65 ng/mL vs. 5.68 £ 2.78 ng/mL; p < 0.01). There were no statistically significant
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differences between the concentrations of sSENG in the third and second as well as between
the second and first trimesters of normal pregnancy (III vs. II trimester: 5.68 £ 2.78 ng/mL
vs. 6.35+2.52, ng/mL, p <0.09; Il vs. I trimester: 6.35 & 2.52 ng/mL vs. 7.52 &= 3.58 ng/mL;
p < 0.08). The results are presented in Figure 4.
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16 | 1€
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12 |1
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| trimester Il trimester Il trimester PE

Figure 4. The concentrations of sSENG (ng/mL) in sera of patients with PE (n = 35) and in sera of
women in the first, second and third trimesters of normal pregnancy (n = 45).

In the PE group, there were weak positive correlations observed between the sENG
concentrations and D-dimer levels (R = 0.35, p < 0.01). On the other hand, in the study
group, there were moderate negative correlations between the sSENG concentrations and
thrombocyte levels (R = —0.45, p < 0.05).

In the study group, the PIGF/sENG ratio was significantly lower when compared to
the PIGF/sENG ratio of healthy women in the third trimester of normal pregnancy (PE vs.
I trimester: 0.34 £ 0.15 vs. 6.02 & 2.75; p < 0.0001).

The ratio of PIGF/sENG in the third trimester was significantly higher when compared
to the second trimester (Il vs. II trimester: 6.02 £ 2.75 vs. 3.76 & 2.04; p < 0.001). Similarly,
there were statistically significant differences in the PIGF/ENG ratio between the second
and first trimesters in normal pregnancy (I vs. I trimester: 3.76 £ 2.04 vs. 0.58 + 0.22;
p <0.001). The results are presented in Figure 5.

[
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p<0.001 p <0.001
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|
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Figure 5. The ratio of PIGF/sENG in sera of patients with PE (n = 35) and in sera of women in the
first, second and third trimesters of normal pregnancy (n = 45).
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4. Discussion

The mechanisms that maintain the balance of Th1/Th2 and Th17/Treg cells condition-
ing the normal development of the placenta and pregnancy are not fully understood.

It has been observed that in pregnancies complicated by PE, there is a deficit of
Treg cells, which support the expression of Th17 lymphocytes and the induction of the
inflammatory response in the feto-maternal interface [28,29].

In the current research, we observed increased concentrations of IL-17 in pregnancy
complicated by PE. These observations were in line with other results, which showed a
deficit in Treg cells and an increase in the population of Th17 cells, reported in pregnancy
complications [10,29]. On the other hand, during normal pregnancy, the expansion of
Treg cells with the decreased expression of Th17 cells was observed [10,29]. The higher
concentrations of proinflammatory IL-17 in PE could suggest its role as a pathogenetic
agent in the development of pre-eclampsia as an inflammatory state.

Furthermore, the results of our study showed that, in normal pregnancy, the concen-
trations of IL-17 gradually increased. Interestingly, Martinez-Garcia et al. also noted an
increase in the level of IL-17 in the third trimester of uncomplicated pregnancy. The authors
attributed an increase in the proinflammatory cytokine release near the term of delivery to
the dilation of the cervix and the progress of labor [30].

Moreover, we observed that, in the PE group, the concentrations of IL-17 positively
correlated with systolic blood pressure. The influence of IL-17 on blood pressure was
explored in the study of Dhillion et al. The authors observed that the administration of
IL-17 to healthy pregnant rats resulted in a statistically significant increase in mean arterial
blood pressure. The administration of IL-17 to nonpregnant rats had no effect on blood
pressure. Interestingly, the increase in blood pressure in pregnant rats was reversible after
the administration of superoxide dismutase or the inhibition of angiotensin II receptor type
1, suggesting that the blood pressure was as a result of oxidative stress and the formation
of autoantibodies against angiotensin II receptor type one [31].

Moreover, in PE, we observed a negative correlation between IL-17 and neonatal birth
weight. This finding could indicate the role of IL-17 in the development of fetal growth
restriction (FGR) associated with PE. Our observations suggested that IL-17 can be a useful
marker for the risk of FGR, which is a severe fetal complication of PE.

We observed increased concentrations of sENG in pregnancy complicated by PE.
There have been hypotheses that increased concentrations of SENG can play a role in the
pathogenesis of pre-eclampsia, and are associated with maternal vascular dysfunction [32].
Robinson et al. observed that concentrations of sENG started to increase in the second
trimester of pregnancy before the clinical symptoms of PE [33]. However, the authors
suggested that the combination of pro- and antiangiogenic factors could characterize PE
better than any single marker [34].

Panusunan-Lubis N et al. found that the assessment of diastolic notches in uterine
arteries alone could not predict the incidence of early-onset PE. They concluded that PIGF
levels and the pulsatile index (PI) of uterine arteries could be used as predictors of early-
onset PE, although the examination of PIGF levels alone was sufficient as a predictor of early-
onset PE [35]. These results suggested that Doppler velocimetry monitoring (PI and the
assessment of the diastolic notch) could not be sufficient in the prediction and monitoring
of PE. Furthermore, they emphasized the role of biochemical markers (especially PIGF) in
the prediction and monitoring of this condition. Moreover, Chaiworapongsa et al. found
that the incorporation of biochemical markers (SENG, PIGF and sVEGFR-1) significantly
improved the risk assessment for these outcomes beyond that of clinical factors and the
uterine and umbilical artery Doppler velocimetry [36]. Undoubtedly, the prediction and
monitoring of PE with the use of Doppler velocimetry (PI and the presence of the diastolic
notch in uterine arteries) have come to be a standard in maternal-fetal medicine. However,
we should consider the fact that the diastolic notch was absent in the uterine arteries of
50% of pregnant women who later developed PE. On the other hand, approximately 50%
of mothers with a bilateral diastolic notch did not later develop PE [37]. To take these facts
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into consideration, the role of biochemical markers in the prediction and monitoring of PE
seems to be fundamental.

We observed negative correlations between the concentrations of sENG and throm-
bocyte levels in pregnancy complicated by PE. These results suggested the potential role
of sENG in the prediction of increased risks of adverse PE outcomes, such as HELLP
syndrome (hemolysis, elevated liver enzymes and low platelets) and disseminated intravas-
cular coagulation (DIC).

The relationships of SENG with the severity of PE, clinical, and laboratory parameters,
and the occurrence of adverse outcomes were not fully explained. Venkatesha et al. found
that higher concentrations of sSENG correlated with a severe course of PE [38]. In the study
of Leanos-Miranda et al., the concentrations of sENG correlated positively with blood
pressure, proteinuria and levels of creatinine, uric acid, aspartate aminotransferase, alanine
aminotransferase and lactate dehydrogenase, as well as, inversely, with gestational age,
infant birth weight and platelet counts [39].

Positive correlations between the coagulation parameters and the severity of PE were
also observed in the study of Van Walraven C et al. The authors in their study observed an
increased risk of subsequent thromboembolism in the group of patients with PE [40]. Simi-
lar results were obtained by Oladosu-Olayiwola et al. [41]. They found abnormal levels of
D-dimer, plasminogen activator inhibitor-1 (PAI-1) and tissue plasminogen activator (tPA)
in patients with PE, suggesting that monitoring the levels of these parameters could help in
the management of the condition [41]. Hammerova et al. observed a significantly shorter
prothrombin time, international normalized ratio (INR) and activated partial thromboplas-
tin time (aPTT), significantly higher plasma concentrations of D-dimer and fibrinogen and
higher activity of factor VII and X in women in third trimester pregnant, with adverse
pregnancy outcomes [42]. On the other hand, prospective studies revealed increased t-PA
levels and decreased PAI-2 levels in pregnant women who later developed PE [43,44].

We are aware of some limitations of our study. The limitations of the study included
the relatively small number of patients included in the studied group. On the other hand,
the strengths of our study included the lengthy clinical characteristics of the groups, as
well as detailed laboratory result descriptions. The real advantages were associations
found between serious complications of pre-eclampsia and patient’s laboratory as well as
clinical findings.

5. Conclusions

The higher concentrations of IL-17 in PE might suggest its role as an inflammatory
agent in the pathogenesis of disease. Moreover, the negative correlation between IL-17 and
neonatal birth weight could suggest the role of IL-17 in the development of fetal growth
restriction (FGR) associated with PE. In conclusion, IL-17 could be a useful marker for
determining the risk of FGR in pregnancy complicated by PE. Furthermore, the SENG
concentrations and PIGF/sENG ratio could suggest their potential roles in the prediction
of increased risks of adverse outcomes, such as HELLP syndrome and DIC.

Author Contributions: Conceptualization, D.D.-K.; methodology, A.C., formal analysis, D.D.-K.
and A.C,, investigation D.D.-K. and A.C., writing—original draft preparation, D.D.-K. and A.C.,
writing—review and editing, D.D.-K. and A.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the institutional ethics committee of the University of Rzeszow (protocol
code nr 04/02/20, date of the approval 20 February 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent was obtained from the patients to publish this paper.



Int. |. Environ. Res. Public Health 2023, 20, 768 90of 10

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Favel, ].P. Hypertension during pregnancy. Epidemiology, definition. Presse Med. 2016, 4982, 30134-30138.

2. Poon, L.C.; Shennan, A.; Hyett, ].A.; Kapur, A.; Hadar, E.; Divakar, H.; McAuliffe, F,; da Silva Costa, F.; von Dadelszen, P.;
McIntyre, H.D.; et al. The International Federation of Gynecology and Obstetrics (FIGO) initiative on pre-eclampsia: A pragmatic
guide for first-trimester screening and prevention. Int. |. Gynaecol. Obstet. 2019, 145 (Suppl. S1), 1-33. [CrossRef] [PubMed]

3. Burton, G.J.; Jauniaux, E. Pathophysiology of placental-derived fetal growth restriction. Am. ]. Obstet. Gynecol. 2018, 218,
S745-5761. [CrossRef] [PubMed]

4. Spencer, R.; Rossi, C.; Lees, M.; Peebles, D.; Brocklehurst, P.; Martin, J.; Hansson, S.R.; Hecher, K.; Marsal, K.; Figueras, F; et al.
Achieving orphan designation for placental insufficiency: Annual incidence estimations in Europe. EVERREST Consortium.
BJOG 2019, 126, 1157-1167. [CrossRef] [PubMed]

5. Opichka, M. A ; Rappelt, M.W.; Gutterman, D.G.; Grobe, ].L.; McIntosh, J.J. Vascular Dysfunction in Preeclampsia. Cells 2021,
10, 3055. [CrossRef]

6. Fantone, S.; Mazzucchelli, R.; Giannubilo, S.R.; Ciavattini, A.; Marzioni, D.; Tossetta, G. AT-rich interactive domain 1A protein
expression in normal and pathological pregnancies complicated by preeclampsia. Histochem. Cell. Biol. 2020, 154, 339-346.
[CrossRef]

7.  Tendrio, M.B.; Ferreira, R.C.; Moura, F.A.; Bueno, N.B.; De Oliveira, A.C.M.; Goulart, M.O.F. Cross-Talk between Oxidative Stress
and Inflammation in Preeclampsia. Oxid. Med. Cell. Longev. 2019, 2019, 823-827. [CrossRef]

8. Amaral, L.M.; Wallace, K.; Owens, M.; LaMarca, B. Pathophysiology and Current Clinical Management of Preeclampsia. Curr.
Hypertens. Rep. 2017, 19, 61. [CrossRef]

9. Saito, S.; Nakashima, A.; Shima, T.; Ito, M. Th1/Th2/Th17 and Regulatory T-Cell Paradigm in Pregnancy. Am. |. Reprod. Immunol.
2010, 63, 601-610. [CrossRef]

10. Santner-Nanan, B.; Peek, M.]J.; Khanam, R.; Richarts, L.; Zhu, E.; Groth, B.ED.S.; Nanan, R. Systemic increase in the ratio between
Foxp3+ and IL-17- producing CD4+ T cells in healthy pregnancy but not in preeclampsia. J. Immunol. 2009, 183, 7023-7030.
[CrossRef]

11. Darmochwal-Kolarz, D.; Kludka-Sternik, M.; Tabarkiewicz, ].; Kolarz, B.; Rolinski, J.; Leszczynska-Gorzelak, B.; Oleszczuk, J. The
predominance of Th17 lymphocytes and decreased number and function of Treg cells in preeclampsia. J. Reprod. Immunol. 2012,
93, 75-81. [CrossRef] [PubMed]

12. Ito, M.; Nakashima, A.; Hidaka, T.; Okabe, M.; Bac, N.D.; Ina, S.; Yoneda, S.; Shiozaki, A.; Sumi, S.; Tsuneyama, K.; et al. A role
for IL-17 in induction of an inflammation at the fetomaternal interface in preterm labour. J. Reprod. Immunol. 2010, 84, 75-85.
[CrossRef] [PubMed]

13.  Nakashima, A.; Ito, M.; Shima, T.; Bac, N.D.; Hidaka, T.; Saito, S. Accumulation of IL-17-positive cells in decidua of inevitable
abortion cases. Am. J. Reprod. Immunol. 2010, 64, 4-11. [CrossRef] [PubMed]

14. Gaffen, S.L. Structure and signalling in the IL-17 receptor family. Nat. Rev. Immunol. 2009, 9, 556-567. [CrossRef]

15. Nagai, A.; Sado, T.; Naruse, K. Antiangiogenic-Induced Hypertension: The Molecular Basis of Signaling Network. Gynecol. Obstet.
Investig. 2012, 73, 89-98. [CrossRef] [PubMed]

16. Powe, C.E.; Levine, R.J.; Karumanchi, S.A. Preeclampsia, a disease of the maternal endothelium: The role of antiangiogenic
factors and implications for later cardiovascular disease. Circulation 2011, 123, 2856-2869. [CrossRef] [PubMed]

17.  Rizov, M.; Andreeva, P.; Dimova, I. Molecular regulation and role of angiogenesis in preeclampsia. Taiwan ]. Obstet. Gynecol. 2017,
56, 127-132. [CrossRef]

18. Rana, S.; Lemoine, E.; Granger, ].P.; Karumanchi, S.A. Preeclampsia: Pathophysiology, Challenges, and Perspectives. Circ. Res.
2019, 124, 1094-1112. [CrossRef]

19. Lehnen, H.; Mosblech, N.; Reineke, T.; Puchooa, A.; Menke-M0llers, 1.; Zechner, U.; Gembruch, U. Prenatal Clinical Assessment
of sFlt-1 (Soluble fms-like Tyrosine Kinase-1)/PIGF (Placental Growth Factor) Ratio as a Diagnostic Tool for Preeclampsia,
Pregnancy-induced Hypertension, and Proteinuria. Geburtshilfe Frauenheilkd. 2013, 73, 440-445. [CrossRef]

20. Autiero, M.; Luttun, A.; Tjwa, M.; Carmeliet, P. Placental growth factor and its receptor, vascular endothelial growth factor
receptor-1: Novel targets for stimulation of ischemic tissue revascularization and inhibition of angiogenic and inflammatory
disorders. J. Thromb. Haemost. 2003, 1, 1356-1370. [CrossRef]

21. Luttun, A.; Tjwa, M.; Moons, L.; Wu, Y.; Angelillo-Scherrer, A.; Liao, F.; Nagy, J.; Hooper, A.; Priller, J.; De Klerck, B.; et al.
Revascularization of ischemic tissues by PIGF treatment, and inhibition of tumor angiogenesis, arthritis and atherosclerosis by
anti-Flt1l. Nat. Med. 2002, 8, 831-840. [CrossRef] [PubMed]

22. Leite, A.R.; Borges-Canha, M.; Cardoso, R.; Neves, ].S.; Castro-Ferreira, R.; Leite-Moreira, A. Novel Biomarkers for Evaluation of
Endothelial Dysfunction. Angiology 2020, 71, 397-410. [CrossRef] [PubMed]

23.  Schoonderwoerd, M.J.A.; Goumans, M.T.H.; Hawinkels, L.].A.C. Endoglin: Beyond the Endothelium. Biomolecules 2020, 10, 289.

[CrossRef] [PubMed]


http://doi.org/10.1002/ijgo.12802
http://www.ncbi.nlm.nih.gov/pubmed/31111484
http://doi.org/10.1016/j.ajog.2017.11.577
http://www.ncbi.nlm.nih.gov/pubmed/29422210
http://doi.org/10.1111/1471-0528.15590
http://www.ncbi.nlm.nih.gov/pubmed/30576053
http://doi.org/10.3390/cells10113055
http://doi.org/10.1007/s00418-020-01892-8
http://doi.org/10.1155/2019/8238727
http://doi.org/10.1007/s11906-017-0757-7
http://doi.org/10.1111/j.1600-0897.2010.00852.x
http://doi.org/10.4049/jimmunol.0901154
http://doi.org/10.1016/j.jri.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22370101
http://doi.org/10.1016/j.jri.2009.09.005
http://www.ncbi.nlm.nih.gov/pubmed/19969371
http://doi.org/10.1111/j.1600-0897.2010.00812.x
http://www.ncbi.nlm.nih.gov/pubmed/20219063
http://doi.org/10.1038/nri2586
http://doi.org/10.1159/000334458
http://www.ncbi.nlm.nih.gov/pubmed/22222493
http://doi.org/10.1161/CIRCULATIONAHA.109.853127
http://www.ncbi.nlm.nih.gov/pubmed/21690502
http://doi.org/10.1016/j.tjog.2016.06.019
http://doi.org/10.1161/CIRCRESAHA.118.313276
http://doi.org/10.1055/s-0032-1328601
http://doi.org/10.1046/j.1538-7836.2003.00263.x
http://doi.org/10.1038/nm731
http://www.ncbi.nlm.nih.gov/pubmed/12091877
http://doi.org/10.1177/0003319720903586
http://www.ncbi.nlm.nih.gov/pubmed/32077315
http://doi.org/10.3390/biom10020289
http://www.ncbi.nlm.nih.gov/pubmed/32059544

Int. |. Environ. Res. Public Health 2023, 20, 768 10 of 10

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Rossi, E.; Pericacho, M.; Bachelot-Loza, C.; Pidard, D.; Gaussem, P; Poirault-Chassac, S.; Blanco, FJ.; Langa, C,;
Gonzalez-Manchén, C.; Novoa, ].M.L,; et al. Humane endoglin as a potential new partner involved in platelet-endothelium
interactions. Cell. Mol. Life Sci. 2018, 75, 1269-1284. [CrossRef]

Gallardo-Vara, E.; Blanco, EJ.; Roqué, M.; Friedman, S.L.; Suzuki, T.; Botella, L.M.; Bernabeu, C. Transcription factor KLF6
upregulates expression of metalloprotease MMP14 and subsequent release of soluble endoglin during vascular injury. Angiogenesis
2016, 19, 155-171. [CrossRef]

Aristorena, M.; Gallardo-Vara, E.; Vicen, M.; Casas-Engel, M.D.L.; Ojeda-Fernandez, L.; Nieto, C.; Blanco, E]J.; Valbuena-Diez, A.C,;
Botella, L.M.; Nachtigal, P.; et al. MMP-12, secreted by pro-inflammatory macrophages, targets endoglin in human macrophages
and endothelial cells. Int. J. Mol. Sci. 2019, 20, 3107. [CrossRef]

American College of Obstetricians and Gynecologists. Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin,
Number 222. Obstet. Gynecol. 2020, 135, e237-e260. [CrossRef]

Steinborn, A.; Haensch, G.M.; Mahnke, K.; Schmitt, E.; Toermer, A.; Meuer, S.; Sohn, C. Distinct subsets of regulatory T cells
during pregnancy: Is the imbalance of these subsets involved in the pathogenesis of preeclampsia? Clin. Immunol. 2008, 129,
401-412. [CrossRef]

Sasaki, Y.; Darmochwal-Kolarz, D.; Suzuki, D.; Sakai, M.; Ito, M.; Shima, T.; Shiozaki, A.; Rolinski, J.; Saito, S. Proportion of
peripheral blood and decidual CD4(+) CD25(bright) regulatory T cells in pre-eclampsia. Clin. Exp. Immunol. 2007, 149, 139-145.
[CrossRef]

Martinez-Garcia, E.A.; Chavez-Robles, B.; Sanchez-Hernandez, P.E.; Atahualpa, L.N.; Martin-Mdquez, B.T.; Muiioz-Gémez, A.;
Gonzélez-Lépez, L.; Gdmez-Nava, ].I; Salazar-Paramo, M.; Davalos-Rodriguez, I; et al. IL-17 increased in the third trimester in
healthy women with term labor. Am. . Reprod. Immunol. 2011, 65, 99-103. [CrossRef]

Dhillion, P.; Wallace, K.; Herse, E; Scott, J.; Wallukat, G.; Heath, ].; Mosely, J.; Martin, ].N.; Dechend, R.; Lamarca, B. IL-17-mediated
oxidative stress is an important stimulator of AT1-AA and hypertension during pregnancy. Am. |. Physiol. Regul. Integr. Comp.
Physiol. 2012, 303, R353-R358. [CrossRef] [PubMed]

Levine, R.J.; Lam, C.; Qian, C.; Yu, K.F; Maynard, S.E. Soluble endoglin and other circulating antiangiogenic factors in preeclamp-
sia. N. Engl. ]. Med. 2006, 355, 992-1005. [CrossRef] [PubMed]

Lisonkova, S.; Joseph, K.S. Incidence of preeclampsia: Risk factors and outcomes associated with early-versus late-onset disease.
Am. ]. Obstet. Gynecol. 2013, 209, 544.e1-544.e12. [CrossRef] [PubMed]

Robinson, C.J.; Johnson, D.D. Soluble endoglin as a second-trimester marker for preeclampsia. Am. J. Obstet. Gynecol. 2007, 197,
174.e1-174.€5. [CrossRef] [PubMed]

Panusunan Lubis, M.; Hariman, H.; Lumbanraja, S.N.; Bachtiar, A. The Role of Placental Growth Factor, Soluble Endoglin, and
Uterine Artery Diastolic Notch to Predict the Early Onset of Preeclampsia. Open Access Maced. . Med. Sci. 2019, 7, 1153-1159.
[CrossRef]

Chaiworapongsa, T.; Romero, R.; Whitten, A.E.; Korzeniewski, S.J.; Chaemsaithong, P.; Hernandez-Andrade, E.; Yeo, L.; Hassan,
S.S. The Use of Angiogenic Biomarkers in Maternal Blood to Identify Which SGA Fetuses Will Require a Preterm Delivery and
Mothers Who Will Develop Pre-Eclampsia. J. Matern. Fetal Neonatal Med. 2016, 29, 1214-1228. [CrossRef]

Rana, S.; Powe, C.E,; Salahuddin, S.; Verlohren, S.; Perschel, EH.; Levine, R].; Lim, K.H.; Wenger, ].B.; Thadhani, R,
Karumanchi, S.A. Angiogenic factors and the risk of adverse outcomes in women with suspected preeclampsia. Circulation 2012,
125,911-919. [CrossRef]

Venkatesha, S.; Toporsian, M.; Lam, C.; Hanai, J.; Mammoto, T. Soluble endoglin contributes to the pathogenesis of preeclampsia.
Nat. Med. 2006, 12, 642-649. [CrossRef]

Leafios-Miranda, A.; Navarro-Romero, C.S,; Sillas-Pardo, L.J.; Ramirez-Valenzuela, K.L.; Isordia-Salas, I.; Jiménez-Trejo, L.M.
Soluble Endoglin As a Marker for Preeclampsia, Its Severity, and the Occurrence of Adverse Outcomes. Hypertension 2019, 74,
991-997. [CrossRef]

Van Walraven, C.; Mamdani, M.; Katib, Y. Risk of subsequent thromboembolism for patients with pre-eclampsia. BM] 2003, 326,
791. [CrossRef]

Oladosu-Olayiwola, O.; Olawumi, H.; Babatunde, A ; Jjaiya, M.; Durotoye, I; Biliaminu, S.; Ibraheem, R. Fibrinolytic Proteins of
Normal Pregnancy and Pre-Eclamptic Patients in North West Nigeria. Afr. Health Sci. 2018, 18, 576-583. [CrossRef] [PubMed]
Hammerova, L.; Chabada, ].; Drobny, J.; Batorova, A. Longitudinal Evaluation of Markers of Hemostasis in Pregnancy. Bratisl.
Lek. Listy 2014, 115, 140-144. [CrossRef] [PubMed]

Hunt, B.J.; Missfelder-Lobos, H.; Parra-Cordero, M.; Fletcher, O.; Parmar, K.; Lefkou, E.; Lees, C.C. Pregnancy Outcome and
Fibrinolytic, Endothelial and Coagulation Markers in Women Undergoing Uterine Artery Doppler Screening at 23 Weeks. |.
Thromb. Haemost. 2009, 7, 955-961. [CrossRef] [PubMed]

Helmo, ER.; Lopes, AM.M.; Carneiro, A.C.D.M.; Campos, C.G,; Silva, P.B.; Monteiro, M.L.G.D.R.; Rocha, L.P,; dos Reis, M.A;
Etchebehere, R.M.; Machado, ].R,; et al. Angiogenic and Antiangiogenic Factors in Preeclampsia. Pathol. Res. Pract. 2018, 214,
7-14. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s00018-017-2694-7
http://doi.org/10.1007/s10456-016-9495-8
http://doi.org/10.3390/ijms20123107
http://doi.org/10.1097/AOG.0000000000003891
http://doi.org/10.1016/j.clim.2008.07.032
http://doi.org/10.1111/j.1365-2249.2007.03397.x
http://doi.org/10.1111/j.1600-0897.2010.00893.x
http://doi.org/10.1152/ajpregu.00051.2012
http://www.ncbi.nlm.nih.gov/pubmed/22718806
http://doi.org/10.1056/NEJMoa055352
http://www.ncbi.nlm.nih.gov/pubmed/16957146
http://doi.org/10.1016/j.ajog.2013.08.019
http://www.ncbi.nlm.nih.gov/pubmed/23973398
http://doi.org/10.1016/j.ajog.2007.03.058
http://www.ncbi.nlm.nih.gov/pubmed/17689640
http://doi.org/10.3889/oamjms.2019.154
http://doi.org/10.3109/14767058.2015.1048431
http://doi.org/10.1161/CIRCULATIONAHA.111.054361
http://doi.org/10.1038/nm1429
http://doi.org/10.1161/HYPERTENSIONAHA.119.13348
http://doi.org/10.1136/bmj.326.7393.791
http://doi.org/10.4314/ahs.v18i3.15
http://www.ncbi.nlm.nih.gov/pubmed/30602990
http://doi.org/10.4149/BLL_2014_030
http://www.ncbi.nlm.nih.gov/pubmed/24579682
http://doi.org/10.1111/j.1538-7836.2009.03344.x
http://www.ncbi.nlm.nih.gov/pubmed/19320824
http://doi.org/10.1016/j.prp.2017.10.021
http://www.ncbi.nlm.nih.gov/pubmed/29174227

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

