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ARTICLE INFO ABSTRACT

Keywords: The lack of reliable methods for preeclampsia (PE) early diagnosis limits the opportunities for timely prevention,

Immune system diagnosis and treatment. This study aims to identify the alterations of biochemical parameters and the immune

Preeclampsia system activity to build a panel of markers that can support preeclampsia diagnosis. For this study, we recruited

2;:5;5:122 30 pregnant women: 10 healthy pregnant women (CTR); 10 pregnant women with early preeclampsia (EP); 10

PCSK9 pregnant women with late preeclampsia (LP). We evaluated lipid profile and, by gene expression, we assessed
PCSK9, IL-2, IL-6, IL-8, IL-10, TNF-a and TGF-p. Moreover, we evaluated both the serum and gene levels of the
defensins HBD-1, HBD-2, HBD-4 and HNP-1. Our results showed an increase in gene expression levels of IL-6 and
IL-8 in EP compared to LP (IL-6: median 11.7 vs 3.3, p = 0.005; IL-8: median 634.1 vs 214.1, p = 0.013) and to
CTR (IL-6: median 11.7 vs 0.5, p < 0.001; IL-8: median 634.1 vs 225.6, p = 0.012), highlighting a massive
activation of immune system in case of more severe preeclampsia. Furthermore, higher serum levels of HBD1 in
LP compared to CTR (median: 278.8 vs 67.8, p = 0.005) and to EP (median: 278.8 vs 68.6, p = 0.001) might
indicate that the same immune system puts in action protective actions to prevent adverse outcome in these
cases. Finally, gene expression levels of PCSK9 decreased significantly in women with EP compared to controls
and to LP (median: 0.2 vs 0.9, p = 0.010; median: 0.2 vs 1.2, p = 0.012), causing a decrease in circulating LDL-c
necessary for the synthesis of placental hormones.
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1. Introduction

Preeclampsia (PE) is a severe complication of pregnancy, associated
with a high rate of maternal and perinatal morbidity and mortality. Even
if it is quite common, affecting up to 5 % of pregnancies, its patho-
physiology remains unclear [1]. Clinically PE usually develops after 20
weeks and it is characterized by gestational hypertension, proteinuria
and/ or signs of organ damage [2]. This condition has been classified
into “early PE” (EP) and “late PE” (LP) according to the time of devel-
opment. The first one develops < 34 weeks of gestation and it is
generally more severe and often associated with placental insufficiency,
fetal growth restriction, and adverse maternal and neonatal outcome;
the latter generally develops > 34 weeks of gestation, and it is associated
with a normally grown fetus delivered at or near term.

PE has been recognized as a cardiovascular risk factor. During the
first trimester of pregnancy, maternal total cholesterol levels increase by
30 %—50 % due to increased cholesterol synthesis in the liver, for
meeting foetal cholesterol demands during organogenesis. Some studies
have found associations between low maternal serum cholesterol and
adverse pregnancy outcomes, including microcephaly and growth
retardation [3-5].

Proprotein convertase subtilisin/kexin 9 (PCSK9) is a serine protease
synthesized by the liver and intestine involved in lipid metabolism,
degrading LDL-receptor (LDL-R) and high levels of PCSK9 lead an
increased risk of cardiovascular disease (ASCVD). The extent which
PCSKO9 contributes to lipid metabolism during pregnancy is not so clear,
however, many pathological conditions such as fetal growth restriction
or preeclampsia presented altered levels of PCSK9 [6,7]. On the other
hand, a transient increase in Lipoprotein a [Lp(a)] levels has been
observed in acute phase condition, such as endothelial damage [8]. Lp
(a) transports large amounts of cholesterol to the cells of the vascular
wall to promote their regeneration, resulting in an increased risk of
atherosclerosis. Moreover, the endothelial damage can cause patho-
physiological changes in pre-eclamptic women such as vascular
dysfunction, decreased organ perfusion, activation of the coagulation
cascade, and increased capillary permeability, leading to some compli-
cations such as placental abruption [9,10].

An abnormal immune adaptation to the pregnancy and an increased
inflammation might be possible mechanisms underlying the patho-
physiology of PE.

Several studies have demonstrated a strong association between in-
trauterine bacterial or viral infections and pregnancy complications
such as abortion, preterm delivery, and PE [11-13]. Natural antimi-
crobials have been studied in several pregnancy complications including
PE [14] and have been proposed as biomarkers of intrauterine infection
[15]. The identification of Human Neutrophil Peptide 1 (HNP1) in
amniotic fluid is strongly predictive of intrauterine infection while
elevated levels of HNP in maternal plasma are a marker of the presence
of chorioamnionitis in women with PROM (Premature rupture of
membranes) [16]. High concentrations of HNP reflect neutrophil acti-
vation in association with labor [17], uterine infection, which seems to
play a key role in protecting the foetus [18]. Human Beta Defensin 1 and
3 (HBD1 and HBD3) localized to placental and chorion trophoblast,
amnion epithelium and decidua. Human beta-defensin 2 (HBD-2) is
expressed in the urinary tract, gastrointestinal tract, respiratory system,
skin epithelium and has been recently demonstrated in the amniotic
fluid of women with pre-term pregnancy [19]. Human f-defensin 4
(HBD-4) was found in the stomach, testes and uterus [20]. However,
elevated expression results in increased antimicrobial protection.

HBD-1 is involved in the first line of defence expressed in genital and
respiratory tract epithelial cells [21]. In recent years, numerous studies
have found an increase of these peptides not only in case of in-
flammations but also in case of bacterial or viral infection [22-25].

At physiological conditions, the maternal innate immune system
plays a leading role during the entire gestation period [26,27]. Inmune
cells, such as natural killer cells, dendritic cells and regulatory T
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lymphocytes located in the decidua, maintain immune tolerance to-
wards spiral artery remodelling and emerging foetal trophoblast [28].

The lack of reliable methods for early diagnosis of PE limits the op-
portunities for timely prevention, diagnosis and treatment [29]. Current
standard care relies heavily on risk assessment and monitoring [30]. The
available treatments do not address molecular mechanisms and delivery
has been proposed as the only possible treatment.

In this scenario, the aim of our study was to investigate: a) lipid
profile; b) gene expression of pro-inflammatory and anti-inflammatory
cytokines such as Interleukin-2 (IL-2), Interleukin-6 (IL-6), Interleukin-
8 (IL-8), Interlukin-10 (IL-10), Tumor Necrosis Factor alpha (TNF-a),
Transforming Growth Factor beta (TGF-p) and defensins such as HNP-1,
HBD-1, HBD-2 and HBD-4; c¢) serum levels of HNP1, HBD1 and HBD4, in
order to identify biomarkers of the immune system of mothers with PE.

2. Materials and methods
2.1. Ethical approval

The study was leaded as stated by the ethical recommendations of
Helsinki Declaration of the World Medical Association and was endorsed
by the ethics committee (protocol 80/19) of the University of Naples
Federico II.

2.2. Study design and study population

This was a prospective observational study. We have chosen a con-
venience sampling composed by thirty pregnant women, recruited at the
Mother and Child Department of University Hospital Federico II and
grouped as follows: healthy pregnant women (CTR, n = 10); pregnant
women with Early Preeclampsia (EP, n = 10); pregnant women with
Late Preeclampsia (LP, n = 10). All patients were advised of the aim and
proceedings of the study, and written informed consent was acquired
from each participant.

PE was defined according to ISSHP guidelines. We divided patients
into EP and LP groups according to the time of development (<34 weeks
of gestation in EP, and >34 weeks of gestation in LP) [31].

We included only patients undergoing a cesarean section (CS), to
avoid bias related to mode of delivery. Patients in active labor were
excluded.

2.3. Samples collection

A maternal serum specimen and a placental specimen for each
enclosed patient/control were collected the day of the delivery before
the beginning of the CS.

Maternal blood was collected utilizing a BD vacutainer (Becton
Dickinson, Oxfordshire, UK) blood collection tube with serum separator.
After centrifugation for five minutes at 3700 rpm, the sample was
instantly frozen at —80 °C up to the time of analysis. Placentas were
collected and sampled in the central area of the placental disc, dis-
missing the maternal decidua and collecting the underlying villi [32].
Samples have been frozen at —80 °C up to the time of the analysis.

2.4. Biochemical determinations

Lipid profile (total cholesterol, low-density lipoprotein, high-density
lipoprotein) and C reactive protein (CRP) were evaluated on Architect
c16000 (Abbott Diagnostics, Chicago, IL, USA).

2.5. Elisa assay

Lp(a) was estimated in the sera by ELISA (Human Lp(a) ELISA
(10-1106-01), Mercordia, Uppsala, Sweden, EU) according to the
manufacturer’s recommendations. HNP1, HBD1 and HBD4 were eval-
uated in the sera utilizing ELISA (Human DEFal, Human DEFP1 and
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Human DEFp4 ELISA Kit, Elabscience, Buckingham, UK) according to
the manufacturer’s recommendations.

All analysis was performed in triplicate to assure the precision of
results.

2.6. RNA extraction and cDNA synthesis

Total RNA was obtained from the placenta (one fragment of 50 mg
for each sample) by mechanical homogenisation with Ultra Turrax in
Trizol Reagent according to the manufacturer’s protocol (Life Technol-
ogies). The amount of total extracted RNA was calculated by measuring
the absorbance at 260 nm and the purity by 260/280 and 260/230 nm
ratios by Nanodrop (ND-1000 UV-Vis Spectrophotometer, NanoDrop
Technologies). For each sample, 1000 ng of total RNA was retro-
transcribed with iScriptTM cDNA synthesis kit (Bio-Rad), according to
the manufacturer’s instructions.

2.7. Gene expression by real-time qPCR

For real-time qPCR experiments, the data from each cDNA sample
were normalized using the human housekeeping gene RLPO (ribosomal
protein lateral stalk subunit PO). The specific primers reported in Table 1
were designed based on the nucleotide sequences downloaded by NCBI
database using Primer3WEB v.4.0.0.

Calculations of relative expression levels were performed using the
2725C method. All analysis were performed in triplicate to guarantee
the accuracy of results.

2.8. Statistical analysis

Descriptive analysis was carried out using median and interquartile
range (IQR). Normality distribution was assessed by the Shapiro-Wilk.
Univariate comparisons were investigated between groups (CTR, EP
and LP) and explicative variables using Kruskal Wallis test followed by
Sign test with Bonferroni’s correction for multiple comparisons. A sta-
tistical significance was set at the level of < 0.05, unless adjustment for
multiple comparisons was needed (in this case the significance threshold
was 0.0167 (p/k, assuming k = 3 contrast)). All analyses were per-
formed using Stata software v18 (StataCorp, College Station, USA).

3. Results
3.1. Characteristics of the study population
This study involved 30 pregnant women divided as follows: CTR (N

=10); EP (N = 10); LP (N = 10). The main characteristics of the study
population have been described in Table 2.
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Table 2

Median and interquartile interval (25th and 75th percentile) values for age, pre-
pregnancy weight, pre-partum weight,pre-pregnancy BMI, pre-partum BMI and
gestational age at birth in three different group: control group (CTR), early
preeclampsia pregnancy (EP) and late preeclampsia pregnancy group (LP); p-
value for Kruskal-Wallis test; * *p-value < a/3 for Bonferroni multiple testing
correction.

Total CTR EP LP p-value
N =30 N=10 N=10 N=10
Age 325 34.5 (30.0 32.0 (28.0 31.5 0.271
(30.0 —38.0) —35.0) (30.0
—35.0) —33.0)
Height (m) 1.60 **1.60 **1.60 1.70 < 0.001
(1.60 (1.60 (1.60 (1.70
-1.70) -1.60) -1.70) —1.70)
vsLP vsLP
Pre- 67.5 64.5 (55.0 67.0 (64.0 74.0 0.248
pregnancy (60.0 -73.0) -71.0) (63.0
weight (kg) —75.0) —80.0)
Pre-partum 77.5 74.0 (65.0 75.5 (65.0 83.0 0.060
weight (kg) (71.0 —84.0) —80.0) (79.0
—84.0) —91.0)
Pre pregnancy  25.8 24.1 (23.0 25.7 (22.1 27.1 0.560
BMI (kg/ (22.9 —26.8) —27.0) (22.7
m2) —27.4) —28.3)
Pre-partum 29.0 28.9 (27.7 29.2 (23.5 29.2 0.859
BMI (kg/ (26.6 —30.9) —31.0) (28.3
m2) —31.0) —31.0)
Gestational 270.0 * %274.0 *%207.0 270.0 < 0.001
age at birth (220.0 (272.0 (199.0 (251.0
(i.e days) —274.0) —278.0)vs —220.0)vs —280.0)
EP Lp

3.2. Detection of total cholesterol, low density lipoprotein (LDL), high
density lipoprotein (HDL), lipoprotein (a) and C reactive protein (CRP) in
pregnant women with PE

To evaluate if PE can alter the lipid profile in pregnant women, we
analyze main parameters involved in the metabolism of the cholesterol
(Table 3). The results show that there are no significant differences in
Total Cholesterol, LDL, HDL, Lp(a) and CRP between both the LP and EP
groups compared to CTR one.

3.3. Effect of PE on the gene expression of cytokines, defensins and
PCSK9

To highlight the activation of the immune system of pregnant women
complicated by PE, we estimated the levels of gene expression of some
cytokines and AMPs (Table 4). For IL-6 and IL-8, we observed a signif-
icant difference between groups (p < 0.001 and p = 0.014, respectively);
in particular, both cytokines increased in EP compared to CTR and LP
(Fig. 1 A and 1B) and IL-6 also increased in LP compared to CTR.
Regarding IL-2, we can note an up-regulation in EP, compared to con-
trols. Instead, IL-10 is slightly decreased in EP compared with control

Table 1

Primer sequences were designed with Primer3WEB v.4.0.0 and used for qPCR.
Gene Forward Reverse NM
RLPO 5’-TGGCAGCATCTACAACCCTG-3’ 5’-GACAAGGCCAGGACTCGTTT-3’ NM_053275.4
TNF-a 5’-CAAGGACAGCAGAGGACCA-3’ 5’-CGTCCCGGATCATGCTTTCA-3’ NM_000594.4
TGF-p 5’-GGTGAGGAAACAAGCCCAGA-3’ 5’-TGCCTCCCAAAAGTGCTAGG-3’ NM_000660.7
IL-2 5’-AACCTCAACTCCTGCCACAA-3’ 5’-GCATCCTGGTGAGTTTGGGA-3’ NM_000586.4
IL-6 5’-CATCCTCGACGGCATCTCAG—3’ 5-TCACCAGGCAAGTCTCCTCA-3 NM_001318095.2
IL-8 5’-AAACCCAGGTGAGAGCTG-3’ 5-TCTGAGATCCCGTCAGAGC—3’ NM_001354840.3
IL-10 5’-TCCATTCCAAGCCTGACCAC-3’ 5’-AATCCCTCCGAGACACTGGA-3’ NM_001382624.1
HBD1 5-TTTTGTCTGAGATGGCCTA-3 5’-GGGCAGGCAGAATAGAGACA-3’ NM_005218.4
HBD2 5’-ATCAGCCATCAGGGTCTTGT-3’ 5’-GAGACCACAGGTGCCAATTT-3’ NM_004942.4
HBD4 5’-AGATCTTCCAGTGAGAAGCGA—-3’ 5’-GACATTTCTTCCGGCAACGG-3’ NM_000008.11
HNP1 5’-CATCCTTGCTGCCATTCTCC—-3’ 5’-CCTGGTAGATGCAGGTTCCA—-3’ NM_004084.4
PCSK9 5-TGGTGAAGATGAGTGGCGAC—-3’ 5’-TCCCGGTGGTCACTCTGTAT-3’ NM_174936.4
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Table 3

Median and interquartile interval (25th and 75th percentile) values for Total
Cholesterol, LDL, HDL, Lpa and CRP in three different group: control group
(CTR), early preeclampsia pregnancy (EP) and late preeclampsia pregnancy
group (LP); p-value for Kruskal-Wallis test.

Total CTR EP LP p-
value
N =230 N=10 N=10 N=10
Total 242.5 281.5 240.5 237.5 0.086
Cholesterol (229.0 (239.0 (213.0 (229.0
(mg/dL) —262.0) —330.0) —251.0) —250.0)
LDL (mg/dL) 127.5 141.5 119.0 114.5 0.094
(109.0 (126.0 (103.0 (109.0
—143.0) —203.0) —130.0) —135.0)
HDL (mg/dL) 70.0 (57.0 68.5 (50.0 72.5 (67.0 63.5 (46.0 0.500
—76.0) —78.0) —75.0) —77.0)
Lpa (mg/dL) 2.0@1.7 2.0 (1.9 2.0(1.7 2.21.7 0.541
—2.5) -2.8) -2.3) —2.5)
CRP (mg/L) 0.7 (0.4 0.8 (0.5 0.6 (0.3 0.8 (0.4 0.326
-1.0) -1.9) -0.7) -3.4)
Table 4
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and LP, but it is not significant. TNF-a and TGFf have a similar trend:
both are increased in EP and in LP compared with the control group, but
without statistical significance.

We also examined the gene expression of HNP-1, HBD-1, HBD-2 and
HBD-4. The only one defensin that showed a significant difference in
three groups was HBD-1, p = 0.018; increasing in EP compared with
CTR (Fig. 1 Q).

Finally, PCSK9 showed a different trend (p = 0.010), with a decrease
in EP compared to CTR and an increase in LP compared to EP. Instead,
there is no difference between control group and LP (Fig. 1D).

3.4. Estimation of HNP-1,HBD-1 and HBD-4 levels in serum of mothers
affected by PE

To detect a possible accumulation of HNP-1, HBD-1 and HBD-4 in the
maternal serum of pregnant women with PE we performed an ELISA on
serum (Table 5). We found a significant increase of HBD-1 between
groups (p = 0.002): in particular in LP women compared to EP
(p = 0.005) and CTR (p = 0.001) (Fig. 2). HNP-1 shows an increasing
trend in LP compared to EP and controls, it is not statistically significant

Median and interquartile interval (25th and 75th percentile) values for IL-2, IL-8, IL-6, IL-10, TNFa, TGFp, HBD1, HBD2, HBD4, HNP1 and PCSK9 in three different
group: control group (CTR), early preeclampsia pregnancy group (EP) and late preeclampsia pregnancy group (LP); p-value for Kruskal-Wallis test; * *p-value < a/3 for

Bonferroni multiple testing correction.

Total CTR EP LP p-value
N =30 N=10 N=10 N=10
IL—2 (AAct) 71.2 (39.4 —100.3) 54.6 (10.0 —81.8) 245.2 (81.3 —589.3) 61.0 (50.9 —90.9) 0.030
IL-8 (AAct) 243.9 (162.5 —400.9) * %225.6 (55.9 —294.8)vs EP * *634.1 (256.2 —703.0) vs LP 214.5 (90.5 —325.6) 0.014
IL—6 (AAct) 2.5 (0.5 -7.0) *%0.5 (0.3 —0.6)vs EP; vs LP **11.7 (6.3 —15.5) vs LP 3.3(1.4 -6.2) < 0.001
IL—10 (AAct) 597.3 (306.7 —823.7) 686.4 (316.2 —918.8) 442.1 (301.3 —763.6) 641.1 (486.0 —742.3) 0.771
TNFa (AAct) 377.2 (149.3 —500.4) 255.8 (31.4 —747.9) 478.2 (391.5 —510.7) 313.4 (69.8 —397.0) 0.278
TGFp (AAct) 425.9 (217.6 —648.5) 278.1 (47.1 —551.0) 472.6 (217.6 —695.1) 460.6 (378.2 —985.5) 0.155
HBD1 (AAct) 0.2 (0.2 -1.2) **0.1 (0.0 —0.3)vs EP 0.5 (0.2 —-2.0) 0.2 (0.2 -1.5) 0.018
HBD2 (AAct) 0.0 (0.0 —0.1) 0.0 (0.0 —0.1) 0.0 (0.0 -0.1) 0.0 (0.0 —-0.1) 0.996
HBD4 (AAct) 14.2 (10.4 —22.4) 12.2 (5.4 -17.7) 15.5 (14.1 —23.1) 11.9 (10.6 —17.8) 0.308
HNP1 (AAct) 4.6 (2.7 —15.2) 3.2 (2.2 -27.4) 6.5 (3.9 —9.0) 3.7 (3.4 —5.5) 0.537
PCSK9 (AAct) 0.5(0.3-1.9) **0.9 (0.3 —3.5)vs EP **0.2 (0.1 —0.5) vs LP 1.2 (0.3 -2.3) 0.010
A B
p<0.001 +§ p=0.014
301 800
-8
600
204
g g 400+ $
~ 2 1
O 10 § o0
é é L
| . L Of
CTR EP LP CTR LP
c D
o p=0.018 ol p=0.010
—_ 4
= g ™
Qo Q
g
3 . B ‘
o s o
a a2
] 8
= a
1 . .5
| | =
CTR EP LP CTR EP LP

Fig. 1. (A) - Gene expression of IL-6: * (CTR vs EP, p < 0.001), § (EP vs LP, p = 0.005), $ (CTR vs LP, p = 0.001); (B) - Gene expression of IL-8: * (CTR vs EP,
p = 0.012), § (EP vs LP, p = 0.012); (C)- Gene expression of HBD-1: * (CTR vs EP, p = 0.010); (D) - Gene expression of PCSK9: * (CTR vs EP, p = 0.010), § (EP vs

LP, p = 0.012).
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Table 5
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Median and interquartile interval (25th and 75th percentile) values for HNP1, HBD1 and HBD4 in three different group: control group (CTR), early preeclampsia
pregnancy group (EP) and late preeclampsia pregnancy group (LP); p-value for Kruskal-Wallis test; * *p-value < a/3 for Bonferroni multiple testing correction.

Total CTR EP LP p-value
N=30 N=10 N=10 N=10
HNP1 153.3 (101.2 —191.5) 161.2 (101.2 —170.0) 118.8 (88.1 —148.1) 190.8 (119.0 —244.0) 0.076
HBD1 76.8 (58.4 —138.7) **67.8 (58.4 —78.4)vs LP **68.6 (49.8 —77.5)vs LP 278.8 (138.7 —336.0) 0.002
HBD4 8.4 (8.0 -9.1) 8.3(7.9 -8.9) 9.9 (8.4 -12.2) 8.3 (8.0 -8.4) 0.126
p=0.002
400
_iL
300
=
N
oo
Q. 200+
—
by
(o)
28]
T 1004
0 -

CTR

EP LP

Fig. 2. Serum concentration of HBD-1 in groups: * (LP vs CTR, p = 0.005) § (LP vs EP, p = 0.001).

(p = 0.650); while there are no alterations of HBD-4 in the serum of
women affected by PE compared to CTR.

4. Discussion

PE remains an unresolved problem in modern obstetrics. Several
biomarkers have been evaluated in both long and short term prediction
of the disease; the most used in clinical practice are placental growth
factor, soluble Flt-1 and their ratio [33]. Currently, screening of PE in
the first trimester is based on a multiparametric screening test, including
maternal history, mean arterial pressure, uterine artery velocimetry and
placental growth factor. This screening has a detection rate of 89 % for
EP, but it fails in detecting LP. Moreover, its implementation has been
limited since its cost—effectiveness is still debated [34].

Considering that PE is still a major cause of maternal and neonatal
mortality and morbidity in both developed and underdeveloped coun-
tries, finding diagnostic, prophylactic and therapeutic tools has been a
great obstetric challenge over years [35,36]. We focused to identify the
alterations of biochemical parameters and the immune system activity
in order to build a panel of markers that can support PE diagnosis
through a multidisciplinary approach, based on biochemical methods
and molecular biology techniques. Cholesterol is an essential component
for foetal and placental development, in fact, in pregnancy, maternal
total cholesterol levels increase due to an increased synthesis in the liver
[37]. For this reason, we have analyzed the parameters of the lipid
profile in women with PE compared to the controls. Serum concentra-
tions of total cholesterol, LDL and HDL are lower in women with PE then
controls. Our results are in accordance with Pecks et al., 2012 that found
a moderate decrease of LDL in women with PE, assigning this phe-
nomenon as a consequence of hydrolysis and a massive exclusion of
LDL-c from the maternal and fetal circulation, but the mechanism is still
not clear [38]. Scientific evidence related to Lp(a) levels in women with
PE is controversial. Several studies have reported that there is no sig-
nificant variation in Lp(a) between healthy women and women with PE
[39-41], while Bar et al. and Mori et al. reported that Lp(a) increases in
PE [42,43]. These variations are probably due to nutrition rather than
the presence and/or absence of the disease. Future studies are needed to

investigate the role of nutrition and lipid metabolism of PE [44,45]. In
our case we found no significative alterations of Lp(a) in populations
under study.

In healthy pregnancies PCSK9 levels are higher causing an increase
in LDL-R degradation and a subsequent increase in serum LDL-c levels
[46]. Our study shows that PCSK9 gene expression is lower in women
with PE compared to controls, and in EP compared to LP, underling a
greater need for placental salvage of lipids. These results may be asso-
ciated with states of distress due to PE. Vaught et al. demonstrated that
lower maternal PCSK9 levels are involved in LDL-c transport from the
placenta to maternal circulation that is insufficient in preeclampsia [47].

Immune system is responsible for protecting against pathogens and,
at the same time, induces tolerance to the semi-allogeneic development
of the foetus and placenta. An imbalance of pro-inflammatory and anti-
inflammatory immune cells and cytokines causes an improper immune
response, which leads to the development of PE [48].

In the study population, we highlighted an increase in all pro-
inflammatory cytokines (TNF-a, TGF-p, IL-2, IL-6 and IL-8). Among
these, IL-6 is an important pro-inflammatory cytokine that regulates
acute and chronic inflammatory responses and has distinctive roles in
driving inflammatory processes, autoimmunity, and endothelial cell
dysfunction. IL-8, instead, is one of the main chemokines for neutrophils
and T lymphocytes. From this perspective, the increased IL-8 levels in
placenta might play a role in the pathogenesis of PE through enhanced
recruitment of neutrophils, which, in turn, increases local inflammation
[49]. In this scenario, IL-6 and IL-8 have showed a significant increase in
EP compared to controls and LP, proving that early condition is more
severe than late preeclampsia. For this reason, IL-6 and IL-8 could also
be considered biomarkers of the early development of the disease [50].

On the other hand, although gene expression of HBD1 increased in
both EP and LP compared to controls, HBD1 serum levels increase in LP
compared to EP and controls, showing a protective role in inflammation
and/or infection [51,52]. As a consequence, women with higher HBD1
levels are protected from the onset of severe forms of PE and the
development of the pathology is slightly delayed.

Following these results, it is certainly possible to state that during PE
there is a hyper-activation of the immune system caused by a violent
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cytokine cascade; but on the other hand, it may happen that the same
immune system on alert, can trigger a series of protective actions to
prevent adverse outcome.

PE is characterized by activation of both pro-inflammatory and anti-
inflammatory mechanisms and the last ones could be a protective
response of the immune system to reduce the risk of adverse outcomes.
Moreover, in PE there is a reduction in LDL-c levels and gene expression
levels of PCSK9 causing a lower supply of lipid precursors necessary for
the synthesis of placental hormones and foetal fatty acids. PCSK9 could
be considered a biomarker associated with state of distress and indicate
a greater need for placental and foetal salvage of lipids in PE.

It would be of research interest, to understand if the differences we
highlighted among CRT, EP, and LP could have been found already in
the first trimester, in order to understand if the reported molecules, or
some of them, can be used as possible early markers of PE. Indeed, it is
well known that, nowadays, we can only offer a prophylactic treatment
with Aspirin to prevent PE and that this treatment should be started
early in pregnancy, in general before 16 weeks of gestation [33].
Therefore, it is important to find early biomarkers that could help
identifying “at risk” pregnant women. Further studies assessing a
possible role of these factors in the first trimester are, therefore, strongly
encouraged.

Moreover, further studies with a larger number of patients are
needed to better clarify the role of immune system in this pathology.

In conclusion our results can help understanding pathophysiological
mechanisms underlying the disease and they reveal a new scenario from
a diagnostic and therapeutic point of view. In fact, the use of personal-
ized medicine and the use of specific drugs could be an avant-garde
therapy in the case of PE in pregnancy.

Funding

None.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acnowledgements

None.

Author contributions

Conceptualization (C.M.), (L.S), (M.G) and (O.S.); methodology (C.
M.), (L.S.), (M.C.), (A.G.); validation (C.M.) (L.S), (M.G), and (O.S.);
formal analysis (P.B.); (C.M.) and (L.S.); investigation (C.M.), (L.S), (M.
C.), (A.G.), (G.E), (G.S.), (D.T.), (R.P.), (G.F.), (P.C.), (M.G), and (0O.S.);
data curation (L.S), (C.F.), (A.A.), (G.0.) and (C.M); writing—original
draft preparation (C.M.), (L.S), (M.G.) and (O.S.); writing—review and
editing (C.M.),(L.S), (F.B), (F.F.), (A.C.), (R.P.), (P.C.), (M.G), and (O.S.);
visualization (C.M.), (L.S), (M.G), and (O.S.); supervision (M.G) and (O.
S.). All authors have read and agreed to the published version of the
manuscript.

References

[1] Redman CW, Sargent IL. Latest advances in understanding preeclampsia. Science
2005;308(5728):1592-4.

[2] Magee LA, Brown MA, Hall DR, Gupte S, Hennessy A, Karumanchi SA, Kenny LC,
McCarthy F, Myers J, Poon LC, Rana S, Saito S, Staff AC, Tsigas E. von Dadelszen P.
The 2021 international society for the study of hypertension in pregnancy
classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens 2022;27:148-69.

[3]

[4]

[5]

[6]

[7]

[8]

[91

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Reproductive Biology 24 (2024) 100947

Amundsen AL, Khoury J, Iversen PO, Bergei C, Ose L, Tonstad S, Retterstgl K.
Marked changes in plasma lipids and lipoproteins during pregnancy in women with
familial hypercholesterolemia. Atherosclerosis 2006;189(2):451-7.

Edison RJ, Berg K, Remaley A, Kelley R, Rotimi C, Stevenson RE, Muenke M.
Adverse birth outcome among mothers with low serum cholesterol. Pediatrics
2007;120(4):723-33.

Pecks U, Brieger M, Schiessl B, Bauerschlag DO, Piroth D, Bruno B, Fitzner C,
Orlikowsky T, Maass N, Rath W. Maternal and fetal cord blood lipids in
intrauterine growth restriction. J Perinat Med 2012;40(3):287-96.

Pecks U, Rath W, Maass N, Berger B, Lueg I, Farrokh A, Farrokh S, Eckmann-
Scholz C. Fetal gender and gestational age differentially affect PCSK9 levels in
intrauterine growth restriction. Lipids Health Dis 2016;15(1):193.

Alahakoon TI, Medbury HJ, Williams H, Lee VW. Lipid profiling in maternal and
fetal circulations in preeclampsia and fetal growth restriction-a prospective case
control observational study. BMC Pregnancy Childbirth 2020;20(1):61.

Manten GT, van der Hoek YY, Marko Sikkema J, Voorbij HA, Hameeteman TM,
Visser GH, Franx A. The role of lipoprotein (a) in pregnancies complicated by pre-
eclampsia. Med Hypotheses 2005;64(1):162-9.

Sarno L, Maruotti GM, Saccone G, Sirico A, Mazzarelli LL, Martinelli P. Pregnancy
outcome in proteinuria-onset and hypertension-onset preeclampsia. Hypertens
Pregnancy 2015;34(3):284-90.

Raymond D, Peterson E. A critical review of early-onset and late-onset
preeclampsia. Obstet Gynecol Surv 2011;66(8):497-506.

Goldenberg RL, Hauth JC, Andrews WW. Intrauterine infection and preterm
delivery. N Engl J Med 2000;342(20):1500-7.

Romero R, Espinoza J, Goncalves LF, Kusanovic JP, Friel L, Hassan S. The role of
inflammation and infection in preterm birth. Semin Reprod Med 2007;25(1):
21-39.

Arechavaleta-Velasco F, Gomez L, Ma Y, Zhao J, McGrath CM, Sammel MD,
Nelson DB, Parry S. Adverse reproductive outcomes in urban women with adeno-
associated virus-2 infections in early pregnancy. Hum Reprod 2008;23(1):29-36.
Espinoza J, Chaiworapongsa T, Romero R, Edwin S, Rathnasabapathy C, Gomez R,
Bujold E, Camacho N, Kim YM, Hassan S, Blackwell S, Whitty J, Berman S,
Redman M, Yoon BH, Sorokin Y. Antimicrobial peptides in amniotic fluid:
defensins, calprotectin and bacterial/permeability-increasing protein in patients
with microbial invasion of the amniotic cavity, intra-amniotic inflammation,
preterm labor and premature rupture of membranes. J Matern Fetal Neonatal Med
2003;13(1):2-21.

Buhimschi IA, Christner R, Buhimschi CS. Proteomic biomarker analysis of
amniotic fluid for identification of intra-amniotic inflammation. BJOG 2005;112
(2):173-81.

Grable IA, Heine RP. Neutrophil granule products: can they identify subclinical
chorioamnionitis in patients with preterm premature rupture of membranes? Am J
Obstet Gynecol 2003;189(3):808-12.

Molloy EJ, O’neill AJ, Grantham JJ, Sheridan-Pereira M, Fitzpatrick JM,

Webb DW, Watson RW. Labor induces a maternal inflammatory response
syndrome. Am J Obstet Gynecol 2004;190(2):448-55.

Hein M, Valore EV, Helmig RB, Uldbjerg N, Ganz T. Antimicrobial factors in the
cervical mucus plug. Am J Obstet Gynecol 2002;187(1):137-44.

Soto E, Espinoza J, Nien JK, Kusanovic JP, Erez O, Richani K, Santolaya-Forgas J,
Romero R. Human beta-defensin-2: a natural antimicrobial peptide present in
amniotic fluid participates in the host response to microbial invasion of the
amniotic cavity. J Matern Fetal Neonatal Med 2007;20(1):15-22.

Garcia JR, Krause A, Schulz S, Rodriguez-Jiménez FJ, Kliiver E, Adermann K,
Forssmann U, Frimpong-Boateng A, Bals R, Forssmann WG. Human beta-defensin
4: a novel inducible peptide with a specific salt-sensitive spectrum of antimicrobial
activity. FASEB J 2001;15(10):1819-21.

Zhao C, Wang 1, Lehrer RI. Widespread expression of beta-defensin hBD-1 in
human secretory glands and epithelial cells. FEBS Lett 1996;396(2-3):319-22.
Pero R, Brancaccio M, Laneri S, Biasi MG, Lombardo B, Scudiero O. A novel view of
human helicobacter pylori infections: interplay between microbiota and beta-
defensins. Biomolecules 2019;9(6):237.

Pero R, Angrisano T, Brancaccio M, Falanga A, Lombardi L, Natale F, Laneri S,
Lombardo B, Galdiero S, Scudiero O. Beta-defensins and analogs in Helicobacter
pylori infections: mRNA expression levels, DNA methylation, and antibacterial
activity. PLoS One 2019;14(9):e0222295.

Pero R, Brancaccio M, Mennitti C, Gentile L, Franco A, Laneri S, De Biasi MG,
Pagliuca C, Colicchio R, Salvatore P, D’Alicandro G, Terracciano D, Cennamo M, La
Civita E, Liotti A, Mazzaccara C, Frisso G, Lombardo B, Scudiero O. HNP-1 and
HBD-1 as biomarkers for the immune systems of elite basketball athletes. Antibiot
(Basel) 2020;9(6):306.

Scudiero O, Brancaccio M, Mennitti C, Laneri S, Lombardo B, De Biasi MG, De
Gregorio E, Pagliuca C, Colicchio R, Salvatore P, Pero R. Human defensins: a novel
approach in the fight against skin colonizing staphylococcus aureus. Antibiot
(Basel) 2020;9(4):198.

Brancaccio M, Mennitti C, Calvanese M, Gentile A, Musto R, Gaudiello G,
Scamardella G, Terracciano D, Frisso G, Pero R, Sarno L, Guida M, Scudiero O.
Diagnostic and therapeutic potential for HNP-1, HBD-1 and HBD-4 in pregnant
women with COVID-19. Int J Mol Sci 2022;23(7):3450.

Abu-Raya B, Michalski C, Sadarangani M, Lavoie PM. Maternal immunological
adaptation during normal pregnancy. Front Immunol 2020;11:575197.

LaMarca B, Cornelius D, Wallace K. Elucidating immune mechanisms causing
hypertension during pregnancy. Physiol (Bethesda) 2013;28(4):225-33.
Chaemsaithong P, Sahota DS, Poon LC. First trimester preeclampsia screening and
prediction. Am J Obstet Gynecol 2022;226(2S):51071-1097.e2.


http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref1
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref1
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref2
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref2
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref2
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref2
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref2
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref3
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref3
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref3
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref4
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref4
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref4
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref5
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref5
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref5
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref6
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref6
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref6
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref7
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref7
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref7
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref8
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref8
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref8
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref9
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref9
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref9
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref10
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref10
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref11
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref11
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref12
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref12
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref12
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref13
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref13
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref13
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref14
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref15
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref15
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref15
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref16
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref16
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref16
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref17
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref17
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref17
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref18
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref18
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref19
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref19
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref19
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref19
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref20
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref20
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref20
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref20
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref21
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref21
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref22
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref22
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref22
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref23
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref23
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref23
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref23
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref24
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref24
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref24
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref24
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref24
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref25
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref25
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref25
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref25
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref26
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref26
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref26
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref26
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref27
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref27
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref28
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref28
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref29
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref29

C. Mennitti et al.

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Jung E, Romero R, Yeo L, Gomez-Lopez N, Chaemsaithong P, Jaovisidha A,
Gotsch F, Erez O. The etiology of preeclampsia. Am J Obstet Gynecol 2022;226
(25):5844-66.

Raymond D, Peterson E. A critical review of early-onset and late-onset
preeclampsia. Obstet Gynecol Surv 2011;66(8):497-506.

Mayhew TM. Taking tissue samples from the placenta: an illustration of principles
and strategies. Placenta 2008;29(1):1-14.

Magee LA, Brown MA, Hall DR, Gupte S, Hennessy A, Karumanchi SA, Kenny LC,
McCarthy F, Myers J, Poon LC, Rana S, Saito S, Staff AC, Tsigas E. von Dadelszen P.
The 2021 international society for the study of hypertension in pregnancy
classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens 2022 Mar;27:148-69.

Rolnik DL, Wright D, Poon LCY, Syngelaki A, O’Gorman N, de Paco Matallana C,
Akolekar R, Cicero S, Janga D, Singh M, Molina FS, Persico N, Jani JC, Plasencia W,
Papaioannou G, Tenenbaum-Gavish K, Nicolaides KH. ASPRE trial: performance of
screening for preterm pre-eclampsia. Ultrasound Obstet Gynecol 2017 Oct;50(4):
492-5.

Yu CK, Khouri O, Onwudiwe N, Spiliopoulos Y, Nicolaides KH. Fetal medicine
foundation second-trimester screening group. prediction of pre-eclampsia by
uterine artery doppler imaging: relationship to gestational age at delivery and
small-for-gestational age. Ultrasound Obstet Gynecol 2008;31(3):310-3.

Witlin AG, Saade GR, Mattar F, Sibai BM. Predictors of neonatal outcome in women
with severe preeclampsia or eclampsia between 24 and 33 weeks’ gestation. Am J
Obstet Gynecol 2000;182(3):607-11.

Baardman ME, Kerstjens-Frederikse WS, Berger RM, Bakker MK, Hofstra RM,
Plosch T. The role of maternal-fetal cholesterol transport in early fetal life: current
insights. Biol Reprod 2013;88(1):24.

Pecks U, Caspers R, Schiessl B, Bauerschlag D, Piroth D, Maass N, Rath W. The
evaluation of the oxidative state of low-density lipoproteins in intrauterine growth
restriction and preeclampsia. Hypertens Pregnancy 2012;31(1):156-65.

Belo L, Caslake M, Santos-Silva A, Castro EM, Pereira-Leite L, Quintanilha A,
Rebelo I. LDL size, total antioxidant status and oxidised LDL in normal human
pregnancy: a longitudinal study. Atherosclerosis 2004;177(2):391-9.

Sattar N, Clark P, Greer IA, Shepherd J, Packard CJ. Lipoprotein (a) levels in
normal pregnancy and in pregnancy complicated with pre-eclampsia.
Atherosclerosis 2000;148(2):407-11.

[41]

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

Reproductive Biology 24 (2024) 100947

Baksu B, Baksu A, Davas I, Akyol A, Giilbaba G. Lipoprotein(a) levels in women
with pre-eclampsia and in normotensive pregnant women. J Obstet Gynaecol Res
2005;31(3):277-82.

Bar J, Harell D, Bardin R, Pardo J, Chen R, Hod M, Sullivan M. The elevated plasma
lipoprotein(a) concentrations in preeclampsia do not precede the development of
the disorder. Thromb Res 2002;105(1):19-23.

Mori M, Mori A, Saburi Y, Sida M, Ohta H. Levels of lipoprotein(a) in normal and
compromised pregnancy. J Perinat Med 2003;31(1):23-8.

Wild R, Feingold KR. Effect of pregnancy on lipid metabolism and lipoprotein
levels. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext. South
Dartmouth (MA): MDText.com, Inc.; March 3, 2023.

Roberts JM, Lain KY. Recent Insights into the pathogenesis of pre-eclampsia.
Placenta 2002;23(5):359-72.

Herrera E. Lipid metabolism in pregnancy and its consequences in the fetus and
newborn. Endocrine 2002;19(1):43-55.

Vaught AJ, Boyer T, Ziogos E, Amat-Codina N, Minhas A, Darwin K, Debrosse A,
Fedarko N, Burd I, Baschat A, Sharma G, Hays AG, Zakaria S, Leucker TM. The role
of proprotein convertase subtillisin/kexin type 9 in placental salvage and lipid
metabolism in women with preeclampsia. Placenta 2023;132:1-6.

Hirano T. IL-6 in inflammation, autoimmunity and cancer. Int Immunol 2021;33
(3):127-48.

Yang W, Wang A, Zhao C, Li Q, Pan Z, Han X, Zhang C, Wang G, Ji C, Wang G,
Jia G, Ju J, Gao W, Yu W, Liu X, Chen X, Feng W, Gao Z, Li J, Ren C. miR-125b
enhances IL-8 production in early-onset severe preeclampsia by targeting
sphingosine-1-Phosphate Lyase 1. PLoS One 2016;11(12):e0166940.

Bellos I, Karageorgiou V, Kapnias D, Karamanli KE, Siristatidis C. The role of
interleukins in preeclampsia: a comprehensive review. Am J Reprod Immunol
2018;80(6):e13055.

Laneri S, Brancaccio M, Mennitti C, De Biasi MG, Pero ME, Pisanelli G, Scudiero O,
Pero R. Antimicrobial peptides and physical activity: a great hope against COVID
19. Microorganisms 2021;9(7):1415.

Bonig H, Packeisen J, Rohne B, Hempel L, Hannen M, Klein-Vehne A, Burdach S,
Korholz D. Interaction between interleukin 10 and interleukin 6 in human B-cell
differentiation. Immunol Invest 1998;27(4-5):267-80.


http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref30
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref30
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref30
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref31
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref31
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref32
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref32
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref33
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref33
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref33
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref33
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref33
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref34
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref34
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref34
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref34
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref34
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref35
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref35
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref35
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref35
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref36
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref36
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref36
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref37
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref37
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref37
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref38
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref38
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref38
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref39
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref39
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref39
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref40
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref40
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref40
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref41
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref41
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref41
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref42
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref42
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref42
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref43
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref43
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref44
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref44
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref44
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref45
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref45
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref46
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref46
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref47
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref47
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref47
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref47
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref48
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref48
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref49
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref49
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref49
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref49
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref50
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref50
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref50
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref51
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref51
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref51
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref52
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref52
http://refhub.elsevier.com/S1642-431X(24)00093-7/sbref52

	Preliminary study on the role of human defensins, interleukins and PCSK9 in early and late preeclampsia
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Study design and study population
	2.3 Samples collection
	2.4 Biochemical determinations
	2.5 Elisa assay
	2.6 RNA extraction and cDNA synthesis
	2.7 Gene expression by real-time qPCR
	2.8 Statistical analysis

	3 Results
	3.1 Characteristics of the study population
	3.2 Detection of total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), lipoprotein (a) and C re ...
	3.3 Effect of PE on the gene expression of cytokines, defensins and PCSK9
	3.4 Estimation of HNP-1,HBD-1 and HBD-4 levels in serum of mothers affected by PE

	4 Discussion
	Funding
	Declaration of Competing Interest
	Acnowledgements
	Author contributions
	References


