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Abstract. — OBJECTIVE: This study aimed
to evaluate maternal serum Netrin-1 and Netrin-4
levels in pregnancies complicated with placenta
accreta spectrum.

PATIENTS AND METHODS: This cross-sec-
tional study enrolled 49 pregnant women with
the diagnosis of placenta accreta spectrum as
the study group. Gestational age-matched 30
uncomplicated pregnant women with prior ce-
sarean delivery and normal placentation were
randomly selected as the control group. Mater-
nal serum Netrin-1 and Netrin-4 levels were mea-
sured between weeks 34 and 36 of gestation.

RESULTS: There was no significant difference
between the groups in terms of demographic
characteristics. Maternal serum Netrin-1 levels
were significantly lower in placenta accreta spec-
trum cases compared with those in the control
group (p=0.038). There was no significant differ-
ence between the groups in terms of maternal se-
rum Netrin-4 levels (p>0.05). There was a signif-
icant negative correlation between maternal se-
rum Netrin-1 levels and the number of prior ce-
sarean deliveries (r=-0.313, p=0.005).

CONCLUSIONS: The observed decrease in
maternal serum Netrin-1 levels in placenta ac-
creta spectrum cases associated with increased
angiogenesis might be one of the factors in-
volved in the pathophysiology of this disease.
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Introduction

Placenta accreta spectrum (PAS), characteri-
zed by an abnormal trophoblastic invasion into
the myometrium including placenta accreta, in-
creta and percreta, is a crucial cause of maternal
morbidity and mortality due to the associated
increased risk of massive hemorrhage'. The in-
cidence of PAS has been gradually increasing as

well as the increasing cesarean delivery rates in
the last few decades®”. In addition to the cesarean
delivery, other uterine interventions (e.g., opera-
tive hysteroscopy, uterine curettage, and endo-
metrial resection) can also cause PAS. It is also
reported*’ that PAS might develop due to uterine
abnormalities such as adenomyosis and Mullerian
anomalies in cases without a history of surgery.
IVF has been suggested as an independent risk
factor for PAS and has been associated with sli-
ghtly adverse newborn neurological outcomes®’.
There are mainly two theories asserted in PAS
pathophysiology: the first theory is the abnor-
mal invasion of the abnormal trophoblastic cells,
and the second one is the deep infiltration of the
trophoblastic cells into the abnormal and insuffi-
cient decidualization areas®*.

Netrins, which are members of the laminin-re-
lated protein family, are secreted extracellular ma-
trix proteins’!'. Netrins have been reported to take
a role in axonal guidance and neuronal migra-
tion™'2. In addition to their role in central nervous
system development, netrins also take part in
several biologic processes, such as angiogenesis,
morphogenesis, proliferation, apoptosis, and adhe-
sion of the endothelial cells. Netrin-1 and Netrin-4
examined in this study are the most well-known
members of the netrin protein family®!*!314,

Angiogenesis is a crucial process in placental
development. Moreover, the placental vascular
development is regulated probably by angiogenic
factors secreted by the placenta itself'. Netrin-1
and Netrin-4 have been shown to take a role in
placental angiogenesis!®'®!7, PAS, characterized
by abnormal and excessive vascularization, is
associated with an increase in angiogenic fac-
tors, such as vascular endothelial growth factor
(VEGF) and a decrease in anti-6angiogenic fac-
tors, such as VEGF receptor-2, tyrosine kinase
receptor-2 in trophoblastic tissue'®. It has been
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asserted that pregnancy-associated plasma pro-
tein-A (PAPP-A), human chorionic gonadotrophin
(hCG), and alpha-fetoprotein (AFP) could be used
as biomarkers in the antenatal diagnosis of PAS*.
Since the angiogenic factors play a crucial role
in PAS pathophysiology, this study hypothesized
that the levels of Netrin-1 and Netrin-4, as the re-
gulators of angiogenesis, might be altered in PAS
cases. Thus, this study aimed to investigate ma-
ternal serum Netrin-1 and Netrin-4 levels in PAS
cases and compare them with the control group.

Patients and Methods

In this cross-sectional study, 49 pregnancies
diagnosed with placenta accreta spectrum were
included in the study group. Thirty uncomplica-
ted pregnancies with prior cesarean delivery and
normal placentation were included in the control
group. The study protocol received approval
from the Istanbul Medipol University Clinical
Research Ethics Committee. The study complies
with the provisions of the Declaration of Helsinki
and its latest amendments. An informed consent
form was obtained from all participants before
enrollment. PAS was diagnosed with grayscale
and color Doppler sonography according to Ame-
rican College of Obstetricians and Gynecologists
and the Society of Maternal-Fetal Medicine clini-
cal guideline in PAS cases and planned cesarean
delivery was performed between weeks 34 and
36 of gestation in line with the recommendation
of this guidelinel. Before the planned cesarean
delivery, venous blood samples were taken from
the study group before any medication was gi-
ven. Maternal venous blood samples were taken
from the control group during their routine
outpatient clinic examinations between weeks
34 and 36 of gestation. The collected venous
blood samples were immediately centrifugated
at 2500 rpm for 10 minutes and were stored
at -80°C. The prenatal diagnosis of PAS was
confirmed with a histopathological examination
performed postoperatively.

The presence of multiple pregnancies, fetal
structural or chromosomal anomaly, smoking, and
maternal chronic disease were the exclusion criteria.

Serum Netrin-1 and Netrin-4 levels were me-
asured with Enzyme-Linked Immunosorbent As-
say (ELISA) kit (standardized with an intra-assay
CV <10% and inter-assay CV <12%) (Netrin-1
Catalog Number: SEB827Hu, Netrin-4 Catalog
Number: SEB835Hu; Cloud- Clone Corp. 23603

W. Fernhurst Dr. Unit 2201, Katy, TX, USA) ac-
cording to the manufacturer’s protocol.

Statistical Analysis

The Statistical Package for the Social Science
software, version 24 (IBM Corp., Armonk, NY,
USA) was used to analyze data. The Shapi-
ro-Wilk test was performed to evaluate the con-
formity of data to normal distribution. Levene’s
test was used to assess the homogeneity of va-
riance. Normally distributed variables were com-
pared between the groups using the independent
samples t-test and were expressed as mean = SD.
Non-normally distributed variables were compa-
red among the two groups with Mann-Whitney U
test and the results were expressed as median and
minimum-maximum. The correlations between
variables were evaluated with Spearman’s cor-
relation analysis. p-value <0.05 was considered
statistically significant.

Results

The baseline characteristics, maternal serum
Netrin-1, and Netrin-4 levels are shown in
Table 1. No significant differences were noted
between the groups in terms of maternal age,
gravida, parity, gestational age, and body mass
index at blood sampling (p>0.05). The number
of prior cesarean deliveries was also found to
be similar between the groups (p>0.05). The
gestational age at delivery and birth weight
were found to be significantly lower in PAS
cases compared with those in the control group
(p<0.001). Maternal serum Netrin-1 levels we-
re significantly lower in PAS cases compared
with those in the control group (p=0.038).
There was no significant difference between
the groups in terms of maternal serum Ne-
trin-4 levels (p>0.05). In the study group,
cesarean hysterectomy was performed in 36
(73.5%) patients, and partial resection was
performed in 13 (26.5%) patients.

The correlation analyses between maternal se-
rum Netrin-1 levels and other parameters are
shown in Table II. A significant negative cor-
relation was detected between maternal serum
Netrin-1 levels and the number of prior cesarean
deliveries (r=-0.313, p=0.005). Also, there was a
significantly positive correlation between mater-
nal serum Netrin-1 levels and the gestational age
at delivery (r=0.349, p=0.002) and birth weight
(r=0.281, p=0.012).
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Table I. The baseline characteristics of the groups.

PAS (n=49) Control (n=30) p-values
Age (years) 29.6+3.9 29.8+4.3 0.833
Gravida (n) 327 3 (2-6) 0.797
Parity (n) 2 (1-6) 2 (1-5) 0.913
The number of prior cesarean deliveries (n) 2 (1-6) 2 (1-5) 0.978
GA at blood sampling (weeks) 34.4+0.5 34.6£0.5 0.182
BMI at blood sampling (kg/m?) 26.1+3.1 27.0+2.2 0.175
GA at delivery (weeks) 34.7+0.5 39.3+0.8 <0.001
Birth weight (grams) 2581.0+203.5 3156.6+221.7 <0.001
Netrin-1 (pg/ml) 355.6 (128.7-936.4) 474.9 (209.5-1814.9) 0.038
Netrin-4 (pg/ml) 1227.7 (477.9-1500.1) 1223.6 (861.5-1366.7) 0.533

PAS: placenta accreta spectrum; GA: gestational age; BMI: body mass index. Data are expressed as means (+SDs) or medians

(minumum-maximum).

Table Il. Correlation analyses between maternal serum Netrin-1 levels and other parameters in (A) both PAS and control groups

(B) control group.

(A) Netrin-1 (n=79)

(B) Netrin-1 (n=30)

Age r=-0.100 p=2382 r=0.100 p=.601
Gravida r=-0.273* p=.015 r=-0.077 p=.684
Parity r=-0.335**  p=.003 r=-0.154 p=416
The number of prior cesarean delivery r=-0.313%* p=.005 r=-0.103 p=>587
BMI at blood sampling r=0.233 p=.063 r=0.330 p=.075
GA at blood sampling r=0.297** p=.008 =-0.089 p=.639
GA at delivery r=0.349%** p=.002 r=-0.120 p=>528
Birth weight r=0.281* p=.012 r=-0.222 p=.239

PAS: placenta accreta spectrum; BMI: body mass index; GA: gestational age. r= Spearman’s correlation.

Discussion

This study, which investigated maternal se-
rum Netrin-1 and Netrin-4 levels in PAS cases,
hypothesized that maternal serum levels of Ne-
trin-1 and Netrin-4, shown to be involved in the
regulation of angiogenesis, would be altered in
PAS cases and these proteins would be used as
biomarkers for PAS. This study detected that
maternal serum Netrin-1 levels were significantly
lower in PAS cases compared with those in the
control group. In addition, no significant diffe-
rence was noted between the groups in terms of
maternal serum Netrin-4 levels.

Several vitamins and nutraceutical supplemen-
tation may have an important role in women’s
health from the reproductive age to the postme-
nopausal period. Adverse outcomes may occur in
their imbalance and deficiencies?'?. Increasing
cesarean delivery rates cause an increase in
the incidence of PAS and thus adversely affect
maternal health. Recently, PAS has become
one of the leading causes of maternal morbi-
dity and mortality'. Angiogenesis refers to the

development of new vessels from a previously
existing vessel. It is a physiologic process that
exists during fetal and placental development.
Many factors affecting angiogenesis such as an-
giopoietins, cytokines, and endogenous inhibi-
tors have been identified and these factors carry
out the process in balance***. An in-vitro study
demonstrated that mesenchymal stem cells faci-
litate the angiogenic process through a paracrine
effect by inducing the expression of angiogenic
factors®®. Blood vessel development and neuronal
development are complex processes and have so-
me similarities. In addition to their roles in axonal
guidance and neuronal migration, netrins have
been reported to involve in vessel pathfinding and
network formation'®?’. Prieto et al*® observed that
the pharmacological blockage of Netrin-1 leads
to decreased angiogenesis, and the exogenous
Netrin-1 stimulation causes endothelial vascular
migration in human umbilical vein endothelial
cell cultures. Additionally, Netrin-1 is shown to
induce angiogenesis in vivo and to ensure the sur-
vival of endothelial cells by inhibiting apoptosis,
thus supporting angiogenesis®.
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Netrin-4 is observed to reduce pathological an-
giogenesis and inhibit placental endothelial cells’
proliferation, migration, and tube formation. It is
stated that Netrin-4 has a potential regulator role
in placental angiogenesis, and its antiangiogenic
effect is prominent in the placenta®®?'. Contrarily,
it is asserted that Netrin-4 has a pro-angiogenic
effect in vivo and in vitro, and Netrin-4 is essen-
tial for endothelial cell survival, proliferation,
and angiogenesis*. The angiogenic effects of Ne-
trin-1 and the anti-angiogenic effects of Netrin-4
are prominent according to the current literature.
However, it is suggested that the biological effects
of these proteins may vary through different re-
ceptors in different tissues®.

The trophoblastic invasion and angiogenesis
are controlled by several regulator molecules,
such as VEGF, placental growth factor (PI-
GF), and soluble fms-like tyrosine kinase 1
(sFlt-1) during normal pregnancy**. The im-
balance between the angiogenic and anti-angio-
genic stimulus is suggested as the underlying
cause of many diseases. Endoglin which has an
angiogenic effect is upregulated in preeclamptic
patients like many other factors®*-%. Excessive
angiogenesis has been associated with tumoral,
ocular, and autoimmune diseases**. The opti-
mal placental vascular bed development has a
considerable effect on fetal development, and
the impaired placental vascular bed development
has been associated with preeclampsia and fetal
growth restriction***’. Hypertensive disorders in
pregnancy and PAS are disorders in which ab-
normal trophoblast invasion and angiogenic and
antiangiogenic factors are accused in their etio-
pathogenesis. Scholars*® observed an association
between hypertensive disorders in pregnancy
and PAS. It is suggested that PAS might cau-
se hypertension through abnormal trophoblast
invasion. Currently, the use of anti-angiogenic
biological therapies in the prevention and tre-
atment of these diseases is being investigated™®.

Significantly lower maternal serum VEGF le-
vels were detected in pregnancies with abnormal-
ly invasive placenta compared with the control
group, then it is stated that maternal serum VE-
GF levels could predict the abnormally invasive
placenta and the invasion degree®. Similarly,
significantly lower preoperative maternal serum
VEGEF, PIGF, and sFlt-1 levels and higher posto-
perative maternal serum VEGF and sFlt-1 levels
were observed in the placenta percreta cases®.
In addition, Wehrum et al*' detected lower circu-
lating VEGF levels in the placenta previa cases

with excessive myometrial invasion. Unlike these
observations, Biberoglu et al** observed similar
maternal serum sFIt-1, PIGF, VEGF levels, and
sFlt-1/PIGF ratio in pregnancies with abnormal
placentation compared to the control group re-
gardless of the invasion degree and localization.
Duzyj et al®* observed that the angiogenic and
growth factor levels altered locally at the placen-
tal invasion site in cases with placenta accreta.
Then, the authors suggested that these local alte-
rations induce the invasion degree by activating
the hyperinvasive trophoblasts and dysregulating
the placental vascular remodeling.

As mentioned above, the levels of angioge-
nic factors were evaluated in pregnancies with
PAS in several studies. However, there is no
information about the maternal serum netrin
levels or the expression of netrin in tropho-
blastic tissue in PAS cases. To the best of our
knowledge, this study is the first to offer infor-
mation about maternal serum netrin levels in
PAS cases. The lack of evaluation of placental
Netrin-1 expression, the study’s cross-sectio-
nal design, and the limited number of patients
are the limitations of this study.

This study detected significantly lower ma-
ternal serum Netrin-1 levels in PAS cases. The
observed decrease in maternal serum Netrin-1
levels could be associated with the accumula-
tion of Netrin-1 in the placental tissue, however,
this should be evaluated in studies examining
Netrin-1 expression in the trophoblastic tissues.
Furthermore, this observed alteration in maternal
serum Netrin-1 levels suggested that Netrin-1 has
a crucial role in PAS etiopathogenesis with other
angiogenic factors. Maternal serum Netrin-1 le-
vels might be used in the prediction of PAS and
the invasion degree. No significant difference
was observed in maternal serum Netrin-4 levels
between the groups. Since the anti-angiogenic ef-
fect of Netrin-4 is prominent, it can be concluded
that Netrin-4 did not have a considerable impact
on the pathogenesis of PAS cases with excessive
angiogenesis. Maternal serum Netrin-4 levels
could be evaluated in abnormal pregnancies with
impaired vascularization, such as preeclampsia
and fetal growth restriction in further studies.

Conclusions
Imaging methods, such as ultrasonography and

magnetic resonance imaging (MRI), are widely
used in the diagnosis of PAS and the evaluation of
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the invasion degree. In addition to these methods,
many biochemical markers are being investigated in
the evaluation of PAS cases. This study, which inve-
stigated maternal serum Netrin levels in PAS cases,
detected a significant decrease in maternal serum
Netrin-1 levels in PAS cases in accordance with its
hypothesis. Considering the role of netrins in angio-
genesis, it can be asserted that Netrin-1 might play a
role in the pathogenesis of PAS, and it might be used
as a biomarker in the evaluation of PAS.
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