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An increase in elastogenic components in the placental villi
of women with chronic venous disease during pregnancy
is associated with decreased EGFL7 expression level
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Abstract. Chronic venous disease (CVD) is the response to
a series of hemodynamic changes in the venous system and
the onset of this disease is often triggered by pregnancy.
Placental tissue is particularly sensitive to the characteristic
changes which occurs in venous hypertension. In this regard,
changes in the extracellular matrix (ECM), that occur to adapt
to this situation, are fundamental to controlling elastogenesis.
Therefore, the aim of the present study was to analyze the
changes that occur in the mRNA and protein expression level of
proteins related to elastogenesis in the placental villi of women
diagnosed with CVD, in the third trimester of pregnancy. An
observational, analytical and prospective cohort study was
conducted, in which the placenta from 62 women with CVD
were compared with that in placenta from 52 women without
a diagnosis of CVD. Gene and protein expression levels were
analyzed using reverse transcription-quantitative PCR and
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immunohistochemistry, respectively. The results showed a
significant decrease in the gene and protein expression level of
EGFLY7 in the placental villi of women with CVD. By contrast,
significant increases in the gene and protein expression level of
ECM-related proteins, such as tropoelastin, fibulin 4, fibrillin 1
and members of the lysyl oxidase family (LOX and LOXL-1)
were also found in the placental villi of women with CVD.
To the best of our knowledge, the results from the present
study showed for the first time that CVD during pregnancy
was associated with changes in the mRNA and protein expres-
sion level in essential components of the EGFL7-modulated
elastogenesis process in placental villi.

Introduction

Pregnancy produces important changes in the tissues and
homeostasis of women and the most important are those related
to the cardiovascular system, such as an increase in blood
volume and alterations in systemic vascular resistance (1-3).
Numerous studies have shown how the venous system is
affected during pregnancy, particularly with the development
of chronic venous disease (CVD), which is clinically diagnosed
by the presence of varicose veins (2-4). As CVD progresses,
there is a simultaneous decrease in blood flow velocity (5), an
increase in leg vein diameter (6) and valve closure time (7).
These hemodynamic alterations during pregnancy can lead
to venous hypertension and affect venous return, with the
appearance of varicose veins being the most important clinical
manifestation (8). Age, family history, occupation and diet are
other important risk factors, that have been associated with the
appearance of this condition (9).
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Preeclampsia is one of the most important vascular
pathologies associated with pregnancy. It is a vascular altera-
tion characterized by systemic hypertension, that can seriously
compromise the health of the mother and the fetus, and in
which important changes in placental tissue also occurs (10).
Gestational venous hypertension is a lower-risk condition for
both the mother and child, and our previous studies revealed
the association between CVD during pregnancy, increased cell
damage in the placental villi of those women and increased
cellular hypoxia (3,11). In this regard, it is important to deter-
mine how the extracellular matrix (ECM) behaves in these
placental villi to reveal the consequences of CVD during
pregnancy. Proper functioning of the ECM is key to the devel-
opment of the placenta from the very earliest stages (12). The
process of elastogenesis is fundamental for correct embryonic
development (13). The EGF-like domain-containing protein 7
(EGFLY7) plays a key role in the ECM (14). Lelievre ef al (15)
demonstrated that EGFL7 regulated the catalytic activity of
different components of elastic fiber assembly, which affected
ECM homeostasis. Alterations in the composition of the ECM
are present in a wide variety of pathologies associated with
pregnancy, such as preeclampsia and gestational trophoblastic
diseases (16). Similarly, the placenta of patients with CVD
during pregnancy was found to have significant alterations in
the composition of the ECM, such as in the collagen fibers or
in the calcifications of the placental villi (17-19).

Therefore, the aim of the present study was to analyze the
gene and protein expression level of EGFL7 and the compo-
nents of the elastic fibers of the ECM [tropoelastin (TE),
fibulin 4 (FBLN-4), fibrillin 1 (FBN-1), lysyl oxidase (LOX)
and lysyl oxidase-like 1 (LOXL-1)] in the placental villi of
women with CVD during pregnancy.

Materials and methods

Study design. An observational, analytical and prospective
study was performed and included 114 women in the third
trimester of pregnancy (32 weeks). From these, 62 women
were clinically diagnosed with CVD according to CEAP
classification (20), with a median age of 33 years [interquar-
tile range (IQR), 22-40 years] and a median gestational age of
40.5 weeks (IQR, 39-41.5 weeks). Simultaneously, 52 controls
without a history of CVD [healthy controls (HC)] were also
included, with a median age of 34 years (IQR,27-41 years) and
amedian gestational age of 41 weeks (IQR, 39-42 weeks). The
present study was conducted according to the basic ethical
principles of autonomy, beneficence, non-maleficence and
distributive justice. The development of the research followed
the regulations of Good Clinical Practice, as well as the
principles set forth in the last Declaration of Helsinki (2013)
and the Oviedo Convention (1997). Patients were informed
prior to enrolment, and each participant provided their
corresponding written consent. The current study was
approved by the Clinical Research Ethics Committee of the
Central University Hospital of Defence-University of Alcala
(37/17). During the third trimester consultation, the clinical
history was recorded, a general physical examination was
performed and lower limb ultrasounds were conducted using
an Eco-Doppler (Portable M-Turbo Eco-Doppler; SonoSite,
Inc.) at 7.5 MHz.

The inclusion criteria were defined as women over
18 years of age, with clinical evidence of lower limb venous
insufficiency (VI) in the third trimester, according to
Clinical-Etiology-Anatomy-Pathophysiology classification
(=1) (20). The exclusion criteria included women previously
diagnosed with diabetes mellitus, gestational diabetes mellitus
or other endocrine diseases; high blood pressure; autoimmune
diseases; active infectious diseases; venous malformations;
heart, kidney and lung insufficiency; preeclampsia and/or
HELLP [an acronym for hemolysis (H), elevated liver enzymes
(EL) and a low platelet count (LP)] syndrome; known causes of
intrauterine growth restrictions; body mass index >25; toxico-
logical habits [tobacco (=1 cigarette a day), alcohol (=1 unit a
day) or drugs (e.g., cannabis, heroin, cocaine, amphetamines)];
existence of pathological injuries, such as placental infarction,
avascular villi, delayed villi maturation or chronic villitis; as
well as the appearance of any exclusion criteria in the following
months (until delivery); and previous evidence of CVD. There
were no significant differences between the groups regarding
the number of previous pregnancies: 33 (53.2%) for women with
CVD and 19 (36.5%) for women in the HC group (Table SI).
There were also no significant differences in the clinical char-
acteristics between the CVD and HC groups (gestational age,
c-section delivery, previous pregnancies, previous abortions,
regular menstrual cycles and type of profession-sedentary,
Table SI).

Placental samples. Placental biopsies were collected once they
were expelled after delivery. In all cases, 5 placental fragments
were obtained in all cases using a scalpel to ensure that the
samples included various cotyledons. These placental pieces
were added to two different sterile tubes: One containing
Minimum Essential Medium (MEM; Thermo Fisher
Scientific, Inc.) with 1% antibiotic/antimycotic (Streptomycin,
Amphotericin B and Penicillin) (Thermo Fisher Scientific,
Inc.) and another with RNAlater® (Ambion; Thermo Fisher
Scientific, Inc.) solution. The samples were processed in a
class IT laminar flow hood (Telstar AV 30/70 Miiller 220 V
50 MHz; Telstar; Azbil Corporation) in a sterile environment.
Preserved samples were stored in 1 ml RNAlater® at -80°C
until they were processed for gene expression analysis.
Conserved MEM placentas were used for histological and
immunodetection studies.

The samples stored in MEM were washed and rehydrated
five times in MEM without antibiotics to remove the blood
cells, then they were cut into fragments (2 cm) and fixed in
F13 (60% ethanol, 20% methanol, 7% polyethylene glycol and
13% distilled water) following established protocols (20). The
samples were then paraffin-embedded in blocks using moulds.
After the paraffin had solidified, a HM 350 S rotation micro-
tome (Thermo Fisher Scientific, Inc.) was used to obtain 5-ym
thick sections, which were stretched in a hot water bath, then
mounted on glass slides, previously treated with 10% polyly-
sine, allowing for improved adhesion of the sections.

Gene expression studies using reverse transcription-quantitative
PCR (RT-gPCR). RNA was extracted according to the guani-
dinium thiocyanate-phenol-chloroform method (21,22) and
was used to analyze the mRNA expression levels of the genes
of interest.
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RNA samples at a concentration of 50 ng/ul were used to
synthesize complementary DNA (cDNA) by reverse transcrip-
tion; 4 pl of each sample is mixed with 4 ul of oligo-dT (15)
0.25 pg/ul solution (Thermo Fisher Scientific, Inc.), and incu-
bated at 65°C for 10 min in a dry bath (AccuBlock, Labnet
International Inc.), in order to denature the RNA. After this,
the samples were placed on ice and 10 ul per sample of a
reverse transcription mix containing the following products
was added for each sample: 2.8 ul First Strand Buffer 5X
(250 mM Tris-HCI and pH 8.3; 375 mM KCI; 15 mM MgCl,)
(Thermo Fisher Scientific, Inc.); 2 ul of 10 mM deoxyribo-
nucleotides triphosphate; 2 ul of 0.1 M dithiothreitol; 1.7 ul
of DNase- and RNase-free water; 0.5 ul of RNase inhibitor
(RNase Out); 1 ul of reverse transcriptase enzyme (all from
Thermo Fisher Scientific, Inc.).

The RT process was carried out using a G-Storm GS1
thermal cycler (G-Storm Ltd.). The samples were incubated
at 37°C for 1 h and 15 min, to allow cDNA synthesis. The
temperature was then increased to 70°C and maintained for
15 min, thus causing the denaturation of the reverse transcrip-
tase enzyme, and the temperature gradually decreased to 4°C.

To verify the absence of genomic DNA contamination in
the total RNA samples, a negative reverse transcription was
performed in parallel in which the M-MLV RT enzyme is
replaced by water free of DNases and RNases. The cDNA
produced in RT was diluted 1:20 using water free of DNases
and RNases and stored at -20°C until use.

Specific primers for all the genes studied (Table SII) were
designed de novo using the Primer-BLAST and AutoDimer
online applications (23,24). The constitutively expressed
TATA-box binding protein (TBP) gene was used to as a
control to normalize the results (25). The gene expression units
are expressed as relative quantities of mRNA. RT-qPCR was
performed on a StepOnePlus™ System (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and the relative standard curve
method was used. The total reaction volume was 20 ul and
included: 5 pl sample [mixed at 1:20 with 10 g1 iIQ™ SYBR®
Green Supermix (Bio-Rad Laboratories, Inc.)], 1 ul each
forward and reverse primers, and 3 xl DNase and RNase-free
water, and added to a MicroAmp® 96-well plate (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The following
thermocycling conditions were used: Initial denaturation
at 95°C for 10 min, denaturation at 95°C for 15 sec, annealing
at variable temperatures depending on the melting tempera-
ture of each primer pair for 30 sec, and elongation at 72°C
for 1 min, for 40-45 cycles. Followed by a dissociation curve
at 95°C for 15 sec, 60°C for 1 min, 95°C for 15 sec, and 60°C
for 15 sec. Fluorescence detection was performed at the end of
each repeat cycle (amplification) and at each step of the disso-
ciation curve. The data obtained from each gene was added
in a standard curve made by serial dilutions of a mixture of
the samples, that were included in each plate according to the
constitutive expression of TBP (in accordance with the manu-
facturer's protocols). All tests were performed in duplicate in
all samples of placenta tissue.

Immunohistochemistry studies for protein expression
analysis. Immunohistochemical studies were performed on
paraffin-embedded placental tissue samples. The antibody
retrieval step was described in the protocol specifications
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(Table SIII). The antigen/antibody reactions were detected using
the avidin-biotin complex method, with avidin-peroxidase, as
previously described (26). After incubation with the primary
antibody (1 h and 30 min; Table SIII), the samples were incu-
bated with 3% BSA Blocker (cat. no. 37525; Thermo Fisher
Scientific, Inc.) and PBS overnight at 4°C. Then, the cells were
incubated with biotin-conjugated secondary antibody, diluted
in PBS, for 90 min at room temperature (RT; Table SIII).
The avidin-peroxidase conjugate ExtrAvidin®-Peroxidase
(Sigma-Aldrich; Merck KGaA) was used for 60 min at RT
(1:200 dilution with PBS), then the protein expression level
was determined using a chromogenic diaminobenzidine
(DAB) substrate kit (cat. no. SK-4100; Maravai LifeSciences),
which was prepared immediately before exposure (5 ml
distilled water, two drops buffer, four drops DAB and two
drops hydrogen peroxide). The signal was developed with
the peroxidase chromogenic substrate for 15 min at RT; this
technique allows for the detection of a brown stain. For the
detection of each protein, sections of the same tissue were
assigned as negative controls, substituting incubation with
the primary antibody for a blocking solution (PBS). In all the
tissues, the contrast was performed with Carazzi hematoxylin
for 15 min at RT.

For each patient within the defined groups, 5 sections
and 10 fields of view were randomly examined. The patients
were described as positive when the marked mean area in the
analyzed sample was =5% of the total, following the immuno-
reactive score (IRS) from Remmele and Schicketanz (27) and
Cristébal et al (28). Immunostaining in the tissue was assessed
by two independent histologists, blinded to the outcome. In
each sample, immunohistochemical staining was scored
using the following scale: 0-1, minimum staining (<25%);
2, moderate staining (25-65%); and 3-4, strong staining
(=65-100%). Preparations were viewed using a Zeiss Axiophot
optical microscope (Zeiss GmbH).

Orcein stain. Once the sections were dried, they were depa-
raffinized for 30 min in xylol at RT (PanReac AppliChem;
Illinois Tool Works, Inc.) and subsequently rehydrated using a
descending alcohol series until they were completely hydrated
in distilled water. After rehydration, the sections of the
samples were: i) Stained with alcoholic orcein for 30 min at
RT, ii) washed with distilled water for 30 min, iii) immersed
in 96% alcohol for 5 min, iv) immersed in 100% alcohol for
15 min, v) discolored on the bottom with acid alcohol for
2-10 min, vi) washed with water for 10 min, vii) stained with
Carazzi hematoxylin for 20 min at RT, viii) washed in running
water for 10 min, viiii) dehydrated in 96% alcohol for 5 min,
x) dehydrated in 100% alcohol for 5 min, xi) submerged in
xylol for 10 min, and xii) mounted using Cytoseal™, which
allows for the visualization of the elastic fibers with a brown
color using an optical microscope (Zeiss GmbH).

Statistical analysis. For the statistical analysis, the GraphPad
Prism® v6.0 (GraphPad, Inc.) program was used. The
Mann-Whitney U test was used to compare the 2 groups, and
the data was expressed as the median and the IQR. For the
categorical variables, Pearson's %* or Fisher's exact test was
used. P<0.05 was used to indicate a statistically significant
difference.
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Figure 1. EGFL7 and Tropoelastin expression in the placental of women with CVD during pregnancy. (A) EGFL7 mRNA expression levels were determined
using RT-qPCR and they were significantly higher in women from the HC group. Representative images of immunostaining for EGFL7 in the placental villi
and decidual cells for (B and C) CVD and (D and E) HC using immunohistochemistry, respectively. (F) TE mRNA expression levels were determined using
RT-qPCR and they were significantly higher in women with CVD. Representative images of immunostaining for TE in the placental villi and decidual cells
for (G and H) CVD and (I and J) HC using immunohistochemistry, respectively. The arrow indicates positive protein expression. Data are expressed as the
median and interquartile range. "P<0.05. “"P<0.01. EGFL7, EGF-like domain-containing protein 7; CVD, chronic venous disease; HC, healthy controls; TE,

tropoelastin; RT-qPCR, reverse transcription-quantitative PCR.

Results

EGFL7 is expressed at low levels in the placental villi of
women with CVD during pregnancy. There was a significant
decrease in the EGFL7 gene expression level in the placental
villi of women with CVD during pregnancy (P=0.0012;
Fig. 1A). The results from the protein expression levels showed
that the IRS score was significantly lower in the placental villi
from the CVD group [CVD, 0.00 (IQR, 0.00-1.25); HC, 1.00
(IQR, 0.00-2.00) P=0.0077; Fig. 1B and D]. Notably, there was
a decrease in the percentage of decidual cells with EGFL7
protein expression [CVD, 15.50% (IQR, 7.00-41.00%);
HC, 31.00% (IQR, 12.00-82.00%); P=0.0059; Fig. 1C and E].
The arrows show the positive expression in the tissue.

TE expression level is significantly increased in the placenta of
women with CVD during pregnancy. An increase in TE gene
expression was observed in the placental villi of women with
CVD during pregnancy compared with that in women from
the HC group (P=0.0355; Fig. 1F). The analysis of TE protein
expression level using immunohistochemistry showed a signif-
icant increase in the IRS in patients with CVD, with intense
staining throughout the ECM [CVD, 2.50 (IQR, 0.50-3.00);
HC, 1.00 (IQR, 0.00-2.500); P=0.0003; Fig. 1G and I]. The
percentage of decidual cells with TE protein expression
level was significantly higher in the placenta of women with
CVD during pregnancy [CVD, 52.00 (IQR, 16.00-96.00%);

HC, 22.00 (IQR, 10.00-54.00%); P=0.0005; Fig. 1H and J].
The arrows show the positive expression in the tissue.

FBLN-4 and FBN-I expression level is increased in the
placental villi of women with CVD during pregnancy. The
FBLN-4 gene was significantly increased in the placental
villi of women with CVD compared with that in women in
the HC group (P=0.0456; Fig. 2A). An increase in FBN-1
gene expression was also observed in the CVD group [CVD,
76.26 (IQR, 35.39-259.70); HC, 55.39 (IQR, 8.81-156.02);
P=0.0185; Fig. 2D]. The arrows show the positive expression
in the tissue.

The protein expression level of FBLN-4 did not differ
significantly in the placental villi between the 2 groups
[CVD, 0.87 (0.00-2.00); HC, 0.50 (IQR, 0.00-2.00); P=0.40],
using the IRS score; however, FBLN-4 protein expression was
observed around the large vessels in the placenta of women
with CVD during pregnancy (Fig. 2B and C). By contrast,
there was a significant increase in the IRS for FBN-1 in
the placental villi of women with CVD during pregnancy
[CVD, 1.25 (IQR, 0.50-3.00); HC, 1.00 (IQR, 0.00-3.00);
P=0.0188; Fig. 2E and G]. The protein expression level of
FBN-1 was particularly found around the large vessels in
the placenta of patients with CVD (indicated by the arrow;
Fig. 2E and F). No protein expression of FBLN-4 or FBN-1
was observed in decidual cells. The arrows show the positive
expression in the tissue.
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Figure 2. FBLN-4 and FBN-1 expression in the placenta of women with CVD during pregnancy. (A) FBLN-4 mRNA expression levels were determined using
RT-qPCR and they were significantly higher in women with CVD. Representative images of immunostaining for FBLN-4 in the placental villi from women
with (B) CVD and in the (C) HC group using immunohistochemistry. (D) FBN-1 mRNA expression levels was determined using RT-qPCR and they were
significantly higher in women with CVD. Representative images of immunostaining for FBN-1 in the placental villi from women with (E and F) CVD and
in the (G) HC group using immunohistochemistry. The arrow indicates positive protein expression. Data are expressed as the median and interquartile range.
“P<0.05. FBLN-4, fibulin 4; FBN-1, fibrillin 1; CVD, chronic venous disease; HC, healthy controls; RT-qPCR, reverse transcription-quantitative PCR.

LOX and LOXL-1 expression level is increased in the
placental villi of women with CVD during pregnancy.
A significant increase in LOX gene expression level was
observed in the placental villi of women with CVD during
pregnancy [P=0.0344; Fig. 3A]. Similarly, the gene expression
level of LOXL-1 was significantly higher in the placental villi
from women with CVD [CVD, 96.63 (IQR, 41.99-321.38);
HC, 68.26 (IQR, 27.30-247.54); P=0.0390; Fig. 3F).

The results from protein expression showed an increase
in the IRS in the placental villi of women with CVD during
pregnancy for LOX [CVD, 2.00 (IQR, 0.50-3.00); HC, 1.00
(IQR, 0.00-2.50); P=0.0036] (Fig. 3B and D) and LOXL-1
[CVD, 2.50 (IQR, 2.00-3.00); HC, 1.00 (IQR, 0.00-2.50);
P<0.0001] (Fig.3.G and I).In addition, an increase in the protein
expression level of LOX [CVD, 50.50% (IQR, 21.00-85.00%);
HC, 21.00 (IQR, 9.00-41.00%); P<0.0001] (Fig. 3C and E)
and LOXL-1 [CVD, 18.00% (IQR, 7.00-45.00%);
HC, 9.00% (6.00-21.00%), P=0.0021] (Fig. 3H and J) was
observed in the placental decidual cells (Fig. 3.C and H) of
women with CVD during pregnancy. The arrows show the
positive expression in the tissue.

Significant increases in the number of elastic fibers in the
placental villi from women with CVD during pregnancy.
Orcein staining revealed the presence of a significant
increase in the elastic fibers in the placenta from women with
CVD during pregnancy (P=0.0110; Fig. 4A), particularly in
the placental villi (Fig. 4B) and around the decidual cells
(Fig. 4C). In the HC group, the staining was not as intense
in either the placental villi (Fig. 4D) or in the decidual cells
(Fig. 4E).

Discussion

CVD is a frequent complication of pregnancy, that can alter
placental homeostasis and have important repercussions on
the health of the mother and the fetus (3,19). The ECM is a
dynamic network of macromolecules, that is constantly being
remodeled (29,30). The ECM plays a key role in the correct
development, implantation and separation of the placenta, in
addition to responding to hormonal changes, that occur during
pregnancy, particularly from progesterone (31,32). In patients
with CVD, the results from previous studies showed that there
was a redistribution of these hormonal receptors in the venous
tissue, affecting vascular homeostasis and the ECM (33,34).
The expression levels of the different ECM components of
elastic fibers were elevated in the placenta of women with CVD
during pregnancy, particularly the collagen fibers and metal-
loproteins in the context of different hypertensive disorders,
such as preeclampsia (35).

The mechanical properties of tissues are fundamental to
their proper functioning, and the components of the ECM are
responsible for these mechanical properties (30). Notably, the
rigidity/elasticity of the cellular environment is key for the
maintenance of tissue homeostasis and changes in elasticity
can affect the progression of the disease in general (36).
Ortega et al (17) demonstrated that there was a change in the
mRNA and protein expression profile of collagen fibers in the
placental villi of women with CVD during pregnancy, particu-
larly with type III collagen and in the collagen I/collagen III
ratio, and there was a significant increase in MMP-9 gene and
protein expression levels in the placental villi and decidual
cells. However, the condition of the elastic fibers in the placenta
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Figure 3. LOX and LOXL-1 expression in the placental of women with CVD during pregnancy. (A) LOX mRNA expression levels were determined using
RT-qPCR and they were significantly higher in women with CVD. Representative images of immunostaining for LOX in the placental villi and decidual cells
in women with (B and C) CVD and in the (D and E) HC group using immunohistochemistry. (F) LOXL-1 mRNA expression levels were determined using
RT-qPCR and they were significantly higher in women with CVD. Representative images of immunostaining for LOXL-1 in the placental villi and decidual
cells from women with (G and H) CVD and in the (I and J) HC group using immunohistochemistry. The arrow indicates positive protein expression. Data
are expressed as the median with interquartile range. "P<0.05. LOX, lysyl oxidase; LOXL-1, lysyl oxidase-like 1; CVD, chronic venous disease; HC, healthy
controls; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 4. Elastic fibers in the placental villi from women with CVD during pregnancy. (A) IRS for orcein stain. Representative images showing the orcein
staining in the placental villi and decidual cells from women with (B and C) CVD and from those in the (D and E) HC group, respectively. Data are expressed
as the median and interquartile range; "P<0.05. CVD, chronic venous disease; HC, healthy controls; IRS, immunoreactive score.

of women with CVD has not been fully elucidated yet. These  such as TGF-f3, and alterations in this system arise in a wide
fibers are essential for providing tissues with elastic properties,  variety of inherited or acquired pathologies, such as Marfan
as well as for regulating the bioavailability of components, or cancer (37,38). It is important to investigate the elasticity
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of the placenta and to develop techniques to evaluate its state
under multiple conditions (39). The results from the present
study showed that there was variation in the expression level
of TE, as well as in the different components of ECM, such
as FBLN-4, FBN-1 and the lysyl oxidase family (LOX and
LOXL-1).

Lysyl oxidases are a set of fundamental enzymes found in
a wide variety of tissues, including the placenta, where their
importance in the regulation of the composition of the ECM
has been previously described (40). In prelabor rupture of
fetal membranes, increased levels of these enzymes have been
associated with changes in the cell cycle and in promoting
oxidative stress in some placental complications (41). Recently,
an association was found between CVD during pregnancy and
an increase in oxidative stress markers in these placentas (11).
The increased expression of these enzymes in patients with
CVD suggests that lysyl oxidases could play an important
role in CVD. These enzymes play roles in the crosslinking of
collagen fibers (36) and in the regulation and homeostasis of
elastic fibers (42). Higher expression in the regulation of both
components have been reported in the vascular tissues of some
placental complications, such as fetal growth restriction (43).
LOX and LOXL-1 were found to interact directly with TE,
promoting the formation of mature elastic fibers (44). TE is a
fundamental component of elastic fibers and is a precursor to
elastin, which participates in cell attachment; any alteration in
its expression could; therefore, be associated with the require-
ment to meet the demands of a hypertensive event (45,46). In
this regard, one of the limitations of the present study was that
LOX activity was not measured, as an alternative method of
measuring the function of LOX.

FBN-1 expression level was increased in the placental villi
of women with CVD during pregnancy, in the present study.
FBN-1 is a widely distributed protein in the stroma of placental
villi and is detected mainly as a thin layer, that encapsulates
decidual cells, and occurs in the form of fibrils, that are in
contact with these cells (47,48). The expression level of FBN-1
has been associated with conferring a certain stiffness to more
elastic tissues (49). Costa et al (50) showed that this protein is
part of an important myofibroelastic system in the function-
ality of the placental terminal villi and was upregulated in
patients with preeclampsia or systemic lupus erythematosus.
Recently, Abbas er al (51) demonstrated that this molecule was
also expressed in extravillous trophoblasts, conferring greater
tissue rigidity. The present study showed the increase of
FBN-1 expression in the placental tissue of women with CVD
during pregnancy. In addition, it has been shown that FBN-1
binds calcium molecules in the ECM of different tissues, such
as vascular structures (52). The increase in mRNA expression
level and IRS of FBN-1 was confirmed in the present study. A
previous study demonstrated an increase in the calcifications
of the placental villi in pregnant women with CVD (18). Thus,
the importance of FBN-1 in responding to the changes in the
placenta of women with CVD during pregnancy should be
considered.

FBLN-4 can significantly regulate the homeostasis of
elastic fibers (53). Notably, FBLN-4 is fundamental to the
process of sequential elastogenesis (54). The results from
the present study showed that there was an increase in this
component, showing that it is involved in the elastogenesis
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process in the placentas of women with CVD. The effect of
deletions mutations in this component has been described
in some pathologies, such as aneurysms (55); however, the
effect of overexpression in different pathologies is still under
investigation, such as placental complications. In addition,
FBLN-4 has important functions beyond the regulation of
elastic fibers; therefore, an increase in its gene and protein
expression could be associated with different altered
processes in placental tissue; however, this hypothesis
requires confirmation (53).

The results from the present study demonstrated an asso-
ciation between CVD during pregnancy and the process of
elastogenesis in the placental villi. Proteins that may play a
role in elastogenesis were investigated, such as EGFL7, and
the results showed a decrease in the gene and protein expres-
sion level of EGFLY7 in the placental villi of women with CVD.
EGFL7 is an important component in endothelial cells during
their development (56). Lacko et al (57) showed that EGFL7
activity has repercussions on the endothelial homeostasis of
the maternal and fetal vasculature, indicating the importance
of this protein in placental development and that its mRNA
expression was reduced in preeclampsia. Lelievre ez al (15)
showed that EGFL7 interacted with the catalytic subunit of
lysyl oxidases in the vascular wall, preventing the crosslinking
of TE molecules and inhibiting the formation of elastin poly-
mers; thus, regulating the elastogenesis process. The results
from the present study indicated that it was possible to observe
a gene and protein expression between the downregulation of
EGFL7 by immunohistochemistry and RT-qPCR and a change
in the expression of elastic fiber promoters in the placental
tissue of women with CVD.

EGFL7 also plays a key role in trophoblasts, particu-
larly during the invasion and migration processes of these
cells (58). In an EGFL7 knockout mice model, alterations
in the morphogenesis of the chorionic villi were observed,
as were changes in vascular patterns, indicating the possible
involvement of this knockout in intrauterine growth restric-
tion (59). The results from the present study further identified
the changes that occur in these processes in the placental villi.
Shrestha er al (60) showed that an increase in body weight
during pregnancy epigenetically regulated EGFL7 expression.
A limitation to the present study was that it only included
in vitro results. Future studies should be aimed at verifying
the behavior of different cell types of placental villi and
confirming the viability of the ECM following EGFL7 inhibi-
tion, as well as phenotyping decidual cells to understand their
role in vascular diseases.

Previous studies have observed how the placental villi
of pregnant women with CVD had a significant increase in
hypoxia-inducible factors, proteins related to apoptosis and
oxidative stress (3,11). In addition, a significant increase in
the number of placental villi was also observed in relation to
CVD (3,11,19). Notably, it was found that there was a decrease
in the fetal venous pH at delivery (11), suggesting that venous
hypertension, as a result of CVD, triggers an adaptive process,
which enables the placental villi to combat the developing
hypoxia in the intervillous chamber. To the best of our knowl-
edge, the results from the present study showed an association
between the expression level of proteins related to elastogen-
esis and gestational CVD for the first time.
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