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Abstract: Chronic venous disease (CVD) is a common condition that affects the veins in the lower
limbs, resulting in a variety of symptoms, such as swelling, pain, and varicose veins (VVs). The plenty
hormonal, hemodynamic and mechanical changes occurred in pregnancy make women especially
vulnerable to suffer from this condition in this period. Previous works have identified that CVD is
associated with an increased inflammatory milieu and significant damage in maternofetal tissues,
such as the umbilical cord. However, the inflammatory status of this structure in these patients has not
been studied yet. Thus, the aim of the present study was to examine gene and protein expression of a
set of inflammatory markers—Allograft inflammatory factor 1 (AIF-1), the proinflammatory cytokines
interleukin 12A (IL-12A) and IL-18 and the anti-inflammatory product IL-10—in the umbilical cord
of women with CVD during pregnancy (N = 62) and healthy pregnant women (HC; N = 52) by the
use of real time qPCR and immunohistochemistry (IHC). Our results demonstrate that the umbilical
cord tissue from CVD women exhibit an increased expression of AIF-1, IL-12A and IL-18 along with
a decrease in IL-10. Therefore, our study suggests an inflammatory status of this structure related to
CVD. Further studies should be conducted to evaluate the expression of other inflammatory markers,
as well as to analyze the maternofetal impact of these findings.
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1. Introduction

Chronic venous disease (CVD) is a relatively common vascular disorder that causes
an increase in venous pressure and is characterized by a lack of venous return to the
lower extremities [1,2]. The clinical symptoms of CVD range widely, from minor changes
in the venous system, such as reticular veins, telangiectasia, or varicose veins (VVs),
to severe manifestations designed as chronic venous insufficiency (CVI), which can be
present in the form of edema, skin changes, such as lipodermatosclerosis, and active
ulcerations [3,4]. Pregnancy is one of the main risk factors for the development of CVD [5].
According to estimates, up to 40% of women experience this disease during pregnancy,
increasing their chance of suffering from this condition again in subsequent pregnancies. [6].
This increased risk of CVD in pregnancy is explained by the hemodynamic, mechanic
and hormonal changes that occur during pregnancy, including fetal compression of the
iliac veins, vasodilatation, and secondary stasis with reduced flow velocity and valvular
incompetence [7–11]. However, CVD pathogenesis is not completely understood, and
further research is needed to fully decipher its effects on fetuses and newborns.

Pregnancy is a proinflammatory state, in which cytokines mediate signaling that
directs the biological processes that constitute pregnancy from implantation to delivery [12].
The cytokine profile changes over the course of pregnancy; thus, maintaining a proper
ratio of proinflammatory to anti-inflammatory cytokines is essential for the appropriate
development of pregnancy [13]. Different obstetric conditions can alter the cytochemical
balance, and among them, CVD also seems to produce a switch into a proinflammatory
cytokine profiling in both pregnant women and their newborns [14]. Although this pro-
inflammatory environment seems to be determinant for the future child, future research is
needed to determine its impact on the fetus and the newborn.

The umbilical cord is an anatomical structure that connects the fetus and the placenta
supplying adequate nutrition, oxygenation, and proper waste disposal. Vascular alterations
of the umbilical cord can compromise or modify fetal blood flow, which may imply fetal
compromise, increased perinatal and neonatal morbidity and mortality [15]. Moreover,
alterations at the level of the umbilical cord are closely related to fetal programming, and
thus, can impact the health of the newborn at birth and beyond [16,17]. Previous research
has demonstrated how CVD causes placental changes that result in cellular harm, hypoxia,
increased calcification, oxidative stress, and increased vascularization [18–21], whereas
evidence of increased hypoxia and oxidative stress has also been demonstrated in the
umbilical cord of women with pregnancy-associated CVD [22]. In addition, previous
studies have found significant alterations in inflammatory biomarkers associated with
different pathologies in pregnancy, such as pre-eclampsia and other complications [23–25];
however, to date, there are no studies evaluating the immunoinflammatory status of
the umbilical cord from women with CVD. Allograft inflammatory factor 1 (AIF-1) is a
product importantly implicated in several cellular events and its expression is induced by
different proinflammatory cytokines [26]. The pathogenic role of AIF-1 has been proven
in several inflammatory, vascular and systemic disorders [27], although little is known
regarding its role in the umbilical cord under pregnancy complications. Likewise, the
role of inflammatory cytokines in the umbilical cord of these patients also warranted
further efforts.

Therefore, the aim of the present work is to define a possible role of AIF-1 and the
inflammatory environment in the umbilical cord of women with CVD during pregnancy.
Having this purpose, the umbilical cord tissue from pregnant women with CVD will be
used to examine gene and protein expression of AIF-1, interleukin 10 (IL-10), IL-12A, and
IL-18 by real-time PCR (RT-qPCR) and immunohistochemistry, respectively.
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2. Patients and Methods
2.1. Study Design

In the current investigation, 114 pregnant women in their third trimester participated
in an observational, analytical, prospective study. In total, 52 women without a history of
CVD (referred to as healthy control, HC) and 62 women with a clinical diagnosis of CVD,
according to the CEAP classification [28], were included. The interquartile range (IQR) for
the CVD group was 22–40 years, while the median age for the HC group was 34 (IQR, 27–41
years). For women with CVD, the median gestational period was 40.5 weeks (with an IQR
of 39–41.5 weeks), whereas for women with HC, it was 41 weeks (IQR, 39–42 weeks).

Each patient received the necessary information before enrollment, giving their signed,
written consent. This work was carried out in accordance with the ethical principles of
autonomy, beneficence, non-maleficence, and distributive justice, as well as the rules of
good clinical practice, the principles of the Declaration of Helsinki (2013), and the Oviedo
Convention, and it was approved by the Clinical Research Ethics Committee of the Central
University Hospital of Defense University of Alcalá (37/17) (1997).

2.2. Inclusion/Exclusion Criteria and Clinical Assessment

In this study, we included pregnant women aged >18 years old, with or without clinical
presentation of CVD in their lower limbs during the third trimester. Pregnant women were
excluded from this study if they presented: (1) Endocrine disorders (i.e., diabetes mellitus);
(2) high blood pressure (HBP); (3) a body mass index (BMI) ≥ 25 kg/m2; (4) Unhealthy or
toxicologic habits; (5) Active infectious or autoimmune diseases; (6) venous malformations;
(7) kidney, heart, or lung failure; (8) preeclampsia; (9) elevated liver enzymes and low
platelets (HELLP syndrome); (10) intrauterine growth restriction with a known cause;
(11) pathological lesions in the placenta or umbilical cord; and (12) Prior evidence of CVD.
In this trial, acetylsalicylic acid was not used to treat or prevent preeclampsia in elder
pregnant women.

Each woman’s clinical history was updated during the third trimester appointment,
and physical tests were completed. Eco-Doppler (Portable M-Turbo Eco-Doppler; SonoSite,
Inc., Bothell, WA, USA) operating at 7.5 MHz was used to analyze ultrasound images of
the lower limbs.

Regarding the sociodemographic features of the population under study, there were
no discernible differences between women with CVD and those without it in terms of the
number of pregnancies, which was 33 (53.2%) for those with CVD and 19 (36.5%) for those
without it (Table 1). Additionally, there were no statistically significant differences between
the two groups in terms of their clinical characteristics (gestational age, C-section delivery,
prior pregnancies and abortions, regularity of menstrual cycles, and sedentary occupation)
(Table 1).

Table 1. Demographic and clinical features. Healthy control, or HC, stands for chronic venous disease.

CVD (n = 62) HC (n = 52)

Median age (IQR), years 33 (22–40) 34 (27–41)
Median gestational age (IQR), weeks 40.5 (39–41.5) 41 (39–42)

C-section delivery, n (%) 12 (19.4) 9 (17.3)
Vaginal delivery, n (%) 50 (80.6) 43 (82.7)

CVD (CEAP), n (%)
CEAP 1 37 (59.7) 0 (0)
CEAP 2 21 (33.8) 0 (0)
CEAP 3 4 (6.5) 0 (0)

Previous pregnancies, n (%) 33 (53.2) 19 (36.5)
Previous abortions, n (%) 14 (22.6) 9 (17.3)

Regular menstrual cycles, n (%) 50 (80.6) 42 (80.7)
Sedentary profession, n (%) 41 (66.1) 40 (76.9)
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2.3. Tissue Samples Management

All 114 patients provided postpartum umbilical cord samples. After the placenta
was expelled, umbilical tissue biopsies were taken and used for immunohistochemical,
genetic, and molecular research. They were then divided into two sterile tubes, one of
which contained minimal essential medium (MEM; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) with 1% antibiotic/antimycotic (streptomycin, amphotericin B, and penicillin;
Thermo Fisher Scientific, Inc.), and the (Ambion; Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The samples were then processed in a sterile environment in a class II laminar
flow hood (Telstar AV 30/70 Müller 220 V 50 MHz; Telstar; Azbil Corporation Marunouchi,
Chiyoda-ku, Tokyo, Japan). After that, materials were kept for subsequent processing for
gene expression research in 1 mL of RNAlater® at −80 ◦C.

Erythrocytes were removed by washing and rehydrating preserved MEM samples
five times in antibiotic-free MEM. Following that, they were cut into 2 cm-long pieces
using a scalpel and fixed in F13 (a solution made up of 60% ethanol, 20% methanol, 7%
polyethylene glycol, and 13% distilled water), in accordance with protocols that have been
gathered [20]. Molds were then used to create samples with embedded paraffin. Thermo
Fisher Scientific, Inc., Waltham, MA, USA, used an HM 350 S rotary microtome to cut slices
that were 5 µm thick after the paraffin had set. They were then collected on glass slides that
had been coated with 10% polylysine to aid in the sections’ adhesion after being stretched
in a hot water bath.

2.4. Gene Expression Investigations Utilizing Quantitative PCR and Reverse Transcription
(RT-qPCR)

We first extracted RNA using the guanidinium thiocyanate-phenol-chloroform tech-
nique. The mRNA expression levels of particular genes can be studied using this technique.

Reverse transcription (RT) was used to create complementary DNA (cDNA) from
50 ng/µL of RNA samples. Each sample was combined with 4 µL of 0.25 µg/µL oligo-
dT solution (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and then placed in an
AccuBlock dry bath (Labnet International Inc., Edison, NJ, USA) at 65 ◦C for 10 min to
cause RNA denaturation. Following that, 10 µL of a reverse transcription mix containing
the following items was added to the samples on ice. The following ingredients are from
Thermo Fisher Scientific, Inc.: 2.8 µL of First Strand Buffer 5× (250 mM Tris-HCl at pH 8.3;
375 mM KCl:15 mM MgCl2); 1 µL of RT enzyme; 2 µL of 10 mM deoxyribonucleotide
triphosphate; 2 µL of 0.1 M dithiothreitol; 1.7 µL of DNase and RNase free water; 0.5 µL of
RNase inhibitor (RNase Out).

Using a G-Storm GS1 thermocycler, reverse transcription was carried out (G-Storm
Ltd., Middlesbrough, UK). In order to promote cDNA synthesis, the samples were subse-
quently incubated at 37 ◦C for one hour and fifteen minutes. After that, the temperature
was raised to 70 ◦C and maintained there for 15 min, denaturing the reverse transcriptase.
The temperature was then gradually decreased to 4 ◦C. In RNA samples, where the M-MLV
RT enzyme was substituted with DNase- and RNase-free water, negative reverse transcrip-
tion was likewise carried out to guarantee the lack of genomic DNA contamination. cDNA
made at room temperature was diluted 1:20 in water devoid of DNase and RNase and kept
at −20 ◦C until needed.

Via the Primer-BLAST and AutoDimer online programs, specific primers for the cho-
sen genes (Table 2) were created from scratch. To standardize the findings, the constitutively
expressed TATA-box binding protein (TBP) gene was employed as a control. The propor-
tional amounts of mRNA were used to express the gene expression units. The relative
standard curve method was used to conduct RT-qPCR using a StepOnePlusTM System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The following was the outcome of the
reaction: 5 µL of sample—mixed at 1:20 with 10 µL iQ™ SYBR® Green Supermix (Bio-Rad
Laboratories, Hercules, CA, USA)—was mixed with 1 µL for each forward and reverse
primers, and 3 µL of DNase and RNase-free water, which were then added to a MicroAmp®

96-well plate (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
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Table 2. Primer sequences used in RT-qPCR and temperature (Tm).

Gene Sequence Fwd (5′→3′) Sequence Rev (5′→3′) Temp

TBP TGCACAGGAGCCAAGAGTGAA CACATCACAGCTCCCCACCA 60 ◦C
AIF-1 TGAAAACCCTCCAGTCAGCG GTCAGGGTAGCTGAACGTCT 60 ◦C

IL-12A GCACAGTGGAGGCCTGTTTA GCCAGGCAACTCCCATTAGT 60.2 ◦C
IL-18 GCTGAAGATGATGAAAACCTGGA GAGGCCGATTTCCTTGGTCA 59.5 ◦C
IL-10 TGCTCTTGCAAAACCAAACCA GGGAGGTCAGGGAAAACAGC 60 ◦C

The following thermocycling conditions were used: initial denaturation for 10 min
at 95 ◦C, denaturation for 15 s at 95 ◦C, annealing at different temperatures depending on
the melting temperature of each primer pair for 30 s, and elongation at 72 ◦C for 1 min, for
40 to 45 cycles. Then, a dissociation curve was produced for 15 s at 95 ◦C, 1 min at 60 ◦C,
15 s at 95 ◦C, and 15 s at 60 ◦C. At the conclusion of each repeat cycle (amplification), as
well as at other points throughout the dissociation curve, fluorescence was detected.

The information gathered from the aforementioned genes was included in a standard
curve that was created through serial dilutions of a mixture of materials that were added to
each plate in accordance with the constitutive expression of TBP (as per the manufacturer’s
guidelines). All umbilical cord tissue samples underwent two rounds of this RT-qPCR.

2.5. Immunohistochemical Studies

The samples that were kept in MEM were sliced into pieces and kept in various
fixatives, including F13 (60% ethanol, 20% methanol, 7% polyethylene glycol, and 13%
distilled water), after being repeatedly washed and hydrated with antibiotic-free medium
to remove blood cells. The samples were dried in accordance with established procedures
after being fixed for the required amount of time in each fixing solution.

According to the following procedure, the antigen–antibody reaction was detected
using the ABC (avidin-biotin complex) method with peroxidase or alkaline phosphatase
as the chromogen: (1) incubation with the main antibody; (2) washing three times with
1 PBS for five minutes each; (3) blocking of non-specific binding sites with 3% bovine
serum albumin (BSA) in PBS for thirty minutes at room temperature; (4) incubating the
primary antibody (Table 3) diluted in 3% BSA and PBS for an overnight period at room
temperature; (5) rinsing three times with PBS for five minutes each; (6) incubating the
secondary antibody coupled with biotin and diluted in PBS for one hour and thirty min-
utes at room temperature; (7) rinsing three times with PBS for five minutes each; and
(8) incubating the avidin-peroxidase conjugate ExtrAvidin®-Peroxidase (Sigma-Aldrich,
St. Louis, MO, USA) (diluted 1/200 in PBS for 60 min at room temperature); (9) 3 PBS
rinses, each lasting 5 min; (10) Development was performed using the DAB Kit, SK-4100, a
diaminobenzidine chromogenic substrate (Vector Laboratories, Burlingame, CA, USA). The
chromogenic substrate was made up of 5 mL of distilled water, 2 drops of buffer, 4 drops of
DAB, and 2 drops of hydrogen peroxide just before exposure; this method leaves a dark
stain. Furthermore, the following was conducted: (11) stopping the reaction by rinsing
three times in distilled water for five minutes each; (12) staining the nuclei with Carazzi
haematoxylin for five to fifteen minutes to get contrast; (13) washing in running water for
ten minutes; and (14) mounting in aqueous medium with plasdone. Sections of the same
tissue were used in all immunohistochemical experiments as a negative control, wherein
blocking solution incubation took the place of the primary antibody’s incubation.
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Table 3. Primary and secondary antibodies used and their dilutions.

Antigen Species Dilution Provider Protocol Specifications

AIF-1 Goat
polyclonal 1: 500 Abcam

(ab5076)
EDTA pH = 9 before incubation with

blocking solution

IL-12A Rabbit monoclonal 1:100 Abcam (ab131039) EDTA pH = 9 before incubation with
blocking solution

IL-18 Rabbit monoclonal 1:250 Abcam (ab243091) 10 mM Sodium citrate pH = 6 before
incubation with blocking solution

IL-10 Rabbit Polyclonal 1:100 Abcam (ab217941) 100% Triton 0.1% in PBS, 10 min, before
incubation with blocking solution

IgG
(Rabbit) Mouse 1:1000 Sigma-Aldrich

(RG-96/B5283) ------

IgG
(Goat) Mouse 1:100 Sigma-Aldrich

[GT- 4/B3148] ------

2.6. Statistical and Microscopical Determination

The IRS-Score method was conducted to evaluate five sections and ten fields for each
patient in the designated groups [29]. The preparations were inspected using a Zeiss Axiophot
optical microscope with an AxioCam HRc digital camera (Carl Zeiss, Jena, Germany).

The Mann–Whitney U test was used in the statistical study using the GraphPad Prism®

6.0 (San Diego, CA, USA) program. When appropriate, we used Fisher’s exact or Pearson’s
chi-squared tests if the research variables were not quantitative. In order to represent the
statistics, the mean and interquartile range are used. The thresholds for significance were
p = 0.05 (*), p = 0.01 (**), and p = 0.001 (***).

3. Results
3.1. The Umbilical Cord of Women with Chronic Venous Disease during Pregnancy Exhibit
Increased Allograft Inflammatory Factor (AIF-1) Expression

Firstly, gene and protein expression of AIF-1 was studied in the umbilical cord of
women with CVD. Our results report that there is a statistically significant increase in AIF-1
gene expression in the umbilical cord tissue of pregnant women with CVD (Figure 1A;
CVD = 9.001 ± 3.661, HC = 6.347 ± 2.170, *** p = 0.0002). Similarly, the umbilical cord of
women with CVD displayed a significant augmentation in protein expression of AIF-1,
according to histological analysis (Figure 1B; CVD = 2.226 ± 0.612, HC = 1.163 ± 0.512,
*** p < 0.001). Regarding histopathological images, women with CVD had significantly more
AIF-1 protein expression in both the umbilical artery and umbilical vein (Figure 1C–F).

3.2. The Umbilical Cord of Women with Chronic Venous Disease during Pregnancy Display a
Greater Expression of the Proinflammatory Cytokines IL-12A and IL-18

We then explored the gene and protein expression of the proinflammatory cytokines
IL-12A and IL-18 in the umbilical cord. When compared to HC, women with CVD
had significantly increased levels of IL-12A gene expression in this tissue (Figure 2A;
CVD = 7.502 ± 3.541, HC = 5.919 ± 2.840, * p = 0.0397). When the umbilical cord of women
with CVD were subjected to a histological analysis, this significant raise was also defined
(Figure 2B; CVD = 1.863 ± 0.720, HC = 1.596 ± 0.534, * p = 0.0341). Histological images
show that the expression of IL-12A is higher in the CVD group in both the umbilical artery
and umbilical vein when compared to HC (Figure 2C–F).
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to the aventitia (black arrows). CVD = Newborns of women diagnosed with chronic venous disease
during pregnancy. HC = Control without venous pathology. p < 0.001 (***).
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Figure 2. (A) mRNA expression levels for IL-12A by RT-qPCR in the umbilical cord. (B) Levels of
IRS-SCORE of IL-12A protein expression in the umbilical cord. For both the umbilical artery (C,E) and
umbilical vein (D,F), increased expression of IL-12 is more marked in the tunica intima and media
when compared to the aventitia (black arrows). CVD = Newborns of women diagnosed with chronic
venous disease during pregnancy. HC = Control without venous pathology. p = 0.05 (*).
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Regarding IL-18, we observed that the gene expression of this marker in the umbilical
cord was significantly increased in the CVD group when compared to HC (Figure 3A;
CVD = 6.825± 2.535, HC = 5.349± 2.522, ** p = 0.0036). For protein expression, a significant
increase of IL-18 was also observed in the CVD group (Figure 3B; CVD = 2.032 ± 0.658,
HC = 1.798 ± 0.467, * p = 0.0231). Histologically, the increased protein expression of this
marker was reported in in both the umbilical artery and umbilical vein of women with
CVD (Figure 3C–F).
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Figure 3. (A) mRNA expression levels for IL-18 by RT-qPCR in the umbilical cord. (B) Levels of
IRS-SCORE of IL-18 protein expression in the umbilical cord. (C–F) Images showing the immunohis-
tochemistry of IL-18 in the umbilical cord, including umbilical artery and vein. CVD = Newborns of
women diagnosed with chronic venous disease during pregnancy. HC = Control without venous
pathology. p = 0.05 (*), p = 0.01 (**).

3.3. The Umbilical Cord of Women with Chronic Venous Disease during Pregnancy Show a
Marked Reduction in the Expression of the Anti-Inflammatory Cytokine IL-10

Finally, we explored the gene and protein expression of the anti-inflammatory cytokine
IL-10 in the umbilical cord of women with CVD. Our results show a decreased gene expres-
sion of this cytokine in this tissue in comparison to the HC (Figure 4A; CVD = 3.272 ± 1.500,
HC = 5.800 ± 1.947, *** p < 0.001). In the case of protein expression, a significant de-
crease of IL-10 was also observed in the CVD group (Figure 4B; CVD = 1.339 ± 0.606,
HC = 2.202 ± 0.628, *** p < 0.001). Histologically, the increased protein expression of this
marker was reported in both the umbilical artery and umbilical vein of the HC, in compari-
son to those affected with CVD (Figure 4C,D).
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Figure 4. (A) mRNA expression levels for IL-10 by RT-qPCR in the umbilical cord. (B) Levels
of IRS-SCORE of IL-10 protein expression in the umbilical cord. (C–F). As shown, for both the
umbilical artery and vein, an increased IL-10 expression is observed in the perivascular Wharton’s
jelly, although for the umbilical artery there is also a notable expression in the intima and media
layer (C,E, black arrows) Images showing the immunohistochemistry of IL-10 in the umbilical cord.
CVD = Newborns of women diagnosed with chronic venous disease during pregnancy. HC = Control
without venous pathology. p < 0.001 (***).

4. Discussion

In this work, we demonstrated an increased gene and protein expression of AIF-1,
IL-12A and IL-18 in the umbilical cords of pregnant women with CVD. Similarly, a sig-
nificant decrease in the expression of IL-10 is also reported in these subjects. It is not
clear whether inflammation is caused by CVD or instead, CVD is partly consequence
of inflammation. Even, the different hemodynamical, hormonal and mechanical factors
associated with CVD might also relate to inflammation, and both can be a consequence of
them. However, it is more plausible that all these factors are connected, as according to
previous evidence, the inflammatory response is essential in the onset and development of
CVD, and in turn, increased levels of tissue and systemic proinflammatory markers are
directly associated with CEAP severity [4,30]. Howsoever, we previously evidenced that
CVD during pregnancy is associated with an increased proinflammatory status observed
in the serum of the mother and newborns, as well as damage in maternofetal structures,
such as the umbilical cord [14,31,32]. Furthermore, the pathogenic environment related
to CVD can affect both the mother and the fetus [33,34], thus demonstrating the need of
additional studies evaluating this complex association.

AIF-1 is a 17 kDa cytosolic protein that binds calcium and actin, acting as a scaf-
fold/adaptor protein. The AIF-1 gene is situated in the MHC class III region, close to
the TNF-α, TNF-β, and NF-κB, complement cascade protein genes, and surface glyco-
protein genes [27]. The relevance of AIF-1 in multiple diseases has been demonstrated
broadly [35]. AIF-1 exert a critical immunomodulatory action, boosting the expression of
many inflammatory mediators and favor macrophage and vascular smooth muscle cell
proliferation and migration [36]. The role of AIF-1 in the umbilical cord has been poorly
studied. Nevertheless, Jia et al. [37] demonstrated that the increased AIF-1 expression by
human umbilical vein endothelial cells (HUVECs) enhanced the proliferation and migra-
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tion of these cells, which could promote angiogenesis probably through augmenting the
expression of basic fibroblast growth factor (bFGF). An increased angiogenesis has been
reported in the placenta of women with CVD [38], and even though this process has not
been studied in the umbilical cord yet, the increased expression of AIF-1 could be involved
in this process, although further studies should be aimed to explore this relationship. In
the same line, previous works have evidenced that AIF-1 can stimulate the expression
of inducible nitric oxide synthase (iNOS) [39]. An enhanced iNOS expression has been
previously identified in the umbilical cord of pregnant women with CVD [22], suggesting a
potential pathogenic association between AIF-1 and iNOS in these patients.

Previous works have found that an inflammatory environment activates AIF-1 [40]. In
turn, AIF-1 seems to enhance the production of several proinflammatory cytokines and
chemokines [41]. We previously evidenced a significant upregulation of many proinflam-
matory cytokines in the sera and maternofetal tissues from pregnant women with CVD
and their newborns, which could be tightly linked to AIF-1 upregulation [14,31]. In this
study, we also observed an increase in the proinflammatory cytokine IL-12A in the plasma
of newborns with CVD, along with a decrease in the anti-inflammatory cytokine IL-10 [14].
However, the tissue expression of these cytokines in the umbilical tissue of these cytokines
had not been studied before. In our study, we observe the same results in the umbilical
cord of women with CVD, along with an increase in the expression of IL-18.

IL-12 is a heterodimeric proinflammatory cytokine formed by IL-12A (p35) and IL-12B
(p40) subunits, belonging to the IL-12 family together with IL-23, IL-17, and IL-35 [42]. IL-12
is produced by B cells, dendritic cells, and macrophages, and it is involved in interferon
gamma (IFN-γ) production, T cell differentiation, and function [43], having also been
related to pathogenic Th1 differentiation [44]. IL-12 is also associated with an imbalance
in Th1/Th2 cells. This imbalance has been associated with pregnancy complications,
such as recurrent spontaneous abortion, obstetric complications, and poor pregnancy
outcomes [45]. The relevance of increased IL-12 levels had also observed similar alterations
in pregnant women with severe pre-eclampsia [46]. It is likely that high levels of IL-12
could be associated with pathological conditions such as CVD, although here we have
only evidenced an increased expression of IL-12A subunit. Thus, further works should
corroborate our results and clarify the mechanisms involved in its dysregulation, and its
maternal and fetal consequences.

IL-18 is a pro-inflammatory cytokine that belongs to the IL-1 family [47]. Originally, it
was called the IFN-γ inducing factor, given its involvement in inducing the production of
IFN-γ in Th1 lymphocytes without specifying the interaction with the TCR receptor [48].
The binding of IL-18 with its receptor is involved in the signaling and activation of the
MAPK and NF-kB pathways [48]. Various types of immune and non-immune cells are
able to express this cytokine [47,48]. In turn, its relationship with the type 2 immune
response has also been demonstrated, by inducing the production of IL-13, being implicated
in allergic diseases and in other processes, such as sepsis, inflammatory bowel disease,
acute kidney injury and autoimmune diseases, i.e., juvenile idiomatic arthritis or systemic
lupus erythematosus [47,49]. Likewise, IL-18 is related to the so-called inflammasome: a
cytoplasmic multimeric protein complex which cleaves the inactive precursors of IL-1β
and IL-18 into bioactive cytokines under inflammatory conditions [50]. Given its role in
innate and acquired immunity, the increase in the expression of IL-18 at the level of the
umbilical cord could have maternal–fetal implications. IL-18 is expressed at the maternal–
fetal interface at the chorion and decidua levels [51] Increased expression at this level
has been associated with an increased risk of preterm delivery [51], as well as recurrent
spontaneous abortion [52]. Studies on pre-eclampsia, objectify an increase of IL-18 in serum
and placenta compared to control healthy women [53], probably as part of the exacerbated
inflammatory response that is part of the pathogenesis of preeclampsia. These changes
in the expression of IL-18 in the umbilical cord of newborns with CVD, therefore, reflect
an increase in the inflammatory response in CVD, although more studies are necessary to
clarify its role and maternofetal repercussions.
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Finally, we also demonstrated a decrease in the gene and protein expression of the
anti-inflammatory IL-10. Additionally, in previous studies, we have reported decreased
levels of anti-inflammatory cytokines IL-4, IL-10, and IL-13 in the serum of mothers with
CVD and their newborns [14]. IL-10 is a cytokine with a decisive anti-inflammatory
role [54,55]. It is secreted by different types of immune cells, mediating tolerance responses
and regulatory T-cell responses [54,55] and it produces inhibition of IL-2 and interferon-
gamma [56]. This cytokine exerts contrary effects to TNF-α. Previous studies have found
that a concomitant reduction in IL-10 levels, with augmented TNF-α, might be related
to pathological inflammation [57]. However, deficiencies in IL-10 have been associated
with a plethora of pregnancy-related disorders, including infertility, spontaneous abortion,
fetal growth restriction, preterm birth, preeclampsia, gestational hypertension [14,58]
and also with CVD. Additionally, some studies have observed that decreased cord blood
levels of IL-10 in newborns with a birth weight greater than the 95th percentile, born to
healthy mothers without gestational pathology, establishes an inverse correlation between
IL-10 levels and birth weight [59]. Additionally, some studies suggest that low levels of
venous cord blood IL-10 are associated with an increased risk of suffering moderate or
severe bronchopulmonary dysplasia in small, gestational age, preterm newborns [60]. The
decreased expression of this cytokine in the umbilical cord of women with CVD is reflective
of the inflammatory status associated with this condition in pregnancy. However, how this
decrease affects the fetus and newborn in CVD remains to be clarified.

5. Conclusions

Inflammation is a common biological mechanism with essential functions for preg-
nancy development, although an exacerbated inflammatory milieu is a major characteristic
of many obstetric complications. CVD is a condition associated with proinflammatory
changes in pregnancy that affect maternofetal structures like the placenta and the umbilical
cord. In this work, we have shown for the first time the existence of a significant increase in
the gene and protein expression of AIF and cytokines IL-18 and IL-12, with a decrease of
IL-10 in the umbilical cords of newborns whose mothers had gestational CVD. Alterations
at the level of the umbilical cord are closely related to fetal programming, and thus, impact
newborn health at birth and in later childhood. Further efforts are needed to analyze the
maternal–fetal impact of these findings, in addition to the possible prognostic value of these
markers, which may help in the early detection and diagnosis of CVD and its potential
complications in the fetus and newborn.
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