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Abstract 

Chronic venous disease (CVD) is a complex and common vascular disorder characterized by increased blood 
pressure and morpho-functional changes in the venous system like varicose veins. Pregnancy is one of the main 
risk factors for suffering from this condition. Despite the consequences of CVD during pregnancy remains to be 
fully understood, compelling evidence support that this condition represents an important stress for the 
mother and the fetus, leading to significant histopathological changes in the placenta. Tetraspanins (CD9, CD63, 
and CD81), ALG-2-interacting protein X (Alix), and heat-shock protein (HSP-70) are cellular components 
involved in multiple biological processes under homeostatic and disease conditions. Despite some studies that 
have evidence of their relevance in the placenta tissue and pathological pregnancies, there is limited knowledge 
regarding their role in pregnancy-associated CVD. In this sense, the present work aims to analyze gene and 
protein expression of these components in the placenta of women with CVD (n=62) in comparison to healthy 
women (n=52) through RT-qPCR and immunohistochemistry, respectively. Our results show an increased 
gene and protein expression of the different studied markers, suggesting their potential involvement in the 
pathological environment of the placenta of women who undergo CVD during pregnancy. In this sense, further 
studies should be directed to deep into the potential implications of these changes to understand the effects 
and consequences of this condition in maternofetal wellbeing. 

Keywords: Chronic venous disease (CVD); Pregnancy; placenta; Tetraspanins; ALG-2 interacting protein (ALIX); Heat shock 
protein 70 (HSP-70) 

1. Introduction 
Chronic venous disease (CVD) is a complex 

vascular disorder involving a profound remodeling of 
the venous system responsible for ambulatory venous 

hypertension, being varicose veins (VVs) its most 
common manifestation [1,2]. CVD affects an 
important percentage of the population in 
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Westernized societies, representing a notable 
socioeconomic burden, especially in its advanced 
stages [3]. Pregnancy is one of the main risk factors 
related to CVD, and according to epidemiological 
data, approximately 1 in 3 women might present signs 
of CVD during pregnancy, while the risk of suffering 
from this condition increases progressively with the 
number of pregnancies [4]. CVD in pregnancy is 
related to various hormonal, mechanical, and 
hemodynamical changes that occur in this period. In 
more detail, mechanical compression of the enlarged 
uterus with consequent hypertension in the lower 
limb veins, distension, and valve damage, seems to 
obstruct pelvic venous outflow, which together with 
the role of pregnancy-related hormones and the 
development of the fetus promotes the onset of CVD 
[5–8].  

Precise clinical and biological consequences of 
CVD during pregnancy remain to be fully described. 
Up to date, it is known that suffering from this 
condition in pregnancy is associated with intrapartum 
fetal compromise [9] and a proinflammatory switch 
on circulating cytokines and chemokines in both 
pregnant women and their newborns [10], along with 
evidence of damage and compromise in maternofetal 
structures [11]. The placenta seems to be an organ 
particularly affected during CVD, presenting 
significant functional and structural alterations 
[12,13]. The placenta fulfills multiple roles during 
pregnancy, playing a key role in the maternofetal 
exchange and communication [14–16]. Thus, 
deepening the pathophysiological implications of 
CVD in the placenta is essential to gain further 
insights into the role of this condition in maternofetal 
well-being.  

Tetraspanins (CD9, CD63 and CD81) are a family 
of proteins with pleiotropic functions in cell biology 
and physiology. For instance, it has been described its 
role in regulating the function and/or trafficking of 
their partner proteins at the cell membrane, as well as 
in immunomodulation or as important markers of 
extracellular vesicles (EVs) [17]. ALG-2-interacting 
protein X (Alix) is another protein involved in the 
modulation of several biological processes such as 
apoptosis endocytic membrane trafficking and cell 
adhesion, whereas the chaperone heat-shock protein 
(HSP-70) also participates in a wide range of 
homeostatic processes by controlling proteostasis 
[18,19]. An altered detection of tetraspanins ALIX, or 
HSP-70 has been demonstrated in maternofetal 
structures and extracellular vesicles of women under 
pathological pregnancies [20–22]. However, there is a 
lack of studies evaluating the expression of these 
markers in the placenta of women with CVD. 
Therefore, the present study aims to evaluate gene 

and protein expression of tetraspanins, ALIX, and 
HSP-70 in the placentas of women with CVD by 
performing real-time quantitative PCR (RT-qPCR) 
and immunohistochemistry (IHC), respectively.  

2. Patients and methods 
2.1 Experimental design  

In the current research, 114 pregnant women in 
their third trimester participated in an observational, 
analytical, prospective study. 62 women with a 
clinical diagnosis of CVD according to the CEAP 
classification [23]and 52 women without a history of 
CVD (referred to as HC) were included. The median 
age for the CVD group was 33 years old, and the 
interquartile range (IQR) was 22–40 years. In parallel, 
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), 
and for women with HC, it was 41 weeks. (IQR, 39–42 
weeks). 

During the third-trimester consultation, each 
woman's clinical history was updated, and physical 
examinations were finished. In order to examine 
ultrasound pictures of the lower extremities, 
Eco-Doppler (Portable M-Turbo Eco-Doppler; 
SonoSite, Inc., Bothell, WA, USA) operating at 7.5 
MHz was employed. Our study included women over 
the age of 18 who had CVD (CEAP 1) in their lower 
limbs during the third trimester. Women who had 
previously displayed any of the conditions listed 
below were not included:: (1) arterial hypertension; 
(2) venous malformations; (3) heart failure; (4) BMI of 
less than 25; (5) clinical diagnosis of type 1/type 
2/gestational diabetes mellitus or other endocrine 
diseases; (6) autoimmune diseases; (7) active 
infectious processes; (8) Preeclampsia and/or HELLP 
syndrome, (9) fetal growth restriction from known 
causes, (10) placental infarction, (11) avascular villi, 
(12) delayed villus maturation, (13) chronic villitis, 
(14) habitual alcohol, tobacco, or drug use (1 
unit/day), (15) evidence of cardiovascular disease 
before pregnancy, and (16) the emergence of any 
exclusion criteria up until delivery. 

Each patient received the necessary informed 
consent before enrollment, giving their signed, 
written permission. This work was carried out 
following 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 (1997), and it was approved 
by the Clinical Research Ethics Committee of the 
Central University Hospital of Defense University of 
Alcalá (03-37/17 on 3 March 2017). 
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2.2 Tissue Collection and Processing 
Postpartum placental biopsies were given by all 

114 subjects. A scalpel was used to cut five pieces of 
placenta from each patient's sample, each of which 
included a variety of mixed cotyledons. They were 
then divided into two sterile tubes, one containing 
RNAlater® solution (Ambion; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), and the other 
containing minimal essential medium (MEM; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) with 1% 
antibiotic/antimycotic (streptomycin, amphotericin B, 
and penicillin; Thermo Fisher Scientific, Inc.). After 
that, the samples were processed in a class II laminar 
flow hood (Telstar AV 30/70 Müller 220 V 50 MHz; 
Telstar; Azbil Corporation) under sterile conditions. 
Following that, samples were stored to be processed 
later for a study of gene expression in 1 mL of 
RNAlater® at -80 °C. 

After that, 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 with a scalpel and fixed 
in F13 (a solution made up of 60% ethanol, 20% 
methanol, 7% polyethylene glycol, and 13% distilled 
water), following procedures that have been gathered 
[12]. Molds were then used to create 
paraffin-embedded samples. We used an HM 350 S 
rotary microtome to cut slices that were 5 µm thick 
after the paraffin had solidified (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). They were then 
gathered on glass slides that had been treated with 
10% polylysine to aid in the sections' adhesion after 
being stretched in a hot water bath. 

2.3 Studies on Gene Expression Using 
Quantitative PCR and reverse transcription 
(RT-qPCR) 

As reported in earlier studies [24], we first 
extracted RNA using the guanidinium 
thiocyanate-phenol-chloroform method. The mRNA 
expression amounts of particular genes can be studied 
using this technique. 

Reverse transcription (RT) was used to create 
complementary DNA (cDNA) from 50 ng/L 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 put in an 
AccuBlock dry bath (Labnet International Inc., Edison, 
NJ, USA) at 65 °C for 10 minutes to cause RNA 
denaturation. Following that, 10 µL of a reverse 
transcription mix comprising the following items was 
added to the samples on ice. 

Reverse transcription was done using a G-Storm 
GS1 thermocycler (G-Storm Ltd., Middlesbrough, 
UK). The samples were then heated for one hour and 

fifteen minutes at 37 °C to encourage cDNA synthesis. 
The reverse transcriptase was then denaturized by 
raising the temperature to 70 °C and holding it there 
for 15 minutes. The temperature was thereafter 
gradually lowered to 4 °C. Negative reverse 
transcription was equally performed in RNA samples 
where the M-MLV RT enzyme was swapped out for 
DNase- and RNase-free water to ensure the lack of 
genomic DNA contamination. When not in use, 
cDNA produced at room temperature was diluted 
1:20 in water free of DNase and RNase. 

Through the Primer-BLAST and AutoDimer 
online tools, specific primers for the chosen genes 
(Table 1) were designed de novo [25,26]. To 
standardize the findings, the constitutively expressed 
TATA-box binding protein (TBP) gene was used as a 
control [27]. The proportional amounts of mRNA are 
used to express the gene expression units. The relative 
standard curve technique was used to conduct 
RT-qPCR on a StepOnePlusTM System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The 
following was the outcome of the reaction: Forward 
and reverse primers, as well as 3 µL of DNase and 
RNase-free water, were combined with 5 µL of 
material and 10 µL of iQTM SYBR® Green Supermix 
(Bio-Rad Laboratories, Inc. Hercules, California, USA) 
at a ratio of 1:20 before being added to a MicroAmp® 
96-well plate. (Applied Biosystems; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The following 
thermocycling conditions were used: initial denatura-
tion for 10 minutes at 95 °C, denaturation for 15 
seconds at 95 °C, annealing at different temperatures 
depending on the melting temperature of each primer 
combination for 30 seconds, and elongation at 72 °C 
for 1 minute, for 40 to 45 cycles. Then, a dissociation 
curve was created for 15 seconds at 95 °C, 1 minute at 
60 °C, 15 seconds at 95 °C, and 15 seconds at 60 °C. 
After each repetition cycle (amplification), as well as 
at various points along 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 samples that were added to 
each plate by the constitutive expression of TBP (as 
per the manufacturer's procedures). All placenta 
tissue samples underwent two rounds of this 
RT-qPCR. 

2.4 Immunohistochemical analysis 
For the detection of antigen/antibody interact-

ions, avidin-biotin complexes with avidin peroxidase 
were used [13]. Placenta samples embedded in 
paraffin underwent immunohistochemical investiga-
tions. The protocol requirements include information 
about the antibodies used (Table 2). The primary 
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antibody was incubated with placental samples for 1.5 
hours. It was then treated with 3% BSA Blocker and 
PBS at 4 °C overnight (cat. no. 37,525; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The following 
day, placental samples were incubated for 1.5 hours at 
room temperature with a biotin-conjugated secondary 
antibody that had earlier been diluted in PBS. 
ExtrAvidin®-Peroxidase (Sigma-Aldrich; Merck 
KGaA, San Luis, MO, USA) was then added and 
allowed to sit at room temperature for an additional 
hour (1:200 dilution in PBS). The protein expression 
was lastly assessed using chromogenic diamino-
benzidine (DAB) substrate kit (cat. no. SK-4100; 
Maravai LifeSciences, San Diego, CA, USA). This kit 
was prepared immediately before (5 mL distilled 
water; four drops of DAB; two drops of hydrogen 
peroxide and two drops of buffer). 

 

Table 1. Primers used for RT-qPCR: sequences and binding 
temperatures (Temp). 

GENE SEQUENCE Fwd (5´→3´) SEQUENCE Rev (5´→3´) Tem
p 

TBP TGCACAGGAGCCAAGAGTG
AA 

CACATCACAGCTCCCCACCA 60ºC 

CD9 CACCGTGAAGTCCTGTCCTG CTAGACCATCTCGCGGTTCC 55OC 
CD63 CAGCCTTGGGAAGCCCAG AGCCCCCTGGATTATGGTCT 60OC 
CD81 AATTTCGTCTTCTGGCTGGC

T 
CCCGTCTCCACTCATACACG   61OC 

ALIX TCCAGCAGACTTACCCAAG
C 

CAGGGAACACCTCCTGGAAAT
AA 

60OC 

HSP-7
0 

AGCTGGAGCAGGTGTGTAA
C 

CAGCAATCTTGGAAAGGCCC    59OC 

 
 
The signal was detectable as dark stains after 

using the peroxidase chromogenic substrate for 15 
min at room temperature. Negative controls for the 
various proteins were given to each section, swapping 
out the primary antibody incubation for a PBS 
solution. To produce contrast in all tissues, Carazzi 
hematoxylin was applied for 15 minutes.  

For each patient in the HC and CVD groups, a 
total of 10 areas of view in 5 distinct sections were 
examined at random. According to the 
immunoreactive score (IRS), which was established in 
earlier research [28,29], a patient was classified as 
positive if the stained mean area in the studied sample 
was less than 5% of the total. Two independent 
histologists assessed the immunostaining, and each 
sample was then graded according to the following 
scale: In order from 0 to 1, there is minimal staining 
(25%), intermediate staining (25–65%), and strong 
staining (65–100%). The tissue analysis was done 
using a Zeiss Axiophot optical microscope (Carl Zeiss, 
Oberkochen, Germany). 

 

Table 2. Primary and secondary antibodies. 

Antigen Species Dilution Provider Protocol Specifications 
Primary 
antibodies 

    

CD9 Rabbit 
monoclonal 

1:500 Abcam  
( ab236630) 

100% Triton 0.1% in PBS, 
10 minutes, before 
incubation with blocking 
solution 

CD63 Mouse 
monoclonal 

1:1500 Abcam  
(ab1318) 

100% Triton 0.1% in PBS, 
10 minutes, before 
incubation with blocking 
solution 

CD81 Mouse 
monoclonal 

1:250 Abcam (ab79559) EDTA pH=9 before 
incubation with blocking 
solution 

ALIX Rabbit 
polyclonal 

1:100 Abcam (ab76608) EDTA pH=9 before 
incubation with blocking 
solution 

HSP-70 Mouse 
monoclonal 

1:100 Abcam  
(ab2787) 

EDTA pH=9 before 
incubation with blocking 
solution 

Secondary 
antibodies 

    

Rabbit IgG  Mouse 1:1000 Sigma-Aldrich 
(RG-96/B5283) 

------ 

Mouse IgG  Goat 1:300 Sigma-Aldrich 
(F2012/045K6072) 

------ 

 
 

2.5 Statistical Analysis 
The GraphPad Prism® v6.0 software (GraphPad, 

Inc., San Diego, CA, USA) was used to process the 
statistical data. The median and standard error of the 
mean (SEM) are used in the Mann-Whitney U test to 
compare the two groups. The thresholds for 
significance were set at p<0.05 (*), p<0.01 (**), and 
p<0.001 (***). 

3. Results 
3.1 Women with chronic venous disease 
during pregnancy exhibit increased expression 
of tetraspanins (CD9, CD63, and CD81) in the 
placenta 

Firstly, we evaluated the gene and protein 
expression of tetraspanins (CD9, CD63 and CD81) in 
the placenta of women with CVD. According to our 
findings, there is a statistically significant increase in 
CD9 gene expression in the placental tissue of 
pregnant women who have CVD [Figure 1A; CVD = 
11.838 ± 5.466, HC = 6.641 ± 2.509, ***p=0.0003] The 
placental villi of women with CVD displayed a 
significant rise in protein expression of CD9, 
according to histological analysis [Figure 1B; CVD = 
2.065 ± 0.609, HC = 1.405± 0.490, ***p=0.0007]. 
Regarding histopathological images, women with 
CVD had significantly more CD9 protein expression 
throughout the placental villi [Figure 1C, D]. 
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Figure 1. (A). CD9 mRNA expression in the HC group (healthy controls) and CVD patients (chronic venous disease) (B). Protein expression of CD9 based on IRS-Scores in the 
placenta villi of the HC and CVD group. (C, D). Images showing the immunostaining for CD9 in the placenta villi of the CVD group and the HC group. p < 0.001 (***); p<0.01 
(**); p<0.05 (*). 

 
When compared to HC, women with CVD had 

significantly increased levels of CD63 gene expression 
in their maternal villi [Figure 2A; CVD = 9.742 ± 4.137, 
HC = 7.130 ± 1.662, **p=0.0082]. When the placental 
villi of women with CVD were subjected to a 
histological analysis this significant decline was also 
defined [Figure 2B; CVD = 1.891 ± 0.543, HC = 1.333 ± 
0.599, **p=0.0034]. Histological images show that the 
expression of CD63 is higher in the CVD group in the 
different structures of the placental villi when 
compared to HC [Figure 2C, D]. 

The same tendency was observed for CD81 
expression. We observed that the gene expression of 
this marker was significantly increased in the CVD 
group when compared to HC [Figure 3A; CVD = 9.739 
± 3.982, HC = 7.096 ± 1.443, *p=0.0213]. For protein 
expression, a significant increase of CD81 was also 
observed in the CVD group [Figure 3B; CVD = 1.739 ± 
0.449, HC = 1.333 ± 0.456, **p=0.0074]. Histologically, 

the increased protein expression of this marker was 
reported in the placenta of women with CVD 
throughout the chorionic villi [Figure 3C, D]. 

3.2 Women with chronic venous disease 
during pregnancy present augmented 
expression of ALIX in the placental tissue 

In the analysis of gene and protein expression of 
ALIX, we report an increased gene expression of this 
marker in the CVD group when compared to HC 
[Figure 4A; CVD = 18.699 ± 3.509, HC = 8.080 ± 3.144, 
***p<0.0001]. In the case of protein expression, a 
significant increase of ALIX was reported in the CVD 
group [Figure 4B; CVD = 2.565 ± 0.379, HC = 1.667 ± 
0.577, ***p<0.0001]. Histologically, the increased 
protein expression of this marker was equally 
observed throughout the placental villi of women 
with CVD [Figure 4C, D]. 
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Figure 2. (A). CD63 mRNA expression in the HC group (healthy controls) and CVD patients (chronic venous disease) (B). Protein expression of CD63 based on IRS-Scores in 
the placenta villi of the HC and CVD group. (C, D). Images showing the immunostaining for CD63 in the placenta villi of the CVD group and the HC group. p < 0.001 (***); p<0.01 
(**); p<0.05 (*). 

 
Figure 3.  (A). CD81 mRNA expression in the HC group (healthy controls) and CVD patients (chronic venous disease) (B). Protein expression of CD81 based on IRS-Scores 
in the placenta villi of the HC and CVD group. (C, D). Images showing the immunostaining for CD81 in the placenta villi of the CVD group and the HC group. p < 0.001 (***); 
p<0.01 (**); p<0.05 (*). 
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Figure 4. (A). ALIX mRNA expression in the HC group (healthy controls) and CVD patients (chronic venous disease) (B). Protein expression of ALIX based on IRS-Scores in 
the placenta villi of the HC and CVD group. (C, D). Images showing the immunostaining for ALIX in the placenta villi of the CVD group and the HC group. p < 0.001 (***); p<0.01 
(**); p<0.05 (*). 

 
 

3.3 Women with the chronic venous disease 
during pregnancy display greater gene and 
protein expression of HSP-70 in the placenta.  

Finally, we observed a statistically significant 
increase in HSP-70 gene expression in the placental 
tissue of pregnant women who have CVD [Figure 5A; 
CVD = 13.007 ± 5.090, HC = 7.387 ± 2.251, ***p<0.0001] 
The placental villi of women with CVD displayed a 
significant rise in protein expression of HSP-70, 
according to histological analysis [Figure 5B; CVD = 
1.630 ± 0.527, HC = 1.238 ± 0.436, *p=0.0175]. 
Regarding histopathological images, women with 
CVD had significantly higher HSP-70 protein 
expression throughout the placental villi [Figure 5C, 
D]. 

4. Discussion  
The placenta is a complex tissue with pleiotropic 

functions during gestation. This organ is crucial for 
ensuring pregnancy success, whereas alterations in 
this structure are tightly linked to different obstetric 
complications, including gestational CVD [14] in 
which several morpho-functional alterations have 
been described, with detrimental consequences for 
both the mother and fetus [9,10,13]. In this sense, our 
study reveals a possible pathophysiological role of an 
increased tissue and gene expression of tetraspanins 
(CD9, CD63 and CD81), ALIX and HSP-70 in the 
placenta of women affected by gestational CVD, 
aiding the potential implications of CVD during 
pregnancy.  
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Figure 5. (A). HSP-70 mRNA expression in the HC group (healthy controls) and CVD patients (chronic venous disease) (B). Protein expression of HSP-70 based on IRS-Scores 
for in the placenta villi of the HC and CVD group. (C, D). Images showing the immunostaining for HSP-70 in the placenta villi of the CVD group and the HC group. p < 0.001 (***); 
p<0.01 (**); p<0.05 (*). 

 
Tetraspanins are a family of proteins with 

pleiotropic functions in cell biology and physiology. 
These molecules associate specifically and directly 
with a limited number of proteins, and also with other 
tetraspanins, generating a complex network of 
interactions involved in cell and membrane 
compartmentalization [17]. Tetraspanins play a 
critical role in extracellular vesicle biogenesis, cargo 
selection, cell targeting, and cell uptake under both 
physiological and pathological obstetric conditions 
[30]. CD9, CD63 and CD81 are especially enriched in 
the membrane of exosomes, being commonly used as 
exosome biomarkers [30–32]. Compelling evidence 
supports the relevance of exosomes and other 
extracellular vesicles in physiological and patholo-
gical pregnancies, especially those derived from the 
placenta [33]. However, to date, there are no studies 
evaluating the relevance of placental-derived 
extracellular vesicles in women with CVD. An 
increased expression of tetraspanins might be used to 
encourage further studies in the quantification and 
characterization of extracellular vesicles in these 
patients, due to the multiple implications and 

translational applications derived from this field 
[34,35]. On the other hand, CD9, CD63, and CD81 
have a broad tissue distribution, and they are 
commonly found in plasma membrane. For this 
reason, despite being generally accepted as exosome 
markers, in certain cases, they cannot be used to 
discriminate them from other types of extracellular 
vesicles like microvesicles [31]. In this sense, our 
study reports an increase of classical extracellular 
vesicle markers, probably related to exosomes but 
certainly originated from the placenta of women 
suffering from CVD, as shown by histopathological 
techniques. CD9, CD63 and CD81 have been shown to 
play an important role in the placenta under 
physiological and pathological conditions, especially 
when found at extracellular vesicles [30,36]. For 
instance, CD9 seems to be essential in the process of 
trophoblast adhesion and invasion [37,38], whereas 
CD63 seems to exert some notable immunomodu-
latory functions [39]. Concomitantly, an overexpres-
sion of CD81 promotes pathological changes that 
occur in both the placenta and maternal endothelial 
cells, inducing a pre-eclampsia-like phenotype in 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1752 

pregnant rats [22]. The role of these markers in the 
placenta of women with CVD has not been 
established yet. But their increased presence may be 
an indicator of an increased exosome and extracellular 
vesicle production by the placenta in these patients, 
although further studies in this sense are strongly 
warranted.  

Alix is an accessory protein of the endosomal 
sorting complex required for transport (ESCRT), 
participating in several cellular functions such as 
endosome sorting, membrane fission, viral budding, 
cytokinesis, and apoptosis [40]. The interaction of 
ALIX with ESCRT makes this protein a major 
regulator of the biogenesis of extracellular vesicles 
and for determining their cargo [41–43]. The 
validation of ALIX as a marker of extracellular 
vesicles derived from the placenta has been 
demonstrated in previous works [33,44,45]. Apart 
from its relevance as an extracellular vesicle marker, it 
is of note that ALIX can be involved in the process of 
apoptosis due to its modulatory role on 
apoptosis-linked gene 2 (ALG-2) -a calcium-binding 
protein necessary for cell death- and other 
mechanisms [46]. Prior studies have evidenced that 
the placental villi of women with CVD present 
enhanced apoptosis in comparison to non-patho-
logical pregnancies [47]. Thus, it is likely that a higher 
expression of ALIX may be implicated in the 
apoptotic events that occurred in this tissue related to 
CVD.  

Finally, our study supports an increased HSP-70 
expression in the placenta of women with CVD. 
HSP70 is engaged in several cellular functions, 
including protein folding, transport, and degradation 
[48]. This protein is upregulated under stressful 
stimuli, such as heat, exercise, or pathological stress 
[49]. HSP70 has been demonstrated to be found in 
extracellular vesicles like exosomes and microvesicles, 
which indicates that it may be involved in their 
biogenesis, secretion, and function [50]. HSP70 
association with extracellular vesicles occurs at high 
levels under disease conditions, although they can 
also be translocated to the cell membrane or secreted 
in a soluble form [51]. Indeed, HSP70-containing 
extracellular vesicles have been linked to several 
normal and pathological processes, including 
immune system control or cancer development [52]. 
An increased expression of HSP-70 has been found in 
the placenta of women with pre-eclampsia, placental 
vascular diseases, and other pathological pregnancies 
[21,53,54]. An increased expression of cellular stress 
markers has been demonstrated in the placenta of 
women with CVD [55], Among the mechanisms of 
response orchestrated by HSP70 in maternofetal 
tissues, previous works have identified this protein as 

a prominent angiogenic factor [56]. In this sense, 
increased angiogenesis and lymphangiogenesis seems 
to be reported in the placenta of women with CVD 
[29,57]. Thus, our results suggest that the pathological 
environment of the placenta observed in women with 
CVD can be related to the enhanced HSP-70 
expression in this tissue, also suggesting a potential 
translocation into extracellular vesicles that remains 
to be further explored.  

Main limitations in our study include 1) the 
possibility of including a greater sample size to 
confirm our results or a broader number of markers 
related; 2) The need of correlating histopathological 
changes with possible clinical consequences observed 
in the mother and/or fetus; and 3) That we have not 
isolated and characterized extracellular vesicles in 
maternofetal fluids. Therefore, the possible presence, 
role and applications of placental-derived extra-
cellular vesicles in women with CVD remains to be 
determined and proven.       

5. Conclusions 
In the present article, we evidence an increased 

gene and protein expression of tetraspanins (CD9, 
CD63 and CD81), ALIX and HSP-70 in the placenta of 
women with CVD. This work gains further insights 
into the pathophysiological signatures of this 
condition in pregnancy, as well as the potential 
relevance of these markers in the placenta behavior 
and function. Because of the association of these 
markers with extracellular vesicles and the relevant 
role that they have in normal and pathological 
pregnancies, future efforts should be placed to 
measure and characterize extracellular vesicles 
derived from the placenta in maternal and fetal blood 
in women affected by CVD during pregnancy. 

Author Contributions 
All authors have read and agreed to the 

published version of the manuscript. 

Funding 
This study has been funded by Instituto de Salud 

Carlos III (ISCIII) through the project "PI21/01244" 
and co-funded by the European Union, as well as 
P2022/BMD-7321 (Comunidad de Madrid) and 
ProACapital, Halekulani S.L. and MJR. 

Institutional Review Board Statement 
The study was conducted according to the 

guidelines of the Declaration of Helsinki and 
approved by the Ethics Committee of Clinical 
Investigations of the Central University Hospital of 
Defense Gómez-Ulla-UAH (03-37/17 on 3 March 
2017). 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1753 

Informed Consent Statement 
Informed consent was obtained from all subjects 

involved in the study. 

Data Availability Statement 
The data used to support the findings of the 

present study are available from the corresponding 
author upon request. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1.  Lattimer CR. CVD: A Condition of Underestimated Severity. In Angiol. 2014; 

33: 222–228. 
2.  Shadrina AS, et al. Varicose Veins of Lower Extremities: Insights from the First 

Large-Scale Genetic Study. PLoS Genet. 2019; 15: e1008110. 
3.  Davies AH. The Seriousness of Chronic Venous Disease: A Review of 

Real-World Evidence - PubMed. Adv Ther. 2019; 36(Suppl 1): 5–12. 
4.  Ortega MA, et al. Understanding Chronic Venous Disease: A Critical 

Overview of Its Pathophysiology and Medical Management. J Clin Med. 2021; 
10: 10. 

5.  Djordje R, Slobodan T. Prevention and Treatment of Venous Disorders during 
Pregnancy and the Postpartum Period - Servier - PhlebolymphologyServier – 
Phlebolymphology. Phlebolymphology. 2017; 4: 160–172. 

6.  Krajcar J, et al. Pathophysiology of Venous Insufficiency during Pregnancy - 
PubMed. Acta Med Croat. 1998; 65–69. 

7.  Taylor J, et al. The Hemodynamic Effects of Pregnancy on the Lower 
Extremity Venous System. J Vasc Surg Venous Lymphat Disord. 2018; 6: 246–
255. 

8.  Kodogo V, et al. Role of Pregnancy Hormones and Hormonal Interaction on 
the Maternal Cardiovascular System: A Literature Review. Clin Res Cardiol. 
2019; 108: 831–846. 

9.  Asúnsolo Á, et al. Association Between Lower Extremity Venous Insufficiency 
and Intrapartum Fetal Compromise: A Nationwide Cross-Sectional Study. 
Front Med. 2021; 8: doi:10.3389/FMED.2021.577096. 

10.  Ortega MA, et al. Chronic Venous Disease during Pregnancy Causes a 
Systematic Increase in Maternal and Fetal Proinflammatory Markers. Int J Mol 
Sci. 2022; 23: doi:10.3390/IJMS23168976. 

11.  Ortega MA, et al. Newborns of Mothers with Venous Disease during 
Pregnancy Show Increased Levels of Lipid Peroxidation and Markers of 
Oxidative Stress and Hypoxia in the Umbilical Cord. Antioxidants (Basel, 
Switzerland). 2021; 10: doi:10.3390/ANTIOX10060980. 

12.  Ortega MA, et al. Chronic Venous Disease in Pregnant Women Causes an 
Increase in ILK in the Placental Villi Associated with a Decrease in 
E-Cadherin. J Pers Med. 2022; 12: 277. 

13.  Ortega MA, et al. Abnormal Proinflammatory and Stressor Environmental 
with Increased the Regulatory Cellular IGF-1/PAPP-A/STC and 
Wnt-1/β-Catenin Canonical Pathway in Placenta of Women with Chronic 
Venous Disease during Pregnancy. Int J Med Sci. 2021; 18: 2814–2827. 

14.  Ortega MA, et al. The Pivotal Role of the Placenta in Normal and Pathological 
Pregnancies: A Focus on Preeclampsia, Fetal Growth Restriction, and Maternal 
Chronic Venous Disease. Cells. 2022; 11: doi:10.3390/CELLS11030568. 

15.  Chamley LW, et al. Abumaree, M. Review: Where Is the Maternofetal 
Interface? Placenta. 2014; 35: S74–S80. 

16.  Burton GJ, Fowden AL, Thornburg KL. Placental Origins of Chronic Disease. 
Physiol Rev. 2016; 96: 1509–1565. 

17.  Charrin S, Jouannet S, Boucheix C, Rubinstein E. Tetraspanins at a Glance. J 
Cell Sci. 2014; 127: 3641–3648. 

18.  Fernández-Fernández MR, Gragera M, et al. Hsp70 - a Master Regulator in 
Protein Degradation. FEBS Lett. 2017; 591: 2648–2660. 

19.  Odorizzi G. The Multiple Personalities of Alix. J Cell Sci. 2006; 119: 3025–3032. 
20.  Awoyemi T, et al. Syncytiotrophoblast Extracellular Vesicles From Late-Onset 

Preeclampsia Placentae Suppress Pro-Inflammatory Immune Response in 
THP-1 Macrophages. Front Immunol. 2021; 12: 1783. 

21.  Sheikhi A, et al. Higher Expression of HSP70 and LOX-1 in the Placental 
Tissues of Pre-Eclampsia Pregnancies. Clin Exp Hypertens. 2015; 37: 128–135. 

22.  Shen L, et al. Up-Regulation of CD81 Inhibits Cytotrophoblast Invasion and 
Mediates Maternal Endothelial Cell Dysfunction in Preeclampsia. Proc Natl 
Acad Sci U S A. 2017; 114: 1940–1945. 

23.  Lurie F, et al. The 2020 Update of the CEAP Classification System and 
Reporting Standards. J Vasc Surg Venous Lymphat Disord. 2020; 8: 342–352. 

24.  Chomczynski P, Sacchi N. The Single-Step Method of RNA Isolation by Acid 
Guanidinium Thiocyanate-Phenol-Chloroform Extraction: Twenty-Something 
Years On. Nat Protoc. 2006; 1: 581–585. 

25.  Ye J, et al. Primer-BLAST: A Tool to Design Target-Specific Primers for 
Polymerase Chain Reaction. BMC Bioinformatics. 2012; 13: 134. 

26.  Vallone PM, Butler JM. AutoDimer: A Screening Tool for Primer-Dimer and 
Hairpin Structures. Biotechniques. 2004; 37: 226–231. 

27.  Jang SJ, et al. TATA Box Binding Protein and Ribosomal Protein 4 Are Suitable 
Reference Genes for Normalization during Quantitative Polymerase Chain 
Reaction Study in Bovine Mesenchymal Stem Cells. Asian-Australasian J 
Anim Sci. 2020; 33: 2021. 

28.  Gatto F, et al. Immunoreactivity Score Using an Anti-Sst2A Receptor 
Monoclonal Antibody Strongly Predicts the Biochemical Response to 
Adjuvant Treatment with Somatostatin Analogs in Acromegaly. J Clin 
Endocrinol Metab. 2013; 98: doi:10.1210/JC.2012-2609. 

29.  Ortega MA, et al. Increased Angiogenesis and Lymphangiogenesis in the 
Placental Villi of Women with Chronic Venous Disease during Pregnancy. Int 
J Mol Sci. 2020; 21: doi:10.3390/ijms21072487. 

30.  Jankovičová J, et al. Tetraspanins, More than Markers of Extracellular Vesicles 
in Reproduction. Int J Mol Sci. 2020; 21: 1–30, doi:10.3390/IJMS21207568. 

31.  Andreu Z, Yáñez-Mó M. Tetraspanins in Extracellular Vesicle Formation and 
Function. Front Immunol. 2014; 5: 442. 

32.  Crescitelli R, et al. Distinct RNA Profiles in Subpopulations of Extracellular 
Vesicles: Apoptotic Bodies, Microvesicles and Exosomes. J Extracell Vesicles. 
2013; 2: doi:10.3402/JEV.V2I0.20677. 

33.  Ortega MA, et al. Unfolding the Role of Placental-Derived Extracellular 
Vesicles in Pregnancy: From Homeostasis to Pathophysiology. Front Cell Dev 
Biol. 2022; 10: doi:10.3389/FCELL.2022.1060850. 

34.  Block LN, et al. The Promise of Placental Extracellular Vesicles: Models and 
Challenges for Diagnosing Placental Dysfunction in Utero. Biol Reprod. 2021; 
104: 27. 

35.  Tong M, Chamley LW. Placental Extracellular Vesicles and Feto-Maternal 
Communication. Cold Spring Harb Perspect Med. 2015; 5: 
doi:10.1101/CSHPERSPECT.A023028. 

36.  Schuster J, et al. Placental Extracellular Vesicles and Preeclampsia. Am J 
Reprod Immunol. 2021; 85: e13297. 

37.  Hirano T, et al. CD9 Is Expressed in Extravillous Trophoblasts in Association 
with Integrin Alpha3 and Integrin Alpha5. Mol Hum Reprod. 1999; 5: 162–167. 

38.  Matsumoto H, et al. CD9 Suppresses Human Extravillous Trophoblast 
Invasion. Placenta. 2016; 47: 105–112. 

39.  Kshirsagar SK, et al. Immunomodulatory Molecules Are Released from the 
First Trimester and Term Placenta via Exosomes. Placenta. 2012; 33: 982–990. 

40.  Petiot A, Sadoul R. Autophagy Discriminates between Alix and ESCRTs. 
Autophagy. 2009; 5: 106. 

41.  Iavello A, et al. Role of Alix in MiRNA Packaging during Extracellular Vesicle 
Biogenesis. Int J Mol Med. 2016; 37: 958–966. 

42.  Matsui T, et al. ALIX and Ceramide Differentially Control Polarized Small 
Extracellular Vesicle Release from Epithelial Cells. EMBO Rep. 2021; 22: 
e51475. 

43.  Baietti MF, et al. Syndecan–Syntenin–ALIX Regulates the Biogenesis of 
Exosomes. Nat Cell Biol. 2012; 14: 677–685. 

44.  Sammar M, et al. Reduced Placental Protein 13 (PP13) in Placental Derived 
Syncytiotrophoblast Extracellular Vesicles in Preeclampsia - A Novel Tool to 
Study the Impaired Cargo Transmission of the Placenta to the Maternal 
Organs. Placenta. 2018; 66: 17–25, doi:10.1016/J.PLACENTA.2018.04.013. 

45.  Condrat CE, et al. Pregnancy-Related Extracellular Vesicles Revisited. Int J 
Mol Sci. 2021; 22: doi:10.3390/IJMS22083904. 

46.  Chatellard-Causse C, et al. Alix (ALG-2-Interacting Protein X), a Protein 
Involved in Apoptosis, Binds to Endophilins and Induces Cytoplasmic 
Vacuolization. J Biol Chem. 2002; 277: 29108–29115. 

47.  García-Honduvilla N, et al. Placentas from Women with 
Pregnancy-Associated Venous Insufficiency Show Villi Damage with 
Evidence of Hypoxic Cellular Stress. Hum Pathol. 2018; 77: 45–53. 

48.  Mayer MP, Bukau B. Hsp70 Chaperones: Cellular Functions and Molecular 
Mechanism. Cell Mol Life Sci. 2005; 62: 670–684. 

49.  Rosenzweig R, et al. The Hsp70 Chaperone Network. Nat Rev Mol Cell Biol. 
2019; 20: 665–680. 

50.  Chanteloup G, et al. Membrane-Bound Exosomal HSP70 as a Biomarker for 
Detection and Monitoring of Malignant Solid Tumours: A Pilot Study. Pilot 
Feasibility Stud. 2020; 6: 1–7. 

51.  Linder M, von Strandmann EP. The Role of Extracellular HSP70 in the 
Function of Tumor-Associated Immune Cells. Cancers. 2021; 13: 4721. 

52.  Komarova EY, et al. Hsp70-Containing Extracellular Vesicles Are Capable of 
Activating of Adaptive Immunity in Models of Mouse Melanoma and Colon 
Carcinoma. Sci Reports. 2021; 11: 1–16. 

53.  Sotiriou S, et al. A Comparison in Concentration of Heat Shock Proteins (HSP) 
70 and 90 on Chorionic Villi of Human Placenta in Normal Pregnancies and in 
Missed Miscarriages - PubMed. Clin Exp Obs Gynecol. 2004; 31: 185–190. 

54.  Liu Y, et al. HSP70 Is Associated with Endothelial Activation in Placental 
Vascular Diseases. Mol Med. 2008; 14: 561–566. 

55.  García-Montero C, et al. Irregular Expression of Cellular Stress Response 
Markers in the Placenta of Women with Chronic Venous Disease. 
Antioxidants (Basel, Switzerland). 2022; 11: doi:10.3390/ANTIOX11112277. 

56.  Kim TK, et al. Heat Shock Protein 70-1A Is a Novel Angiogenic Regulator. 
Biochem Biophys Res Commun. 2016; 469: 222–228. 

57.  Ortega MA, et al. Upregulation of VEGF and PEDF in Placentas of Women 
with Lower Extremity Venous Insufficiency during Pregnancy and Its 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

1754 

Implication in Villous Calcification. Biomed Res Int. 2019; 2019: 
doi:10.1155/2019/5320902. 

 


