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ABSTRACT

Background. Endothelial damage and cardiovascular disease complicate chronic kidney disease (CKD). The increased
atherogenicity observed in patients with CKD can be linked to microinflammation and endothelial damage. Circulating
endothelial glycocalyx degradation products, such as perlecan and decorin, tend to be elevated in CKD. We aimed to
explore the association between the plasma perlecan and decorin levels and this pro-inflammatory and atherogenic
state by studying monocyte subpopulations and intracellular adhesion molecule (ICAM)-1 expression in patients with
CKD.
Methods. We studied 17 healthy controls, 23 patients with advanced CKD, 25 patients on haemodialysis, 23 patients on
peritoneal dialysis and 20 patients who underwent kidney transplantation. Perlecan and decorin levels were evaluated
using enzyme-linked immunosorbent assays, and the monocyte phenotype was analysed using direct
immunofluorescence and flow cytometry.
Results. The plasma perlecan levels were higher in patients with CKD than in the healthy controls. These levels were
associated with a higher prevalence of ICAM-1+ monocytes. Conversely, patients with advanced CKD (pre-dialysis) had
higher plasma decorin levels, which were associated with a reduced ICAM-1 expression per monocyte.
Conclusions. Elevated perlecan levels in CKD may be associated with a higher prevalence of ICAM-1+ monocytes and a
pro-inflammatory phenotype. Elevated decorin levels may act as a negative regulator of ICAM-1 expression in
monocytes. Therefore, perlecan and decorin may be related to inflammation and monocyte activation in CKD and may
act as potential markers of endothelial damage.
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GRAPHICAL ABSTRACT
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INTRODUCTION

Patients with chronic kidney disease (CKD) experience systemic
inflammation; the origin of the inflammation is not fully un-
derstood, but the main cause may involve accumulation of
uraemic toxins in the blood [1]. In patients with CKD, a mod-
ification changes the classical monocytes to intermediate and
non-classical monocytes, which acquire a more senescent and
pro-inflammatory phenotype. This conversion is predominant
in patients undergoing haemodialysis (HD), and is accompanied
by an increased expression of adhesionmolecules.Among adhe-
sion molecules, intercellular adhesion molecule (ICAM)-1 (also
known as CD54) is relevant to extravasation and immune synap-
sis during antigen presentation as well as to a pro-inflammatory
response [2, 3]. The abovementioned changes have been linked
to atherosclerotic plaque development and a higher risk of car-
diovascular disease (CVD) [4–9]. The prolonged persistence of in-
flammatory conditions favours CVD development, which is the
leading cause of mortality and morbidity in patients with CKD
[10]. The first step in CVD development is endothelial dysfunc-
tion [11, 12]. In CKD, endothelial dysfunction is caused by the
accumulation of uraemic toxins that increase oxidative stress,
thrombosis, inflammation, cell adhesion and endothelial per-
meabilization [13]. Endothelial dysfunction is associated with
degradation of the endothelial glycocalyx (EG) [14, 15]. EG is lo-
cated on the luminal face of endothelial cells and is fundamen-

tal for preserving the integrity of the vasculature, nitric oxide
signalling, endothelial permeability, redox state regulation and
cell adhesion [16]. EG mainly comprises glycoproteins and pro-
teoglycans (such as perlecan, syndecans and glypicans) [14]. Per-
lecan is a heparan sulfate (HS) proteoglycan that is also a com-
ponent of the extracellular matrix and basal membrane [17, 18].
Decorin, a small leucine-rich proteoglycan, is a component of
the extracellular matrix and EG and is involved in regulating col-
lagen fibril assembly, cell adhesion, angiogenesis, and modula-
tion of growth factors and cytokine activity [19, 20].

EG disruption plays a crucial role in several pathogenic
conditions. For example, loss of hyaluronan due to glycocalyx
degradation is associated with endothelial dysfunction in many
diseases, such as diabetes, hypertension, atherosclerosis and
dyslipidaemia [21]. In pathological conditions such as inflam-
matory and ischaemic injuries, the EG may be damaged and
lose thickness due to protease activation. Proteases, such as
metalloproteinases (MMPs) and hyaluronidases, are released as
part of the senescent-associated secretory phenotype (SASP).
This is common among patients with CKD and related to the
observed premature ageing. The activity of these enzymes is
associated with an increase in the reactive oxygen species
(ROS) and pro-inflammatory cytokines [22–25]. Increased ROS
levels and inflammatory markers have been observed in pa-
tients with CKD [11, 23–26]. The main components of the EG are
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syndecan-1 and hyaluronan, which appear elevated in the
plasma of patients with CKD (mainly those undergoing dialysis).
This elevation is correlated with an increase in the endothelial
dysfunction markers [27–29]. When the glycocalyx is released,
the endothelial cell surface is exposed and may be easily dam-
aged,which can lead to CVDdevelopment [27, 30].Thus,we stud-
ied other glycocalyx components, namely decorin and perlecan,
which have not been studied before. These molecules could be
implicated in atherosclerotic plaque formation and vascular cal-
cification, which may be related to CVD development [31–33].

Furthermore, information regarding the effect of CKD treat-
ments on EG and the possible involvement of EG degradation
in the physiopathology of CKD remains lacking. Therefore, we
hypothesized that endothelial damage in patients with CKD,
an antecedent of CVD, may be related to EG degradation. Our
proposed mechanism is that inflammatory conditions, oxida-
tive stress and uraemic toxins affect the endothelium leading
to SASP acquisition and subsequent release proteases that de-
grade the EG; the resulting degradation products could increase
in the plasma of patients with CKD. Furthermore, this damage
might be related to inflammation and monocytes’ adhesion to
the endothelium because inflammation and the increased cel-
lular senescence provoked by uraemic toxins are factors that ac-
tivate the release of enzymes that degrade the EG and extracel-
lular matrix.

This study aimed to assess the potential of perlecan and
decorin as endothelial damage markers. The sub-objectives
were as follows: (i) to compare the plasma perlecan and decorin
levels among patients with CKD receiving different treatments
(such differencesmay affect the parameters studied); (ii) to eval-
uate the relationship of plasma perlecan and decorin with im-
munological alterations by analysing the phenotypes of mono-
cyte subpopulations; and (iii) to evaluate the relationship of
plasma perlecan and decorin with ICAM-1 expression in differ-
ent monocyte subpopulations to assess their adhesion to the
endothelium.

MATERIALS AND METHODS

Study population and sample recollection

This cross-sectional study included 108 participants. These
comprised 17 healthy controls (CT); 20 patients who underwent
kidney transplantation (TX); 23 patients with stage 4 or 5 ad-
vanced CKD (ACKD); and 25 and 23 patients undergoing HD
and peritoneal dialysis (PD), respectively, for at least 6 months.
Those with neoplasms, active infections and autoimmune dis-
eases were excluded. The Ethics Committee of the i+12 Health
Research Institute approved the realization of this study, and all
procedures were carried out according to the guidelines set by
the World Medical Association. In addition, the study complied
with the standards set by the Helsinki Declaration of 1975, as
revised in 2013.

Patients were recruited from the Department of Nephrology
Service of ‘Hospital 12 de Octubre’,Madrid. Studies involving hu-
man participants were reviewed and approved by the ‘Comité de
ética de la Investigation of Hospital Universitario 12 de Octubre’.
All participants provided written informed consent to partici-
pate in this study. Peripheral blood samples were obtained in
tubes with ethylenediaminetetraacetic acid and transported to
the laboratory at 4°C to be processed within 24 h. Patients un-
dergoing dialysiswere sampled during their short weekday cycle
before the dialysis session began.

Determination of monocyte subpopulations by flow
cytometry

Quantification and characterization of monocyte subpopula-
tions [classical monocytes (CD14++, CD16–), which are the
most abundant in the peripheral blood of healthy individ-
uals; intermediate monocytes (CD14++, CD16+); and non-
classical monocytes (CD14+, CD16+)] were performed using
direct immunofluorescence of peripheral whole blood. The re-
sults are expressed as percentages, absolute values and flu-
orescence intensities (MFI). Fluorochrome-conjugated mono-
clonal antibodies were used against CD14 (TuK4, TRI-COLOR®,
Invitrogen), CD16 (3G8, FITC, Invitrogen) and ICAM-1/CD54 (MEM
-111, PE, Invitrogen). Our previous paper has summarized this
method [7]. The percentages, absolute values and MFI were
measured.

Perlecan and decorin enzyme-linked immunosorbent
assay

The plasma perlecan and decorin levels were analysed using a
sandwich enzyme-linked immunosorbent assay (ELISA). Periph-
eral blood plasma was isolated by centrifugation and stored at
–80°C. Plasma samples were centrifuged at 2000g for 10 min,
and the supernatant was used to prepare the test dilutions. The
Human HSPG2 SimpleStep ELISA® Kit (Abcam, cat #ab274393)
was used for perlecan quantification (1:7 plasma dilution). The
Decorin Human ELISA Kit (Abcam, cat #ab99998) was used for
decorin quantification (1:120 plasma dilution). The experiments
were performed in accordance with the manufacturer’s instruc-
tions. Previous studies using these kits have been referenced in
the Supplementary data.

Statistical analysis

We used SPSS 21.0 for statistical analysis and GraphPad
Prism 8.0.2 for graphical representation. Data are expressed as
mean ± standard deviation. Data normality was assessed using
a one-sample Kolmogorov–Smirnov test. Parametric variables
were evaluated using a one-way analysis of variance (ANOVA),
followed by the Bonferroni or T3 Dunnet post hoc analyses de-
pending on the homogeneity of the variances (analysed by the
Levene’s test). Non-parametric variables were analysed using
the Kruskal–Wallis test. Finally, a correlation analysis was per-
formed using Pearson’s or Spearman’s correlation tests. Results
of the chi-square test, performed for qualitative data, are ex-
pressed as relative and absolute frequencies. P < .05 denoted
statistical significance.

RESULTS

Demographic and clinical characteristics of the
population studied

The baseline characteristics of CTs and patients with CKD are
shown in Table 1. There were no statistically significant differ-
ences in the age, sex, smoking habits and chronic heart fail-
ure incidence among the study groups. Diabetes prevalence was
higher in the TX group than in the CT and HD groups. The per-
centage of patients with cardiopathy was higher in the ACKD,
HD and PD groups than in the CT group. Patients with TX had
a the highest prevalence of acute cardiovascular accidents and
vasculopathy.
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Table 1: Baseline characteristics of the study population.

CT ACKD HD PD TX
n 17 23 25 23 20

Age (years), mean ± SD 51.05 ± 16.01 60.68 ± 18.57 60.21 ± 15 53.02 ± 14.76 56.61 ± 13.87
Women, n (%) 8 (47.1) 7 (30.4) 6 (24) 13 (56.5) 6 (30)
Diabetes, n (%) 2 (11.8) 11 (47.8) 4 (16) 4 (17.4) 11 (55)*,$

Smoking, n (%) 4 (23.5) 7 (30.4) 8 (32) 1 (4.3) 5 (25)
Cardiopathy, n (%) 0 11 (47.8)** 9 (36)*** 7 (30.4)** 8 (40)***

ACVA, n (%) 0 4 (17.4) 2 (8) 3 (13) 4 (20)*,$

Vasculopathy, n (%) 0 0 5 (20) 2 (8.7) 9 (47.4)*** ,###,ˆˆ

CHF, n (%) 0 2 (8.7) 6 (24) 1 (4.3) 1 (11.1)
eGFR (mL/min) 14.04 ± 4.9 7.3 ± 4.1 7.1 ± 2.6 48.7 ± 19.7
Average time in the current phase (years) 3.46 ± 3.99 1.13 ± 0.84 5.95 ± 3.53

ACVA: acute cardiovascular accident; CHF: chronic heart failure; eGFR: estimated glomerular filtration rate; SD: standard deviation.

Chi-squared test; statistical significance was set as *P < .05, ***P < .001 vs CT, ###P < .001 vs ACKD, $P < .05 vs HD and ˆˆP < .01 vs PD.

Table 2: Characterization of monocytes and extracellular vesicles in the patients.

CT ACKD HD PD TX

Classical monocytes (%) 86.02 ± 7.63 90.24 ± 4.48 78.83 ± 10.15*,### 88.7 ± 4.87$$ 79.94 ± 15.93#

Intermediate monocytes (%) 7.01 ± 4.48 5.72 ± 2.98 13.12 ± 6.84**,## 6.25 ± 3.62$$ 13.45 ± 15
Non-classical monocytes (%) 6.97 ± 4.03 4.04 ± 1.97 8.05 ± 5.05 5.05 ± 2.9 6.61 ± 3.59
Classical monocytes ICAM-1+ (%) 84.08 ± 8.8 85.79 ± 11.71 83.46 ± 13.59 89.22 ± 8.6 89.27 ± 11.4
Intermediate monocytes ICAM-1+ (%) 91.64 ± 6.24 94.24 ± 8.66 94.99 ± 6.29 97.75 ± 3.22 94.86 ± 7.88
Non-classical monocytes ICAM-1+ (%) 81.45 ± 18.58 97.66 ± 10.57 88–04 ± 13.89 87.18 ± 15.75 87.11 ± 18.38
Expression of ICAM-1 in classical monocytes (MFI) 124.5 ± 28.91 131.89 ± 38.18 194.47 ± 63.78**,## 153.67 ± 36.88 168.48 ± 58.25
Expression of ICAM-1 in intermediate monocytes (MFI) 222.06 ± 68.76 222.15 ± 81.87 329.21 ± 102.6**,## 249.23 ± 78.44$ 290.13 ± 99.67
Expression of ICAM-1 in non-classical monocytes (MFI) 143.82 ± 52.09 172.40 ± 65.35 214.11 ± 79.24* 195.13 ± 59.08 155.6 ± 59.45

Data are presented as mean ± standard deviation.

ANOVA (percentage of non-classicalmonocytes, percentage of classicalmonocytes ICAM-1+, amount of ICAM-1 in classical, intermediate and non-classicalmonocytes)
or the Kolmogorov–Smirnov test were used depending on the distribution of the variable. Statistical significance was set at *P < .05, **P < .01 vs CT, ##P < .01, ###P < .001
vs ACKD, $P < .05 and $$P < .01 vs HD.

Pro-inflammatory phenotype in patients with CKD
represented by changes in the monocyte
subpopulations

The monocyte subpopulations and their ICAM-1 expression lev-
els were analysed (Table 2). Briefly, the percentage of classical
monocytes was lower in the HD group than in the ACKD and PD
groups. Conversely, the percentage of intermediate monocytes
was higher in the HD group than in the CT, ACKD and PD groups.
Additionally, the expression of ICAM-1 per monocyte was the
highest in the HD group.

Plasma perlecan and decorin levels were elevated in
patients with CKD

The plasma perlecan levels were higher in ACKD, HD and PD
groups than in the CT group (Fig. 1A). The plasma decorin lev-
els were higher in the ACKD group than in the CT group. How-
ever, no statistically significant differences in the decorin lev-
els were observed between the CT and the HD, PD or TX groups.
The decorin levels were lower in the TX group than in the ACKD
group (Fig. 1B).

Correlation between plasma perlecan levels and
ICAM-1 expression in different monocyte
subpopulations

Possible associations between EG degradation and the mono-
cyte phenotype in patients with CKD (i.e. the ACKD, HD and PD
groups) were analysed. No correlations were found between the

plasma perlecan levels and the numbers or percentages of clas-
sical, intermediate and non-classical monocytes. Nevertheless,
the plasma perlecan levels were positively correlated with the
percentages of ICAM-1+ classical and non-classical monocytes,
but not with the percentage of ICAM-1+ intermediate mono-
cytes, in CKD (Fig. 2A and B). The positive correlation wasmainly
due to the inclusion of patients undergoing dialysis, inwhom the
same results were observed (Fig. 3). No correlationwas found be-
tween plasma perlecan levels and ICAM-1 expression permono-
cyte in CKD (Supplementary data, Table S1).

Correlation between plasma decorin levels and ICAM-1
expression in different monocyte subpopulations

The plasma decorin levels were not correlated with the percent-
ages of classical, intermediate and non-classical monocytes or
ICAM-1+ monocytes. However, the plasma decorin levels were
negatively correlated with the amount of expression (MFI) of
ICAM-1 per classical (Fig. 4A), intermediate (Fig. 4B) and non-
classical (Fig. 4C) monocyte in the ACKD, HD and PD groups.
The same negative correlation was observed for all monocyte
subpopulations in the ACKD group (Fig. 5A–C); however, it was
only observed for classical (Fig. 5D) and intermediate monocytes
(Fig. 5E) in the HD group.

DISCUSSION

The EG covers the surface of all healthy endothelial struc-
tures; it regulates microvascular tone and endothelial perme-
ability, maintains the endothelial barrier, regulates leukocyte
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Figure 1: (A) Perlecan plasma levels (ng/mL) and (B) decorin plasma levels (ng/mL) in CT, patients with ACKD, patients undergoing HD, patients undergoing PD and
patients who underwent TX. *P < .05, **P < .01 vs CT, #P < .05 vs ACKD, ˆP < .05 vs PD. Statistical analysis: Kruskal–Wallis test for perlecan (non-parametric) and a
one-way ANOVA (T3 Dunnet post hoc test) for decorin (parametric).
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Figure 2: (A) Correlation between plasma perlecan levels and the percentage of classical monocytes expressing CD54 (CD14++, CD16–, ICAM-1+). (B) Percentage of
non-classical monocytes expressing ICAM-1 (CD14+, CD16+, ICAM-1+) in patients with CKD (ACKD, HD and PD). A Spearman correlation test was performed.

adhesion/migration and inhibits intravascular thrombosis [34].
Several studies have suggested an association between EG
degradation and acute kidney injury, CKD and CVD [35–37]. Al-
terations in EG structure cause endothelial dysfunction and
exacerbate peripheral vascular disease [34]. In CVD, endothe-
lial damage caused by inflammation and oxidative stress is
reflected by changes in the expression of different molecules
on the endothelial surface. The EG plays an essential role in
mediating vascular signalling. Thus, when the EG is damaged,
the endothelium tends to be more permeable; this facilitates
the penetration and adhesion of cells with a pro-inflammatory
profile, platelets and low-density lipoproteins (LDL), leading to
atherosclerotic plaque development and thrombosis [38]. The
plasma levels of some EG degradation products increase 7 days
after an ischaemic stroke [39]. The plasma levels of EG com-
ponents syndecan-1 and hyaluronan reportedly increase with
the reduction of the estimated glomerular filtration rate in pa-
tients with CKD [40]. Syndecan-1 and hyaluronan increased in
dialysis patients, followed by ACKD and TX. It is related to en-
dothelial dysfunction markers and uraemic toxins levels [26,

39]. Patients with autosomal dominant polycystic kidney dis-
ease have a thinner glycocalyx than healthy people. They also
have higher levels of plasma hyaluronan and syndecan-1 [41].
The lack of information on the role played by decorin and per-
lecan (EG molecules implicated in atherosclerotic plaque devel-
opment [31–33]) in CKD motivated us to study these molecules
as possible markers of endothelial damage.

In our study, the plasma perlecan levels were higher in the
ACKD, HD and PD groups than in the CT group. This suggests
that patients with CKD have EG damage, possibly due to accu-
mulation of uraemic toxins in the blood; this explains why the
plasma perlecan level returns to its optimal range once the pa-
tients undergo TX [40, 42]. This hypothesis is supported by the
results of previous studies which demonstrated that increased
release of heparinase in kidney diseases is involved in its devel-
opment [17]. Heparinase degrades HS chains in low sulfidation
sites, facilitating the release of perlecan into the bloodstream.
Higher heparinase levels are found in the urine of patients with
CKD and are related to severe proteinuria and a decreased renal
function [43].
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Figure 3: Correlation between plasma levels of perlecan and the percentage of (A) classical monocytes expressing CD54 (CD14++, CD16–, ICAM-1+), (B) intermediate
monocytes expressing ICAM-1 (CD14++, CD16+, ICAM-1+) and (C) non-classical monocytes expressing CD54 (CD14+, CD16+, ICAM-1+) in patients undergoing dialysis

(HD and PD). A Spearman correlation test was performed.
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Figure 4: Correlation between plasma decorin levels and the amount of expression of ICAM-1 in (A) classical monocytes (CD14++, CD16–, ICAM-1+), (B) intermediate
monocytes (CD14++, CD16+, ICAM-1+) and (C) non-classical monocytes (CD14+, CD16+, ICAM-1+) in patients with CKD (ACKD, HD and PD). Pearson’s correlation test

was performed.

Compared with the CT group, the plasma decorin levels
were significantly higher in the ACKD group and slightly higher
(not significant) in the HD group. Patients with ACKD have
higher decorin levels because they accumulate higher amounts
of uraemic toxins due to declining renal function without renal
substitution therapy [28]. Furthermore, higher plasma decorin
levels may be linked to atheromatic plaque formation and CVD
development, owing to decorin’s ability to interact with LDL and
collagen [31].

Comparing our results with those in which syndecan-1 and
hyaluronan were studied, we can hypothesize that depending
on the treatment received (ACKD,HD, DP), different enzymes ac-
tivate EG degradation, resulting in the distinct release of these
molecules. However, in the end, there is a shedding of the EG
in patients with CKD which may indicate endothelial damage.
Nevertheless, this should be further studied.

Glycocalyx components, such as perlecan and decorin, are
released into the blood owing to the activity of MMPs during in-
flammatory conditions and other pathological diseases [22, 39,
44]. These molecules can modify biochemical pathways, which
may increase the risk of CKD. For example, free perlecan and
decorin can be recognized by damage-associated molecule pat-
tern receptors (such as toll-like receptors 2 and 4), which cause
inflammation when activated [45]. The pro-inflammatory phe-
notype is also influenced by the SASP, common among patients

with CKD. It is characterized by the release of pro-inflammatory
cytokines and chemokines, growth factors and proteases (such
as MMPs, which can also degrade the extracellular matrix and
EG) [24, 25]. These pro-inflammatory conditions promote cellu-
lar senescence, endothelial dysfunction and CVD development
in patients with CKD [11, 12].

Alterations in monocyte subpopulations indicate pro-
inflammatory conditions [4, 5, 8, 9]. Herein, the percentage
of classical monocytes was lower and that of intermediate
monocytes was higher in the HD group than in the CT group.
Intermediate and non-classical monocytes are considered
senescentmonocytes that are pro-inflammatory and proathero-
genic (phenotypically similar to SASP); thus, they can lead to
CVD development [7, 8]. In the HD group, a higher expression
of ICAM-1 per monocyte was observed without any changes in
the percentage of ICAM-1+ monocytes. ICAM-1+ monocytes
are considered to have a pro-inflammatory phenotype that
enables them to participate in extravasation, inflammation and
immune synapsis during antigen presentation [2, 3].

Perlecan levels were positively correlated with the percent-
age of monocytes expressing ICAM-1. Contrastingly, decorin lev-
els were negatively correlated with the amount (MFI) of ICAM-
1 per monocyte. This finding corroborates other studies that
showed that decorin is a negative regulator of ICAM-1 expres-
sion; however, the altered pathway remains undescribed [46].
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Figure 5: Correlation between plasma decorin levels and the amount of expression of ICAM-1 in (A) classical monocytes (CD14++, CD16–, ICAM-1+), (B) intermediate
monocytes (CD14++, CD16+, ICAM-1+) and (C) non-classical monocytes (CD14+, CD16+, ICAM-1+) in patients with ACKD. HD was correlated with the plasma decorin
levels and the amount of ICAM-1 in (D) classical monocytes and (E) intermediate monocytes. A Pearson’s correlation test was performed.

Glycocalyx has an anti-adherent function due to its capacity
to limit the interaction of leukocytes with the integrins and
selectins present on the surface of endothelial cells. Studies
have shown that the heparinase-mediated HS degradation and
release of EG components imply the exposition of selectins
and integrins, such as ICAM-1, facilitating their interaction with
leukocytes [47, 48]. Therefore,we hypothesize that the reduction
in ICAM-1 permonocyte could be caused by the reduced need for
high ICAM-1 expression to achieve endothelial adhesion, owing
to the exposure of their ligands. However, systemic inflamma-
tion (precisely, the increased release of pro-inflammatory factors
such as cytokines) and the increase in the plasmaperlecan levels
activate immune cells (e.g.monocytes); this leads to an increase
in the expression of endothelial adhesion molecules [49.

Water and salt retention have been linked to micro-
inflammation and endothelial activation in patients with CKD
[50. Salt retention is correlated with higher ICAM levels in the
serum. Furthermore, salt and water retention have been proven
to cause a collapse and disruption of the EG by reducing nega-
tively charged HS residues [21]. Therefore, these factors could
also cause the observed increase in the plasma perlecan and
decorin levels; however, unlike uraemic toxins, water and salt
retention are easier to manage using current treatments.

Based on a comparison of our findings with those of stud-
ies on syndecan-1 and hyaluronan, we can hypothesize that
depending on the treatment received (ACKD, HD or PD), dif-
ferent enzymes activate EG degradation, resulting in the dis-
tinct release of these molecules. Furthermore, dialysis could
lead to chronic inflammation caused by incompatibility with the
hemofiltrationmembrane inHDor peritoneal irritation in PD [51,
52]. Consequently, the treatment could affect themonocyte sub-
populations and the perlecan and decorin levels. Nevertheless,

the outcome is shedding of the EG in patients with CKD, which
may indicate endothelial damage.

Analysis of the plasma perlecan and decorin levels and
their relationship with the expression of endothelial adhesion
molecules (ICAM-1) can provide an overview of the endothelial
status. The search for less invasive techniques to measure early
prognostic and diagnostic markers of CVD in patients with CKD
is necessary to improve their life expectancy and quality of life.

Our study has some limitations. Under normal conditions,
perlecan and decorin should not appear in the urine and should
not be filtered during dialysis. However, fragments of these
molecules have been found in urine samples in cases of progres-
sive proteinuria [53, 54]; thismaymask the increased expression
of these molecules in the plasma. Additionally, even though we
assumed that these molecules occurred in the plasma due to
glycocalyx shedding, they may also originate from the extracel-
lular matrix or basement membrane (including the glomerular
basementmembrane). Nevertheless, the endothelium is directly
in contact with the blood, so alterations in these parameters
are probably highly related to the endothelial condition. If these
molecules arose fromother structures, an increase in their levels
could point to a loss of the endothelial barrier function.After this
proof of concept,we propose to investigate this issue further and
provide additional evidence of an increase in these molecules
as a consequence of endothelial damage and also elucidate the
mechanism and the inflammatory pathways disrupted in these
patients. To evaluate the effect of uraemic toxins in the endothe-
lium, further in vitro studies are warranted. Furthermore, more
patients should be analysed to validate our findings. Finally, as
EG affects the endothelial function, we propose to study drugs
that reduce EG degradation as possible therapies for patients
with CKD.
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In conclusion, plasma perlecan and decorin levels are higher
in patients with CKD, possibly due to endothelial damage. The
presence of these molecules in the plasma is seemingly as-
sociated with the monocyte adhesion capacity. The plasma
perlecan levels correlated positively with the percentage of
ICAM-1+ monocytes, while the plasma decorin levels correlated
negatively with the expression of ICAM-1 per monocyte. These
findings and the roles played by decorin and perlecan in
atherosclerotic plaque formationmake them interesting param-
eters tomeasure in patientswith CKD.Nevertheless, their role as
potentialmarkers of endothelial damage has to be further inves-
tigated. The search for such endothelial damage markers could
lead to affordable and minimally invasive prognostic and diag-
nostic techniques for CVD derived from CKD. Finally, we should
consider their possible role as therapeutic targets.
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