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Abstract: Systemic vascular damage with micro/macro-thrombosis is a typical feature of severe
COVID-19. However, the pathogenesis of this damage and its predictive biomarkers remain poorly
defined. For this reason, in this study, serum monocyte chemotactic protein (MCP)-2 and P- and
E-selectin levels were analyzed in 204 patients with COVID-19. Serum MCP-2 and P-selectin were
significantly higher in hospitalized patients compared with asymptomatic patients. Furthermore,
MCP-2 increased with the WHO stage in hospitalized patients. After 1 week of hospitalization,
MCP-2 levels were significantly reduced, while P-selectin increased in patients in WHO stage 3
and decreased in patients in WHO stages 5–7. Serum E-selectin was not significantly different
between asymptomatic and hospitalized patients. The lower MCP-2 levels after 1 week suggest that
endothelial damage triggered by monocytes occurs early in COVID-19 disease progression. MCP-2
may also predict COVID-19 severity. The increase in P-selectin levels, which further increased in
mild patients and reduced in severe patients after 1 week of hospitalization, suggests that the inactive
form of the protein produced by the cleavage of the active protein from the platelet membrane is
present. This may be used to identify a subset of patients that would benefit from targeted therapies.
The unchanged levels of E-selectin in these patients suggest that endothelial damage is less relevant.

Keywords: E-selectin; P-selectin; MCP-2; CCL8; monocyte chemotactic protein

1. Introduction

Endothelial activation has been reported in patients with severe COVID-19 [1]. It is
triggered by inflammatory cytokines released by leukocytes and contributes to generating
systemic micro- and macro-thrombosis [2]. Moreover, tissue factor [3] and platelet activa-
tion [4] also contribute. The pathogenesis of endothelial damage during severe COVID-19
remains poorly defined. A better knowledge of the molecular events involved in its patho-
genesis may contribute to selecting appropriate therapeutic targets [2,5]. Necroscopies of
COVID-19 patients revealed endothelial inflammation with the accumulation of lympho-
cytes and monocytes in the majority of important organs [6,7], particularly the lungs [8].
In addition, neutrophils, which are increased in the blood [9] and tissues [7] of COVID-19
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patients, may contribute to the endothelial damage and thus the release of tumor necrosis
factor (TNF)-alpha, interleukin (IL)-1, and IL-8.

Among the myriad proteins involved in inflammation, monocyte chemotactic protein
(MCP)-2, also known as chemokine (C-C motif) ligand 8 (CCL8), is an innate immunity
protein [10]. It acts as a chemotactic factor toward a variety of inflammatory cells, including
macrophages [11], which trigger cytokine production, inflammation, and endothelial
damage [2]. MCP-2 expression is strongly induced by SARS-CoV-2, cyclically reinforcing
macrophage recruitment and the inflammatory response [12]. Serum levels of the protein
are increased during the acute phase of COVID-19, particularly in severe patients [13].

Selectins promote platelet and leukocyte migration from vessels to tissues by helping
these cells roll on the endothelial surface [14]. P-selectin is stored in platelet granules.
During inflammation, the fusion of the granules with the plasma membrane helps the
P-selectin become exposed on the platelet membrane. The following dimerization of the
protein promotes the interaction of platelets with endothelial cells. In addition, its binding
to the P-selectin ligand-1 (PSGL-1), which is expressed by leukocytes, helps leukocyte
migration and the subsequent production and release of inflammatory cytokines [5]. P-
selectin is also present in soluble form in serum and can be derived from alternative
splicing and/or from the proteolytic cleavage of the dimeric membrane. Increased serum
P-selectin levels are found in acute myocardial infarction and in other cardiovascular
diseases [15]. However, it is strongly debated as to whether serum P-selectin has a biological
pro-inflammatory activity or should be considered a terminal, less active form of the protein,
which increases due to enhanced synthesis by platelets and endothelial cells [16,17]. This is
a relevant point, as P-selectin proteolytic release from platelets and its interaction with its
ligands can be modulated with currently available drugs [14,18]. Recently, serum P-selectin
was defined as a diagnostic and prognostic biomarker of COVID-19 [19], despite the fact
that another study reported a reduction in serum P-selectin in COVID-19 patients [20].

E-selectin is produced by various cells, including endothelial cells [21], and its expres-
sion is induced by IL-1, TNF, and IL-10 [14]. The protein is able to interact with specific
receptors, which are expressed on the leukocyte surface, and to modulate the endothelial
permeability to leukocytes [14]. Increased serum levels of the protein were found in a series
of inflammatory and autoimmune disorders, including severe COVID-19 [22]. Further-
more, E-selectin is considered a biomarker of endothelial damage [23] even if its serum
levels increase in other conditions unrelated to endothelial damage, including hyperc-
holesterolemia, hypertension, diabetes, and cardiovascular diseases. Furthermore, various
studies suggest that E-selectin has a role in endothelial regeneration rather than endothelial
damage [21].

An arsenal of anti-inflammatory molecules [24] or drugs that can target the different
phases of selectin-mediated chemotaxis [14] and macrophage-induced inflammation [2]
are now available for patients with COVID-19. Understanding the role of these molecules
in COVID-19 may help us to define personalized therapeutic approaches. For this reason,
we studied the levels of P- and E-selectin and MCP-2 in serum samples from COVID-19
patients with varying severities, i.e., asymptomatic and hospitalized patients in different
phases of the disease.

2. Materials and Methods
2.1. Patients

We enrolled 204 adult patients that had been diagnosed with COVID-19 (SARS-CoV-2
infection). Sixteen of these patients were not hospitalized as a result of an asymptomatic
course of the disease up until a negative swab result. The remaining 188 patients were
admitted from March 2020 to May 2021 to one of the following hospitals: the Department
of Clinical Medicine and Surgery—Section of Infectious Diseases, University Hospital Fed-
erico II, Naples; the Department of Infectious Disease and Infectious Urgencies, Cotugno
Hospital, AORN dei Colli, Naples. The study was approved by the Ethical Committee
of the University Federico II of Naples (protocol code 138/20, 14 April 2020); the lone
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exclusion criterion was the refusal or the impossibility to obtain informed consent. The
16 asymptomatic patients had a median age of 49 years (interquartile range, IQR: 42–61)
and included five females (31%). The 188 hospitalized patients had a median age of 52 years
(IQR: 34–65) and included 86 females (46%). The COVID-19 diagnosis was confirmed by
molecular analysis (RT-PCR) using a nasopharyngeal swab [25]. All the hospitalized pa-
tients were classified on the basis of the World Health Organization (WHO)—Research and
Development Blueprint expert group’s seven ordinal scale, as used in previous influenza
studies. For each patient, we considered the worst WHO stage during the infection [26–28].

2.2. Immunoassays

Serum MCP2, P-selectin, and E-selectin were measured using a Human Magnetic
Luminex Assay on a Biorad Bio-Plex 100 system (Labospace srl, Milan, Italy) with a 1:2
sample dilution. The analysis was performed at diagnosis in asymptomatic patients and at
hospital admission and 1 week after in hospitalized patients.

2.3. Statistical Analysis

Data were reported as median and IQR. The Shapiro–Wilk test was used to test the
normality of distributions, the results of which were significantly non-normal. Comparisons
between the two groups were evaluated using the Mann–Whitney U test. Statistical
differences between the three groups were assessed using the Kruskal–Wallis test and the
Mann–Whitney U test as a post-hoc test. Categorical data were reported as frequency
(percentage), and the chi-square test was used to compare the frequencies. Correlations
between variables were evaluated using Spearman correlation analysis. Paired comparisons
were performed by Wilcoxon signed-rank test. Statistical analysis was performed using
SPSS (version 26, IBM SPSS Statistics, Segrate, Italy). Graphics were produced using the
KaleidaGraph software (version 4.5.4, Synergy, Reading, PA, USA). A p-value < 0.05 was
considered significant.

3. Results

Figure 1 shows the MCP-2, P-selectin, and E-selectin serum levels in 16 asymptomatic
and in 188 hospitalized COVID-19 patients at admission. For each biomarker, the figure
also shows the reference intervals in healthy subjects [29,30]. Among COVID-19 patients,
all asymptomatic and hospitalized patients had higher MCP-2 levels than those in healthy
subjects. Moreover, 13/188 (6.9%) hospitalized COVID-19 patients had higher P-selectin
serum levels than those in healthy subjects, and again all asymptomatic patients had values
within the reference range. Finally, only 7/188 (3.7%) patients had E-selectin values above
the reference range, while all asymptomatic patients had values within this range. In
addition, the comparison of the three biomarkers between asymptomatic and hospitalized
patients showed that MCP-2 and P-selectin levels were significantly higher (p < 0.001) in
hospitalized patients (Figure 1A,B), while the differences observed for E-selectin were not
significant (Figure 1C).

Table 1 presents a comparison of the age, gender, the three serum biomarkers, platelet
number, and previous existing morbidities in hospitalized COVID-19 patients classified
accordingly to severity. The age and the percentage of males were significantly higher
in patients in WHO stages 4 and 5–7 as compared with patients in WHO stage 3. Serum
MCP-2 was significantly higher (p = 0.001) in patients in WHO stages 5–7 compared with
patients in WHO stage 3. No significant differences were observed for serum P- and
E-selectin levels or platelet number among the three groups of patients. The percentage of
smokers was lower in patients in WHO stages 5–7 as compared with both WHO stage 3
and WHO stage 4. Moreover, the percentage of patients with diabetes was significantly
higher in patients in WHO stages 5–7 as compared with the two other groups.
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Figure 1. Serum MCP-2 (A), P-selectin (B), and E-selectin (C) in asymptomatic (n = 16) and hospitalized (n = 188) COVID-
19 patients. The grey area indicates the reference intervals in healthy subjects [29,30]. * p < 0.01; ** p < 0.001. 
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Figure 1. Serum MCP-2 (A), P-selectin (B), and E-selectin (C) in asymptomatic (n = 16) and hos-
pitalized (n = 188) COVID-19 patients. The grey area indicates the reference intervals in healthy
subjects [29,30]. * p < 0.01; ** p < 0.001.

Table 2 shows a comparison of the serum levels of the three biomarkers and platelet
number in COVID-19 patients (classified according to the WHO stage) at hospital admis-
sion and after 1 week of hospitalization. Serum MCP-2 levels were significantly lower
after 1 week of hospitalization in all WHO subgroups of patients. Serum P-selectin was
significantly (p = 0.003) higher in patients in WHO stage 3 after 1 week of hospitalization,
while in patients in WHO stages 5–7, we observed a decreasing trend. The E-selectin serum
levels were not significantly different in any of the WHO subgroups. Finally, after 1 week
of hospitalization, the platelet number was only significantly (p = 0.003) higher in patients
in WHO stage 3.

Table 3 shows the correlation of serum MCP-2, P-selectin, and E-selectin with other
biomarkers. MCP-2 was positively correlated with serum P- and E-selectin and IL-10.
P-selectin was positively correlated with serum E-selectin, IL-6, IL-10, and platelet number.
Finally, serum E-selectin values were positively correlated with serum IL-6 and IL-10.
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Table 1. Comparison of age, serum MCP-2, selectins, and platelet number in hospitalized COVID-19 patients at admission,
subgrouped based on the WHO stage.

WHO 3 WHO 4 WHO 5–7 Kruskal–Wallis

N 64 78 46 -
Females, N (%) 48 (75) 27 (35) a 11 (24) a -

Age 35.5 (29.0–52.3) 55.5 (41.0–67.0) a 57.5 (48.0–75.8) a <0.0001
MCP-2 (pg/mL) 133 (112–167) 158 (123–206) 172 (141–201) a 0.001

P-selectin (ng/mL) 82.3 (54.3–109) 72.7 (58.3–100) 64.5 (49.2–108) n.s.
E-selectin (ng/mL) 23.6 (17.5–30.5) 22.3 (19.0–32.4) 25.4 (18.7–32.8) n.s.

Platelets (MN/mmc) 231 (201–301) 251 (206–361) 224 (155–257) n.s.
Smokers, N (%) 11 (17) 13 (17) 3 (7) b -

CAD, N (%) 10 (16) 5 (7) 6 (13) -
Diabetes, N (%) 9 (14) 8 (10) 12 (27) c -

CKD, N (%) none 5 (7) a 9 (20) a -
a p < 0.01, versus WHO 3; b p < 0.01, versus both WHO 3 and WHO 4; c p < 0.01, versus WHO 4. CAD: coronary artery disease; CKD:
chronic kidney disease; MCP-2: monocyte chemoattractant protein-2; n.s.: not significant.

Table 2. Comparison of serum MCP-2, selectins, and platelet number in COVID-19 patients at hospital admission and after
1 week.

WHO 3
(n = 18)

WHO 4
(n = 24)

WHO 5–7
(n = 10)

MCP-2 (pg/mL)
Basal 142 (111–204) 169 (122–263) 151 (125–175)

After 1 week 132 (101–160) 124 (96–158) 105 (76.7–128)
p-value a 0.035 <0.0001 0.017

P-selectin (ng/mL)
Basal 93.8 (66.7–124) 98.9 (74.7–135) 109 (74.6–192)

After 1 week 130 (95.1–171) 102 (95.4–127) 72.5 (57.4–165)
p-value a 0.003 n.s. n.s.

E-selectin (ng/mL)
Basal 28.9 (22.6–40.7) 23.8 (19.0–38.4) 26.3 (20.0–30.0)

After 1 week 26.2 (21.9–36.5) 24.1 (17.5–39.7) 20.9 (13.8–25.1)
p-value a n.s. n.s. n.s.

Platelets (MN/mmc)
Basal 248 (193–292) 263 (207–395) 168 (119–259)

After 1 week 339 (251–446) 319 (206–370) 229 (155–273)
p-value a 0.003 n.s. n.s.

a Wilcoxon signed-rank test. MCP-2: monocyte chemoattractant protein-2; MN/mmc: thousands of cells/mmc; n.s.: not significant.

Table 3. Correlations among serum MCP-2, selectins, inflammation parameters, blood cell, and platelet number at admission.

MCP-2 (pg/mL) P-Selectin (ng/mL) E-Selectin (ng/mL)
rs p-Value rs p-Value rs p-Value

MCP-2 (pg/mL) - - 0.183 0.012 0.271 <0.0001
P-selectin (ng/mL) 0.183 0.012 - - 0.145 0.047
E-selectin (ng/mL) 0.271 <0.001 0.145 0.047 - -

IL-6 (pg/mL) 0.065 0.377 0.278 <0.0001 0.340 <0.0001
IL-17A (pg/mL) −0.099 0.330 −0.077 0.452 −0.051 0.616
IL-10 (pg/mL) 0.203 0.006 0.463 <0.0001 0.347 <0.0001

Neutrophils (N/mmc) 0.004 0.954 −0.012 0.867 0.046 0.527
Monocytes (N/mmc) 0.113 0.121 0.082 0.262 0.099 0.178

Platelets (N/mmc) −0.039 0.691 0.340 <0.0001 −0.157 0.108

rs: rho di Spearman. IL: interleukin; MCP-2: monocyte chemoattractant protein-2.
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4. Discussion

In patients with COVID-19, we observed the following: (i) Enhanced serum MCP-2
levels that significantly mirrored the severity of the disease. Such an increase is transient, as
after 1 week of hospitalization, MCP-2 levels significantly declined. (ii) Enhanced serum P-
selectin levels, which were poorly related to the WHO severity level. The serum P-selectin
further increased after 1 week of hospitalization in mild patients and declined in severe
patients. (iii) No change in serum E-selectin levels.

MCP-2 is a chemotactic factor for monocytes/macrophages [31]. The increase ob-
served in COVID-19 patients reflects macrophage activation, as the protein is mainly
produced by macrophages that are stimulated by various triggers, including Sars-CoV-
2 [12]. Macrophage activation is an early event in the development of COVID-19 and
seems to be transient, with the exception of a few particularly severe cases, in which a
cytokine storm occurs [13]. In fact, MCP-2 levels were significantly reduced after 1 week
of hospitalization in most patients in our study, in agreement with a previous study [13].
Furthermore, we observed that levels of MCP-2 were significantly correlated with IL-10
levels, which is in turn produced by macrophages. Interleukin 10 is considered to be a
negative modulator of inflammation; however, in COVID-19 patients, it seems to play a
relevant pro-inflammatory role [32]. In fact, two studies revealed the early production of
IL-10 [33] and its significant association with disease severity [34]. Thus, it is possible that
either IL-10 or MCP-2 expression increases during the early phases of COVID-19 infection
due to macrophage activation. Regardless, our data reveal that serum MCP-2 at hospital
admission is a good predictor of COVID-19 severity. In addition, its rapid kinetics, which
was also observed in a previous study [13], is useful to modulate the anti-inflammatory
therapy. Interestingly, our study revealed a subset of about 20% of COVID-19 patients with
particularly increased serum MCP-2 levels (>250 ng/mL). Such cases could be selected for
treatment with approaches that target the macrophage-related inflammatory response [2].

Serum P-selectin seems to be a terminal inactive form with a monomeric, inactive
structure obtained from the cleavage of the active protein on the platelet membrane [16].
However, the protein is produced in higher amounts during the first phase of the disease
due to platelet hyper-activation [4]. This was evidenced by the higher values of serum
protein observed in hospitalized COVID-19 patients as compared to control subjects, which
is in agreement with previous studies [19,35]. Furthermore, serum P-selectin levels are
significantly correlated with the platelet number. Thus, serum P-selectin can be considered
as a biomarker of protein synthesis at the platelet level, and thus, as a marker of platelet
activation. The serum protein levels were not related to the WHO stage of severity. This is
again in agreement with previous studies that found that serum P-selectin values were quite
similar in mild/moderate and in severe patients [19,35], thus excluding serum P-selectin
as a prognostic biomarker in COVID-19 patients. The same result was previously reported
in acute myocardial infarction, in which P-selectin seems to be related to the promotion
of the disease, but its serum levels are not related to the severity of the disease [15].
However, we observed a significant increase in serum P-selectin (i.e., >170 ng/mL) in about
20% of COVID-19 patients, suggesting that, in a subset of patients, platelet activation is
extraordinarily enhanced. These data, together with the observation that P-selectin was
expressed by pneumocytes in a patient who died of severe COVID-19, suggest that a subset
of COVID-19 patients may be treated with therapies that inhibit P-selectin [14,36], thus
reducing severe acute lung injury, as was demonstrated in a murine model [37]. Therefore,
serum protein levels may help in the selection of patients eligible for these treatments.

The highest P-selectin and MCP-2 levels, which were observed in about 20% of
patients, may also depend on certain pre-existing morbidities, such as diabetes and CKD.
However, the significant reduction in MCP-2 levels after 1 week of hospitalization in
all three WHO subgroups suggests that the increment observed at hospital admission is
mainly caused by the COVID-19 disease.

Finally, the lack of an increase in serum E-selectin in our COVID-19 patients suggests
that the endothelial damage in these patients is a less relevant, secondary event caused
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by monocyte (as confirmed by the increase in serum MCP-2) and platelet recruitment (as
confirmed by the increased P-selectin values). This is in agreement with observations
from other models of inflammation, in which increases in serum P-selectin were not
associated with parallel increases in serum E-selectin [38]. Moreover, our results contrast
with a previous study that proposed endothelial activation as the primum movens in the
pathogenesis of COVID-19, followed by platelet activation [1]. This conclusion was based
on the alteration of the NO and PGI pathways observed in COVID-19 patients. Furthermore,
our results are in disagreement with a previous study that reported higher serum E-selectin
values in 20 severe COVID-19 patients when compared to 20 mild cases [22].

5. Conclusions

Our data suggest that serum MCP-2 represents an effective biomarker for COVID-19
severity and therapy monitoring as a result of its rapid kinetics. Furthermore, increased
serum P-selectin (although not related to COVID-19 severity) may be used to identify a
subset of patients that would benefit from targeted therapies. The lack of an increase in E-
selectin in COVID-19 patients (including those in advanced stages) excludes the hypothesis
that endothelial damage has a primary role in the pathogenesis of COVD-19.
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