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Abstract: Oxidative damage to lipids and lipoproteins is implicated in the development
of atherosclerotic vascular diseases, including peripheral artery disease (PAD). The
paraoxonases (PON) are a group of antioxidant enzymes, termed PON1, PON2, and PON3
that protect lipoproteins and cells from peroxidation and, as such, may be involved in
protection against the atherosclerosis process. PON1 inhibits the production of chemokine
(C–C motif) ligand 2 (CCL2) in endothelial cells incubated with oxidized lipoproteins.
PON1 and CCL2 are ubiquitously distributed in tissues, and this suggests a joint
localization and combined systemic effect. The aim of the present study has been to
analyze the quantitative immunohistochemical localization of PON1, PON3, CCL2 and
CCL2 receptors in a series of patients with severe PAD. Portions of femoral and/or
popliteal arteries from 66 patients with PAD were obtained during surgical procedures for
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infra-inguinal limb revascularization. We used eight normal arteries from donors as
controls. PON1 and PON3, CCL2 and the chemokine-binding protein 2, and Duffy
antigen/chemokine receptor, were increased in PAD patients. There were no significant
changes in C–C chemokine receptor type 2. Our findings suggest that paraoxonases and
chemokines play an important role in the development and progression of atherosclerosis
in peripheral artery disease.
Keywords: CCL2; chemokine receptors; chemokines; immunohistochemistry; paraoxonases

1. Introduction
Lower-extremity peripheral artery disease (PAD) is an important health problem that is associated
with severe impairment of different arterial territories. Indeed, PAD is a predictor of substantial
coronary and cerebral vascular risk [1,2]. The disease prevalence increases with age and, in people
over the age of 55 years, it is estimated to be about 20% [3–6]. Atherosclerosis affects wide portions of
numerous arteries in the lower extremities of PAD patients. This is the effect of a sustained and silent
progression of the disease in which appropriate and effective prevention measures are applied too late,
or not implemented at all [3–8].
Oxidative damage to lipids and lipoproteins is implicated in the development of atherosclerotic
vascular diseases, including PAD [9,10]. The paraoxonases (PON) are a group of antioxidant enzymes
that protect lipoproteins and cells from peroxidation and are involved in the atherosclerosis process
and, consequently, in vascular diseases [11]. The PON family contains three enzymes: PON1, PON2
and PON3, the genes of which are located adjacent to each other on chromosome 7q21–22 [12,13].
PON1 and PON3 are found in many tissues, as well as in blood, where they are associated with
high-density lipoproteins (HDL). Conversely, PON2 is exclusively intracellular [14–17]. Pioneer
studies reported that oxidized low-density lipoprotein uptake by macrophages in tissue culture and
in vivo increases the production of the inflammatory chemokine (C–C motif) ligand 2 (CCL2).
The consequence is the stimulation of arterial fatty streak formation, which is the progenitor of
atheroma. PON1 has been shown to inhibit these alterations [18–20]. Chemokines, CCL2 in particular,
are central to the vascular inflammatory response in mediating monocyte recruitment into the arterial
wall [21,22]. We have previously reported that PON1 and CCL2 are ubiquitously distributed in mouse
tissues, suggesting a joint localization and combined systemic effects [23]. Clinical data suggest
that circulating CCL2 concentrations or serum PON1 activity are important biomarkers of a variety of
diseases involving inflammatory response to an increased oxidative stress [24–29].
Previous studies from our group found that serum PON1 activity and concentration were
significantly lower, and CCL2 concentration higher, in PAD patients compared to controls, while the
combination of plasma CCL2 and PON1-related variables, discriminated controls from patient almost
completely [30]. In addition, we observed an increase in serum PON3 concentration in PAD patients,
relative to the healthy population [31]. However, data on the protein expression of these molecules at
the lesion level in patients with PAD are scarce. The aim of the present study was to quantify the
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immunohistochemical localization of PON1, PON3, CCL2 and CCL2 receptors in a wide series of
patients with severe PAD.
2. Results
Patients with PAD did not significantly differ from the control group in age and gender distribution.
The patient group had a significantly higher percentage of smokers, and lower serum cholesterol and
low-density lipoprotein (LDL) cholesterol concentrations. We did not observe significant difference
in any of the other standard biochemical and hematological variables. The circulating levels of CCL2
and 8-isoprostanes (a marker of oxidative stress) were significantly increased in PAD, while serum
PON1 concentrations and activities were decreased (Table 1). C-reactive protein (CRP) protein levels
were not significantly increased in our patients, a finding probably related to that they were treated
with salicylates and antiplatelet agents.
Table 1. Selected descriptive characteristics and laboratory variables in participants.
Parameter
Control (n = 8)
PAD (n = 66)
p-Value
Clinical characteristics
Age, years
66 (30–76)
70 (62–77)
0.223
Male, n (%)
5 (62.5)
55 (85.9)
0.094
Smokers, n (%)
1 (14.3)
16 (31.4)
0.048
Complete blood count
Red blood cells, ×1012/L
4.32 (3.18–4.47)
3.67 (3.14–4.24)
0.449
Hemoglobin, g/dL
12.46 (9.99–13.28) 10.85 (9.45–12.93)
0.468
9
Leukocytes, ×10 /L
9.22 (8.58–10.17)
9.89 (7.44–12.20)
0.668
Platelets, ×109/L
227.5 (163.7–246.2) 312.5 (199.0–419.0)
0.080
Biochemical variables in serum or plasma
Glucose, mmol/L
5.77 (5.11–6.77)
6.38 (5.11–8.83)
0.406
Total cholesterol, mmol/L
4.77 (3.87–6.39)
3.39 (2.90–4.47)
0.030
HDL cholesterol, mmol/L
1.24 (0.98–1.40)
0.93 (0.83–1.20)
0.074
LDL cholesterol, mmol/L
3.54 (3.11–4.42)
1.95 (1.68–2.69)
0.001
Triglycerides, mmol/L
1.47 (1.13–2.15)
1.31 (1.00–1.87)
0.449
Fibrinogen, g/L
5.51 (4.48–7.54)
6.96 (5.34–8.11)
0.237
C-reactive protein, mg/L
6.1 (0.6–7.2)
8.1 (2.7–16.0)
0.147
Total proteins, g/L
65 (55–68)
60 (55–69)
0.743
CCL2, ng/L
373.4 (255.2–431.8) 622.8 (472.7–898.4) <0.001
PON1, mg/L
75.4 (56.7–143.8)
25.2 (18.4–35.8)
<0.001
PON3, mg/L
1.95 (1.51–2.50)
1.73 (1.43–2.27)
0.490
8-Isoprostanes, ng/L
14.2 (2.0–37.2)
100.8 (37.6–314.7) <0.001
PON1 lactonase activity, U/L
5.69 (5.02–6.29)
3.04 (2.11–3.73)
<0.001
The bold numbers highlight the statistically significant differences.

The histological and immunohistochemical analyses of the peripheral arteries revealed that PAD
patients had a significantly thicker tunica intima relative to the tunica media of the artery wall (termed
the intima-media, or I/M ratio). There were significant increases in the percentage positive staining for
PON1, PON3, CD68 antigen (a marker of macrophages), CCL2, and also in the CCL2 receptors
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termed chemokine-binding protein 2 (CCBP2, also termed D6), and Duffy antigen/chemokine receptor
(DARC). We did not observe any significant change in C–C chemokine receptor type 2 (CCR2)
staining relative to controls (Table 2). Similar results were obtained when smokers were excluded from
the PAD group (Table S1).
Table 2. Differences in selected variables between control individuals and PAD patients.
Parameter
IMT (mm)
I/M ratio
% PON1 staining
% PON3 staining
% CCL2 staining
% CCR2 staining
% CD68 staining
% D6 staining
% DARC staining

Control (n = 8)
1.00 (0.70–1.30)
0.16 (0.13–0.65)
1.70 (1.54–3.72)
0.55 (0.22–0.73)
2.26 (0.36–3.65)
18.29 (7.02–27.56)
1.10 (0.65–2.88)
0.83 (0.22–12.9)
3.29 (2.01–5.06)

PAD (n = 66)
1.29 (1.00–1.74)
2.10 (1.33–3.22)
11.19 (7.25–20.81)
3.25 (2.01–4.37)
30.75 (9.63–44.41)
22.99 (13.21–42.71)
4.57 (2.40–9.24)
41.21 (24.55–58.39)
37.26 (18.06–51.85)

p-Value
0.150
<0.001
<0.001
<0.001
<0.001
0.263
0.007
<0.001
<0.001

IMT: Intima-Media thickness. Results are shown as medians and interquartile ranges. Staining for chemokine
(C–C motif) ligand 2 (CCL2), C–C chemokine receptor type 2 (CCR2), cluster of differentiation 68 (CD68),
Duffy antigen/chemokine receptor (DARC), chemokine-binding protein 2 (D6), paraoxonase-1 (PON1) and
paraoxonase-3 (PON3) were measured as the area of positive staining and expressed as percentage of the
total area examined using the image analysis system (see text for details). The bold numbers highlight the
statistically significant differences.

Affected arteries had severe alterations compared to the normal artery histology (Figure 1).
The intima was thicker and had extensive deposits of cholesterol and inflammatory cells. Calcium
deposits were clearly identified in the media. Masson’s trichrome stain was used to evaluate the
arteries’ architecture which, in affected arteries, highlighted an infiltration of smooth muscle cells from
the media into the intima, or perhaps a loss of muscle cells from the media and increase in connective
tissue, and greater obstruction of the arterial lumen.

Figure 1. Cont.
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Figure 1. Representative histological images of peripheral arteries: (A) Arteries stained
with Hematoxylin-Eosin. The intima in affected arteries was thicker and replete with
cholesterol deposits and inflammatory cells (arrow). Magnification 20×; (B) Alizarin Red
staining to detect the presence of calcium. There were calcium deposits in affected arteries
located, mainly, in the media and, in some cases, calcium was observed in the internal
elastic lamina (arrows). Magnification 20×; (C) Masson’s Trichrome stain showing,
in affected arteries, an infiltration of smooth muscle cells from the media to the intima
(arrow). The lumen shows partial obstruction. Magnification 40×; (D) Actin staining
to detect the presence of smooth muscle cells. The arrow shows the area of infiltration
of these cells from the media to the intima. Magnification 20×. The inserts show higher
magnification (100×) images of the indicated areas.
In normal arteries, PON1 expression was low and located in the intima and in the adventitia. PON3
expression was imperceptible. Conversely, in the arteries of PAD patients, PON1 and PON3
expression were higher. PON1 presented two types of localization: (1) when the intima was only
moderately enlarged, PON1 was located in the adventitia vessels and the media; (2) when the intima
was disorganized and with cholesterol deposits, PON1 was found surrounding the cholesterol crystals
at the site of the lesion. In affected arteries, PON3 was found in the adventitia or in the injury sites of
the intima (Figure 2). Areas of CD68 staining had a similar spatial distribution than those of
paraoxonases and CCL2 (Figures S1 and S2).
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Figure 2. Representative immunohistochemical images for paraoxonase-1 (PON1) and
paraoxonase-3 (PON3) staining of peripheral arteries: (A) PON1 expression in normal
artery was almost undetectable, and located in the media and adventitia. PON1 had two
types of localization in affected arteries: when the intima was not very thick, PON1 was
located in the adventitia and media of the vessels (arrow). When the intima was
disorganized and with cholesterol deposits, PON1 was expressed in the lesion site (arrow);
(B) PON3 expression was undetectable in normal tissue whereas, in affected arteries,
PON3 was located in the adventitia or in the injury sites of the intima (arrow).
Magnification 20×. The inserts show higher magnification (100×) images of the
indicated areas.
In normal arteries, CCL2 was mildly expressed in the adventitia, while CCR2 was found mostly
in the media, with weaker expressions in the adventitia and intima. CD68, D6 and DARC expressions
were mild. Conversely, the arteries of PAD patients had higher expressions of CCL2, CD68, D6 and
DARC. CCL2 was found mostly in the adventitia while CCR2 was found mostly in the media, with
weaker expressions in the adventitia and intima, as found in normal arteries. CD68 expression was
observed mostly in the thickest areas of the intima. DARC was located mostly in the media, although
it could also be found in the adventitia and/or intima of the vessels. D6 was found mostly in the
adventitia (Figure 3).

Figure 3. Cont.
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Figure 3. Representative immunohistochemical images for inflammatory markers in
peripheral arteries: (A) Chemokine (C–C motif) ligand 2 (CCL2) was expressed in the
adventitia in normal and affected arteries (arrow); (B) C–C chemokine receptor type 2
(CCR2) was expressed, mainly, in the media in normal and affected arteries. However, it
can also be found in the intima and in adventitia of the vessels (arrow); (C) Cluster of
differentiation 68 (CD68) was mildly expressed in control arteries while, in affected
arteries, the expression was higher and located, mainly, in the intima (arrow);
(D) Chemokine-binding protein 2 (D6) expression was found, mainly, in the adventitia;
(E) Duffy antigen/chemokine receptor (DARC) was found, mainly, in the media, although
it was observed as well in the adventitia and/or intima of some vessels. Magnification 20×.
The inserts show higher magnification (100×) images of the indicated areas.
3. Discussion
The present study shows (by immunostaining) that paraoxonases, CCL2 and several CCL2 receptors
are increased in peripheral arteries with indications of atherosclerosis. This could be a response
to increased cellular oxidative stress as well as the migration of monocytes. In PAD patients,
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we observed an increased CD68 staining which is a specific marker of macrophages. Macrophage
mitochondrial oxidative stress plays a major role in atherosclerosis via mechanisms involving the
NF-κB-CCL2 pathway [32]. Paraoxonases prevent oxidative stress by reducing the amount of oxidized
LDL in the circulation as well as the vessel wall. This, in turn, reduces monocyte infiltration into the
vessel wall and, as such, is anti-inflammatory [33,34]. The protein expression of this enzyme has been
observed in many tissues in humans [35] and mice [23]. PON1 reduces macrophage oxidation of LDL
as well as macrophage oxidative stress, and increases cholesterol efflux from macrophages to
high-density lipoprotein (HDL), thus reducing foam cell formation and, as a consequence, the
development or progression of atherosclerosis. Therefore, the increase in PON1 staining found in this
study could indicate that a protective response to increased oxidative stress was occurring in the
macrophages of the diseased arteries. For example, it is of considerable note that PON1 expression was
found surrounding cholesterol deposits in severely diseased arteries, and which strongly supports the
hypothesis of a protective role for this enzyme, i.e., that PON1 infiltrates the arterial tissue to combat
the deposition of the atherosclerosis-promoting cholesterol. The physiological role of PON3 is still
unclear. Results from the present study support previous findings from our group showing increased
serum PON3 concentrations in patients with PAD [31]. Studies on cellular expression of this enzyme
and the elucidation of its athero-protective role are scarce and inconclusive. PON3 has lactonase but
not paraoxonase activity [36,37]. Previous studies reported that PON3 attenuates the oxidation of LDL
in vitro [38] and that the overexpression of human PON3 decreased atherosclerosis and adiposity
in mice [39]. Although the increase in PON3 protein expression in the arteries of PAD patients
is quantitatively small, it needs to be taken into account that PON3 is about 100 times more potent
per mg of protein than PON1, in protecting LDL against lipid peroxidation [36]. Hence, the increase
in the enzyme’s expression in these patients could be of clinical relevance.
In the peripheral circulation, decreased PON1 activities are associated with increased concentration
of CCL2 [30], and in vitro studies found that PON1 inhibits the production of CCL2 induced
by oxidative stress in endothelial cells [20]. However, this inverse relationship is not confirmed
at tissue level. Indeed, both molecules are ubiquitously expressed in most tissues and are located
in close proximity to one another, suggesting some manner of coordinated function [23,40]. Results
of the present study, and previous others, show that the expression of both proteins is increased in the
arteries of patients with atherosclerosis [40]. This observation would suggest that the variations
in PON1 and CCL2 concentrations in plasma do not necessarily correlate with their roles at the cellular
level. Perhaps PON1 protein expression is increased in diseased arteries to counteract oxidative stress
and CCL2-induced inflammation. However, this hypothesis has to be confirmed by further studies.
CCL2 is likely to have considerable impact on PAD since the biological function of this chemokine
is to induce monocyte migration and, as well, because the arteries with moderate atherosclerosis
appear to accumulate CCL2 in response to a variety of pro-inflammatory stimuli [24,30,41–44].
Atherosclerosis is an inflammatory disease, and the consensus is that CCL2 is involved in its
pathogenesis [45]. In the present study, we found increased CCL2 expression in the arteries of PAD
patients, together with an increased expression of two of the CCL2 receptors i.e., D6 and DARC.
D6 and DARC belong to the poorly-understood chemokine receptors collectively known as atypical
or silent. These are G-protein coupled receptors that do not activate conventional signaling events.
Conversely, they may internalize, degrade or transport ligands (i.e., they have the potential to create
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clinically relevant chemokine patterns in tissues) [46]. Their levels of expression have not been
explored previously in diseased arteries of PAD patients. The availability of CCL2 may be
complicated by potential effects induced by differential expression of the specific receptor CCR2
and the presence of these atypical chemokine receptors. We observed that the expression of these
receptors was increased in diseased arteries, and that their histological distributions are not uniform.
A pathogenic role is likely, and data suggests that atypical chemokine receptors modify chemokine
availability in PAD. Although these receptors have no involvement in cell migration, their modulatory
effect on inflammatory response is likely.
Previous studies from our group also reported increased PON1 and PON3 expressions in aortas
from patients undergoing coronary or aortic artery bypass grafting [40]. This is relevant, because
it suggests that, despite the atherosclerosis burden being higher in PAD, changes inside the tissue
are similar at a molecular level. The mechanisms underlying the increased PON1 and PON3
immunohistochemical staining in the arteries of PAD patients cannot be ascertained from the present
investigation, but these patients had oxidative stress, as indicated by the elevated serum 8-isoprostanes
concentration. Oxidative stress stimulates PPARγ and NF-κB-related pathways [47], and these
molecules have been reported to stimulate the expression of paraoxonases [48,49]. However, this
increase is in an apparent contradiction with the decrease in the serum levels of the enzymes,
and a possible explanation could be an increase in PPARδ expression and decreased PON1 proteolysis.
This is the case in a rat model of liver fibrosis that our group published a few years ago [50]. Rats with
carbon tetrachloride-induced liver fibrosis had oxidative stress and increased PPARδ gene expression.
These alterations were associated to an inhibition of the HDL synthesis and, consequently, a decreased
PON1 secretion to the extracellular medium. In addition, the hepatic levels of the protease cathepsin B
were decreased, leading to an inhibition of protein degradation. Thus, hepatic PON1 levels were
elevated as a consequence of the combination of a decreased HDL secretion, and to an inhibition of
lysosomal protein degradation. To ascertain if the same phenomena occur in the arteries of PAD
patients requires further studies, but the strong decrease in HDL-cholesterol concentrations observed in
our patients is in agreement with this hypothesis.
A caveat of the present study is that we could not analyze PON2 in the arteries of PAD patients.
This enzyme plays an important role in the intracellular protection against oxidative stress [14], and
new investigations focused in PON2 and PAD should be further pursued.
4. Experimental Section
4.1. Study Population
Patients with clinically diagnosed PAD were recruited from the outpatient clinics of Hospital
Universitari Joan XXIII. Diagnosis was with standard clinical assessments including measurement
of the ankle-brachial index (ABI), non-invasive imaging, and angiography when indicated. Symptoms
of chronic ischemia were detected using the Fontaine classification, the standardized physician-administered
questionnaire that seeks to identify the presence of calf discomfort on exertion, such as walking uphill
or walking rapidly [51]. Exclusion criteria from our study were the presence of acute ischemia, signs
of infection, renal failure, liver disease, cancer, or autoimmune disease. Portions of femoral and/or

Int. J. Mol. Sci. 2015, 16

11332

popliteal arteries from patients were obtained during surgical procedures for infra-inguinal limb
revascularization (n = 66). All patients were at Stages III and IV of the Fontaine classification. Eight
normal arteries obtained from accident victims and stored at the Blood and Tissue Bank of Catalonia
(Banc de Sang i Teixits, www.bancsang.net/es/donants/donacio_teixits.html, Barcelona, Spain) were
used as controls. All tissues (patients and controls) were kept at −80 °C until thawed for processing.
After thawing, the tissues were rinsed in phosphate buffer to remove residual blood and placed in at
least 10 volumes of buffered formalin using a standard protocol for embedding tissue in paraffin wax
for subsequent histology slide preparation. Three sections per slide were used for histological and
immunohistochemical analyses. A peripheral blood sample was also obtained from each patient (and
control individual) at the time of the surgery for biochemical and hematological measurements. The
hospital’s Ethics Committee (Institutional Review Board) approved the procedures of the study
protocol on 31 July 2014, and written informed consent was obtained from the participants prior to
entry into the study (OBESPAD 14-07-31/7proj3).
4.2. Biochemical Analyses
Serum concentrations of glucose, cholesterol, HDL cholesterol, triglycerides, fibrinogen, C-reactive
protein, total proteins, and complete blood cell counts were performed by standard methods in the
Hospital Universitari Joan XXIII. LDL cholesterol concentrations were estimated using the Friedewald
formula. Serum concentrations of PON1 and PON3, and EDTA-plasma concentrations of CCL2 were
determined by ELISA as previously reported [30,31]. Serum concentrations of 8-isoprostanes were
analyzed by Enzyme Immunoassay (Cayman Chemical Co., Ann Arbor, MI, USA). Serum PON1
lactonase activity was analyzed by measuring the hydrolysis of 5-thiobutyl butyrolactone [27].
Inter-assay coefficients of variation were as follows: Glucose, 1.8%; cholesterol, 1.5%; HDL cholesterol,
2.0%; triglycerides, 2.2%; fibrinogen, 7.5%; C-reactive protein, 4.8%; total proteins, 1.3%; LDL
cholesterol, 3.5%; PON1, 10.5%; PON3, 12.2%; CCL2, 7.3%; 8-isoprostanes, 10.2%; lactonase, 11.5%
(n = 20 for each variable).
4.3. Histological and Immunohistochemical Analyses
Sections, of 4-µm thickness, were stained with hematoxylin-eosin for arterial histology. Masson’s
trichrome stain (Masson’s Trichrome Goldner with light green, Bio Optica, Milano, Italy) was used to
assess the structure and extent of fibrosis. Alizarin Red staining (Sigma-Aldrich, Steinheim, Germany)
was used to identify the sites of micro-crystalline, or non-crystalline, calcium phosphate salts. The
intima and media thicknesses were measured in all histological sections as an estimate of the extent of
atherosclerosis. Antibodies against PON1 and PON3 were raised in rabbits using peptides derived
from specific sequences of mature PONs, as previously reported [52–54]. PON1 and PON3 antibodies
were used at a dilution of 1/50 and 1/300, respectively. A previous study already demonstrated that
these antibodies were highly specific for PON1 and PON3 [54]. Commercial primary antibodies were
purchased: CCL2 (dilution 1/200), CCR2 (dilution 1/100), and D6 (dilution 1/500) from Abcam plc
(Cambridge, UK); antibodies against DARC (dilution 1/200) from Abnova (Taipei, Taiwan); and
antibodies against CD68 from Dako (Glostrup, Denmark). The appropriate biotinylated secondary
antibodies (anti-rabbit, anti-mouse or anti-goat; purchased from Vector Laboratories Inc., Burlingame,
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CA, USA) were used at a dilution of 1:200. Detection was performed with the ABC peroxidase system
(Vector Laboratories, Burlingame, CA, USA) and 3,3'-diaminobenzidine (DAB) peroxidase substrate
(Dako). The times of the detection reactions were 4 min for PON1 and PON3, 1 min for DARC,
1.5 min for CCR2 and D6, 10 min for CCL2, and 5 min for CD68. All immunohistochemical sections
were counterstained with Mayer’s hematoxylin. Negative control samples were processed identically
to the test samples except that the primary antibodies were omitted from the incubation. Representative
immunohistochemical images of negative controls in control arteries and arteries from patients with
PAD are shown in Figures S3 and S4. The positively-stained area was quantified automatically for
each antibody using an image analysis system (AnalySIS®, Soft Image System GmbH, Olympus Corp.,
Munster, Germany), and expressed as percentage of the total area. Initially the colors of the images
that have been stained to the molecule of interest were defined. Once these colors were defined, they
were automatically detected in all samples. The software analyzed the stained area in relation to the
total image area, which is termed phase analysis. The rationale for this method is described in
more detail in the Supplementary Methods, and is also available on the Internet [55]. This is
a semi-quantitative analysis that measures areas and not intensities. This method is commonly
accepted and has been employed previously in several immunohistochemical studies by our group and
other authors [23,28,40,54,56–59]. Inter-assay coefficients of variation were as follows: PON1, 9.6%;
PON3, 7.3%; CCL2, 4.5%; CCR2, 5.3%; D6, 6.4%; DARC, 7.1% (n = 20 for each variable).
4.4. Statistical Analyses
Significance of difference between groups was assessed by the Mann–Whitney U-test. Results are
expressed as medians and IQR (Interquartile Range). All statistical analyses were performed with the
Statistical Package for the Social Sciences, version 22.0 (SPSS Inc., IBM Corp., Chicago, IL, USA).
5. Conclusions
In conclusion, PON1 and PON3, CCL2 together with the D6 and DARC receptors are increased
in the arteries of patients with PAD. The findings suggest that these molecules may be involved in the
development and progression of atherosclerosis in peripheral artery disease.
Supplementary Materials
Supplementary materials can be found at http://www.mdpi.com/1422-0067/16/05/11323/s1.
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