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Abstract: In uremic patients, high-density lipoprotein (HDL) loses its anti-inflammatory features and
can even become pro-inflammatory due to an altered protein composition. In chronic kidney disease
(CKD), impaired functions of polymorphonuclear leukocytes (PMNLs) contribute to inflammation
and an increased risk of cardiovascular disease. This study investigated the effect of HDL from
CKD and hemodialysis (HD) patients on the CD14 expression on PMNLs. HDL was isolated using a
one-step density gradient centrifugation. Isolation of PMNLs was carried out by discontinuous Ficoll-
Hypaque density gradient centrifugation. CD14 surface expression was quantified by flow cytometry.
The activity of the small GTPase Rac1 was determined by means of an activation pull-down assay.
HDL increased the CD14 surface expression on PMNLs. This effect was more pronounced for
HDL isolated from uremic patients. The acute phase protein serum amyloid A (SAA) caused
higher CD14 expression, while SAA as part of an HDL particle did not. Lipid raft disruption
with methyl-β-cyclodextrin led to a reduced CD14 expression in the absence and presence of HDL.
HDL from healthy subjects but not from HD patients decreased the activity of Rac1. Considering
the known anti-inflammatory effects of HDL, the finding that even HDL from healthy subjects
increased the CD14 expression was unexpected. The pathophysiological relevance of this result
needs further investigation.

Keywords: high-density lipoprotein; polymorphonuclear leukocytes; CD14; serum amyloid A;
lipid rafts; Rac1; immunology; inflammation

1. Introduction

Besides the typical role in reverse cholesterol transport [1], high-density lipoprotein
(HDL) has strong anti-inflammatory, anti-oxidative and antithrombotic effects [2], which
contribute to immunoregulation [3,4] and a reduced cardiovascular risk [5,6]. However,
in inflammatory diseases such as chronic kidney disease (CKD), rheumatoid arthritis,
diabetes and coronary artery disease, HDL loses its anti-inflammatory features because
of changes in protein and lipid composition [5,7,8]. For example, in studies of vascular
smooth muscle cells [9] and on monocytes and dendritic cells [10] a decreased or eliminated
anti-inflammatory potential of HDL isolated from hemodialysis (HD) patients was ob-
served. The acute phase protein serum amyloid A (SAA), which induces the expression of
inflammatory cytokines in human monocytes, is enriched HDL isolated from CKD patients
and patients undergoing HD treatment [10].

Polymorphonuclear leukocytes (PMNLs) are cells of the non-specific immune defense.
They are part of the primary immune response and are named after their lobulated nuclei.
PMNLs are also commonly referred to as granulocytes because of multiple granules in
their cytoplasm. Neutrophils make up the largest group of PMNLs and play an essential
role in the defense against bacterial and fungal infections. Dysfunctional PMNLs lead to an
increased risk of bacterial infections and cardiovascular disease and are a major source of
the increased risk of morbidity and mortality among CKD patients [11]. HDL of CKD and
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HD patients significantly reduced PMNL apoptosis, an effect that is typically observed with
pro-inflammatory substances [12]. In contrast, HDL from healthy subjects had no effect on
PMNL apoptotic cell death. HDL from healthy subjects reduced the activation of CD11b
surface expression on PMNLs, a first step of the pathogenesis of vascular damage [13,14],
whereas HDL from CKD and HD patients did not have this effect. These results suggest
that HDL may exacerbate systemic inflammation in uremia.

CD14 is a glycosylphosphatidylinositol-anchored receptor that is located on the cell
surface and in the endosomal compartment. It can be expressed as a cell membrane
or secreted protein [15]. CD14 is a co-receptor of toll-like receptors (TLRs). TLRs are
pattern recognition receptors that detect highly preserved motifs on pathogens (pathogen-
associated molecular patterns) and substances that are released by damaged cells (damage-
associated molecular patterns) [16]. CD14 can also function as a pattern recognition
receptor [17]. While peripheral blood monocytes express over 100,000 CD14 receptors,
PMNLs have less than 10,000 on their surface [18]. In PMNLs, CD14 is stored intracellularly
as a preformed protein. Upon stimulation and in patients with severe bacterial infections,
CD14 surface expression is strongly increased [19]. In this study, the effects of HDL from
healthy subjects as well as from CKD and HD patients on the CD14 surface expression on
PMNLs were analyzed.

2. Results
2.1. Effect of HDL on CD14 Surface Expression

HDL increased the basal CD14 expression (Figure 1A). This change was significant ex-
cept for HDL isolated from healthy subjects (HS-HDL) at a final concentration of 10 µg/mL.

At 100 µg/mL, the CD14 expression was higher for HDL from CKD- and HD patients
compared to HS-HDL. This difference reached statistical significance only for HDL from
HD patients (HD-HDL). Considering that HDL is known to be an anti-inflammatory factor,
this activating effect was unexpected. Compared to HS-HDL, however, uremic HDL
induced a stronger stimulation of CD14 expression.

The columns HS, CKD and HD in Figure 1 represent the effect of the corresponding
HDL isolates on PMNLs isolated from healthy individuals. However, blood cells from
patients with end-stage renal disease are continuously exposed to the uremic milieu and
may not show the same responsiveness. Therefore, the effect of HD-HDL on PMNLs from
patients undergoing HD treatment was tested. As indicated by the columns HD(HD),
HD-HDL increased the CD14 expression on cells from HD patients to a lesser extent than
on PMNLs from healthy probands (Figure 1A).

As previously shown, N-formyl-methionyl-leucyl-phenylalanine (fMLP), like lipopoly-
saccharide (LPS), significantly increases CD14 cell surface expression on PMNLs [20]. The
fMLP-stimulated CD14 expression was significantly increased in the presence of all HDL-
isolates at both concentrations tested (Figure 1B). There were no statistically significant
differences between these groups.

The absolute percentage of the basal CD14 expression on PMNLs from healthy subjects
(HS) was 1.80 ± 0.21% and on PMNLs from HD patients 2.34 ± 0.47%. The absolute percent-
age of the fMLP-stimulated CD14 expression on PMNLs from HS was 5.67 ± 0.61% and on
PMNLs from HD patients 4.81 ± 1.07%. Both differences were not statistically significant.
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Figure 1. Effect of high-density lipoprotein (HDL) from healthy subjects (HS), n = 7, chronic kid-
ney disease (CKD) patients stage 3 and 4 (CKD), n = 18, hemodialysis (HD) patients (HD), n = 8,
on polymorphonuclear leukocytes (PMNLs) from healthy subjects at 0, 10 and 100 µg/mL final
concentration. HD(HD): Effect of HDL from HD patients on PMNLs from HD patients, n = 9; the
percentage of CD14 positive cells in the absence of HDL was set as 100%. There was no statistically
significant difference between the absolute values. (A) Basal CD14 surface expression. (B) CD14
surface expression stimulated by N-formyl-methionyl-leucyl-phenylalanine (fMLP). * p < 0.05 and
** p < 0.01 versus 0 µg/mL HDL; $ p < 0.05 versus HS; §§ p < 0.01 versus HD; data shown are mean
values ± standard error of the mean (SEM).

2.2. Effect of SAA on CD14 Surface Expression

SAA, which accumulates in HDL particles from uremic patients, induces pro-inflamm-
atory cytokine production in human monocytes [10]. In PMNLs, pre-incubation with
SAA significantly increased the basal CD14 expression, while stimulation by fMLP was
completely abolished (Figure 2A), indicating a desensitization of the fMLP receptor by SAA.

On the other hand, the influence of HS-HDL, which was spiked with SAA, on PMNL
CD14 expression did not differ from that of HS-HDL (Figure 2B). Hence, incorporation of
SAA into HDL shielded the effect of SAA.



Int. J. Mol. Sci. 2021, 22, 2830 4 of 12

Figure 2. Effect of serum amyloid A protein (SAA) at a final concentration of 10 µg/mL ((A); n = 3)
and of HDL isolated from healthy subjects (HS-HDL) and HS-HDL spiked with SAA (+) at final
concentrations of 10 µg/mL and 100 µg/mL ((B); n = 8) on the basal (black bars) and fMLP-stimulated
(grey bars) CD14 surface expression. The percentage of CD14 positive cells in the absence of SAA
and fMLP (Co: buffer as control, 0 µg/mL HDL) was set as 100%. * p < 0.05 and ** p < 0.01 versus
unstimulated values; $ p < 0.05, $$ p < 0.01 versus control (Co: 0.01% bovine serum albumin) for A,
versus 0 µg/mL HDL for B; data shown are mean values ± standard error of the mean (SEM).

2.3. Effect of Lipid Raft Disruption on CD14 Surface Expression

HDL can alter cell functions by reducing the membrane cholesterol content, particu-
larly within lipid rafts [21]. In this study, the effect of selective destruction of lipid rafts on
PMNL CD14 expression by using methyl-β-cyclodextrin (MβCD) to disintegrate lipid rafts
was evaluated [22]. MβCD significantly reduced both basal and fMLP-stimulated CD14
expression in a concentration-dependent manner (Figure 3). At 6 and 9 mg/mL MβCD,
the stimulation by fMLP was completely abolished.

Figure 3. Effect of methyl-β-cyclodextrin (MβCD) on basal (black bars) and fMLP-stimulated (grey
bars) CD14 surface expression. The unstimulated CD11b expression measured as mean fluorescence
intensity (MFI) in the absence of MβCD was set as 100%. n = 5 for 0 and 3 mg/mL MβCD; n = 3 for 6
and 9 mg/mL MβCD. * p < 0.05 versus the unstimulated values; $ p < 0.05 and $$ p < 0.01 versus the
absence of MβCD; data shown are mean values ± SEM.

Next, the effect of MβCD on the CD14 expression in the presence of HS-HDL (Figure 4A)
or HD-HDL (Figure 4B) was tested. Neither HS-HDL nor HD-HDL changed the effect
of MβCD on the basal or fMLP-stimulated CD14 expression. On the other hand, MβCD
completely eliminated the HDL-induced CD14 expression.
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Figure 4. Effect of MβCD (M; 6 mg/mL) on basal (black bars) and fMLP-stimulated (grey bars)
CD14 surface expression in the absence and presence of 100 µg/mL HDL (H) from healthy subjects
((A); n = 4) and from HD patients ((B); n = 5). The unstimulated CD11b expression measured as
mean fluorescence intensity (MFI) in the absence of MβCD was set as 100%. * p < 0.05 versus the
unstimulated values; § p < 0.05 and §§ p < 0.01 versus the absence of MβCD; $ p < 0.05 versus the
absence of HDL; data shown are mean values ± SEM.

2.4. Effect of HDL on Rac1 Activity

The small 21 kDa GTPase Rac1 controls many different cellular processes and con-
tributes to the inflammation associated with kidney disease [23]. Like CD14, it is partly
located in lipid rafts [24]. Measurement of the active GTP-bound form of Rac1 showed that
HS-HDL significantly reduced the basal Rac1 activity, while HD-HDL did not show this
attenuating effect (Figure 5).

Figure 5. Effect of HDL (10 µg/mL) from healthy subjects (HS), n = 9 and HD patients (HD), n = 7,
on the basal Rac1 activity of PMNLs from healthy subjects. The activity in the absence of HDL was
set as 100%. ** p < 0.01 versus control; data shown are mean values ± SEM.
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3. Discussion

Polymorphonuclear leukocytes (PMNLs) have binding sites for HDL [25], an anti-
inflammatory factor and for its main apolipoprotein, ApoA-I [26]. In this study, the effect
of HDL from healthy subjects and from CKD and HD patients on the CD14 expression
of PMNLs was investigated. HDL increased the surface expression of CD14 on PMNLs
from healthy subjects. This effect was more pronounced for HDL isolated from uremic
patients. Whereas the acute phase protein SAA led to an increased CD14 expression, SAA
did not show this effect when it was part of an HDL particle. The disruption of lipid rafts
resulted in a reduced CD14 expression in the absence as well as in the presence of HDL.
HDL from healthy subjects, but not from HD patients, decreased the activity of the small
GTPase Rac1.

Chronic kidney disease (CKD) is one of the leading health problems worldwide and
causes high economic costs to the health system [27]. Inflammation-related cardiovascular
disease and infections are the two major reasons for the high risk of morbidity and mortality
among CKD patients. Since it was discovered that HDL developed inflammatory properties
in CKD patients, one research focus became the effect of uremic HDL on immune cells. We
previously described the effects of HDL, isolated from patients with CKD and patients
undergoing HD treatment, on various functions of PMNLs, which are crucial elements of
the non-specific cellular immune defense. We concluded that HDL contributes to systemic
inflammation in uremic patients by disturbing PMNL functions. The effect of HDL on
CD14 expression has not yet been reported.

The expression of CD14, a glycosylphosphatidylinositol-anchored co-receptor of TLRs,
is much lower on the surface of PMNLs compared to monocytes [18]. However, PMNLs
express high levels of CD14 mRNA [28]. In PMNLs, CD14 is stored intracellularly in
azurophilic granules and plasma membrane-secretory vesicles [20]. The activation of
PMNLs during bacterial infections in vivo [19] and by stimulants such as LPS and fMLP
in vitro [20] leads to a strong increase in CD14 cell surface expression.

In PMNLs of patients with myelodysplastic syndromes, stem cell malignancies with an
increased risk of developing acute myeloid leukemia deficient in formin proteins involved
in linear actin polymerization show a specific increase of CD14 messenger RNA [29].
In contrast to PMNLs, this upregulation is not observed in other cell lineages, which
shows that PMNLs differ from monocytes with regard to CD14 expression. The aberrant
overexpression of CD14 on PMNLs sensitizes the innate immune response [29]. As shown
in Figure 1, HDL significantly increased the expression of CD14 on PMNLs. This finding
was unexpected given the known anti-oxidative and anti-inflammatory effects of HDL [2].
Nevertheless, HDL from CKD and HD patients caused a more pronounced increase in
CD14 expression compared to HDL from healthy subjects (Figure 1). Further studies are
needed to elucidate the significance of this finding.

The highest HDL concentration used in the assays was 100 µg protein per mL, a
concentration below the physiological level. In view of a possible ceiling effect, higher
HDL concentrations do not necessarily have a more pronounced impact. However, the
main, even though unexpected, finding that HDL increases the CD14 expression on PMNLs
would not change if a plateau effect occurs. The highest final HDL concentration used in this
study (100 µg/mL) has also been used in earlier in vitro investigations to analyze the HDL
effect [10,12]. In studies testing the in vitro effect of HDL, the HDL concentration is usually
given as µg HDL protein per mL, whereas clinical medicine uses mg HDL cholesterol per
dL. The physiological HDL levels range from 30 to 80 mg HDL cholesterol/dL. Based on
results of studies examining the HDL composition, 1000 mg HDL protein corresponds to
370–380 mg HDL cholesterol [30,31]. Therefore, a concentration of 100 µg HDL protein per
mL corresponds to approximately 3.75 mg HDL cholesterol per dL.

Changes in the protein composition of HDL have a substantial influence on the
cardioprotective properties of HDL [32]. The uremic milieu, which is characterized by the
accumulation of uremic toxins, causes qualitative changes of HDL in patients with impaired
kidney function. The enrichment of the uremic toxins such as symmetric dimethylarginine
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in HDL contributes to the adverse effect of HDL in uremic patients [33]. Using shotgun
proteomics, Weichhart et al. [10] showed that SAA is enriched in HDL from HD patients.
HDL-associated SAA was already present in healthy controls but was markedly elevated
in CKD4 patients as shown by immunoblotting. Wang et al. [34] investigated the effect
of the HD procedure on the HDL proteome and found that, compared to patients with
advanced CKD, recent HD initiation is associated with an even greater relative abundance
of HDL-associated proteins related to lipid metabolism and inflammation such as SAA.
They concluded that CKD and HD might uniquely affect the HDL proteome, thereby
generating different versions of dysfunctional HDL.

As a result of SAA accumulation on the HDL particle, HD-HDL loses its anti-inflamm-
atory properties and even becomes pro-inflammatory [9,10,35]. SAA is an important
acute phase protein that is produced by the liver under inflammatory conditions. It has
104 amino acids and occurs in low levels (20–50 µg/mL) in the serum of healthy individuals,
but increases by a factor of 1000 24 h after the onset of an acute phase response [36].
SAA levels and cardiovascular mortality are significantly associated in patients with high
cardiovascular risk [37]. The SAA incorporated in the HDL particle is linked to cardiac
events independently of HDL-cholesterol serum levels [38].

In human monocytes, SAA incorporated into HDL abolished the anti-inflammatory
effect of HDL [10]. SAA and SAA-conjugated HDL stimulate the formation of macrophage
foam cells [39]. In PMNLs, SAA significantly increased the basal CD14 expression (Figure 2A).
Furthermore, SAA completely abrogated the stimulation of CD14 expression by fMLP
(Figure 2A). This effect could be a result of desensitization of the fMLP receptor by SAA.
SAA activates several receptors, for instance, the formyl peptide receptor 2 (FPR2), the
toll-like receptors TLR2 and TLR4, the scavenger receptor SR-BI and the ATP receptor
P2X7 [40]. Receptor desensitization is a mechanism for discrimination between the multiple
signals PMNLs receive during inflammation. The desensitization can be homologous, as in
the case of fMLP-induced mobilization intracellular calcium stores, or heterologous, e.g.,
between the fMLP and C5a receptor [41].

The SAA effect on PMNL CD14 expression was not observed when SAA was in-
corporated into HDL, indicating that the SAA effect was masked by HDL (Figure 2B).
Consistent with this observation, Shridas et al. [42] demonstrated that the integration of
SAA in HDL abolished the inflammasome activation and ROS generation mediated by
SAA. On the other hand, both SAA and HDL-conjugated SAA can stimulate the formation
of macrophage foam cells [39]. Furthermore, lipid-poor, but not HDL-linked SAA can
induce the production of pro-inflammatory cytokines in a monocyte cell line [43]. While
recombinant SAA induces chemotaxis of PMNLs and monocytes, this effect is blocked by
pre-incubating SAA with HDL [44].

Lipid rafts are cholesterol- and sphingolipid-rich plasma membrane regions that
provide specific lipid environments that regulate the organization and function of several
plasma membrane proteins [24] and serve as a platform for receptors on the cell surface [45].
Lipid–lipid, lipid–protein and protein–protein interactions contribute to lipid raft formation
and their stabilization. Lipid rafts have a diameter from <70 nm to 2 µm and cover 13 to 50%
of the cell surface [46]. Their number, structure and distribution control basic biological
activities, including immune reactions [47], signaling cascades [48] and cell migration
and adhesion [49]. Lipid rafts provide a suitable microenvironment for CD14-dependent
receptor clustering, which is involved in innate immunity and induces specific co-assembly
of further receptors [50].

The effect of selective destruction of lipid rafts on the CD14 surface expression on
PMNLs was investigated using MβCD [22]. As expected, MβCD significantly reduced
the basal and fMLP-stimulated CD14 expression (Figure 3). HDL has been reported to
change cell functions by lowering the membrane cholesterol content, particularly in lipid
rafts [21]. In patients with diabetes mellitus, the CD14 expression on monocytes is inversely
correlated with HDL cholesterol levels [51]. ApoA-I stimulated cholesterol efflux from
monocyte-derived macrophages, which led to cholesterol depletion, disruption of lipid
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rafts and decreased the expression of CD14 [52]. In contrast to these findings, data from the
present study indicate that HDL caused an augmented CD14 surface expression on PMNLs
(Figure 1). Therefore, another mechanism yet to be identified must be responsible for this
increase. Interestingly, Olsson et al. reported that CD14 was not strictly associated with
lipid rafts. CD14 was only present in lipid rafts after LPS stimulation, but not in unstimu-
lated cells of a macrophage cell line [53]. Moreover, as shown in Figure 4, HDL not only did
not change this effect of MβCD on the basal or fMLP-stimulated CD14 expression, MβCD
even completely abolished the increased CD14 expression caused by HDL. Therefore, lipid
rafts seem to be necessary for the elevated HDL-induced CD14 expression.

The small 21 kDa GTPase Rac1 belongs to the Rho family of GTPases and regulates
many diverse cellular processes, including the cell cycle, cell–cell adhesion and motil-
ity. Rac1 is involved in several cardiovascular pathologies, e.g., vascular smooth muscle
proliferation, atherosclerosis cardiomyocyte hypertrophy and endothelial dysfunction in
hypertension, and is considered a promising therapeutic target in cerebro- and cardiovas-
cular diseases [54]. In the host defense functions of PMNLs, Rac-GTPases play a central
role in regulating the expression of adhesion molecules and the orchestration of neutrophil
functions, which are necessary for the destruction of invading microorganisms [55]. Like
CD14, Rac1 is also partially associated with lipid rafts [24]. Activation of Rac1 involves
translocation to membranes at domain boundaries, followed by diffusion of Rac1 into raft
and non-raft domains [56]. PMNLs express more Rac1 than monocytes, which indicates a
high need for Rho GTPase activity, which is necessary for a fast immune response [57]. In
vascular smooth muscle cells, HDL reduces the activation of Rac1, which is necessary for
the activation of the NAD(P)H-oxidase according to its anti-oxidative effect [58]. In this
study, measurement of the active GTP-bound form of Rac1 showed that HDL significantly
reduced the basal Rac1 activity in PMNLs (Figure 5). However, this attenuating influence
was observed only for HS-HDL but not for HD-HDL.

The data presented here show that HDL from CKD and HD patients increases the
CD14 expression on PMNLs. Notably, the incubation of PMNLs with HDL from healthy
subjects has the same effect, albeit less pronounced. This finding was quite surprising given
the known anti-oxidative and anti-inflammatory effects of HDL [2]. The pathophysiological
implication of this result requires further research.

4. Materials and Methods
4.1. Patients

The ethics committee of the General Hospital Vienna approved this study according
to the declaration of Helsinki (EK 980/2011). Informed consent was obtained from all
participants. Subjects with infection and intercurrent illness were excluded from this study.

In a recent publication, the effect of HDL on PMNL apoptosis, CD11b surface expres-
sion, oxidative burst and chemotaxis was assessed [12]. HDL samples from the same pool
of patients and probands were used in this study (see Supplementary Tables S1 and S2;
Both tables were taken from reference [12]). The pooled data of HDL from stage 3 and stage
4 CKD patients are presented because they did not differ in the effects assessed in this study.
HD patients were dialyzed on standard bicarbonate basis for 4 to 5 h three times a week
with biocompatible polysulfone HD membranes (Fresenius, Bad Homburg, Germany). The
Kt/V values of the patients were 1.2. All HD patients were without residual renal function.

4.2. High-Density Lipoprotein Isolation

A one-step density gradient centrifugation was used to isolate HDL as previously
described [59]. Blood was collected in ethylene diamine tetra-acetic acid (EDTA) tubes. The
density of the plasma was adjusted to 1.24 g/mL with potassium bromide (Sigma-Aldrich,
St. Louis, MO, USA). Four mL of plasma was layered under phosphate-buffered saline
(PBS, pH 7.4; BioWhittaker Lonza Services, Verviers, Belgium) with a density of 1.06 g/mL
in a polyallomer centrifuge tube. After centrifugation in a fixed-angle type 75 Ti rotor
in an Optima L-80 ultracentrifuge (Beckman Coulter, Fullerton, CA, USA) at 60,000 rpm
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(371,000 g) at 15◦ C for 5 h, the fractions containing HDL were collected, desalted to
PBS (polyacrylamide 6000 desalting column; Thermo Scientific, Rockford, IL, USA) and
stored at −80 ◦C. HDL from each group (control, CKD stage 3 and 4 and HD patients) has
been tested individually. The concentration of the isolated HDL was determined by the
bicinchoninic acid protein assay (Pierce, Rockford, IL, USA). The concentration of HDL is
shown as µg protein per mL.

HDL spiked with serum amyloid A (SAA-HDL) was prepared as previously de-
scribed [10,60]. Eight milliliters of plasma from a healthy individual together with 50 µg
SAA (Preprotech, Rocky Hill, NL, USA) in PBS or PBS alone as control were incubated for
3 h at 4 ◦C. For the isolation of SAA-HDL, the same procedure as for HDL was used.

4.3. Isolation of Polymorphonuclear Leukocytes

PMNLs were isolated from heparinized blood by discontinuous Ficoll-Hypaque (GE
Healthcare Bio-Sciences AB, Uppsala, Sweden) density gradient centrifugation and hy-
potonic lysis of erythrocytes as previously described [61]. As determined by ethidium
bromide exclusion (GibcoBRL Life Technologies, Gaithersburg, MD, USA), the viability of
PMNLs using this protocol was over 95%.

4.4. Surface CD14 Expression

Ten microliters of HDL of a tenfold concentrated stock solution was added to 90 µL
PMNL suspension (0.3 × 106 cells/mL). After incubation for 30 min at 37◦, 10 µL PBS
or fMLP (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) stock solution (10−7 M)
was added and incubated for a further 30 min at 37 ◦C. The samples were incubated for
45 min at room temperature in the presence of a fluorescence-labelled monoclonal antibody
(ECD-anti-CD14; Immunotech Beckman Coulter, Marseille, France) and then placed on ice.
After addition of 500 µL ice cold PBS, flow cytometry was performed on an Epics XL-MCL
(Coulter, Hialeah, FL, USA). The surface expression was measured as percentage of CD14
positive cells.

4.5. Lipid Raft Disintegration

To test the influence of selective lipid raft disintegration on PMNL functions, MβCD
(Sigma Life Science, Sigma-Aldrich Chemie GmbH) was used as previously described [18].

4.6. Rac1 Activity

The Rac1 activity was determined using the Rac1 activation pull-down assay from
Cytoskeleton Inc. (Denver, CO, USA). This test is based on the specific binding of the
GTP-bound, i.e., active form of Rac1 to affinity beads and the determination of the amount
of activated Rac1 by Western blotting using a Rac1 specific antibody.

PMNLs isolated from HS were incubated at 37 ◦C in the presence of HDL from HS or
HD patients for 15 min. The preparation of the cell lysates and the isolation of activated
Rac1 were performed according to the instructions of the supplier. The samples were
shock-frozen in liquid nitrogen and stored at −80 ◦C until application to gel electrophoresis
and Western blotting. Western blotting and the quantification of the intensity of the bands
were performed as previously described [62].

4.7. Statistical Analysis

The Wilcoxon matched-pair signed-rank test was used to analyze data from at least six in-
dependent experiments. When fewer than six independent experiments were performed, data
were analyzed by the paired two-tailed t-test. Data presented are mean values ± standard
error of the mean (SEM).

Supplementary Materials: The following are available online at https://www.mdpi.com/1422-006
7/22/6/2830/s1.

https://www.mdpi.com/1422-0067/22/6/2830/s1
https://www.mdpi.com/1422-0067/22/6/2830/s1
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