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Abstract

Background: The C-type natriuretic peptide (CNP) has anti-inflammatory, anti-proliferative,
and anti-migratory properties. The purpose of this study was to investigate the occurrence
of CNP and its receptors (NPR2 and NPR3) in a human monocytic cell line (THP-1 cells) as
well as in peripheral blood monocytic cells (PBMC). Impact of both, LPS and human oxLDL on
expression pattern of CNP and its receptors shall be studied. Methods: Cells were cultured in
standard medium with or without LPS or oxLDL. Expression levels of CNP, NPR2, NPR3, TNF-
o, IL-1B, IL-6, CD14 and CD68 were measured at baseline, 24h, and 48h. Results: Baseline
expression of all analysed genes was significantly higher in PBMC compared to THP-1 cells (all
p<0.05). Expression levels of CNP, IL-1B, IL-6, and CD14 were significantly increased in PBMC
following stimulation with LPS. In contrast, in THP-1 cells stimulated by LPS, significant increase
in expression was found only for IL-6 (p=0.007). In THP-1 cells, oxLDL increased the expression
levels of NPR3, TNF-q, IL-1B, IL-6, CD14, and CD68 significantly. In contrast, expression level
of NPR2 was diminished by oxLDL (p=0.007). In PBMC NPR3 was significantly down-regulated
(p=0.002). Treatment with oxLDL for 48h increased NPR2/3-ratio significantly in PBMC (22.5
vs. 4.8, p=0.010). In contrast, in THP-1 cells, NPR2/3-ratio was lowered significantly by oxLDL
(0.31 vs. 17.0, p=0.008). Conclusion: Treatment with LPS or oxLDL leads to diverging changes
in gene expression PBMC and THP-1 cells. With respect to CNP and its receptors, data gained
from THP-1 cells should be further validated using naive human peripheral blood monocytes.
However, THP-1 cells can serve as a negative control for e.g. future signalling pathway studies
related to oxLDL effect on CNP system in monocytes/macrophages.
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Introduction

Atherosclerosis related diseases are leading causes of death in the western world [1].
Plaque formation is a consequence of lipid accumulation in the sub-endothelial space, LDL
oxidation by ROS, endothelial dysfunction, inflammation, foam cell formation, necrosis, and
fibrosis [2]. Major playersin this chain of events are monocytes and macrophagesinvadinginto
thevesselwall[3].Monocytesand macrophagesincorporate oxidizedlow-densitylipoproteins
(oxLDL) mediated by scavenger receptors. It was shown, that oxLDL leads to an activation of
proteinkinase C (PKC), P13-kinase, cyclooxygenase-2, and the MAP kinase pathway [4]. These
biological processes stimulate in turn macrophages to secrete a plethora of cytokines like
TNF-q, interleukins, interferons, enzymes and growth-factors [3]. Together with cytokines
released by activated T-cells, the latter factors promote inflammation, proliferation of smooth
muscle cells, dysfunction of the endothelium, and consecutively plaque formation [3, 5].

During the past years, CNP has aroused increasing interest in the researchers of
cardio-vascular related diseases [6-8]. CNP, which was identified 1990 by Sudoh et al. [9]
is the most ancient member of the natriuretic peptide family [10]. CNP inhibit neointimal
restenosis [11], reduces vascular constrictive remodelling [12], oxidative stress[13], and
cardiac ischemia-reperfusion injury [14]. CNP plays an important role in bone growth [15,
16], reproduction [17, 18], nerve growth [19], re-endothelialisation [20], as well as renal
[21], pancreatic [22], and cardiac function [23]. In addition, CNP has anti-proliferative and
anti-migratory properties [11, 24, 25] and was also identified as an endothelium derived
relaxing factor [26-28]. CNP stimulates selectively the human natriuretic peptide receptor 2
(NPR2), which in turn activates the cGMP-dependent kinase (cGK) by elevating intracellular
level of cGMP [14]. In addition, CNP binds NPR3 that deactivates protein kinase A by
G-protein dependent inhibition of adenylatcyclase [29]. It was shown, that C-type natriuretic
peptide (CNP) is able to inhibit activation of cyclooxygenase-2 [30], MAP kinase as well as
activation of PI3-kinase [31]. CNP decreases also activity of PKC via activation of natriuretic
peptide receptor 2 (NPR2) [29]. In contrast, activation of NPR3 leads to activation of PKC
via activation of phospholipase C [29]. These findings suggest that the expression ratio of
NPR-2 and NPR-3 on the cell surface might be associated with the sensitivity of monocyte
cells to stimulation with LPS and oxLDL. PKC activation, i.e. by pressor hormons or oxLDL
have been shown to act as negative feedback and lead to desensitization of natriuretic peptide
induces cGMP accumulation [32]. Therefore, the purpose of this study was to investigate the
impact of human oxLDL on expression pattern of CNP and its receptors in human peripheral
blood monocytic cells (PBMC) as well as in a stable human monocytic cell line (THP-1 cells).

THP-1 cells have become one of the most widely used cell lines to investigate the
function an regulation of monocytes and macrophages in the cardiovascular system [33,
34]. THP-1 cells have some advantages over human primary monocytes-macrophages
like a homogenous genetic background, higher storage stability and better suitability for
gene transfection[34]. However, in consideration of its leukemia trait, it is necessary to
determine the extent to which THP-1 cells mimic naive monocytes and macrophages
[34]. Published evidence regarding this question was recently reviewed by Qin et al. [34].

With respect to CNP and its receptors it is still not clear yet, how far the results
from experiments using THP-1 cells are comparable to the physiological function of
primary human monocytes. For this reason, we analysed basic expression rates of CNP,
NPR-2, NPR-3, TNF-q, IL-6, IL-1b, CD 14 and CD 68 in THP-1 cells and compared these
results with the expression of the same genes in PBMC. Both cell types were stimulated
with LPS and oxLDL to follow the changes in the above mentioned basic gene expression
profile.
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Materials and Methods

RPMI-1640, fetal bovine serum (FBS), penicillin/streptomycin (Pen/Strep), L-glutamine, HEPES
and tissue culture plastics were obtained from PAA (Cdlbe, Germany). LPS, suitable for cell culture use,
was provided by Sigma-Aldrich, Taufkirchen, Germany. LPS was extracted from Escherichia coli 0111:B4,
purified by gel filtration chromatography and gamma radiated for sterilisation. Oxidized LDL (oxLDL) was
provided by Biomedical Technologies, Stoughton, USA (#BT-910X Human Ox-LDL, Hi TBAR). Human LDL
was purified to homogeneity via ultra-centrifugation and oxidised using 3.5uM CuSO, in PBS at 37°C for 24
hours. Oxidation process was terminated by adding excess EDTA and analysed by agarose gel electrophoresis
for migration versus LDL (oxLDL migrates 2.7 fold further than the native LDL). The product was then
membrane filtered, aseptically packaged, and had no detectable endotoxin level. OXLDL was used within
one week following shipment. All other chemical compounds were purchased from Sigma-Aldrich if not
mentioned other.

Blood collection and cell isolation

Peripheral blood samples were drawn separately from three healthy volunteers (male, median age
33) using standard blood collection tubes (NH,-Heparinat Monovette, Sarstedt, Germany). Peripheral
mononuclear cells were obtained by density gradient centrifugation using Histopaque-1077 (Sigma
Aldrich Chemie GmbH, Steinheim, Germany) in Leucosep™ tubes (Greiner Bio-One, Frickenhausen,
Germany). According to the manufacturer instructions, peripheral blood was diluted with phosphate
buffered saline, PBS, PH 7.4 (Sigma-Aldrich, Taufkirchen, Germany) in a dilution ratio of 1:1. After
centrifugation, plasma was collected and saved for later use. Buffy coat containing PBMCs was harvested
and washed twice with PBS. Cells were cultivated in RMPI-1640 supplemented with 1% L-Glutamin,
2% HEPES, 1% Pen/Strep culture medium, including 10% autologous human plasma. After 12 hours
supernatant was discarded and adherent cells were gently removed from the surface, washed with PBS
and used for further experiments. Yield of CD14*-cells and CD16*-cells was analyzed by FACS Canto II
(BD Biosciences, San Jose, CA, USA) using anti-CD14 and anti-CD16 (BD Biosciences Pharminge, San
Diego, CA, USA). Human THP1-monocytes were obtained from own cell culture depot (ATCC® TIB-
202, LGC Standards GmbH, Germany) and cultured according to established recommendations [33].

Cell culture model

Monocytes were cultured under standardized conditions, using standard culture medium (RMPI-
1640, 1% L-Glutamin, 2% HEPES, 10% autologous plasma, 1% pen/strep). Cells were cultured in 6-
well-plates, containing an amount of 750.000 cells per well. THP-1 monocytes were cultured according
to recommendations in RPMI-1640 Medium supplemented with 10% FBS, 1% L-glutamine, 1% Pen/
Strep [33]. THP-1 monocytes were also cultured in 6-well-plates, containing an amount of 500.000 cells
per well. Total mRNA of human monocytes and THP-1 cells was extracted immediately after isolation
of the cells as well as after 24h and after 48h of cultivation in standard medium. Concomitantly, both
cell types were stimulated for 24h with 0.05ug/ml LPS. Finally, monocytes and THP-1 cells were
stimulated for 48 hours with 50 pg/ml of human oxidized low density lipoproteins (oxLDL) added
to standard medium. Concentration of LPS and oxLDL as well as measurement time points were set
according to previous optimization experiments (data not shown) and literature review [30, 35-40].

RNA Isolation and cDNA Synthesis

Total RNA from monocytes and THP-1 cells was isolated from cell lysates by using peqGOLD total
RNA Kit (PeqLab Biotechnologie GmbH, Erlangen, Germany) with an additional step of DNA digestion with
DNase I (Quiagen, Hilden, Germany). cDNA was synthesized using the RevertAid™ Premium First Strand
cDNA Synthesis Kit (Fermentas, St. Leon-Rot, Germany) according to the manufacturer instructions.

Quantitative real-time PCR

Expression level of CNP, NPR-2, NPR-3, TNF-o, IL-6, IL-1B, CD14, and CD68 were assessed by
quantitative real-time PCR (QuantiFast™ SYBR Green, Qiagen) using specific oligonucleotide primers
(QuantiTect Primer Assay, Qiagen). All quantitative PCR reactions were performed with an iCycler
iQ™ (BioRad, Munich, Germany) using the following conditions: 10s at 95°C, 30s at 60°C, and 10s at 72°C for
45 cycles. All expression levels were normalized to expression of the house-keeping gene GAPDH.
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Table. Comparison of expression levels
between PBMC and THP-1 cells. Expression o EETO i PEMD el |
n - - -V
levels are normalized to GAPDH. All genes = / e e
. . . CNP 1.468x 102  1.800x 10+ 82 <0.001
were significantly higher expressed in yppo

expression level at baseline (0h)

5.843x10%  6.203x 105 94 <0.001

human monocytes. NPR3 7.811x 10 1.176x 10° 664 <0.001
TNF-a 8607x10%¢ 1.638x10% 5 0.003

IL-1B 1.329x101  8363x 101 159 <0.001

IL-6 1.141x 10  4.875x 10 234 <0.001

CD14 1.663 3.808x 104 4368 <0.001

CD68 3.060 1.393 x 102 220 <0.001

Table 2. Effect of LPS and oxLDL expressed
as ratio between gene expression levels

changes by LPS (24h) changes by oxLDL (48h)

following treatment compared to cultivation ~Gene PCMO THP-1 PCMO THP-1
in standard medium. Expression levels are
normalized to GAPDH. See also Fig. 1 and 2. CNP 17.7% 1.66 0.37 1.52
Significant results are marked with asterisks p=0.045  p=0.840 p=0.207 p=0.057
*). NPRZ 220 1.86 0.86 0.26*
p=0.167 p=0.486 p=0.700 p=0.007
NPR3 161 1.24 0.20* 16.9%
p=0.116 p=0.686 p=0.002 p=0.023
TNF-o 384 0.92 0.67 8.66*
p=0.209  p=0.343 p=0.350 p=0.007
IL-1p 318 0.79 0.57 68.3*
p<0.001 p=0.886 p=0.056 p=0.007
IL-6 1718* 12.0* 0.37 113*
p<0.001 p=0.007 p=0.084 p=0.007
CD14  41,0* 2.31 0.52 29.3*
p=0.006 p=0.232 p=0.160 p=0.007
(D68 377 0.64 0.87 4.38*
p=0.454 p=0.343 p=0.876 p=0.010
Statistics

Data are shown as means * standard error of the mean (SEM). To compare the means of two
independent samples, robust Mann-Whitney-U Test was applied. For comparison between more
than two groups, Kruskal-Wallis test was used. 95% confidence intervals of NPR2/3-ratio was
calculated according to Rinne [41]. Statistical significance was assumed at p-values <0.05. Data were
analyzed using MedCalc® for Windows, Version 10.0.1.0 (MedCalc Software, Mariakerke, Belgium).

Results

Yield of CD14*-cells and CD16*-cells in the fraction of human PBMC was 73.1% and
14.6%, respectively. Expression levels at baseline, 24h, and 48h are shown in figure 1
and figure 2 (black columns and dark green columns). As listed in Table 1, all genes were
significantly higher expressed (5-4368 times) in PBMC than in THP-1 cells (exact values are
listed in Table 1). As shown in Table 2, expression levels of CNP, IL-1, IL-6, and CD14 were
significantly increased in PBMC following stimulation with LPS. In contrast, in THP-1 cells
stimulated by LPS, significant increase in expression was found only for IL-6 (p=0.007).

Treatment with oxLDL slightly diminished expression levels of all genes in PBMC.
However, this down-regulation was statistically significant only for NPR3 (p=0.002). In THP-
1 cells, oxLDL increased the expression levels of NPR3, TNF-q, IL-1, IL-6, CD14, and CD68
significantly (see Table 2). In contrast, expression level of NPR2 was diminished by oxLDL
(p=0.007). Impact of LPS and oxLDL on PBMC and THP-1 cells are visualized in Fig. 1 and
Fig. 2.
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Fig. 1. Impact of LPS on gene expression (normalized to GAPDH expression, means+SEM). PBMC=human
peripheral blood monocytic cells, THP=THP-1 cell line, LPS=0.05pg/ul lipopolysaccharide, *=p<0.05

compared to PBMC 24h, #=p<0.05 compared to THP 24h.
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Fig. 2. Impact of oxLDL on gene expression (normalized to GAPDH expression, means+SEM). PBMC=human
peripheral blood monocytic cells, THP=THP-1 cell line, oxLDL=50ug/ml human oxidized LDL, *=p<0.05

compared to PBMC 48h, #=p<0.05 compared to THP 48h.

Fig. 3. NPR2/3-ratio (mean with 95% confidence

100
interval) in human PBMC (black lines) and THP-1 cells

(green lines).

of

NPR2/3 ratio (mean, 95% CI)
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As shown in Fig. 3, NPR2/3-ratio was significantly higher in THP-1 cells at baseline
and after 48h (53.6 vs. 14.0, p=0.001). Within cell lines, LPS showed no impact on NPR2/3-
ratio, but has a significant effect on NPR2 /3-ratio when comparing PBMC and THP-1 (8.1 vs.
2.1, p=0.001). Treatment with oxLDL for 48h increased NPR2/3-ratio significantly in PBMC
(22.5 vs. 4.8, p=0.010). In contrast, oxLDL decreased NPR2/3-ratio significantly in THP-1

cells (0.31 vs. 17.0, p=0.008).
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Discussion

The present study shows for the first time that expression of CNP and its receptors
are regulated by oxLDL in human monocytes and that this effect is different between THP-1
cells and PBMC. THP-1 cells are widely used for studying a large variety of pathophysiologic
functions in human monocytes [34]. Furthermore, THP-1 cells are also used to study
hypotheses and mechanisms of atherosclerosis [42-44]. As comprehensively reviewed by
Qin etal. [34], THP-1 cells are suitable for the study of the novel functions and mechanisms in
monocytes-macrophages in the cardiovascular system, but it is also important to recognize
that THP-1 cells and primary monocytes-macrophages have significant differences [34].
With respect to CNP and its receptors, the present study hints that THP-1 cells and PBMC
might not be comparable.

In this study, the average purity of human PBMC ranged from 70.3 % up to 75.5 %. These
findings are in line with previous published purity rages (64-98%) [45-47]. The isolation of
monocytes by density gradient centrifugation is a well established and rather inexpensive
method compared to their isolation by e.g. magnetic beads. This method leads to a higher
purity of isolated monocytes [46]. Unfortunately, the magnetic bead complexes often cannot
be removed from isolated monocytes, which may cause interference with the analysis of cell
surface markers.

At baseline expression levels of all analysed genes were significantly higher in human
PBMC than in THP-1 cells. This difference might be mainly due to the fact that THP-1 cells
are different types of monocytes, originating from acute monocytic leukemia cells [33]. This
issue is extensively discussed by Qin et al. [34] as well.

Effect of oxLDL and LPS on CNP and its receptors

With respect to oxLDL, only one study [48] analysed the effect of oxLDL on secretion of
CNP, so far. This study was carried out in bovine endothelial cells. Furthermore, expression
levels of NPR2 and NPR3 have not yet been determined. It was shown, that oxLDL (50pug/ml)
reduces secretion level of CNP by 31% after 24 hours. In our study oxLDLleads also to reduced
expression levels of CNP. As shown in Fig. 2 and Table 2, this reduction was 63% after 48h.

Midyear 2011, Sellitti et al. reviewed the current literature on the regulation of CNP
expression [49]. They identified two studies concerning regulation of expression level of
CNP by LPS. The first study [50] revealed that LPS increases CNP mRNA level up to 300-
fold in mouse macrophages. The second study [51] showed a mutually inconsistent
stimulating effect of LPS on CNP secretion in two macrophage cell lines (THP-1 and
HL-60). In addition, no effect of LPS was found in human monocytes/macrophages [51].
Although cell culture setting (cell types, isolation of PBMC, and stimulation by LPS 0.1ug/
ml) was comparable to our experiments, outcome measurement was markedly different
(cumulative secretion of CNP peptide after 40h vs. expression level of CNP-mRNA after 24h).

Review of the literature identified two additional studies [52, 53] concerning the
effect of LPS on CNP expression/secretion. The first study shows that LPS induces CNP
secretion in bovine endothelial cells [52]. The second study revealed that expression of
CNP is increased in the hypothalamus of rats after induction of septic shock using LPS [53].

In summary, to our knowledge, the present study shows for the first time that expression
of CNP and its receptors are regulated by oxLDL in human monocytes and that this effect is
different between THP-1 cells and PBMC. So far, impact of LPS on expression of CNP has
been shown in four other studies. Due to methodological issues results are not comparable
directly. However, influence of LPS on NPR2 and NPR3 was analysed only in our study.

Effect of LPS on inflammatory cytokine expression

Stimulation of PBMC with LPS leads to an upregulation of inflammatory proteins
like TNF-q, IL-1B, and IL-6. In addition, expression of LPS receptor CD14 and macrophage
marker CD68 was upregulated by LPS. These findings are in accordance with other reports
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[30]. In contrast, stimulation of THP-1 cells with LPS leads to upregulation only of IL-6.
This may be due to possible earlier increase of inflammation in THP-1 cells and thus, to
an earlier decay. Therefore, different results in PCMO and THP-1 may be caused also by
dissimilar time-course of inflammatory response. In accordance to our study LPS induced
higher expression levels of inflammatory markers TNF-a, IL-1B, and IL-6 in PBMC in
several other studies [54-58]. Isolation of PBMC, culture conditions, LPS concentrations
(0.01-1pg/ml), and measurement time points (6-48h) were approximately comparable
to the present study as well. In THP-1 cells, effect of LPS was analysed amongst others by
Perez-Perez and co-workers [59]. In accordance to our study (LPS concentration 0.05ug/
ml), increase of TNF-o was observed not before LPS concentration was higher than 50ug/
ml. This issue was explained by the fact that LPS signal-transduction is augmented by
LPS binding protein (LBP). PBMC culture medium contains 10% autologous serum, while
THP-1 culture medium contains 10% FCS. However, expression of IL-6 was significantly
increased by LPS in THP-1 cells as well. In addition, difference of LPS effects between PCMO
and THP-1 cells might also be due to the more than 4000-fold higher expression level of
LPS receptor (CD14) in PCMO. Bas et al. showed that LPS stimulation of THP-1 cells leads
to significant higher levels of TNF-a, IL-1B3, and IL-6 [54]. In contrast to our study, LPS
concentration was however 20 times higher, LPS was derived from different serotype, and
measurement of inflammatory markers was carried out cumulatively by ELISA after 48h.

Effect of oxLDL on inflammatory cytokine expression

Except of NPR2, expression level of all analysed genes were up-regulated by oxLDL after
48h in THP-1 cells (Fig. 2). In contrast, level of NPR2 was down-regulated. Astonishingly,
in human PBMC expression levels of all genes were slightly down-regulated by oxLDL.
However, this effect was significant only for NPR3. These effects might be due to different
expression profiles of scavenger receptors or Toll-like receptors in PBMC compared to
THP-1 cells. In 2010, Levitan and coworkers performed an extensive review on diversity,
patterns of recognition, and pathophysiology of oxLDL [60]. They summarized that the
effect of oxLDL on inflammatory response is dose dependent. OxLDL in high concentrations
leads to inhibition of NF-kB and consecutively to reduced expression of inflammatory
mediators. In accordance, Jovinge et al. showed that oxLDL in concentrations of >15ug/
ml suppress the expression of TNF-o and IL-1, while lower concentrations of oxLDL
increase the level of TNF-a [40]. The abovementioned results are in agreement with our
results (oxLDL=50pg/ml), however, the decrease of TNF-a and IL-1f in PBMC in our study
was observed only by trend. The study of Jovinge et al. [40] has some similarities to our
experiments. Monocytes/Macrophages were isolated in a comparable manner and analysis
was also performed after 48h. In contrast, LDL was oxidized using a higher concentration of
CuSO04, but the incubation time was slightly shorter (18h). In addition, expression analysis
of inflammatory cytokines was performed by ELISA, not by quantitative PCR. In contrast,
Ardans et al. showed that stimulation of human peripheral blood monocytes with 5ug/ml
oxLDL had noimpact on PGE2 secretion [61]. However, these measurements were performed
by ELISA already after 24h. Taketa et al. showed that oxLDL (40ug/ml) increases NF-k B
activity after 24h. Referring to this, it must be mentioned that this study was carried out
using mouse peritoneal macrophages and applied oxLDL had lower TBARS. Furthermore,
Terkeltaub et al. showed that stimulation of PBMC with oxLDL (40ug/ml) leads to an
increase of IL-1p secretion after 24h [55]. In contrast, secretion of TNF-a was not affected.
In accordance to the present study, Mikita et al. [38] showed that IL-1B and TNF-a were
slightly increased after stimulating THP-1 cells with oxLDL (100pg/ml, 72h of stimulation).
In contrast, in a study by Qiu et al. [62], 1I-1B, TNF-a, and IL-6 were reduced by oxLDL.
Concentration of oxLDL and its degree of oxidation was identical to our study. However,
it must be mentioned that measuring time point was at 72h and THP-1 cells used in this
experiment were previously transfected with a lentiviral control plasmid. Another study
carried out by Terkeltaub et al. revealed no effect of oxLDL (75pg/ml) on IL-1 expression
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already after 24h [55]. In summary, our results are in general in accordance to published
studies that are methodological comparable.

Effect of oxLDL and LPS on NPR2-NPR3 ratio

With respect to oxLDL signal transduction via activation of protein-kinase C (PKC), NPR2
and NPR3 act contrariwise [29]. While NPR2 reduces PKC activity, NPR3 activates PKC by
stimulation of phospholipase-C [29]. Thus, the higher the ratio of NPR2/3 expression level,
the stronger inhibition of CNP on oxLDL-induced effects should be. NPR2 /3-ratio was higher
in THP-1 cells at baseline and after 48h (figure 3). Following 24h, NPR2/3-ratio levelled
up in both cell types but was inverted after treatment with LPS. Following treatment with
oxLDL for 48h, NPR2/3-ratio increased significantly in human monocytes and decreased
significantly in THP-1 cells. Thus, oxLDL seems to induce negative feedback with respect to
PLC/PKC-pathway in human monocytes. Because intracellular signalling of oxLDL is also by
MAPK-pathway [4], oxLDL induced decrease of NPR3 expression in PBMC is counteracting.
In contrast, fall of NPR2/3-ratio in THP-1 cells after 48h treatment with oxLDL may suppose
a positive feedback mechanism. Finally, the resulting effect of NPR2/3 balance on oxLDL
signalling remains unclear. It is to note that the effects of oxLDL are generated by various
intracellular pathways, which might be in part influenced by NPR2/3, in part by other
synergistic or even antagonistic pathways. Our current data suppose that the NPR2/3-ratio
might be important for the influence of CNP on effects induced by oxLDL. Further studies are
needed to investigate different intracellular pathways in more details, especially regarding
oxLDL stimulation, which leads to complete different behaviour of PBMC and THP-1 cells.

Limitations of this study

It should be in mind that PBMC are an inhomogeneous cell fraction having some
limitations like donor variability, cell viability and influence of other blood cells [34]. Beside
monocytes, PBMC consist also of lymphocytes, natural Killer cells and others. All these
factors have some influence on statistical spread of results. In addition, method of isolation
(e.g. centrifugation, adherence to plastic wells) might also have an influence on basic gene
expression. Because this method was the same in all experiments, direct comparison of
LPS-effects and oxLDL-effects at the same time points is most likely to be valid. In future
experiments, one may also use a technique for isolation of “untouched” CD14?**-monocytes
by negative selection. Unfortunately, this method was not available in our laboratory.

Conclusions

In summary, baseline expression of CNP, NPR2, NPR3, TNF-q, IL-1,1L-6,CD14, and CD68
issignificantlylowerin THP-1 cellscompared tohuman PBMC. Treatmentwith oxLDLleadstoa
diverging change in expression levels of the named genesin these cell types. In addition, oxLDL
showed an opposite effect on NPR2/3-ratio in PBMC and THP-1 cells. With respect to CNP
and its receptors, data gained from THP-1 cells should be further validated using naive human
peripheralblood monocytes. However, THP-1 cells can serveasanegative controlfore.g. future
signalling pathway studies related to oxLDL effect on CNP system in monocytes/macrophages.
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