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Abstract 

Objective: LDL(−) is a minor LDL subfraction that induces inflammatory factor release by endothelial cells. 

Since LDL(−) is present in plasma, its interaction with leucocytes, a cell type involved in atherosclerosis 

phenomena, is feasible; therefore, the aim of the current study was to evaluate LDL(−) effect on lymphocytes 

and monocytes isolated from human plasma. Methods and Results: Mononuclear cells were incubated with 

LDL(+) and LDL(−) and expression and release of several inflammatory mediators were analyzed by protein 

membrane assay, ELISA and real-time RT-PCR. LDL(−) induced a significantly increased production versus 

LDL(+) in MCP1, GROβ, GROγ, IL6, IL8 and IL10 in monocytes as well as in lymphocytes. These induced 

molecules are inflammatory, except for IL10 which is considered an anti-inflammatory cytokine. Therefore, 

the role of IL10 was evaluated in experiments where exogenous IL10 or antibodies anti-IL10 or anti-IL10 

receptor were added. IL10 addition diminished the release of the other factors induced by LDL(−) near to 

basal production both at protein and RNA level. In contrast, the antibody anti-IL10 increased inflammatory 

cytokine release around two-fold, whereas the antibody anti-IL10 receptor produced a lower effect. 

Conclusions: LDL(−) promoted inflammatory cytokine production in leucocytes; however, it also induced IL10 

that minimized this effect. Therefore, IL10 developed a significant role in counteracting the LDL(−) 

inflammatory action. 
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Introduction 

Modified LDL is a key factor in the initiation and development of atherosclerosis and it is widely accepted that 

LDL modification takes place when the lipoprotein is trapped in the arterial intima where it can exert its 

inflammatory action [1]. The existence of a modified LDL in the circulation is controversial; however, several 

reports have described the presence of an electronegative LDL (LDL(−)), a minor LDL subfraction with increased 

electronegative charge, which presents atherosclerotic and pro-inflammatory properties [2]. LDL(−) 

proportion is increased in diseases associated with atherosclerosis, such as diabetes mellitus or familial 

hypercholesterolemia [3–5]. Furthermore, in endothelial cells LDL(−) promotes inflammatory molecule release 

[6–9], cytotoxicity [10,11] and apoptosis [12]. 

Apart from endothelial cells, leucocytes are also closely involved in atherosclerosis, since recruitment of 

monocytes and lymphocytes from peripheral blood to the intima of the vessel wall is a primordial event in 

atherogenesis [13]. In fact, recruitment of mononuclear leucocytes is essential for the development and 

progression of atherosclerotic lesions and is an event that appears to depend on the local presence of LDL. 

On the other hand, lymphocytes, and especially monocytes, synthesize several inflammatory factors, such as 

different interleukins, growth factors, chemokines or cytokines, some of which are also shared with 

endothelial cells. Furthermore, these cell types can interact with LDL; since LDL(−) is present in plasma, it is 

feasible that this modified LDL could act on leucocytes, thereby promoting an inflammatory response. The 

aim of the current work was to evaluate LDL(−) effect on monocytes and lymphocytes isolated from human 

blood. In both cell types, LDL(−) induced two-fold versus native non- electronegative LDL (LDL(+)), the release 

and transcription of different inflammatory molecules, including monocyte che moattractant protein (MCP1), 

growth-related oncogene β and γ (GROβ and GROγ), interleukin 6 (IL6) and interleukin 8 (IL8). All these 

molecules are also released by endothelial cells in response to LDL(−) and are related to inflammatory 

processes. However, in monocytes and lymphocytes, LDL(−) also induced synthesis and release of interleukin 

10 (IL10), a cytokine considered as anti-inflammatory. Several studies show a protective action of IL10 in vivo, 

such as those with mice overexpressing or lacking IL10, the consequence of which is a diminution in 

atherosclerotic lesion size [14] or lesion development [15], respectively. Regarding the effect of IL10 in 

culture cells, it exerts different immunoregulatory actions depending on cell type [16], with the decrease in 

inflammatory cytokine production in monocytes [17], lymphocytes [18], macrophages [19] and neutrophils 

[20] being one of the most important. 

Owing to these properties ascribed to IL10, its effect on the inflammatory response induced by LDL(−) on 

leucocytes was evaluated. Taken together, data indicated that IL10 promoted a decrease in the release of 

inflammatory cytokines induced by LDL(−); hence, IL10 appears to develop a pivotal modulatory role in LDL(−) 



 

action. 

 

Materials and methods 

1. Lipoprotein isolation 

Plasma samples from healthy normolipemic subjects (total cholesterol < 5.2 mmol/L, triglyceride < 1 mmol/L) 

were obtained in EDTA-containing Vacutainer tubes. Total LDL (1.019–1.050 kg/L) was isolated by sequential 

flotation ultracentrifugation at 4 °C in presence of 1 mmol/L EDTA, and LDL was dialyzed against buffer A (Tris 10 

mmol/L, EDTA 1 mmol/L, pH 7.4). LDL(+) and LDL(−) were separated by preparative anion-exchange 

chromatography in an ÄKTA– FPLC system (Amersham Pharmacia, Uppsala, Sweden) and characterized as 

described [8]. In all experiments, LDL(−) proportion of the subjects ranged from 4 to 6% of total LDL and main 

characteristics of both LDL subfractions did not differ from previously reported. 

 

2. Cell isolation and incubation with LDLs 

Peripheral blood of human volunteers was collected and mononuclear cells were isolated from it the same 

day. The study was approved by the institutional Ethics Committee and subjects gave their written informed 

consent. Cells were isolated according to density [21] using density gradient centrifugation at 1.077 kg/L with 

Linfosep (Biomedics, Madrid, Spain). Differentiation between monocytes and lymphocytes from total 

mononuclear cells was made depending on their adhesive properties after 20 h of culture to allow adhesion. 

Differential cell count was assessed by flow-cytometry with 2 laser FACScalibur (Becton Dickinson, Madrid, 

Spain) with a four-marker combination, and by May Grünwald/Giemsa staining (monocyte purity 80–85%, 

lymphocyte purity 90–95%). Cell viability was verified by LDH assay (Roche Diagnostics, Basel, Switzerland) and 

ethidium bromide/acridine orange staining (Sigma, Madrid, Spain). 

Cells were cultured in 6-well or 12-well plates with RPMI 1640 medium (Biowhittaker, Walkersville, MD, USA) 

supplemented with 10% fetal calf serum at 37 °C and 5% CO2. Before incubation, plates with the appropriate 

number of cells for each experiment (106 cells for protein membrane assay and ELISA and 3×106 cells for real-

time RT-PCR studies) were incubated in deficient medium (1% fetal calf serum); this medium was used to avoid 

the presence of other lipoproteins apart from LDL subfractions. LDL(+) and LDL(−) subfractions were dialyzed 

against RPMI 1640 medium in Sepharose G25M columns (Amersham, Pharmacia, Uppsala, Sweden) and 

filtered in sterile conditions prior to incubation. After testing different concentrations in preliminary 

experiments, it was determined that 150 mg apoB/L LDLs was the appropriate concentration to add to the wells. 

Lipopolysaccharide (LPS) (Sigma, Madrid, Spain) at 0.1 mg/L was used as a positive control, and cells without 

added stimulus were considered as basal production. 



 

In some experiments, actinomycin D (Sigma, Madrid, Spain) was used at 1 mg/L to inhibit transcription. In 

other experiments, exogenous IL10, antibodies anti-IL10 or anti-IL10R were also added under the conditions 

explained below. Control experiments in the presence of polymyxin B (50 mg/L) (Sigma, Madrid, Spain) in 

the medium were performed to rule out the possibility that trace amounts of LPS present in LDL samples 

were responsible for the LDL effect. 

 

3. Protein membrane assay and ELISA assay 

In all studies in which protein release was evaluated, 106 cells were incubated in 12-well plates (1 mL) under 

each condition. After incubation of cells with samples, culture medium supernatants were collected and 

frozen at − 80 °C. 

For protein membrane assay, supernatants were used without dilution in RayBio Human Cytokine Array III 

(RayBiotech, Norcross, GA, USA). This system is a membrane array based on detection with antibodies and 

chemoluminescent measurement, and permits the determination of 42 cytokines, chemokines and related 

molecules simultaneously. Protein membrane assays were incubated with samples for 20 h and developed 

according to the manufacturer's instructions as described [7]. A differential induction by LDL(−) was 

considered when the ratio in spot intensity between LDL(−)/LDL(+) was higher than 1.5, spots appeared in 

the 2 independent experiments performed and spot intensity was greater than 5 pixels. Proteins released 

to a greater degree by LDL(−) compared to LDL(+), according to the former criteria, were later evaluated 

and quantified by ELISA. 

ELISA used was Module Set antibody pairs (Bender MedSystems, Burlingame, CA, USA) and antibodies for 

GROβ and GROγ (Peprotech, Rocky Hill, NJ, USA) following the protocols described [7]. In ELISA assays, 

several incubation times, in time-course experiments, and LDL concentrations were tested to establish the 

more suitable conditions, and following ELISA studies were performed under those conditions. 

 

4. Real-time RT-PCR 

RNA was extracted from 3 × 106 cells cultured in 6-well plates (2 mL). After incubation with LDLs for 4 and 20 

h, cells were scraped and collected in RNase- free conditions and pellets frozen after centrifugation. RNA 

extraction was performed with the Qiagen extraction kit RNAeasy minikit (Qiagen, Hilden, Germany) from 

cell pellets. Reverse transcription was performed with 1 μg of each RNA using Moloney murine leukemia 

virus reverse transcriptase H- (Promega, Madrid, Spain). Quantitative RNA analysis was developed by real- 

time RT-PCR (AbiPrism 7000; Applied Biosystems, Foster City, CA, USA). The mRNA expression of the 

selected genes was studied using predesigned validated assays (assays-on-demand; Applied Biosystems, 



 

Foster city, CA, USA) and human β-actin (Applied Biosystems, Foster City, CA, USA) was used as internal 

control. 

 

5. Effect of IL10 

IL10 effect on mononuclear cells was evaluated by comparing cytokine release induced by LDLs alone or 

co-incubated with different concentrations of the following compounds: IL10 (2, 5 and 10 μg/L) (Sigma, 

Madrid, Spain), antibody anti-IL10R subunit α (IL10R) (5 and 15 mg/L ) (Sigma, Madrid, Spain) or antibody 

anti-IL10 (5 and 15 mg/L) (Peprotech, Rocky Hill, NJ, USA). After incubation under the different conditions, 

supernatants were collected and frozen to assess cytokine release by ELISA. Real-time RT-PCR was 

performed following the method described above to evaluate IL10 effect on transcription of the cytokines 

induced by LDL(−). 

 

6. Statistical analysis 

Results are expressed as mean±SD. A Sigma Stat 2.0 statistical package was used. Differences between groups 

were tested with Wilcoxon's t-test (for paired data). A value of p < 0.05 was considered significant. 

 

 

Results 

1. Protein membrane assay 

Up to 42 inflammatory molecules, indicated in the template (Fig. 1), can be detected by RayBiotech III protein 

array in which factors reported to be produced by mononuclear cells are included. Monocyte and lymphocyte 

supernatants were assessed in the array after 20 h of incubation with LDLs or LPS; this time was chosen 

according to our previous experience with endothelial cells [7]. A representative example of the results (n = 2) 

is shown in Fig. 1. 

LDL(−) induced MCP1, GRO, IL6, IL8 and IL10 to a greater degree than LDL(+) in both cell types. The cytokine 

release by LDL(−) action was even greater than by LPS effect for MCP1, IL8 and GRO. Position in the template 

for GRO included GROα, GROβ and GROγ; however, GROα, which is present alone in the next position, was 

not induced by LDL(−). 

MCP1, IL8 and GRO are chemokines and IL6 a pleiotropic cytokine associated with inflammation; hence, these 

factors released by LDL(−) are considered pro-inflammatory. However, IL10, which is also induced by LDL(−), 

develops functions that are considered mainly immunoregulatory. LDL(−) induced the same molecules in both 

monocytes and lymphocytes; however, spots were more intense in monocytes than in lymphocytes, and this 



 

greater release by monocytes was also observed in control cells or when cells were incubated with LDL(+) or 

LPS. 

Array from control cells, not incubated with LDLs or LPS, showed only the presence of IL-8 in monocytes. 

In contrast, cells stimulated with LPS released several inflammatory factors in monocytes as well as in 

lymphocytes. 

 

2. ELISA assay 

As the protein membrane assay method lacks standard curves and only permits semi-quantitative 

assessment, ELISA assays were performed. MCP1, GROβ, GROγ, IL6, IL8 and IL10 were evaluated, since their 

release was increased by LDL(−), following the criteria of differential induction versus LDL(+) as described 

in Materials and methods. First of all, optimal incubation conditions of maximal difference between LDL(+) 

and LDL(−) were found, at 20 h of incubation and 150 mg apoB/ L LDL, after testing several LDL concentrations 

and time-course of cytokine release. Regarding concentration, LDL(−) effect increases with concentration, 

whereas LDL(+) increases at a much lower rate. It is noteworthy that when LDL(+) concentration was 

increased to 900 mg/L apoB, the cytokine release promoted on monocytes was only half that induced by 

LDL(−) at 150 mg/L apoB (data not shown). These concentrations would be more similar to those found in 

the circulation. In relation to time-course, a representative IL6 and IL10 time-course experiment is shown in 

Fig. 2. The other cytokine release time-courses showed the same pattern as IL6, since protein release rose 

with increasing time, at least up to 48 h. However, IL10 was the only cytokine that presented different 

behavior, since its protein level peaked at 20 h and decreased thereafter. 

At 20 h, the maximum difference between LDL(−) and LDL(+) was practically reached, with cell viability over 

95% being preserved whereas, at longer times, cell viability decreased (86–91% viability at 48 h). Therefore, 

cytokine release in the supernatant was measured by ELISA (n = 15) at 20 h (Table 1). LDL(−)/LDL(+) ratio 

expressed after subtracting basal production is also shown in Table 1. In general, LDL(−) promoted a two-fold 

cytokine release compared to LDL(+), and similar to or even greater than that induced by LPS. LDL(−)/LDL(+) ratio 

was similar in both cell types, although production was greater in monocytes, thereby corroborating the protein 

membrane assay data. 

 

3. Transcription induction 

Transcription of cytokine genes was analyzed to establish whether the inflammatory factor release by LDL(−) 

was induced by transcriptional mechanisms. An initial approach was to incubate cells with actinomycin D (1 

mg/L) simultaneously with 150 mg apoB/L LDL(+) or LDL(−). In both cases, actinomycin D promoted inhibition 



 

in cytokine release between 60 and 100% depending on the cytokine evaluated (n = 3 experiments) whereas, 

in control cells, cytokine levels remained constant. 

Real-time RT-PCR studies were also conducted to evaluate the factors induced by LDL(−) as target genes. 

Monocytes and lymphocytes were incubated for 4 or 20 h with stimulus prior to RNA extraction and real-time 

RT-PCR assays (n = 4). More RNA copies, between 3-fold and 10-fold depending on the cytokine evaluated, 

were observed at 4 h compared to 20 h; however, differences in induction mediated by LDL(−) versus LDL(+) 

did not change and concurred with protein results. Hence, at transcriptional level there was a decrease in the 

number of copies with time whereas, by protein time-course, the effect was opposite (except for IL10 at long 

incubation times). Data at 4 h of incubation are presented in Table 2 as the number of relative RNA copies versus 

β-actin, which presents constitutive expression. In summary, these results indicate that LDL(−) induces cytokine 

release in leucocytes at transcriptional level. 

 

4. Modulatory IL10 effect 

The most striking result of this study was the increased IL10 production by LDL(−), since only inflammatory 

properties had been attributed to LDL(−), whereas IL10 is considered an anti-inflammatory molecule. 

Therefore, additional experiments evaluating IL10 effect on monocytes and lymphocytes were developed. 

Cells were incubated with LDLs, alone or with the addition of exogenous IL10, and the antibodies anti-IL10 

or anti-IL10R; supernatant cytokine release was then quantified by ELISA (n = 6). The number of RNA copies 

was evaluated by real-time RT-PCR assays when exogenous IL10 was added (n = 3). 

A diminished cytokine release when exogenous IL10 was added to LDL(−) compared to LDL(−) alone at 20 h of 

incubation is shown in Fig. 3. Concentrations of exogenous IL10 were only slightly higher than those released 

by cells incubated with LDL(−) alone; hence, the results obtained can be considered quite representative. The 

inhibition after IL10 addition was concentration-dependent, reaching almost 100% inhibition at 10 μg/L; 

however, at 2 μg/L, inhibition was already over 50%, except for GROγ in monocytes (31% inhibition). 

On the other hand, the inhibitory effect of exogenous IL10 was observed not only in protein release but 

also at transcriptional level, as shown by real-time RT-PCR. The inhibition in RNA copies in cells co-incubated 

with LDL(−) and IL10 (5 μg/L) versus incubation with LDL(−) alone (n = 3) at 4 h of incubation is shown in Fig. 4. 

The inhibitory effect ranged from 50 to 80% versus LDL(−) alone and, in addition to decreasing the number of 

RNA copies of the inflammatory factors induced by LDL(−), IL10 also diminished the number of copies of IL10 

itself, pointing to a self-regulatory role. The transcriptional inhibition of IL10 remained similar when compared 

between 4 and 20 h of incubation, being between 50 and 75% depending on the cytokine evaluated at 20 h. 

The effect of the antibodies anti-IL10 and anti-IL10R added to LDL(−) is shown in Fig. 5. All cytokines induced 



 

by LDL(−) increased, in a dose-dependent manner, when IL10 was inhibited by the addition of anti-IL10. 

Nevertheless, using anti-IL10R, the effect, in general, was lower, increasing cytokine release only slightly, 

and in some cases no significant inhibition at the concentrations of antibody used was observed. On the 

other hand, it was proved that the antibody anti-IL10 worked correctly since it inhibited IL10 quantity in 

the supernatant (70–85%), whereas the antibody anti-IL10R promoted an increase in IL10. LDL(+) produced 

similar results compared to LDL(−) when both antibodies were used or exogenous IL10 was added (data 

not shown). 

 

Discussion 

LDL(−) is a plasma LDL subfraction whose interaction with mononuclear cells is feasible. These cells play a 

significant role in atherosclerosis, a disease characterized by infiltration of monocytes and lymphocytes from 

peripheral blood to the intima. Furthermore, lymphocytes, and particularly monocytes, synthesize several 

inflammatory factors, some of which are also shared with endothelial cells [13]. For all these reasons, the LDL(−) 

effect on leucocytes is an interesting topic that has not been previously described. 

The results of the current study show that LDL(−) induced in mononuclear cells the production of several factors 

related to inflammatory processes. LDL(−) promoted around two-fold versus LDL(+) protein release of 

chemokines MCP1, IL8, GROβ and GROγ and interleukins IL6 and IL10. The role of LDL(−) was also confirmed 

at transcriptional level and the number of RNA copies was greater at 4 h versus 20 h, a logical response since 

RNA-encoding cytokines are usually unstable to ensure that cytokine synthesis is transient. 

All the cytokines induced by LDL(−) action followed the same pattern in monocytes and lymphocytes; however, 

cytokine release by monocytes was always greater than by lymphocytes, regardless of the stimulus: LDL(+), 

LDL(−) or LPS. Monocytes are cells whose involvement in atherosclerosis is evident, since they develop a 

significant role in the early phases of atherogenesis and synthesize several inflammatory factors[13]. In 

contrast, the role of lymphocytes is not so widely understood, although they also appear to be implicated in 

atherosclerotic lesion progression [22]. 

It is noteworthy that LDL(−), besides inducing cytokine release by endothelial cells, also exerts an 

inflammatory effect on mononuclear cells which could interact with LDL(−) in plasma circulation or when they 

are retained in the endothelium. The fact that molecules induced by LDL(−) in leucocytes, except IL10, are also 

stimulated in HUVEC [7] is biologically significant since the same stimulus can act on different cell types. In 

turn, cytokines released by the effect of LDL(−) in one cell type can activate these cells or others, triggering an 

amplified response mediated by LDL(−). Therefore, the effects promoted by LDL(−) should not be considered 

isolated actions but rather as physiologically interrelated in the context of an inflammatory process. 



 

On the other hand, LDL(−) isolated from diabetic and hypercholesterolemic patients, at the same 

concentration as in normolipemic subjects, did not present a greater inflammatory effect in endothelial cells 

compared to normolipemic subjects [8,23]. For this reason, the current study was focused on normolipemic 

subjects. Nevertheless, it is noteworthy that the inflammatory effect promoted by LDL(−) would be greater 

in diabetic and hypercholesterolemic patients than in normolipemic subjects, since these patients present 

increased LDL(−) proportion [3–5]. 

Besides promoting cytokines with an inflammatory action, LDL(−) also induced in monocytes and 

lymphocytes the synthesis and release of IL10, a cytokine considered as anti- inflammatory. The relationship 

between IL10 and atherosclerosis is widely accepted, since clinical studies in humans reported increased levels 

of IL10 in acute coronary syndromes [24,25], atherosclerotic plaques [26], hypercholesterolemia [25,27] and 

diabetes [28]. The biological function of IL10 in these situations would be to counteract an excessive 

inflammatory response. This protective role was corroborated by experiments with mice in which animals 

overexpressing IL10 presented a smaller atherosclerotic lesion [14,29], whereas mice lacking IL10 presented 

increased atherosclerosis [30,31] and autoimmune diseases [32]. This evidence supports a physiological 

function of IL10 as a controller of inflammatory response and, in fact, IL10 has even been used with 

therapeutic aims in autoimmune diseases such as psoriasis [33]. 

Concerning the anti-inflammatory properties described for IL10 on cells, IL10 activates Th2 anti-inflammatory 

phenotype [34], promotes cholesterol efflux [35], and inhibits monocyte–endothelium interaction [14], 

apoptosis [36,37], and phagocytosis [38]. Furthermore, IL10 plays an important role in decreasing the 

production of inflammatory cytokines in several stimulated cell types [17], and even inhibits the autocrine 

effect of MCP1 on monocytes [39] and of IL8 on lymphocytes [40]. In this respect, the aim was to evaluate the 

possible role of IL10 released by LDL(−) on the other cytokines induced in mononuclear cells. Our results 

showed that IL10 decreased inflammatory cytokine release by LDL(−) and this effect was exerted at 

transcriptional level, even promoting inhibition of IL10 itself. In this regard, it has been previously reported 

that IL10 can induce degradation of RNA codifying for specific genes [41] and that IL10 expression is self-

regulated [17,42]. 

IL10 inhibition of inflammatory cytokines points to a modulatory role, which concurs with the theory that, 

against an external aggression, the immune system activates both inflammatory and anti-inflammatory 

pathways to counteract collateral damage [43]. In our case, LDL(−) would be the external stimulus that 

activates not only inflammatory but also anti-inflammatory responses. In this way, anti-inflammatory IL10 

would counteract inflammatory cytokine expression induced by LDL(−). On the other hand, the specific 

pathway activated by IL10 to promote cytokine inhibition is not clear, since knowledge of IL10 intracellular 



 

signal transduction pathways is limited and several possible mechanisms, such as ERK, p38MAPK, STAT or 

NFkB, have been suggested [44–48]. In experiments using the antibody anti-IL10R, a lower effect than anti-IL10 

on raising inflammatory cytokines was observed. This suggests that IL10R could play some role in the 

modulatory action of IL10; however, the effect varied depending on the cytokine evaluated. In this 

context, different pathways could be responsible for differential cytokine expression, and there could 

be alternative entries, apart from IL10R, such as binding to another integral membrane protein, as suggested 

previously [38]. On the other hand, the addition of anti-IL10R could inhibit endogen IL10 entry into the cell, 

since IL10 levels increased in the supernatant. In this respect, it was suggested that IL10 had an autocrine 

regulation by a negative feed-back effect which was inhibited by anti-IL10R [49]. These results, together with 

IL10 time-course experiments and real- time RT-PCR data adding exogenous IL10 to LDL(−), appear to suggest a 

self-regulatory role of IL10. This effect could have a biological explanation, with IL10 self-regulation being 

important to achieve an efficient immune response, since longer IL10 inhibition could cause inflammatory 

problems [43]. 

In summary, the fact that LDL(−) promotes the release of inflammatory cytokines in leucocytes, besides 

inducing a response in endothelium, is significant since it supports its inflammatory role. However, LDL(−) also 

induces IL10 expression which decreases the release of inflammatory cytokines, thereby developing an 

important control system. If LDL(−) did not induce IL10, the inflammatory response would be still greater and 

maybe excessive; hence, in this respect, IL10 could develop a pivotal immunoregulatory function. 
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Table 1 

Cytokine release evaluated by ELISA in the supernatant of monocytes and lymphocytes incubated with 

LDL(+), LDL(−) and LPS 

Protein release 20 h MCP1 IL6 IL8 IL10 GROβ GROγ 

Monocytes Control 0.40 ± 0.39 0.02 ± 0.03 0.37 ± 0.49 0.05 ± 0.07 1.25 ± 1.81 8.58 ± 4.08 

 LDL(+) 1.98 ± 1.37 0.40 ± 0.30 13.3 ± 4.8 0.62 ± 0.40 6.71 ± 3.48 19.8 ± 13.8 

 LDL(−) 4.94 ± 4.15* 0.73 ± 0.41* 18.2 ± 5.8* 1.25 ± 0.50* 12.5 ± 7.2* 25.6 ± 16.5* 

 LPS 4.61 ± 3.63* 1.63 ± 0.85* 17.6 ± 5.0* 1.43 ± 0.50* 14.2 ± 9.4* 27.9 ± 18.3* 

 (−)/(+)† 3.0 ± 1.4 2.2 ± 1.1 1.4 ± 0.4 2.6 ± 1.0 2.3 ± 0.7 2.0 ± 0.9 

Lymphocytes Control 0.52 ± 0.36 0.01 ± 0.01 0.07 ± 0.10 0.04 ± 0.04 1.80 ± 3.71 7.38 ± 7.13 

 LDL(+) 1.01 ± 0.65 0.22 ± 0.19 5.72 ± 3.60 0.14 ± 0.09 6.05 ± 3.30 10.7 ± 4.7 

 LDL(−) 2.05 ± 1.44* 0.42 ± 0.25* 9.68 ± 3.65* 0.40 ± 0.33* 11.1 ± 5.4* 16.2 ± 5.3* 

 LPS 3.57 ± 2.82* 0.93 ± 0.43* 9.80 ± 3.12* 0.52 ± 0.51* 11.6 ± 4.6* 15.5 ± 3.7* 

 (−)/(+)† 3.3 ± 0.8 2.1 ± 0.5 2.0 ± 0.7 3.7 ± 0.4 2.3 ± 0.8 2.7 ± 0.8 

Results are expressed as ng/106 cells (cell density 106 cells/mL). Data are the mean±SD of 15 independent 

experiments. *p < 0.05 versus LDL(+). †LDL(−)/LDL(+) ratio showing the difference in induction between 

both fractions subtracting control from each assay value. 

 

 

  



 

Table 2 

Number of RNA copies evaluated by real-time RT-PCR of the genes encoding for the cytokines 

differentially induced by LDL(+) and LDL(−) in monocytes and lymphocytes 

RNA copies 4 h MCP1 IL6 IL8 IL10 GROβ GROγ 

Monocytes Control 2.36 ± 0.67 0.08 ± 0.05 59.6 ± 29.9 0.19 ± 0.06 3.28 ± 1.68 3.73 ± 1.88 

 LDL(+) 12.2 ± 10.1 2.05 ± 1.21 190.8 ± 115.9 0.64 ± 0.28 9.92 ± 8.29 23.3 ± 20.4 

 LDL(−) 18.8 ± 16.6* 5.34 ± 4.11* 263.4 ± 158.7* 1.12 ± 0.59* 17.5 ± 22.1* 53.6 ± 59.3* 

 (−)/(+)† 1.8 ± 0.5 2.5 ± 0.9 1.6 ± 0.2 2.3 ± 1.4 1.9 ± 0.6 2.2 ± 0.8 

Lymphocytes Control 2.11 ± 1.07 0.19 ± 0.19 22.6 ± 14.1 0.14 ± 0.03 1.27 ± 0.61 1.57 ± 0.83 

 LDL(+) 4.50 ± 1.56 0.94 ± 0.48 57.5 ± 14.8 0.31 ± 0.08 3.26 ± 1.89 7.6 ± 4.4 

 LDL(−) 7.49 ± 5.25* 3.13 ± 2.86* 142.8 ± 88.5* 0.45 ± 0.08* 13.5 ± 19.3* 27.3 ± 35.3* 

 (−)/(+)† 2.6 ± 1.9 3.5 ± 2.0 4.0 ± 3.7 2.7 ± 2.2 4.3 ± 3.7 3.2 ± 2.5 

Results are expressed as number of relative RNA copies after incubation of cells (3 × 106 cells) with LDL(+) 

or LDL(−) for 4 h. Data are the mean±SD of 4 independent experiments. *p < 0.05 versus LDL(+). 
†LDL(−)/LDL(+) ratio showing the difference in induction between both fractions subtracting control from 

each assay. 

 



 

 
Fig. 1. Representative protein membrane assay showing results from supernatants of monocytes (left 

side) and lymphocytes (right side). Cells (1 × 106 cells) were incubated with LDL(+), LDL(−) or LPS for 20 h, 

as described in Materials and methods. Each protein membrane assay was incubated with 1 mL of each 

supernatant without dilution and was revealed following the manufacturer's instructions. Upper figure 

shows a template with the antibody distribution in the protein membrane assay (Pos: positive control, 

Neg: negative control). Note that the sensitivity of the array varies for the different molecules assayed; 

therefore, the intensity of the spot cannot be used as representative of the amount of cytokine induced. 

  



 

 
 

Fig. 2. Time-course release of IL6 and IL10 evaluated by ELISA. Monocytes and lymphocytes (1 × 106 cells) 

were incubated with LDL(+) or LDL(−) (150 mg/L apoB), and cytokines induced by LDL(−) were quantified 

at different times of incubation. IL6 time-course is an example of the other cytokines induced by LDL(−), 

MCP1, IL8, GROβ and GROγ and, in contrast, IL10 presented a different behavior time-course from the 

other cytokines. Data are the results of a representative experiment. 

  



 

 
 

Fig. 3. Effect of exogenous IL10 on cytokine release by monocytes and lymphocytes. Cells (1 × 106 cells) 

were incubated with LDL(−) (150 mg/L) alone or co- incubated with different concentrations of IL10 (2, 5 

and 10 μg/L). After incubation for 20 h in the different conditions, supernatants were collected and frozen 

until quantification of MCP1, GROβ, GROγ, IL6 and IL8 by ELISA. Data are the mean±SD of 6 independent 

experiments. * Indicates statistical differences versus lower IL10 concentration, p < 0.05. 

  



 

 
 

Fig. 4. Inhibition in RNA copies of cytokines by exogenous IL10 in monocytes and lymphocytes. Cells (3 × 106 

cells) were incubated for 4 h with exogenous IL10 (5 μg/L) plus LDL(−) (150 mg/L). Number of RNA copies 

was evaluated by real-time RT-PCR, as described in Materials and methods, and results are expressed as 

% of inhibition versus LDL(−) alone. Data are the mean±SD of 3 independent experiments. 

  



 

 
 

Fig. 5. Effect of antibodies anti-IL10 and anti-subunit α of IL10R on cytokine release induced by LDL(−) on 

monocytes and lymphocytes. Anti-IL10 and anti-IL10R (5, 15 mg/L) were added to cells (1 × 106 cells) 

simultaneously with LDL(−) (150 mg/L). After incubation for 20 h, cytokine release was evaluated in the 

supernatant by ELISA. Data are the mean±SD of 6 independent experiments. * Indicates statistical 

differences versus LDL(−) alone, p < 0.05. 

 

 


