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Abstract

Background: High-density lipoprotein (HDL) exerts a variety of anti-atherothrombotic 

functions, including a potent anti-infl ammatory impact. In line, the direct pro-

infl ammatory eff ects of C-reactive protein (CRP) can be attenuated by HDL in vitro.

Objective: To evaluate whether this also holds true in humans, we assessed the ability 

of reconstituted HDL to neutralize CRP-mediated activation of coagulation and 

infl ammation. 

Methods: Fift een healthy male volunteers received an infusion of recombinant human 

(rh)CRP (1.25 mg/kg body weight). In 8 of these volunteers, an infusion of human 

apoAI reconstituted with phosphatidylcholine (apoAI-PC; 80 mg/kg body weight) 

preceded rhCRP infusion.

Results: Infusion of rhCRP alone elicited an infl ammatory response, thrombin 

generation and activation of fi brinolysis. In individuals who received apoAI-PC prior 

to rhCRP, these eff ects were abolished. Parallel tests in primary human endothelial 

cells showed that apoAI-PC preincubation with rhCRP abolished the CRP-mediated 

activation of infl ammation as assessed by IL-6 release. Although we were able to show 

that rhCRP co-eluted with HDL aft er size-exclusion chromatography, plasmon surface 

resonance indicated the absence of a direct interaction between HDL and CRP. 

Conclusion: Infusion of apoAI-PC prior to rhCRP in humans completely prevents the 

direct atherothrombotic eff ects of rhCRP. Th ese fi ndings imply that administration of 

apoAI-PC may off er benefi t in patients with increased CRP.
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Introduction

Infl ammation plays a major role in all phases of atherogenesis from the development 

of fatty streaks to plaque rupture and subsequent atherothrombosis. C-reactive protein 

(CRP) has emerged as an independent predictor of cardiovascular risk in various 

patient populations.1,2 Prospective studies have shown a positive relation between 

plasma CRP levels and coronary atheroma burden3 and cardiovascular events,4 

independent of statin-induced lowering of low density lipoprotein (LDL)-cholesterol. 

Th ese observations have in part been attributed to direct pro-atherogenic eff ects of 

CRP itself on various cell types within the atherosclerotic plaque.5 Th ese direct eff ects 

are mediated by CRP binding to FcγRII (CD32)6 for leukocytes and to CD32 and CD64 

in human aortic endothelial cells.7 In addition to these cell surface receptors, CRP has 

also been reported to have affi  nity for LDL8 and high-density lipoprotein (HDL).9,10 It 

is not known, however, whether these lipoproteins serve as a mere docking station for 

CRP or whether biological actions of CRP, through binding of these macromolecules, 

are aff ected. In vitro, many of the detrimental eff ects of CRP could be counteracted 

by HDL.11,12 In line, Wadham et al. recently showed that CRP-induced upregulation 

of adhesion molecules by endothelial cells was attenuated by pre-incubation with 

HDL.13 It is unknown whether this also occurs in humans. In previous experiments, 

we have shown that infusion of recombinant human CRP (rhCRP) elicits acute 

atherothrombotic eff ects.14,15 In the present study we investigated the eff ect of pre-

infusion with human apoAI reconstituted with phosphatidylcholine (apoAI-PC) on 

the downstream eff ects of a bolus injection of CRP in healthy human volunteers. 

Methods

Study Protocol

Fift een healthy, nonsmoking men were included in this study aft er obtaining written 

informed consent. None of the volunteers had febrile illness or cardiovascular disease 
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or were on medication. Aft er an overnight fast, a bolus of highly purifi ed rhCRP was 

given intravenously at a dose (1.25 mg per kg body weight) previously shown to 

result in activation of coagulation and infl ammation.15 Blood was drawn at baseline 

and 1, 4 and 8 hours aft er infusion. In eight of these volunteers this was preceded 

by intravenous administration of apoAI-PC disks at a dose of 80 mg/kg body weight 

over a period of 3 hours. Reconstituted HDL consists of apolipoprotein AI isolated 

from human plasma and phosphatidylcholine derived from soybean16 and was kindly 

provided by CSL Limited (Sydney, Australia). 

Th e rhCRP (BiosPacifi c), derived from Escherichia coli (K12, substrain NM522), 

was supplied in 20 mmol/L Tris, 140 mmol/L NaCl, 2 mmol/L CaCl2, pH 7.5, and 

0.05% (wt/vol) sodium azide and revealed a single 23-kDa band (>99%) aft er CBBR-

staining (1 μg; SDS-polyacrylamide gel). Before purifi cation, the host cell protein 

concentration was 85 ppm, as determined by a high-sensitive ELISA in accordance 

with manufacturer’s instructions (Cygnus Technologies Inc., Southport, NC, USA). 

Subsequently, the rhCRP was purifi ed using size exclusion chromatography to 

minimize contaminants including endotoxin and sodium azide (Univalid bv, Leiden, 

the Netherlands). Purity as well as stability was evaluated using sequential high-

performance liquid chromatography and time-of-fl ight mass spectrometry, showing 

no other protein fractions, including the monomeric variant of CRP, besides the 

CRP pentamer. Endotoxin levels in the fi nal sample were below 1.5 endotoxin units 

(EU)/mL as evaluated by Limulus assay (turbidimetric kinetic method; Bactimm bv, 

Nijmegen, the Netherlands). Th e rhCRP was stored in a CaCl2-containing buff er (pH 

8.5) at 0 to 4°C. 

Endotoxin (Escherichia coli lipopolysaccharide, catalog number 1235503, lot G2B274, 

United States Pharmacopeial Convention Inc, Rockville, USA)  was administered to 

fi ve healthy volunteers. Blood was withdrawn prior to infusion and at 1, 4 and 8 hours 

aft er infusion.
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Biochemical analysis

Blood samples were drawn from the subjects aft er a 12-hour overnight fast, immediately 

and 3 hours aft er apoAI-PC infusion. Aft er centrifugation within 1 hour aft er collection, 

aliquots were snap-frozen in liquid nitrogen and stored at -80°C until the assays were 

performed. All measurements were carried out at the vascular and clinical laboratories 

of the Academic Medical Center, University of Amsterdam. CRP concentrations were 

measured with a high-sensitive immunonephelometric assays (Roche Diagnostics 

Corporation). IL-6 and IL-8 were assayed by cytometric bead array analysis (BD 

Biosciences). We measured prothrombin fragment F1+2 (Dade-Behring), d-dimer 

(Asserachrom D-dimer, Roche) and plasminogen activator inhibitor type-1 (PAI-1) 

antigen (Monozyme, Charlottelund, Denmark), using ELISAs. 

Distribution of lipoproteins was measured by Fast Protein Liquid Chromatography 

(FPLC). Th e system contained a PU-980 ternary pump with an LG-980-02 linear 

degasser, a FP-920 fl uorescence and UV-975 UV/VIS detector (Jasco, Tokyo, Japan). 

An extra reagent pump (Besta, Uppsala, Germany) was used for in-line enzymatic 

lipid reagent addition at 0.1 ml/min. Plasma lipoprotein separations were performed 

with a Superose 6 HR 10/30 column (Pharmacia Biotech, Sweden) with TBS, pH 7.4 as 

eluent at a fl ow rate of 0.31 ml/min. 

Total cholesterol measurement was determined using PAP 250 cholesterol enzymatic 

methods (Biomerieux, Le Fontanille, France). Commercially available lipid plasma 

standards were used for quantitative analysis (SKZL, Nijmegen, the Netherlands) for 

the total cholesterol content of the main lipoprotein classes. 

Rat Liver Slices

Precision-cut liver slices (10–14 mg) were prepared as described previously17 and 

stored in UW solution on ice until incubation. Slices were incubated individually at 

37°C in six-well plates (Greiner) in 3.2 ml Williams’ medium E supplemented with 

glutamax I (GIBCO-BRL; Paisley, Scotland) and 50 mg/ml gentamicin (GIBCO-BRL) 

and saturated with 95% O2-5% CO2. Slices were incubated for 24 h with 1, 10 and 50 

ng/ml LPS, and 25 and 75 μg/ml rhCRP for a period of fi ve hours. Th ese experiments 

were carried out in triplicate.
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Surface Plasmon Resonance

Surface plasmon resonance was used to assess molecular interaction between 

HDL and CRP. Mouse mono anti-apoAI and goat poly anti-CRP antibodies (Acris, 

Hiddenhausen, Germany) were coupled at diff erent concentrations to an activated 

CM-5 sensor chip according to the manufacturer’s instructions. Specifi c binding to 

the anti-ApoAI channels was always corrected for nonspecifi c binding to the control 

channels (absence of HDL). Isolated native HDL at a protein concentration of 1 mg/ml 

in Hepes buff er (20 mM HEPES, pH 7.4, 150 mM NaCl, 3.4 mM EDTA) was injected 

for 600 s at a fl ow rate of 5 μl/min, and HDL capture was monitored in real time.

Binding of apoAI and apoAII antibodies to captured HDL was monitored in real time 

to validate the presence of HDL particles. CRP (average pentamer size, 115 kDa), at 25 

mg/L in HEPES buff er, was subsequently injected at a fl ow rate of 20 μl/min for 180 s, 

and the binding of CRP to HDL was monitored in real time.

Regeneration of the sensor chip was achieved by a 5-min wash with a solution of 3 

M potassium isothiocyanate followed by a 2-min wash with 10 mM glycine, pH 2.7, 

and it was fi nally equilibrated with HEPES buff er. All analyses were done at a constant 

temperature of 25°C.

Human endothelial cells experiments

Human umbilical vein endothelial cells (HUVEC) were isolated and cultured as 

described18 using culture medium 199 (GIBCO-BRL, Paisley, Scotland), supplemented 

with 20% (v/v) fetal bovine serum, 50 μg/ml heparin (Sigma), 6.5-25 μg/ml Endothelial 

Cell Growth Supplement (Sigma) and 100 U/ml penicillin/streptomycin (Gibco-BRL). 

Upon reaching confl uency, the tissue culture medium was refreshed and cells were 

allowed to develop their characteristic ‘cobble-stone’ appearance for at least 24–48 

hours prior to harvesting. Th e cells were stimulated with CRP (25 μg/ml), or with CRP 

preincubated with apoAI-PC (10 μg/ml; 1 and 16 hours at 37ºC). Th e supernatant was 

harvested 24 hours aft er the CRP stimulation for IL-6 measurements (ELISA, Pelikine 

compact human IL-6, M1916, Sanquin, Amsterdam, the Netherlands).
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Statistical Analysis

Th e results are expressed as mean ± SE M unless otherwise stated. Diff erences between 

the two groups over time were tested by 2-way analysis of variance (ANOVA) for 

repeated measures using SPSS for Windows (SPSS Inc., version 11.0, Chicago, Illinois, 

USA). Comparisons within groups were done by the Wilcoxon signed rank test. A 

probability (p) value of <0.05 was considered signifi cant. 

Results

Upon recruitment, 15 healthy male volunteers were randomly assigned to either a 

single infusion with rhCRP or to double infusion with apoAI-PC followed by rhCRP 

infusion. Table 1 summarizes the demographic characteristics and lipid profi les of both 

groups. Aft er infusion of rhCRP or apoAI-PC plus rhCRP, hemodynamic parameters 

and temperature recordings were stable throughout the infusion studies and did not 

diff er between the two groups (data not shown). No adverse eff ects were recorded 

throughout this study.

 

Plasma apoAI and CRP levels 

In volunteers who only received rhCRP, apoAI levels remained unaltered during 

the course of the experiment (see fi gure 1A) which is in agreement with a previous 

study showing that levels are not aff ected when rhCRP is used at this concentration 

in healthy volunteers.15 In the group that received apoAI-PC infusion (started at t=-3 

hours) the average apoAI level rose from 1.29 (range: 1.03 to 1.55) to 2.66 g/L (range: 

2.32 to 2.94). 

In volunteers receiving rhCRP mono-infusion, average CRP concentrations rose from 

2.5 (range: 0.3 to 8.5) to 25.5 mg/L (range: 21.1 to 30.4; see fi gure 1B) at t=1, directly 

followed by a gradual decline until t=8. In volunteers who had been pretreated with 

apoAI-PC, subsequent rhCRP infusion resulted in a similar rise of CRP-concentrations 

from 1.7 at baseline (range: 0.3 to 5.0) to 26.6 (range: 21.4 to 32.2) at t=1, and fell as 

observed in the other group from t=1 until t=8. 
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Table 1. Baseline characteristics of the study subjects
rhCRP
(n=7)

Mean ±  SD

ApoAI-PC & rhCRP
(n=8)

Mean ±  SD
Age, y 39.3 ± 16.9 27.6 ± 12.6
BMI, kg/m2 27.3 ± 5.2 22.3 ± 2.5
Systolic BP, mmHg 126 ± 10 131 ± 11
Diastolic BP, mmHg 82 ± 6 74 ± 7
Glucose, mmol/L 5.3 ± 0.4 5.0 ± 0.3
hsCRP, mg/L 2.49 ± 2.88 1.72 ± 0.74
TC, mmol/L 4.8 ± 1.1 3.8 ± 0.9
LDL, mmol/L 3.1 ± 1.1 2.1 ± 0.7
HDL, mmol/L 1.3 ± 0.2 1.5 ± 0.4
TG, mmol/L 1.0 ± 0.2 0.6 ± 0.3

BMI indicates body mass index; hsCRP, high-sensitivity CRP; TC, total cholesterol; LDL, low-

density cholesterol; HDL, high-density cholesterol; TG, triglycerides.



HDL versus CRP in atherothrombosis

99

Figure 1. Circulating levels of CRP and ApoAI aft er dual infusion of apoAI-PC and CRP 

compared to CRP mono-infusion.

Mean (± SEM) concentrations of (A) CRP and (B) ApoAI in response to rhCRP infusion ( ) 

and rhCRP infusion preceeded by apoAI-PC infusion( ). ApoAI-PC pretreatm ent resulted 

in a signifi cant rise in ApoAI levels whereas levels remained unaltered in volunteers receiving 

rhCRP mono-infusion. Infusion of rhCRP led to an acute rise in CRP plasma levels. 

ApoAI-PC blunts rhCRP-mediated activation of infl ammation and coagulation

In line with previous fi ndings,14,15 infusion of rhCRP elicited a systemic proinfl ammatory 

response as refl ected by a monophasic rise in plasma IL-6 and IL-8 levels peaking at 

4 hours aft er rhCRP-infusion (fi gure 2A and B). Such increases in IL-6 and IL-8 were 

abolished in volunteers that had been pre-treated with apoAI-PC. Mono-infusion of 

rhCRP elicited thrombin generation as refl ected by elevated  levels of F1+2 (fi gure 

2C). Although increased levels of D-dimer observed in volunteers receiving rhCRP 
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(fi gure 2D) may be indicative of activation of fi brinolysis this may also be secundary to 

enhanced thrombin formation. Indeed, rhCRP infusion induced a signifi cant increase 

of PAI-1 antigen levels (fi gure 2E), indicative of reduced fi brinolysis. In the group 

pretreated with apoAI-PC, the F1+2 levels were unaff ected while D-dimer and PAI-1 

antigen concentrations were markedly lower compared to the group that received CRP 

mono-infusion.
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Figure 2. Eff ects on infl ammation and coagulation of dual infusion of apoAI-PC and CRP 

compared to CRP mono-infusion.

Mean (± SEM) concentrations of (A) IL-6, (B) IL-8, (C) F1+2, (D) D-dimer and (E) PAI-1 

antigen in response to rhCRP infusion ( ) and rhCRP infusion preceeded by apoAI-PC 

infusion( ). Activation of infl ammation and coagulation induced by rhCRP infusion was 

prevented by apoAI-PC pretreatment.

Atherothrombotic eff ects are directly mediated by CRP, not endotoxins

It has been suggested that in some studies the observed eff ects of recombinant CRP 

may have been due to contamination of the CRP solution with lipopolysaccharide 

(LPS).19 To exclude the possibility that the observations in the current study could be 

ascribed to LPS contamination, we carried out a series of control experiments.
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Using a sensitive turbidimetric kinetic method, we observed trace amounts of LPS in 

the rhCRP solution, i.e.1.5 EU/ml. To evaluate whether such minimal LPS exposure 

has the ability to elicit an infl ammatory response in humans, we infused an equivalent 

amount of LPS in 5 healthy male volunteers. At this concentration, LPS did not induce 

a systemic proinfl ammatory response (mean IL-6 at baseline: 7.0 pg/mL, at t=4 hours: 

8.9 pg/mL; mean TNF-α at baseline: 5.6 pg/mL, at t=4 hours: 6.0 pg/mL). 

We took a second approach to investigate whether LPS in our rhCRP preparation would 

confound our data using a sensitive biological readout system, i.e. murine liver slices.17 

In line with others,20 we showed that LPS at concentrations between 1 to 50 ng/ml is 

invariably associated with a dose-dependent release of TNF-α in this system (fi gure 3). 

In contrast, incubation with our rhCRP preparation at concentrations of 25 up to 75 

μg/ml did not elicit a detectable TNF-α release. Of note, the CRP concentrations used 

in these in vitro experiments exceed the observed CRP levels in our human studies 

threefold.

Figure 3. Eff ects of stimulation of rat liver slices with CRP and LPS.

Mean (± SEM) concentrations of  TNF-α aft er stimulation of rat liver slices for a period of 

fi ve hours. Stimulation with LPS at various doses (1, 10 and 50 ng/ml) resulted in signifi cantly 

increased TNF-α production. In contrast, stimulation of rat with CRP liver slices failed to induce 

TNF-α production.



HDL versus CRP in atherothrombosis

103

In vitro eff ects of rhCRP

We also assessed the eff ects of rhCRP, apoAI-PC and combinations of these compounds 

in primary human umbilical vein endothelial cells (HUVECs), cultured under static 

conditions with IL-6 production as a readout parameter. Th e data were expressed as 

percentage IL-6 production observed in PBS-treated control cells. Exposure to 25 

μg/ml rhCRP for 24 hours resulted in a 25% increase in IL-6 production (fi gure 4). 

Heat-inactivated rhCRP (30 minutes, 55ºC) did not increase IL-6 production (-4.5% 

compared to PBS controls). Preincubating of CRP with apoAI-PC for 1 hour at 37ºC 

neutralized CRP-mediated production of IL-6 (3.5%). Finally, preincubation of rhCRP 

with apoAI-PC for 16 hours even reduced endogenous IL-6 production in this model 

system. 

Figure 4. Eff ects of stimulation of HUVECs with CRP, in presence and absence of apoAI-PC.

Stimulation of HUVECs with rhCRP increased IL-6 production with 25% compared to baseline. 

HUVECs stimulated with rhCRP and apoAI-PC that were added together for one hour to allow 

aggregation, produced a similar levels of IL-6 when compared to baseline. CRP stimulation 

of HUVECs which had been pretreated with apoAI-PC for 16 hours resulted in reduced IL-6 

production of 24% compared to baseline levels. P-values are relative to stimulation with rhCRP.
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Interaction of rhCRP and HDL

Fast Protein Liquid Chromatography (FPLC)
To elucidate the molecular background of the observed capacity of apoAI-PC to 

abolish the eff ects of rhCRP infusion in vivo, we hypothesized that apoAI-PC binds 

rhCRP thereby neutralizing its biological activity. Plasma lipoproteins were isolated 

using FPLC from plasma obtained from subjects at t=4 hours aft er receiving the bolus-

infusion of rhCRP. In volunteers who only received the rhCRP bolus, 5.5% (range: 1.1 

to 10.8) of total serum CRP was found in the HDL fraction (fi gure 5). In the volunteers 

who had been pre-treated with apoAI-PC, 27.8% (range 8.8 to 40.7) of total serum 

CRP was located in the HDL fraction. Th ese data suggest an association between 

exogenously added apoAI-PC (equilibrated with endogenous lipoproteins) and CRP.

Figure 5. Amount of CRP detectable in the HDL fraction aft er dual infusion with apoAI-PC 

and CRP compared to CRP mono-infusion. 

Four hours aft er infusion of CRP, the amount of CRP in the HDL fraction of volunteers that had 

been pretreated with apoAI-PC was fi ve-fold higher when compared to volunteers that did not 

receive apoAI-PC.
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Plasmon Surface Resonance
To obtain insight whether CRP and HDL interact at the molecular level we used plasmon 

surface resonance. First, CRP antibodies were coupled to a sensor chip. Subsequenly, 

rhCRP was injected and CRP capture was monitored in real time which showed a 

clear positive response indicative of direct molecular interaction (fi gure 6A). Second, 

we isolated HDL from plasma (FPLC) that was obtained at t=4 hours aft er apoAI-PC 

treated subjects had received the bolus-infusion of CRP. Th is HDL was captured on 

the surface of a sensor chip (CM-5) via immobilized polyclonal anti-apoAI antibodies. 

Quantitative binding of HDL was found proportional to the concentration of antibody 

present on the sensor chip and dissociation of HDL was found to be negligible (kd = 

10–5 s–1). To validate appropriate binding of native HDL to the chip, we used antibodies 

against apoAI and apoAII which showed clear positive responses indicative of direct 

molecular interaction between the captured HDL and these antibodies (fi gure 6B). 

However, injection of anti-CRP antibodies did not show any response indicating that 

CRP was not present on the captured HDL. To further study complex formation of 

rhCRP and HDL in real-time, HDL that was obtained at t=0 hours was isolated and 

captured on the chip. Injection with rhCRP only showed minimal binding to HDL.
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Figure 6. Compilation of sensorgrams representing the interaction characteristics of HDL 

and CRP. 

A. Shown is a control experiment demonstrating a strong interaction of antibodies directed 

against rhCRP. Th e sensor-chip was coated with a goat polyclonal anti-CRP antibody (3700 RU) 

followed by an injection of 250 nM rCRP. A strong interaction of the rCRP with this antibody 

was observed

B. Shown here are individual experiments with HDL obtained from t=4 hours aft er rhCRP 

infusion, demonstrating a strong interaction of antibodies directed  against apo AI (                  ) 

and AII (.................) and no interaction of antibodies directed against CRP (              ) to 

immunocaptured HDL. Very minor direct interaction between HDL obtained at baseline (t=0 

hours aft er rhCRP infusion) and rhCRP was observed (solid line).
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Discussion

We previously reported that rhCRP infusion in humans elicits atherothrombotic 

eff ects.14,15 Th e current study shows that infusion with apoAI-PC prior to rhCRP 

administration neutralizes these eff ects. Specifi cally, apoAI-PC blunted the release of 

the pro-infl ammatory cytokines IL-6 and IL-8 and diminished thrombin generation 

and fi brinolysis activation as illustrated by decreased levels of F1+2 and D-dimer, 

respectively. Th e present fi ndings lend support to a direct anti-infl ammatory and 

anticoagulant eff ect of apoAI-PC infusion in man. 

Mechanism 

Regarding the potent interaction between CRP and phospholipids in LDL,8,21,22 it is 

conceivable that the interaction between CRP and HDL particles also depends on the 

presence of phospholipids. To analyze whether the neutralizing eff ect of apoAI-PC 

were related to sequestration of CRP by HDL, we isolated lipoprotein subfractions 

using FPLC. Four hours aft er administration of CRP, the amount of CRP within the 

HDL fraction of volunteers having received apoAI-PC was 5 times higher compared 

to volunteers who only received CRP. 

In vitro, such interactions between CRP and apoAI-containing lipoproteins have 

been reported10 and proteomic analyses also show the presence of CRP on HDL.9 To 

study putative molecular interactions between CRP and HDL, we subsequently used 

plasmon surface resonance. Th ese experiments indicate that rhCRP does not interact 

directly with native HDL when the latter is immobilized to the chip by means of anti-

apoAI antibodies. Also, when using HDL isolated from plasma of the subjects who 

were infused with apoAI-PC and rhCRP (t=4 hours), antibodies against CRP failed to 

detect CRP on HDL. Although we cannot exclude a direct interaction between HDL 

and CRP in vivo, these data argue against such a phenomenon. Moreover, only 30% 

of the rhCRP could be detected in the HDL fraction aft er FPLC indicating that direct 

molecular neutralization of CRP by HDL is unlikely to account for the very strong 

anti-infl ammatory and anti-coagulant eff ects that were observed. Speculating on how 
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apoAI-PC exactly protects against the acute infl ammatory reponse induced by rhCRP 

infusion, it is interesting to note that HDL can induce signifi cant changes in target 

tissues, which renders them resistant to a subsequent infl ammatory stimulus. It has e.g. 

been shown that HDL pretreatment prevents subsequent CRP-mediated upregulation 

of adhesion molecules by endothelial cells in vitro13 an eff ect that we could reproduce 

when using apoAI-PC, CRP and HUVEC. Similarly, it has been reported that HDL 

can interfere with the expression of Fcγ receptors,23-25 via which CRP has been shown 

to mediate its eff ects. Such studies are however, diffi  cult if not impossible to conduct 

in man.   

Use of rhCRP and the danger of  LPS contamination

Some of the reported atherothrombotic eff ects of CRP5-7,13-15,26 have been suggested to be 

caused by endotoxin contamination of the commercially available CRP preparation27 

which, however, has been refuted in more recent studies.28,29 In support, rhCRP 

stimulation of endothelial cells missing the LPS receptor (toll-like receptor 4) induced 

atherothrombotic eff ects,30 confi rming direct biological eff ects of CRP. Since the rhCRP 

solution used in the present study did contain trace amounts of endotoxin (less than 1.5 

EU/mL), we evaluated a potential role of LPS in contributing to the pro-infl ammatory 

eff ects following rhCRP infusion in a series of separate experiments. Whereas very 

low concentrations of LPS (1 ng/ml) in murine liver slices already elicited a strong 

TNF-α release, the rhCRP used in our in vivo study showed no eff ect at 3 times the 

maximum rhCRP concentration that was observed in the healthy volunteers. Further 

support for a direct eff ect of CRP comes from the observation that heat-inactivation 

of rhCRP solution completely abolished the IL-6 increase in HUVECs, confi rming 

the absence of LPS-mediated eff ects. We also performed a separate LPS infusion 

experiment in 5 healthy subjects using a total amount of LPS that was identical to the 

amount which was co-infused with the rhCRP infusion. Th ese low concentrations did 

not induce infl ammatory eff ects. In view of these equivocal in vitro and in vivo tests, 

we feel confi dent to conclude that the presence of LPS contamination at less than 1.5 

endotoxin units/ml in our rhCRP batch has not contributed to the biological eff ects 

observed in the present study. 
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Clinical implications

Data on the pro-atherogenic eff ects of CRP, combined with the correlation between 

CRP lowering and improved cardiovascular outcome in the PROVE-IT4 study has 

stimulated thought on inhibiting CRP. Promising candidates include a specifi c small-

molecule inhibitor of CRP31 as well as CRP antisense treatment.32 In the present study 

we show that also apoAI-PC infusion abolishes the pro-infl ammatory eff ects of rhCRP. 

It is tempting to compare the present fi ndings to those of the ERASE (Eff ect of rHDL 

on Atherosclerosis- Safety and Effi  cacy) study,33 in which weekly infusion of apoAI-PC 

was performed in patients with acute coronary syndromes characterized by elevated 

CRP levels. Th is study revealed favourable changes in both plaque characterization 

index using intravascular ultrasound as well as coronary score using quantitative 

coronary angiography. Whereas there was a reduction in coronary atheroma volume 

of 3.4% compared to baseline measurements, this change did not reach statistical 

signifi cance compared to placebo infusion (1.6% reduction).33 Unfortunately, it cannot 

be dissected from this study whether and to what extent anti-infl ammatory eff ects 

of apoAI-PC may have contributed to a favourable outcome. Based on the present 

study, it seems warranted to study the eff ects of apoAI-PC infusion particularly in 

pro-infl ammatory states addressing specifi cally the benefi cial impact of the anti-

infl ammatory eff ects of apoAI-PC.
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