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Abstract

Engagement of the receptor for advanced glycation end products (RAGE) by its signal 

transduction ligands evokes inflammatory cell infiltration and activation of the vessel wall. 

However, soluble RAGE (sRAGE), the truncated form spanning the extracellular binding domain 

of RAGE, has potent anti-inflammatory properties by acting as a decoy for RAGE ligands. We 

now show that sRAGE binds with high affinity to atherogenic low-density lipoprotein (LDL) 

modified by hypochlorous acid (HOCl), the major oxidant generated by the myeloperoxidase-

H2O2-chloride system of phagocytes activated during inflammation. We further demonstrate that 

sRAGE can be coprecipitated with HOCl-LDL from spiked serum. To determine the functional 

significance of sRAGE binding to HOCl-LDL, cell association studies with macrophages were 

performed. sRAGE effectively inhibited cellular uptake of HOCl-LDL and subsequent lipid 

accumulation. Using Chinese hamster ovary cells overexpressing class B scavenger receptor CD36 

or SR-BI, two preferential scavenger receptors for HOCl-LDL, we demonstrate that sRAGE only 

interferes with CD36-mediated uptake of HOCl-LDL. The present findings indicate that sRAGE 

acts as a sink for HOCl-LDL, which is abundantly present in human atherosclerotic lesions. We 

propose that sRAGE represents a physiological antagonist that interferes with scavenger receptor-

mediated cholesterol accumulation and foam cell formation of macrophages.
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THE RECEPTOR FOR ADVANCED GLYCATION END products (RAGE) was initially described as a 

central surface interaction site for advanced glycation end products (AGEs), the products of 

nonenzymatic glycooxidation of proteins/lipids that accumulate in the tissue and plasma of 

patients with diabetes (for reviews, see refs. 1–3). In principle, RAGE does not act as a 

clearance receptor. However, RAGE engagement amplifies immune and inflammatory 

responses, cell mobility, arterial injury, and atherogenesis in diabetes and diabetic 

complications via sustained postreceptor signaling (4). Overexpression of human RAGE in 

transgenic mice results in advanced nephropathy under diabetic conditions (5). RAGE is 
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expressed in nondiabetic and diabetic human atherosclerosis (4, 6), and to an enhanced 

degree in diabetes (7). A variety of therapeutic approaches aim to impair the 

pathophysiological effects of AGE (3). For example, AGE cross-link formation may be 

blocked or, when already formed, AGE cross-link breakers may be used. A promising 

approach for inhibiting AGE effects is to target RAGE by infusing a soluble extramembrane 

portion of the receptor (sRAGE) that acts as a decoy (8). Administration of sRAGE has been 

shown to improve wound healing and nephropathy in diabetic db+/db+ mice (9, 10) to 

suppress inflammation and acceleration of early atherosclerosis (11, 12) and to stabilize 

established atherosclerosis in diabetic and euglycemic apolipoprotein (apo) E-null mice (6).

In addition to AGEs, RAGE binds several other proinflammatory non-AGE molecules, such 

as S100/calgranulins, high-mobility group box chromosomal protein-1, and amyloid β 

peptide, which mediate diverse pathological functions in disease stages (e.g., atherosclerosis, 

diabetes, kidney disease, Alzheimer’s disease, and others (1, 3). We recently demonstrated 

that albumin, when oxidized by hypochlorous acid [HOCl, formed only from H2O2 by 

myeloperoxidase (MPO) in the presence of physiological chloride concentrations], is a high-

affinity ligand for RAGE and promotes RAGE-mediated downstream signaling events (13). 

Immunofluorescence studies revealed colocalization of HOCl-modified epitopes with 

albumin and RAGE in human atherosclerotic lesions (13). RAGE and MPO are highly 

expressed in human diabetic and nondiabetic lesions (7), and colocalize with monocytes/

macrophages (14). MPO is an inflammatory mediator of atherosclerosis, and increased 

plasma MPO levels are a determinant factor for cardiovascular disease (for a review, see ref. 

15). MPO is abundantly present in neutrophils and monocytes, and leukocyte-derived MPO 

associates with circulating albumin (16). However, MPO also binds to low-density 

lipoprotein (LDL) (17), and MPO-catalyzed oxidation products are present on LDL particles 

extracted from human atherosclerotic lesion material (18, 19). Density gradient 

centrifugation of human plaque homogenate and subsequent immunoblot analysis of the 

LDL buoyant fraction further revealed that apoB-100, the major apolipoprotein of LDL, is 

modified by the MPO-H2O2-chloride system (18). In vitro experiments demonstrated that 

modification of LDL by HOCl, when added as reagent or generated by the MPO-H2O2-

chloride system, promotes scavenger receptor-mediated uptake of the modified LDL particle 

by monocytes/macrophages, leading to uncontrolled accumulation of cholesterol and 

cholesteryl esters (20, 21).

As HOCl-albumin binds with high affinity to RAGE (13), the present study was aimed to 

investigate whether sRAGE could act as a decoy for HOCl-LDL. HOCl-LDL exerts an array 

of adverse biological effects (for a review, see ref. 22), including foam cell formation; 

therefore, we were interested in whether sRAGE interferes with scavenger receptor-mediated 

uptake of HOCl-LDL.

MATERIALS AND METHODS

Human lipoprotein

LDL (d=1.035–1.065 g/ml) was isolated by ultracentrifugation as described (23). The 

protein of the final LDL preparation consisted of 96–98% apoB-100 as measured 

immunochemically. LDL concentrations are expressed in micrograms of protein/ml and 
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were determined according to the Lowry method using bovine serum albumin as a standard. 

Prior to modification, native LDL was desalted and the preservatives were removed by 

dialysis or size exclusion chromatography on Econopac 10-DG columns (Bio-Rad, Hercules, 

CA, USA) (23).

Oxidative modifications

HOCl-LDL was prepared as described (21). Briefly, 500 µg of LDL protein/ml of 

phosphate-buffered saline (PBS, pH 7.4) was incubated with HOCl (oxidant:protein molar 

ratio of 200:1, 400:1, and 800:1) in the absence of free amino acids/carbohydrate at 4°C for 

up to 1 h at pH 7.4.

HOCl-albumin was prepared as described (13). Briefly, 500 mg of fatty acid-free bovine 

serum albumin (fatty acid content≤0.005%, low endotoxin; Sigma, St. Louis, MO, USA) 

was incubated with HOCl (oxidant:protein molar ratio of 100:1) in PBS (pH 7.4, 1 h, 4°C) in 

the absence of amino acids/carbohydrate/lipids to exclude formation of AGE-like structures.

AGE-albumin was prepared as described previously (13, 24). Briefly, 500 µg of albumin was 

dissolved with 3.0 g of D-glucose in 10 ml of 500 mM PBS (pH 7.4) containing 0.05% 

NaN3. The solution was deoxygenated with N2, sterilized by ultrafiltration, and incubated 

for 90 days at 37°C in the dark.

All modified (lipo)protein preparations were passed over a PD10 column (Amersham, 

Arlington Heights, IL, USA) immediately before use to remove unreacted HOCl or glucose. 

The electrophoretic mobility of HOCl-modified (lipo)protein preparations was assessed by 

agarose gel electrophoresis using the Lipidophor system (23).

Oxidation of 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (PAPC) (Avanti 

Polar Lipids, Alabaster, AL, USA) was performed as described (25). Briefly, 1 mg PAPC 

dissolved in 100 µl of chloroform was transferred to a 125 mm glass test tube and evaporated 

under a stream of nitrogen. The lipid residue was allowed to autoxidize while being exposed 

to air for 24–48 h.

Expression and isolation of recombinant human sRAGE

sRAGE was isolated from the cell supernatant of human embryonic kidney (HEK) -293 cells 

(ATCC), stably transfected with vector pSecTag2B (Invitrogen, Carlsbad, CA, USA) 

containing sRAGE cDNA. The recombinant sRAGE (a C-terminal truncated protein and 

identical to the extracellular domain of full-length RAGE) containing a C-terminal His6-tag 

was purified as described (26).

Radioactive labeling

Labeling of sRAGE, native, and modified LDL preparations was performed with Na125I 

(PerkinElmer Life Sciences, Norwalk, CT, USA) using N-bromosuccinimide as the coupling 

agent. Routinely, 200 µCi of Na125I was used to label 1 mg of protein. This procedure 

resulted in specific activities between 200 and 400 cpm/ng of protein (27).
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sRAGE binding assay

Microtiter wells (Nunc Maxisorp, VWR International, Mississauga, ON, Canada) were 

coated with albumin [native albumin, HOCl-albumin (oxidant:protein molar ratio of 100:1), 

and AGE-albumin] or LDL [native and HOCl-LDL (oxidant: protein molar ratio of 800:1), 

each 100 µg/ml (15 mM sodium carbonate, 35 mM sodium bicarbonate, pH 9.6] overnight at 

4°C. Subsequently, the wells were washed with washing buffer (ice-cold PBS containing 

0.05% Tween-20). In some experiments, LDL was coated to the wells and directly oxidized 

by adding 100 µl of HOCl solutions (1–100 µM in PBS, pH 7.4) for 1 h at 4°C. After 

washing and blocking [2 h at 37°C with PBS containing albumin (10 mg/ml)], the wells 

were incubated with 125I-sRAGE (100 µl at the concentrations indicated either alone or in 

the presence of an excess of unlabeled competitors) in Dulbecco’s minimum essential 

medium (DMEM, containing 1 mg albumin/ml) for 2 h at 37°C. Then the supernatant was 

removed and the wells were washed four times with washing buffer. Bound 125I-sRAGE was 

quantified by γ-counting (13, 27).

Precipitation techniques

Lipoproteins (LDL or HOCl-LDL) and 125I-sRAGE were added to 1 ml of human serum. 

Subsequently, MgCl2 (25 µl of a 2 M stock solution) and phosphotungstate (100 µl of a 4% 

stock solution in 0.19 M NaOH) were added to precipitate LDL and HOCl-LDL. The 

samples were centrifuged and radioactivity was measured in the supernatants and the pellets, 

respectively.

Alternatively, human serum was treated with polyethylen-glycol to precipitate lipoproteins 

(LDL or HOCl-LDL) according to the manufacturer’s instructions (Quantolip, Immuno AG, 

Vienna, Austria).

Cell lines and cell culture experiments

RAW264.7 macrophages (ATCC) were cultured in DMEM containing 10% (v/v) fetal calf 

serum (FCS), 2 mM glutamine, 50 U/ml penicillin, and 50 µg/ml streptomycin. Stable 

transfectant Chinese hamster ovary (CHO) cells expressing murine scavenger receptor class 

B, type I (SR-BI, termed CHO-SR-BI), or human CD36 (termed CHO-CD36) (ATCC) were 

cultured in Ham’s-F-12K medium containing 5% (v/v) fetal calf serum (FCS), 2 mM 

glutamine, 50 U/ml penicillin, and 50 µg/ml streptomycin and maintained in medium 

containing 0.5 mg/ml G-418.

Cell association studies of 125I-labeled lipoprotein particles (LDL or HOCl-LDL) were 

performed at 37°C in the absence (total cell association) or presence of 1 mg of protein/ml 

(nonspecific cell association) of unlabeled autologous LDL or HOCl-LDL particles or the 

indicated concentrations of sRAGE and/or ox-PAPC in DMEM (without FCS). After this 

incubation, the medium was aspirated and the cells were rinsed twice with TBS [Tris-

buffered saline containing 5% (w/v) bovine serum albumin], followed by two washes with 

TBS only. Cells were lysed with 0.3 N NaOH. The radioactivity and the protein content of 

the cell lysate were measured in the same aliquot. Specific cell association was calculated as 

the difference between total and nonspecific cell association (27).
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Degradation of 125I-labeled lipoprotein particles by RAW cells was estimated by measuring 

nontrichloroacetic acid-precipitable radioactivity in the medium as described (27). Specific 

degradation was calculated as the difference between total and nonspecific degradation 

(measured in the presence of 1 mg/ml unlabeled autologous lipoproteins).

To follow lipid accumulation and lipid uptake in RAW macrophages, cells were plated onto 

24-well plates, grown for 2 days in DMEM [10% (v/v) FCS], then incubated in the absence 

(controls) or presence of 50 µg/ml HOCl-LDL (oxidant:protein molar ratio of 200:1, 400:1, 

and 800:1) and/or 20 µg/ml sRAGE up to 72 h. To measure accumulated neutral lipids, 2.5 

µg Nile red in acetone was added to macrophage cultures for 5 min and processed for 

fluorescence microscopy. Each condition was measured in triplicate.

RESULTS

HOCl-LDL/sRAGE interaction

RAGE is composed of a short cytosolic tail (that is essential for RAGE signaling), a 

transmembrane domain, and a positively charged extracellular domain (1). As modification 

by HOCl alters the net charge of the protein, we investigated whether an increasing 

oxidant:lipoprotein molar ratio (paralleled by a decrease in positively-charged lysine 

residues) (28) affects the binding capacity of HOCl-LDL to sRAGE. A microplate-based 

cell-free assay was used for these studies (13); LDL was bound to the plates and directly 

modified by increasing HOCl concentrations. Figure 1A shows that binding of 125I-sRAGE 

to LDL increased in an oxidant:lipoprotein-dependent manner. Only weak interaction 

of 125I-sRAGE with native LDL could be observed.

To further determine 125I-sRAGE binding properties toward HOCl-LDL, microtiter wells 

were coated with native or HOCl-LDL. As controls, AGE-albumin and HOCl-albumin, two 

specific ligands for sRAGE/RAGE (13, 29), were used. Subsequently, increasing 

concentrations of 125I-sRAGE were added. As shown in Fig. 1B, the binding affinity of 125I-

sRAGE to HOCl-LDL or HOCl-albumin was significantly higher than observed with AGE-

albumin. The corresponding KD values are listed in Table 1.

Next we tested whether HOCl-LDL is able to compete for 125I-sRAGE binding to AGE-

albumin. This was determined on the basis of the ability of LDL preparations to inhibit 125I-

sRAGE binding to AGE-albumin-coated microtiter wells. Dose-response curves show that 

HOCl-LDL preparations effectively blocked 125I-sRAGE binding to AGE-albumin; native 

LDL showed no effect (Fig. 1C). The ability of the HOCl-LDL preparations to inhibit 125I-

sRAGE binding to AGE-albumin was strongly dependent on the oxidant:lipoprotein molar 

ratio. The calculated IC50 values are listed in Table 1. From these experiments, we conclude 

that HOCl-LDL is a preferential ligand for sRAGE.

To examine whether sRAGE also associates with HOCl-LDL in biological specimens, serum 

from normolipidemic healthy subjects was spiked with 125I-sRAGE and lipoprotein 

preparations (of up to 600 µg/ml); then, the lipoprotein fraction was precipitated and the 

radioactivity was counted in the pellet and in the supernatant. Figure 2 shows that HOCl-

LDL efficiently pulled down 125I-sRAGE in serum while native LDL failed to precipitate 
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sRAGE from the biological specimen. Similar results were obtained when polyethylenglycol 

was used to precipitate the corresponding lipoprotein species (data not shown).

Uptake studies of HOCl-LDL by macrophages in the presence of sRAGE

Modification of LDL by HOCl leads to uncontrolled accumulation of the modified LDL 

particles within monocytes/macrophages, and hence loading with excess of lipids, including 

cholesterol and cholesteryl esters (20, 21). Given the high-affinity binding of sRAGE to 

HOCl-LDL (Fig. 1), we were interested in whether sRAGE could interfere with the uptake 

of HOCl-LDL by macrophages. Therefore the protein moiety of LDL and HOCl-LDL was 

labeled with Na125I, and cell association studies were performed in the absence or presence 

of sRAGE. As shown in Fig. 3A, the presence of 20 µg/ml sRAGE markedly decreased 125I-

HOCl-LDL cell association to macrophages but had no effect on cell association of 125I-

LDL. In Fig. 3B, we further show that sRAGE dose-dependently inhibited the specific 125I-

HOCl-LDL cell association. Of note, a 3-fold molar excess of sRAGE over HOCl-LDL had 

already blocked ~50% of the specific cell association of 125I-HOCl-LDL (Fig. 3B).

In a parallel series of experiments, the degradation of 125I-HOCl-LDL by macrophages was 

estimated by the nontrichloroacetic acid-precipitable radioactivity in the medium. From Fig. 

3C it is evident that degradation of 125I-HOCl-LDL was inhibited by sRAGE up to 70%. 

Staining of lipid droplets in macrophages with Nile red confirmed that foam cell formation 

by HOCl-LDL in vitro is remarkably impaired when cells were coincubated with sRAGE 

(Fig. 3D).

sRAGE interferes with scavenger receptor-mediated uptake of HOCl-LDL

Class A and class B scavenger receptors are candidate receptors on macrophages mediating 

uptake of modified LDL (30). Our previous experiments (i.e., competition studies of bound 

HOCl-LDL with acetylated-LDL, a ligand to class A scavenger receptor, or copper-oxidized 

LDL, a ligand for class B scavenger receptor) revealed that class B scavenger receptors are 

likely to mediate binding and uptake of LDL modified with physiologically relevant HOCl 

concentrations (21). In line with our previous findings (21), we now show that cell 

association of HOCl-LDL to macrophages (RAW cells) is effectively blocked by ox-PAPC 

(Fig. 4A), a potent inhibitor of scavenger receptor class B (31). The specificity of ox-PAPC 

for class B scavenger receptors (CD36 and SR-BI) is shown in Supplemental Fig. 1. sRAGE 

showed the same inhibitory activity as ox-PAPC and coincubation of sRAGE, and ox-PAPC 

did not further decrease HOCl-LDL cell association. Thus, sRAGE interferes with SR-B-

mediated uptake of HOCl-LDL.

To confirm the results obtained with macrophages (Fig. 4A), experiments were performed 

with CHO cells overexpressing CD36, the major class B scavenger receptor on macrophages 

mediating uptake of modified/oxidized LDL particles. In line with findings obtained with 

macrophages, sRAGE inhibited 125I-HOCl-LDL cell association to CHO-CD36 cells to the 

same extent as ox-PAPC (Fig. 4B).

We were able to show earlier that HOCl-LDL also acts as a high-affinity ligand for SR-BI 

(21), another class B scavenger receptor (32) that is also expressed by monocytes/

macrophages (33). To investigate whether sRAGE also interferes with SR-BI-HOCl-LDL 
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binding, experiments were performed with SR-BI-overexpressing CHO cells. The presence 

of sRAGE showed no effect on the association of 125I-HOCl-LDL to SR-BI, whereas ox-

PAPC effectively blocked 125I-HOCl-LDL association (Fig. 4B). Thus, sRAGE only 

interferes with CD36-mediated uptake of HOCl-LDL.

DISCUSSION

The idea that sRAGE may act as a decoy has been supported by numerous studies 

demonstrating that administration of sRAGE prevents the development of micro- and 

macrovascular complications in animal models of vascular disorders (6, 8, 10–12). These 

data are consistent with the concept that sRAGE neutralizes inflammatory ligands and thus 

represents a suitable therapeutic approach for a variety of “RAGE-mediated” disorders. The 

hypothesis that sRAGE may act as a decoy for AGEs and other RAGE ligands has been 

strengthened by low endogenous plasma sRAGE concentrations in diabetes and renal 

disease (34). We now show that physiologically relevant HOCl concentrations convert LDL 

into a ligand for sRAGE with an affinity even higher than that observed for AGE-albumin (a 

preferential (s)RAGE ligand; see ref. 29). This indicates that sRAGE could act as a decoy 

for MPO-modified/oxidized (lipo)proteins generated under inflammatory conditions such as 

atherosclerosis (7, 18, 35), glomer-ulosclerosis (36), and ischemia-reperfusion injury (37).

Engagement of RAGE activates key signal transduction pathways that modulate fundamental 

cellular properties, thereby leading to vascular and inflammatory cell perturbation. We 

previously reported that HOCl-albumin, an advanced protein oxidation product lacking AGE 

structures (38, 39), colocalizes with RAGE in the artery wall and promotes MCP-1 

expression via the RAGE-ERK1/2 MAP kinase pathway (13). As the antibody used during 

this study (13) recognizes both full-length RAGE and sRAGE, part of the observed 

colocalization might be due to sRAGE bound to HOCl-modified epitopes/(lipo)proteins. 

HOCl-modified (lipo)-proteins are mostly found to be associated with monocytes and 

macrophages (35), and HOCl-modified LDL is also present in human atherosclerotic lesions 

(18). Analysis of LDL extracted from human atherosclerotic lesions revealed an 

oxidant:LDL molar ratio of at least 100:1 (calculated on the basis of the extent of 3-chlo-

rotyrosine formation in apoB-100; ref. 40). However, LDL extracted from lesion material 

represents a mixture of unmodified and modified lipoprotein species; therefore, an 

oxidant:LDL molar ratio of >100:1 is likely to occur in vivo. This assumption is supported 

by previous findings (18) that a monoclonal antibody raised against HOCl-LDL 

(oxidant:LDL molar ratio of 800:1) strongly cross-reacted with apoB-100 extracted from 

human lesions. In vitro studies have shown that HOCl-LDL displays a number of 

pathophysiological effects on phagocytes and vascular cells, contributing to initiation and 

maintenance of the inflammatory process during atherosclerotic lesion development (22). 

LDL modified with physiologically relevant HOCl concentrations is taken up by 

macrophages via class B but not class A scavenger receptors (21); most importantly, the 

protein but not the lipid moiety of HOCl-LDL is recognized by the corresponding class B 

scavenger receptor (21). CD36, which is involved in lipid metabolism, inflammation, and 

atherosclerosis (41), has been regarded as a major clearance receptor for (lipo)proteins, 

modified by the MPO-H2O2-nitrite system (42, 43), and thus promotes lipid accumulation 

and macrophage foam cell formation in vitro and in vivo (44–46). Our previous findings 
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(21) and present data (Fig. 4B) show that LDL, when modified by the MPO product HOCl, 

is also a specific CD36 ligand. A main and novel finding of the present study is that sRAGE 

interferes with receptor-mediated uptake of the modified LDL particle probably by masking 

the binding motif of HOCl-LDL. Therefore, it is conceivable that sRAGE interferes directly 

with foam cell formation in the artery wall. This hypothesis is supported by our own 

observations (Fig. 3D) and by studies performed in animal models demonstrating that 

sRAGE administration stabilizes established atherosclerosis and suppresses accelerated 

diabetic lesion formation (12). The concentrations of sRAGE administration during these in 
vivo studies (100 µg sRAGE/mouse/day) are comparable to the highest concentrations used 

in our in vitro experiments. We further show that a 3-fold molar excess of sRAGE over 

HOCl-LDL impairs CD36-mediated cell association by ~50% (Fig. 3B). This indicates that 

sRAGE has potent atheroprotective properties besides acting as a decoy for AGE ligands. To 

date, no data are available on the concentration of endogenous sRAGE in the subendothelial 

space; sRAGE may be expressed either as a splice variant of full-length RAGE (47) or 

generated by extracellular cleavage of full-length RAGE by metalloproteinases (34). Full-

length RAGE is highly expressed in diabetic and nondiabetic lesions, and a similar 

expression pattern of sRAGE seems plausible. Therefore, the endogenous sRAGE 

concentration in lesions could be sufficient to interfere locally with the uptake of HOCl-LDL 

by macrophages.

sRAGE does not interfere with SR-BI-mediated binding and uptake of HOCl-LDL. This 

may be explained by the fact that the binding affinity of HOCl-LDL to SR-BI is ~8-to 10-

fold higher than CD36 (21); therefore, it is conceivable that sRAGE is not able to compete 

with SR-BI for HOCl-LDL binding, at least at the concentrations of sRAGE tested. Another 

possibility is that SR-BI and sRAGE recognize different protein epitopes on HOCl-LDL. 

However, the low levels of SR-BI expression on macrophages compared with CD36 

expression suggest a quantitatively less important role for SR-BI in mediating the clearance 

of modified particles.

Plasma levels of sRAGE decrease in coronary artery disease and diabetic patients (34), and 

are negatively correlated with the development of complications. This suggests that sRAGE 

apparently is trapped in the circulation through interaction with or “lost” through removal of 

(s)RAGE ligands. Summarizing, we show that HOCl-LDL, which is present in human 

atherosclerotic lesions (18), is a high-affinity ligand to sRAGE. Most important, sRAGE 

blocks CD36 scavenger receptor-mediated uptake of HOCl-LDL and reduces foam cell 

formation, suggesting that this axis could be a possible therapeutic approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Interaction of lipoproteins with sRAGE.
A) LDL was immobilized onto wells of plastic dishes and modified by indicated HOCl 

concentrations. After washing and blocking of excess binding sites with native 

albumin, 125I-sRAGE (3 µg/ml) was added to coated wells. Subsequently wells were washed 

and radioactivity was counted. B) LDL and freshly prepared HOCl-LDL (oxidant:protein 

molar ratio of 800:1), AGE-albumin (AGE-Alb), and HOCl-Alb (oxidant:protein molar ratio 

of 100:1) were immobilized onto wells of plastic dishes. After washing and blocking of 

excess binding sites with native albumin, 125I-sRAGE was added to coated wells. 

Subsequently wells were washed and radioactivity was counted. C) Dose response curves 

for 125I-sRAGE (3 µg/ml) binding inhibition to AGE-albumin-coated microtiter wells by 

LDL and HOCl-LDL (at the indicated oxidant:protein molar ratio). Results represent mean ± 

SD (n=3) of 1 experiment of 3.
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Figure 2. Coprecipitation of lipoproteins with sRAGE.
125I-labeled sRAGE (3 µg/ml) was incubated with LDL or HOCl-LDL in serum at the 

indicated molar excess and treated with phosphotungstate to precipitate LDL or HOCl-LDL 

(oxidant: protein molar ratio of 800:1). Radioactivity was then measured in the supernatant 

and the pellet. Results are presented as percent of sRAGE remaining in the supernatant. 

Results represent mean ± SD (n=3) of 1 experiment of 4.
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Figure 3. Inhibition of HOCl-LDL cell association with macrophages by sRAGE.
A) RAW macrophages were incubated with 1 µg/ml of 125I-labeled LDL and HOCl-LDL (at 

the indicated oxidant:protein molar ratio) at 37°C for 4 h in the absence or presence of 20 

µg/ml sRAGE, and cell association was measured. B) RAW macrophages were incubated 

with 20 µg/ml 125I-labeled HOCl-LDL (oxidant:protein molar ratio of 400:1) at 37°C for 2 h 

in the presence of the indicated concentrations (molar excess) of sRAGE and specific cell 

association was measured. C) RAW macrophages were incubated with 1 µg/ml 125I-labeled 

HOCl-LDL (oxidant:protein molar ratio of 400:1) at 37°C for 4 h in the absence or presence 

of 20 µg/ml sRAGE, and cell degradation was measured. Nonspecific cell association (B) 

and degradation (C, measured in the presence of 1 mg/ml unlabeled HOCl-LDL; 

oxidant:protein molar ratio of 400:1) were subtracted to obtain specific cell association or 

degradation. Values are averages of triplicate determinations from 1 representative 

experiment of 3; error bars represent ± SD. D) RAW macrophages were incubated in the 

absence (a, controls) or presence of HOCl-LDL (oxidant:protein molar ratio of 400:1) and/or 

sRAGE for 72 h; lipid staining was performed with Nile red. b) 20 µg/ml sRAGE; c) 50 

µg/ml HOCl-LDL; d) 50 µg/ml HOCl-LDL and 20 µg/ml sRAGE.
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Figure 4. sRAGE interferes with scavenger receptor-mediated uptake of lipoproteins.
A) RAW macrophages were incubated with 1 µg/ml of 125I-labeled LDL and HOCl-LDL 

(oxidant: protein molar ratio of 400:1) at 37°C for 2 h in the absence or presence of sRAGE 

(20 µg/ml) and/or ox-PAPC (50 µg/ml), and cell association was measured. B) CHO cells 

overexpressing CD36 (CHO-CD36) or SR-BI (CHO-SR-BI) were incubated with 125I-

labeled HOCl-LDL (1 µg/ml; oxidant:protein molar ratio of 400:1) at 37°C for 2 h in the 

absence or presence of sRAGE (20 µg/ml) or ox-PAPC (50 µg/ml) and cell association was 
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measured. Values are averages of triplicate determinations from 1 representative experiment 

of 2; error bars represent ± SD.
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TABLE 1

Binding constants for HOCl-LDL:sRAGE interaction

Kd (µg/ml)

AGE-Alb 40.1 ± 4.3

HOCl-Alb (100:1) 11.5 ± 1.0

LDL n.c.

HOCl-LDL (800:1) 6.7 ± 0.8

IC50 (µg/ml)

LDL n.c.

HOCl-LDL (200:1) 700 ± 40

HOCl-LDL (400:1) 125 ± 14

HOCl-LDL (800:1) 25.6 ± 4.3

Kd values for 125I-sRAGE binding to microtiter wells coated with the indicated LDL and albumin preparations are listed. IC50 values for 125I-

sRAGE binding inhibition to AGE-albumin-coated microtiter wells by increasing HOCl-LDL concentrations (at indicated oxidant: protein molar 
ratio) are given. Calculations were performed by nonlinear regression analysis (Graph Pad Prism). n.c. = noncalculable. Results represent means ± 
SD (n=3) of 1 experiment of 4.
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