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Significance Statement 

 

Chronic kidney disease (CKD) is associated with an increased risk of cardiovascular disease. 

The failure of statins in hemodialysis patients shed light on the unique phenotype of 

dyslipidemia in dialysis patients. HDL atheroprotective properties (cholesterol efflux, anti-

inflammatory and vasorelaxation) in CKD have been found to be impaired. Little is however 

known about the anti-thrombotic properties of HDL in CKD. The present study describes the 

impaired anti-aggregant properties of HDL induced by CKD, and the putative role of 

carbonylation by 4-HNE adduction on these properties. This study provides important insights 

into the potential implication of HDL modifications in atherothrombosis and cardiovascular 

morbidity and mortality among dialysis patients.  
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Abstract 

 

BACKGROUND: Cardiovascular diseases remain the major cause of death in chronic 

kidney disease (CKD). As oxidative stress is raised in CKD we aimed to explore the specific 

role of oxidative modifications of HDL in CKD and their impact on the anti-aggregant 

properties of HDL. 

METHODS: Blood samples were taken from 15 healthy volunteers, 25 hemodialysis (HD) 

and 20 peritoneal dialysis (PD) patients at the Lyon university hospital. Eight 5/6-

nephrectomized rabbits (CKD) were compared with 9 control rabbits (CR). Malondialdehyde 

(MDA), 4-hydroxy-nonenal (HNE), and 4-hydroxy-2-hexenal (HHE) protein adduct levels 

were analyzed. Platelet aggregation and activation was assessed by aggregometry,  TxB2 

assay or  FACS. HDL from controls were modified in vitro through an incubation overnight at 

37°C with 100µM of HNE. 

RESULTS: HNE-adducts were increased in HDL from CKD rabbits and HD patients. 

Percentage of platelet aggregation/activation induced by collagen was significantly higher 

when were incubated with HDL from CKD rabbit and HD groups than with HDL from the 

control group. Platelet aggregation and activation in presence of HNE-modified HDL was 

also higher than control group either in rabbit or humans (p<0.05 compared to CR or Control 

patients). Incubation with a blocking antibody directed against CD36 and a pharmacological 

inhibitor of SRC-kinases restored the anti-aggregative phenotype in CKD rabbit, HD and PD 

patients and HNE-modified HDL.  

CONCLUSIONS: HDL from CKD rabbits and HD patients exhibited an impaired ability to 

inhibit platelet aggregation suggesting that altered HDL properties could contribute to the 

increased cardiovascular risk in this population. 
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Introduction 

 

Chronic kidney disease (CKD) is recognized as a major cardiovascular risk factor.
1-3

 It 

is involved in the onset of cardiovascular events such as myocardial infarction, peripheral 

arterial disease and cerebral ischemia
1
.  Cardiovascular mortality remains the major cause of 

death in hemodialysis (HD) and peritoneal dialysis (PD) patients despite the constant 

improvement of renal replacement therapies.
4
 CKD is associated with an increased oxidative 

stress that is correlated with the occurrence of cardiovascular events.
5-7

 This stress is 

associated with the accumulation of many uremic toxins
8
, some of which have recognized 

cardiovascular effects.
9-12

 Modifications induced by increased oxidative stress particularly 

affect circulating lipoproteins such as HDL that exhibit anti-atheromatous and anti-thrombotic 

properties in vitro.  

There are many mechanisms that lead to lipoprotein modification, both enzymatic and 

non-enzymatic, and these affect different lipoprotein sites.
13

 Oxidized and carbamylated LDL 

are present at higher concentrations in CKD compared to healthy patients
5,14

 and play a major 

role in the onset and aggravation of atherosclerotic lesions.
14,15

 The concentration of oxidized 

and carbamylated LDL are, however, lowered by statins.
16-18

 HDL is considered to be 

antiatherogenic as a result of its antiaggregant, anti-inflammatory and antiapoptotic 

properties
19

 as well as its ability to induce cholesterol efflux from macrophages
20

, a 

mechanism known as atheroprotective.
21

 HDL is not affected by conventional hypolipidemic 

strategies, and functional studies in CKD have found impaired biological effects, including 

decreased capacity of macrophage cholesterol efflux
22-24

 and anti-oxidation,
24

 as well as 

impaired endothelial protection.
25

 These disorders become more significant with CKD 

progression.
25

 In parallel, HDL oxidation has been related to the onset of cardiovascular 

events in CKD patients.
26

 These functional modifications could partly explain the failure of 

statins to reduce cardiovascular risks associated with haemodialysis.
27,28
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Platelets are the target of anti-aggregant treatments which have been shown to be 

beneficial in reducing cardiovascular events in at-risk populations. Oxidized LDL of obese 

and diabetic patients has shown some pro-aggregating properties.
29,30

 In CKD, carbamylated 

LDL exhibits pro-aggregant proprieties through binding with lectin-like oxidized low density 

lipoprotein receptor 1 (LOX-1)
31

, and oxidized LDL through binding to the CD36 receptor.
32

 

Oxidation of HDL leads to a loss of antiaggregation properties in some populations,
33

 

although this observation was not found in type 2 diabetes
34

 in whom oxidized HDL has 

shown antiaggregant properties through a SR-B1 -mediated pathway.
35

 To the best of our 

knowledge, there is, however, no published data regarding the impact of CKD on the 

antiaggregant properties of HDL.  

 In the present study, we therefore aimed to explore the specific role of CKD in the 

oxidation profile of HDL and the effects of HDL modification on platelet aggregation in a 

rabbit model of CKD. We then aimed to assess, ex vivo, the antiaggregant properties of HDL 

isolated from HD and PD patients. 
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Concise Methods 

 

 Subjects and ethics statement 

Patients were sampled at the Lyon teaching hospitals. Control patients were healthy 

volunteers for a living kidney donation, hospitalized for their pre-donation laboratory and 

clinical work-up. HD patients were sampled within the hemodialysis unit of the Edouard 

Herriot hospital (Lyon) before the mid-week session. PD patients were sampled in the 

peritoneal dialysis unit of the Association pour l’Utilisation du Rein Artificiel (AURAL, 

Lyon, France). Inclusion criteria were age ≥18 years, undergoing HD or PD for more than 6 

months. Exclusion criteria were diabetes mellitus, ongoing inflammatory disease, liver 

cirrhosis, recent cardiovascular event (<3 months; myocardial infarction, stroke, acute 

peripheral artery occlusion), uncontrolled anemia, coagulopathy, and BMI greater than 35 

kg.m
-2

. The study was conducted in accordance with the Declaration of Helsinki and was 

approved by the institutional review board (CPP Lyon Sud Est IV, ref: L16-57). A written 

informed consent was obtained from all subjects. Blood samples were obtained by 

venipuncture on EDTA coated tubes. Blood samples were centrifuged at 3500 x g for 10 min 

to isolate plasma which were stored at -80°C until use. 

 

Animal procedures 

All experiments were performed under the authorization no. n°69-266-0501 and agreed with 

the guidelines laid down by the French Ministry of Agriculture (n° 2013-118) and the 

European Union Council Directive for the protection of animals used for scientific purposes 

of September 22, 2010 (2010/63UE). Adult male White New Zealand rabbits (CEGAVssc, 

Saint Mars d'Egrenne, France) were housed in individual cages at constant ambient 

temperature (21-23°C) and humidity (45-50%) with a 12h light cycle. All animals had free 

access to tap water. After a 7-day period of acclimation, rabbits were randomized to either the 

5/6 nephrectomy group or in the control group. Nephrectomy was performed as described by 
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Gotloib et al.
36

 Briefly, rabbits were anaesthetized using an intramuscular injection of 

ketamine (50mg/kg), xylazine (5mg/kg), and acepromazine (0.5mg/kg, Centravet, Lapalisse, 

France). The rabbit was placed on the right lateral decubitus. Local anesthesia was performed 

by a subcutaneous injection of xylocaine 2% (2 ml) at the incision site. The left kidney was 

externalized and the perirenal adipose tissue was gently dissected. The two poles of the 

kidney were electrocoagulated using an electric needle to produce a 2/3 reduction of the left 

kidney mass. One week after surgery, a unilateral right nephrectomy was performed. The 

kidney pedicle was carefully sectioned between the kidney and the ligature. The control 

animals underwent the same procedures (general anesthesia, skin, and muscle incisions) 

followed by a simple kidney mobilization. All rabbits were given buprenorphine (0.05mg/kg 

sc, 2-times a day) for 2 days to prevent post-surgical pain. Food intake and body weight were 

measured on a daily and twice-weekly basis, respectively. 

 

Measurement of glomerular filtration rate 

The glomerular filtration rate (GFR) in rabbits was measured through the kinetics of decrease 

of plasma concentration of iohexol as decribed in Florens et al.
37

 Rabbits were anesthetized 

with an intravenous injection of 27.5 mg/kg of sodium pentobarbital (Centravet). A PE-50 

catheter was introduced in the left jugular vein for the injections and PE-60 catheter was 

disposed in the left carotid artery for the blood sampling.  A 1mL bolus of iohexol 

(Omnipaque 300
®

, GE Healthcare, Chicago, IL, USA) was performed and the timer was 

started after flushing the residue left in the jugular catheter with a saline solution. Blood was 

sampled at 5, 15, 30, 45, 60, 120, and 180 min on lithium-heparin coated tubes. The plasma 

was aliquoted after centrifugation at 5,900 x g for 2 min and stored at -20°C. The serum 

iohexol concentration was measured by HPLC as previously described
38

 and GFR was 

calculated using a bi-compartmental model equation. 
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Sacrifice, necropsy and renal histology 

At the end of the GFR measurement, rabbits were deeply anesthetized with an overdose of 

sodium pentobarbital (70 mg/kg iv). Blood was removed by cardiac puncture and placed in 

EDTA-coated tubes. After a centrifugation at 1250 x g for 10 min, plasma was aliquoted and 

stored at -80°C. Urine was obtained via a direct bladder puncture and stored at -20°C. 

Kidneys were removed, weighed and stored in buffered formalin 10% (w/v) for histological 

examination. Kidneys were dehydrated using ethanol, embeded in paraffin and sliced. 

Haematoxylin Erythrosine Saffron (HES) and Sirius Red stainings were performed. 

 

Isolation of lipoproteins from the plasma 

Lipoproteins were separated from plasma by stepwise potassium bromide (KBr) density 

gradient ultracentrifugation as described by Havel et al.
39

 Briefly, plasma was fractionated in 

the Beckman ultracentrifuge with a rotor TAL 100.3 (Beckman, Brea, CA, USA). A first 

centrifugation at 100,000 x g for 3h 30min at 15°C was performed to remove the top layer 

corresponding to VLDL and chylomicrons. Then, the plasma density was adjusted to 1.063 

g.mL
-1

 with KBr (M=119.01 g.mol
-1

). After a second centrifugation at 100,000 x g for 5h at 

4°C the orange ring, corresponding to LDL, was collected. Finally, plasma density was 

adjusted to 1.21 g.mL
-1

 with KBr and after centrifugation at 100,000 x g for 6 h 30 at 4°C the 

orange ring corresponding to HDL, was collected. For the isolation of all the lipoproteins 

together, a single ultracentrifugation was performed at 100,000 x g for 6h 30min at 4° after an 

adjustment of plasma density to 1.21 g.mL
-1

 with KBr.  

For platelet aggregation and copper-induced HDL oxidation assay freshly isolated HDL 

samples were used to prevent from HDL ultrastructure modification due to freezing,40 after 

the ultracentrifugation, lipoproteins were extensively dialyzed against phosphate saline buffer 
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(PBS) with 1mM EDTA for 3h, twice at room temperature and then overnight at 4°C. A last 

dialysis without EDTA was performed just before the platelet aggregation and copper-

induced oxidation. HDL were stored at 4°C maximum 48 hours before the experiments. 

 

Biochemistry 

Serum creatinine measurement was performed using the Siemens enzymatic method (on the 

Dimension Vista System, Siemens Healthcare, Erlangen, Germany). Urea was measured with 

urease test (Vista 1500). Cholesterol and triacylglycerols levels were measured using 

enzymatic kits (Biomerieux, Marcy l’Etoile, France). HDL concentration was measured with 

an enzymatic kit (Abcam, Paris, France). Malondialdehyde (MDA) was measured by HPLC 

coupled to UV-visible detection (Diode Array detector) as described by Grotto et al.
41

 

Antioxidant activity (AOA) of the plasma was measured as described by Koracevic et al.
42

 

Proteinuria was measured using the Bradford protein assay (BioRad, Marne-la-Coquette, 

France) using bovine serum albumin as a standard. 

 

Lipoprotein assays 

MDA concentration in HDL was determined by HPLC according to the method described by 

Therasse and Lemonnier.
43

 Anti-4-hydroxy-nonenal (HNE)-Michael adduct (ref 393207) and 

anti-4-hydroxy-2-hexenal (HHE)-Michael adduct (ref NOF-N213730-EX) antibodies were 

obtained from Calbiochem (San Diego, CA, USA) and Cosmobio (Tokyo, Japan), 

respectively. Fifty micrograms of HDL were loaded directly on to a nitrocellulose membrane 

using the Bio-Dot apparatus (BioRad, Marne-la-Coquette, France). Following saturation with 

5% BSA, membranes were probed overnight with primary antibodies; anti-HHE-Michael 

adducts, or anti-HNE-Michael adducts. After incubation with HRP-coupled secondary 

antibodies, membranes were processed for chemiluminescence (ECL plus, GE Healthcare, 
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Chicago, IL, USA) and quantitated by densitometry using Image J software (NIH, Bethesda, 

MD, USA). 8-isoprostane was measured using an immunoassay (Bertin Pharma, Montigny Le 

Bretonneux, France). 4-HNE was synthetized as described by Soulère et al.
44

 and was diluted 

in dimethylsulfoxyde (DMSO). 4-HNE was added to HDL solutions to final concentrations of 

1, 10, 50 or 100µM. After a 16 h (overnight) incubation at 37°C in a water bath, HDL were 

dialyzed three times against PBS to remove the free fraction of 4-HNE. 

 

Platelet aggregation, activation and intra-cellular pathways assays 

Blood was collected at the regional blood center from healthy volunteers who had not 

ingested any aspirin or any other non-steroidal anti-inflammatory drug in the previous 10 

days. Platelets were prepared for the assays as described by Lagarde et al.
45

 Platelet function 

test was carried out according to the Born turbidimetric method.
46

 Platelet aggregation was 

measured in isolated platelets in a dual-channel aggregometer (Chrono-log; Coulter, 

Margency, France). Platelet suspensions were pre-incubated for 5 min at 37°C in the presence 

or absence of lipoproteins (0.025 mg of protein/mL for rabbit, 0.050 mg/mL for human) and 

stimulated with threshold concentrations of collagen (75 ± 9 ng/ml) while being continuously 

stirred at 1,000 rpm. The threshold concentration of collagen was defined as the concentration 

of collagen that induced a 50% increase in light transmission. The extent of platelet 

aggregation was expressed in terms of percentage of change in light transmission 4 min after 

the addition of collagen. Blocking of CD36 or SRB1 receptor was achieved by the pre-

incubation with 10 µL of an anti-CD36 (Ab-CD36) or anti-SRB1 (Ab-SRB1) antibodies 

(dilution 1:500, Abcam, Paris, France) for 10 min at 37°C before the incubation with HDL. 

Blocking of SRC-kinases was achieved by the pre-incubation with Naphtyl PP1 (final 

concentration 1 µM, Santa Cruz Biothechnologies, Dallas, TE, USA) for 10 min at 37°C 

before the incubation with HDL. Aggregation values from lipoprotein assays were expressed 
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as a percentage of the maximum aggregation induced by the collagen alone (considered as 

100%). Levels of thromboxane B2 (TxB2) was measured using an immunoassay expressed as 

a percentage of the maximum level induced by the collagen alone (considered as 100%, 

Cayman Chemical, Ann Arbor, MI, USA). After pre-incubation with HDL and antibodies or 

pharmacological inhibitor, platelets were activated with collagen then fixed in 

paraformaldehyde 5% and stained with anti-CD62/P-Selectin (Thermo Fisher Scientific, San 

Jose, CA, USA) according to the manufacturer protocol and analyzed by flow cytometry.
47

  

 

Copper-induced HDL oxidation  

Aliquots of freshly dialyzed HDL (50 µg protein) were oxidized in the presence of 2.5 µM of 

CuSO4 within the day following the last dialysis. The oxidation was monitored by measuring 

the formation of conjugated dienes at 234 nm.
48

  

 

Mass spectrometry 

Samples were reduced, alkylated and digested with trypsin at 37°C overnight. They were 

desalted with spin column C18, dried and then analyzed in triplicate using an Ultimate 3000 

nano-RSLC (Thermo Fisher Scientific) coupled on line with a Q-Orbitrap (Q Exactive HF, 

Thermo Fisher Scientific). Briefly, peptides were separated on a C18 nano-column with a 

linear gradient of acetonitrile and analyzed in a Top 20 HCD (Higher Collision Dissociation) 

data-dependent mass spectrometry. Data were processed by database searching using 

SequestHT (Thermo Fisher Scientific) with Proteome Discoverer 2.2 software (Thermo 

Fisher Scientific) against a human Swissprot database and quantified with a label free 

quantitation approach. Precursor and fragment mass tolerance were set at 10 ppm and 0.02 Da 

respectively. Trypsin was set as enzyme, and up to 2 missed cleavages were allowed. 

Oxidation (M), acetylation (Protein N-terminus) and HNE (+ 156.115 Da on K or H) were set 
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as variable modification as fixed modification. Peptides were filtered with false discovery rate 

(FDR) at 1%. The mass spectrometry proteomics data have been deposited to the ProteomeX 

change Consortium via the PRIDE partner repository with the dataset identifier PXD013301 

(DOI: 10.6019/PXD013301; username: reviewer26456@ebi.ac.uk; password: oMD4gyDT). 

 

Molecular modelling 

To study the accessibility of residues, the structure of truncated human apolipoprotein A-I 

(pdb code 1av1) was downloaded from the PDB database
49

. All observations were performed 

using PyMOL as software by representing the α-helices and histidine and lysine residues 

(colored in blue) in CPK to facilitate the study. The same method was achieved with the HDL 

model which was download from the PDB database.
50

 

 

Statistical analysis 

Data were expressed as median  interquartile range (IR). All analyses were performed using 

GraphPad Prism version 6.0 (GraphPad software, La Jolla, CA, USA). Simple comparisons 

were made using Mann-Whitney U-test. Multiple comparisons were made with Kruskal-

Wallis test and whenever appropriated Dunn’s tests. Differences were considered as 

significant at the P<0.05 level.  
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Results 

 

General characteristics of the CKD rabbit model  

Rabbits developed a significant renal insufficiency in the CKD group; there was a 

significant difference (P<0.001) in the median GFR between the control group and the CKD 

group (-58%, Table 1). CKD rabbits exhibited increased levels of lipid peroxidation in the 

plasma as evidenced by the 10-fold significant increase in MDA concentration (P<0.001, 

Table 1). Median antioxidant activity of the plasma was significantly (P<0.05) lower in the 

CKD group compared with control (-15%, Table 1). Histological examination found a diffuse 

fibrosis in the parenchyma in the CKD group as well as a glomerulomegaly (Supplementary 

Figure 1).  

 

HDL oxidation level and oxidizability in CKD rabbits 

HDL from CKD rabbits had significantly higher levels of HNE-Michael adducts on 

proteins (p<0.05, Figure 1A). By contrast, HHE-adducts on proteins were not significantly 

higher in the HDL of the CKD group (Figure 1A). MDA concentration was significantly 

higher in the HDL of the CKD group (Figure 1B) while the 8-isoprostane concentration was 

not significantly different (Figure 1C). Despite a non-significant difference in the 

concentration of tocopherols (Figure 1D), HDL lipids from CKD rabbits were more prone to 

oxidize than HDL from control animals; there was a significant difference from 70 min until 

the end of the experiment (p<0.05, Figure 1E).  

 

Platelet aggregation induced by HDL from rabbits 

When human platelets were incubated with HDL from the CKD group, the median 

aggregation was 75% as compared to collagen alone; when incubated with HDL from the 

control group it was 30% (p<0.05 as compared to when incubated with HDL from the CKD 
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group, Figure 2A). As HNE-adducts were increased in CKD HDL, we incubated control 

rabbit HDL with 100µM HNE; median platelet aggregation in the presence of HNE-modified 

HDL was 85% (Figure 2A, p<0.05 as compared to when incubated with HDL from the 

control group). Pre-incubation of platelets with an anti-CD36 antibody restored the 

antiaggregant effect of the HDL from CKD rabbits and HNE-modified HDL (median: 25 and 

22%, respectively, Figure 2A, C). Pre-incubation of platelets with Ab-CD36 did not change 

significantly the aggregation induced by collagen (median: 95% vs. 100%, NS). 

To investigate the effect of total lipoproteins (HDL, LDL, and triglyceride-rich 

lipoproteins; LPP) of CKD animals, platelets were incubated with a lipoprotein mix resulting 

from a single ultracentrifugation. The median aggregation in the CKD LPP group was 98% 

vs. 21% in the control group (p<0.05, Figure 2B). Platelet aggregation in the presence of 

HNE-modified LPP was 99% (p<0.05 compared to control LPP group). Pre-incubation of 

platelets with an anti-CD36 antibody restored the antiaggregant effect of the LPP from CKD 

rabbits and HNE-modified LPP (median: 23 and 11%, respectively, Figure 2B).  HNE-adduct 

levels in HNE-HDL and LPP were higher than in control using an immuno-blot (Figure 2D). 

 

Carbonylation of HDL from HD patients  

Nine controls were compared to 9 non-diabetic HD, the main characteristics of whom are 

presented in Supplementary Table 1. HD patients had significantly lower total cholesterol, 

LDL-cholesterol, and HDL cholesterol than the controls (p<0.05). There was a higher level of 

HNE-adducts in HDL from HD patients than in controls (Figure 3A). To map sites on 

proteins susceptible to carbonylation, HDL from control and HD patients were digested with 

trypsin; digested peptides were separated by liquid chromatography (LC), and peptides were 

analyzed for carbonylation with tandem mass spectrometry (MS/MS). We then expressed a 

ratio of amount of the 4-hydroxy-2-nonenal into the HD patient sample versus the mean 
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amount of control patients.  An higher ratio (>1) of 4-HNE Michael adduct was detected onto 

48 amino-acids (Lysine or Histidine) from 8 constitutive proteins of HDL from HD patients 

(Table 3). The majority was located onto apolipoprotein A1 and concerned various important 

functional sites of the protein (Figure 3B, Supplementary Figure 2). Lys 250, located in the 

C terminal part of apolipoprotein A1, was the most frequently modified site in HD patients 

(5.3-fold increase compared to controls, p<0.01, Figure 3C).  

 

In silico modelling of 4-HNE adduction onto apolipoprotein A1 

In order to gain insights into the accessibility of histidine and lysine residues of 

apolipoprotein A1, a molecular modeling study was achieved with the lipid-free structure of 

the truncated protein (Figure 4A).
49

 Histidine and lysine residues mentioned in the primary 

sequence of amino-acids namely K83, K130, H179, H186, H216, H223, K226, K250 and 

K262 were examined and were found to be readily accessible and susceptible to react with 4-

HNE (not available for H20, K47 and K64 residues in the truncated protein). Therefore, the 

modification of these residues may occur in a random event on free apolipoprotein A1. 

Careful examination of the model of HDL proposed by Wu et al (Figure 4B)
50

 led to the 

following observations: some histidine and lysine residues are not involved in interactions 

with lipids and are located at the extern part of HDL. These residues which can react with 4-

HNE may not affect the binding of apolipoprotein A-I with lipids but with other proteins 

involved in HDL metabolism (see Figure 3B, residues K47, K83, H216, K250 and K262); in 

contrary, some histidine and lysine residues (residues K64, K130, H179, H186 and H223) 

interact tightly with lipids in the internal side of the complex. In this case, it can be proposed 

that these modifications may alter the ability of apolipoprotein A-I to bind lipids. Overall, this 

molecular modeling study shows that the reaction of lysine and histidine residues leading to 
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structural modifications may occur randomly but may be critical for lipids and protein binding 

depending on the residue which is modified. 

 

Platelet activation and aggregation phenotype of HDL from HD and PD patients and effects 

of carbonylation 

As HD procedure per se can lead to an enhanced oxidative and carbonylated stress, we 

included PD patients to avoid any effects resulting from bio-incompatibility of HD devices. 

Fifteen healthy controls were compared to 25 non-diabetic HD and 20 PD patients, the main 

characteristics of whom are presented in Table 2. HD patients had significantly lower total 

cholesterol, LDL-cholesterol, and HDL cholesterol than the controls (p<0.05). Platelet 

activation was measured with the production of thromboxane B2 and expressed as a 

percentage of the amount found in platelet activated with collagen. When human platelets 

were incubated with HDL from the HD group, the median activation was 147% as compared 

to collagen alone; when incubated with HDL from the control group it was 75% (p<0.05 as 

compared to when incubated with HDL from the HD group, Figure 5A). When human 

platelets were incubated with HDL from the PD group, the median activation was 221% as 

compared to collagen alone (p<0.05 as compared to when incubated with HDL from the 

control group, p=NS as compared to when incubated with HDL from the HD group, Figure 

5A). As HNE-adducts were increased in HD HDL, we incubated 5 healthy donors HDL with 

100µM HNE; median platelet activation in the presence of HNE-modified HDL was 123% as 

compared to collagen alone; when incubated with HDL from the control group it was 29%  

(Figure 5B, p<0.05 as compared to when incubated with HDL from the healthy donor group).  

 

As we performed aggregation assays in rabbits, we chose 9 control and 9 HD patients 

(characteristics in Supplementary Table 1) and performed platelet aggregation assays. When 
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human platelets were incubated with HDL from the HD group, the median aggregation was 

50% as compared to collagen alone; when incubated with HDL from the control group it was 

19% (p<0.05 as compared to when incubated with HDL from the HD group, Figure 5C). We 

found a good correlation between percentage of activation with TxB2 assay and percentage of 

aggregation (r
2
=0.3894, p<0.05, Supplementary Figure 3). As HNE adducts were increased 

in HD HDL, we incubated healthy donors HDL with 100µM HNE; median platelet 

aggregation in the presence of HNE-modified HDL was 170% (Figure 5C, p<0.05 as 

compared to when incubated with HDL from the control group).  

As there was an interindividual variability of platelet response to HD-HDL, we tested 

several concentrations of HNE for the modification of control HDL from healthy donors (1, 

10, 50, and 100 µM). A threshold effect was found as only the 100 µM solution of HNE led to 

a significant alteration of the anti-aggregant properties of HDL (median: 5% at 100 µM vs. 

98, 99, and 99% at 1, 10, and 50 µM, respectively, p<0.05, Figure 5D). Immunoblotting 

found a dose-dependent increase of HNE-adducts in HDL incubated with 4-HNE (1-100 µM; 

Supplementary Figure 4).The median levels of 4-HNE adducts in HNE-modified HDL were 

similar to those of HD and PD patients (see Supplementary Figure 5). 

Activation is mediated by the phosphorylation of JNK through a CD36 and SRC kinases 

pathway. 

 

To get an insight into the potential pathways involved in the effects described herein, 

the effect of CD36, SRB1 blockade and SRC kinase pharmacologic inhibitor were tested. Pre-

incubation of platelets with an anti-CD36 antibody significantly decreased their activation 

measured by TxB2 levels when incubated with HDL from control, HD, PD and HNE-

modified HDL (median: 39%, 41%, 22% and 49% respectively, p<0.05, as compared to when 

incubated without the antibody, Figure 6A). P-selectin expression was also lowered by the 

pre-incubation of platelets with an anti-CD36 antibody for HDL from control, HD, PD and 
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HNE-modified HDL (median: -43%, -30%, -42% and -27% respectively, p<0.05, as 

compared to when incubated without the antibody, Figure 6B). Pre-incubation of platelets 

with an anti-CD36 antibody restored the antiaggregant effect of the HDL from HNE-modified 

HDL (median: 12%, p<0.05, as compared to when incubated without the antibody, 

Supplementary Figure 6). Pre-incubation of platelets with Ab-CD36 did not change 

significantly the aggregation induced by collagen (median: 107% vs. 100%, NS, 

Supplementary Figure 6).  

 

Pre-incubation of platelets with an anti-SRB1 antibody significantly increased their 

activation measured by TxB2 levels when incubated with HDL from control, HD, PD and 

HNE-modified HDL (median: 385%, 178%, 288% and 758% respectively, p<0.05, as 

compared to when incubated without the antibody Figure 6A). P-selectin expression was also 

increased by the pre-incubation of platelets with an anti-SRB1 antibody for HDL from 

control, HD, PD and HNE-modified HDL (median: +35%, +93%, +54% and +88% 

respectively , p<0.05, as compared to when incubated without the antibody, Figure 6B). Pre-

incubation of platelets with anti-SRB1 did not significantly alter the aggregation induced by 

collagen (data not shown). 

 

Pre-incubation of platelets with Naphtyl PP1, a potent pharmacological inhibitor of 

SRC-kinases, decreased their activation measured by TxB2 levels when incubated with HDL 

from control, HD, PD and HNE-modified HDL (median: 22%, 46%, 24% and 22% 

respectively, p<0.05, as compared to when incubated without the inhibitor Figure 6A). P-

selectin expression was also decreased by the pre-incubation of platelets with Naphtyl PP1 for 

HDL from control, HD, PD and HNE-modified HDL (median: -48%, -48%, -53% and -14% 

respectively, p<0.05, as compared to when incubated without the inhibitor, Figure 6B). 
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We confirmed that intra-platelet phosphorylation of JNK was reduced by CD36 and 

SRC Kinases blocking while SRB1 blocking increased its phosphorylation (data not shown). 

 

Discussion 

 

The present study confirms that HDL isolated from patients with CKD exhibits 

impaired biological functions that may participate in the onset of cardiovascular disease in 

this population. The work emphasizes the effect of carbonylation from long-chain n-6 fatty 

acids (4-HNE adducts) on the antiaggregative properties of HDL. This adduction onto the 

protein component of the HDL particle was responsible for a deep and significant alteration of 

the antiaggregant properties of HDL in CKD. Combined with all the others impaired 

functions of HDL, this could be a potent contributor to the increased cardiovascular morbidity 

and mortality in CKD
3
 and the failure of statins in HD patients.

27,28
 Moreover, a significant 

part of this pathological phenotype was mediated by a CD-36 dependent pathway as its 

blockade restored normal anti-aggregant properties. Furthermore, CKD per se was 

responsible for a large part of this carbonylation as these adducts were obtained in a rabbit 

CKD model without other cardiovascular risk factors. 

 

The rabbit model is of interest for cardiovascular research (e.g. atherosclerosis, lipid 

metabolism) since these animals have a lipoprotein metabolism much closer to humans than 

mice or rats due to the expression of the cholesterylester transfer protein (CETP) gene. The 

CKD rabbits, despite having a lower body weight, developed a metabolic disturbance as their 

plasma cholesterol and glucose levels were significantly higher. The median measured GFR 

reduction in CKD animals corresponded approximately to stage 3 CKD in humans, and 
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results of oxidative stress assays (MDA and AOA) were consistent with values observed in a 

human CKD population,
5
  which  supports the appropriateness of the model. However, a 

natural history of 3-weeks is unlikely to lead to the same modifications as several years of 

interaction between cardiovascular risk factors and uremia in humans. Nevertheless, we found 

an increase in 4-HNE adducts and the impaired antiaggregant properties of HDL in HD and 

PD patients, rendering the animal findings relevant. 

 

The results of the present study suggest that CKD per se may trigger a strong 

oxidation of HDL particles. Interestingly, 4-HNE adducts were both increased in the HDL of 

CKD rabbits and HD and PD patients. This can be due to a loss of antioxidant capacity of 

HDL particles in CKD as HDL from CKD rabbits were more sensitive to copper-induced 

oxidation. This is in accordance with data from Holzer et al. who reported in PD and HD 

patients a profound modification of HDL structure in particular a lower concentration of 

paraoxonase.
24

 Moreover, the short natural history of CKD in the model used herein suggests 

that these modifications occur during the early stages of the disease. These results are 

consistent with that reported by Shroff et al.
25

 and Kaseda et al.
51

 in pediatric CKD patients, 

who can be considered as close to the model used because of a short natural history of CKD 

and a lower number of CKD-associated comorbidities.  

 

The results regarding platelet activation and aggregation are consistent with the altered 

properties of HDL in CKD; we observed a significant increase in the activation of platelets 

incubated with HDL from HD and PD patients and a 2-fold reduction in anti-aggregation with 

HDL from HD patients and CKD rabbits suggesting a blunted anti-thrombotic profile of 

uremic HDL. To exclude that the blunted anti-aggregant properties in HD patients did not 

only result from HD procedure per se, we confirmed this profile in PD patients. This 
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strengthened the role of CKD and especially ESRD in the pathological properties of HDL.  

This is consistent with the increase in the incidence of thrombotic events in CKD, especially 

in HD patients
27,28,52,53

 and with a higher platelet reactivity in CKD.
54-57

 We cannot however 

totally rule out  the role of age as a confounding factor in the different aggregation behavior 

of HDL since PD patients were older that HD and control ones. The pathophysiological 

pathways of the platelet aggregation profile in CKD has only been studied for LDL; Holy et 

al. found a pro-aggregant profile of LDL in CKD that was mostly explained by 

carbamoylation of these proteins.
31

 Moreover, this study highlighted the role of the LOX-1 

receptor in the onset of this profile; a receptor mainly involved in LDL-mediated 

pathophysiological pathways. The pro-agreggant profile of oxidized LDL has been described 

by Chen et al. to be mediated by CD-36
32

 and this receptor is also known to bind heavily 

modified-HDL
58,59

 and oxidized albumin.
60

 The results of the present study suggest a strong 

implication in the blunted anti-aggregant profile of CD-36-mediated pathway as its blocking 

restored the antiaggregant properties of CKD and HNE-modified HDLs. Furthermore, this 

study suggests the involvement of SRC-kinases mediated pathways in the platelet activation 

process in response with CKD and HNE-modified HDLs as the use of a specific 

pharmacological inhibitor (Naphtyl PP1) also restored the antiaggregant properties of these 

HDLs. Finally, we confirmed that the binding of HDL onto the CD36 receptor resulted in a 

significant increase in JNK phosphorylation as demonstrated by Chen et al for oxidized 

LDL.
32

 Schematic summary of these pathways is summed up in Figure 7. 

The study also suggests that there is a threshold effect of 4-HNE adduction on 

aggregative properties of HDL as the incubation of control HDL with 4-HNE in 

concentrations lower than 100µM did not modify the anti-aggregant profile of HDL. This 

could be explained by the multiple receptors that are involved in the aggregant properties of 

HDL. Indeed, native and mild oxidized HDL binds ApoER2 and SR-B1 scavenger receptor, 
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inducing an intracellular down regulation of platelet activation pathways. Conversely, heavily 

oxidized HDL binds CD-36 and platelet activation is upregulated.
58,61

 Thus, we can 

hypothesize that the adduction induced by the incubation with 4-HNE at a concentration 

lower than 100µM caused light or mild modifications of the protein component of HDL 

insufficient to bind CD-36. 4-HNE adducts to the protein component of HDL particles were 

associated with pro-aggregative properties of HDL. Interestingly, mass spectrometry assay 

specifically identified such 4-HNE adducts on lysines and histidines from 8 constitutive 

proteins of HDL and especially onto Apolipoprotein A1 of HD patients. This apolipoprotein 

is widely responsible for the antiaggregant properties of HDL
33

 and several modifications 

were located onto key parts of the protein for cholesterol efflux, platelet aggregation and lipid 

binding.  

Post-translational modifications of proteins represents a wide spectrum of potential 

toxic modifications such as carbamoylation, generations of advanced-glycation end by-

products (AGEs), chlorination or nitration. For example, carbamoylation of LDL particles 

was responsible for pro-aggregant properties of platelets in CKD patients.
31

 Despite a strong 

effect of the carbonylation by 4-HNE described herein, we cannot exclude that others post-

translational modifications could contribute to the pro-aggregant properties of HDL. Further 

studies will however be dedicated to explore the specific role of other kinds of post 

translational modification of lipopoproteins. To conclude, we describe herein for the first time 

the impaired anti-aggregant properties of HDL in CKD. To improve cardiovascular outcomes 

in CKD, future studies need to focus on HDL quality as well as quantity.  
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Table 1. 

General characteristics of sham-operated (control) and 5/6 nephrectomized rabbits. 

 Control CKD P-value 

N 9 8  

Biometry        

Body weight, kg 3.5 (3.2 – 3.9) 3.1 (3.0 – 3.3) 0.040 

Body weight gain, kg 1.0 (0.9 – 1.2) 0.7 (0.6 – 0.8) 0.001 

Kidney weight, g 19 (16 – 22) 14 (12 – 16) 0.008 

Kidney weight, g/kg body weight 5 (4 – 7) 5 (4 – 5) 0.212 

Biological features         

Urea, mmol/L 6.8 (5.6 – 8.4) 12.8 (12.6 – 19.2) <0.001 

Creatinine, µmol/L 57 (52 – 75) 193 (154 – 270) <0.001 

Bicarbonate, mmol/L  20.1 (16.8 – 24.0) 21.0 (14.6 – 22.7) 0.700 

Glucose, mmol/L  5.6 (4.8 – 6.9) 7.4 (7.1 – 8.1) 0.042 

Total cholesterol, mg/dL 47 (37 – 68) 109 (73 – 198) <0.001 

HDL cholesterol, mg/dL 29 (18 – 37) 56 (35 – 85) 0.043 

HDL-C/TC ratio 0.66 (0.33 – 0.85) 0.49 (0.35 – 0.53) 0.269 

Triacylglycerols, mg/dL 270 (228 – 677) 316 (165 – 719) 0.842 

Protidemia, g/L 59 (48 – 69) 39 (32 – 49) 0.015 

Proteinuria, g/mmol creat 617 (60 – 1287) 19 (9 – 56) 0.198 

Iohexol clearance        

GFR, mL/min/kg 4.3 (4.1 – 4.8) 2.2 (1.8 – 2.5) 0.008 

Oxidative stress markers (plasma) 

MDA, µmol/L 0.8 (0.5 – 1.2) 2.3 (1.2 – 3.0)  0.009 

AOA, mmol/L 1.0 (0.8 – 1.1) 0.8 (0.7 – 0.9) 0.021 

Data are expressed as median (IQR). CKD: chronic kidney disease; HDL-C: HDL cholesterol; TC: 

total cholesterol; GFR: glomerular filtration rate; MDA: malondialdehyde; AOA: anti-oxidant activity 

(of the plasma). Mann-Whitney test, p<0.05 was considered as significant. 

Creatinine: x 0.011 for mg/dl; urea: x 2.8 for mg/dl 
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Table 2. 

General characteristics of hemodialysis, peritoneal dialysis and control patients. 

 Control Hemodialysis (HD) Peritoneal dialysis (PD) 

N 15 25 20 

General characteristics    

Age, years 46 (36 – 58) 56 (43 – 73) 67 (56 – 84)*† 

Gender, % male 56 43 56 

BMI, kg/m
2
 26 (24 – 28) 24 (20 – 26) 25 (23 – 28) 

Comorbidities    

HT, n(%) 3(21) 17(74) 19(95) 

Stroke, n(%) 0(0) 2(9) 1(5) 

CHD, n(%) 0(0) 5(22) 3(15) 

Cardiopathy, n(%) 0 9(39) 8(40) 

PVD, n(%) 0 4(17) 3(15) 

Therapies    

Statins, n(%) 0 6 5 

PI, n(%) 0 5 6 

RASi, n(%) 1 3 11 

ß-blockers, n(%) 1 5 4 

CCB, n(%) 1 1 6 

Biological parameters    

Urea, mmol/L 5.4 (4.4 – 7.5) 17.1 (13.3 – 19.8)* 18.8 (16.1 – 22.6)* 

Creatinine, µmol/L 73 (69 – 85) 702 (506 – 862)* 575 (422 – 758)* 

mGFR, mL/min/1.73m
2
 94 (86 – 96) - - 

Total cholesterol, mg/dL 208 (189 – 237) 149 (113 – 180)* 209 (155 – 232)† 

LDL cholesterol, mg/dL 139 (105 – 158) 71 (54 – 103)* 125 (81 – 159)† 

HDL cholesterol, mg/dL 59 (53 – 66) 41 (30 – 47)* 45 (36 – 62)* 

Triacylglycerols, mg/dL 91 (64 – 116) 119 (88 – 173)* 149 (118 – 207)* 

CRP, mg/L 1.9 (0.5 – 3.5) 3.3 (1.9 – 8.0) 3.7 (1.7 – 5.8) 

Data are expressed as median (IQR). BMI: body mass index; HT: hypertension; CHD: coronary heart disease; 

PVD: peripheral vascular disease; PI: platelet inhibitor; RASi: renin-angiotensin system inhibitor; CCB: calcium-

channel blocker; eGFR: estimated glomerular filtration rate by CKD-EPI formula; mGFR: measured GFR by 

iohexol clearance; CRP: C-reactive protein. *: p<0.05 vs controls, †: p<0.05 vs HD, Mann-Whitney U-test. 
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Table 3.  

List of 4-hydroxy-2-nonenal adducted amino-acid in HDL constitutive proteins from hemodialysis patients. 

Protein name Protein label % Site of adduction Abundance ratio (HD 1 to 9, respectively) 

Apolipoprotein B100 APOB 0.04 
[K3689] 

[K4498] 

0.293    0.825 0.468 4.099 8.148 1.488 1.626 3.606 0.322 

- -             - - 4.421 - - 2.339 - 

Serum albumin ALB 1.15 

[H152] 

 [K160 or H152] 

[K347] 

 [H170] 

 [K581] 

 [K198] 

2.646 5.05 0.373 - 0.036 0.072 1.263 0.874 6.837 

2.956 6.049 0.229 - 0.295 - 0.718 0.405 12.994 

- 1.452 - 0.879 - 0.582 1.767 2.442 1.966 

1.463 - - 0.919 - 0.178 0.957 - - 

0.861 1.148 - - - - 0.668 1.944 2.204 

1.715 - - - - 2.864 - - 1.28 

Apolipoprotein A1 APOA1 4.50 

 [H20] 

 [H179] 

 [H186] 

 [H223] 

 [H217] 

 [K36] 

 [K250] 

 [K130] 

 [K47] 

[K83] 

 [K64] 

 [K262] 

0.516 0.863 1.131 2.298 1.414 1.284 1.133 1.109 0.556 

2.448 2.756 5.133 1.117 0.995 1.306 0.316 0.802 0.853 

2.646 2.508 4.401 0.613 0.806 0.93 0.168 1.221 1.767 

0.456 0.549 1.471 0.101 0.125 0.188 - 0.136 - 

1.342 0.939 3.216 0.039 0.175 0.266 - 0.14 - 

0.89 1.362 1.181 1.64 0.996 1.36 1.873 1.863 1.128 

1.423 3.189 0.548 4.329 31.087 1.035 3.154 30.549 2.522 

0.332 1.236 0.856 - - - 1.018 - 0.728 

0.596 1.345 1.237 2.083 0.861 1.211 2.596 2.217 1.557 

0.393 - 0.943 1.004 0.559 0.79 2.181 2.642 2.131 

0.571 1.139 1.079 1.643 1.119 1.543 1.403 1.616 0.935 

- 10.052 - 0.757 7.534 - 0.442 42.042 - 

Apolipoprotein(a) LPA 0.02 [K215] - 100 - - - - - 100 - 

Apolipoprotein A2 APOA2 1 [K26] - 1.983 - 0.134 - - 0.963 0.29 0.689 

Keratin, type I, cytoskeletal 10 KRT10 0.17 [K362] 2.598 3.076 3.419 1.44 0.596 1.462 0.778 2.66 1.595 

Trypsin-3 PRSS3 0.32  [H153]  1.292 0.7 1.056 1.332 0.827 5.646 0.972 0.914 0.906 

UDP-glucose:glycoprotein glucosyltransferase 2 UGGT2 0.06 [H1388] 1.46 1.385 3.62 3.525 4.433 2.838 5.1 11.999 1.877 

H, histidine; K, lysine. %: percentage of potential sites of adduction regarding all the amino-acids of the protein sequence. Abundance ratio was calculated against the mean of the 9  

controls. -: not found 
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Figure legends 
 

Figure 1. HNE-adducts were increased in HDL from CKD rabbits (A) as well as MDA concentration 

(B). No difference was observed concerning 8-isoprostane (C) and tocopherols (D) concentrations. 

HDL from CKD rabbits were more prone to oxidation after a copper-induced oxidation (E) as 

described in concise methods section. n=8 and 9, CKD and control respectively, p<0.05. Mann-

Whitney test, p< 0.05 was considered as significant. Data are expressed as median and interquartile 

range. 

 

Figure 2. CKD is responsible for impaired anti-aggregant properties of HDL in rabbits. CKD HDL 

exhibited blunted anti-aggregative properties compared to control HDL (A). Control HDL modified by 

an incubation overnight with HNE (HNE HDL) solution exhibited similar blunted properties to CKD 

HDL compared to Control HDL (A). Pre-incubation with anti-CD36 antibody restored to CKD and 

HNE HDL anti-aggregant properties like Control HDL (A). Typical aggregation curves obtained with 

collagen, control HDL and CKD HDL. Collagen aggregation level is considered as 100% (B). Same 

results were observed with a lipoprotein mix containing triglyceride-rich lipoproteins (VLDL and 

chylomicrons), LDL and HDL (LPP) from Control and CKD rabbits. CKD LPP exhibited blunted 

anti-aggregative properties compared to Control LPP. Control LPP modified by an incubation 

overnight with HNE solution (HNE LPP) exhibited similar properties to CKD LPP (C). Pre-incubation 

with anti-CD36 antibody restored to CKD and HNE LPP anti-aggregant properties like Control LPP 

(C).  HNE HDL had increased level of HNE-adducts compared to control HDL (D). * n=8 and 9, 

CKD and control respectively, p<0.05. Mann-Whitney test, p<0.05 was considered as significant. Data 

are expressed as median and interquartile range. 
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Figure 3. 4-HNE adducts are increased in HDL from hemodialysis (HD) patients compared to 

controls. Immunoblotting (dot blot) of 4-hydroxy-nonenal (4-HNE) Michael adducts were performed 

as described in methods section (A). Identification of increased 4-HNE Michael adduct on lysine and 

histidine residues of HDL from HD patients by liquid chromatography—mass spectrometry/mass 

spectrometry assay (LC-MS/MS). HDL were reduced, alkylated and digested with trypsin. Sequence 

of Apolipoprotein A1 (accession number: P02647-1) indicating the position of the adducts (bold 

characters) and the sequences of interest (highlighted and framed, B). Typical MS/MS spectra from 

unmodified peptide (upper spectrum) and modified peptide (lower spectrum). The abundance of 4-

HNE adduct of Lys 250 in HD HDL was 5.3-fold higher than in controls (p<0.01, C). n=9 and 9, HD 

and control HDL respectively, Mann-Whitney test, * p<0.05, data are expressed as median and 

interquartile range.  

 

Figure 4. Structure of truncated human apolipoprotein A-I (pdb code 1av1). Four molecules are 

associated with their hydrophobic faces to form an antiparallel four-helix bundle. Lysine and histidine 

residues possibly modified by 4-HNE are colored in cyan with CPK representation (A). Model of 

HDL: Phospholipids (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, POPC) are colored in 

yellow and cholesterol in magenta. Lysine and histidine residues possibly modified by 4-HNE are 

colored in cyan with CPK representation (pdb code 3k2s, B). 

 

Figure 5. HDL from peritoneal (PD) and hemodialysis (HD) patients exhibited impaired anti-

aggregant properties. Regarding levels of Thromboxane B2 (TxB2), HD and PD HDL triggered over-

activation of platelets compared to control HDL (n=15 for control, n=25 for HD group and n=20 for 

PD group, A). Same observations were found for healthy volunteers HDL modified by an incubation 

overnight with HNE (HNE HDL, n=5 for each group, B). HD, PD and HNE HDL exhibited blunted 

anti-aggregant properties compared to control HDL (n=9 for control and HD groups, n=5 for HNE 

group). We found a threshold effect of HNE modification on HDL as only a 100µM solution of HNE 

permitted to significantly alter the anti-aggregant properties of control HDL (n=4 for each group, D).  
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*p<0.05, Mann-Whitney test and Kruskal-Wallis test (D), data are expressed as median and 

interquartile range. 

 

Figure 6. The impaired anti-aggregant properties of HDL in peritoneal (PD), hemodialysis (HD) and 

from healthy volunteers HDL modified by an incubation overnight with HNE (HNE HDL) is mediated 

by CD36 binding and SRC kinases-mediated pathways. Regarding levels of Thromboxane B2 (TxB2), 

the pre-incubation of platelets with an antibody against CD36 receptor (Ab anti-CD36) significantly 

lowered the activation of platelets exposed with control (CTL), HD, PD and HNE compared without 

the antibody (A). The pre-incubation of platelets with an antibody against SRB1 receptor (Ab anti-

SRB1) significantly increased the activation of platelets exposed with CTL, PD and HNE compared 

without the antibody (A). The pre-incubation of platelets with a pharmacological inhibitor of SRC 

kinases (Naphtyl PP1) significantly lowered the activation of platelets exposed with CTL, HD, PD and 

HNE compared without the inhibitor (A). In a fluorescent activated cell sorting assay, activation of 

platelets were determined with the P-selectin expression. The pre-incubation of platelets with Ab anti-

CD36 and Naphtyl PP1 significantly decreased the activation of platelets exposed with CTL, HD, PD 

and HNE HDL compared to the samples without the antibody/inhibitor (B). The pre-incubation of 

platelets with Ab anti-SRB1 significantly increased the activation of platelets exposed with CTL, HD, 

PD and HNE HDL compared to the samples without the antibody/inhibitor (B). n=5 for each group. 

Mann-Whitney test, *p<0.05 compared to Control HDL without blocker; $p<0.05 compared to HD 

HDL without blocker; †p<0.05 compared to PD HDL without blocker; ◊p<0.05 compared to HNE 

HDL without blocker. Without blocker: without either Ab anti-CD36, anti-SRB1 or Naphtyl PP1.  

 

Figure 7. HDL from chronic kidney disease patients and rabbit (CKD HDL) exhibited blunted anti-

aggregant properties by interaction with CD36 receptor. Carbonylation by 4-hydoxy-2-nonenal (4-

HNE) of proteins form HDL was found to be part of this pathological behavior. Activation of the 

platelet in response of this binding was through a SRC-kinases mediated pathway. SRC kinase 

activation resulted with an increase of Jun-Kinase phosphorylation (pJNK). Native and CKD HDL 

apolipoprotein A1 binds SRB1 and inhibits platelet activation.  


