
SUPPLEMENTAL MATERIAL
DETAILED METHODS 
Study Design, Participants, Sample Processing
The Center for Clinical AIDS Research and Education (CARE) HDL function study was a cross-sectional study developed to assess determinants of impaired HDL function among HIV-infected males on stable ART with HIV-1 RNA <200 copies/ml within 6 months of enrollment (n=116) compared to viremic HIV-1 infected (>500 copies/ml ) (n=50) and uninfected individuals (n=32)[1]. In this pilot study we recruited only males to avoid confounding from sex differences in lipid metabolism [2]. Aging is well documented to increase the risk of atherosclerosis, thus we investigated the effect of HIV infection in younger HIV+ individuals and uninfected controls of a similar age. Sociodemographic characteristics, comorbidities, lipid profile and measures of HDL function (HDLox, HAE%) have previously been described in this cohort [1]. For this exploratory study, we selected 10 HIV-infected males with the following inclusion criteria: i) no known inflammatory comorbidities other than HIV ii) no known CVD or risk factors for CVD (defined as at least one of the following: metabolic syndrome defined by National Cholesterol Education Program criteria [3], diabetes, dyslipidemia, use of lipid lowering medication, hypertension, family history of CVD, Framingham 10-year Coronary Heart Disease Risk Score ≥6% risk) iii) on stable ART (> 6 months prior to visit) with efavirenz/emtricitabine/tenofovir disoproxil fumarate (EFV/TDF/FTC) iv) Dysfunctional HDL as defined by two independent cell free assays of HDL function (increased HDLox and reduced % HAE). Five healthy males matched by age and race to the HIV-1 infected group were also included. HDL was isolated by ultracentrifugation from cryopreserved plasma from these participants as previously described[1]. Blood was also obtained from healthy donors recruited from The Alfred Hospital, Melbourne, Australia. Peripheral blood mononuclear cells (PBMCs) were isolated within 2 hours of sample collection and were used immediately (for migration assays). All individuals enrolled in the study provided written informed consent and the study was approved by the local Institutional Review Boards. 

Lipoprotein preparation and oxidation 
Human HDL was isolated from plasma of HIV-1-infected patients and from uninfected subjects using ultracentrifugation as previously.19 Briefly,  high density lipoprotein (HDL, d = 1.063 to 1.21g/ml) was isolated on the basis of the protocol described by Havel, Eder, and Bragdon (centrifugation at 105,000 G for 20 to 22 hours at 12°C-15°C)[4]  from the blood of fasting normal volunteers. Previously established procedures  of  zonal ultracentrifugation minimizes  albumin-containing contaminants[5].  The lipoproteins were oxidized by use of copper ions as previously
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 19, 25
. The lipoproteins were tested pre- and post-oxidation for lipopolysaccharide levels and found to have <30 pg of lipopolysaccharide/ml of medium. HDL was also oxidized in vitro with 13(S)-HPODE as described
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: human HDL (5 μg HDL-cholesterol/ml) was incubated with 13(S)-HPODE (0.5 μg/ml), for 30-60 min (co-incubation). HDL-cholesterol concentration was quantified using a standard colorimetric assay (Thermo DMA Co., San Jose, CA) as previously described.19
Plasma lipid analysis

The lipid panel (total cholesterol, HDL-C, and triglycerides) was measured in fasted EDTA-plasma by standard validated clinical assays employing a Beckman DXC, and LDL cholesterol (LDL-C) was calculated by the Friedewald formula. Plasma apoA-I levels were determined by validated nephelometric method as previously described 
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[6, 7]
. 

Oxidized HDL

HDLox was quantified using a previously validated fluorometric biochemical assay that measures HDL lipid peroxidation based on the oxidation of the fluorochrome Amplex Red
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[8]
. To reduce experimental variability and adjust for HDL amount, we normalized the mean fluorescence readout from quadruplicates of each sample (HDLox_sample) by the mean fluorescence readout from quadruplicates of a pooled plasma control (HDLox_control) and by concurrent HDL cholesterol concentration level (HDL-C) using the following calculation: “normalized” oxidized HDL (nHDLox) = [HDLox_sample x 40 (mg/dl)] / [HDLox_control x HDL-Csample (mg/dL)], where 40 mg/dL represents HDL-C of the pooled plasma control 
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[9, 10]
. This approach has been validated in clinical studies and has been shown to reduce experimental variability 
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[8-14]
.Throughout the results HDLox is presented as normalized [nHDLox] measure to reflect the adjustment for experimental variability and HDL-C. 

HAE assay

HAE assays were performed as previously described 
 ADDIN EN.CITE 

[6, 7]
. Freshly thawed plasma was mixed 1∶4 with PBS (20 mM phosphate, 150 mM NaCl, pH 7.4) and 24% w/v PEG 6000 (Sigma) was added to a final concentration of 4%. Samples were centrifuged at 13,000 rpm for 10 minutes in a tabletop centrifuge at 4°C to remove apoB-containing lipoproteins. The clarified plasma was then mixed with 3 mg/mL spin-labeled apoA-I (36) in a 3:1 ratio and drawn into an EPR-compatible borosilicate capillary tube (VWR). 


EPR measurements were performed with a Bruker eScan EPR spectrometer outfitted with temperature controller (Noxygen). Samples were scanned first at 6 °C, incubated for 15 minutes at 37 °C, and scanned again at 37 °C. The peak amplitude of the nitroxide signal from spin-labeled apoA-I in the sample (3462–3470 Gauss) was compared to the peak amplitude of a proprietary internal standard (3507–3515 Gauss) provided by Bruker. The internal standard is contained within the eScan spectrometer cavity and does not contact the sample. Since the y-axis of an EPR spectrum is measured in arbitrary units, measuring the sample against a fixed internal standard facilitates normalization of sample response. HAE activity was determined by subtracting the sample: internal standard ratio obtained at 6 °C from the sample: internal standard ratio at 37 °C. The baseline spectra of spin-labeled apoA-I in PBS was subtracted from results. Maximum amplitude of spin-labeled apoA-I was determined from spin-labeled apoA-I in a fully lipid-bound conformation and %HAE was determined by dividing the calculated HAE response by the HAE maximum response. All samples were read in triplicate and averaged. HAE was calculated as described 
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[6, 7]
. Inter-assay coefficient of variability was 5.3%. 

Isolation of monocytes for cell migration assays

Monocytes were purified from PBMC isolated from fresh whole blood from healthy participants via negative selection using magnetic beads (Miltenyi Biotec, Cologne, Germany) as per the manufacturer’s protocol and as previously described[15].
Cell migration assay and analysis

Blood was also obtained from healthy donors recruited with informed consent from The Alfred Hospital, Melbourne, Australia with ethical approval. Peripheral blood mononuclear cells (PBMCs) were isolated within 2 hours of sample collection and were used immediately (for migration assays). The ability of modified HDL to promote foam cell formation was assessed using an in vitro model of monocyte transendothelial migration and foam cell formation, where purified monocytes migrate across a monolayer of activated primary human umbilical vein endothelial cells (HUVEC) into a collagen matrix, where they subsequently form lipid-laden foam cells (detected by Oil-Red-O staining and microscopy 48 hours post-addition) in the presence of human serum[15]. An overview of the experimental approach is provided in Supplemental Figure 1. The in vitro atherogenesis assay was performed essentially as previously described[15]. Briefly, hydrated collagen gels were prepared in a 96-well format as described previously[15]. Gels were incubated at 37°C for 4–6 days until use. Primary human umbilical vein endothelial cells (HUVEC) were prepared as described[15] and used without further passage. 2x104 HUVEC were added to each collagen gel and incubated in Medium 199 (Life Technologies, Carlsbad, CA, USA) containing 20% human serum for 3 days to allow confluent monolayers to form. Media were prepared using a single batch of pooled human serum (pHS) prepared from autologous serum (from the same donor as the monocytes) as indicated; all sera were heat inactivated at 56°C for 30 min prior to use. Silver staining was performed on selected wells, in addition to routine phase-contrast microscopy, to verify HUVEC monolayer integrity[15]. HUVEC were activated with 10 ng/ml TNF for 4 hours or left unactivated. HDL isolated from HIV- or HIV+ individuals were incubated (at concentration 20 ug/ml) with freshly isolated monocytes (5x104/well) for 1 hour at 37°C prior to addition of type I fibrous collagen gels topped with a monolayer of primary HUVEC in 96 well plates and allowed to migrate for 1 hour. Non-migrated cells were counted, HDL lipoproteins were added to the gels at a concentration 20 ug/ml and cultures were incubated for a further 48 hours as described[15]. Non-migrated cells were removed by washing. Gels were excised from wells, mounted on glass slides and foam cells counted by bright field microscopy (x40). Foam cells were defined as cells containing Oil Red O stained vesicles within the cytoplasm and determined as a proportion of total migrated cells within the counted area of the gel. 
SUPPLEMENTAL FIGURES
Supplemental Figure 1: Experimental procedure of established in vitro model of monocyte transmigration and foam cell formation. Commercially available HDL or HDL isolated from HIV- or HIV+ individuals were incubated with control monocytes from HIV- individuals (from n=3 or n≥4 individual donors for commercial and donor HDL respectively) for 1 hr prior addition to type I fibrous collagen gels topped with a monolayer of primary TNF-activated human umbilical vein endothelial cells (HUVEC) in 96 well plates. Cells were allowed to migrate for 1 hr. Non-migrated cells were removed and the gels were incubated for a further 48 hrs in media containing respective HDL. Following incubation, reverse migrated cells were removed and the percentage of foam cells vs. macrophages in the gel was determined by microscopy as previously described (AIDS. 2015;29:1445-1457). The median % of foam cells formed in the presence of each HDL sample was calculated from n=12 technical replicates per assay. Each HDL sample was tested in n=3 or n≥4 separate assays (each using monocytes from individual HIV- donors) for commercial and donor HDL respectively, and the average foam cell % calculated for each HDL sample.
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Supplemental Figure 2: Overall hypothesis. Proatherogenic dysfunctional HDL and proatherogenic monocytes present in chronic treated HIV infection synergize to promote foam cell formation, a key event in atherogenesis. Monocytes are recruited to activated endothelium and transmigrate into the intima. Following entry, monocytes form foam cells by taking up oxidized LDL (LDLox) or via other mechanisms downregulating cholesterol efflux. HDL acts to neutralize LDLox and aid cholesterol efflux from macrophage. However, dysfunctional HDL (HDLox) has impaired neutralization properties and downregulates cholesterol efflux which may lead to foam cell formation. Foam cell formation destabilizes plaque promoting thrombosis and plaque formation.
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