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FIG. 1. ABCA1 localization in one gp120-positive and two gp120-negative cells of HIV-infected macrophage culture.
The upper panel shows a composite image of four channels representing gp120 (green), calnexin (red), ABCA1 (white), and
nuclei (blue), whereas panels in the bottom show combinations of two selected channels.
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IV-1 infection is associated with a high risk of
developing atherosclerosis,1 and studies in animal models and in vitro demonstrated that impairment of activity of the
cholesterol transporter ATP-Binding Cassette A1 (ABCA1) is
a significant contributor to this side effect of HIV infection.2,3
Our unpublished observations demonstrated that Nef binds to
endoplasmic reticulum (ER) chaperone calnexin. While this
binding does not affect the interaction between calnexin and
gp160, it disrupts the interaction of calnexin and ABCA1.
Given that calnexin is essential for the folding and maturation
of ABCA1, this effect of Nef may explain Nef-mediated impairment of ABCA1 activity. Here, we provide images that
demonstrate the effects of HIV infection on ABCA1 localization in macrophages.
Macrophages are the key cells in the development of atherosclerosis, and HIV-mediated disruption of ABCA1 activity
in these cells contributes to cholesterol accumulation and their
transformation into ‘‘foam’’ cells, the signature cells in atherosclerosis.2 To investigate the mechanisms of ABCA1 inactivation, we infected monocyte-derived macrophages with
VSV-G-pseudotyped HIV-1 and stained for HIV-1 Env (using
anti-HIV gp120 sheep serum as a primary antibody and Alexa
Fluor 488-conjugated donkey antisheep IgG as a secondary
antibody), ABCA1 (using anti-ABCA1 rabbit polyclonal antibody as a primary antibody and Alexa Fluor 647-conjugated
goat antirabbit IgG as a secondary antibody), and ER chaperone calnexin (using mouse monoclonal anticalnexin-ER
membrane marker antibody as a primary antibody and goat
antimouse DyLight 550-conjugated antibody as a secondary
antibody), which regulates the folding and maturation of
glycosylated proteins, including ABCA1 and gp160, in the
ER. Nuclei were counterstained with DAPI. Images were
captured with a Carl Zeiss LSM 710 confocal microscope,
using a Plan Apochromat 100 · /1.46 oil immersion lens.
As shown in Fig. 1, ABCA1 in an infected (gp120-positive)
cell localized predominantly to intracellular regions that stain
with calnexin-ER antibody, whereas in uninfected cells the
majority of ABCA1 molecules resided at the plasma membrane, the site of active cholesterol exchange between
ABCA1 and cholesterol acceptors in the blood.4 These representative images were selected upon evaluation of several
large tiled immunofluorescence images each containing over
100 cells. This relocalization of ABCA1 reflects its retention
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in the intracellular regions positive for calnexin, a marker
for the ER. Such retention is consistent with Nef-mediated
disruption of the calnexin–ABCA1 interaction, and may be
responsible for subsequent degradation of ABCA1 and impairment of ABCA1-dependent cholesterol efflux.
Acknowledgments

This study was supported by NIH Grants HL093818,
HL101274, AI108533, P30AI087714, P30HD040677,
S10OD010710, and 1S10RR025565.
Author Disclosure Statement

No competing financial interests exist.
References

1. Desvarieux M, Boccara F, Meynard JL, et al.: Infection
duration and inflammatory imbalance are associated with
atherosclerotic risk in HIV-infected never-smokers independent of antiretroviral therapy. AIDS 2013;27:2603–2614.
2. Mujawar Z, Rose H, Morrow MP, et al.: Human immunodeficiency virus impairs reverse cholesterol transport from
macrophages. PLoS Biol 2006;4:e365.
3. Asztalos BF, Mujawar Z, Morrow MP, et al.: Circulating
Nef induces dyslipidemia in simian immunodeficiency virusinfected macaques by suppressing cholesterol efflux. J Infect
Dis 2010;202:614–623.
4. Boadu E, Bilbey NJ, and Francis GA: Cellular cholesterol
substrate pools for adenosine-triphosphate cassette transporter A1-dependent high-density lipoprotein formation.
Curr Opin Lipidol 2008;19:270–276.

Address correspondence to:
Michael Bukrinsky
Department of Microbiology, Immunology
and Tropical Medicine
George Washington University School of Medicine
and Health Sciences
2300 Eye Street NW
Ross Hall 624
Washington, District of Columbia 20037
E-mail: mbukrins@gwu.edu

