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SHORT COMMUNICATION

Monocyte Activation from Interferon-ao in HIV
Infection Increases Acetylated LDL Uptake
and ROS Production

Lynn Pulliam,"? Cyrus Calosing? Bing Sun;? Carl Grunfeld? and Hans Rempel®

Atherosclerosis is an inflammatory disease that is accelerated in human immunodeficiency virus (HIV)
infection. Individuals with HIV infection have an activated type I interferon (IFN) monocyte phenotype,
which may enhance uptake of modified low-density lipoprotein (LDL) thereby initiating a prefoam cell
pathology and recruitment into atherosclerotic plaques. In a sampling of HIV-infected subjects, an increase in
monocyte activation genes, MX/ and CXCLI0, correlated with monocyte expression of the scavenger receptor
A (SR-A), a major receptor for lipid uptake and foam cell formation. Monocytes from HIV-infected subjects
accumulated more lipid than control uninfected subjects. We modeled increased activation in HIV infection
by priming human monocytes with IFNa followed by exposure to acetylated LDL (acLDL). Exposure to
IFNa increased acLDL uptake, which generated increased cellular reactive oxygen species (ROS). We posit
that HIV infection augments formation of arterial plaques by triggering monocyte activation with a type I IFN
profile, which induces SR-A expression, lipid uptake, and subsequent ROS production. These findings may
explain in part why HIV-infected individuals with chronic immune activation have an increased risk of

atherosclerosis.

WHILE CARDIOVASCULAR DISEASE (CVD) is a leading
cause of morbidity and mortality with increasing age,
individuals with human immunodeficiency virus (HIV) in-
fection have preclinical and more extensive atherosclerosis
than would be expected for their age (Grunfeld and others
2009; Hsue and others 2009). Initially thought to be a result of
metabolic effects of antiretroviral therapy (ART), new studies
show modest lipid changes caused by ART (Grinspoon and
others 2008; Patel and others 2012). Atherosclerosis is an in-
flammatory disease where monocyte/macrophage (M/Me)
activation plays a major part in the pathogenesis (Crowe and
others 2010). Recent studies have established that HIV in-
fection accelerates CVD above age-matched individuals irre-
spective of ART and other comorbid risk factors (Rasmussen
and others 2011; Hsue and others 2012; Lo and Plutzky 2012).
The majority of these studies focus on the critical role of in-
flammation (Baker and others 2011). Further data from HIV-
infected elite controllers, who naturally have low viral loads
but with immune activation and not on ART, demonstrated a
significant increase in coronary atherosclerosis attributed to
monocyte activation (Pereyra and others 2012) as determined
by an increase in soluble CD163 (sCD163) (Burdo and others
2011; Pereyra and others 2012). With successful ART, pe-

ripheral HIV replication is diminished; however, chronic im-
mune activation identified as a type I interferon (IFN) response
may persist in many HIV-infected individuals (Rempel and
others 2010; Fernandez and others 2011; Pulliam and others
2011; Ries and others 2012).

An initial step in atherosclerosis is increased uptake of
low-density lipoproteins (LDL) modified by glycosylation,
dyslipidemia, hyperglycemia, and oxidative stress. Mono-
cytes can take up modified lipids such as oxidized low-
density lipoprotein (oxLDL) in vivo or acetylated low-density
lipoprotein (acLDL) in vitro to form foam cells that are the
pathological hallmark of early atherosclerosis (Orso and
others 2011). Monocytes take up modified LDL via scaven-
ger receptors SR-A (CD204, MSR1) and CD36 (Greenberg
and others 2006; Yu and others 2013), and modified LDL
generates reactive oxygen species (ROS) that contribute to
the pathological process (Cominacini and others 2000;
Pamukcu and others 2010; Shantsila and others 2010; Tavakoli
and Asmis 2012). SR-A expressed on monocytes preferen-
tially binds and internalizes oxXLDL, but not native LDL (Mitra
and others 2011; Nikolic and others 2011).

The overall objective of this study was to examine early
events in atherosclerosis to determine how a type I IFN
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monocyte activation profile might upregulate scavenger re-
ceptor expression, acLDL uptake, and increase ROS. We
queried our previously collected monocyte gene expression
data from an HIV-infected cohort to determine whether or
not there was an increase that might lead to increased
acLDL uptake. We then sampled a small group of HIV-
infected subjects to determine whether increased monocyte
SR-A expression correlated with lipid uptake. Finally, we
sought to reproduce this in vitro by evaluating whether IFNo
priming of monocytes increased modified lipid uptake and
ROS production.

Individuals were recruited at the San Francisco Veterans
Affairs Medical Center with written consent approved by
the University of California, San Francisco Committee on
Human Research. For the monocyte gene expression studies,
44 HIV-infected subjects were recruited, 22 with HIV high
viral load (HVL, >10,000 RNA copies/mL), 8 with low
viral load (LVL, <10,000 RNA copies/mL), and 14 with
undetectable viral load (<50 RNA copies/mL). Eleven HIV
seronegative controls were included. Subjects’ characteris-
tics are listed in Table 1. The cohort was all males between
30 and 66 years of age (mean age for HIV-infected subjects
was 50+7.9 years and controls 53+4.1 years). There was
no age difference among groups (ANOVA F=0.562,
P=0.642). None of the subjects had hepatitis C infection.
The cohort was predominantly Caucasian (62%) followed
by African American (19%), Hispanic (12%), Asian (4%),
and other (3%) individuals (Rempel and others 2010). There
was no ethnicity difference among groups (X*>=18.97,
P=0.0893). All HIV-infected groups had lower mean CD4
counts than controls (ANOVA F=20.66, P=6.75¢e-9; Tukey
post hoc test showed HVL, LVL and UD groups were lower
than control, all P values<0.001).

Whole blood for monocyte gene expression arrays was
drawn into Vacutainer CPT tubes (Becton Dickinson) and
peripheral blood mononuclear cells (PBMC) were enriched
by centrifugation. To minimize the elapsed time between
blood draw and RNA isolation, CD14+ monocytes were
positively selected from PBMC by immunomagnetic sepa-
ration using anti-CD14 monoclonal antibodies conjugated
to ferrous beads according to the manufacturer’s instruc-

TABLE 1. DEMOGRAPHIC AND CLINICAL INFORMATION
Control H]VUD HIVLVL HIVHVL
n 11 14 8 22
Age 53.0 (4.1) 51.6 (7.2) 49.5 (10.5) 49.9 (7.7)
Ethnicity
Asian 1 0 0 1
African 1 2 3 6
American
Caucasian 8 11 3 12
Hispanic 1 1 0 3
Other 0 0 2 0
HIV RNA NA Undetectable 3.3 (0.8) 5.0 (0.5)
(log10
copies/mL)
CD4 count 1,038 (314) 516 (261) 456 (392) 215 (234)

Mean (£ SD) except for ethnicity, which is count.

HIVyyy: HIV plasma viral load >10,000 copies/mL.
HIVyyy: HIV plasma viral load <10,000 copies/mL.

HIVyp: HIV plasma viral load undetectable (<50 copies/mL).
NA, not applicable.
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tions (Miltenyi Biotech). Monocyte purity exceeded 97%
with < 1% contaminating T or B cells as determined by flow
cytometry (Rempel and others 2010). Total RNA was pre-
pared from monocytes using an RNeasy Micro Kit (Qiagen).
Complementary RNA (cRNA) was synthesized and labeled
with biotin using iExpress iAmplify kit (Applied Micro-
arrays). cCRNA was hybridized to CodeLink Whole Human
Genome Bioarrays (55K probes; Applied Microarrays). The
hybridization signal was acquired on an Axon GenePix
4000B scanner (Molecular Devices) and image analysis and
data extraction were performed by CodeLink Expression
Software Kit v4.1 (GE Healthcare) as previously described
(Rempel and others 2010).

We queried the monocyte gene expression data for genes
associated with IFNo activation. We looked at monocyte
gene expression for 2 IFNo-induced genes, MXI/ and
CXCLI0, and the scavenger receptors, SR-A and CD36
(Table 2). Our previous study showed that plasma CXCL10
strongly correlated with HIV load (Rempel and others
2010). SR-A expression was significantly increased in sub-
jects with a viral load of >10,000 copies/mL. We did not
see any difference in CD36 expression among the HIV-
infected groups. Previous reports have shown that protease
inhibitors in ART cocktails may promote the upregulation of
CD36 and accumulation of lipid in macrophages (Dressman
and others 2003). To address the concern that increased
SR-A expression may be a result of ART, we looked at a
subset of our HIV-infected cohort data (Rempel and others
2010) on (n=38) or off (n=7) ART with comparable viral
loads. In this small sample, SR-A gene expression of patients
on ART was no different than patients off ART but was
significantly higher than controls (P =0.042). We did not see
any influence of ART on CD36 expression. The increase in
SR-A expression strongly correlated with genes associated
with IFNo activation (Fig. 1) and this supports previous
evidence that IFN activation increases lipid uptake (Li and
others 2011).

To determine whether monocytes from HIV-infected in-
dividuals accumulate more lipids than controls, we sampled
a subset of HIV-infected individuals on ART to quantify
intracellular lipids. Nine HIV seropositive subjects were
recruited. All were men with a mean age of 55.6+11.6
years, with undetectable HIV viral loads and all were taking
statins at the time of the blood draw. Four HIV-seronegative
age-matched controls were also recruited, mean age 60 5.5
years. One control was taking a statin and 3 were not. Cells
were stained with LipidTOX Red (Life Technologies) for
30min to determine lipid accumulation followed by flow
cytometry analysis. Approximately 10,000 events were

TABLE 2. GENE EXPRESSION INTENSITIES
OF SELECTED GENES (L0G, TRANSFORMED)

Control HIVUD HIVLVL HIVHVL
SR-A 5909 6309 6612 67 (0.9)°
CD36 13.0 (0.3) 13.0 (0.2) 129 (0.3) 12.8 (0.5)
CXCLIO 94 (05) 99(0.6) 104 (08)° 114 (0.6)°
MX1 92(0.6) 9.9 (0.4) 103 (1.1)° 12.1 (1.0)°

Mean (£ SD). Group means were compared using ANOVA with
Dunnett post hoc test for comparing infected groups with controls.

*P<0.05,"P<0.01, °P<0.001.

HIV, human immunodeficiency virus; SR-A, scavenger receptor A.
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FIG. 1. Monocyte gene expres-
sion for MXI/ and CXCLIO cor-
related with scavenger receptor A
(SR-A) expression. Monocyte gene
expression from HIV-infected sub-
jects (n=44) with viral loads rang-
ing from undetectable to high viral
loads. Gene intensity was calculated
from cDNA microarray probe sig-
nals. There were positive corre-
lations between increasing SR-A and
interferon-o. (IFNa)-associated | :

SRA gene expression

R = 0.44
p = 0.003

R=0.41
p =0.006

genes (Spearman analysis). 7 8

MX1 gene expression

analyzed using a FACSCalibur from Beckton Dickinson and
lipid levels were calculated as mean fluorescent intensity
(MFI). Using a neutral LipidTox Red dye (Stoletov and
others 2009; Grandl and Schmitz 2010), intracellular lipid in
monocytes from HIV-infected subjects was significantly
higher compared to controls in spite of statin use (Fig. 2A).
To further show an association between lipid uptake and
SR-A expression, we measured SR-A protein expression on
monocytes and quantified lipid accumulation from 5 of these
HIV-infected subjects and 4 HIV seronegative controls us-
ing flow cytometry. In this small sample, we demonstrated a
strong correlation (R=0.7, P=0.043) between monocyte
SR-A expression and LipidTOX Red staining (Fig. 2B). The
lipid levels for the subjects shown in Fig. 2B are in Table 3.
There were significant differences in total cholesterol and
LDL levels between the HIV-infected and control groups.
LDL levels were lower in the HIV-infected group, which
could be due to the effects of HIV (Grunfeld and others
1992) or the use of statins. We looked at correlations be-
tween triglycerides, LDL, and lipid accumulation and they
were R=0.3, P=0.43 and R=0.05, P=0.9, respectively,
strongly suggesting that the SR-A activation and lipid ac-

>
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cumulation is not correlated with circulating lipids. Only 1
control was on a statin (C3) and this subject had the lowest
monocyte lipid accumulation and SR-A expression (Fig. 2B).
Since monocyte activation upregulates SR-A and this
scavenger receptor preferentially takes up modified LDL
(Nikolic and others 2011; Orso and others 2011), these re-
sults suggest that monocytes from HIV-infected subjects
accumulated and retained more modified lipids than controls
independent of circulating lipid levels.

A negative consequence of modified LDL uptake by M/
Mg is the production of ROS that leads to further immune
activation. To determine whether IFNo would increase up-
take of LDL and/or modified LDL, monocytes from leu-
kocyte reduction chambers (LRC) were obtained from the
Blood Center of the Pacific (BCP), San Francisco, CA.
Monocyte cultures were prepared through sequential en-
richment steps using RosetteSep and EasySep (StemCell).
Monocyte purity was>90% when cells were assessed by
flow cytometry for CD14 expression. Monocytes were cul-
tured in RPMI medium supplemented with 10% fetal bovine
serum at 10° cells/mL in 6-well, ultra-low attachment plates
positioned on a rotating platform set at 97 rpm. Monocytes

B .
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SRA receptor (MFI)

FIG. 2. Monocyte lipid accumulation in HIV-infected subjects. (A) Monocytes from healthy controls (n=5) and HIV-
infected subjects on antiretroviral therapy (n=9) were analyzed by flow cytometry for lipid content. Neutral lipids were
stained with fluorescent LipidTOX Red and mean fluorescent intensity (MFI) was used to compare the groups. Controlled
HIV infection was associated with significantly higher total lipid accumulation in circulating monocytes. *P=0.005. (B)
Monocytes from HIV-infected subjects (H1-5, A), who were all on statins, and healthy controls (C1-4, °), were stained for
SR-A and LipidTOX Red. Controls 1, 2, and 4 were not on statins and C3 was. The lipid profiles for these 9 subjects are
shown in Table 3. An increase in monocyte SR-A expression strongly correlated with LipidTOX Red uptake (R=0.70,
P=0.04).
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TABLE 3. LirPiD PROFILES OF HUMAN
IMMUNODEFICIENCY VIRUS-INFECTED SUBJECTS
AND CONTROLS IN FIG. 2B

Tot chol LDL TG HDL
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Controls
Cl 185 88 74 82
C2 196 116 122 56
C3 223 125 53 87
Cc4 226 145 168 47
Avg 207.5 118.5 104.3 68.0
SD 20.17 23.67 51.38 19.51
HIV +
H1 133 79 87 36
H2 137 72 53 55
H3 149 61 290 30
H4 185 76 350 39
H5 198 118 126 55
Avg 160.4 81.2 181.2 43.0
SD 29.36 21.67 131.04 11.42
T-test (P) 0.025 0.049 0.279 0.077

Tot chol, total cholesterol; TG, triglycerides; HDL, high-density
lipoproteins; LDL, low-density lipoproteins.

isolated from 4 LRCs were primed or not with IFNo (100 U/
mL). After 48h, 10° monocytes were resuspended in 1 mL
media with or without labeled 10 pg dil-LDL or dil-acLDL
(Life Technologies). Monocytes were assayed for labeled
LDL or acLDL uptake by flow cytometry and quantified as
MFI. IFNa priming potentiated acLDL (but not native LDL)
uptake within 30min of exposure and continued at 2h
(P=0.018) (Fig. 3A, B). This result is consistent with
published findings and those presented here, that IFNo
stimulates SR-A expression and SR-A preferentially takes
up modified LDL (Nikolic and others 2011; Orso and others
2011). In models of atherosclerosis, modified LDL uptake
leads to elevated ROS production (Tavakoli and Asmis
2012).

We used IFNo priming followed by acLDL exposure to
determine whether this activation induced oxidative stress by
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assaying monocytes for cellular ROS accumulation. Enriched
monocytes were primed or not with IFNo (100 U/mL) for
48 h. Afterward, cells were washed and exposed to 10 pg/mL
acLDL or LDL. Cell-associated ROS were detected with
10 M 6-carboxy-2’,7’-dichlorodihydro-fluorescein diace-
tate (DCFDA; Life Technologies) and quantified as MFI by
flow cytometry. These results suggest that in the presence
of IFNa, normal LDL is not preferentially taken up by
monocytes nor is there an increase in ROS production. IFN-
primed monocytes plus acLDL produced significant levels
of ROS at 24 h compared to no priming (Fig. 3C).

In the era of ART, HIV infection has become a chronic
illness with the majority of those treated living longer;
however, a new set of issues based on living with a chronic
condition and long-term therapy arises. Surprisingly, CVD,
which is more common in aging individuals, has become
more prevalent in HIV infection even in the presence of
reduced viral replication with ART. Whether or not this
is a consequence of metabolic changes with long-term
ART therapy or the immune dysfunction associated with a
chronic illness is under investigation. What is known is that
some HIV-infected subjects on therapy or a treatment in-
terruption with viremia have a type I IFN monocyte profile
(Rempel and others 2010). While an early IFNo response at
the cellular level may be beneficial in retarding viral repli-
cation, a sustained type I IFN reaction can lead to chronic
immune activation and potentially a higher risk for CVD.

Monocyte response to HIV infection is likely more dele-
terious to the host than actual infection. Monocyte gene ex-
pression from HIV-infected individuals on ART with varying
viral loads, showed a type I IFN profile with no lipopoly-
saccharide (LPS) gene expression profile despite circulating
LPS (Rempel and others 2010). Type I IFN signaling has
recently been highlighted as a promoter of atherosclerosis by
stimulating M/Mg trafficking to lesions (Goossens and others
2010). In a recent study of elite controllers, atherosclerosis
and immune activation, as defined by sCD163 levels, were
increased over HIV-infected subjects controlled on ART or
HIV-negative subjects (Pereyra and others 2012). In addition
to sCD163, 2 monocyte-induced markers of immune activa-
tion, sCD14 and CXCL10, were also significantly elevated in

30 mi
A i A Bmoo C  ssofwreomr
2003 AIFN s —=— IFN ac-LDL m
1504 | IFN o | 500--* NTLDL
o 100] | A = 800 k. S - —— IFN LDL %
g 504 J ) @ — gl.l.
3 i ] £ 600 =
Q o -
@ 110" 10? 16*10* 10” 10" 1% 1’1o 8 400 0 9
$  LDLuptake ————— 3 2
o Q 200 g a
200
S o IFN IFN | 3 g@
= 100 ™\ M\ i]
2 \ , NT IFNa
0 \ M T T T
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ac-LDL uptake —0

Time (h)

FIG. 3. Normal and acetylated low-density lipoprotein (acLDL) uptake and reactive oxygen species (ROS) production in
monocytes treated with IFNa. (A) IFNa priming increased acLDL but not normal LDL accumulation in monocytes at
30min and 2h (n=4) (representative histogram). Gray peaks are isotype controls. (B) After 2h, IFNo enhanced acLDL

uptake compared with nontreated (NT) monocytes (Student’

s t-test P=0.029, n=4). Labeled acLDL uptake was quantified

using flow cytometry and MFL. (C) ROS were detected using the cell permeable probe 6-carboxy-2’,7’-dichlorodihydro-

fluorescein diacetate (DCFDA) and flow cytometry. ROS

detection in primed and normal LDL-treated monocytes was

comparable. [FNo-primed and acLDL-treated monocytes generated the highest levels of ROS (Student’s #-test, P=0.02).

NT, untreated.
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the elite controllers over the HIV-negative group. Surpris-
ingly, hsIL6 and C-reactive protein were not increased sug-
gesting that the immune activation was likely not driven by
LPS. Another chronic condition identified with a monocyte
type I IFN signature and an increased incidence of CVD is
systemic lupus erythematosus (SLE). IFNo in SLE leads to
macrophage recruitment (Goossens and others 2010; Somers
and others 2012), foam cell formation (Li and others 2011),
disruption in vascular repair (Denny and others 2007), and
plaque progression (Thacker and others 2012). IFNo priming
caused an increase in monocyte SR-A expression and mod-
ified LDL uptake (Li and others 2011). In patients with SLE,
an IFNa signature is associated with premature vascular
damage (Somers and others 2012). In mouse models of SLE
and atherosclerosis, the absence of type I IFN signaling
prevented lesion formation and macrophage recruitment to
plaques (Thacker and others 2012). Unlike SLE, where cir-
culating plasma levels of IFNa are high, chronically infected
HIV subjects do not have high levels of circulating IFNa but
rather a monocyte gene expression profile of IFN-activated
genes (Rempel and others 2010).

Monocytes from HIV-infected individuals on ART up-
regulate the scavenger receptor SR-A, which is highly ex-
pressed by macrophage foam cells in atherosclerotic lesions
(Gough and others 1999). Our data showed no difference in
levels of CD36 gene expression between ART treated or not
and controls. We found that CD36 is constitutively ex-
pressed in all groups. This is contrary to other reports that
show an increase in monocyte CD36 expression in HIV
infection (Meroni and others 2005) or a decrease in CD36,
that is associated with ART (Serghides and others 2002).
Both these studies assessed CD36 protein by flow cytometry
and did not determine SR-A gene expression. We did not do
monocyte protein expression for CD36 or SR-A on our
larger HIV cohort. However, we did see differences in SR-A
monocyte protein expression in a small set of HIV-positive
and negative subjects (Fig. 2B). SR-A facilitates early foam
cell formation by preferentially enhancing modified LDL
uptake (Horiuchi and others 2003). Circulating oxLDL con-
centrations are increased in HIV-infected subjects on ART
(Duong and others 2006) and are related to those with lipo-
dystrophy. Monocytes from HIV-infected subjects in this
study showed an increased ability to accumulate lipids com-
pared with control HIV-negative individuals despite statin use.
In another recent study looking at monocyte gene expression
in HIV infection, CD36 was noted to be low, or as in our study
unchanged, in ART-treated HIV-infected individuals (Feeney
and others 2013). In vitro modeling showed that [FNo-primed
monocytes take up acLDL to a greater extent than nontreated
or HIV-primed monocytes and that this uptake is through SR-
A (Nikolic and others 2011; Orso and others 2011).

There are several inflammatory mediators associated with
atherosclerosis although the overexpression of SR-A on
circulating monocytes preferentially promotes the binding
of modified LDL that leads to the generation of ROS (Mitra
and others 2011). Modified LDL results in early activation
and damage to endothelial cells resulting in expression of
adhesion molecules and further recruitment of monocytes to
subendothelial layers (Mitra and others 2011). The genera-
tion of excess ROS leads to oxidative stress, which is
present in all stages of atherosclerosis (Heitzer and others
2001; Tavakoli and Asmis 2012; Voloshyna and others
2013). ROS also induces modified LDL to be recognized by

PULLIAM ET AL.

scavenger receptors on M/M¢ suggesting a vicious circle of
increased uptake and accumulation of LDL generating ex-
cessive ROS, the cycle persisting in the presence of type I
IFN activation.

Immune activation is associated with normal aging and
explains the increase in atherosclerosis with age. However,
HIV-infected individuals have a significantly higher risk of
developing CVD earlier and it has been suggested that tra-
ditional CVD risk factor be evaluated in HIV-infected in-
dividuals under 45 years of age (Boccara and others 2013).
Explanations for this include the use of ART, the replica-
tion of virus itself and the subsequent proinflammatory
state. However, in our studies looking at ART-treated HIV-
infected individuals, we do not see increased circulating
plasma cytokines compatible with a proinflammatory “‘cy-
tokine storm,”” such as tumor necrosis factor oo (TNFa) in
IL-6 nor increased gene expression of these cytokines in
monocytes despite measurable LPS levels in the plasma
(Rempel and others 2010; Pulliam and others 2011). In-
creasing evidence suggests that it is an indirect immune
dysfunction from HIV infection that causes significant co-
morbidities. Blood monocytes from virally suppressed HIV-
infected subjects have monocyte markers and plasma levels
of innate immune activation associated with elderly indi-
viduals (Pulliam and others 2004; Hearps and others 2012).
We and others posit that the chronic immune response re-
quired to keep HIV in check may be deleterious to the host
by mimicking chronic activation seen in aging.

There are several limitations of this study. Monocyte gene
expression data are cross sectional and comes from middle-
aged men who are predominantly white. All subjects were
on ART or a treatment interruption and did not have sig-
nificant co-infections including hepatitis C nor did they use
drugs of abuse less than 6 months before entering the study.
All subjects were veterans and had access to stable medical
care. In a recent report from the Women’s Interagency HIV
Study (WIHS), untreated women show abnormal inflam-
matory markers such as elevated sCD14, TNFo and mono-
cyte chemoattractant protein (MCP) that were reduced after
ART. However, markers of early atherosclerosis such as
carotid artery intima-media thickness remained abnormal
and TNFa remained elevated post-ART (Kaplan and others
2012). The WIHS cohort included predominantly African
American women with a third having HCV coinfection that
may influence these results. Another limitation of our study
is our small, although significant, numbers. Additional
studies need to be performed to confirm that SR-A expres-
sion on monocytes from HIV-infected subjects increases
lipid accumulation and produces ROS.

In summary, these findings suggest chronic activation
observed in HIV-infected subjects can induce SR-A ex-
pression and stimulate modified LDL uptake and ROS
production that may be a mechanism for the increased
atherosclerosis. These results are in spite of statin therapy
that put the lipid levels of the HIV-infected subjects in the
normal range. Our study includes both in vitro-treated and
ex vivo monocytes from ART-treated HIV-infected subjects.
Results from this study open new avenues of research in
HIV and CVD. Does lowering monocyte IFNo activation
lower rates of atherosclerosis? Recent data using a mouse
model of lymphocytic choriomeningitis virus demonstrated
that a chronic type I IFN response could be safely blocked
using an IFN-I-receptor neutralizing antibody. This
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blockade resulted in reduced viral load and redirection of
the immune response (Teijaro and others 2013; Wilson and
others 2013). If IFNa activation were reduced, would the
immune system be reset with decreases in monocyte SR-A
expression and lipid accumulation? Further studies on ways
to lower long-term activation are needed. While aging fa-
vors an increase in cardiovascular risks, including athero-
sclerosis, chronic activation from HIV infection may further
accelerate the risks.
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