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Objectives: Increased risk of cardiovascular disease in patients infected with HIV has
been attributed to immune activation, inflammation, and immunosenescence, all of
which are linked to chronic immune activation by viral infections, particularly cyto-
megalovirus (CMV). Our aim is to evaluate the impact of these atherogenic markers in
HIV-infected patients who never smoked.

Design: Exposure-matched, cross-sectional study.

Methods: In 59 HIV-infected individuals [n¼30 undergoing �4 years of antiretroviral
therapy (ART); n¼29 never treated with ART] and 30 age-matched HIV-negative
controls, we measured the level of activation and senescence, as well as the frequency
of CMV-specific T cells, on peripheral blood mononuclear cells, while examining their
association with carotid intima–media thickness. Partial correlations were adjusted for
age, systolic blood pressure, and nadir CD4þ cell count.

Results: The previously described roles of T-cell activation, CMV, and immunosenes-
cence in the atherosclerotic risk of HIV-infected patients, as assessed by carotid intima–
media thickness, were not apparent in our cohort of particularly ‘healthy’ HIV-infected
never-smokers.

Conclusion: In HIV-infected individuals at low cardiovascular disease risk, our data
show that the increased risk of carotid atherosclerosis is not associated with immuno-
logical markers described to be associated with HIV disease progression.
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Introduction

Previous studies suggest that HIV-infected patients are at a
high risk for both subclinical atherosclerotic disease and
clinical cardiovascular disease (CVD) [1,2]. Several factors
have been purportedly involved, such as higher frequency
of ‘traditional’ cardiovascular factors [3] and antiretroviral
therapy (ART)-containing protease inhibitors. More
recently, immune activation and inflammation have
emerged as important components in developing
atherosclerotic lesions for both healthy persons and
donors with chronic inflammatory diseases [4,5]. HIV-
infected patients have been described to present with high
levels of cytomegalovirus (CMV)-specific cells [6,7],
which could play a role in the occurrence of non-AIDS
inflammatory diseases. Indeed, Hsue et al. [8] demon-
strated an association between CMV responsiveness and
increased carotid intima–media thickness (c-IMT) in
HIV-infected patients. Most recently, high CMV
antibody titers were associated with several markers of
subclinical atherosclerosis in ART-treated HIV-infected
patients [9].

Previous studies conduced in HIV-infected individuals
identify a number of parameters that could be involved in
the development of atherosclerotic lesions. However, the
heterogeneity of both the pathology and the examined
cohorts (treated or not) renders difficult an overall
conclusion on the key factors potentially responsible for
the higher risk of CVD in such patients. Moreover, these
studies have often been conducted post hoc, and in patients
relatively advanced in HIV disease [8,9].

Here, we aimed at evaluating the impact of these previously
described markers associated with atherogenesis (such as
immune activation, CMV impact, and immunosenes-
cence), in a particular homogenous group of young HIV-
infected men who never smoked (never-smokers). These
patients are known to be at a low risk of atherosclerosis.
Materials and methods

Study participants and samples
Participants were selected from The Collaboration on
HIV, Inflammation and Cardiovascular disease (CHIC)
study [10]. Briefly, 150 never-smoker men were enrolled
in three groups: an index group of 50 HIV-infected
patients above 35 years old, taking HAART for at least
4 years, and with HIV-1 viral load below 400 copies/ml; a
Copyright © 2015 Wolters Kluwer H
second group of 50 individually age-matched (�5 years)
patients, HIV-infected for at least 2 years, who were naive
to ART; a third group of 50 HIV-negative patients
individually matched by age (� 5 years) to the index HIV-
infected, treated patient. All participants gave their
written informed consent and the protocol was approved
by the Hotel-Dieu Ethics Committee. Participants were
excluded for any of the following: current or former
smokers (>100 cigarettes/lifetime); history of coronary
heart disease or stroke (including history of angina or
myocardial infarction); active/chronic viral hepatitis
infection; requiring current systemic chemotherapy or
systemic steroids or HIV-2 infection.

In the present substudy, 90 patients (30 per group) were
randomly selected from the initial study population.
Peripheral blood mononuclear cells (PBMCs) (isolated by
density gradient centrifugation) and sera were cryopre-
served until use. One patient did not have available
samples; thus only 89 were included in the present
analysis. CMV serology was performed on serum samples
using a Mastazyme-CMV serology kit (Mast Diagnostics,
Merseyside, UK), according to the manufacturer’s
recommendations. Samples positive for CMV-specific
antibodies were coined CMV-seropositive.

Assessment of carotid intima–media thickness
Carotid intima–media thickness scanning and reading used
the INVEST protocol [11]. Briefly, c-IMTwas calculated
as a composite measure (mean of the 12 sites) that
combined the near and the far wall of the maximal
common carotid artery IMT, the maximal bifurcation
IMT, and the maximal internal carotid artery IMT
bilaterally, outside of plaque, as previously described
[10]. c-IMT measurements were performed offline with
IMT quality intima–media thickness (QIMT) automatic
measurement software.

Reagents for flow cytometry
Directly conjugated and unconjugated antibodies were
obtained from the following vendors: BD Biosciences (San
Jose, California, USA): CD4þ (APC-cyanin7), human
leukocyte antigen-D-related (PE-Cy7), CD57 (fluor-
escein isothiocyanate), Ki67 (FITC), CCR7 (PE-Cy7),
CD38 (APC), CD107a (Cy5-PE), interferon (IFN)g
(Alexa700), and tumor necrosis factor (TNF)a (PE-Cy7);
Beckman Coulter (Villepinte, France): CD45RA (ECD);
Caltag (Burlingame, California, USA): CD8þ (Alexa405);
Dako (Glostrup, Danmark): CD3 (Cascade Yellow);
BioLegend (San Diego, California, USA): CD27
ealth, Inc. All rights reserved.
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(AlexaFluor700). Cell surface marker staining was
performed by addition of the respective antibodies for
15 min at room temperature. After incubation, cells were
washed in phosphate-buffered saline and then permeabi-
lized with Perm/fix kit (eBiosciences, San Diego,
California, USA) before the addition of Ki67 antibody
as previously described [12].

Cells were analysed on a LSR2 flow cytometer (Becton
Dickinson, Franklin Lakes, New Jersey, USA) with
appropriate isotype controls and colour compensation.
Data were analysed using FlowJo v8.2 (Tree Star, Inc.,
Ashland, Oregon, USA) and DIVA software (BD
Biosciences).

Polyfunctional assessment
Staining to assess functional capacity of CMV-specific T
cells was performed after overnight stimulation of
 Copyright © 2015 Wolters Kluwe

Table 1. Study population description of demographic and HIV characte

Treated >4 y
with ART grou

(n¼30)

General characteristics
Age, years mean (SD) 41.3 (5.9)
Ethnic background [n (%)]

European 19 (63.3)
Sub-Saharan Africa 6 (20.0)
French West Indies 0
Northern Africa 4 (13.3)
Other 1 (3.3)

BMI [kg/m2 mean (SD)] 23.8 (4.5)
Diabetes [n (%)] 0
Metabolic syndrome [n (%)] 3 (10.0)
Hypertension [n (%)] 2 (6.7)
c-IMT [mm mean (SD)] 0.761 (0.07
Pro-inflammatory score [mean (SD)] 29.5 (3.0)
Anti-inflammatory score [mean (SD)] 11.3 (2.4)
Framingham 10-year risk score % [median (IQR)] 4.0 (2.0–6.
D:A:D 10-year risk score % [median (IQR)] 3.1 (2.6–5.

HIV infection
Duration of HIV infection [years mean (SD)] 12.0 (4.9)
Duration of cART [years mean (SD)] 8.8 (2.3)
CD4þ cell count [cells/ml mean (SD)] 585 (136)

Nadir CD4þ cell count [mean (SD)] 251 (163)
HIV-RNA[ log10 copies/ml median (p25–75)] 1.60 (1.60–1

HIV-RNA <40 copies/ml [n (%)] 30 (100.0)
Other infections

Presence of CMV antibodies [n (%)]
IgG 28 (93.3)
IgM (N¼68) 0

Presence of HCV antibodies [n (%)] 2 (6.7)
Concomitant treatment

Antihypertensive medication [n (%)] 3 (10.0)
Beta-blockers [n (%)] 1 (3.3)
Calcium channel blockers [n (%)] 0
Renin–angiotensin antagonists [n (%)] 2 (6.7)
Lipid-modifying agent [n (%)] 0

Insulin or sulphonamode use [n (%)] 0

cART, combination antiretroviral therapy; CMV, cytomegalovirus; D:A:D, D
virus; IQR, inter-quartile range.
MSignificance determined using a two-tailed t test or Kruskal–Wallis equali
square test or Fisher’s exact test for categorical variables. Significant differen
P<0.05 between groups 1 and 3; 3, P<0.05 between groups 2 and 3; ns
PBMCs with 15-amino acid long synthetic peptides
overlapping by 10 amino acids and spanning the two
CMV proteins, pp65 and IE1, as previously described
[13]. Levels of CD107a, TNFa, IFNg, interleukin (IL)-2,
and macrophage inflammatory protein (MIP)-1b were
analyzed with Pestle v1.6.1 and Spice v4.2.2 (Mario
Roederer, Immuno Technology Section VRC/NIAID/
NIH). Polyfunctionality was quantified with the poly-
functionality index algorithm [14], employing a beta
version of the ‘FunkyCells Boolean Dataminer’ software
(www.FunkyCells.com) provided by Dr Martin Larsen
(INSERM U1135, Paris, France).

Statistical analysis
Data were compared between groups using the non-
parametric Mann–Whitney U test. Pearson’s correlations
(or partial correlations) were used to compare cellular
parameters with c-IMT levels, as appropriate. In previous
r Health, Inc. All rights reserved.

ristics.

HIV-positive

HIV�

PM

ears
p 1

Never treated
with ART group 2

(n¼29)
Group 3
(n¼30)

40.0 (7.6) 42.7 (6.6) NS
NS

19 (65.5) 21 (70.0)
6.9 (2) 6.7 (2)
3 (10.3) 0
1 (3.5) 3 (10.0)
4 (13.8) 4 (13.3)

23.8 (3.3) 24.3 (2.9) NS
1 (3.5) 0 NS
4 (13.8) 3 (10.0) NS
5 (17.2) 0 3

8) 0.732 (0.083) 0.731 (0.057) NS
29.2 (5.3) 28.3 (2.9} NS
11.7 (1.7) 12.4 (2.8) NS

0) 4.0 (2.0–4.0) 4.0 (2.0–4.0) NS
6) 2.5 (2.0–3.8) 3.0 (2.4–4.7) NS

6.3 (4.9) – 0.0001
–

454 (220) 717 (176) 1, 2.3
404 (166) – 0.001

.60) 4.12 (3.44–4.67) – 0.0001
1 (3.4) – <0.001

27 (93.1) 14 (46.7) 2.3
2 (8.7) 1 (4.8) NS

0 0 NS

4 (13.8) 0 NS
1 (3.5) 0 NS
1 (3.5) 0 NS
2 (6,9) 0 NS
1 (3.5) 0 NS
1 (3.5) 0 NS

ata collection on Adverse Effects of Anti-HIV Drugs; HCV, hepatitis C

ty-of-populations rank test for continuous variables and Pearson chi-
ces were indicated as follows: 1, P<0.05 between groups 1 and 2; 2,
: no significant difference.
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analysis [10], we adjusted c-IMT levels on age,
hypertension, and diabetes (overall), and added nadir
CD4þ cell count, when including only HIV-infected
patients. For the adjustments herein, prevalence of both
hypertension and diabetes was very low in this study,
resulting in the replacement of hypertension with SBP
and removal of diabetes.

Statistical analysis was performed using GraphPad prism
(v5.00; San Diego, California, USA) and STATA (v12.1;
College Station, Texas, USA) software. P values less than
0.05 were considered significant.
Results

Demographic and patient characteristics
The CHIC study was designed to determine whether the
increased risk in subclinical atherosclerosis observed in
HIV-infected patients exists, independent of smoking;
whether this increased risk correlated with HIV infection
or ART; and whether the evaluation of pro-inflamma-
tory/anti-inflammatory balance could illuminate the
underlying subclinical mechanisms. The initial study
showed that infection duration and inflammatory status
are associated with atherosclerotic risk (defined as
increased c-IMT) [10]. From the 150 initial participants,
we have characterized the cellular immune system of 89
individuals distributed in the three infection/treatment
groups, as represented in Table 1. Briefly, all groups had
comparable ages, with no significant differences between
the infection/treatment groups. Treated HIV-infected
patients had significantly longer prevalent duration
of known HIV infection than untreated patients
(12 vs. 6 years, respectively; P¼ 0.0001). Among treated
HIV-infected patients, HIV infection was well controlled
with 100% achieving HIV viral load below 40 copies/ml
and a median CD4þ cell count of 585/ml. Overall,
69 (77.5%) patients were CMV-seropositive, with a
significantly higher proportion in the HIV-infected
groups vs. HIV-negative controls (93.2 vs. 46.7%;
P< 0.001). Ten-year risk of any CVD event was low
in this study population, whether determined by the
Framingham risk score [median 4.0%, inter-quartile
range (IQR) 2.0–6.0%) or Data collection on Adverse
Effects of Anti-HIV Drugs (D:A:D) risk score (median
3.0%, IQR 2.2–4.3%). Accordingly, mean c-IMT was
low overall (0.741 mm, SD¼ 0.074) [10]. Our analysis
was stratified for treatment history and duration of known
HIV infection [Supplementary Tables 1 (http://
links.lww.com/QAD/A609) and 2 (http://links.lww.
com/QAD/A610)].

Influence of T-cell activation on carotid intima–
media thickness in HIV-untreated patients
CD8þ T-cell activation (as measured by CD38 and Ki67
expression) among memory subset was significantly
higher in HIV-infected patients compared to the
 Copyright © 2015 Wolters Kluwer H
uninfected controls (median % 1.17, IQR 0.54–2.32
vs. 0.55, IQR 0.28–0.91, respectively; P¼ 0.002) and
was significantly correlated to HIV-RNA viral load
(r¼ 0.35, P¼ 0.007). However, untreated HIV-infected
individuals exhibited a significantly higher level of
activation within the CD8þmemory T-cell compartment
(2.30%, IQR 0.36–1.03%) compared to treated HIV-
infected (0.59%, IQR 0.36–1.03%; P¼ 0.0001) and
HIV-negative patients (0.55%, IQR 0.28–0.91%;
P¼ 0.0001) (Fig. 1a). The same significant differences
were observed for CD4þ T-cell activation (Fig. 1a),
confirming previous studies [8,15]. Moreover, no
correlation between the values of c-IMT and the level
of activation within the CD4þ T-cell compartment was
observed in untreated HIV-infected individuals and not-
treated HIV-infected patients (r¼ 0.21, P¼ 0.12; Fig. 1b
after adjusting for age, SBP, and CD4þ cell count). No
association between c-IMT and the level of activation
within CD8þ was found (r¼ 0.04, P¼ 0.8).

Since our three groups of volunteers exhibited differences
in their proliferative capacity (CD38þ Ki67þ), we next
examined the level of CD57 as a marker of turnover-
related senescence. Our data showed that the frequency of
senescent CD4þ, but not CD8þ, T cells was higher in
HIV-seropositive individuals compared to HIV-negative
controls (17.50%, IQR 9.31–28.90 vs. 5.72%, IQR
1.44–20.20%, respectively; P¼ 0.004) (Fig. 1c). How-
ever, there was no correlation between prevalent known
HIV infection duration and senescent CD4þ T cells
(r¼�0.12, P¼ 0.4). We also did not find an association
between c-IMT and senescence in unadjusted analysis
(r¼ 0.02, P¼ 0.8), as well as adjusted analysis overall
(partial-r adjusted for age and SBP¼ 0.05, P¼ 0.6) or
among HIV-infected patients (partial-r adjusted for age,
SBP, and nadir CD4þ cell count¼�0.12, P¼ 0.4;
Fig. 1d), as previously described by Kaplan et al. [16].

Subsequently, we decided to address the question of
whether any of the measures reported to be associated
with IMT in the initial study (e.g. anti-inflammatory
profile) [10] could be associated with the immunological
parameters described here. Looking at T-cell phenotype
distribution, activation levels, senescence, and CMV
responsiveness as immunological parameters, we found
that only CD4þ and CD8þ T-cell activation was
negatively correlated with duration of known HIV
infection (r¼�0.42, P¼ 0.001 and r¼�0.52,
P< 0.0001, respectively), but not with the pro-inflam-
matory or anti-inflammatory score.

Role of cytomegalovirus responses in increased
carotid intima–media thickness in HIV-infected
patients
Cytomegalovirus is frequently associated with inflam-
mation [7,8,17]. We therefore characterized the fre-
quency of CMV-specific cells among CMV-seropositive
patients (n¼ 69) in order to investigate if CMV could be a
ealth, Inc. All rights reserved.
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Fig. 1. Characteristics of HIV-seronegative vs. HIV-seropositive patients (black circles: HIV-seronegative donors; black squares:
HIV-seropositive untreated patients; black diamond: HIV-seropositive, antiretroviral therapy-treated patients). (a) On the left
and right panels, respectively: activated CD8þ and CD4þ memory T cells (CCR7-CD27-CD45RAþ/–) were defined by the
expression of CD38 and Ki67 markers. (b) Scatter plots showing the correlation between c-IMT values (nm) and the frequency of,
on the left panel, activated CD8þ T-cell memory or, on the right panel, activated CD4þ T-cell memory. (c) Immunosenescence was
defined by the expression of CD57 on memory T cells and was higher on CD4þ T cells in HIV-seropositive patients compared to
healthy controls. (d) Scatter plots showing the correlation between c-IMT values (nm) and the frequency of senescent CD4þ T-cell
memory. (e) CMV responsiveness assessed by the frequency of CD8þ T cells secreting IFNg (left panel) and by polyfunctionality
index of CD8þ T cells after overlapping pp65 peptides stimulation (right panel). (��) P<0.01; (���) P<0.0001. ART, antiretroviral
therapy; c-IMT, carotid intima–media thickness; CMV, cytomegalovirus; IFN, interferon.
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cofactor of increased c-IMT. Surprisingly, CMV-specific
T-cell responses (as measured by the frequency of cells
secreting IFNg after stimulation with pp65 or IE1
overlapping peptides) were not significantly different
in HIV-infected patients compared to the HIV-negative
controls (0.72%, IQR 0.37–1.53 vs. 0.50%, IQR
0.19–1.01%, respectively; P¼ 0.3; Fig. 1e). No corre-
lation was also observed between prevalent duration of
known HIV infection and anti-CMV CD8þ T-cell
response (r¼�0.05, P¼ 0.7). CMV-specific CD8þ

T-cell responses exhibit the same degree of polyfunc-
tionality between all groups (based on the proportions of
cells expressing combinations of IFNg, TNFa, IL-2,
MIP-1b, and CD107a [14] after stimulation with pp65 or
IE1 peptides; Fig. 1e). Furthermore, there was no
correlation with CD8þ T-cell response and c-IMT levels
in unadjusted analysis (r¼ 0.08, P¼ 0.5), as well as
adjusted analysis overall (partial-r adjusted for age and
SBP¼ 0.04, P¼ 0.7), or among HIV-infected patients
(partial-r adjusted for age, SBP and nadir CD4þ cell
count¼ 0.09, P¼ 0.5).
Discussion

In the current study, we evaluated T-cell phenotype and
CMV responsiveness in a cohort of HIV-infected never-
smoking patients in order to establish which immune
parameters could be predictive of c-IMT. Of note, c-IMT
differences in these analyses were minimal compared to
other studies [8,16]. This can be explained by the fact that
the studied population is composed exclusively of
relatively young men who have no cardiovascular risk
factors, in particular, no obesity and no smoking.

We show here that levels of c-IMT were not associated
with T-cell activation, senescence, and CMV. The levels
of these cellular markers did not appear to change with
increasing prevalent duration of known HIV infection.

One important consideration in this study, when
compared to others, is the low levels of CVD risk and
never-smoking status. Indeed, HIV-infected patients
(treated or untreated) matched the HIV-negative controls
on immunological parameters (level of senescence in
CD8þ memory T cells, CMV responsiveness) and on a
number of clinical factors (age, BMI, diabetes, metabolic
syndrome, etc.). The strength of our study therefore relies
on the homogeneity of the groups who do not exhibit any
differences in Framingham nor D:A:D 10-year risk
scores, supporting that our data can be extrapolated in a
general (non-HIV-restricted) context. This also pinpoints
that, when successful therapeutic follow-up is performed,
recently HIV-infected patients are not more at athero-
sclerotic risk than their uninfected counterparts. In
conclusion, the impact of previously described HIV-
associated comorbidities may be less severe for ‘well
treated’ HIV-seropositive individuals. Moreover, our data
 Copyright © 2015 Wolters Kluwer H
support that overall health status (e.g. obesity and smoking
habits) is an important parameter for HIV disease
pathology and comorbidity, as suggested by a recent
study, showing that smoking impacts on the immune
system and therefore could drive accelerated disease
progression [18].
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