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High frequencies of adaptive NK cells are 
associated with absence of coronary plaque in 
cytomegalovirus infected people living with HIV
Khlood Alsulami, MSca,b,c, Manel Sadouni, MDd, Daniel Tremblay-Sher, MDd, Jean-Guy Baril, MDe,  
Benoit Trottier, MDe, Franck P. Dupuy, PhDa,c, Carl Chartrand-Lefebvre, MDd,f, Cécile Tremblay, MDd,g, 
Madeleine Durand, MDd,g, Nicole F. Bernard, PhDa,b,c,h,* 

Abstract 
The objective of this study was to evaluate whether adaptive NKG2C+CD57+ natural killer (adapNK) cell frequencies are associated 
with pre-clinical coronary atherosclerosis in participants of the Canadian HIV and Aging Cohort Study. This cross-sectional 
study included 194 Canadian HIV and Aging Cohort Study participants aged ≥ 40 years of which 128 were cytomegalovirus 
(CMV)+ people living with HIV (PLWH), 8 were CMV−PLWH, 37 were CMV mono-infected individuals, and 21 were neither human 
immunodeficiency virus nor CMV infected. Participants were evaluated for the frequency of their adapNK cells and total plaque 
volume (TPV). TPV was assessed using cardiac computed tomography. Participants were classified as free of, or having, coronary 
atherosclerosis if their TPV was “0” and ">0,” respectively. The frequency of adapNK cells was categorized as low, intermediate 
or high if they constituted <4.6%, between ≥4.6% and 20% and >20%, respectively, of the total frequency of CD3−CD56dim NK 
cells. The association between adapNK cell frequency and TPV was assessed using an adjusted Poisson regression analysis. A 
greater proportion of CMV+PLWH with TPV = 0 had high adapNK cell frequencies than those with TPV > 0 (61.90% vs 39.53%, 
P = .03) with a similar non-significant trend for CMV mono-infected participants (46.15% vs 34.78%). The frequency of adapNK 
cells was negatively correlated with TPV. A high frequency of adapNK cells was associated with a relative risk of 0.75 (95% 
confidence intervals 0.58, 0.97, P = .03) for presence of coronary atherosclerosis. This observation suggests that adapNK cells 
play a protective role in the development of coronary atherosclerotic plaques.
Abbreviations: adapNK = adaptive NK, ADCC = antibody dependent cellular cytotoxicity, ART = antiretroviral therapy, CAP = 
carotid atherosclerotic plaque, CHACS = Canadian HIV and Aging Cohort Study, CI = confidence interval, CMV = cytomegalovirus, 
cNK = conventional NK, CVD = cardiovascular disease, HIV = human immunodeficiency virus, PBMC = peripheral blood 
mononuclear cells, PLWH = people living with HIV, RR = relative risk, TPV = total plaque volume.
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1. Introduction

Antiretroviral therapy (ART) has transformed human immu-
nodeficiency virus (HIV) infection into a treatable, chronic dis-
ease. ART stops progression to the acquired immunodeficiency 

syndrome in most people living with HIV (PLWH), diminishes 
morbidity, lengthens survival and prevents HIV transmission.[1] 
However, PLWH have higher levels of immune activation than 
uninfected individuals, leading to the development of non-AIDS 
comorbidities including cancer, kidney, liver and cardiovascular 
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disease (CVD).[2] Long term ART treated PLWH have a 1.5 to 2 
times higher risk of developing various manifestations of CVD.[3–

5] Aside from classic risk factors for CVD, co-infection with her-
pesviruses may have a substantial effect on the progression of 
atherosclerosis and cardiovascular risk. Infection with cytomeg-
alovirus (CMV) is thought to be involved in the development of 
atherosclerosis based on clinical, epidemiological and experimen-
tal studies and has been proposed to contribute to the progression 
of atherosclerotic plaque to heart disease and stroke.[6]

CMV infection drives the persistent expansion of a peripheral 
blood natural killer (NK) cell subset that expresses the cell sur-
face activating NK receptor NKG2C.[7,8] NKG2C, which forms a 
heterodimer with CD94 are members of the C-type lectin recep-
tor family.[9] The ligand for NKG2C/CD94, like its inhibitory 
counterpart, NKG2A/CD94 is the non-classical major histocom-
patibility complex 1b antigen HLA-E bound to epitopes derived 
from the leader sequence of several HLA antigens.[10,11] Peptides 
originating from the UL40 gene product of human CMV com-
plexed with HLA-E together with pro-inflammatory signals con-
trol the expansion and differentiation of NKG2C + NK cells.[12] 
NKG2C + NK cells are called adaptive NK (adapNK) cells because 
they have properties ascribed to adaptive immune cells such as 
the ability to expand following acute CMV infection in patients 
receiving transplants from CMV infected donors,[13–16] ability to 
expand upon CMV reactivation,[14,16,17] persistence and epigenetic 
regulation of enhanced effector functions that are similar to those 
seen in memory CD8+ T cells.[18] Most NKG2C + NK cells also 
express CD57, which is a marker of mature NK cells.[7,19–22]

Since CMV infection drives the expansion of NKG2C+CD57+ 
adapNK cells, we questioned whether the frequency of these cells 
was associated with subclinical CVD. We found that CMV+PLWH 
and CMV-mono-infected persons without subclinical coro-
nary atherosclerosis had higher frequencies of NKG2C+CD57+ 
adapNK cells than those with coronary atherosclerosis.

2. Material and Methods

2.1. Ethics statement

This research study was approved by the Research Ethics 
Boards of the Centre Hospitalier de l’Université de Montréal 
and the McGill University Health Centre (Project Identification 
Code 2019-4605). It was conducted according to the principles 
expressed in the Declaration of Helsinki. Written informed con-
sent was obtained from each study subject for the collection 
of specimens, subsequent analyses and publication of results 
obtained from these analyses.

2.2. Study subjects

The current study is a cross sectional analysis, nested within 
the Canadian HIV and Aging Cohort Study (CHACS), which 
has been described previously.[23] Briefly, CHACS inclusion 
criteria were to be ≥40  years of age, or to have lived with 
HIV for at least 15 years. Consecutive participants from 
CHACS who were free of clinically overt CVD at baseline 
and presented a Framingham risk score ranging between 5% 
and 20% were invited to participate in the cardiovascular 
imaging sub-study.[24] Of the 219 participants in the imaging 
sub-study, the 194 participants with complete data and avail-
able blood samples were included in our analyses. Of these, 
128 were CMV+PLWH, 8 were CMV−PLWH, 37 were CMV 
mono-infected and 21 individuals were negative for both HIV 
and CMV infection. Participants were recruited from HIV and 
sexually transmitted disease clinics in Montreal, QC, Canada. 
Most were men who have sex with men. The PLWH had been 
on ART for a median of 15 years and had viral loads  <50 
copies/mL of plasma. Data on all traditional cardiovascular 
risk factor were collected prospectively as part of the CHACS 
study visits.

2.3. Definition of subclinical coronary atherosclerosis

Subclinical coronary atherosclerosis was defined by the presence 
of atherosclerotic plaque in the coronary arteries, measured using 
a 256-slice cardiac computed tomography scanner (Brilliance iCT; 
Philips Healthcare, Cleveland, OH) with injection of contrast 
media. Details of the imaging procedure are published elsewhere.[24] 
Briefly, every atherosclerotic plaque in the coronary arteries were 
identified. Their volume (in mm3) was measured using advanced 
software and summed to obtain the total plaque volume (TPV). 
Therefore, TPV represent the total burden of coronary atheroscle-
rosis for every participant. For this analysis, TPV was dichotomized 
as 0 (absence of subclinical coronary atherosclerosis) or greater 
than 0 (presence of coronary atherosclerosis).[24]

All imaging studies were performed at the Centre Hospitalier 
de l’Université de Montréal, Montreal, QC, Canada, and inter-
preted by a board-certified cardiothoracic radiologist (CC-L). 
All radiology personnel performing image interpretation and 
postprocessing were blinded to HIV and CMV status.

2.4. Laboratory measurements

HIV infection was diagnosed by quantifying HIV-1 p24 antigen/
antibody in plasma and confirmed by Western blot as previously 
reported.[25] Blood samples collected into vacutainers containing 
ethylenediaminetetraacetic acid anticoagulant were obtained 
from CHACS participants at each study visit. Blood was pro-
cessed into plasma, which was stored frozen at −80°C until use. 
Peripheral blood mononuclear cells (PBMC) were isolated from 
blood by centrifugation over a ficoll-hypaque gradient at 400×g 
for 30 minutes. Cells were then washed and frozen in 90% fetal 
bovine serum; 10% dimethyl sulfoxide. Cryovials containing 
cells were stored in liquid nitrogen until use. CD4 and CD8 T 
cells counts were measured using 4-color flow cytometry. All 
participants enrolled in this study were tested for CMV serosta-
tus using commercially available ELISA kits measuring the pres-
ence of anti-CMV specific IgG (Abcam, Waltham, MA).

2.5. Staining PBMC for adapNK cells

Frozen PBMCs were thawed and resuspended in RPMI 1640; 5% 
fetal bovine serum; 2 mM L-glutamine; 50 international units/mL 
penicillin; 50 mg/mL streptomycin (R5) (all from Wisent, Inc., 
Saint-Jean-Baptiste, QC, Canada). LIVE/DEAD fixable dead cell 
stain (Invitrogen, Saint Laurent, QC, Canada) was added to the 
PBMCs as per manufacturer’s directions before surface staining 
cells using a panel that included the following fluorochrome con-
jugated antibodies to CD3-BV785 (clone OKT3), CD14-BV785 
(M5E2), CD19-BV785 (HIB19), CD56-BV605 (HCD56) 
(all from BioLegend, San Diego, CA), CD57-PE (TB01) (Life 
Technologies, Burlington, ON, Canada), CD16-APC-Cy7 (3G8) 
(BD Bioscience, Baltimore, MD), NKG2C-PE-Vio770 (REA205) 
and NKG2A-APC (REA110) (Miltenyi Biotec, Auburn, CA).

2.6. Flow cytometry

A total of 1.5 × 106 to 1.8 × 106 events were acquired for each 
sample using an LSR Fortessa instrument (BD Bioscience, San 
Jose, CA). Results were analyzed using FlowJo™ software 
v10.3 (BD, Ashland, OR). NK cells were identified as live, sin-
glet, CD3−CD14−CD19−CD56dim lymphocytes. AdapNK cells 
were distinguished from conventional NK (cNK) cells based on 
expression of cell surface NKG2C. AdapNK cells were defined as 
CD3−CD14−CD19−CD56dim NKG2C+CD57+ while cNK cells were 
defined as CD3−CD14−CD19−CD56dim NKG2C− cells. Florescence 
minus one staining was used to set gates for each experiment. 
Single-stained beads (BD™ CompBead; BD Bioscience) were used to 
set compensation. The mean plus 2 standard deviations frequency 
of NKG2C+CD57+ NK cells in CMV seronegative individuals was 
4.6%. CMV seropositive donors having a frequency of adapNK 
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cells <4.6% were classified as having a “low” level of adapNK cell 
expansion. Those with frequencies of adapNK cells of between 
4.6% and <20% and ≥20% were classified as having “intermedi-
ate” and “high” levels of adapNK cell expansion, respectively.

2.7. Statistical analysis

GraphPad Prism 6 (GraphPad Software, La Jolla, CA) was used for 
data analysis and graphical presentation. The significance of differ-
ence in the same variable between two, or more than two groups, 
were tested using non-parametric Mann–Whitney or Kruskal–
Wallis tests with Dunn’s post-tests, respectively. The significance of 
proportional between-group differences in sex, high blood pressure, 
statin use, anti-platelet use, diabetes, exercise and body mass index 
was assessed using chi-square tests. Exercise frequency was catego-
rized into two groups. Participants who exercised 30 minutes every 
day or 3 times per week were considered physically active while 
those who exercised 30 minutes weekly or less, were classified as 
not physically active. Smoking status categories included nonsmok-
ers and smokers. Smokers were categorized according to smoking 
intensity measured as total number of pack-years smoked (with one 
pack-year representing one year of smoking one pack a day). The 
significance of correlations between two variables were assessed 
using non-parametric Spearman tests. Results were considered sig-
nificant when P values were <.05 (two-tailed).

We used separate univariable and multivariable models of mod-
ified Poisson regression with robust variance to assess the associ-
ation of the frequency of adapNK cells with the presence/absence 
of subclinical coronary atherosclerosis. A parsimonious approach 

was used to build the multivariable models. Potential confounders 
were identified based on a priori knowledge and included HIV sta-
tus and CVD risk factors (age, high blood pressure, smoking expo-
sure, low-density lipoprotein cholesterol, statin use, and body mass 
index). Potential confounders were entered into the multivariable 
model if they showed a univariable association with TPV with a 
P value ≤.1 and kept in the final model if they were independently 
associated with TPV or if they modified the point estimate for other 
predictors by more than 10%. Effect modification by HIV was 
assessed by inclusion of an interaction term to the fully adjusted 
model. Although considered potential confounders, sex and diabe-
tes were not included into the final model due to the small number 
of participants who had diabetes and who were women, which pre-
vented adjusting for these variables. Adjusted odds ratios and prev-
alence ratios were reported with 95% confidence intervals (CIs). No 
adjustments were made for multiple comparison. Statistical analy-
ses were performed using R version 3.4.3 software (R Foundation 
for Statistical Computing, Vienna, Austria).

3. Results

3.1. Study participant characteristics

One hundred and ninety-four CHACS participants were included 
in the imaging sub-study and in the investigations presented here. 
These individuals were classified into four groups based on their 
HIV and CMV infection status. The number of individuals in each 
of the 4 groups, their median (interquartile range), age and sex 
distribution as well as their clinical characteristics are provided in 
Table 1. Between-group differences in sex and age were significant 

Table 1 

Demographic and clinical parameters of the study population (N = 194).

Characteristic CMV+PLWH (n = 128) CMV+HIV− (n = 37) CMV−PLWH (n = 8) CMV−HIV− (n = 21) P value 

Sex, n (%)
 � Males 119 (92.9) 28 (75.7) 8 (100) 15 (71.4) .002
 � Females 9 (7.0) 9 (24.3) 0 (0) 6 (28.6)
Age (yr), median (IQR) 55.0 (50.8–60.3) 58.9 (53.0–65.7) 55.6 (51.3–57.4) 58.6 (52.8–63.9) .03
Hypertension, n (%) 39 (30.5) 11 (29.7) 2 (25.0) 3 (15.0) .04
Diabetes mellitus, n (%) 8 (6.1) 0 (0) 0 (0) 0 (0) .13
LDL cholesterol (mmol/L), median (IQR) 2.7 (2.2–3.4) 3.2 (2.5–3.9) 2.1 (1.9–3.4) 3.3 (2.8–4.1) .01
HDL cholesterol (mmol/L), median (IQR) 1.3 (1.0–1.5) 1.3 (1.1–1.7) 1.2 (1.0–1.4) 1.4 (1.1–1.6) .21
Inflammation markers, n (%)
 � D dimer (ng/mL) median (IQR) 46 (35.9)

270.0 (173.8–340)
16 (43.2)

333.5 (290.3–484.0)
5 (62.5)

310 (110.1–495.0)
7 (33.3)

192 (174.0–382.0)
.02

 � Hs.CRP (mg/L) median (IQR) 91 (71.1)
5 (5–5)

15 (40.5)
5 (5–5)

5 (62.5)
5 (4–17.3)

16 (76.2)
5 (5–5)

.49

Lipid-lowering medication use, n (%)
Statin 35 (27.3) 7 (18.9) 3 (60) 2 (11.8) .11
Anti-platelet, n (%) 29 (22.7) 2 (5.4) 1 (25) 2 (11.8) .09
Smoking exposure (pack/yr)
  �  Smokers, n (%), median (IQR) 89 (69.5)

18.0 (6.0–30.8)
17 (45.9)

10.4 (3.9–21.50)
4 (50)

27.8 (9.0–40.0)
14 (66.6)

7.7 (3.4–20.2)
.03

 � nonsmokers, n (%), median (IQR) 36 (28.1)
0 (0–0)

19 (51.4)
0 (0–0)

4 (50)
0 (0–0)

7 (33.3)
0 (0–0)

Exercise, n (%)
Physical activity 39 (30.4) 32 (86.5) 3 (37.5) 15 (71.4) <.0001
No physical activity 62 (48.4) 4 (10.8) 5 (62.5) 5 (23.8)
BMI, (kg/m2), n (%) 120 (93.8)

24.3 (21.9–27.5)
35 (94.6)

25.6 (23.7–32.0)
8 (100)

26.6 (22.8–32.8)
21 (100)

27.1(24.0–30.2)
.01

Waist circumference (cm), median (IQR) 93 (86.0–101) 93 (89.0–100) 97.5 (88.0–110) 96.0 (89.0–104) .35
CD4 current (cells/mL), median (IQR) 576.0 (406.5––726.0) – 693 (324.0–1087) – .44
CD8 current (cells/mL), median (IQR) 693.5 (554.7–1020) – 874 (384–924) – .29
CD4/CD8 ratio (cells/mL), median (IQR) 0.9 (0.55–1.1) – 0.8 (0.59–0.95) – .69
Total years on ART, median (IQR) 15.1 (13.4–22) – 12 (3.8–20.4) – .88
Years HIV-infected, median (IQR) 18.1 (14.3–28.9) – 15.2 (4.8–23.3) – .38
Undetectable HIV-1 RNA, n (%) 125 (98) – 7 (87.5) – .22

Kruskal–Wallis tests were used to assess the significance of differences in continuous variables between groups. Chi-square tests were used assess to assess the significance of differences in discrete 
variables between groups. P values considered significant are shown in bold.
ART = antiretroviral therapy, BMI = body mass index, HDL = high-density lipoprotein cholesterol, HIV = human immunodeficiency virus, Hs.CRP = high sensitivity C-reactive protein, IQR = interquartile 
range, LDL = low-density lipoprotein cholesterol.
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(P = .002 and P = .03, chi-square and Kruskal–Wallis tests, respec-
tively). Participants were more likely to be male. Compared to 
CMV mono-infected participants, CMV+PLWH had a history 
of higher smoking intensity, lower levels of low density lipopro-
teins and lower D-dimer levels, (P < .05 for all, Dunn’s post-tests), 
fewer had high blood pressure and were physically active (P = .03 
and P < .0001, respectively, chi-square tests). Other variable listed 
in Table 1 did not differ significantly between groups or between 
CMV+PLWH and CMV−PLWH for HIV related clinical character-
istics. CD4+ T and CD8+ T cell counts and CD4/CD8 ratios did not 
differ significantly between CMV+PLWH and CMV−PLWH partic-
ipants (Table 1).

3.2. Frequency of NKG2C+CD57+adapNK cells in CHACS 
participants

All participants were tested for the frequency of their 
NKG2C+CD57+CD56dim adapNK cells.

The strategy used to gate on these cells is shown in Figure 1A. 
The frequency of adapNK cells did not differ significantly 
between CMV+PLWH (16.8 [6.6–38.5]) and CMV mono-in-
fected (16.3 [8.9–33.9]) participants (Fig. 1B). The frequency of 
adapNK cells was significantly higher in CMV+PLWH and CMV 
mono-infected persons than in CMV−PLWH (2.5 [1.0–4.9]) 
and CMV−HIV− subjects (2.0 [0.9–2.9]) (P < .0001, for all four 
comparisons, Dunn’s post-tests). The distribution of adapNK 
cell frequencies in CMV+PLWH and CMV mono-infected 

Figure 1.  Evaluation of the frequency of NKG2C+CD57+ NK cells in HIV+/−CMV+/− participants. (A) Shown is the gating strategy used to detect the frequency of 
NKG2C+CD57+ expressing NK cells. Peripheral blood mononuclear cells were stained for viability and cell surface CD3, CD14, CD19, CD56, CD57 and NKG2C. 
CD3−CD14−CD19−CD56dim NK cells were gated on from the live, singlet, lymphocyte gate. From these, we determined the frequency NKG2C+CD57+CD56dim 
NK cells. (B) The frequency of NKG2C+CD57+ NK cells is shown for cells from CMV+PLWH, CMV mono-infected (CMV+HIV−), CMV−PLWH, and HIV CMV unin-
fected persons. Each point represents a single individual. Bar graph heights and error bars represent medians and interquartile ranges for the subject groups. 
A Kruskal–Wallis test with Dunn’s post tests were used to analyze the significance of differences between groups. * = P < .05; ** = P < .01; *** = P < .001; 
and **** = P < .0001. CMV = cytomegalovirus, FSC-A = forward scatter area, FSC-H = forward scatter height, LD = live/dead, PLWH = people living with HIV, 
SSC-A = side scatter area.
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individuals categorized as having low, intermediate and high 
levels of adapNK cells is shown in Supplemental Figure 1, http://
links.lww.com/MD/H405.

3.3. The frequency of adapNK cells was higher in CMV+ 
participants without subclinical coronary atherosclerosis

Supplementary Figure 2, http://links.lww.com/MD/H406 shows 
the distribution of TPV in 128 CMV+PLWH (A) and 36 CMV 
mono-infected participants (B) having low, intermediate and 
high frequencies of adapNK cell. The median TPV tended to 
decrease (showing a smaller burden of coronary atherosclero-
sis) as the frequency of adapNK cells increased, with differences 
being significant for comparisons between participants with low 
versus high adapNK cell frequencies in CMV+PLWH only.

Table 2 shows the association of presence/absence of coro-
nary atherosclerosis in CMV+ participants (both PLWH and 
CMV mono-infected) with adapNK cell frequency categories 
and other variables. A significantly higher frequency of CMV+ 
persons without coronary atherosclerosis had high frequencies 
of adapNK cells (P = .01, chi-square test). CMV + persons with-
out, compared to, with coronary atherosclerosis were younger 
(P = .006, Mann–Whitney test), had a lower exposure to smok-
ing (P = .02, Mann–Whitney test) and lower D-dimer levels 
(P = .004, Mann–Whitney test). The other variables in Table 2 
did not differ significantly between CMV+ participants without 
and with coronary atherosclerosis.

A significantly greater proportion of CMV+PLWH with-
out, compared to with, coronary atherosclerosis (TPV = 0 vs 
TPV > 0) had a high frequency of adapNK cells (P = .03, chi-
square test) (Fig. 2 upper pie chart graphs). In CMV mono-in-
fected participants, there was a non-significant trend towards a 
higher frequency of adapNK cells in persons without compared 
to with coronary atherosclerosis (P = .19, chi-square test) (Fig. 2 
lower pie chart graphs).

For all CMV+ individuals, there was a weak, though signif-
icant negative correlation between the frequency of adapNK 
cells and TPV (Fig. 3A). Correlations between these 2 parame-
ters were significant for CMV+PLWH (Fig. 3B) but only trended 
towards significance for CMV mono-infected participants 
(Fig. 3C). Together, these results show that increasing frequen-
cies of adapNK cells were associated with less subclinical coro-
nary atherosclerosis in all CMV+ persons, a finding that was also 
apparent when CMV+PLWH and CMV mono-infected partici-
pants were considered separately.

3.4. CMV+PLWH and CMV mono-infected participants with 
high frequencies of adapNK cells have a reduced risk of 
coronary atherosclerosis

The proportion participants with coronary atherosclerosis 
did not differ significantly between CMV+PLWH and CMV 
mono-infected participants (P = .71, chi-square test) (Fig. 4A). 
There were also no between-group differences in the distribution 

Table 2 

Characteristic of cytomegalovirus seropositive participants stratified by negative versus positive total plaque volume.

Characteristic TPV = 0 (n = 55) TPV > 0 (n = 109) P value 

AdapNK cells expansion frequency, n (%)
 � High 32 (58.18) 42 (38.53) .01
 � Intermediate 19 (34.54) 42 (38.53)
 � Low 4 (7.27) 25 (22.93)
Sex, n (%)
 � Males 52 (94.5) 97 (88.9) .24
 � Females 3 (5.5) 12 (11.0)
Age (yr) median, IQR 54.6 (50.4–58.6) 57.3 (52.7–62.6) .006
Hypertension, n (%) 15 (27.3) 32 (29.4) .59
Diabetes mellitus, n (%) 1 (1.8) 11 (10.0) .06
HDL cholesterol (mmol/L)
median (IQR)

46 (83.6)
1.3 (1.02–1.49)

105 (96.3)
1.27 (1.07–1.47)

.57

LDL cholesterol (mmol/L)
median (IQR)

44 (80)
2.9 (2.5–3.6)

104 (95.4)
2.2 (2.2–3.5)

.56

Markers of inflammation, n (%)
  �  D-dimer (ng/mL)
median (IQR)

12 (21.8)
200.5 (170–282.8)

47 (41.9)
303 (269–410)

.004

  �  Hs-CRP (mg/L)
median (IQR)

30 (54.5)
5 (5–5)

77 (68.8)
5 (5–5)

.09

Lipid-lowering medication use, n (%)
 � Statin 11 (20) 35 (32.1) .09
Anti-platelet 5 (9.1) 24 (22.0) .09
Smoking exposure (packs/yr), n (%)
 � Smokers
median (IQR)

32 (58.1)
6.0 (3.5–25.5)

73 (66.9)
20.0 (7.7–33.0)

.002

 � Nonsmokers
median (IQR)

20 (36.3)
0 (0–0)

28 (25.7)
0 (0–0)

Physically active, n (%)
 � Yes 29 (52.7) 41 (37.6) .06
 � No 25 (45.5) 67 (61.4)
BMI (kg/m2), n (%) 51 (92.9)

26.2 (23.1–27.9)
107 (98.1)

24.2 (22.1–29.2)
.27

Waist circumference (cm), n (%)
median (IQR)

51 (92.7)
93.0 (89.0–100.0)

107 (98.2)
92.0 (86.0–101.0)

.53

P values considered significant are shown in bold.
AdapNK cells = adaptive NK cells, BMI = body mass index., HDL = high-density lipoprotein cholesterol, Hs-CRP = high sensitivity C-reactive protein, IQR = interquartile range, LDL = low-density lipoprotein 
cholesterol, TPV = 0 = negative for subclinical atherosclerosis, TPV > 0 = positive for subclinical atherosclerosis.

http://links.lww.com/MD/H405
http://links.lww.com/MD/H405
http://links.lww.com/MD/H406
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of TPV when analyzed as a continuous variable (P = .37, Mann–
Whitney test) (Fig. 4B). Finally, among CMV+ participants, we 
did not observe effect modification by HIV status of the associa-
tion between adapNK cells frequency and presence of coronary 
atherosclerosis. The P-value of the interaction term between 
HIV status and adapNK cell frequency was .28.

This prompted us to combine results for 128 CMV+PLWH 
and 36 CMV mono-infected participants for the purpose of 
carrying out an independent multivariable Poisson regres-
sion after adjusting for traditional cardiovascular risk factors 
(Table 3). In this adjusted analysis, a high frequency of adapNK 

cells was associated with a relative risk (RR) of 0.75 (95% CI, 
0.58–0.97, P = .03) for presence of coronary atherosclerosis, 
independently of other factors. Each 10-year increase in age 
was associated with an increased RR for coronary atheroscle-
rosis of 1.23 (1.06–1.44, P = .006). Smoking intensity was also 
associated with a RR of increased coronary plaque of 1.09 
(1.05–1.13, P < .001) for each additional pack-year of expo-
sure. On the other hand, there was no evidence of an asso-
ciation between HIV and coronary atherosclerosis (RR 1.08 
[0.81–1.42], P = .58). There was no evidence of interaction by 
HIV status in these analyses.

Figure 2.  The proportion of NKG2C+CD57+ adapNK cell frequency categories in TPV negative and positive CMV infected people living with HIV (CMV+PLWH) 
and CMV mono-infected (CMV+HIV−) individuals. The proportion of NKG2C+CD57+ adapNK cell frequency categories (low, intermediate, and high) was com-
pared in participants with negative (left-hand pie charts) versus positive (right-hand pie charts) TPV in CMV+PLWH (n = 128) (upper pie charts) and CMV 
mono-infected (CMV+HIV−) individuals (n = 36) (lower pie charts). Chi-square tests were used to test the significance of proportional between-group differences 
in adapNK cells frequency categories between participants with negative (TPV = 0) versus positive (TPV > 0) for subclinical atherosclerosis. adapNK = adaptive 
NK, CMV = cytomegalovirus, HIV = human immunodeficiency virus, PLWH = people living with HIV, TPV = total plaque volume.
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4. Discussion
Although ART is effective at controlling HIV replication, aging 
in PLWH, is associated with greater non-AIDS morbidities, such 
as CVDs than in age-matched uninfected persons.[26] Increasing 
morbidity is associated with immune dysfunction, which per-
sists despite treatment that suppresses HIV viral loads below 
the limit of detection.[27] Persistent co-infections are common in 
PLWH and likely contribute to this HIV disease related immune 
dysfunction.[28] Indeed, 94% of PLWH in the CHACS were CMV 
co-infected. Both HIV and CMV infections are independently 
associated with inflammation, morbidities related to inflam-
mation and CVD risk, particularly in the elderly.[29] A hallmark 
of CMV infection is the expansion of a population of adapNK 
cells.[16,17] In this report, we investigated whether the frequency 
of these adapNK cells was associated with pre-clinical athero-
sclerosis measured by TPV in CMV+PLWH and CMV mono-in-
fected individuals with frequencies of adapNK cells that varied 
widely from 0.19% to 78.6% of CD3−CD14−CD19−CD56dim 
NK cells. The median interquartile range frequency of adapNK 
cells was similar in CMV+PLWH and CMV mono-infected indi-
viduals who were ≥40 years of age, suggesting that CMV sero-
positivity, rather than HIV, drives adapNK cell frequency. In this 
study, CMV+ participants with no subclinical atherosclerosis 
had higher levels of adapNK cells. This association remained 
after adjusting for traditional cardiovascular risk factors; CMV+ 
subjects with high frequencies of adapNK cells had an RR (95% 
CI) of 0.75 (0.58–0.97, P = .03) for presence of coronary ath-
erosclerosis, indicating a significantly reduced risk.

Atherosclerosis is an inflammatory process in which immune 
cells and their mediators are important determinants of the dis-
ease process.[30–34] HIV infection, even in successfully treated 
individuals, is characterized by higher immune activation levels 
than in uninfected persons.[35] This likely predisposes PLWH to 
the development of atherosclerosis. Using coronary computed 
tomography angiography, PLWH had a higher prevalence of 
subclinical atherosclerosis, particularly of non-calcified plaque, 
which is more vulnerable to rupture, than HIV seronegative 
persons with similar risk factors.[24] This was the case even for 
PLWH with low Framingham scores and no evidence of CVD.[36]

CMV infection reconfigures the immune system by driving the 
expansion of CMV-specific CD8+ T cells that are pathogenic and 
independently related to higher levels of carotid intima-media thick-
ness in PLWH.[37] Up to 30% of all CD8+ T cells in CMV+ persons can 
be CMV-specific.[38] When activated, these T cells can contribute to 
CVD pathogenesis by recognizing CMV epitopes present in plaque 

where CMV antigens and nucleic acids have been detected.[39–41] 
AdapNK cells can control CMV infection.[14,18,42] These cells may 
also regulate CMV-specific CD8+ T cells, which express higher levels 
of HLA-E, the ligand for NKG2C, than do CD8+ T cells of other 
specificities.[43] CMV viremia activates CMV-specific CD8+ T cells, 
further increasing their expression of HLA-E/CMV peptides, which, 
in turn, activates adapNK cells expressing NKG2C, the receptor for 
HLA-E/CMV peptide complexes. Once activated, adapNK cells 
have the potential to kill CMV-specific CD8+ T cells to limit the 
CD8 T cell inflation observed in CMV+ persons.[43]

NKG2C and NKG2A are inhibitory and activating NK recep-
tors, respectively that are covalently associated with CD94.[44] 
They share sequence homology and ligands such as HLA-E com-
plexed with epitopes derived from the leader sequence of HLA-
A, B, C and G and epitopes from the UL40 CMV protein.[10,12] 
The interaction of these ligands with NKG2A is more avid 
than that with NKG2C and inhibitory signals tend to predom-
inate those of activating signals.[11,45] Thus, if NKG2C+CD57+ 
NK cells co-expressed NKG2A, inhibition of NKG2C+ NK cell 
functions could ensue. Others have reported that in CD56dim 
NK cells, expression of NKG2C generally excludes expression 
of NKG2A.[8,46] NK cell staining of samples from the CHACS 
studied here showed that among the NKG2C+CD57+CD56dim 
NK cells <0.3% co-expressed NKG2A. This finding makes it 
unlikely that NKG2A expression on NKG2C+CD57+ NK cells, 
dampens the function of these cells. The titer of IgG antibod-
ies to CMV was measured in a subset of 83 study participants. 
While there was a significant positive correlation between anti-
CMV IgG titers and the frequency of NKG2C+CD57+CD56dim 
NK cells, these antibody titers did not correlate with TPV.

Upon expansion, NKG2C+CD57+ NK cells acquire epigenetic 
changes that that distinguish them from cNK cells and regulate 
their effector functions.[47,48] AdapNK cells mediate higher lev-
els of antibody dependent cellular cytotoxicity (ADCC) activity 
and higher levels of IFN-γ and TNF-α secretion upon activation 
than cNK cells.[18,48] CMV infection also induces ADCC compe-
tent CMV-specific antibodies, which can opsonize CMV anti-
gens present in plaque. Higher frequencies of CD16 expressing 
adapNK cells would have an advantage over low frequencies of 
these cells to bind opsonized anti-CMV antibodies and activate 
adapNK cells to eliminate CMV infected cells within plaques 
by ADCC. These cells can also limit CD8+ T cell inflation and 
damage caused by these cytolytic cells. This may explain why 
CMV+PLWH with the highest levels of adapNK cells are more 
likely to have no subclinical atherosclerosis.

Figure 3.  Correlation between NKG2C+CD57+ adapNK cell frequency and TPV in CMV+ PLWH and CMV mono-infected (CMV+HIV−) individuals. (A) The y-axes 
show the frequency of adapNK cells and the x-axes the TPV in (A) CMV+ (n = 164), (B) CMV+PLWH (n = 128), and (C) CMV mono-infected (n = 36) individuals. 
The number of subjects tested, the correlation coefficients (r) and the P values for each correlation are shown in the inset at the top left corner of each graph. 
The statistical significance of the correlations was tested using non-parametric Spearman correlation tests. adapNK = adaptive NK, CMV = cytomegalovirus, 
HIV = human immunodeficiency virus, PLWH = people living with HIV, TPV = total plaque volume.
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In addition to their role in anti-tumor and anti-viral responses, 
NK cells play a crucial role in repairing damaged tissues and 
maintaining tissue homeostasis.[49] Following myocardial infarc-
tion, NK cell expansion from c-kit+ bone marrow derived cells 
protected the heart by reducing cardiomyocyte apoptosis, depo-
sition of collagen and subsequent fibrosis.[50] In an experimental 
model of acute myocarditis, activated NK cells accumulated in 
the heart and released perforin, granzyme B and IFN-γ result-
ing in decreased fibrosis by inhibiting eosinophil activation and 
inducing eosinophil apoptosis.[51] While this information is not 
specific to pre-clinical atherosclerotic plaques, it illustrates the 
potential of NK cells to repair damaged tissues and limit fibrosis.

Others reported that CMV driven expansion of NKG2C + NK 
cells was related to carotid atherosclerotic plaque (CAP) instabil-
ity.[52] They found higher frequencies of NKG2C+ NK cells in per-
sons with high-risk CAP than in those with non-high-risk CAP. This 
finding was interpreted as evidence that expansion of NKG2C+ 
cells in subjects with CAP was associated with an increased risk 
of plaque destabilization.[52] There is no clear explanation for the 

discrepancy between our results and those of Martinez et al in terms 
of the role of NKG2C+ NK cells in CVDs. The protective versus 
pathogenic role of adapNK cells may differ at different stages of 
the atherosclerotic process. In our investigations, pre-clinical ath-
erosclerosis was assessed in persons with no clinical manifestations 
of CVD while in Martinez et al, plaque in carotid arteries was 
symptomatic and severe enough to warrant surgical removal of the 
CAP. Another possibility that may explain these discrepant results is 
that Martinez et al enumerated the frequency of NKG2C+ NK cells 
while we investigated the frequency of NKG2C+CD57+ NK cells. 
The CD57 marker improves the detection of NK cells with adaptive 
properties.[16] Although the biology of the atheroscolerotic process 
is similar in coronary and carotid arteries there exist differences in 
plaque morphology and characteristics between the two sites. For 
example, the coronary atherosclerotic plaques are charecterized by 
a thiner fibrous cap, more intra-plaque hemorrhage and calcified 
nodules compared to plaque in carotid arteries.[53] Further investi-
gation is needed to explain the discrepancy between our results and 
those of Martinez et al.

Figure 4.  Comparison of CMV+PLWH and CMV mono-infected participants for the proportion with negative versus positive TPV and the distribution of these 
scores. (A) The proportion CMV+PLWH (left-hand panels) and CMV mono-infected individuals (right-hand panels) with negative (TPV = 0) versus positive 
(TPV > 0) TPV scores. A Chi-square tests was used to determine the statistical significance of proportional between-group differences in positive and negative 
TPV. (B) Shown on the y-axis are the TPV scores for CMV+PLWH and CMV mono-infected individuals with positive TPV scores. A Mann–Whitney test was used 
to assess the statistical significance of differences in the distribution of TPV scores in CMV+PLWH versus CMV mono-infected individuals. CMV = cytomegalo-
virus, PLWH = people living with HIV, TPV = total plaque volume.
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This study had some limitations. The study population 
size, particularly for CMV mono-infected subjects was small, 
which may have precluded achieving statistical significance 
for some of the analyses in which only CMV mono-infected 
individuals were included. No adjustments were made for 
multiple comparisons. Therefore, results must be regarded 
with caution and duplication of these results is desirable. 
Sex and diabetes were considered as potential confounders 
due to previous epidemiological knowledge and were inves-
tigated as such in the model building strategy, and the text 
has been modified to reflect this adequately. However, most 
of the sample were men, and diabetes cases were very rare. 
Sex and diabetes were not associated with the outcome in uni-
variable analysis, and as such, they could not be confounders 
of the associations, so they were not included into the final 
adjusted models. Indeed, due to small cell issues, it would not 
have been possible to include them into the final models, as it 
would make estimations unstable. Investigating whether NK 
cells or adapNK cells or whether CMV antigens were present 
in atherosclerotic plaques was not feasible in this population 
with no CVD symptoms being investigated for subclinical 
CVD. Additionally, the cross-sectional nature of the study 
limits causal interpretations.

In summary, high frequencies of adapNK cells were associated 
with a reduced prevalence of coronary atherosclerotic plaque in 
CMV seropositive individuals, both in the PLWH and in CMV 
mono-infected groups. Further investigations should focus on 
determining the directional causality of this link in the setting 
of pre-clinical atherosclerosis and in other stages in the develop-
ment of atherosclerosis and other manifestations of CVD.
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