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With the advent of antiretroviral therapy (ART), AIDS-related morbidity and mortality has 

declined allowing age-related diseases, such as cardiovascular disease (CVD), to emerge as 

new challenges for this population. With an effect size of approximately 1.5 to 2.0, the 

impact of HIV on CVD is independent of traditional cardiovascular risk factors and 

antiretroviral medications [1]. Immune activation of monocytes and macrophages have been 

implicated in the higher CVD risk in individuals with chronic HIV. Coronary artery calcium 

(CAC) is an indicator of subclinical coronary artery atherosclerosis predictive of coronary 

events including the onset of myocardial infarction and coronary related deaths [2]. Two 

research groups, including our own, have published that activated CD16+ monocytes/

macrophages predict greater CAC progression among HIV-infected persons over a 2 year 

period [3 4].

HIV-associated immune dysfunction is also characterized by T cell dysfunction; their role in 

HIV associated atherosclerosis has been less studied. T cell exhaustion is characterized by 

an expansion of negative checkpoint receptors (NCR) including PD-1 (programmed cell 

death protein 1), TIM-3 (T cell immunoglobulin and mucin-domain containing-3), and 

TIGIT (T cell immunoreceptor with Ig and ITIM domains). During chronic infection or 

cancer, T cell exhaustion results in the progressive loss of effector function, up regulation of 

inhibitory receptors, and failure to transition to a quiescent state [5]. We have recently 

reported that the expansion of NCR on CD4+ T cells is associated with co-morbidities of 

cognitive impairment and fat loss in HIV infected individuals on ART [6 7]. In this study, we 

sought to examine the impact of NCR-expressing T cells on CVD. We hypothesized that 

higher baseline PD1- and/or TIGIT-expressing CD4+ T cells will be associated with 

progression of CAC after 2 years in chronically HIV-infected individuals on stable ART.

T cell immunophenotyping was performed on banked peripheral blood mononuclear cells 

(PBMC) from HIV-infected individuals enrolled in the Hawaii Aging with HIV-

Cardiovascular Disease (HAHC-CVD) Cohort Study [8], a longitudinal study of subclinical 
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CVD risk in individuals with chronic HIV age > 40 years and on ART for ≥ 3 months. Data 

on CVD risk factors, as well as metabolic data from fasting blood were available and 

allowed calculation of the Framingham Risk Score (FRS) using the National Cholesterol 

Education Program website (http://hp2010.nhlbihin.net/atpiii/calculator.asp). As previously 

reported [8], computer tomography (CT) examinations for CAC were performed locally in 

Honolulu, HI using a dual source CT scanner (Siemens 64-slice Somatom) with 

quantification of CAC centrally at the Los Angeles Biomedical Research Institute (M 

Budoff).

Cryopreserved PBMC were thawed and stained for viability and the frequency of expression 

at baseline of TIGIT, PD-1, and TIM-3 on CD4+ and CD8+ T cells were assessed by flow 

cytometry following previously published methods [9]. Isotype controls or fluorescence 

minus one controls were used to facilitate gating. Software-based compensation was 

performed on FlowJo (Treestar).

The predictive impact of NCR-expressing T cells and other immunologic parameters on 2-

year change in CAC was assessed by logistic regression, dichotomizing the participants into 

those who demonstrated progression of CAC and those whose level showed no progression. 

A multivariate logistic regression model was constructed. Because of the small sample size, 

FRS was utilized as a composite marker of traditional CVD risk factors. We, as well as 

others, have reported a correlation between monocyte immune activation and change in 

CAC. We therefore further examined the relationship between NCR-expressing T cells and 

monocyte subsets based on CD16 expression (classical, intermediate and non-classical 

monocytes), hypothesizing that any impact of NCR-expressing T cells on CAC may be 

mediated via an increase in monocyte immune activation. A two-sided p-value (p) < 0.05 

was considered as statistically significant. Analyses were performed using SPSS version 24 

(IBM, Armonk, NY).

The data consisted of 43 HIV-infected participants who were predominantly male (88%) and 

Caucasian (62%) with a median age of 52 years, median CD4 count of 518 cells/μL, self- 

reported median nadir CD4 count of 93.5 cells/μL, median CD4:CD8 T cell ratio of 0.68 at 

baseline, and 3 (13%) were on a statin. The median duration on ART was 14 years and 

83.7% had plasma HIV RNA levels < 50 copies/mL. Those with detectable HIV RNA levels 

had a median viral load of 414 copies/mL. CAC was present in 51% (n=22) of the 

population at baseline and 25.5% (n=11) showed an increase in CAC after 2 years. At 

baseline, the median percent expressions of TIGIT, TIM-3, and PD-1 on CD4+ T cells were 

22.6 (IQR 16.4, 28.3), 15.7 (11.0, 20.9), and 36.3 (30.3, 48.3) percent respectively and on 

CD8+ T cells 44.0 (36.4, 59.4), 21.9 (18.1, 28.0) and 36.3 (25.7, 47.3) percent.

In univariate logistic regression analyses, significant relationships to 2-year change in CAC 

was seen for various single or dual-expression of NCR on CD4+ T cells and for FRS but not 

for nadir or current CD4 count at baseline. In multivariate analyses adjusting for FRS, 

baseline expressions on CD4+ T cells of PD-1+ and TIGIT+, and dual expression of 

PD-1+TIGIT+ were significantly associated with a 2-year increase in CAC (odds ratio=1.110 

to 1.261, all p<0.05). Similar results were obtained when analyses were restricted to 

individuals with undetectable viral loads. Interestingly these associations were restricted to 
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CD4+ T cells and no association was found between NCR-expressing CD8+ T cells and 2-

year change in CAC.

Relationships between NCR-expressing CD4+ T cells and monocyte subsets were examined. 

TIGIT+ CD4+ T cells approached significance with absolute numbers of intermediate 

monocytes (rho=0.273 p=0.088). PD-1+, TIGIT+, and PD-1+TIGIT+ CD4+ T cells trended 

towards significance with absolute numbers of non-classical monocytes (rho=0.302 p=0.058, 

rho=0.274 p=0.087, rho=0.322 p=0.053, respectively). We found no associations between 

PD-1 or TIGIT expressing CD4+ T cells and classical monocyte numbers.

Our analyses revealed a possible new and unexpected association between higher frequency 

of PD-1+, TIGIT+ and dual PD-1+ TIGIT+-expressing CD4+ T cells and 2-year progression 

of CAC. This association was specifically seen for CD4+ T cells but not CD8+ T cells. The 

role of NCR expression on CD4+ in CVD is poorly understood. Much of the general 

literature suggests that lower, rather than higher, level of NCR on T cells is associated with 

increased risk of atherosclerosis. In triple ligand knockout mice (PD-L1−/−PD-L2−/−Ldlr−/−), 

an elevated activated T cell response and increased serum TNF-α level correlated with 

increased atherosclerosis [10]. In humans, it has been reported that PD-1 is decreased, rather 

than increased, on CD4+ and CD8+ T cells in coronary artery disease patients which 

correlated to increased T cell proliferation and increased pro- and decreased anti-

inflammatory cytokine secretion [11]. It is possible that the impact of NCR-expressing 

CD4+ T cells on CAC may be mediated via its relationship to monocyte immune activation. 

Our analyses revealed only trends towards a relationship, but this may be secondary to the 

small sample size of our cohort. Alternatively, or in addition, a direct effect of NCR-

expressing CD4+ T cells on coronary artery disease is possible. Similar to monocytes, T 

cells are directed to blood vessel walls. T cells within atherosclerotic lesions produce pro-

inflammatory cytokines, such as collagen-inhibiting gamma interferon, which may 

contribute to the development of coronary artery disease [12].

This study is limited by the small sample size and lack of PD-L1 assessment on 

corresponding monocytic cells. Furthermore, our study was able to only demonstrate the 

association specifically with coronary artery calcification. Coronary artery disease in HIV is 

associated with a marked increase in non-calcified coronary artery plaque burden [13] and 

this could not be ascertained because CT angiography was not done. However, the strengths 

of the study include the extensive immunologic characterization of the patient cohort and the 

longitudinal assessment of CAC burden quantitated by an experienced central reading center.

In conclusion, our study found an association between PD-1 and TIGIT expressing CD4+ T 

cells singly or in combination and 2-year increase in CAC among individuals with chronic 

HIV infection on ART. In HIV-infection, PD-1 expression levels are up-regulated on CD4+ 

T cells and we hypothesize that this may contribute to the increased risk of CVD in this 

population. More research is needed to confirm these results.
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