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Abstract

Background—There is intense interest in the role of programmed death 1 (PD-1) in causing 

persistent T-cell dysfunction in HIV infection. However, the impact of HIV infection and 

antiretroviral treatment (ART) on the expression of PD-1 on T cells is still poorly defined.

Methods—PD-1 was measured longitudinally in a cohort of recently HIV-infected individuals (n 
= 121) who started ART early (<6 months after infection) vs. later (≥2 years after infection). PD-1 

was also measured cross-sectionally in a diverse cohort of chronically HIV-infected adults (n = 

206).

Results—PD-1 expression levels were high on CD8+ T cells during early HIV infection. PD-1 

levels increased on both CD4+ and CD8+ T cells populations in those who delayed therapy (11 

and 10%/year, respectively). PD-1 levels declined and were similar in those treated early vs. late 

after 1 year of ART. In both cohorts, PD-1 expression on CD4+ T cells was associated with CD4+ 

T-cell activation (CD38+HLA-DR+) and inversely with CD4+ cell count. In contrast, PD-1 

expression on CD8+ T cells was most strongly associated with CD8+ T-cell activation and with 

plasma viral load in viremic individuals.

Conclusion—Across two large cohorts of untreated and treated individuals, we found consistent 

associations between HIV RNA levels, CD8+ T-cell activation and PD-1 expression on CD8+ T 
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cells. In contrast, CD4+ T-cell counts and CD4+ T-cell activation were more consistent correlates 

of PD-1 expression on CD4+ T cells. PD-1 expression appears to be driven by both direct antigen 

and homeostatic pathways.
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Introduction

Combination antiretroviral therapy (ART) can suppress HIV viremia indefinitely in most 

individuals. As a consequence of viral suppression, the immune system is reconstituted, with 

many patients achieving sustained increases in CD4+ T-cell counts and a reduced risk of 

morbidity and mortality. The degree of immune reconstitution, however, is highly variable. 

A substantial proportion of treated adults fail to normalize their CD4+ T-cell counts [1,2]. 

Even those who do achieve normal CD4+ T-cell counts have residual immune dysfunction 

[3] and perhaps a higher than expected risk of HIV and non-HIV related morbidity [4,5]. 

The mechanism of this association between suboptimal immune reconstitution and risk of 

disease is not known.

There is intense interest in the role of inhibitory molecules, especially programmed death-1 

(PD-1), in causing persistent T-cell dysfunction in HIV infection. PD-1 is upregulated on the 

surface of activated CD4+ and CD8+ T cells in untreated HIV and simian immunodeficiency 

virus infection, resulting in decreased proliferation and production of cytokines [6–11]. 

Many studies have shown that blocking the interaction between PD-1 and its ligand can 

reverse these effects [6,7,10, 12–15]. In addition, CD4+ T cells expressing high levels of 

PD-1 are enriched for HIV DNA [16] and the size of the HIV reservoir during ART 

correlates with the frequency of PD-1 expressing cells [17].

The effect of ART on PD-1 expression on CD4+ and CD8+ T cells is not fully understood, 

as previous studies have had a very limited sample size and have been mainly cross-

sectional [17–22]. We therefore conducted two analyses to characterize PD-1 expression in 

untreated and treated HIV-infected individuals. First, to assess the impact of ART and its 

timing, we conducted a longitudinal study in a cohort of individuals identified in early HIV 

infection who initiated ART early vs. later. Second, to more fully explore the correlates of 

PD-1 expression across the entire spectrum of HIV infection, we performed a 

comprehensive cross-sectional analysis of PD-1 expression in untreated and treated 

individuals, including untreated HIV controllers and ART-suppressed individuals with 

varying degrees of CD4+ T-cell recovery.

Materials and methods

Study participants

Participants were identified from the University of California-San Francisco (UCSF) 

Options cohort to assess longitudinal patterns of PD-1 expression. This is a prospective 
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cohort of recently infected HIV-infected individuals (defined as <12 months after estimated 

infection; since 2003 this was changed to ≤6 months) and at-risk individuals who sought 

HIV testing for possible acute infection, but were found to be uninfected. Early HIV was 

diagnosed as previously described and estimated infection dates were calculated using 

standard methods [23]. Participants who initiated therapy early vs. later were selected as 

previously described [23]. Briefly, the early ART group consisted of those participants who 

initiated therapy less than 6 months after the estimated date of HIV infection, while the later 

ART group initiated therapy at least 2 years after estimated HIV infection. Both groups had 

sustained virologic suppression (plasma viral load <75 copies/ml) for at least 2 years. A 

group of individuals who remained ART-naive and a group of HIV-uninfected individuals 

were also included in the analysis.

The majority of individuals in the later ART group in Options started therapy before the 

onset of advanced immunosuppression. Thus, this group has limited representation of 

persons who initiated treatment in advanced HIV infection. Therefore, we also examined 

PD-1 expression in a cross-sectional analysis of participants from the UCSF SCOPE cohort. 

From SCOPE, we selected a group of chronically treated individuals who achieved virologic 

suppression. A subset of this group had CD4+ cell count nadirs less than 350 cells/ml and 

had either robust CD4+ T cells gains with counts more than 500 cells/µl (’immunologic 

responders’) or suboptimal gains with CD4+ T cells counts less than 350 cells/µl 

(’immunologic nonresponders’). We also studied long-term untreated controllers (defined as 

an HIV RNA <500 copies/ml) and chronically untreated HIV-infected individuals with high 

viremia. All individuals provided written informed consent. This study was approved by the 

UCSF Committee on Human Research.

T-cell immunophenotyping

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood, 

cryopreserved and stored at the UCSF AIDS Specimen Bank. Assays were performed at the 

UCSF Core Immunology Laboratory using previously described optimized methods [24]. 

Briefly, cells were thawed, washed and stained with LIVE/DEAD Fixable Aqua Dead Cell 

Stain Kit (Invitrogen Life Technologies, Grand Island, New York, USA) to exclude 

nonviable cells and then stained with the following fluorescently conjugated mAbs: CD8-

QDOT605 and CD4-PE-Texas Red (Invitrogen); CD3-Pacific Blue, CCR5-PE-Cy5, CD38-

PE, HLA-DR-FITC, PD-1 Alexa Fluor 647, CD45RA-PECY7 (BD Biosciences, San Jose, 

California, USA) and CCR7-APCeFluor780 (eBioscience, San Diego, California, USA).

Data were compensated and analysed using FlowJo V9 (TreeStar, Ashland, Oregon, USA). 

Naive and memory T-cell subsets were defined by quadrant gating with FMO controls on a 

CD45RA vs. CCR7 plot. The following populations were identified: naive (CCR7+, 

CD45RA+), central memory (CCR7+, CD45RA–), effector memory (CCR7+, CD45RA–) 

and terminally differentiated T cells (CCR7+, CD45RA+). The mean fluorescent intensity 

(MFI) of PD-1 expression was measured by obtaining the geometric mean for this parameter 

on total CD4+ and CD8+ T cells and on each of the subsets described above. The frequency 

of PD-1+ cells was also determined and correlated very strongly with the MFI data (data not 

shown). Analysis using the frequencies rather than the MFI yielded similar results 

Cockerham et al. Page 3

AIDS. Author manuscript; available in PMC 2014 October 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



(Supplemental Figure 1, http://links.lww.com/QAD/A529). Activation was defined as the 

frequency of CD38+HLA-DR+ cells for both CD4+ and CD8+ T-cell compartments.

Programmed death-1 measurement time points

In the early vs. later treatment study, PD-1 expression was measured during acute/recent 

infection for all HIV-infected individuals. In those in the early and later ART groups, PD-1 

expression was also measured at 1 year following ART initiation and at the last observed 

time point in the cohort. In the untreated group, PD-1 expression was measured after 1 year 

of untreated HIV infection and at participants’ last observed untreated time point. For HIV-

negative individuals, PD-1 expression was measured at baseline and at a follow-up time 

point, 12–48 weeks after baseline. For SCOPE participants, PD-1 was measured during 

chronic infection.

Statistical methods

The Wilcoxon rank-sum test was used to compare PD-1 expression levels between groups. 

The Wilcoxon signed-rank test was used to compare PD-1 expression at different time 

points within groups. Spearman rank correlation coefficients were calculated to assess 

associations between virologic and immunologic measurements. Mixed effects modelling 

was performed to assess the impact of ART timing, clinical factors and immunologic factors 

on PD-1 expression. All statistical analyses were performed using STATA/SE 12 

(StataCorp, College Station, Texas, USA).

Results

Individual characteristics

A total of 327 individuals was included in this study: 121 from the Options cohort and 206 

from the SCOPE cohort (Tables 1 and 2). In most of the subgroups, participants were 

predominantly men, although women comprised 34% of the controller subset of the SCOPE 

cohort. SCOPE cohort participants were older than those in Options, with interquartile ages 

ranging from 42 to 51 years compared with 33 to 42 years, respectively.

In the Options Cohort, members of both the early and later ART groups were estimated to 

have acquired HIVa median 2.4 months prior to cohort enrolment. The median time to ART 

initiation after estimated infection in the later ART group was 38.2 months (interquartile 

range, IQR 30.4–54.6) compared with 2.6 months (IQR 1.5–3.2) in the early ART group. 

Median CD4+ T-cell counts and ages were similar between the two groups at baseline. 

However, the baseline median plasma HIV RNA level and PD-1 expression in both CD4+ 

and CD8+ T cells was higher in the early ART group than in the later ART group. It may be 

that factors such as viral load affected the decision of the patient and their provider to treat 

earlier.

Impact of acute infection on programmed death-1 expression

A total of 102 individuals was studied during acute/recent infection. The median MFI of 

PD-1 expression on total CD8+ T cells and all CD8+ subsets in patients during early HIV 

infection was substantially higher than HIV-negative individuals (total CD8+ T cells: 184 vs. 
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115, P < 0.001 for all subsets except naive T cells P = 0.01) (Fig. 1a). In contrast, the MFI of 

PD-1 on total CD4+ T cells in recently infected individuals was not significantly different 

than the HIV-uninfected group. PD-1 levels were, however, significantly higher in the 

central and effector memory CD4+ T-cell subsets of those with acute HIV infection than of 

those who were not infected (central memory: 164 vs. 140, P = 0.007, effector memory: 238 

vs. 206, P = 0.003) (Fig. 1b).

During early untreated HIV infection, viral load was only modestly associated with PD-1 

levels on total CD8+ T cells (ρ = 0.27, P = 0.006) and was not significantly associated with 

PD-1 expression on CD4+ T cells (ρ = 0.14, P = 0.15). There was also no association 

between CD4+ cell count and PD-1 expression on total CD4+ or CD8+ T cells. However, T-

cell activation was strongly associated with PD-1 expression on both CD4+ and CD8+ T 

cells (CD8+: ρ = 0.59, P<0.001, CD4+: ρ = 0.43, P < 0.001). Furthermore, after controlling 

for age, CD4+ T-cell count, plasma viral load and T-cell activation, the percentage of 

CD38+HLA-DR+ T cells within each population (CD4+ or CD8+) was the only factor 

significantly associated with PD-1 expression on the total CD4+ and CD8+ T-cell 

populations during early infection (P < 0.001).

We next examined the natural history of PD-1 expression prior to initiation of therapy 

among those presenting with recent infection. In those who delayed therapy, PD-1 

expression on both total CD4+ and CD8+ T cells increased over time. PD-1 expression also 

increased over time in the T-cell subsets; however, it was most pronounced in the effector 

memory subset in both populations (Fig. 2a and 2b). In CD8+ and CD4+ effector memory T-

cell subsets, the PD-1 MFI increased by an average of 10 and 11%, respectively, every year 

without therapy.

Impact of early vs. later antiretroviral therapy on programmed death-1 expression

Participants were observed for a median 2.8 years on therapy in the early ART group and a 

median of 2.3 years on therapy in the later ART group. Baseline PD-1 levels were higher in 

the early ART group than in the later ART group, but were similar by the time of ART 

initiation (Table 1).

In the early ART group, PD-1 expression on total CD8+ T cells decreased by 41% after 1 

year of ART [95% confidence interval (CI) –49 to –34, P < 0.001, Fig. 2c]. A similar 

decrease was also seen in the later ART group (data not shown). In contrast, although 

statistically significant, the decline in PD-1 expression on total CD4+ T cells in both groups 

was smaller (Fig. 2d). The decline of PD-1 expression on both CD4+ and CD8+ T cells 

appeared to be nonlinear with a rapid decline in PD-1 expression over the first 12 months on 

ART and relatively stable levels after 1 year of ART (Fig. 2e).

The median PD-1 expression on total CD8+ T cells in the early and later ART groups was 

similar after 1 year of therapy (125 vs. 128, P = 0.55) and at final observed time point (Fig. 

2e). Similarly, there was no significant difference in PD-1 expression on total CD4+ T cells 

between the two groups at either time point. Among both early and later ART groups, PD-1 

expression on total CD4+ and CD8+ T cells after several years of therapy was comparable to 
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levels seen in the HIV-uninfected controls. However, median PD-1 MFI remained elevated 

on the CD4+ effector memory T cells, even in the early ART group (234 vs. 206, P = 0.007).

Mixed effects modelling was used to assess determinants of PD-1 expression in the later 

ART group as individuals transitioned from untreated to ART-suppressed. The CD4+ T-cell 

count continued to predict PD-1 expression on total CD4+ T cells even after accounting for 

viral load and duration of HIV infection. When CD4+ T-cell activation was added to the 

model, the effect of CD4+ cell count was attenuated (CD4+ cell count, model without 

activation: P< 0.001, model with activation: P = 0.07) and T cell activation was significant 

(P < 0.001). In CD8+ T cells, both viral load and CD8+ T-cell activation were statistically 

significant predictors of PD-1 expression (both P<0.001).

Programmed death-1 expression in immunologic nonresponders

In the SCOPE cohort, we compared PD-1 expression in the immunologic responders with 

immunologic non-responders. Nonresponders had significantly higher levels of PD-1 than 

responders on total CD4+ T cells (218 vs. 130, P < 0.001) (Fig. 3a). This difference was 

statistically significant in all CD4+ memory subsets. Nonresponders had elevated PD-1 

expression on total CD8+ T cells (199 vs. 135, P = 0.15); however, this was not statistically 

significant and was not seen in the CD8+ T-cell subsets. There was a strong association 

between PD-1 expression on CD4+ T cells and T-cell activation in the responders (ρ = 0.45, 

P = 0.002), but this relationship was absent in nonresponders (ρ = 0.07, P = 0.80).

Programmed death-1 expression in HIV controllers

PD-1 expression was assessed in 47 long-term untreated controllers, including 37 ‘elite 

controllers’ (plasma viral load <75 copies/ml) and 10 ‘viremic controllers’ (median viral 

load 146 copies/ml, IQR 119–364). Overall, controllers had levels of PD-1 expression on 

both total CD4+ and CD8+ T cells that were similar to those found in HIV-uninfected 

individuals. PD-1 expression on total CD4+ T cells in elite controllers was also comparable 

to that of viremic controllers. However, there was a trend towards increased PD-1 

expression on total CD8+ T cells in viremic controllers compared with elite controllers, 

which was statistically significant in the effector memory subset (291 vs. 186, P = 0.01). 

There was a strong association between PD-1 expression in all controllers and T-cell 

activation on total CD4+ T cells (ρ = 0.41, P = 0.005). No correlation was observed between 

CD8+ T-cell activation and PD-1 expression on CD8+ T cells in the controllers.

Comparison of SCOPE cohort participants

On total CD4+ T cells, the MFI of PD-1 expression was similar amongst HIV-negative 

individuals, controllers, ART-suppressed immunologic responders and untreated 

individuals. However, PD-1 expression was highest amongst those participants who were 

ART-suppressed but were immunologic nonresponders (Fig. 3a). In contrast, on CD8+ T 

cells, untreated individuals had markedly elevated PD-1 expression compared with all other 

groups (Fig. 3b).

Across all HIV-infected participants in SCOPE, PD-1 expression on CD4+ T cells was 

significantly inversely associated with CD4+ cell count (ρ = –0.44, P < 0.001); however, the 
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relationship was not linear (Fig. 4a). This inverse relationship persisted even at ‘normal’ 

CD4+ cell counts (Fig. 4b). CD4+ T-cell activation was also strongly associated with PD-1 

expression on CD4+ T cells (ρ = 0.53, P<0.001, Fig. 4c). The CD4+ cell count nadir was not 

associated with PD-1 expression. There was no association between CD4+ cell count and 

PD-1 expression on CD8+ T cells (ρ = –0.04, P = 0.58). Furthermore, there was no 

association between PD-1 expression on CD4+ or CD8+ T cells and CD4+ cell count in 

HIV-uninfected individuals. In contrast, PD-1 expression on CD8+ T cells was strongly 

associated with viral load amongst individuals with detectable viremia (ρ = 0.40, P < 0.001, 

Fig. 4d) and CD8+ T-cell activation (ρ = 0.66, P < 0.001, Fig. 4e).

Discussion

There is currently a strong focus on how PD-1 expression may contribute to an active and 

potentially reversible T-cell dysfunction during ART. We therefore conducted a longitudinal 

study of PD-1 expression in a cohort of individuals identified in early HIV infection and a 

comprehensive cross-sectional analysis of PD-1 expression in a chronically infected cohort 

of individuals to understand the effect of ART on PD-1 expression and better elucidate the 

determinants of PD-1 expression. We found that PD-1 expression levels were high during 

early HIV infection (particularly on CD8+ T cells), increased on all T cells over time in the 

absence of therapy and rapidly improved after ART initiation. Individuals who delayed 

therapy to advanced stages and failed to normalize their CD4+ T-cell counts had persistently 

elevated PD-1 levels on all CD4+ T-cell subsets. Across all individuals, the host and viral 

factors driving PD-1 expression appeared to differ between the CD8+ and CD4+ T-cell 

compartments and varied by the stage of HIV infection.

Recent HIV infection resulted in markedly elevated PD-1 expression on total CD8+ T cells 

and CD8+ memory subsets, as found in previous studies [6,25] and was strongly associated 

with T-cell activation [26]. Among those with early infection who delayed initiating therapy, 

both ongoing viremia and T-cell activation were associated with an increased PD-1 

expression on CD8+ T cells, a finding that is consistent with prior observations linking 

viremia with PD-1 on these cells [7,26,27]. Similarly, controllers who had detectable 

viremia had elevated PD-1 on CD8+ T cells, while ‘elite’ controllers had apparently normal 

PD-1 expression levels. Treatment-mediated reductions in viremia generally normalized 

PD-1 levels on CD8+ T cells; this effect was even observed among immunologic 

nonresponders. The lack of any observed difference in PD-1 expression in those who started 

ART early compared with those who started later in infection suggests that it is not the 

cumulative antigen or activation exposure that dictates PD-1 levels, but rather the current 

level of circulating virus and/or of CD8+ T-cell activation.

Although HIV viremia and CD8+ T-cell activation were the most consistent predictors of 

PD-1 expression on CD8+ T cells, we found that CD4+ T-cell count and CD4+ T-cell 

activation were the strongest predictors of PD-1 on CD4+ T cells in most subgroups. During 

early HIV infection, when immune function is likely less compromised, PD-1 expression on 

CD4+ T cells was not dramatically different from that observed in uninfected adults. During 

untreated HIV infection, PD-1 expression on CD4+ T cells increased over time and mirrored 

the concurrent decline in CD4+ T-cell count. Among those individuals who initiated ART 
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before the onset of advanced immunodeficiency, both CD4+ T-cell counts and PD-1 

expression generally returned to normal levels. In contrast, PD-1 expression was highest 

among those individuals who had successful suppression of viremia with ART but 

nonetheless failed to regain a normal CD4+ cell count (’immunologic nonresponders’). 

These individuals had higher PD-1 expression on CD4+ T cells than immune responders, as 

we, and others previously reported [28,29]. Notably, PD-1 expression on CD4+ T cells of 

the nonresponders was even higher than that observed in chronically untreated individuals. 

In an analysis of those participants followed longitudinally after ART initiation, CD4+ T-cell 

activation was the most significant predictor of PD-1 expression on total CD4+ T cells, 

suggesting that the same factors that influence these activation markers might influence 

PD-1. Surprisingly, however, an association between CD4+ T-cell activation and PD-1 

expression on CD4+ T cells was not seen in the immune nonresponders, suggesting that 

there may be unique mechanisms contributing to immune dysfunction in this population.

Although it is difficult in observational studies to determine whether increased PD-1 

expression is the cause or the consequence of poor CD4+ cell count recovery, the striking 

association between CD4+ T-cell activation and PD-1 on these cells suggests that the 

extensive knowledge gained regarding the mechanism of CD4+ T-cell activation might be 

informative. Indeed, our findings are generally consistent with a series of studies by 

Catalfamo et al. who found that CD4+ T-cell depletion caused an increase in homeostatic 

proliferation, which in turn led to increased CD4+ T-cell proliferation and elevated 

expression of CD38 and HLA-DR [30,31]. One mechanism for this is via the common γ-

chain cytokines such as interleukin (IL)-7 [32,33]. It is also possible that immunodeficiency 

contributes to high pathogen burden via microbial translocation and/or cytomegalovirus 

viremia, which may increase CD4+ T -cell activation and PD-1 expression in an antigen-

dependent mechanism through engagement of the T-cell receptor [34,35], although the lack 

of a strong effect of CD4+ T-cell counts on CD8+ T-cell activation and PD-1 makes this 

pathway less likely. Further studies are needed to define whether PD-1 expression on CD4+ 

T cells is a cause or a consequence of CD4+ T-cell lymphopenia. These studies may be 

especially informative in the immunologic nonresponders.

Our study has certain limitations. Our population is predominantly composed of middle-

aged men. Further studies should be performed in women and older adults, as there may be 

effects of sex and age on PD-1 expression. It is also challenging to compare persons with 

HIV vs. those without HIV, as these groups almost certainly differ in ways that are difficult 

to control for and analyse. Our use of an at-risk population partially addresses this concern. 

Also, as noted above, the observational nature of our study makes it challenging to conclude 

cause and effect. Interventional studies with agents that directly affect the biology of PD-1 

are needed to better understand how HIV and the host response interact to influence this 

important pathway.

In summary, we used a large and diverse population of HIV-infected adults to describe the 

impact of viremia, immune activation, immunodeficiency and treatment on PD-1 expression 

in total T cells and individual T-cell subsets. We found that viremia predicted PD-1 

expression on CD8+ T cells, although CD4+ T-cell counts predicted PD-1 expression on 

CD4+ T cells. T-cell activation had the strongest associations with PD-1 expression, 
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suggesting that the pathophysiology of ‘activation’ might be informative for studies on 

expression of PD-1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Programmed death-1 expression levels in total CD8+ and CD4+ T cells and naive and 
memory subsets in individuals with acute/recent HIV infection compared with HIV-negative 
individuals
Box plots show median proportions (line), IQR (box), adjacent values (1.5× IQR; whiskers) 

and outside values (dots). (a) The median MFI of PD-1 expression on total CD8+ T cells and 

all CD8+ subsets in patients during early HIV infection was significantly higher than HIV-

negative individuals. (b) In CD4+ T cells, PD-1 levels were only significantly higher in the 

central and effector memory CD4+ T-cell subsets of those with acute/recent HIV infection 
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than in HIV-negative individuals. *P<0.05, **P<0.01, ***P< 0.001 for pairwise 

comparisons.
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Fig. 2. Programmed death-1 expression levels prior to and after antiretroviral therapy initiation
PD-1 expression in (a) CD8+ and (b) CD4+ effector memory T cells in the later ART group 

prior to initiating ART. Values from baseline (acute/recent infection) until the last 

pretherapy time point are shown. A linear regression line is shown in red. (c) PD-1 

expression levels on total CD8+ T cells and (d) total CD4+ T cells after ART initiation. 

Values from baseline (acute/recent infection) until 1 year following ART initiation are 

shown and a linear regression line is shown in red. (e) Scatter plot of PD-1 expression on 

total CD8+ T cells in the early (blue dots) and later (red dots) ART groups. Values from 
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baseline (acute/recent infection), 1 year following ART initiation and last observed time 

point in the cohort, are shown for both groups. The change in PD-1 expression is modelled 

with a linear spline for the early (blue solid line) and later ART groups (red solid line). PD-1 

levels decrease rapidly over the first 12 months on ART. After 1 year of ART, levels are 

relatively stable and similar between the early and later ART groups.
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Fig. 3. Programmed death-1 expression in total CD4+ and CD8+ T cells within the five individual 
groups in the SCOPE cohort: HIV-negative individuals, controllers (including both elite and 
viremic controllers), immunologic responders, immunologic nonresponders and chronically 
untreated individuals
Box plots show median proportions (line), IQR (box), adjacent values (1.5x IQR; whiskers) 

and outside values (dots). (a) PD-1 expression on total CD8+ T cells was highest among 

chronically untreated individuals. (b) PD-1 expression on total CD4+ T cells was highest 

among the immunologic nonresponders. *P<0.05, **P<0.01, ***P<0.001, NS – 

nonsignificant (P = 0.053).
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Fig. 4. The relationship between programmed death-1 expression on total CD4+ T cells and 
CD4+ T-cell count amongst all HIV-infected participants in the SCOPE cohort
(a) PD-1 expression on total CD4+ T cells is significantly inversely associated with CD4+ 

cell count (ρ = –0.44, P< 0.001). The relationship may not be linear (blue line) as shown by 

the lowess regression line (orange line). (b) PD-1 expression in ART-suppressed individuals 

in SCOPE by CD4+ cell count strata. (c) CD4+ T-cell activation is strongly associated with 

PD-1 expression on CD4+ T cells (ρ = 0.53, P<0.001). (d) PD-1 expression on CD8+ T-cells 

is associated with plasma viral load amongst individuals with detectable viremia (ρ = 0.40, 
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P<0.001). (e) PD-1 expression on CD8+ T cells is strongly associated with CD8+ T-cell 

activation (ρ = 0.66, P<0.001).

Cockerham et al. Page 18

AIDS. Author manuscript; available in PMC 2014 October 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Cockerham et al. Page 19

T
ab

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 p
ar

tic
ip

an
ts

 in
 th

e 
O

pt
io

ns
 c

oh
or

t.

E
ar

ly
 A

R
T

 (
n 

= 
34

)
L

at
er

 A
R

T
 (

n 
= 

)
U

nt
re

at
ed

 (
n 

= 
36

)
H

IV
 n

eg
at

iv
e 

(n
 =

 1
9)

P

A
ge

37
 (

33
–4

2)
36

 (
34

–4
2.

5)
33

 (
26

.5
–3

6.
5)

37
 (

30
–4

2)
0.

87

M
al

e
33

 (
97

%
)

32
 (

10
0%

)
35

 (
97

%
)

17
 (

89
%

)
0.

33

H
IV

 d
ur

at
io

n 
at

 d
ia

gn
os

is
, m

on
th

s
2.

4 
(1

.0
–2

.4
)

2.
4 

(2
.4

–3
.7

)
2.

4 
(2

.4
–3

.5
)

–
<

0.
01

B
as

el
in

e 
C

D
4+

 c
el

l c
ou

nt
 (

ce
lls

/µ
l)

53
3 

(4
34

–7
42

)
56

2 
(4

99
–7

04
)

58
1 

(5
12

–6
80

)
–

0.
61

B
as

el
in

e 
lo

g 
V

L
 (

co
pi

es
/m

l)
5.

2 
(4

.5
–5

.7
)

4.
2 

(3
.5

–4
.7

)
4.

2 
(3

.3
–5

.0
)

–
<

0.
01

B
as

el
in

e 
C

D
4+

 P
D

-1
, M

FI
13

4 
(1

16
–1

79
)

11
8 

(1
04

–1
37

)
13

0 
(9

6–
15

0)
12

5 
(9

8–
15

3)
0.

02

B
as

el
in

e 
C

D
8+

 P
D

-1
, M

FI
20

6 
(1

60
–2

78
)

16
2 

(1
29

–2
45

)
18

2 
(1

35
–2

23
)

11
5 

(9
4–

13
5)

0.
13

B
as

el
in

e 
C

D
4+

38
+
D

R
+

6.
5%

 (
5.

2–
10

.8
)

6.
3%

 (
5.

2–
8.

6)
6.

3 
(5

.3
–1

0.
5)

3.
8%

 (
2.

8–
7.

4)
0.

92

B
as

el
in

e 
C

D
8+

38
+
D

R
+

52
.1

%
 (

35
.5

–7
0.

5)
45

.8
 (

33
.0

–5
7.

3)
46

.1
%

 (
36

.5
–5

7.
7)

15
.7

%
 (

9.
1–

24
.2

)
0.

29

Im
m

ed
ia

te
 p

re
-A

R
T

 C
D

4+
 c

el
l c

ou
nt

 (
ce

lls
/µ

l)
52

6 
(3

75
–7

48
)

29
8 

(2
44

–3
79

)
–

–
<

0.
01

Im
m

ed
ia

te
 p

re
-A

R
T

 C
D

4+
 P

D
-1

, M
FI

13
4 

(1
16

–1
79

)
14

6 
(1

19
–1

83
)

–
–

0.
44

Im
m

ed
ia

te
 p

re
-A

R
T

 C
D

8+
 P

D
-1

, M
FI

20
6 

(1
60

–2
78

)
22

9 
(1

92
 –

 2
93

)
–

–
0.

32

AIDS. Author manuscript; available in PMC 2014 October 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Cockerham et al. Page 20

Table 2

Baseline characteristics of participants in the SCOPE cohort.

HIV negative (n = 24) Controllers (n = 47) Untreated (n = 18) ART suppressed (n = 117)

Age 44 (34–46) 50 (46–54) 43 (39–47) 50 (46–54)

Male 23 (96) 31 (66) 17 (94) 100 (85)

CD4+ cell count (cells/µl) 863 (745–1198) 719 (572–1013) 388 (303–489) 532 (346–690)

VL (copies/ml) – 40 (40–73) 41243 (30901–125279) 59 (40–75)

Data are medians (IQR) or numbers (%). Baseline refers to the first time point upon entry into the cohort during acute/early infection. Immediate 
pre-ART refers to the time point just prior to ART initiation. For those who started ART during early/acute infection, the baseline and pre-ART 
time point are the same. P values are for pairwise comparisons between Early ART group and Later ART group using a Wilcoxon Rank Sum Test. 
ART, antiretroviral therapy; IQR, interquartile range; MFI, mean fluorescent intensity; PD-1, programmed death-1; VL, plasma HIV viral load.
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