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Introduction: Curative strategies for HIV will need to eliminate the replication competent latent reservoir.
CD4 T cells expressing Immune Checkpoint molecules (ICP) have been shown to preferentially harbor latent,
replication-competent HIV. T follicular helper (Tfh) cell subset of CD4 T cells are critical for B cell
differentiation. Here a cohort of HIV vertically infected children and young adults under durable viral control
(PHIV) were investigated for CD4 ICP, immune activation (IA) markers and function in relation to HIV
reservoir size.
Methods: 40 PHIV (4-19yrs age) who started ART <2 years of life and had undetectable viremia (<50 HIV
copies/ml) for the past 5 years, were enrolled in 7 European research centers. HIV-DNA copies per million
peripheral blood mononuclear cells (PBMC) were measured by real-time PCR. Flow cytometry was used to
investigate CD4 T cells for 1) co-expression of PD1 with IA (ICOS, CD38, Ki67 and HLA-DR) or ICP (TIGIT,
LAG3, TIM3 and CTLA4) and 2) intracellular cytokine production (IL2, IFNg, TNFα, IL21) after stimulation with
GAG peptides.
Results: We identified a T cell immune signature that associated with total HIV DNA based on markers of
immune activation, exhaustion and functions. Interestingly, both the sPLS-DA and Poisson regression
approaches identified PD-1 expressing CD4 cells and HIV responsive (CD40L+) CD4 T cell to be important to
predict the size of viral reservoir. Using univariate correlation we also identify a correlation between PD-1
CD4 T cells and both CD4 and CD8 functions.
Conclusion: This study suggests that PD-1 expression on CD4 T cells is associated with dysfunctional T cell
response to HIV antigens and supports the association of PD1 expression on CD4 T cells with size of viral
reservoirs in vertically HIV infected children and young adults under long-term viral control.

Curative strategies for HIV will need to eliminate the replication competent latent reservoir.
Immune Checkpoint Molecules (ICP), a group of proteins highly expressed on exhausted immune cells, are
promising therapeutic targets for the elimination of the HIV latent reservoir, as CD4 T cells expressing ICP
have been shown to preferentially harbor latent, replication-competent HIV. (Fromentin et al. Plos Pathog
2016).
T follicular helper (Tfh) cells, a subset of CD4 T cells critical for B cell differentiation, were shown to harbor
HIV and to be functionally impaired in infected individuals (Pallikkuth et al. Plos Biology 2019).
Here a cohort of HIV vertically infected children and young adults under durable viral control were
investigated for CD4 ICP, immune activation (IA) markers and GAG specific (GAGsp) CD4 and CD8 T cell
function in relation to HIV reservoir size.
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Fig 1. PD-1+ and CD40L+ T cells were identified as immunological 
predictors that could discriminate participants with high and low HIV DNA 

by sPLS-DA

• 40 perinatally HIV infected young and old children (age range 4.4-19.1 years) were enrolled in the study
• All study participants had durable viral control (HIV RNA load, <50 copies/mL)
• Selection of the participants with high and low HIV-DNA was made based on data distribution. Participants

with HIV-DNA in the 1st quartile (HIV DNA ≤ 12.3 copies/mL) were considered to have low HIV-DNA while
participants in the 4th quartile (HIV DNA ≥ 112.7 copies/mL) were considered to have high HIV-DNA.

Demographic characteristics of study participants.
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Fig 2. PD-1+ and CD40L+ CD4 T cell associate with HIV-1 DNA reservoir, and 
interact with age at Treatment initiation (TI) using Poisson Regression

Antigen responding CD4 T cells associates with low HIV-DNA 
PD-1+ CD4 T cells associates with high HIV-DNA 

PD1 expression on CD4 T cells and 
GAGsp CD4 T cells functionality 

discriminate between participants 
with high and low HIV-DNA

Proposed model: 
PD-1+ CD4 T cells are 

associated with impaired 
GAGsp CD4 and CD8 T 

cell functions  
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Fig 4. Clinical differences among the 3 clusters (Fig 3) were identified for 
TI, cell associated HIV RNA and DNA

Fig 3. Immunological predictors identified by penalized regression could 
separate the cohort into 3 distinct clusters

Fig 5. CD4 and CD8 T cell functions were negatively associated with 
baseline frequency of PD-1+ CD4 T cells

PD-1 expression on CD4 T cells 
negatively associates with: 

1) proportion of antigen responsive 
CD4 and Tfh cells 

2) CD8 T cells expressing the 
degranulation marker CD107a

sPLS-DA, Penalized regression, multivariable Poisson regression and hierarchical clustering analyses were
performed using R (R Core Team (2014). R: A language and environment for statistical computing. R
Foundation for Statistical Computing,Vienna, Austria. URL http://www.R-project.org/).

Low High

HIV DNA

PD-1 EXPRESSION ON CD4 T CELLS IS 
ASSOCIATED WITH HIGHER HIV 
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Legend:
N: Naïve
M: Memory
E: Effector
EM: Effector Memory
Tfh: T follicular Helper
CM: Central Memory
TTM: Transitional Memory
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