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ABSTRACT 

HIV infection is characterized by elevated glycolytic metabolism in CD4 T 
cells. In their recent study, Valle-Casuso et al. demonstrated that both 
increased glucose utilization and glutamine metabolism are essential for 
HIV infectivity and replication in CD4 T cells. Here, we discuss the broader 
implications of immunometabolism in studies of HIV persistence and their 
potential to inform new treatment and curative strategies. 
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INTRODUCTION  

Delivering antiretroviral therapy (ART) to treat HIV infection on a 
global scale is challenging. Thus, there is intense interest in developing 
strategies capable of achieving HIV eradication (“sterilizing cure”) or 
enabling indefinite ART cessation without virologic rebound (“functional 
cure”). Long-lived memory CD4 T cells harbouring transcriptionally active 
HIV (active reservoir) or integrated HIV DNA (latent reservoir) persist in 
patients on ART with full virologic control (HIV+ART+) and constitutes the 
major HIV reservoir. In addition, long-lived HIV-infected tissue-resident 
macrophages residing in organs such as the brain (microglia), 
gastrointestinal tract, and adipose tissue, along with non-memory CD4 T 
cells likely contribute to the HIV reservoir. These along with continued 
virus production particularly in lymphoid tissue despite ART [1], represent 
the key sources of viral rebound following cessation of ART. An increasing 
body of work has brought the role of immunometabolism in HIV 
pathogenesis into focus, together highlighting an intricate link between 
glucose metabolic disorder, activation status, and HIV permissivity in CD4 
T cells [2–4]. These studies have expanded our understanding of immune 
activation and HIV replication and persistence considerably [5–8]. 
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Nonetheless, the potential contributions of other nutrients in regulating of 
HIV replication remains incompletely understood.  

METABOLIC ACTIVATION OF CD4 T CELLS IS ESSENTIAL FOR HIV 
INFECTIVITY AND REPLICATION 

Using a series of drugs that inhibit glycolysis, oxidative 
phosphorylation, fatty acid oxidation, and glutaminolysis, Valle-Casuso et 
al. confirmed the essential role of glucose metabolism in HIV reverse 
transcription and replication, but also discovered a potential reliance on 
glutamine uptake as well [9]. Interestingly, the hierarchy of susceptibility 
of CD4 T cells to HIV infection was associated with CD4 T cell metabolic 
activity, but independent of activation status. Effector memory CD4 T cells 
with the highest level of glucose uptake and basal metabolism were the 
most susceptible cells. In contrast, naïve T cells with the lowest metabolic 
activity were the least permissive to HIV infection. To determine whether 
the high metabolic activity of infected CD4 T cells was a cause or a 
consequence of HIV infection, the authors activated and sorted CD4 T cells 
based on their metabolic status prior to HIV challenge and successfully 
demonstrated a direct correlation between the metabolic activity and 
magnitude of infection of CD4 T cell subsets.  

Interestingly, they also found that treatment of CD4 T cells with 2-
deoxy-glucose (2-DG), an inhibitor of glycolysis, impaired accumulation of 
HIV cDNA after HIV infection, suggesting inhibition of reverse 
transcription (RT) and a dependency of early replication on a highly 
glycolytic environment in CD4 T cells. Moreover, because the number of 
latently infected cells was reduced following inhibition of glucose 
metabolism, the authors concluded that a glycolytic phenotype was 
necessary for completing the pre-integration steps of HIV replication 
required for the establishment of latency in CD4 T cells. Furthermore, 2-
DG induced higher levels of cell death in HIV-infected CD4 T cells, when 
compared to uninfected cells. This is presumably a result of the elevated 
glycolytic dependence and activity of these cells, a feature of many 
“glucose-addicted” cancer cells. This Warburg phenotype also renders 
them vulnerable to killing by glycolytic inhibitors. Interestingly, CD4 T 
cells treated with 2-DG during activation are resistant to HIV infection 
(Figure 1).  

METABOLIC RESTRICTION OF HIV REPLICATION IN CD4 T CELLS  

Resting CD4 T cells are highly resistant to productive HIV infection. 
Post-entry, reverse transcription of the viral RNA genome and subsequent 
nuclear transport of the resulting cDNA product are severely abrogated in 
these metabolically quiescent cells [10]. However, TCR engagement by 
anti-CD3/anti-CD28 stimulation was found to overcome this block and 
increase HIV infection of all CD4 T cell effector subsets to levels that 
directly correlated with their metabolic activity, not activation status at 
the time of infection. This finding is quite surprising, since HIV infection is 
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known to depend on the activation state of CD4 T cells. It should be noted 
that in this study highly activated and low activated CD4 T cells were 
defined as CD25+/HLA-DR+ and CD25−/HLA-DR−, respectively. This is a 
major caveat, since these markers fail to accurately identify active and 
quiescent CD4 T cell populations. In fact, recent reports utilizing 
comprehensive mass cytometry analysis of cell cycle and activation 
marker expression in CD4 T cells show similar numbers of cycling (Ki-67+) 
cells in both populations [11]. This should serve as a call to the field to 
standardize the classification of resting versus activation phenotypes 
more rigorously. Indeed, memory CD4 T cells, conventionally defined as 
“resting” were found to express high levels of Glut1 in HIV+/ART+ 
individuals [6]. Glut1 is essential for CD4 T cell activation and HIV infection 
[5,12]. Nonetheless, the authors were able to unmask a link between HIV 
infection and T cell metabolism by using sub-optimal conditions of 
stimulation. Their observations added new mechanistic insights into the 
intricate relationship between metabolic status of CD4 T cells and 
susceptibility to HIV infection.  

 

Figure 1. Valle-Casuso and colleagues showed susceptibility of CD4 T cells to HIV infection is 
dependent on CD4 T cell metabolic activity. Activation of CD4 T cells in the presence of drugs that block 
glycolysis (2-DG: 2-deoxy-glucose) or glutamine metabolism (DON: 6-Diazo-5-oxo-L-norleucine), renders CD4 
T cells resistant to HIV, while inducing death of infected cells. Elevated metabolism while providing 
substrates for HIV transcription also deliver building blocks for nucleotide synthesis essential for 
proliferation of CD4 reservoir cells. 
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It is well known that activated T cells undergo global “metabolic 
reprogramming” to meet the biosynthetic demands of processes necessary 
for T cell effector functions [13]. For example, dNTP pools expand 
significantly during T cell activation to fuel DNA synthesis crucial for T cell 
clonal expansion. On the flip side, this increase in dNTP availability 
provides key building blocks that fuels HIV reverse transcription. Previous 
studies have demonstrated that T cell activation signals are coupled to 
dNTP pool expansion via a c-Myc-dependent transcriptional program 
which includes essential genes for glucose transport (Glut1/SLC2A1), 
glutamine transport (ASCT2/SLC1A5) and dNTP synthesis (RRM2) [14]. 
Remarkably, the authors found expression levels of Glut1, ASCT2, and 
RRM2 to positively correlate with HIV infection levels in CD4 T cell subsets. 
Glut1 and ASCT2 provide critical carbon (glucose) and nitrogen 
(glutamine) sources, respectively, for metabolic processes required for de 
novo nucleotide biosynthesis. Moreover, RRM2 is a critical subunit that 
forms the catalytic site of ribonucleotide reductase (RNR), the rate-limiting 
enzyme for dNTP biosynthesis. Inhibiting either glucose or glutamine 
metabolism were found to inhibit HIV infection, but blocking glucose 
metabolism was also found to inhibit RT, an observation consistent with 
suspected dNTP pool depletion in cells. It would be of interest to determine 
if dNTP pools were depleted with these treatments and if HIV replication 
could be rescued with exogenous nucleosides. Another finding that 
cellular metabolism serves as a rheostat that controls the susceptibility to 
HIV infection via metabolite pools, such as dNTPs, is highlighted by the fact 
that expression of SAMHD1, a HIV host restriction factor that depletes 
dNTP pools [10], in CD4 T cell subsets is negatively associated with 
infection. This suggests that naïve T cells, that exhibit low levels of glucose 
metabolism capable of fueling dNTP pool synthesis, also have the highest 
level of dNTP-depleting capacity, thereby potentially restricting HIV 
replication by two converging pathways. Surprisingly, SAMHD1 was the 
only restriction factor to demonstrate this association, although several 
factors have been identified that inhibit HIV replication in CD4 T cells. The 
activity level of some restriction factors is also regulated post-
transcriptional, thus potentially explaining why more of these factors 
were not identified in gene expression analysis by Valle-Casuso et al.  

This study raises new questions about how T cell metabolism governs 
susceptibility to HIV infection and pathogenesis. It also supports the recent 
findings by an independent group whereby glutamine by providing 
substrates for oxidative phosphorylation and nucleotide synthesis 
supported early steps of HIV infection in CD4 T cells [15]. Further work 
interrogating different targets critical for glutamine uptake and 
metabolism will shed more light on its role in HIV replication. We can be 
assured that these reports will provide fodder for new investigations 
aimed at dissecting the role of metabolism in HIV latency and persistence, 
as well as general studies of metabolism at the host-pathogen interface. 

  

Immunometabolism. 2020;2(1):e200005. https://doi.org/10.20900/immunometab20200005 

https://doi.org/10.20900/immunometab20200005


 
Immunometabolism 5 of 6 

CONFLICTS OF INTEREST 

The authors declare that they have no conflicts of interest. 

FUNDING 

CSP is funded by a 2010 developmental grant (CNIHR) from the 
University of Washington Center for AIDS Research (CFAR), an NIH funded 
program under award number AI027757, which is supported by the 
following NIH Institutes and Centers (NIAID, NCI, NIMH, NIDA, NICHD, 
NHLBI, NIA). CSP is also funded by the Australian Centre for HIV and 
Hepatitis Virology Research (ACH2). CSP gratefully acknowledge the 
contribution to this work of the Victorian Operational Infrastructure 
Support Program received by the Burnet Institute. HET is supported in 
part by an NIH funded center grant (P30 AI117943). HET is also supported 
by start-up funds from the State of New York and Research Foundation for 
SUNY. 

ACKNOWLEDGEMENT 

CSP is grateful to Dr Darren Lockie who provided donations to support 
this work. 

REFERENCES 

1. Estes JD, Kityo C, Ssali F, Swainson L, Makamdop KN, Del Prete GQ, et al. 

Defining total-body AIDS-virus burden with implications for curative 

strategies. Nat Med. 2017;23(11):1271-6. 

2. Aounallah M, Dagenais-Lussier X, El-Far M, Mehraj V, Jenabian MA, Routy JP, 

et al. Current topics in HIV pathogenesis, part 2: Inflammation drives a 

Warburg-like effect on the metabolism of HIV-infected subjects. Cytokine 

Growth Factor Rev. 2016;28:1-10. 

3. Palmer CS, Henstridge DC, Yu D, Singh A, Balderson B, Duette G, et al. 

Emerging Role and Characterization of Immunometabolism: Relevance to 

HIV Pathogenesis, Serious Non-AIDS Events, and a Cure. J Immunol. 

2016;196(11):4437-44. 

4. Craveiro M, Clerc I, Sitbon M, Taylor N. Metabolic pathways as regulators of 

HIV infection. Curr Opin HIV AIDS. 2013;8(3):182-9. 

5. Loisel-Meyer S, Swainson L, Craveiro M, Oburoglu L, Mongellaz C, Costa C, et 

al. Glut1-mediated glucose transport regulates HIV infection. Proc Natl Acad 

Sci U S A. 2012;109(7):2549-54. 

6. Palmer CS, Ostrowski M, Gouillou M, Tsai L, Yu D, Zhou J, et al. Increased 

glucose metabolic activity is associated with CD4+ T-cell activation and 

depletion during chronic HIV infection. Aids. 2014;28(3):297-309. 

7. Palmer CS, Duette GA, Wagner MCE, Henstridge DC, Saleh S, Pereira C, et al. 

Metabolically active CD4+ T cells expressing Glut1 and OX40 preferentially 

harbor HIV during in vitro infection. FEBS Lett. 2017;591(20):3319-32. 

Immunometabolism. 2020;2(1):e200005. https://doi.org/10.20900/immunometab20200005 

https://doi.org/10.20900/immunometab20200005


 
Immunometabolism 6 of 6 

8. Hegedus A, Kavanagh Williamson M, Huthoff H. HIV-1 pathogenicity and 

virion production are dependent on the metabolic phenotype of activated 

CD4+ T cells. Retrovirology. 2014;11(1):98. 

9. Valle-Casuso JC, Angin M, Volant S, Passaes C, Monceaux V, Mikhailova A, et 

al. Cellular Metabolism Is a Major Determinant of HIV-1 Reservoir Seeding in 

CD4(+) T Cells and Offers an Opportunity to Tackle Infection. Cell Metab. 

2019;29(3):611-26.e615. 

10. Zack JA, Kim SG, Vatakis DN. HIV restriction in quiescent CD4(+) T cells. 

Retrovirology. 2013;10:37. 

11. Corneau A, Cosma A, Even S, Katlama C, Le Grand R, Frachet V, et al. 

Comprehensive Mass Cytometry Analysis of Cell Cycle, Activation, and 

Coinhibitory Receptors Expression in CD4 T Cells from Healthy and HIV-

Infected Individuals. Cytometry B. 2017;92(1):21-32. 

12. Macintyre AN, Gerriets VA, Nichols AG, Michalek RD, Rudolph MC, Deoliveira 

D, et al. The Glucose Transporter Glut1 Is Selectively Essential for CD4 T Cell 

Activation and Effector Function. Cell Metab. 2014;20(1):61-72. 

13. Wang R, Dillon CP, Shi LZ, Milasta S, Carter R, Finkelstein D, et al. The 

transcription factor Myc controls metabolic reprogramming upon T 

lymphocyte activation. Immunity. 2011;35(6):871-82. 

14. Taylor HE, Simmons GE Jr, Mathews TP, Khatua AK, Popik W, Lindsley CW, et 

al. Phospholipase D1 Couples CD4+ T Cell Activation to c-Myc-Dependent 

Deoxyribonucleotide Pool Expansion and HIV-1 Replication. PLoS Pathog. 

2015;11(5):e1004864. 

15. Clerc I, Abba Moussa D, Vahlas Z, Tardito S, Oburoglu L, Hope TJ, et al. Entry 

of glucose- and glutamine-derived carbons into the citric acid cycle supports 

early steps of HIV-1 infection in CD4 T cells. Nat Metab. 2019;1(7):717-30. 

 

 

How to cite this article: 

Taylor HE, Palmer CS. CD4 T Cell Metabolism Is a Major Contributor of HIV Infectivity and Reservoir Persistence. 

Immunometabolism. 2020;2(1):e200005. https://doi.org/10.20900/immunometab20200005  

 

Immunometabolism. 2020;2(1):e200005. https://doi.org/10.20900/immunometab20200005 

https://doi.org/10.20900/immunometab20200005
https://doi.org/10.20900/immunometab20200005

	CONFLICTS OF INTEREST

