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To the Editor: HIV remains an uncurable disease in infected individuals receiving antiretroviral therapy (ART). Despite
unparalleled research efforts to find a cure, there is a growing sentiment in the field that complete viral eradication is
unlikely with existing therapies. Therefore, an approach involving immune-mediated virologic control without ART
represents a realistic goal, even if the HIV reservoir persists (1). In this regard, the ability of some individuals to control
HIV replication (i.e., elite controllers [ECs]) illustrates the feasibility of achieving ART-free virologic remission. Prior
studies have established that ECs carry low HIV DNA burdens and exhibit robust HIV-specific immune responses (2).
However, there are few studies directly comparing the composition and frequencies of HIV reservoirs in ECs with those in
chronically infected individuals receiving ART (CAs). We conducted the present study to address this issue. We studied 9
ECs and 22 CAs (Supplemental Table 1 and Supplemental Methods; supplemental material available online with this
article; https://doi.org/10.1172/JCI1165446DS1). Blood products were obtained in accordance with a protocol approved by
the Institutional Review Board of the National Institute of Allergy and Infectious Diseases of the NIH. All participants
provided written informed consent. We first compared the composition and size of HIV reservoirs in the EC and CA
groups. The levels of total HIV DNA (P < 0.0001), cell-associated HIV RNA (P <...]
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Comprehensive analysis of HIV reservoirs in elite

controllers

To the Editor: HIV remains an uncurable disease in infect-
ed individuals receiving antiretroviral therapy (ART). Despite
unparalleled research efforts to find a cure, there is a growing
sentiment in the field that complete viral eradication is unlike-
ly with existing therapies. Therefore, an approach involving
immune-mediated virologic control without ART represents
a realistic goal, even if the HIV reservoir persists (1). In this
regard, the ability of some individuals to control HIV replica-
tion (i.e., elite controllers [ECs]) illustrates the feasibility of
achieving ART-free virologic remission. Prior studies have
established that ECs carry low HIV DNA burdens and exhibit
robust HIV-specific immune responses (2). However, there are
few studies directly comparing the composition and frequen-
cies of HIV reservoirs in ECs with those in chronically infect-
ed individuals receiving ART (CAs). We conducted the present
study to address this issue.

We studied 9 ECs and 22 CAs (Supplemental Table 1 and
Supplemental Methods; supplemental material available online
with this article; https://doi.org/10.1172/JCI165446DS1).
Blood products were obtained in accordance with a protocol
approved by the Institutional Review Board of the Nation-
al Institute of Allergy and Infectious Diseases of the NIH. All
participants provided written informed consent. We first com-
pared the composition and size of HIV reservoirs in the EC and
CA groups. The levels of total HIV DNA (P < 0.0001), cell-as-
sociated HIV RNA (P < 0.0001), intact proviral DNA (IPD) (P =
0.0026), and defective HIV DNA (P < 0.0001) in CD4" T cells
were significantly lower in the EC group compared with those
in the CA group (Figure 1, A and B) (2). To assess the replication
competency of infected cells, we measured the levels of induc-
ible virion-associated HIV RNA (ivRNA) and replication-com-
petent virus in CD4" T cells. In contrast to the above data, there
was no significant difference in the levels of ivRNA (P = 0.4187)
and replication-competent HIV (P = 0.9303) between the two
groups (Figure 1C). Three ECs had exceptionally low infec-
tious HIV burdens in their CD4"* T cells. EC-6 and EC-7 had no
detectable infectious virus (<1 copy in 245 x 106 CD4" T cells),
despite repeated testing. The ratio of intact-to-defective HIV
DNA was similar in the EC and CA groups (P = 0.7471; Figure
1D); however, the ratio of IPD to replication-competent virus
was significantly lower in the EC group compared with that in
the CA group (P =0.0052; Figure 1D).

The frequencies of [FN-y* and CD107a*IFN-y*TNF-o*MIP-1p*
HIV Gag-specific CD8" T cells were significantly higher in the EC
group compared with those in the CA group (P = 0.0315 and P =
0.0001, respectively; Figure 1E), suggesting that ECs may express
sufficient viral antigens.

IPD burdens were relatively high in EC-4 and EC-6 (75
and 105 copies/10° cells, respectively). Therefore, we conduct-
ed longitudinal measurements of ivRNA and IPD (EC-4) and
near full-length sequencing of HIV DNA from a sorted CD4* T
subset (EC-6). Despite aviremia, the levels of ivRNA and IPD
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increased over time in EC-4 (Figure 1F), potentially signaling
the eventual loss of virologic control. In EC-6, the majority of
IPD was found in the effector memory (Tem) CD4* T cell subset
(Figure 1G). Using near-full-length single-genome amplifica-
tion, we obtained 88 sequences from the Tem CD4" T cell sub-
set of EC-6. Although all clones had intact HIV env, 90% dis-
played a gag start codon mutation and a deletion in the pol gene
(designated as group 1), 8% had a deletion at the gag start site
(group 2), and 2% had a deletion in the gag/pol genes (group 3,
see Supplemental Figure 1). All sequences had deletions in the
major splice donor site and the dimerization initiation sequence
(Supplemental Figure 1). These data demonstrated that the 79
clones (group 1) identified as intact by the IPD assay (IPDA)
were replication defective, further explaining undetectable
infectious HIV in EC-6.

Potential explanations for the discordant findings between
the PCR- and cell culture-based assays include the possibility
that not all IPD are replication competent. Although the IPDA
offers an in-depth look at reservoirs at the molecular level (3),
a previous study suggested that the IPDA also detects replica-
tion-defective viruses (4). It is plausible that a higher ratio of IPD
to replication-competent HIV in CAs versus ECs is due to detec-
tion of defective DNA by the IPDA.

Indeed, the sequencing analysis of IPD in EC-6 was shown
to be replication defective. Yet this does not explain why ECs
still maintain infectious HIV reservoirs in vivo. A study ana-
lyzing HIV DNA integration sites showed that the genomic
landscape of IPD in ECs may prevent viral expression, thereby
contributing to virologic control (5). However, we showed that
infectious virus can be recovered from ECs, with the exception
of those with exceptionally low or replication-defective DNA.
Additionally, evidence for ongoing HIV replication has been
demonstrated in certain ECs (6).

Major caveats of our work include the small number of ECs
examined and the lack of integrated provirus analyses. None-
theless, we demonstrated that the inclusion of cell culture-
based assays measuring infectious viral burdens and whole-ge-
nome sequencing would be necessary to accurately assess HIV
reservoirs in certain infected populations. Additionally, our data
suggest that the presence of replication-competent HIV does
not preclude ART-free virologic suppression and frequent mon-
itoring of the viral reservoir size in ECs may identify potential
virologic failure.
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Figure 1. HIV reservoirs and immune responses. (A) Total HIV DNA and cell-associated HIV RNA, TBP, TATA-binding protein, (B) intact proviral and
defective DNA, (C) virion-associated HIV RNA and replication-competent virus, (D) ratios of intact-to-defective and intact proviral DNA to replica-
tion-competent virus, and (E) HIV-specific immune responses between the EC and CA groups. Open symbols indicate values under limits of detec-
tion. Black bars represent the geometric mean or median values. P values were determined using the Mann-Whitney test and were not adjusted.
(F) Measurements of intact proviral DNA and inducible virion-associated HIV RNA as well as composition of intact and defective HIV DNA in EC-4.
(G) Percentage of CD4* T cell subsets and distribution of intact and defective HIV DNA within each subset in EC-6. n = total DNA copy numbers/10°8
CD4* T cells. Sequence alignment of HIV DNA is shown.

J Clin Invest. 2023;133(3):e165446 https://doi.org/10.1172/)CI165446



The Journal of Clinical Investigation RESEARCH LETTER

—

Chun TW, et al. HIV reservoirs as obstacles and opportunities for an HIV cure. Address correspondence to: Tae-Wook Chun, 9000 Rockville
Nat Immunol. 2015;16(6):584-589. Pike, Bethesda, Maryland 20892, USA. Phone: 301.496.0890;
2. Woldemeskel BA, et al. Viral reservoirs in elite controllers of HIV-1 infection: . .
- . S Email: twchun@nih.gov.
Implications for HIV cure strategies. EBioMedicine. 2020;62:103118.

3. Bruner KM, et al. A quantitative approach for measuring the reservoir of latent
HIV-1proviruses. Nature. 2019;566(7742):120-125. Conflict of interest: The authors have declared that no conflict of interest exists.
4. Gaebler C, et al. Sequence evaluation and comparative analysis of novel Copyright: © 2023, Kennedy et al. This is an open access article published under the
assays for intact proviral HIV-1 DNA. ] Virol. 2021;95(6):¢01986-20. terms of the Creative Commons Attribution 4.0 International License.
5. Jiang C, et al. Distinct viral reservoirs in individuals with spontaneous control Submitted: November 14, 2022; Accepted: November 22, 2022;
of HIV-1. Nature. 2020;585(7824):261-267. Published: February 1, 2023.
6. Chun TW, et al. Effect of antiretroviral therapy on HIV reservoirs in elite con- Reference information: / Clin Invest. 2023;133(3):e165446.
trollers. ] Infect Dis. 2013;208(9):1443-1447. https://doi.org/10.1172/JCI165446.

J Clin Invest. 2023;133(3):e165446 https://doi.org/10.1172/)C1165446 3




